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The Ned Mountain formation is a unit of Late Neoproterozoic age, positioned stratigraphically between the
Grenvillian basement (Fordham Gneiss) and Cambro-Ordovician cover (Inwood Marble, Walloomsac Schist) in the
Manbhattan Prong (southeastern New York and adjoining Connecticut). The Ned Mountain formation contains
abundant, bimodal metavolcanic rocks, which are inferred to be the products of rift-basin magmatism. Ned
Mountain formation is the special focus of our ongoing reconnaissance geochemical study, though we aim to
characterize, compare, and contrast all of the major metaigneous units of the Manhattan Prong. Our findings so far
include: (1) both the mafic and felsic rocks of the Ned Mountain are chemically distinguishable from Fordham
Gneiss; (2) metarhyolite of the Ned Mountain shows consistent “intraplate” affinity; (3) mafic rocks of the Ned
Mountain are chemically diverse, displaying a wide range of trace-element compositions. Ned Mountain rocks
include intraplate tholeiites as well as P-MORB and E-MORB-like lithologies. Stratigraphic constraints within the
Ned Mountain formation demand that the intraplate tholeiites, as a group, be older than the P-MORB-types. The
best explanation for the observed chemical evolution of the Ned Mountain mafic rocks is progressive melting of a
mantle plume. This mantle plume, we infer, triggered the rifting event that opened the Iapetus Ocean.
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Rift-related rocks of Late Neoproterozoic age have been mapped in a discontinuous chain along the length of
the Appalachians, from Newfoundland (Williams and others, 1985) to Alabama (e.g., Thomas, 1991). However, the



rift-related strata of the Manhattan Prong, the Ned Mountain formation, have only recently been distinguished
(Brock, 1989; 1993). This unit was not recognized during the first 110 years of geological investigations in the
Manhattan Prong because of the complexity of the Prong’s structure, the high grade of Ordovician regional
metamorphism, and the many resemblances between Ned Mountain lithologies and those of other stratigraphic units.

Geochemical analysis of the Manhattan Prong’s metaigneous rocks provides an independent test for our
stratigraphic interpretations. We have found that the Grenvillian-aged mafic rocks of the Manhattan Prong are
typically depleted in Nb and Ta; both arc-tholeiite and calc-alkaline metabasalt appear to be present. Associated
felsic rocks plot as volcanic-arc granite on a Rb versus Nb+Y diagram. Fordham gneisses share their volcanic-arc
affinity with neighboring portions of the Grenville province in the northern Appalachians (e.g., McLelland and
Chiarenzelli, 1990).

Lithically varied rift-facies strata of the Ned Mountain formation unconformably overlie the arc-related rocks
of the Fordham Gneiss. Despite the sedimentological diversity, the chemical compositions of the mafic rocks relate
to their stratigraphic position within the Ned Mountain formation, and are independent of the nature of adjoining
lithology. Thus, intraplate tholeiites (Groups I & II, Fig. 1) occur near the base of the sequence, where they are
interbedded at some locations with quartz-feldspar-garnet-sillimanite gneisses, at other locations with graphitic,
orthoamphibole-bearing basal metasandstones, at still other locations with calc-silicate rocks or quartz-feldspar
granofels. The upper part of the Ned Mountain formation consists largely of bimodal metavolcanic sequences,
layered metavolcaniclastic rocks, quartz-feldspar granofelses, and calc-silicate rocks. All of these lithologies are
accompanied by amphibolites with P-MORB or E-MORB chemistry (Groups I1T & 1V, Fig. 1). Basal
metaconglomerates with E-MORB- type amphibolitic interlayers sit directly on Fordham Gneiss at some localities;
at these places, intraplate tholeiites are absent. Younger portions of the Ned Mountain formation are more broadly
distributed than older ones, revealing the Fordham-Ned Mountain contact to be time-transgressive.

Trace-element and REE data further illuminate the origin of the Ned Mountain mafic rocks. An underlying
unity appears to be present among the disparate lithologies; most of the intraplate and E-MORB rocks can be
understood as products of progressive melting of a primitive source. However, the high Ba/Nb and La/Nb ratios of
certain rocks require inputs from either continental-lithospheric mantle or substantial crustal contamination.
Drawing on a combination of chemical (trace-element and REE) and stratigraphic evidence, we propose the
following model: First, a primitive-mantle source melted at depth (garnet peridotite field), yielding increasing
degrees of melt over time. Later, continental-lithospheric mantle began to melt extensively, and these melts mixed
in varying proportions with the primitive-mantle melts. Finally, the primitive source generated melt at shallow
depth (spinel peridotite field).

This model envisions a plume origin for the Ned Mountain basalts and for the associated rifting. The region
affected by this plume would have been many hundreds of kilometers in diameter, since Ned Mountain-like
intraplate tholeiite has been reported north into Quebec (e.g., Vermette and others, 1993), and at least as far south as
the Pennsylvania/Maryland border (e.g., Smith and others, 1991). Rift-related igneous activity in the Manhattan
Prong continued to at least 562+/-5.5 Ma (Rankin and others, 1997), and was followed by development of the
Cambro-Ordovician carbonate bank; the lapetus Ocean had been born.
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