
American Mineralogist, Volume 94, pages 1371–1376, 2009

0003-004X/09/0010–1371$05.00/DOI: 10.2138/am.2009.3058     1371 

Liquidus temperatures of the Skaergaard magma

Peter thy,1,* Christian tegner,2 and Charles e. lesher1 

1Department of Geology, University of California, One Shields Avenue, Davis, California 95616, U.S.A.
2Department of Earth Sciences, University of Aarhus, DK-8000 Aarhus C, Denmark

abstraCt

The liquidus temperatures of the Skaergaard intrusion can be estimated for the layered series from 
plagioclase compositions. Plagioclase saturation in one-atmosphere melting experiments on evolved 
North Atlantic basalts is a function of An content (mol%) and can be described by an empirical linear 
relationship [T (°C) = 899 + 3.6 An; 1σ = 20 °C]. This relationship predicts a total crystallization 
interval for the intrusion of ~150 °C. Plagioclase crystallized in the Hidden Zone (An71) at 1155 °C, at 
the base of the Lower Zone (An66) at 1137 °C, and finally in the Sandwich Horizon (An30) at 1007 °C. 
These temperatures are in good agreement with previous estimates based on melting studies of suitable 
chilled margin rocks and gabbros from the Skaergaard intrusion and liquid line of descent modeling. 
Our temperature estimates, however, are markedly lower (by up to 60 °C) than recent temperature 
estimates based on an extrapolation of high-pressure experimental data for the Kiglapait intrusion to 
Skaergaard emplacement conditions. Proposed variations in magmatic pressure during Skaergaard 
evolution and reasonable estimates of magmatic water contents do not alter these conclusions.
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introduCtion

The Skaergaard layered intrusion has for nearly 80 years 
served as a testing ground for models of magmatic differentiation 
(Fig. 1). Of first-order importance are the temperatures and pres-
sures of crystallization that can be estimated from geothermom-
etry and geobarometry using suitable mineral assemblages from 
the rocks themselves, mineral-mineral equilibria, and forward 
modeling based on experimental studies of plausible parental 
magma compositions. 

Various lines of evidence have been used to constrain the 
pressure of crystallization. Lindsley et al. (1969) determined 
that inverted tridymite and ferrohedenbergite from the Sandwich 
Horizon (SH) represented an equilibrium assemblage at 970 ± 20 
°C and 600 ± 150 bars. Assuming a constant overburden during 
crystallization of the intrusion, the pressure at the base of the 
layered series would have been 1.3 kbars (Nielsen 2004; Morse 
2008). A significantly different conclusion was reached by Larsen 
and Tegner (2006), who used isochores for fluid inclusions in 
quartz from Skaergaard granophyres and the granite solidus to 
constrain the pressure of crystallization. They determined that 
granophyre crystallized in the Lower Zone a (LZa) at 1.8 ± 0.5 
kbars, in the Middle Zone (MZ) at 2.6 ± 0.2 kbars, and in the Up-
per Zone c (UZc) at 3.3 ± 1.3 kbars. These estimates correspond 
to approximate pressures of 0.7, 2, and 3 kbars at the roof of the 
intrusion for the formation of LZa, MZ, and SH, respectively. The 
up-section increase in pressure was attributed to contemporane-
ous construction of the lava pile comprising the East Greenland 
flood basalt province. The Skaergaard intrusion thus appears to 
have evolved from a subvolcanic magma chamber at the time of 
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Figure 1. Schematic cross-section of the Skaergaard intrusion 
showing the main zone divisions of the layered series (after Nielsen 
2004; McBirney 1995). The presence and absence of the main minerals 
used to define the zone divisions are indicated following Wager and 
Brown (1967). The cryptic variation of the anorthite content (An%) 
of plagioclase is based on Thy et al. (2009), Tegner et al. (2009), and 
unpublished data (P. Thy and C. Tegner). LS = Layered Series; MBS 
= Marginal Border Series; UBS = Upper Border Series; HZ = Hidden 
Zone; LZ = Lower Zone (with subdivisions a to c); MZ = Middle Zone; 
UZ = Upper Zone (with subdivisions a to c); SH = Sandwich Horizon. 
The HZ and LZa zones have been grouped together. 

emplacement to a plutonic body buried beneath 5–6 km of pla-
teau basalts by the time the chamber was fully solidified. Larsen 
and Tegner (2006) argued for a transient shift during late-stage 
crystallization from lithospheric to hydrostatic pressures as a 


