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The 2012ï2013 flank eruption of Tolbachik volcano (Kamchatka, Russian Far East) lasted 9 months 
and produced 0.54 km3 of basaltic trachyandesite lava, thus becoming one of the most voluminous historical 
lava effusions of basic composition in subduction related environments globally. Main stage of the eruption 
was characterized by frequent Hawaiian and Strombolian-type lava fountains occurring from two lava 
ponds, filling the craters of the developing Naboko scoria cone. From these ponds, lava was t ransported 
underground through a system of lava tubes that progressively elongated and branched with time. 
Simultaneously with the lava tube elongation and branching, the gradual transition of the dominant lava 
emplacement style from óaôa to pahoehoe occurred.  

We report results of instrumental field measurements of the óaôa and pahoehoe propagation velocities 
(documented with time-lapse cameras) as well as the lava viscosity determined by flow rate and shear stress 
(using penetrometer) methods. The measurements were completed during the formation of the Toludskoye 
lava flow field as part of three field campaigns in MarchïApril, May, and July 2013. During that period, the 
SiO2 content of the lava and the time-averaged discharge rate remained constant, correspondingly 52 wt % 
and 18 m3/s.  

Maximal propagation velocities of the óaôa fronts ranged from 2 t o 25 mm/s, and those of the 
pahoehoe from 0.5 to 6 m m/s. The flow front velocities of both lava types experienced short-period 
fluctuations that were caused by complex flow mechanics of the advancing flow lobes. Minimal viscosities 
of lava of the óaôa lobes ranged from 1.3 Ĭ 105 to 3.3 Ĭ 107 Pa s ( flow rate method), and those of the 
pahoehoe from to 5 Ĭ 103 to 5 Ĭ 104 Pa s (shear stress method).  

Our data include the first ever measured profiles of viscosity through the entire thickness of actively 
advancing pahoehoe lava lobes. We have found that both óaôa and pahoehoe flows have a complex internal 
structure comprised of layers of lava with contrasting rheological properties. The studied óaôa lobes were 
composed of a l ower fluid layer with quasi-Newtonian properties and an upper highly viscous layer with 
quasi-Bingham properties. This two layered flow was enveloped in thick mantle of granular material. 
Pahoehoe lobes had cores, composed of fluid lava with quasi-Newtonian properties, that inflated while being 
enveloped into a skin of viscous lava with quasi-Bingham properties, that gradually solidified into a brittle 
material.  

We have found that both the óaôa and pahoehoe flows were fed by identical parental lava, which then 
developed contrasting rheological properties, owing to differences in the process of lava transport over the 
ground surface. Our investigations demonstrate that the observed gradual transition from the dominant óaôa 
to dominant pahoehoe propagation style during the formation of the Toludskoye lava field was caused solely 
by and occurred simultaneously with progressive elongation and branching of the system of feeding lava 
tubes. This became possible due to rapid accumulation of a t hick pile of partly solidified lava flows that 
provided a favorable environment for shallow subsurface intrusions and migrations of lava, which, with 
time, developed into branches of the lava tube system.  

We conclude that the emplacement style of high discharge long-lasting effusions of fluid lava, 
including flood basalts, with time naturally, without the necessity of changes of the effusion parameters, 
evolves from óaôa to pahoehoe. 
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