
PETROLOGIC EVIDENCE FOR MULTIPLE, CHEMICALLY EVOLVED MAGMA BATCHES AND 
IMPLICATIONS FOR PLAINS VOLCANISM ON EARTH AND MARS.  S. S. Hughes1, S. E. H. Sakimoto2, 
T. K. P. Gregg3, and S. M. Brady1   1Dept. of Geosciences, Idaho State University, Pocatello, ID 83209, 
hughscot@isu.edu; 2Dept. of Civil Engineering and Geological Sciences, University of Notre Dame, Notre Dame, 
IN 46556; 3Dept. of Geology, University at Buffalo, 876 Natural Science Complex, Buffalo, NY 14260. 

 
Introduction: Small mafic shield volcanoes, abun-

dant on the terrestrial planets, are the dominant land-
form in provinces characterized by plains-style volcan-
ism [1]. Exemplified on Earth within both oceanic and 
continental settings (e.g., Hawaii, Snake River Plains), 
they provide analogs for similar systems on other plan-
ets, especially Mars.  Topographic analysis [2, 3, 4] of 
individual Quaternary mafic shields on the eastern 
Snake River Plains (ESRP) of Idaho (the type area for 
plains-style volcanism [1]) demonstrates similarity in 
size, volume, and shape of these shields, as well as the 
vent spacing in the volcanic fields, with those of the 
Tempe Terra and Syria Planum regions of Mars. 

Geochemical and physical volcanologic studies of 
the ESRP [5, 6, 7] show an emerging model of vol-
canic evolution that implies multiple small batches of 
magma derived from upper mantle sources.  Figure 1 
illustrates various chemical trends, exemplified by La 
vs. MgO, that argue for a system with variably evolved 
magma batches and possibly several magmatic 
sources.  Petrologic modeling suggests that early 
magmas in the sequence form (layered?) sub-volcanic 
mafic intrusions  that fractionate to evolved composi-
tions.  Later mafic magmas commingle with these ear-
lier-derived intrusions, partially melt and assimilate 
late-stage fractionates, and erupt with chemically 
evolved, but isotopically un-evolved compositions. 

 

 
Figure 1. Various trends of La vs. MgO in representative 
small mafic shields on the eastern Snake River Plains.  

 
Eruptive Conditions:  The assessment of liquidus 

(olivine) temperatures and oxygen fugacity during late 
cooling stages, lend further evidence for a wide range 

of eruptive conditions.  Olivine equilibrium tempera-
tures range ~1342 – 1170 °C (Figure 2), which are 
assumed to represent near-eruptive temperatures. The 
most mafic magmas in the system are tightly con-
strained to temperatures above 1310 °C, suggesting 
final separation of magma from upper mantle regions 
and little, if any, crustal interaction.  Lower tempera-
ture magmas, those with higher LIL elements, are typi-
cally diktytaxitic with coarse interlocking plagioclase 
crystals and large pore spaces.  Their textures are ap-
parently related to high volatile contents obtained dur-
ing magma evolution in crustal reservoirs. 

 

 
Figure 2. Apparent liquidus temperatures in ESRP 
basalts calculated from olivine equilibria. 
 

Temperature and oxygen fugacity (fO2) of late 
cooling stages of ESRP basalts (Figure 3), determined 
for Fe-Ti oxides (from the QUIlF program), indicate a 
close adherence to the QFM buffer, or at least within 
~0.5 log units.  Temperatures ranging ~750 °C and 
higher indicate the conditions of final cooling and rip-
ening.  These conditions portray extended periods of 
cooling, probably enhanced by relatively high volatile 
content evident in coarsened diktytaxitic textures.  
Shields with coarsely diktytaxitic textures usually have 
elevated summit regions resulting from increased ex-
plosivity and the development of spatter ramparts [2, 
3, 4]. 

Geochemical constraints on magma evolution, i.e., 
little if any crustal assimilation, coupled with the close 
adherence to the QFM buffer, suggest that oxygen 
fugacities in ESRP basaltic magmas are determined in 
source regions and related to intrinsic volatile contents.  
Geochemical models require up to 7X enhancement in 
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incompatible elements; thus, volatile contents may be 
expected to show similar increases during magmatic 
evolution.  Although source enrichment in ESRP is not 
long-term, i.e., not related to isotopic evolution, the 
fO2 measurements suggest concomitant increases vola-
tiles with increasing incompatible elements and de-
creasing MgO.  This is consistent with source enrich-
ment being correlated to oxygen fugacity in martian 
basalt reservoirs [8]. 
 

 
Figure 3. Oxygen fugacity and temperature determina-
tions for late-stage Fe-Ti oxides using the QUIlF pro-
gram. 
 

Implications for Mars:  Geochemical models of 
magma evolution and the eruptive conditions of ESRP 
basalts suggest that an extensive system of small mafic 
intrusions is active beneath the volcanic plains.  A ver-
tical series of evolving magmas, in which magmas 
undergo extensive fractionation and “autoassimila-
tion”, is similar to the magmatic mush column pro-
posed for the McMurdo Dry Valleys [9] as well as the 
Hawaiian system [10]. 

The location of plains-style systems on Mars, in-
cluding the Tempe Terra, Syria Planum, and the east-
ern Tharsis regions (Figure 4), implies magmatism 
near larger magmatic provinces, possible near-plume 
or post-plume.  The ESRP mafic eruptions occur ~10 
Myr after the passage of the Yellowstone hotspot, thus 
indicating minimal or marginal direct involvement of a 
mantle plume.  The fact that plains-style volcanism on 
Mars is peripheral to large shields (or found in caldera 
or other summit regions after an extended eruptive 
phase) supports the idea of small batch magmatism in 
lithospheric conditions. 
 
 
 
 
 

 

 
Figure 4.  The location of known plains-style volcanic 
provinces on Mars. 
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