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We have evaluated the dynamics of magma transport and volcanic eruptions on the eucrite 
parent body, which we assume to be 4 Vesta. Dikes would have had vertical extents of 1-20 km 
and widths of 10 mm to 3 m. Those that reached the surface fed eruptions lasting from 6-30 hours, 
with effusion rates between 0.05 and > 3 m3 s-1 per meter of horizontal fissure outcrop. Erupted 
volumes ranged from 50 x 106 to 900 x 106 m3, producing volume-limited flows from a few km 
to several tens of km long and up to a few km wide. The flows would be 5-20 m thick, consistent 
with thicknesses inferred from plagioclase crystal sizes in eucrites. 

Introduction 
The howardite-eucrite-diogenite (HED) meteorites are almost certainly derived from either 

the asteroid 4 Vesta or one of a group of smaller related bodies [I]. The HED rocks originated as 
surface lava flows or intrusions on a differentiated body [2, 3, 41, consistent with the 
spectroscopic properties of 4 Vesta [5]. We have therefore evaluated the dynamics of magma 
transport and volcanic eruptions on a body with the physical properties of 4 Vesta, using various 
previously developed models of igneous and volcanic processes [6 - 111. The following are our 
major findings: 

Pro~erties of intrusive dikes 
Dikes carrying magma upwards from zones of partial melting [7] in the mantle of 4 Vesta 

would have had vertical extents ranging between 1 and 20 km and widths from 10 mm to 3 m [6]. 
Internal excess pressures would have ranged from 0.2 to 2.4 MPa. These dimensions are mainly 
dictated by the apparent country rock fracture toughness, which is controlled by stresses near the 
dike tip and greatly influenced by the presence or absence of a gas-filled (or empty) cavity at the 
dike tip [8, 91. 

Magma cooling [lo] would have prevented thin dikes from penetrating to shallow depths, 
unless the apparent fracture toughness of the country rocks was greater than about 55 MPa m1f2. 
Hence dikes nearing the surface must have had vertical extents between 9 and 20 km, widths 
between 0.7 m and 3 m, and internal excess pressures between 1.2 and 2.4 MPa. 

Properties of dikes feeding surface eruptions 
Dikes able to reach the surface fed eruptions lasting for 6 to 30 hours and having effusion 

rates between about 0.05 and at least 3 m3 s-1 per meter of horizontal surface fissure outcrop (a 
range similar to that of current basaltic activity on Earth). 

Erupted lava volumes ranged from very small (leaving dike-like intrusions with widths of 
-0.7 m and volumes of -50 x 106 m3 extending up close to the surface) to -900 x 106 m3 (in 
which case cooling of the shrinking dike at the end of the eruption will have trapped -7 x 106 m3 
of magma as a shallow dike -0.6 m wide). 

Properties of surface lava flows 
Dimensions of surface lava flows will have depended mainly on the above effusion rates 

[ l  11. Flow widths, decreasing with increasing slope, will have ranged from a few hundred meters 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1448 
ERUPTIONS ON 4 VESTA: Wilson, L. and Keil, K. 

to a few km. Lengths, increasing with increasing slope, will have ranged from a few km to 
several tens of km. 

Surface lava flow thicknesses would have ranged from -5 to 20 m, being relatively 
insensitive to the controlling parameters. Virtually all flow units would have been volume-limited, 
i.e., emplaced as single flow units from the vent (in contrast to cooling-limited flows, in which 
multiple break-out flow units form from earlier units of the same eruption). 

Cooling rates derived from the sizes of plagioclase crystals imply that eucrites cooled as 
parts of rock bodies 5 to 10 m thick. This is consistent with eucrites being parts of surface lava 
flows, predicted above to have thicknesses between 5 and 20 m. It may also be consistent with a 
few eucrites having formed parts of shallow dikes or sills, though intrusions should generally have 
had thicknesses ranging from -0.5 to 3 m. 

Frequency of eruptions and implications for surface morpho lo~  
If a 20 km thick crust grew on Vesta in - 1 Ma, the interval between successive flow 

emplacements at the same site was -103 years. Eucrite and howardite meteorites derived from 
these -10 m thick flows are intensely brecciated and, although some of them were brecciated after 
metamorphism, it implies that craters with diameters of a few meters must have formed at an 
approximate rate of several tens per krn2 per year. 

Evolution of crustal structure 
The density structure of the volcanic crust evolved as deeper layers compacted under the 

growing load. This probably led to the formation of zones of neutral magma buoyancy at depths 
from 30 to 80 km. Intrusions (dikes or sills, depending on the least principle stress orientation) 
formed by rising dikes trapped in these zones would have had long axis lengths between about 9 
and 20 km, thicknesses between 0.5 and 3 m, and volumes between 50 and 900 x 106 m3. 
Intervals between successive intrusions in the same region (at least - 100 years) would have been 
much longer than the cooling time of a single intrusion (- 1 year for a 3 m thick body), so large that 
shallow magma reservoirs should not commonly have formed. 

The sizes of zones adjacent to intrusions affected by thermal metamorphism (a few meters) 
are too small to explain the prevalence of thermal effects seen in the HED meteorites. This 
suggests that heat diffusing from the interior of Vesta following progressive brecciation and burial 
of surface eruptives is the metamorphic agent [12]. 
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