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Abstract
The Miocene Trayén Niyeu volcano (TNV) is the largest post-plateau volcanic building at the westernmost 
ranges of the mainly Oligocene Somún Curá volcanic shield. The TNV is formed by a large orthopyroxene-
bearing basandesitic lava field of fissural characteristics, that later on develops a central strombolian 
dacitic-pyroclastic edifice. Most of TNV’s lavas reveal intense disequilibrium textures and micro-
enclaves, that increase towards the top of the sequence. Three interacting paragenesis were interpreted 
from detailed petrography and mineral semi-quantitative chemistry, that cannot be ascribed to a single 
fractional crystallization trend: a) A basic paragenesis, with ~En75, chromium-rich orthopyroxene and ~An55 
plagioclase phenocrysts; b) A hybrid magma paragenesis, involving ~Ab75 plagioclase, biotite, amphibole 
and apatite phenocrysts; and c) A highly differentiated paragenesis, composed of sanidine, biotite and 
quartz phenocrysts. These three paragenetic assemblages interact at different levels, producing a wide range 
of disequilibrium textures and geochemical scatter. Trayén Niyeu’s effusive style may be a key for the 
understanding of subduction-related geochemical signals at the Somún Curá magmatic event.
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1. Introduction
The TNV is located at the westernmost ranges of the Somún Curá basaltic plateau, in the northern extra-
andean Patagonia, Argentina (Fig. 1). 
The TNV represents the largest volcanic building within the homonymous volcanic field (Remesal et al., 
2005; Cordenons, 2012), which also comprises several less developed apparatus and monogenic cones 
configuring a NE-SW trend. K-Ar dating rendering 18,8 ± 0,5 Ma (Salani et al., 2006) refers this event to 
the post-plateau stage. However, its petrographic and geochemical features deviate significantly from the 

Fig. 1 - Location of Trayén 
Niyeu volcano at the 
westernmost ranges of 
Somún Curá plateau, Río 
Negro, Argentina.
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roughly contemporaneous post-plateau alkaline volcanism (Remesal et al., 2011). The TNV consists of a 
large orthopyroxene-bearing basandesitic lava field of fissural characteristics, that later on develops a central 
strombolian dacitic-pyroclastic edifice. Disequilibrium features are common in phenocrysts and enclaves 
through the whole compositional range, accompanying differentiation. Geochemical interpretation favors 
calk-alkaline, OIB affinity in the midst of a severely dispersed trend (Cordenons, 2012). It remains unclear 
yet whether the nature of the calk-alkaline trend responds just to the assimilation of a quartz-feldspathic 
component or not (Cordenons & Remesal, 2012). A preliminary study on petrographic associations is 
presented, based upon textural and EDS semi-quantitative analysis, aiming to identify phase interactions 
among these highly heterogeneous lavas.

2. Mineral Textures, Chemistry and Phase Associations
Crystal associations were discriminated by the interpretation of crystal morphology (see Fig. 2 for 
examples), based on the work of Hibbard (1995) and references therein. Phase associations were also used 
to define cogenetic assemblages. The study was complemented with EDS semi-quantitative determination 
of mineral composition, obtained at the Laboratorio de Microscopías Avanzadas of the Universidad de 
Buenos Aires. Focusing on plagioclase and orthopyroxene present as phenocrysts and within enclaves, 
textural and compositional types are detailed and described in Tables 1 to 3.
 
2.1. Plagioclase
Four plagioclase groups have been identified: A) In equilibrium plagioclases; B) Boxy plagioclases with 
spongy cores; C) Spongy plagioclases; D) Loose, large rounded crystals, without signs of reaction. “Boxy” 
and “spongy” terms are in accordance to Hibbard (1995), and refer mainly to thermal or decompressional 
disequilibrium. Figure 3 shows the EDS data. Subtypes are described in Table 2.

Fig. 2 - Photomicrographies (x25 
magnification) showing a selection 
of typical texture and phase 
associations occuring at TNV lavas. 
Orthopyroxene or plagioclase 
nomenclature is denoted in lowercase 
(“o” and “p” respectively) preceding 
group letter (see Table 2 and 3). A) 
Volcanic enclave showing group’s 
A three orthopyroxene subtypes; 
B) Plutonic enclave composed 
of B1 pyroxene, A2 plagioclase, 
amphibole, biotite and large apatite 
rods (crossed polars). Note Amp 
mantling the Opx; C) Group B 
boxy plagioclase; D) B2 tappered 
pyroxene micro-phenocryst with 
oxidised rims and incipient spongy-
textured C2 plagioclase. 

Table 1 - Phase associations and occurrence at Trayén Niyeu lavas.
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Table 2 - Plagioclase varieties identified at TNV. Subtypes, description, chemistry and occurrence are shown.

Table 3 - Orthopyroxene varieties identified at TNV. Subtypes, description, chemistry and occurrence are shown.

Fig. 3 - Ab – An – Or recalculated components for plagioclase. Two distinct compositional groups can be observed: an 
~An55 and an ~Ab75 cluster. Note how Group D overlaps significantly with A2 subtype. See section 2.1. and Table 2 for 
references.

001-364 GeoSuf 2013   150 11-11-2013   9:15:53



GeoSur2013	 25-27	November 2013 – viña del mar (Chile)

151

2.2. Orthopyroxene
Three main groups were identified: A) Large (1-5 mm) glomeroporphyric or loose prismatic crystals with 
rounded edges; B) Enclave phenocrysts with fusiform or tapered shape and replaced rims; C) Micro-
phenocrysts. EDS semi-quantitative analysis are shown in Fig. 4, and Table 3 details group subtypes, 
characteristics and host rock. EDS mineral chemistry also reveals that group A pyroxenes are the only 
variety showing Cr2O3 contents of up to 0,75%.

3. Summary and Conclussions
Textural and semi-quantitative chemical analysis have proven useful tools to distinguish between different 
mineral paragenesis that may coexist on a single host magma, hence revealing interesting evolution paths 
far more complex than plain fractional crystallization. A complete discussion on texture development and 
origin is beyond the scope of this article.
From the data presented here, three paragenesis or “magmatic affiliations” were interpreted for the Trayén 
Niyeu volcano, that cannot be ascribed to a single fractional crystallization trend: a) A basic paragenesis, 
regarding ~En75, chromium-rich orthopyroxene and ~An55 plagioclase phenocrysts; b) A hybrid magma 
paragenesis, involving ~Ab75 plagioclase, biotite, amphibole and apatite phenocrysts; and c) A highly 
differentiated paragenesis, composed by sanidine, biotite and quartz phenocrysts.
The basic paragenesis accounts for the large enstatitic orthopyroxene clusters (group A) and large spongy 
andesine crystals (C1 type), hosted mainly in basandesitic lavas composed of C1 orthopyroxene and A1 
andesine micro-phenocrysts; their subvolcanic counterparts (B2 pyroxenes and A3 plagioclases); and 
xenocrystic B and C2 plagioclases hosted in more differentiated rocks. The hybrid paragenesis involves 
the plutonic assemblage with A2 oligoclase crystals, associated to amphibole, biotite and apatite; and D 
plagioclase xenocrysts and C2 pyroxene micro-phenocrysts in extruded andesites and dacites. The highly 
differentiated paragenesis comprises large sanidine spongy phenocrysts, quartz and biotite, which show 
different reactivity intensities, and dominate in dacites. These three paragenetic assemblages interact at 
different stages of crystallization, depth, thermal contrast and pressure regime, over varying time lapses, 
reactivity intensities and recurrence. Their complex relations results in a broad range of disequilibrium 
textures, which were traced back to the probable original system.
Trayén Niyeu’s effusive style may be a key for the understanding of subduction-related geochemical signals 
at the Somún Curá magmatic event.
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Fig. 4 - En – Fs – Wo recalculated components for 
pyroxenes. See section 2.2. and Table 3 for references.
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LASER REMOTE SENSING OF PARTICULATE, VAPOR AND GAS IN VOLCANIC PLUMES  2-12
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The Andes is not only the longest continental mountain range in the world: it boasts Ojos del Salado, the 
world’s highest volcano, which rises to 6893 m. Nearly 1800 volcanoes are in the Chile-Argentina border 
and about 30 of them are active. Unfortunately, volcanism may be detrimental to human life: e.g. in June 
2011, airports in Chile, Argentina and as far away as Oceania had to be closed temporarily due to volcanic 
ash erupted by Puyehue-Cordón Caulle. The corresponding alert caused at least 3,000 total evacuated 
people.
The composition of volcanic plumes provides information on the processes inside volcanoes and on the 
transition from quiescence to eruption. Up to now, coupled plume-geophysical studies are sparse, due to the 
difference in their typical sampling frequency. This explains the interest of geophysicists in new techniques 
of plume sensing, in particular for the detection of CO2, the second most abundant gas in volcanic fluids 
and the most directly linked to deep “pre-eruptive” volcanic degassing processes.
Laser radars or lidars [1] have been used in the past to determine aerosol load [2], SO2 concentration [3] 
and water vapor flux [4] in volcanic plumes. The author is involved in the European Research Council 
projects CO2VOLC [5] and BRIDGE [6] for the development of a differential absorption lidar (DIAL) 
aimed to the measurement of CO2 concentration in volcanic plumes. Recently, the Italian National Institute 
of Geophysics and Volcanology, entrusted him the realization of another DIAL for the same purpose in the 
framework of the Italian project VULCAMED [7].
A lidar is composed of a transmitter (laser) and a receiver (telescope). Its principle of operation is illustrated 
in Fig. 1a: the backscatterers (molecules and aerosols) at the distance R from the system send back part of 
the laser pulse toward A, active surface of the telescope. Consequently, the analysis of the detected signal 
as a function of t, time interval between emission and detection, allows one to study the optical properties 
of the atmosphere along the beam, since the simple relation between t and R is given by:

 
, (1)

where c is the speed of light.
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