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aBstract

Pyrochlore minerals are common accessory phases in the syenite and nepheline syenite rocks of the 
Motzfeldt alkaline center, Gardar Province, South Greenland, and are of important economic interest 
due to their exceptional ability to host various high field strength elements. In this study pyrochlore 
from two distinct intrusive units within the Motzfeldt Center have been studied. The largely homoge-
neous syenite and nepheline syenite rocks of the Flinks Dal formation host oscillatory and sector-zoned 
pyrochlore, which have experienced minor alteration in the presence of high-temperature, dominantly 
juvenile magmatic fluids. Alteration is characterized by variable decrease in the Na, Ca, and F contents 
and addition of Sr and K, accompanied by introduction of A and Y site vacancies. Pyrochlore from the 
more heterogeneous and intensely altered syenite rocks of the Motzfeldt Sø Formation are pervasively 
altered through interaction with lower temperature evolved hydrothermal fluids. During this phase 
of alteration cations are preferentially leached from the A and Y sites, accompanied by progressively 
increasing hydration. In both formations the proportion of B-site cations remains unaltered regardless 
of the degree of alteration. The alteration encoded in the pyrochlores of the Motzfeldt Center records 
the different hydrothermal conditions the two formations experienced during the subsolidus, showing 
how evolution of fluids within one intrusive unit can vary both spatially and temporally.
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introduction

There is worldwide interest in the discovery and extraction of 
high field strength elements (HFSE, such as Zr, Hf, Nb, and Ta) 
for applications in the electronics industry. Many commercially 
viable deposits are hosted by pyrochlore supergroup minerals 
because the pyrochlore structure accommodates various large, 
high field strength ions, hence the mineralogy and geochemistry 
of pyrochlore is of widespread commercial and academic inter-
est. The present article considers pyrochlore minerals from the 
Motzfeldt Center, part of the Gardar province, South Greenland. 
The Motzfeldt area is estimated as one of the world’s largest Ta 
deposits; conservative estimates suggest a potential for over 500 
million tons of ore, containing over 1400 ppm Nb, 120 ppm Ta, 
and 60 ppm U. Masses of 30 Mt with a potential for >250 ppm 
Ta have been suggested by targeting facies of syenite hosting 
the highest modal abundance of pyrochlore (Thomassen 1988; 
Armour-Brown 2001). We consider the mineralogy, petrology, 
and petrogenesis of these pyrochlores and their host rocks to 
understand more fully the nature of this exceptional Ta deposit. 
In doing so, we provide a detailed characterization of pyrochlore 
in a most important commercial setting.

GeoloGical settinG oF the motzFeldt center

Motzfeldt is one of four major alkaline centers belonging to 
the Igaliko complex. The complex is situated in the northeast of 
the mid-Proterozoic Gardar province of South Greenland, repre-
senting the products of repeated rift-related alkaline magmatism 
during the interval ∼1300–1140 Ma (Blaxland et al. 1978; Upton 
and Emeleus 1987; Upton et al. 2003). The Motzfeldt Center 
(1273 ± 6 Ma, McCreath et al. 2012) was emplaced into Keti-
lidian age (1900–1700 Ma), subduction related I-type granites, 
belonging to the Julianehåb batholith (Allaart 1976), through a 
combination of block stoping, ring fracture, and partial ring dike 
formation (Emeleus and Harry 1970; Jones 1980). The tensional 
stress regimes active during the Gardar can be inferred from the 
orientations of faults and dykes. At the earliest rifting, tension 
was parallel to ENE-WSW and a series of NNW-SSE basic 
dykes (“the Brown Dike 0” or BD0 swarm) resulted (Upton and 
Emeleus 1987). The Gardar rift soon adopted a dominant E-W 
sinistral transtension generating E-W faults and en echelon NE-
SW dilation along which most Gardar dykes were intruded (see 
Upton et al. 2003 for a review and for a map placing Motzfeldt 
in the context of the Gardar province). The geography of SW 
Greenland is now dominated by a series of deep NE-SW fjords 
and it is inferred that these lie along the major Gardar vertical 
rifting. The earliest Gardar rocks are a sequence of interbedded 
clastic sediments, pyroclastics, and lavas together called the 
“Eriksfjord formation”. From both in situ exposures and the 
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