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Abstract
After 138 years of apparent silence, the Cotopaxi volcano awoke on August 14th of 2015 with a sequence of
eruption events and the emission of both fine-grained volcanic material and gases. Four samples of the very first
eruption were collected at different sites within the fallout area. The analysis of such samples, by using X-Ray
Diffraction (XRD) as well as Electron Diffraction Scattering (EDS) techniques, allow us to determine the geochemical
and mineralogical composition. On the basis of these results, together with the characterization and classification of
the morphology of the collected fine-grained material, the presence of juvenile magma at the proximity of the crater
has been categorically excluded. Therefore major eruptions and the subsequent generation of far-reaching lahars
can be discarded for the duration of this volcanic stage.

Keywords: Cotopaxi volcano; Volcanic reactivation; Chemical
composition of tephra; Characterization of ash particles;
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Introduction
The Cotopaxi volcano, located at the northern Andes in central
Ecuador, is considered one of the most dangerous active volcanoes in
the world [1]. This stratovolcano reaches 5897 m above sea level (ASL)
and has a large story of frequent but minor volcanic events (Volcanic
Explosivity Index; VEI = 1-2) and some less frequent but highly
catastrophic eruptions (VEI = above 3) [2]. Based on the known
eruptive history of the volcano over the last 2,200 years, the current
probability of a severe eruptive event has been calculated to be of about
72%. In the case of a major eruption, due to the significant increase of
population and modern infrastructure in its surroundings, it would
result in an enormously devastating human tragedy compared with
past catastrophic events [1,2]. The lahar produced by the partial
melting of its estimated 1 km3 glacier [3] would be one of the most
destructive and lethal volcanic hazards. On August 14th of 2015, after
138 years of apparent tranquility, the Cotopaxi volcano got reactivated
with a series of explosions, none above VEI = 1. To understand the
origin of this eruption and with the aim to assess if the event is a minor
sporadic event or a potential catastrophic volcanic eruption, we have
collected and analyzed the first material ejected by the Cotopaxi
volcano the day of its reactivation [4].

Cotopaxi volcano. The sampling method used has been described in
[5-7] and the locations were chosen to cover the areas of highest
probability of ash fallout: SAMPLE 1 collected in the campus of the
Universidad de las Fuerzas Armadas-ESPE in Sangolqui,
approximately at 41 km from the volcano; SAMPLE 2 from Cotogchoa,
approximately at 34 km; SAMPLE 3 from Machachi, approximately at
25 km; and SAMPLE 4 from the crater of Cotopaxi volcano, collected
at 5400 m height.
The Scanning Electron Microscope inspection was performed using
a TESCAN FEG SEM MIRA3. To perform the SEM measurements, the
fine-grained volcanic samples were fixed onto SEM stubs using a
carbon adhesive layer and sputter-coated with an approximately 20 nm
gold (99.99% purity) layer. The chemical analysis was carried out by an
EDS of the brand BRUKER model Quantax 200, installed in the SEM
chamber and adetector XFlash 6130, reaching a resolution of 124 eV. In
order to avoid inhomogeneity effects of the samples, a map of 100
points of EDS measurements was performed and averaged for each
sample. Granularity was measured using the MIRA3 software capable
of achieving a spatial resolution of 15 nm. XRD studies were carried
out using a PANalytical EMPYREAN setup within a 2θ configuration
(generator-detector) X-ray tube copper Kα λ = 1.54184 Å and
XCELERATOR detector (minimum angle step 0.0001°). To perform
the XRD measurements the ash powder samples were directly
deposited on optical microscope slides. The mineral composition of the
samples was determined by using the PAN-ICDS database.

Materials and Methods

Results

Four samples from the very first eruption in the morning of the 14th
of August 2015 were collected at different sites in the proximity of the

XRD analysis
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The optical inspection of the fine-grained material has determined
that the mineral composition of the ejected material corresponds to a
typical andesitic to dacitic component and rarely rhyodacitic
composition. It has been also observed a high abundance of classical
mineral composition of rocks like plagioclases, quartz, biotite,
hornblende but also lithics, obsidian, pyrite and some other accessory
minerals. The XRD analysis shows quite similar spectra for the four
samples, as it is shown in Figure 1, which is associated to a mostly
composition of plagioclase (Anorthite), next to quartz and other
mainly felsic minerals. The slight differences between the spectra are
associated with small differences in the high level or granularity of the
samples.

SEM analysis
The SEM pictures, as those illustrated in Figure 2, demonstrate that
the volcanic samples exhibit a highly fragmented structure. Moreover,
the shape of the rock fragments and minerals ejected on the first
eruptive event in the early morning of the 14th August as well as the
fine-grained pyroclastic material of later explosions [8-10] have been
exclusively characterized as fragmented and angular shaped. In none of
the samples has been observed any vesiculated or porous materials
with an origin of juvenile magma. The chemical analysis obtained by
EDS measurements determined that the samples are rich in sulfur and
contain abundant concentrations of iron, magnesium and manganese.
These elements are homogenously distributed on all samples as it is
illustrated in mapping pictures of Figure 3. The samples richest in
sulfur were obtained in proximity to the volcano (less than 5 km),
while the ones having high contents in iron, magnesium and
manganese were found at large distances from the crater (more than 5
km). The iron found at large distances from the crater appears
oxidized, most likely due to the exposition to the atmospheric oxygen.

Figure 1: The XRD spectra from SAMPLE 1, 2, 3 and 4 showed
similar features corresponding to a mostly composition of
Anorthite Sodian composition. For claritythe spectra have been
shifted 2000 units from SAMPLE 2. The presence of magnetite in
SAMPLE 1 is denoted as peaks around 50 (deg).

Figure 2: Representative SEM micrographs (Magnification 150X)
obtained from (a)-(d) the SAMPLES 1, 2, 3 and 4 respectively. The
images show mostly fragmented materials in all the samples
analyzed.

Figure 3: SEM-EDS maps (150X) showing the most abundant
chemical elements obtained from (a-d) SAMPLE 1, 2, 3 and 4. From
left to right and up to down the pictures correspond to: Topography
(SE), Silicon (Si), Sulfur (S), Calcium (Ca), Iron (Fe), Sodium (Na),
Potassium (K), Titanium (Ti), Magnesium (Mg) and Manganese
(Mn).

Discussion and Conclusion
After decades of visual silence, the Cotopaxi volcano awoke with the
emission of fine-grained volcanic material. The volcanic samples
ejected by the Cotopaxi volcano were collected almost daily and
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nightly at different locations since its reactivation on August 14th
[4,8-10]. By using Optical Microscopy, X-Ray Diffraction (XRD) as
well as Scanning Electron Microscopy (SEM) and Electron Diffraction
Scattering (EDS) techniques, we have determined the geochemical and
mineralogical composition of the very first expelled material. The
composition of the ejected material has been determined as typical
andesitic to dacitic and rarely rhyodacitic composition with a high
abundance of plagioclases, quartz, biotite, hornblende but also
obsidian, pyrite and some other accessory minerals. Therefore, most of
the collected material is felsic in composition, while the andesitic
fragments came from later eruptions.
On the basis of our results, it can be concluded that such volcanic
event of Cotopaxi volcano represents clearly a minor sporadic event
rather than a severe eruptive phase. Therefore major explosions and
the generation of far-reaching lahars is excluded for the time such
volcanic phase. The information extracted from the composition and
morphology of the fine-grained particles in almost real-time can be
considered as fundamental information for understanding the
mechanisms underlying the eruptive processes of volcanoes. Finally,
we remark that this kind of studies could be used as a quick tool for the
assessment of the volcanic activity and its threat to humans in the
vicinity of the volcano.
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