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ABSTRACT
A region of metamorphosed supracrustal rocks (pelite, quartzite, marble, and graywacke) and
coeval intrusive igneous rocks crop out in a 250 km long orogenic belt in northern Madagascar. The
NW-SE trending belt is situated between a juvenile Neoproterozoic magmatic arc terrane (to the
north) and an Archean craton, strongly reworked in early Neoproterozoic times (~800–670 Ma), to
the south. Pelitic schist and granulite exposed along a ~70 km long transect from Andapa to Sambava
contain assemblages ranging from sillimanite-garnet-biotite-orthoclase-cordierite to sillimanite-garnet-biotite-orthoclase and sillimanite-garnet-biotite-muscovite. These assemblages crop out over much
of the area in which migmatites and hornblende + augite ± hypersthene ± biotite + perthite granites
are common. Partial melting, biotite dehydration reactions, and granite emplacement are interpreted
to have been nearly synchronous on the basis of field, structural, and petrographic observations.
Pressure and temperature estimates from garnetiferious metapelitic granulite and pelitic migmatite
are generally in the range of 6.5–8.5 kbar and 800–900 ∞C using conventional thermobarometric
methods. The occurrence of cordierite moats and discordant, but synmetamorphic, leucosomes in
the granulites suggest an isothermal decompression-type path. Similarly, a core-rim P-T trajectory
indicates ca. 2–3 kbar decompression at high temperature in the metapelitic granulite.
U-Pb geochronology of sphene, monazite, and zircon in various metamorphic and igneous rocks
from the same region yields a Cambrian age of 510–520 Ma for the time of gneiss formation, granulite metamorphism, and igneous activity. Calculated minimum cooling rates range from 6 to 18 ∞C/
Ma. Such cooling rates are more rapid than those associated with normal isostatic processes, and
suggest that the terrane was tectonically exhumed at high temperature.

INTRODUCTION
The formation of supercontinents has been a topic of wide
interest over many years, a prime example of which is the ongoing research on the formation of Gondwanaland, which
accreted during the Neoproterozoic Pan-African orogenic cycle
(e.g., Stern 1994; Kröner et al. 2000). Reconstructing the assembly of Gondwanaland is, however, hampered by a lack of
reliable data on the tectono-thermal evolution of the adjoining
Pan-African belts, thus hindering the correlation of geologic
events among these belts.
The Mozambique Belt (Holmes 1951) and the ArabianNubian Shield of east and northeast Africa together constitute
the East African Orogen (EAO), which formed when East and
West Gondwana collided in Neoproterozoic times and the
Mozambique Ocean closed (Stern 1994). Many Gondwanan
reconstructions (e.g, Dalziel 1991; Lawver et al. 1991; Stern
1994; Kriegsman 1995) locate Madagascar between India, Sri
Lanka, and Antarctica on the east, and Somalia, Kenya, Tanzania, and Mozambique on the west in the center of the East African Orogen. Consequently, Madagascar is uniquely positioned
to study the tectono-thermal evolution of the central part of the
accretionary orogen and its possible extensions into Somalia,
Ethiopia, and Greater India (Rajasthan and the Seychelles). In
the northern part of Madagascar, a Proterozoic belt was first
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discovered by Bertucat (1965) and Besarie (1964), and was
reinvestigated recently by Tucker et al. (2001). This area, consisting predominantly of metagranites and metasediments, is
the focus of this paper.
For determining metamorphic temperatures and pressures,
pelitic and semipelitic rocks are particularly useful. These rocks
undergo continuous reactions during prograde metamorphism,
thus monitoring the pressure and temperature (P-T) history of
a crustal segment during an orogenic event (e.g., Brown 1993;
Spear 1993). Moreover, at high temperatures, mineral reactions
in pelitic and semipelitic rocks commonly involve the breakdown of hydrous minerals, allowing for constraints to be placed
on the production of fluid and melt. Because the abundance of
fluid and melt strongly controls the mechanical behavior of
rocks during metamorphism, understanding these constraints
is a prerequisite for modeling the structural and thermal evolution of crustal segments during orogenic events.
In this paper, we present detailed petrographic, geochronological, and mineral-chemical data from the Lokoho region, a
comparatively little-studied portion of the Proterozoic belt in
northern Madagascar. We use these data to estimate the P-T
conditions of metamorphism, the age of metamorphism and
igneous activity, and the cooling rate for the Lokoho rocks. As
a check on the results obtained from the metapelitic granulites,
data are also presented for pelitic migmatites from the same
region.
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