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abstraCt

Equilibria between plagioclase and ferrobasaltic melt in low-pressure, dry melting experiments 
can be demonstrated near the liquidus. Further analyses of melting experiments using optimized beam 
conditions reveals that previous data for understanding the Skaergaard intrusion potentially suffered 
from the analytical inclusion of non-equilibrated components in the average plagioclase composi-
tions. New reversal experiments demonstrate convergence between plagioclase rim compositions in 
melting and crystallization products for a ferrobasaltic melt and thus support equilibrium relations. 
The new data set provides tighter bounds on experimental plagioclase composition and documents 
composition-dependent partitioning of Na and Ca between plagioclase and melt. Application of the 
results to modeling the Skaergaard requires only minor adjustments to the previously proposed liquidus 
temperatures and liquid line of descent.

Keywords: Plagioclase, melting experiments, equilibrium, Skaergaard intrusion, liquidus temperature

introduCtion

Plagioclase is ubiquitous in low-pressure melting experiments 
involving ferrobasalts with Skaergaard affinities (e.g., Biggar 
1974; Hoover 1989; Juster et al. 1989; Snyder et al. 1993; Toplis 
and Carroll 1995). Because of sluggish reaction kinetics and dif-
ficulties in attaining and demonstrating equilibrium, specifically 
in dry melting experiments, attention is required when products 
are evaluated and experimental plagioclase compositions are 
used in petrogenetic modeling (Johannes 1978; Johannes and 
Koepke 2001; Morse 2010).

Melting experiments are typically performed on a fine powder 
of the rock of interest (or its synthetic equivalent) pressed into a 
pellet and inserted directly into a furnace at the desired final melt-
ing temperature. The pellet typically equilibrates toward stable 
equilibria from its original mineral content and compositions 
within 12 to 24 h duration. Although an approach to equilibrium 
can normally be demonstrated for olivine and pyroxenes, it is 
often difficult to obtain and document stable equilibrium for 
plagioclase. The reason is that the attainment of stable plagioclase 
equilibrium typically is restricted to the development of narrow 
marginal mineral zoning and the preservation of unreacted sodic 
fragments in cores of plagioclase grains (Johannes and Koepke 
2001). To account for this, experimentalists direct the electron 
beam to the marginal parts of plagioclase grains. Despite such 
caution, published plagioclase analyses still are often associated 
with large uncertainties particularly for low-temperature melting 
experiments that may be related to the incorporation of unreacted 
parts in recorded averages.

Johannes and Koepke (2001), therefore, in a study of plagio-
clase equilibria in melting experiments have expressed the view 
that most experimental results are not even close to equilibrium, 
contrary to the opinion of their authors. Another view has recently 

been voiced by Morse (2010), suggesting that the existing low-
pressure experimental plagioclase-melt database suffers from 
endemic metastable equilibria and is of little use for evaluating 
equilibrium conditions.

On this background, we re-evaluate our previous plagioclase-
melt data (Thy et al. 2006) using new, optimized, high-resolution, 
backscattered electron (BSE) images and narrow electron-beam 
analyses. We confirm that incomplete reactions can explain the 
large uncertainty in many existing plagioclase-melt data (Grove 
et al. 1982; Grove and Bryan 1983; Beard and Lofgren 1991; 
Toplis and Carroll 1995; Thy et al. 2006) and outline the simple 
experimental and analytical techniques required for studying 
basaltic plagioclase-melt equilibrium relations. We further report 
the positive result of a new convergence experiment demon-
strating that plagioclase equilibria can be obtained in melting 
experiments on ferrobasaltic magmas. The improvements in our 
plagioclase data set from 2006 have minimal effects on modeling 
the liquid line of descent for ferrobasaltic magmas (Thy et al. 
2006, 2008, 2009b) and on estimating the liquidus temperatures 
for the Skaergaard intrusion (Thy et al. 2009a).

exPerimental ProCedures
The experimental products re-examined in this study were originally described 

by Thy et al. (2006) in a study of Skaergaard dikes (FG1). All samples are from 
dike swarms believed to be associated with the Skaergaard intrusion and its liquid 
line of descent (Nielsen 1978). The majority of experiments were performed on 
chilled margin samples without or with only submicroscopic plagioclase (samples 
Am, Bm, and Cm; Brooks and Nielsen 1990). The remaining sample (Dc) was 
from the center of a dike that contains fresh groundmass plagioclase (Brooks and 
Nielsen 1978). All samples were finely powdered to an estimated maximum grain 
size of 10 µm and were not dried above ambient temperature.

The new data reported here are for a subset of the original one-atmosphere 
experiments all of which represent near liquidus conditions. These run products 
contain between 94 and 80% melt, 5 to 12% plagioclase, and small amounts of 
olivine (all by weight). In addition, we present in Table 1 results of 1 GPa melting 
experiments performed in a standard ½″ piston-in-cylinder press with powders 
of Am and Cm contained in graphite capsules. The high-pressure experimental * E-mail: pthy@ucdavis.edu


