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When the haze clears, 

You see the mountain. 

When you gaze at the mountain, 

You see within and beyond. 
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Abstract 
 

Dispersed volcanism in intraplate settings produces volcanic fields that may erupt 

over millions of years to produce hundreds to thousands of scoria and spatter cones, 

tuff cones and maars, as well as lava flows. Many aspects of this globally ubiquitous 

process are poorly known, ranging from the tectonic drivers to the mechanisms 

controlling magma accumulation and ascent. To investigate magma generation 

processes leading to a variety of individual eruption types at volcanic fields and to 

understand the spatio-temporal evolution of these whole-systems, knowledge of the 

geochemical and petrological properties of erupted products must be linked to the 

geologic and tectonic framework. This study was based on detailed stratigraphic 

sampling of small- (<0.01 km3) and large-volume (>1 km3) eruptive sequences in the 

Jeju Island Volcanic Field, Korea at both individual exposed eruption centres and 

from deep drill cores. This island is the subaerial representation of a volcanic field 

developed above continental crust over the last 1.8 Ma. Pyroclastic and lava samples 

were analysed for whole-rock major-, trace-elements and Sr-Nd-Pb isotopes, and for 

mineral compositions and Sr-Nd-Pb isotopes. 

The Jeju magmatic system started with small-volume alkali basaltic eruptions sourced 

at mantle depths equivalent to c. 2.5 GPa in partially hydrous peridotite. These 

magmas passed through the crust and erupted rapidly, with minor modification. 

Intrusions and eruptions accommodated regional tectonic strain, and excess melts 

became stalled to fractionate toward trachyte compositions in both the lower and 

upper crust. Trachyte erupted sporadically, with the first episode at c. 750 ka. After 

this, the system started to erupt with volumetric rates two orders of magnitude higher. 

This accelerated magma production involved alkali basalt melts derived from greater 

depths/pressures (3.5 GPa) than earlier, along with subalkali basalts derived from c. 

2.5 GPa. Despite prevailing extensional tectonics in the Ryukyu Volcanic Arc and 

strain accommodation at Jeju, further magmas accumulated and evolved to trachyte 

compositions at lower crustal depths and erupted in a second episode c. 25 ka ago. 

Small-volume eruptions of rapidly rising primitive alkali basalt also continued 

throughout the life of the field, and potentially interacted with shallower reservoirs of 

subalkali magmas to generate bimodal volcanism. Depending on magma volumes, 

intrusion and plumbing complexities, these generated a range from simple volcanic 
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structures to complex multiple-episode and/or multiple vent eruptive centres at the 

surface. 

The geochemical data collected revealed how seemingly simple monogenetic 

eruptions can be fed by complex and distinct magmatic entities. The same was valid 

for the entire field, where magma source and evolution conditions vary over time. 

The variety in volcanic activity is a function of magma types influenced by prior 

mantle modification events, as well as local and distal tectonic stresses and strain 

arrangements. This study showed that it is ultimately the site and spatial pattern of 

melting and melt-production rate that determines the final surface morphology, 

elevation and spatial distribution of magma types in a volcanic field. 
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