
American Mineralogist, Volume 85, pages 1595–1605, 2000

0003-004X/00/1112–1595$05.00      1595

INTRODUCTION

Bowen’s classic 1940 paper on the metamorphism of sili-
ceous limestones and dolostones provided a simple yet power-
ful mineralogical framework for interpreting the metamorphic
history of such rocks. Minerals above wollastonite in Bowen’s
progressive series of decarbonation reactions (“monstrous ac-
rimony . . .”) are uncommon to rare, and restricted almost ex-
clusively to contact metamorphic environments. In this paper,
new observations and data are reported on calc-silicate xeno-
liths in the Kiglapait Intrusion that contain a rare silicate as-
semblage dominated by diopside + forsterite + monticellite,
with additional åkermanite in one case. Such assemblages rep-
resent the very high temperature contact metamorphism of an
impure dolomitic protolith, and probably also reflect metaso-
matic exchange with the Kiglapait magma.

This study developed as part of a broader investigation by
S.A. Morse and coworkers into the nature of crustal contami-
nation in the Kiglapait Intrusion. Such contamination was rec-
ognized initially on the basis of Sr-isotopes (Simmons and
Lambert 1981) and later confirmed with Nd-isotopes (DePaolo
1985). Thus the xenoliths of this study represent a potential
contaminant, and the present results provide a mineralogical
and petrological context for additional isotopic investigations
(e.g., Weis and Morse 1991).

GEOLOGIC SETTING AND FIELD RELATIONS

The Kiglapait Intrusion is a layered mafic pluton located
on the northern coast of Labrador. The intrusion has been de-
scribed thoroughly by Morse (1969), and details regarding
mineralogy and chemical composition are provided in subse-
quent papers by Morse and others (e.g., Morse 1979a, 1979b,
1981, 1996; Huntington 1979; Kalamarides 1984). The
Kiglapait magma intruded Archean gneisses and Aphebian
metamorphosed sedimentary, volcanic, and intrusive rocks
(Snyder and Falls Brook Groups; Berg 1983) to the north and
northwest, and anorthosite to the south and southwest (Fig. 1).
Berg and Docka (1983) estimated an emplacement pressure of
about 2.2 kbar, based on mineral assemblages in the contact
rocks of the Snyder and Falls Brook Groups. Temperature esti-
mates for the Kiglapait magma range from ~1250 °C at the
time of emplacement to ~960 °C at the end of crystallization
(Morse 1979a). The crystallization age of the Kiglapait Intru-
sion has been determined at 1307 ± 2 Ma [age constraints sum-
marized in Morse (1996)].

The bulk of the intrusion is contained in the Layered Group,
which consists of a Lower Zone troctolite and an Upper Zone
olivine gabbro to ferrosyenite (Fig. 1). The Lower Zone-Upper
Zone transition is marked by the first appearance of cumulus
augite. An Upper Border Zone is interpreted to be a part of the
intrusion that grew downward from the roof (Morse 1969;
Morse and Allison 1986). Morse (1969) contoured the intru-
sion with a percent solidified (PCS) index, which gives the
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ABSTRACT

Calc-silicate xenoliths occur as part of a xenolith and autolith swarm in the Lower Zone of the
Kiglapait Intrusion, Labrador. All xenoliths are lighter-colored than the local troctolite host rock,
and are surrounded by a 1–2 cm thick reaction zone of clinopyroxenite. The typical mineral assem-
blage in calc-silicate xenoliths is diopside + forsterite + monticellite + spinel, and one also contains
åkermanite. Reaction zones are dominated by diopside and spinel. All clinopyroxene compositions
are “fassaitic,” with high concentrations of Al2O3 (4–12 wt%), TiO2 (1–4 wt%), and calculated Fe2O3

(Fe3+ > Fe2+).  In addition, clinopyroxene grains locally display extreme zoning in Si, Al, Ti, and XMg.
Åkermanite contains up to 1.5 wt% Na2O.

Textures in the xenoliths are complex, with most containing highly irregular intergrowths of
diopside, forsterite, and monticellite. Åkermanite and forsterite are separated locally by a coarse
symplectic intergrowth of diopside and monticellite, which resulted from a retrograde reaction. The
dominant assemblage probably represents the production of monticellite from calcite + clinopyroxene
+ forsterite, until calcite was consumed. These reactions require metamorphic temperatures of ~900
°C and pressures ≤ 0.4 kbar, such that the xenoliths were probably derived from the roof of the
magma chamber. Whole-rock compositions reflect either substantial chemical exchange with the
Kiglapait magma, or a very impure dolomitic protolith. The clinopyroxenite reaction zones were
produced primarily by assimilation of carbonate by the Kiglapait magma, in combination with the
effects of magma undercooling near the xenoliths.
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