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MAGMA MIGRATION AND WACVAIIAN-STYLE ERUPTIONS IN SIIIELD VOLCANO 
RIFT ZONES; T H E  PU'U '0'0 ERUPTIVE EPISODES, KILAUEA EAST RIFT, HAWAII; J .  
W. I-lead, Dept. Geological Sciences, Brown Univ., Providence, RI 02912, and L. Wilson, Dept. of 
Environ~iiental Sciences, Univ. L,ancaster, Lancaster L,A1 4YQ U. K. 

Introdt~ctio~i - The sequence of eruptions associated with the activity at Pu'u '0'0, Kilauea 
Cast Rift, Hawaii, over the last several years, and the careful monitoring and analysis by the USGS 
Hawaiian Volcanological Observatory (1, 2) has provided important data and interpretations which 
permit the general assessment of the integrated process of magma ascent, lateral migration, and erup- 
tion. In this contribution we discuss the geometry of the conduit and dike systems feeding the Pu'u 
'0'0 vent, and the nature of the observed Hawaiian-style eruptions, including the influence of 
magma gas content on fire fountain heights, and tlie control of gas release patterns on near-vent 
dynamic lnorphology and the subsequent formation of deposits (cinder cones, spatter cones, rootless 
flows, lava ponds, and lava flows). 

Geometry of the dike systen~s  - Analysis of the expected patterns of cooling of dikes injected 
into Kilauea's East Rift during the few years prior to the 1983 onset of the current activity suggest that 
pods or partly cooled magma with thicknesses of a few to several meters and vertical and horizontal 
extents of tens to hundreds of meters may have accumulated at depths of a few km along the rift zone. 
'I'l-ie major dike injection immediately prior to the episode 1 activity created another such magma 
body at shallow depth under what is now the Pu'u '0'0 vent. Eruptive events from episode 2 onwards 
are due to dikes propagating from the summit reservoir system and connecting with the near-vent 
body and probably some of the earlier-emplaced bodies. 

Magma flow speeds in dikes (and hence eruption rates at the surface) are a function of the 
driving pressure gradient, the magma rheology and the dike width and cross-sectional area. However, 
dike geometry at the onset of an eruption is itself determined by the magnitudes of the pressure in the 
magma and the regional stress gradient. The geometry of various parts of the currently-active dike 
system can be estimated by requiring that the typical maximum mass fluxes during Pu'u '0'0 erup- 
tioi~s (3 to 5 x lo5 kgls, i .e. ,  100 to 200 1n3/s of dense rock equivalent) are driven by stress fields 
which are also consistent with the dike geometry. 

Geometry of tlie conduit - For largely vertical magma motion through tlie episode 1 dike, 
flow speeds for a magma with viscosity 100 Pa s would typically be 0 .2  m/s (below the level where 
significant gas exsolution occurs) through a dike about 0.5 m thick extending for 1000 m horizontally. 
This dike would converge upwards into a roughly 4 meter diameter conduit at shallow levels below the 
vent and would coi~tain about 106 1113 of magma between tlie surface and a depth of 2 km. At greater 
depths, magma flow would be largely horizontal and driven at a similar speed by a 1 lo 1.5 MPa 
excess niagnia pressure in the summit reservoir through a 1.5 meter thick dike extending vertically for 
about 500 meters. 

Magma niovelnent - The rapidly accelerating magma discharge rate at the start of eruptive 
episodes, the duration of eruptions, the abrupt cessation of activity and the length of the repose period 
call all be understood in terms of the response of lnaglna with a finite yield strength and a strain-rate- 
dependeht viscosity to the stresses imposed on it. The driving stress due to summit inflation increases 
steadily between eruptions. The retarding stress component imposed by the yield strength increases at 
a l l  times in a non-linear fashion as magma cools. The retarding component due to dike width in- 
creases between episodes as dikes are narrowed by magma chilling against the walls and may decrease 
locally during eruptions as some of this niaterial is relnoved again; i t  also decreases as dikes are 
inflated by increasing summit pressures. These interactions cal, be modelled quantitatively to provide 
estimates of typical magma viscosity(30 to 300 Pa s) and yield stl.engt1i ( 3  to 30 Pa) within the plumb- 
ing system. 
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Influence of niagma gas content oil fire fo~lntain heights - Hawaiian-style volcanic activity 
is defined as the relatively steady discharge of magma, which is disrupted below or at the surface into 
a mixture of released gas and pyroclasts. T h e  resulting fire fouiltains have a range of grain sizes 
sufficiently coarse so that little of tlie pyroclastic material is entrained into a convecting cloud over 
the vent and most of tlie material returns to the surface to form a variety of features in the vicinity of 
the vent. Theoretical treatments of the relative roles of effusion rate (M) and gas content (n) in 
determining fountain height predict that gas content is the dominant factor under almost all condi- 
tions, and that fountain height can be directly related to gas content i f  the conduit geometry is known. 
Gasless magmas erupted at rates typical for Pu'u '0'0 (100 m3/s) produce fountains only centimeters 

high, far below the typically observed fountain height of 200 m .  Theoretical predictions relating 
magma gas content to fountain height suggest that a 200 m fountain height corresponds to a gas con- 
tent of about 0 .4  wt%, very sinlilar to values nieasured at R l ' u  '0'0 (P. Greenland, personal com- 
munication). Confirmation o f  theoretical analyses by the k l ' u  '0'0 observations and measurements 
indicates that variations in fountain heights can be used as a tool to understand the variability of 
magma gas content within a n  eruptive episode and for longer-term trends in the eruption sequence. 

Control of gas release patterns on near-vent dynamic ~llorphology and the forillation of 
deposits - 'These two variables (magma gas content and effusion rate) determine the detailed struc- 
ture (dynamic nlorphology) of the fire fountain and the nature of the near-vent pyroclastic deposits. 
The  two main manifestations of variations in M and n are clast size and fountain structure. Al- 
though the detailed relationships between gas content and clast size are not fully understood from a 
physical point of view, sufficient empirical data are available for basaltic magmas. Fountain structure 
(dynamic morphology) is determined by the velocity profile at any given pressure level and the maxi- 
mum spread angle of the fountain from the vertical. These two parameters completely determine the 
paths of pyroclasts in the fountain. The  combination of the pyroclast size and spatial distribution 
determines the clast number density and thus the opacity of the fountain and the ability of the 
pyroclasts to cool in their local fountain environment. For a given set of conditions, two factors thus 
become important in determining the structure and morphology of pyroclastic deposits: 1ocl.l :em- 
perature and accumulation ratc. For example, in typical eruptions at Pu'u ' 0 ' 0 ,  the majority of 
pyroclasts remain inside the optically thick central part of the fountain, undergo minimal cooling, and 
return to the surfdce to feed lava ponds and lava flows. A very small percentage of the material 
occurs at the margins of the fountain, undergoes correspondingly more cooling in the optically thin 
part of the fountain, and returns to the surface to contribute to the building of the pyroclastic cone (if 
the accu~nulation rate is low) or to form rootless flows (if the accumulation rate is high and minimal 
further cooling occurs). The  relationships hetween these various parameters are being investigated for 
IIawaiian-style eruptions in general, and RI'U ' 0 ' 0  in particular. 
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