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Depending on the physical state of magma a t  the vent, crystallization of microlites may occur 
while a flow is actively advancing. Basaltic and low viscosity lava flows traverse irregular 
preexisting topography and encounter obstacles and sudden breaks in slope. Unlike the textbook 
case of parallel fluid flow, such flows tend to mix the hot interior of the flow and entrain pieces 
of the upper surface of the flow which has cooled by radiation. The material that can be 
assimilated into the core may range from cold surficial debris a t  100°C to a mush a t  1050- 
1100°C. 

Stefan-Boltzmann radiation is a n  important thermal process affecting the emplacement of flow 
units. The concurrent processes of crystallization and entrainment of cool, near-surface material 
may have a dramatic influence on the thermal budget of a flow while it is active. 

We have derived a mathematical model that considers the relative influence of crystallization 
and entrainment in comparison with radiation from the core of a n  active flow. A control volume 
analysis of the heat budget a t  a point fixed in space and time leads to the governing equation for 
the temperature of the core: 

The parameters appearing in this equation are defined in Table 1. The parameter 7, is a 
measure of the rate of exchange of material between the inner core and the oveniding crustal 
material, defined a s  the time required to completely exchange the magmatic core a t  a fixed 
location along the path of the flow. For the case of parallel flow, this exchange is absent. 
corresponding to a n  infinite value of 7,. The two terms containing 7, in Eq.(l) are due to the 
entrainment and assimilation of cooler crustal material into the core. The heat sink term with 
both latent heat (Lj and 7, accounts for the heat of fusion required to partially melt the entrained 
material, if it has  a higher crystallinity than the core. Crystallization that occurs in the flow 
interior releases latent heat according to the rate of change in volume fraction of crystals. The 
first term with the latent heat prefactor L accounts for this source of heat. 

Temperature versus time solutions of Eq.(l) for a hypothetical basaltic flow and a postulated 
crystallization model, O(t) = Om, [ 1 - exp( -t / T,,, ) 1,  are shown in Figure 1 for typical values of 
parameters [ I ] ,  with a n  average fraction of exposed core f = 0.5%. The potentially significant 
influence of latent heating is evident in the ability to increase the core temperature above its 
initial eruption value. The ability of entrainment to lower temperatures is also shown. For flows 
that do experience high levels of crystallization but not the high increases in temperature after 
leaving the vent, either entrainment of cooler material and/or radiation from a high fraction of 
exposed core must be in effect to counteract the latent heat. 

Crystal size distribution measurements were made for quenched dip samples collected from 
the 1984 eruption of Mauna Loa. Using reported flow velocity measurements [2], a rough plot of 
volume fraction of crystals grown in the channel during emplacement a s  a function of time was 
constructed (Figure 2). The key feature of this plot is the rapid rise in crystallinity in just the first 
few hours of transit along the flow path. 

Figure 3 shows a temperature profile from the model depicted in Eq.( l )  and the inferred 
crystallization history for the Mauna Loa flow. Given the rate of crystallization, high radiation 
rates alone (even f=0.2) are insul'ficient to counter the latent heating in the early stages of flow. 
To obtain a thermal profile that malches the temperature measurement constraints 121 and 
crystallization measurements, a s  shown in Figure 3, a crustal entrainment mechanism (or some 
other significant cooling mechanism) must be postulated. Moreover, the crystallinity and 
temperature constraints s u g e s t  that two sets off and T, parameters are needed, one for the early 
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stage of emplacement and one for the later stage (see Fig.3 caption). 
The crystallization history of active lava flows provides u s  with new insight into the thermal 

behavior of terrestrial flows. When combined with hypotheses about the crystallinity and 
magmatic state of planetary lavas, these insights will aid in understanding the nature of 
emplacement of lavas on other planets. 

Table 1. Equation Parameters 
T = core temperature (K) o = Stefan-Boltzrnann constant 
Tc = crust temperature (K) L = latent heat 
t = time C, = heat capacity 
0 = volume fraction of crystals in core p = density 
0, = volume fraction of crystals in crust h = core thickness 
f = area fraction of exposed core at  surface 2, = entrainment time scale 
E = emissivity T ~ ,  = crystallization time scale 

References: [ l]  Crisp, J .  and S. Baloga, 1990, Jour.  Geophys. Res., 95: 1255- 1270. [2] Lipman, 
P.W. and N.G. Banks, 1987, U.S. Geol. Survey Prof. Paper, 1350, 1527- 1567. 
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Fig. 1 Curves shown for different combinations Fig.2. Estimate of the rate of crystallization 
of crack radiation (f = 0.005). latent heat during emplacement of the 1984 Mauna Loa 
(T,,, = 0.1 day, @,, = 0.5), and entrainment lava flow, based on crystal size distribution 
(7, = 20 days, Tc = 300°C). as predicted by Eq. measurements of quenched dip samples 
(1) for a typical basalt flow. collected near the vent and downstream. 
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Fig.3. Good fit to the temperature [2] and crystallinity (Fig.2) constraints for the Mauna Loa flow, 
achieved using Eq.(l) with f = 0.2 and 7, = 0.4 days for the first 0.7 hrs (40 cm of crust entrained) 
and f = 0.001 and 7, = 14 days for the last 26 hours of travel (36 cm of crust entrained). 
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