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Abstract

The Keweenaw Peninsula of northern Michigan is well known for early diagenetic sulfide-dominant sedi-
ment-hosted stratiform copper mineralization hosted mainly by basal siltstone-shale units of the Nonesuch
Formation in the White Pine district, and later native copper lodes hosted mainly by flow-top breccias and
amygdaloidal portions of flood basalts and interbedded conglomerates of the stratigraphically lower Portage
Lake Volcanics. The native copper mineralization is generally attributed to downdip burial metamorphism of
the host strata. An alternative model is proposed here, involving a complementary influx of evolved meteoric
water (elevated in salinity and progressively equilibrating with its aquifers), similar to the fluid which formed
the White Pine mineralization. This model has several advantages over the metamorphogenic model alone. It
would provide the salinity (by dissolution of evaporites) and moderately oxidizing conditions (as a result of
hematitization, i.e., reddening, of coarse continental rift sediments) necessary for copper transport, and the
evolved meteoric water would have been an important cupriferous brine owing to the leaching of trace
amounts of copper from the voluminous aquifers. Further reduction of the evolved fluid would also explain the
updip deposition of native copper in association with dehematitized pumpellyite- and chlorite-dominant (i.e.,
reduced) hydrothermal mineral assemblages. At the same time, this influx of meteoric water from highlands
adjacent to the Keweenaw rift basin would have provided a mechanism to move the deep-seated hot, dense ore
brine upward along the aquifers of the Portage Lake Volcanics. On its ascent from deep portions of the rift
basin, the gravity-driven evolved meteoric brine would have mixed with the fluid generated by burial meta-
morphism to form a hybrid evolved meteoric-metamorphogenic ore-forming hydrothermal brine.
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