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Abstract 
The Wilson Cove Member of the Cushing Formation is a thin (up to 120 m thick) metamor-

phosed Fe- and Mn-rich unit exposed discontinuously over a distance of >75 km in southern Maine. 
Cathodoluminescence imaging of zircon grains from the unit reveal texturally isolated detrital cores 
surrounded by distinct metamorphic overgrowths. U-Pb SHRIMP core ages range from 463 to 2058 
Ma with a strong peak in the Neoproterozoic-Early Cambrian. This distribution of ages is consistent 
with a peri-Gondwanan source region and a Middle to Late Ordovician depositional age. Zircon rims 
have an age of 373 ± 4 Ma, consistent with growth during late Acadian metamorphism. Whole-rock 
geochemistry reveals considerable major- and trace-element variability with generally elevated 
abundances of Fe2O3(t) (15–43 wt%), MnO (0.1–12.1 wt%), Ba (4–2503 ppm), and As (7–1161 
ppm). Geochemical discrimination diagrams suggest the protoliths were mixtures of hydrothermal 
exhalatives and terrigenous clastic sediment, with these materials most likely having been deposited 
in a marine back-arc basin proximal to a peri-Gondwanan continental source region. Late Devonian 
low-pressure, amphibolite-facies metamorphism of these bulk compositions produced assemblages 
dominated by grunerite + garnet + biotite + quartz. These and other mineral assemblages found in 
the Wilson Cove unit in south-central Maine are consistent with peak metamorphic conditions of 
550 to 600 °C and 3–4 kbar previously determined from nearby metapelites. Mineral assemblages, 
mineral modes, and mineral compositions in these Fe- and Mn-rich rocks are strongly influenced by 
whole-rock bulk compositional variability. In particular, the compositions of co-existing garnet and 
grunerite vary systematically as a function of whole-rock MnO concentration. 
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Introduction

In south-central Maine, a thin (<120 m) but distinctive 
metamorphosed Fe- and Mn-rich (grunerite + garnet) unit, the 
Wilson Cove Member of the Cushing Formation, is exposed 
discontinuously along strike for a distance of over 75 km (Fig. 
1). Mineral assemblages in surrounding meta-pelites indicate 
these rocks were metamorphosed under low-pressure (below 
the Al2SiO5 triple point), amphibolite-facies conditions. Al-
though considerable work has been published on phase rela-
tions in metamorphosed Fe-formations (see Klein 2005 for a 
recent summary), much less attention has been given to the 
more aluminous and manganiferous bulk compositions that 
are characteristic of the Wilson Cove unit. Additionally, recent 
work on grunerite+garnet-bearing amphibolites has led to a bet-
ter understanding of amphibolite-facies phase relationships in 
the system CaO-FeO-MgO-Al2O3-SiO2-H2O (Zeh et al. 2005); 
however, this model system is not applicable to the Mn-rich bulk 
compositions of the Wilson Cove unit. Thus, detailed studies 
of these metamorphosed Fe- and Mn-rich bulk compositions 

provide an opportunity to apply the techniques of petrologic 
mineralogy (Guidotti and Sassi 2002) to the investigation of 
phase relationships in these unusual bulk compositions. 

In addition to the petrologic questions surrounding the 
Wilson Cove rocks, little is known about the protoliths of these 
unusual bulk compositions. Although direct age constraints 
are lacking, the rocks have been interpreted to be Ordovician 
(Hussey and Berry 2002), but of unclear origin. Additionally, 
there is uncertainty surrounding the provenance (Laurentian 
vs. peri-Gondwanan) and original tectonic setting of deposition 
for rocks in this lithotectonic belt. Thus, detailed studies of this 
unit will not only shed light on the depositional history and 
subsequent metamorphism of the protoliths, but will also pro-
vide important constraints on the tectonic setting of the region 
in Ordovician time.

In this contribution, we provide insight on the complete geo-
logic history of the metamorphosed Fe- and Mn-rich rocks of the 
Wilson Cove unit through a multidisciplinary study involving: (1) 
detailed field and petrographic analysis; (2) mineral chemistry; 
(3) whole-rock major- and trace-element geochemistry; and (4) 
U-Pb geochronology. Our approach, long espoused by Charles 
V. Guidotti, is that there is great value in integrating detailed * E-mail: dwest@middlebury.edu


