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abstract

Telica volcano in Nicaragua currently exhibits persistent activity with continuous seismicity and 
degassing, yet it has not produced lava flows since 1529. To provide insight into magma chamber 
processes including replenishment and crystallization, crystal size distribution (CSD) profiles of pla-
gioclase feldspar phenocrysts were determined for Quaternary Telica basalts and basaltic andesites. 
Textural analysis of 14 highly crystalline lavas (>20 vol% phenocrysts) indicates that the samples are 
dominated by sieve-textured plagioclase feldspar phenocrysts whose origin requires thermochemical 
disequilibrium within the magmatic system. The CSD curves display an inverse relationship between 
phenocryst length and population density. Concave-up patterns observed for the Telica lava samples 
can be represented by linear segments that define two crystal populations: a steeply sloping segment 
for small crystals (<1.5 mm) and a gently sloping segment for crystals >1.5 mm in length. The two 
crystal populations may be explained by magma replenishment and a mixing model in which a mafic 
magma is introduced to a stable chamber that is petrologically and geochemically evolving. Residence 
times calculated using the defined linear segments of the CSD curves suggest these magmatic processes 
occur over timescales on the order of decades to centuries. The crystal size distribution and textural 
analysis advocate for the current persistent activity as being consistent throughout Telica’s historic 
and prehistoric eruptive periods and driven by replenishment of mafic magma.
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introduction

Magmatic processes are commonly investigated through 
sampling of volcanic rocks and the application of quantitative 
geochemical elemental and isotopic analysis. The preservation 
of the crystallization history in igneous rocks also allows for 
quantitative textural analyses to be performed. The crystal size 
distribution (CSD) method, developed by Randolph and Larson 
(1971) for chemical engineering purposes and introduced to 
the geologic field by Marsh (1988) and Cashman and Marsh 
(1988), is useful for investigating ancient and historic magmatic 
processes. Measuring the CSD profiles of rock samples provides 
insight into magmatic processes including fractional crystalliza-
tion, magma injection and mixing, and crystal nucleation and 
growth, as well as allowing estimates of residence times (Marsh 
1988, 1998). This information may also potentially be used to 
infer future eruptive behavior of the volcanoes studied.

Telica volcano, located in northwestern Nicaragua (Fig. 1a), 
is one of the most active volcanoes of the region, yet the mag-
matic processes causing this activity are not well constrained 
for this system. It is referred to as a persistently active volcano 
(Locke et al. 2003) because it displays nearly continuous seismic 
activity and degassing. The TElica Seismic ANd Deformation 

(TESAND) network was installed in 2010 to monitor this persis-
tent activity in hopes of better understanding eruption precursors 
such as those associated with the May 2011 eruption (Geirsson 
et al. 2014). Although the last recorded lava flow at Telica was 
in 1529, incandescence has been observed periodically during 
the past two decades (Smithsonian Institution Global Volcanism 
Program) and the persistent activity is punctuated by periods 
of phreatic vulcanian explosive activity, up to VEI 2. The most 
recent eruptive phase occurred in 2011 (Geirsson et al. 2014). 
Increased monitoring instrumentation at Telica has improved the 
understanding of the persistent activity (Rodgers et al. 2015), but 
much remains in question regarding prior and current magmatic 
processes.

Textural distributions of plagioclase feldspar crystals from 
historic and prehistoric basalt and basaltic andesite flows from 
Telica volcano provide new evidence to better constrain the mag-
matic kinetics of this unusual system. Observed textural patterns 
and CSD curves from Quaternary lava flows, interpreted in light 
of the bulk lava chemistry, indicate pervasive thermochemical 
disequilibrium within the magmatic system. These features are 
consistent with the mixing of magmas of distinct thermal and 
geochemical character, therefore creating thermochemical dis-
equilibrium (Higgins and Roberge 2007; Salisbury et al. 2008). 
This mixing may be the consequence of frequent influx of a 
predominantly mafic magma that is injected into the chamber, 
catalyzing or extending the eruptive period. Frequent temporary 
sealing of the eruptive conduit (Geirsson et al. 2014) that allows 
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