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INTRODUCTION

The Þ eld of comparative planetology has used knowledge 
from well-studied geologic systems on the earth, in conjunc-
tion with analyses of small extraterrestrial samples, to make 
implications for planetary environments where we have little 
information about system variables and petrologic processes. 
For example, some workers have used microbeam analyses of 
individual minerals in terrestrial and extraterrestrial samples to 
compare basaltic systems on different planetary bodies (e.g., 
Papike 1981, 1996, 1998; Papike et al. 1998, 2003). More spe-
ciÞ cally, these workers have used the compositions and atomic 
structures of individual minerals to obtain information about the 
physical and chemical conditions under which basaltic systems 
formed and evolved.

We propose that another tool can be added to this petrologic 
skill set by using variations in the concentrations of trace ele-
ments in olivines and glasses to identify the effects of petrologic 
processes in basaltic systems. This can be accomplished by using 
detailed observations and measurements from a closed basaltic 
system (i.e., Makaopuhi Lava Lake, Hawaii) to test the impact 
of complexing factors on partitioning behavior of trace elements 
between olivines and melts. We show that deviations from the 
expected partitioning behavior of trace elements between oliv-

ines and melts (i.e., glasses) can be used to identify the effects 
of gravitational settling, convective transport, Þ lter pressing, 
mineral-melt interface kinetics, and unintentional analysis of 
submicroscopic melt inclusions. These Þ ndings, in turn, can be 
used to interpret the results of microbeam analyses of extrater-
restrial samples, such that the effects of both large-scale and 
small-scale processes can be identiÞ ed in basaltic systems on 
other planetary bodies.

MAKAOPUHI LAVA LAKE

Hawaiian lava lakes are unique natural laboratories that il-
lustrate the physical and chemical evolution of closed basaltic 
systems. One of the best-studied lakes is the Makaopuhi Lava 
Lake (MLL), which was formed during the 1965 eruption of 
the Kilauea volcano (Wright and Okamura 1977). This 365 m 
diameter, 83 m deep, lava lake was studied in great detail by the 
United States Geological Survey (USGS) between March 1965 
and February 1969. During that time, the USGS took direct 
measurements of the lava lake�s temperature, oxygen fugacity, 
volatile content, petrography-chemistry, viscosity, and density 
(Wright and Okamura 1977). Information derived from these 
observations shows that gravitational settling, convective ß ow, 
and the formation of liquid segregations via Þ lter pressing, 
played signiÞ cant roles in the evolution of the MLL (Wright 
and Okamura 1977). These detailed physical and chemical 
measurements from the MLL, provide a natural laboratory for * E-mail: jhagerty@lanl.gov
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ABSTRACT

We use trace-element concentrations in olivines and glasses from a closed basaltic system to 
identify the effects of petrologic processes on the trace-element record of that system. The closed 
basaltic system in question is the Makaopuhi Lava Lake (MLL), which is closed with respect to 
magma mixing. Detailed studies of this lava lake have provided important information about system 
variables and petrologic processes that have been measured and observed at the lake. These previous 
studies show that olivine crystallized from the lava lake at all stages of the lake�s evolution, which 
means that olivine and residual glasses contain a record of the lake�s petrologic history. We use this 
information, in conjunction with variations in trace-element concentrations in olivines and glasses, 
to show that mineral crystallization, gravitational settling, convective ß ow, Þ lter pressing, and min-
eral-melt interface kinetics have characteristic effects on the trace element record of a closed basaltic 
system. These results are pertinent to the Þ eld of comparative planetology because they can be used 
to evaluate petrologic information in small samples from other planetary bodies, where information 
about system variables and/or petrologic processes is limited.
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