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A B S T R A C T   

In the southernmost sector of the Central Volcanic Zone (CVZ), spanning from 23◦ to 28◦S, there is an estimated 
count of 30–40 potentially active volcanoes. Due to its remote location, the primary volcanic threat in this area 
during explosive eruptions is the dispersal and fallout of tephra. Among various approaches, tephrochronological 
studies have proven to be the most effective in compiling a comprehensive record of recent explosive eruptions in 
this region. The intermontane valleys nestled at the eastern foothills of the Andes, situated around 200–300 km 
from the volcanic arc, harbor a Holocene stratigraphic record containing multiple layers of tephra. These layers 
are evidence of the recurrence of substantial volcanic eruptions (VEI ≥4) during recent times, particularly within 
the last 10,000 years. Improving the tephrochronological knowledge of the southernmost edge of the CVZ 
constitutes a crucial initial step in evaluating the ash-fall hazard of this region. In this context, the Tafí valley 
emerges as a prominent candidate for serving as a dependable tephrochronological "anchor point" for regional 
correlations. Its strength lies in its conspicuous record of Holocene tephras and its well-documented morpho- 
stratigraphic setting, which has been rigorously constrained by absolute age dating. Despite these advantages, 
some of the Holocene tephras found within Tafí valley remain uncharacterized in terms of both glass shard and 
mineral geochemistry. This limitation has consequently hindered their utility in facilitating regional correlations. 
Thus, we present the glass shard and mineral composition of these uncharacterized Holocene tephras previously 
identified within Tafí valley. Our findings have not only enhanced regional correlations beyond the Tafí valley 
but have also provided more precise source constraints. Ultimately, our work represents an upgrade of the 
Holocene tephrochronological framework of Northwestern Argentina and a stride toward a more reliable 
assessment of volcanic hazard and risk within the region.   

1. Introduction 

Volcanic eruptions produce a wide range of threats, including py
roclastic density currents, lahars, volcanic edifice collapses, lava flows, 
and ballistic block impacts (Hansell et al., 2006). However, tephra 
dispersion by volcanic plumes is the only volcanic processes with the 
capacity to massively affect people and infrastructures over large areas, 
even on a continental scale, impacting multiple countries simulta
neously (e.g. Donovan et al., 2023). Recent eruptions have demon
strated that, while the dispersion and deposition of volcanic tephra 
rarely result in fatalities, the resulting economic and environmental 

consequences encompass substantial threats to public health, disruption 
of vital infrastructure services, aviation, and various forms of produc
tion, notably agriculture and livestock (Jenkins et al., 2015). These 
disturbances manifest in the short, medium, and long term, rendering 
the hazard and risk assessment of this phenomenon a challenging task, 
even considering small eruptions (e.g., Forte et al., 2022). A crucial first 
step in assessing the ash-fall hazard of a region is to have a compre
hensive inventory of recent explosive eruptions (including accurate age 
determination and eruptive parameters) in order to estimate the recur
rence rates and magnitudes of these events (e.g., Shane and Hoverd, 
2002; Hurst and Smith, 2004, 2010; Jenkins et al., 2007; Turner et al., 
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2008, 2009; Lindsay et al., 2009). Systematic tephrochronological 
studies represent the most effective approach to achieve a comprehen
sive record of explosive volcanism within a specific volcanic center or 
region (Lowe, 2011). Tephra sequences preserved in various sedimen
tary environments (e.g., peats, marine or lake sediments, ice, etc.) at 
medial and distal distances generally offer more comprehensive records 
compared to those in proximity to the source (Lowe, 2011). This is due 
to the intricate stratigraphy characterizing proximal zones, which re
sults from the superposition of numerous constructive and destructive 
processes associated with volcanic activity. Tephra characterization and 
correlation achieved through a multi-proxy approach is a fundamental 
basis for determining the recurrence rate of explosive eruptions within a 
specific region (Lowe, 2011). High-resolution tephra characterization 
includes glass shard morphology, mineral assemblages, major and trace 
elements of both glass and minerals, absolute ages, as well as consid
erations about the stratigraphy, geomorphology, and archaeological 
context. 

From the Upper Eocene-Lower Oligocene to the present, the Central 
Volcanic Zone (CVZ, Fig. 1a) of the Andes (14–28◦S) has been charac
terized by a prolific arc volcanism featuring hundreds of stratovol
canoes, collapse calderas, dome complexes, and mafic monogenetic 
centers (e.g., Trumbull et al., 2006; Kay y Coira 2009; Guzmán et al., 
2014; Petrinovic et al., 2017; Wörner et al., 2018; Bertin et al., 2022, 
2023; Báez et al., 2023). In the southernmost sector of the CVZ 
(23-28◦S), there are an estimated 30 to 40 volcanoes that are considered 
as potentially active (de Silva y Francis, 1991; Lara et al., 2011; Amigo 
et al., 2012; Elissondo et al., 2017; Aguilera et al., 2022; Bertin et al., 
2022). These active arc and rear-arc volcanoes lay along the 
Chile-Argentina border, and most of them are far from populated urban 
centers. Therefore, the tephra dispersion and fallout during explosive 
eruptions (especially with VEI ≥4) constitute the main volcanic threat in 
this region. This is especially true for the Argentine territory, where the 
influence of the western subtropical jet in the middle and upper tropo
sphere (Garreaud et al., 2009) tends to disperse the tephras to the east. 

Unlike the Southern Volcanic Zone (SVZ), which has recorded dozens 
of historic eruptions from several volcanoes (Dzierma and Wehrmann, 
2012), in the southernmost sector of the CVZ, only the Lascar volcano 
records confirmed historical explosive eruptions (Gardeweg et al., 
1998). However, it should be considered that most of the volcanoes in 
this region have little or no information about their eruptive history, 
especially for the Holocene (Bertin et al., 2022). In contrast, Holocene 
stratigraphic record along the intermontane valleys located at the 
eastern foothills of the Andes (200–300 km from the arc, Fig. 1b) in
cludes several tephra layers revealing the recurrence in Holocene times 
(<10Ka) of large volcanic eruptions (Strecker, 1987; Malamud et al., 
1996; Bolli, 1996 Hermanns et al., 2000; Hermanns and Schellenberger, 
2008; Hain et al., 2011; Sola et al., 2016, 2018; Sampietro-Vattuone 
et al., 2016, 2017, 2018a,b, 2020a,b; Retamoso et al., 2021; Fernández 
Turiel et al., 2019). Some of these tephras were correlated with the Cerro 
Blanco Volcanic Complex (CBVC, Fig. 1b), the site of one of the largest 
Holocene eruptions in the Central Andes, which 4200 years ago blan
keted the northwestern Argentina with a thick layer of ash and signifi
cantly impacted the local human inhabitation (Montero López et al., 
2009; Ratto, 2013; Báez et al., 2015, 2020a,b; Fernández-Turiel et al., 
2019; Sampietro-Vattuone et al., 2020a; Boretto et al., 2021; Carbonelli 
et al., 2022). However, up to now, there has been no comprehensive 
tephrochronology study of the Holocene tephras distributed in this re
gion. For instance, the Tafí valley is an intermontane depression located 
~250 km eastward from the main arc (Fig. 1c), which has a superb 
knowing of its Holocene morpho-stratigraphic setting, including a gen
eral physicochemical and geochronological characterization of the 
complete set of Holocene tephras (Peña Monné and Sampietro Vattuone, 
2016; Sampietro-Vattuone and Peña-Monné, 2016, 2019; Sampietro 
Vattuone et al., 2016, 2018a, 2020a). However, the unequivocal 
regional correlation of these tephras and the identification of their 
sources represent a controversial issue (e.g. Fernández-Turiel et al., 

2019). 
This paper presents a geochemical characterization of glass shards 

and minerals (major elements composition) of the Holocene tephras 
(previously defined by Sampietro Vattuone et al., 2020a) cropping out in 
the Tafí valley. Our results have enabled us to enhance its regional 
correlation beyond the Tafí valley and to better constrain their sources. 
Finally, our findings constitute a valuable upgrade of the Holocene 
tephrochronological setting of NW Argentina and represent a step for
ward in achieving a reliable volcanic hazard and risk assessment for this 
region. 

2. Geological setting 

2.1. Tafí valley 

The Tafí valley (Fig. 1b and c) is a tectonic depression located in the 
northern Sierras Pampeanas (NW Argentina), about 250 km eastward of 
the main volcanic arc, bordered by the Aconquija (4600 m) and the 
Cumbres Calchaquíes (4177 m) ranges. Both ranges are composed by 
Precambrian–Lower Paleozoic igneous and metamorphic rocks along 
with Paleogene continental deposits (Ruiz Huidobro, 1972; Toselli et al., 
1978; Galván, 1981; González, 1997). The Tafí tectonic depression ex
poses a mainly Holocene infill (e.g., Sampietro-Vattuone and Peña- 
Monné, 2019), although scattered outcrops of Pleistocene loess also 
exist (Collantes, 2007). The Holocene stratigraphy of the Tafí valley is 
divided into four Holocene aggradation units separated by incision 
phases (Fig. 1c. Peña Monné and Sampietro Vattuone, 2016; Sampie
tro-Vattuone and Peña- Monné, 2016, 2019; Sampietro Vattuone et al., 
2016, 2018a). The oldest unit (H1) consists of slope deposits accumu
lated during the Lower-Middle Holocene (ca. 13000 to 4200 yr BP) in a 
humid environment that progressively transitioned to drier conditions. 
During the Upper Holocene, the accumulative units H2 (ca. 4200 and 
600 yr BP) and H3–H4 (ca. 600 yr PB to the present time) were depos
ited. The H2 units is constituted by slopes, alluvial terraces, and alluvial 
fan deposits. The H2 units recorded paleosoils formation under wetter 
conditions. One outstanding feature of the H2 units is the evidence of 
soil degradation caused by human activity (Sampietro Vattuone et al., 
2018b; Peña-Monné and Sampietro-Vattuone, 2019). Finally, smaller 
deposits forming the H3 and H4 units occur along the main incisions that 
crosscut the preceding aggradational units. These units were deposited 
during the Little Ice Age and the current warm period. 

2.2. Holocene tephrochronology of the NW Argentina 

Despite the conspicuous Cenozoic volcanism along the southern edge 
of the CVZ (23-28◦S), tephrochronological studies in this region have 
been limited thus far (e.g., Hermanns and Schellenberger, 2008; Coira 
et al., 2014, 2022a, b; Fernández-Turiel et al., 2019; Sampietro Vattuone 
et al., 2020a). On the other hand, some studies used tephra layers to 
establish a temporal framework for various geological processes, such as 
sedimentation rates during basin infilling, recurrence and triggering 
factors of rock avalanches, or paleoenvironmental reconstructions (e.g., 
Malamud et al., 1996; Hermanns et al., 2000; Trauth et al., 2003; Hain 
et al., 2011; Guerra et al., 2022; Sampietro Vattuone et al., 2020b). 

Specifically for the Holocene, despite the early mentions (e.g., 
Frenguelli, 1936), Malamud et al. (1996) provided the first absolute age 
constraint for a <10 ka tephra cropping out near the top of the La Viña 
Formation in the Lerma valley (Fig. 1b). This work presented radio
carbon ages of carbonaceous silts and charcoal that encompass a tephra 
layer ("ash C″), constraining its age to 3700–5400 years BP. Later works 
covering a wider region (Lerma, Calchaquí, Santa María and El Tonco 
valleys, among others. Fig. 1b) expanded the catalog of Holocene 
tephras defining the "Cerro Paranilla"(>7820 ± 830 yr. BP.), "El Paso" 
(>7430–7570 and < 10580–11150 yr. BP.), "Buey 
Muerto"(>3930–4410 and <4520–4960 yr. BP.), "Alemanía" 
(<3470–3830 yr. BP.), and "Villa Vil" (~980–1540 yr. BP.) ashes 
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(Hermanns et al., 2000; Hermanns and Schellenberger, 2008). The Villa 
Vil ash, which crops out in the homonymous locality (Fig. 1b), repre
sents the first evidence of the occurrence of a large explosive eruption 
during the Upper Holocene. These studies represent the initial attempt 
to provide a systematic Holocene tephrochronological framework on a 
regional scale (NW Argentina), including identification of 
physical-chemical fingerprints and absolute-age constraints. In this 
context, the "ash C" (Malamud et al., 1996) was correlated to the "Buey 
Muerto" ash (Table 1). 

However, the first work that identified the source of some of the 
Holocene distal tephras in NW Argentina was that of Fernández-Turiel 
et al. (2019). These authors applied geochemical fingerprints and 
carbon-14 ages to correlate distal ashes from Tafí, Santa María and 
Calchaquí valleys ("Cerro Blanco Sequence" hereafter "CBS") to the Ho
locene explosive activity of the Cerro Blanco Volcanic Complex (Table 1; 
Montero-López, 2009, Montero-López et al., 2010; Báez et al., 2015). 
Fernández-Turiel et al. (2019) claimed that the Cerro Blanco eruption 
occurred ~ 4200 yr. BP, representing the largest Holocene eruption in 
the Central Volcanic Zone of the Andes (probably one of the largest 
worldwide). However, some criticisms exist regarding the definition of 
the eruptive parameters (Báez et al., 2020a). Fernández-Turiel et al. 
(2019) correlated the "CBS" with the "Buey Muerto ash" (Hermanns and 
Schellenberger, 2008) and the "ash C" (Malamud et al., 1996). Fernán
dez-Turiel et al. (2019) also defined another two tephra layers (Table 1), 
the "Cueros de Purulla Sequence" (hereafter "CdPS") and the "Bolsón de 
Fiambala Sequence" (hereafter "BdFS"). The "CdPS" includes geochemi
cally well-correlated distal tephras cropping out near Cafayate (Fig. 1b) 
along with proximal plinian fall-out deposits and ignimbrites assigned to 
the Cueros de Purulla volcano (Fig. 1b. Fernández-Turiel et al., 2019; 
Bertea et al., 2021). The "CsPS" was assigned to the Early–Holocene by 
correlation with the "Cerro Paranilla ash" (Hermanns and Schellen
berger, 2008). However, this correlation is weak since it is based solely 
on the macroscopic identification of abundant large biotite crystals in 
both units. The "BsFS" crops out along the homonymous valley (Fig. 1b). 
This unit was assigned to the Upper Holocene and likely derived from 
the Nevado Tres Cruces Volcanic Complex (Fig. 1b. Fernández-Turiel 
et al., 2019). 

Finally, Sampietro Vattuone et al. (2020a) presented a teph
rochronological study of the Tafí valley (Table 1; Figs. 1c and 2) iden
tifying four Holocene tephras (V0, V1a, V1b, and V2). In such work, the 
four tephras were identified based on their morpho-stratigraphic posi
tion (supported by absolute ages) as well as by their overall mineral
ogical and geochemical (bulk) composition. Additionally, they 

established correlations beyond the Tafí valley by using geochronolog
ical data rather than geochemical fingerprints (Sampietro Vattuone 
et al., 2020a). For example, the rhyolitic V0 tephra was assigned to the 
Lower Holocene (<11802–11192 and >4789–4289 yr. BP) and corre
lated with the "El Paso ash" (Hermanns and Schellenberger, 2008) and 
the "CdPS" (Fernández-Turiel et al., 2019). However, there appears to be 
an apparent mismatch with previous correlations, as Fernández-Turiel 
et al. (2019) correlated the "CdPS" with the "Cerro Paranilla ash" and not 
with the "El Paso ash". The rhyolitic V1a (<4789–4289 and 
>3830–3470 yr. BP) and V1b (<3830–3470 BP and >2760–2188 yr. BP) 
ashes were correlated to the "Buey Muerto" and "Alemanía" respectively 
(Hermanns and Schellenberger, 2008). Both tephras are hard to differ
entiate from each other using their texture, mineralogy, as well as their 
geochemistry, at least considering the major elements concentrations of 
glass shards or the major and trace elements concentration of bulk 
samples (Hermanns and Schellenberger, 2008; Sampietro Vattuone 
et al., 2020a). In addition, both tephras have geochronological, 
geochemical, and mineralogical features that resemble the "CBS" 
(Fernández-Turiel et al., 2019). Thus, the distal ashes previously 
attributed to the major Cerro Blanco eruption (as defined by Fernán
dez-Turiel et al., 2019) likely represent the occurrence of two Plinian 
eruptions that took place in close succession and were fed by the same 
magmatic system—the Cerro Blanco Volcanic Complex (Sampietro 
Vattuone et al., 2020a). While the presence of both V1a and V1b tephras 
in a single profile allows for their unequivocal identification, it becomes 
virtually impossible to distinguish between them when only one is 
exposed (Hermanns and Schellenberger, 2008; Sampietro Vattuone 
et al., 2020a). The dacitic V2 tephra was assigned to the Upper Holocene 
(younger than 800 yr. BP) and correlated with the "BdFS", thus linking it 
to the Tres Cruces Volcano (Fernández-Turiel et al., 2019). Some 
geochronological evidence from Santa María valley (Fig. 1b) suggests 
that the V2 tephra actually includes two independent ash layers named 
V2a (<991–774 and > 655–624 yr. BP) and V2b (<497–468 yr. BP), 
which are compositionally almost identical (Sampietro Vattuone et al., 
2020a). However, a more robust and spatially extensive data set is 
required to confirm these observations. In summary, Sampietro Vat
tuone et al. (2020a) showed that the Tafí valley could be a faithful 
tephrochronological "anchor point" for regional correlations, as it is 
characterized by a well-known morpho-stratigraphic setting and by the 
preservation of multiple tephra layers in individual profiles. However, 
until now, the Holocene tephras from Tafí valley have not undergone a 
comprehensive geochemical characterization of their glass shards and 
minerals, limiting their utility for regional correlations. 

Fig. 1. a) Location of the Central Volcanic Zone (CVZ) in the geodynamic framework of South America. b) Location of the volcanic centers, localities, ranges and 
intermontane valleys mentioned in the text. IHC: Incahuasi volcanic cluster; TC: Nevado Tres Cruces volcano; ODS: Ojos del Salado volcano; CBVC: Cerro Blanco 
Volcanic Complex; CdP: Cueros de Purulla volcano; BdF: Bolsón de Fiambala valley; SM: Santa María valley; CV: Calchaquí valley; TV: Tonco valley; LV: Lerma 
valley. Green polygon indicates the location of Tafí valley. c) Morpho-stratigraphic map of the Tafí valley (after Sampietro-Vattuone and Peña-Monné, 2019). Red 
circles mark the localities that record Holocene tephras and the red stars the three localities discussed in this work. 

Table 1 
Synthesis of the Holocene tephrochronology of NW Argentina. The Upper Pleistocene (UPL) tephras are also present (see the text for its discussion). BsF: Bolsón de 
Fiambala Sequence; CBS: Cerro Blanco Sequence; CdPS: Cueros de Purulla Sequence; CBVC: Cerro Blanco Volcanic Complex.   

Malamud et al. (1996) Hermanns and Schellenberger (2008) Fernández Turiel et al. (2019) Sampietro Vattuone et al. (2020a) and this 
study 

Name Age Source Name Age Source Name Age Source Name Age Source 

H 
O 
L 
O 
C 
E 
N 
E 

X X X Villa Vil ~1.4 Ka ? BsFS <1.5 Ka Nevado Tres Cruces V2 ~0.7 ka Incahuasi cluster 
X X X Alemanía <3.8 Ka ? X X X V1b ~3.5 Ka CBVC 
Ash C 5.1–3.9 ka ? Buey Muerto 3.8–4.9 ? CBS ~4.2 Ka CBVC V1a ~4.2 Ka CBVC 
X X X El Paso 10.5–7.5 ka ? X X X V0 ~10 Ka CBVC 

UPL Tuff B 100 ± 40 Ka ? Cerro Paranilla >7.8 Ka ? CdPS >7.8 Ka 
??? 

Cueros de Purulla VP ~54 ka CBVC  
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3. Methodology 

To refine the geochemical fingerprints of the four tephras previously 
identified by Sampietro Vattuone et al. (2020a) in the Tafí valley, we 
conducted electron probe microanalyses ("EPMA") on glass shards and 
minerals from five selected samples with a well-constrained chronology 
(Fig. 2). The selected ash deposits correspond to one sample from V0 
(RI01), two samples from V1a (CA2-V1a, CA3-V1a), one sample from 
V1b (CA3-V1b), and two samples from V2 (CA2-V2, CA3-V2). To test the 
potential correlation of V0 with the Cueros de Purulla Volcano (Fer
nandéz-Turiel et al., 2019), we have included novel data from the 
proximal fallout deposits (pumice clasts identified as CDP) associated 
with the Cueros de Purulla Volcano (Bertea et al., 2021). We also 
explored other possible correlations using data from the literature (see 

section 5.2). 
The EPMA of the considered tephras samples were carried out at the 

LAMARX (Laboratorio de Microscopía Electrónica y Análisis por Rayos X) at 
the National University of Córdoba using a Jeol JXA-8230 electron 
microprobe. For samples CA2-V1a, CA3-V1a, CA3-V1b, CA2-V2, and 
CA3-V2, the <2φ fraction was separated by manual sieving and then 
mounted on uncovered thin sections. EPMA of sample CDP was con
ducted on an uncovered thin section of an individual pumice clast. The 
EPMA concerned the measurement of elements such Si, Ti, Al, Fe, Mn, 
Mg, Ca, Na, K, P, F, and Cl for samples (n = 5) selected by petrographic 
observations. We analyze all mineral phases except for quartz, some 
iron-titanium oxides, and apatite, which are present as accessories. 
Current and voltage conditions were set at 10 nA and 20 kV respectively, 
with a beam size of 10 and 5 μm for minerals and glass, respectively. The 
counting time for silicate minerals was of 20 s, and the elements F and 
Na were considered first to reduce the loss during the measurement. For 
the considered elements, errors are in the range 0.13–0.85 %, except for 
F that is associated to an error of 2.15 %. A set of reference materials (i. 
e., natural and synthetic standards) was used for routine calibration and 
instrument stability monitoring, during the analytical session. The Fe 
content was reported as total FeO. Repeated analyses of the standards 
resulted in one-sigma (1σ) precision (i) better than 1.5% for Si; (ii) better 
than 2% for Al; (iii) better than 5% for other oxides and F. Detection 
limits resulted in 0.10 wt% for SiO2 and 0.04 wt% for the other oxides. 
All mineral analyses showing anomalous lower totals or closure higher 
than 101 wt% were excluded. Validation of mineral chemistry results 
was achieved through opportune comparisons with the existing litera
ture, following the method and the references proposed in Lucci et al. 
(2020). 

4. Results 

We present in this section the representative results obtained by the 
EPMA study for the volcanic glass and the main mineral phases 
(plagioclase, K-feldspar, biotite, amphibole). The glass analyses are 
normalized on a 100% anhydrous base before interpreting the results. 
The entire chemical dataset obtained in this study is provided in the 
Supplementary Table S1, and the representative textures and mineral 
assemblage of each tephra are presented in Fig. 3. The V0 tephra has a 
mineral assemblage dominated by plagioclase, quartz, and K-feldspar (in 
order of abundance). Additionally, the V0 tephra is characterized by 
relatively abundant mafic minerals, mainly biotite ± amphibole. 
Accessory phases include iron oxides, titanite, and apatite. The V1a and 
V1b tephras have a mineral assemblage dominated by plagioclase, 
quartz, and K-feldspar (in order of abundance). However, they differ 
from the V0 tephra by their low percentage of mafic minerals, mainly 
biotite. Iron oxides are also present as an accessory phase. The V2 tephra 
has a mineral assemblage dominated by plagioclase, amphibole, and 
biotite ± quartz. The amphibole-rich composition of the V2 tephra 
represents its main petrographic fingerprint. Accessory phases include 
iron oxides and apatite. 

In general, the observed mineral assemblage aligns with prior studies 
(Sampietro Vattuone et al., 2020a), with the notable exception of the 
occurrence of subordinate amphibole alongside biotite in the V0 tephra 
layer (Fig. 3). Such differences may be attributed to the analysis of 
different grain size fractions, as Sampietro Vattuone et al. (2020a) used 
fraction with sizes greater than 2φ. 

4.1. Glass 

The analyses concerned vesiculated fragments of volcanic glass 
generally smaller than 150 μm. The obtained SiO2 contents range ca. 
76–79 wt %, with just one analyses (sample CA2-V2) showing 73.6 wt % 
SiO2 (Supp. Table S1). A rhyolitic composition (Na2O + K2O = 7.5–8.7 
wt %) and a high-K calc-alkaline character (K2O = 4.2–5.1 wt %) 
distinguish all the analyzed glass spots (Fig. 4a and b), which are also 

Fig. 2. Stratigraphic profiles of the three localities studied in this work: El 
Rincón 01 (RI01) Las Carreras 2 (CA2) and Las Carreras 3 (CA3). The morpho- 
stratigraphic units and the chronological data of V0, V1a, V1b, and V2 tephras 
are also showed (modified from Sampietro-Vattuone et al., 2020a). 
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characterized by peraluminous affinity (Fig. 4c). A general pattern of 
evolution in glass composition is evident when considering the pro
gressive increase in the SiO2 content from V2 (less evolved) to V1b 
(more evolved), and passing successively through V0 and V1a (Fig. 4a 
and b). The inter-sample distribution of the other mayor oxides indicates 
homogeneous compositions (Fig. 4d–f. Supp. Table S1). As an exception 
to that, the V2 ash samples display the highest CaO (up to ca. 1.5 wt %) 
and FeO (up to 1.6 wt %) contents. 

4.2. Feldspars 

The feldspar families recognized in the studied ash samples consist of 
plagioclase with oligoclase to labradorite composition (XAn 0.14–0.61, 
being XAn the anorthite fraction) and by sanidine (XOr 0.26–0.77, being 
XOr the orthoclase fraction; Fig. 5a). The plagioclase crystals from 
samples V0 are predominantly andesine (XAn 0.26–0.36) and are asso
ciated with K-feldspar crystals with XOr of 0.75–0.77. In the samples V1, 
plagioclase is oligoclase and andesine (XAn 0.15–35) and, apparently, 
two populations of sanidine are present in association (XOr 0.41–0.44 
and XOr 0.68–0.74, respectively). The most anorthite-rich plagioclase 
crystals are recognized within the V2 ash and CDP pumice samples (XAn 
up to 0.50 and 0.61, respectively), and the highest FeO contents (up to 
0.7 wt%) characterize the sample CA3-V2 (Fig. 3e). Conversely, 
plagioclase crystals in the sample CA3-V1b display the lowest Al2O3 
contents (ca. 18–20 wt %; Fig. 5b). 

4.3. Biotite 

Dark trioctahedral biotite crystals are present in all the analyzed ash 

samples (according to Rieder et al., 1998; cationic contents calculated 
following Li et al., 2020). These crystals are characterized by wide 
ranges of TiO2 and a narrower range of MnO, except for the sample 
CA3-V1b (Fig. 5c and d). In addition, the studied samples display a broad 
spectrum of cationic Ti (0.15–0.32 apfu), Al[iv] (0.86–1.25 apfu) and 
Fe# [0.26–0.53, being Fe# the Fe2+/(Fe2++Mg) cationic ratio]. The 
most Al-rich crystals (Al2O3 up to 19 wt%) belong to the sample 
CA2-V1a and are also associated to high CaO (up to 0.4 wt%) and low 
MgO (ca. 9–10 wt%) contents (Supp. Table S1). Samples CA3-V2 and 
CDP are enriched in titanium (TiO2 up to ca. 6.0 wt%), whereas samples 
CA2-V1a are enriched in Al[iv] (up to 1.25 apfu) and relatively depleted 
in Ti (<2.0 apfu; Fig. 5d). 

4.4. Amphibole 

Amphibole is a widespread mineral phase in the analyzed ash sam
ples. According to Ridolfi et al. (2018), they belong to the W 
(OH–F–Cl)-dominant group, Ca sub-group (n = 37). According to Locock 
(2014), these amphibole crystals classify as magnesio-hornblende (n =
8), magnesio-ferri-hornblende (n = 10), ferro-hornblende (n = 1), 
magnesio-hastingite (n = 5), hastingite (n = 1), Ti-rich magnesio-has
tingite (n = 1), pargasite (n = 8), Ti-rich pargasite (n = 1), and actinolite 
(n = 1). Similarly to what observed for the biotite, the analyzed 
amphibole crystals display wide compositional ranges, particularly 
considering the cationic Ti (ca. 0–0.36-apfu), the tetrahedral Al[iv] 

(0.6–1.8 apfu), and Mg# (0.47–0.75). Amphibole crystals from samples 
V2 are enriched in TiO2 (1.2–3.3 wt%; Table S1e) and Mg (0.63–0.75 
Mg#), whereas the crystals from sample CA3-V1b are depleted in these 
elements (0.3–1.6 TiO2, and 0.47–0.68 Mg#) at similar Al[iv] contents 

Fig. 3. Representative mineral assemblage of the analyzed ash samples represented by back-scattered electron images (“BSE”). a-b) Examples of the previously 
unreported amphibole crystals of the sample RI01-V0. c) General texture of the V1b tephra (sample CA3-V1b) showing its low percentage of mafic minerals (mainly 
biotite). The V1a tephra (not showed) presents almost identical textural features as V1b. d) General texture of the V2 tephra (sample CA3-V2) showing its amphibole- 
rich composition. Scale bar is of 10 μm for Fig. 3a and b, and of 100 μm for Fig. 3c and d. 
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(Fig. 5e and f). Considering the alumina number [Al# = Al[vi]/(Al[vi 

[+Al[iv])] as a discriminant between possible phenocryst (Al# < 0.21) 
and xenocrysts (Al# > 0.21) (following Ridolfi et al., 2010), it can be 
observed in Fig. 5e how the analyzed amphibole crystals of the samples 
CA2-V1a and CA3-V1b fall in the xenocrystic field. We did not observe 
amphibole crystals in the pumice sample CDP. 

5. Discussions 

5.1. Reliability of the geochemical fingerprints of the tephras from the Tafí 
valley 

To identify distinctive fingerprints of the studied tephras, we discuss 
the results of our EPMA analysis in the following paragraph. In general, 
the full characterization and unequivocal identification of each tephra 
requires a multi-proxy approach. 

The glass composition (major elements) shows considerable over
lapping in most of the diagrams (Fig. 4). However, the four tephras can 
be separated in the K2O vs SiO2 plot. The V2 tephra has a less evolved 
glass composition and higher K2O content. The V0, V1a, and V1b 
tephras have a more evolved glass composition, although V1a and V1b 
tend to have higher SiO2 content. The K2O values appear to be a proxy 
for separating V1a and V1b, although in the rest of the Harker diagrams, 

these differences are not maintained systematically. Additionally, the 
CaO vs SiO2 diagram appears to be useful for separating V2 and V0 from 
V1a and V1b (Fig. 4b and i). 

With respect to feldspars, the plagioclase composition of V2 and V0 
overlaps (mainly andesine composition, Fig. 5a). However, the presence 
of sanidine in the V0 tephra allows for its differentiation from V2 
(Fig. 5a). In addition, we highlight that the sanidine from the V0 tephra 
have a very distinctive composition (XOr 0.75–0.77; Fig. 5a). On the 
other hand, the plagioclases of V1a and V1b reach a more albitic 
composition (Oligoclase), clearly distinguishing them from V0 and V2 
(Fig. 5a). The K-feldspars in V1a and V1b also differ from those in V0 
(Fig. 5a). We also note that the Al2O3 content in the plagioclases appears 
to be a proxy for separating the V1a and V1b tephras (Fig. 5b). 

Biotite is the most abundant mafic mineral in the V0, V1a and V1b 
tephras (especially in the V0 tephra), so a priori makes them a good 
target to discriminate among these tephras. However, our results show 
that the biotite composition is very similar in the four tephras studied 
(Fig. 5c and d). Only our CDP sample appears to have a well-defined 
biotite composition (Fig. 5d), and we discuss the importance of this 
observation in section 5.2. There are slight differences in the composi
tion of the biotite in V1a and V1b tephras (Fig. 5c and d) that could 
potentially help in their identification. 

Finally, amphiboles seem a very useful proxy to separate the V2 and 

Fig. 4. Representative composition of volcanic glass of the analyzed ash samples as obtained through EPMA study. a) TAS (total alkali versus silica) diagram (R =
rhyolitic field). b) K2O versus SiO2 (after Peccerillo and Taylor, 1976). HK-CA = high-K calc-alkaline field. c) ASI (alumina saturation index) with A/CNK (molar 
Al2O3/CaO + Na2O + K2O) versus A/NK (molar Al2O3/Na2O + K2O). d-i) Harker diagrams with SiO2 used as differentiation index for Na2O, Al2O3, FeO, MgO, 
TiO2 and CaO. 
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V0 tephras, especially when considering the Al# vs Al(iv) plot (Fig. 5e 
and f). The V2 tephra is characterized by high contents of amphibole, 
and the Al# vs A(iv) plot indicates that these crystals may represent true 
phenocrysts (Fig. 5e, Ridolfi et al., 2010). Amphibole crystals from V2 
clearly differ from those of the V0 tephra. Despite that the amphibole in 
the V0 tephra is subordinate to the biotite, they have well constrained 
composition that suggests a phenocrystic nature (Fig. 5e, Ridolfi et al., 
2010). In contrast, the composition of V1a and V1b amphiboles shows 
greater dispersion, and many of these likely represent xenocrysts (Fig. 5e 
and f, Ridolfi et al., 2010). 

In summary, the Holocene tephras from Tafí valley can be identified 
from their geochemical fingerprints. The V2 tephra is the easiest to 

separate due to its less evolved glass composition, the abundance of 
amphiboles with a well-defined composition, and the absence of sani
dine. The V0 tephra is better characterized by the specific composition 
of sanidine and amphibole, in addition to its clustering in the K2O vs 
SiO2 diagram. The biotite composition is not different from that of V1a, 
V1b, and V2, but it is useful for correlating the V0 tephra beyond Tafí 
Valley (see section 5.2). Finally, V1a and V1b are almost identical and 
display the most evolved glass and a very distinctive feldspars compo
sition. We found some potential fingerprints to discriminate between the 
V1a and V1b tephras, including glass (K2O), plagioclase, and biotite 
composition. However, a more robust analytical database (increasing 
the number of samples and spots), including glass trace and rare-earth 

Fig. 5. Representative composition of the main mineral phases observed in the analyzed ash samples. a) Feldspar ternary diagram (anorthite-albite-orthoclase). b) 
Binary diagram of Al2O3 versus FeO for the plagioclase. c) Binary diagram of MnO versus SiO2 and (d) TiO2 versus SiO2 for the biotite. e) Binary diagram of the 
alumina number (Al# = Al[vi]/Al[vi]+Al[iv]; following Ridolfi et al., 2010) versus Al[iv] (apfu) for the amphibole. f) Binary diagram of Al[iv] (apfu) versus Mg# 
[being Mg# = Mg/(g + Fe2+)] for the amphibole. Pl = plagioclase; Bt = biotite; Amp = amphibole. 
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elements, is needed for reliable identification of V1a and V1b tephras. 

5.2. Regional tephrochronological implications 

We used the glass and mineral composition obtained from the 
considered ash samples for a comparison and possible correlation with 
other volcanic tephras of the NW Argentina. We focus our regional 
correlation on the tephras described by Hermanns and Schellenberger 
(2008) and Fernandéz-Turiel et al. (2019). Our primary goal is to pro
vide a synthesis of the current state of knowledge regarding the Holo
cene tephrochronology of NW Argentina (Table 1). In addition, we delve 
deeper into the discussion about the sources of these tephras. Regarding 
this matter, it is worth noting that many of the volcanoes deemed po
tential sources lack detailed stratigraphic, geochronological, and 
volcanological studies, which complicates reliable correlation with 
distal deposits. 

We test the potential correlation of V0 with the "CdPS" and, conse
quently, with the Cueros de Purulla Volcano (Fernandéz-Turiel et al., 
2019). We are also considering the potential correlation of the CdPS 
with the Campo de la Piedra Pómez eruption (CPP), which is related to 
the Pleistocene activity of the CBVC (Báez et al., 2015, 2020b; Bardelli 
et al., 2020; 2022; de Silva et al., 2022). Regarding V1a and V1b, we aim 
to build upon their widely accepted correlation to CBVC (Fernandéz-
Turiel et al., 2019; Sampietro Vattuone et al., 2020a) by identifying the 
correlation of each tephra with a specific eruptive event recorded in the 
proximal zone (Báez et al., 2015; Bardelli et al., 2022; de Silva et al., 
2022). Lastly, we assess the correlation of the V2 tephra with the "BdFS" 
(Fernandéz-Turiel et al., 2019) and discuss its connection with the 

Nevado Tres Cruces volcano. 
Our results do not support the correlation of V0 with the CdPS, and 

thus with the Cueros de Purulla Volcano (Figs. 6 and 7). Despite their 
similar glass composition, the sanidine (Ab/Or ratio) and biotite (TiO2 
wt%) are quite different (Fig. 7a and c). However, the most striking 
difference regards the amphibole population (Fig. 7e and f). All the 
amphiboles from the CdPS appear to be xenocrystals and show different 
composition relative to those of the V0 tephra (Fig. 7e and f). The age of 
the V0 tephra is well-constrained in the Tafí valley, and its correlation 
with the El Paso ash is quite solid due to geochronological constraint 
(Sampietro Vattuone et al., 2020a). In contrast, the age of the V0 tephra 
(<11802–11192 and >4789–4289 yr. BP) is less consistent with the 
available absolute age (~400 Ka) for the Cueros de Purulla volcano 
(Siebel et al., 2001). We compared the glass composition of the El Paso 
ash (Hermanns and Schellenberger, 2008) with our V0 data. Despite 
some affinity, the geochemical correlation is not conclusive (Fig. 6). 
Mineral composition data for the El Paso ash are required to improve 
this correlation. Considering the Holocene age and the main geochem
ical features of the V0 tephra (rhyolitic composition, Sampietro Vat
tuone et al., 2020a), the strongest candidate for their source is the CBVC. 
There is no other volcano in the southern CVZ with a rhyolitic explosive 
activity during the Holocene (Bertin et al., 2022, 2023; Báez et al., 
2023). However, a major explosive eruption of this age has not been 
clearly defined in the proximal zone of the CBVC (Báez et al., 2015; 
Bardelli et al., 2022; de Silva et al., 2022). Even so, some works 
mentioned the occurrence of several explosive eruptions in the CBVC 
during the Lower Holocene (Montero-López, 2009; Montero-López 
et al., 2010). It is necessary to improve the resolution of the CBVC 

Fig. 6. Comparison of the V0 ashes with (i) the CdPS ash samples of Fernandéz-Turiel et al. (2019,and references therein), (ii) the CPP (Campo de la Piedra Pómez) 
ignimbrite (Bardelli et al., 2020), and (iii) the Paranilla/El Paso ash samples (average composition) following Hermanns and Schellenberger (2008). For the CPP 
Ignimbrite we include data from the dominant rhyolitic pumice and also from the volumetrically less important hybrid pumice (Bardelli et al., 2020). a) Na2O + K2O 
versus SiO2. b) Al2O3 versus SiO2. c) CaO versus SiO2. d) TiO2 versus SiO2. 
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stratigraphy in order to better test this hypothesis. 
On the other hand, we also note that the CdPS (including our CDP 

sample) appear well correlated with the CPP eruption especially 
considering the composition of feldspars and biotite (Figs. 6 and 7). The 
CPP consisted in a large caldera-forming eruption (≥ VEI 6) that 
occurred ~54 Ka years ago and was characterized by an important 
initial Plinian phase (Báez et al., 2020b; de Silva et al., 2022). Fernández 
Turiel et al. (2019) and Bertea et al. (2021) describe pyroclastic deposits 
cropping out in the vicinity of the Cueros de Purulla volcano (proximal 
CdPS), linking them with an explosive phase of this mostly effusive 

volcano. However, this correlation is based solely on its spatial distri
bution and some litho-facial features, but lacks strong geochronological 
and geochemical evidences. In fact, bulk rock geochemistry of these 
pyroclastic deposits resembles the CPP products and differs slightly from 
all lavas derived from the Cueros de Purulla volcano Bertea et al. (2021). 
Thus, we propose that the CdPS is probably related with the CPP erup
tion rather than with an explosive phase of the Cueros de Purulla vol
cano. The comparison of glass composition of the CdPS and Cerro 
Paranilla ash (Fig. 6) reinforces its possible correlations as proposed by 
Fernández Turiel et al. (2019). In addition, Hermanns and 

Fig. 7. Comparison of the V0 ashes with the CdPS ash samples (as in Fig. 6) considering the mineral chemistry data. We also include data from the CPP ignimbrite 
(Bardelli et al., 2020), including rhyolitic pumice, hybrid pumices and mafic enclaves (the last two volumetrically less important). a) Ternary diagram of feldspars 
(anorthite-albite-orthoclase). b) Binary diagram of Al2O3 versus FeO (wt%) for plagioclase. c) Binary diagram of TiO2 versus SiO2 and (d) MnO versus SiO2 for the 
biotite. e) Binary diagram of the alumina number (Al# = Al[vi]/Al[vi]+Al[iv]; following Ridolfi et al., 2010) versus Al[iv] (apfu) for the amphibole. f) Binary 
diagram of Al[iv] (apfu) versus Mg# [being Mg# = Mg/(g + Fe2+)] for the amphibole. Pl = plagioclase; Bt = biotite; Amp = amphibole. 
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Schellenberger (2008) suggest that the TiO2 content of the biotite (~5%) 
is a good fingerprint for the Cerro Paranilla ash. Our data from sample 
CDP and the available data for CdPS (Fernández Turiel et al., 2019) fit 
well with this fingerprint (Fig. 7c). The Holocene age constraint of the 
CdPS and the Cerro Paranilla ash is quite doubtful and a Pleistocene age 
for this tephra cannot be ruled out (Hermanns and Schellenberger, 
2008), making its correlation with the CPP eruption plausible. We noted 
that other Upper Pleistocene tephras cropping out in the Santa María 
and Lerma valleys probably also correlate with this eruption (e.g., Tuff B 
from Malamud et al., 1996; Vp from Sampietro Vattuone et al., 2020b). 

The V1a and V1b tephras are quite similar, and their geochemical 
fingerprints, along with their age, fit with the eruptive products of the 
Holocene activity of the CBVC (Figs. 8 and 9, Fernández Turiel et al., 
2019; Sampietro Vattuone et al., 2020a). The morpho-stratigraphic and 
geochronological data indicate that the V1a and V1b tephras represent 
two independent explosive eruptions, likely originating from the same 
source (Sampietro Vattuone et al., 2020a). Our data suggest that some 
specific fingerprint could be used to identify and correlate both tephras, 
especially plagioclase and glass composition (Figs. 4 and 5). However, 
both tephras are practically identical from a geochemical point of view. 
At the current state of knowledge, the mid-Holocene activity in the 
CBVC includes the ~4.2 Ka caldera-forming Cerro Blanco eruption, and 
the pre- and post-collapse effusive activity, along with associated block 
and ash flows (Báez et al., 2015, 2017; 2020a; Fernández-Turiel et al., 
2019). 

All products of the Holocene activity of the CBVC have very homo
geneous compositions (Figs. 8 and 9; Bardelli et al., 2022; de Silva et al., 
2022). The well-constrained age of the V1a tephra suggests its 

correlation with the climactic ~4.2 caldera-forming Cerro Blanco 
eruption. However, to date, a major explosive event following the 4.2 Ka 
Plinian eruption has not been identified in the proximal zone. Usually, 
the superposition of constructive and destructive processes during pro
tected volcanic activity produces a complex stratigraphic setting in 
proximal zones. In contrast, medial distal zones have the ability to better 
record the tephrochronological history of a volcanic system (Lowe, 
2011). Thus, we propose that the V1b tephra identified in Tafi Valley 
represents an, as of yet, unidentified explosive eruption that occurred 
~3500 BP following the climactic Cerro Blanco event. Further, more 
detailed stratigraphic studies focused on the Holocene of the CBVC are 
required to test this hypothesis. 

The glass shard and mineral composition (especially amphibole) of 
the V2 tephra (Fig. 10) fit perfectly with the BdFS (Fernández Turiel 
et al., 2019) and the Villa Vil ash (Hermanns and Schellenberger, 2008). 
The V2 tephra in Tafí valley has a well-constrained age (700-650 BP) 
consistent with the available geochronological data for the Villa Vil ash 
(>980 BP, Hermanns and Schellenberger, 2008) and the BdFS (<1300 
BP, Ratto, 2013; Fernández Turiel et al., 2019). Thus, we conclude that 
the three units represent the same tephra deposited during the Upper 
Holocene. Glass and mineral composition data of the "El Paso 3 ash", 
cropping out in the Santa Maria valley, are needed to discuss the possible 
existence of a tephra similar to V2 but slightly younger (<400 BP, 
Sampietro Vattuone et al., 2018a, 2020a). The geochemical features of 
the V2 tephra suggest a dacitic composition more compatible with the 
typical stratovolcanoes of the main arc, rather than the rhyolitic CBVC 
(Fernández Turiel et al., 2019; Sampietro Vattuone et al., 2020a). Pre
vious works proposed that the strongest candidate to be the source of V2 

Fig. 8. Comparison of the V1 ashes with (i) the CBS ash samples of Fernandéz-Turiel et al. (2019, and references therein), (ii) the Cerro Blanco syn-caldera and 
post-caldera products (Bardelli et al., 2022), and (iii) the Alemania/Buey Muerto ash samples (average composition) following (Hermanns and Schellenberger, 2008). 
a) Na2O + K2O versus SiO2. b) K2O versus SiO2. c) Al2O3 versus SiO2. d) TiO2 versus SiO2. 
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tephra is the Nevado Tres Cruces volcano (Fernández Turiel et al., 2019; 
Sampietro Vattuone et al., 2020a). 

In fact, the Nevado Tres Cruces volcano recorded an important 
explosive eruption which produced large amounts of PDCs and plinian 
fall-out deposits (Gardeweg et al., 2000). However, this explosive 
eruption occurred during the Upper Pleistocene (~67 Ka, Gardeweg 
et al., 2000), thus its correlation with V2 is unlikely. The region of the 
Nevado Tres Cruces Volcano hosts many potentially active volcanoes (e. 
g., Incahuasi, Ojos del Salado, El Fraile, Tipas, Peinado) and is consid
ered a volcanic cluster with a high spatial probability of future volcanic 
activity (Fig. 1b; Incahuasi cluster, Bertin et al., 2022). In this sense, the 
spatial distribution of the V2 (Tafí valley, Villa Vil, Bolson de Fiambalá; 
Fig. 1) tephra as well as its geochemical composition, suggests that its 

source is likely within the Incahuasi cluster, but the specific eruptive 
center remains unknown. For instance, some studies mentioned the 
occurrence of a major rhyodacitic explosive eruption at about 
1000–1500 years ago in the Ojos del Salado volcano (Global Volcanism 
Program, 2023). Despite the fact that the age of this eruption appears to 
be consistent with the age of V2, the information about this event is very 
scarce, preventing any attempt of a reliable correlation. High-resolution 
studies on the Incahuasi cluster are needed to achieve a final identifi
cation of the emission center of the V2 tephra. 

6. Conclusions 

Our characterization of glass shards and minerals from the Holocene 

Fig. 9. Comparison of the V1 ashes (as in Fig. 8) considering the mineral chemistry data. a-b) Ternary diagram of feldspars (anorthite-albite-orthoclase). c) Binary 
diagram of Al2O3 versus FeO (wt%) for plagioclase. d) Binary diagram of MnO versus SiO2 for the biotite. e) Binary diagram of the alumina number (Al# = Al[vi]/Al 
[vi]+Al[iv]; following Ridolfi et al., 2010) versus Al[iv] (apfu) for the amphibole. f) Binary diagram of Al[iv] (apfu) versus Mg# [being Mg# = Mg/(g + Fe2+)] for 
the amphibole. Pl = plagioclase; Bt = biotite; Amp = amphibole. 
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tephras cropping out in the Tafí valley (V0, V1a, V1b and V2) reveals the 
existence of well-constrained geochemical fingerprints for most of them. 
However, distinguishing between V1a and V1b remains challenging 
using glass and mineral composition. The identified fingerprint allows 
for the correlation of the four tephras on a regional scale (NW 
Argentina). Thus, we present a revised Holocene tephrochronological 
scheme for NW Argentina. Our data also allowed us to discuss the 
possible source of each tephra. The V0 tephra does not derive from the 
Cueros de Purulla volcano, as previously postulated. Considering the 
Holocene age and the main geochemical features of the V0 tephra, the 
strongest candidate for their source is the CBVC. Thus, the V0 tephra 
probably represents a not identified explosive eruption occurred during 
the Lower Holocene in the CBVC. In addition, the previously defined 
"CdPS" could have an Upper Pleistocene age and correlates with the 
Campo de la Piedra Pómez eruption (CBVC). The V1a tephra correlate 
with the ~4.2 Ka caldera-forming Cerro Blanco eruption (CBVC). The 
V1b likely represents an unknown explosive event of the CBVC, occurred 
~3.5 Ka, which followed the climatic Cerro Blanco eruption. The Upper 
Holocene V2 tephra (~700-650 BP) likely derives from the main arc, 
specifically from the Incahuasi cluster. However, the exact source of the 
V2 tephra remains unknown. 

We highlight that a more robust geochemical database (glass and 
mineral geochemistry) of the Holocene tephras of NW Argentina, along 
with a better knowledge of the volcanic centers considered as sources, is 
necessary to achieve an ultimate tephrochronology framework for this 
region. Even so, our work is a valuable upgrade of the Holocene teph
rochronology of NW Argentina. In addition, the identification of three 
remarkable Holocene explosive eruptions in the CBVC (plus another 
large eruption during Upper Pleistocene) make this volcanic system one 
of the most worrisome for NW Argentina in terms of hazard and risk, 
especially due to dispersion and ash fall. Lastly, the occurrence of a 
massive eruption in the Incahuasi cluster dating back to approximately 
700-650 years BP, confirmed by the regional correlation of the V2 
tephra, reinforces the claim that this area holds one of the highest spatial 
probabilities of future volcanic activity along the Central Andes. 
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Deposit at Cerro Colorado (Córdoba Province, Argentina). 

Carbonelli, J.P., Fernandez-Turiel, J.L., de Medina, C.B.L., 2022. The Abra del Toro rock 
shelter, northwestern Argentina, a space occupied by hunter-gatherers that was hit 
by the large 4.2 ka Cerro Blanco eruption. J. Archaeol. Sci.: Reports 45, 103629. 

Coira, B., Galli, C.I., Mahlburg Kay, S., Kay, R.W., Flores, P., 2014. Niveles piroclásticos 
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González, O.E., 1997. Geología de La Angostura, valle de Tafí, Tucuman. In: XIV 
Congreso Geológico Argentino. Salta, Argentina, pp. 283–286. 

Guerra, L., Martini, M.A., Vogel, H., Piovano, E.L., Hajdas, I., Astini, R., De Haller, A., 
Moscariello, A., Loizeau, J., Ariztegui, D., 2022. Microstratigraphy and 
palaeoenvironmental implications of a Late Quaternary high-altitude lacustrine 
record in the subtropical Andes. Sedimentology 69 (6), 2585–2614. 
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Geoarqueología de los Valles Calchaquíes. Laboratorio de Geoarqueología, 
Universidad Nacional de Tucumán, pp. 3–22. ISBN 978-987-42-0568-1.  
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Sola, A.M., Báez, W., Bustos, E., Hernandez, R., Sampietro Vattuone, M.M., Peña 
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