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Abstract Why Study the Mineral Lake Complex?

The Mineral Lake Intrusive Complex (MLIC) of northern Wisconsin is Layered Mafic Intrusions (LMI) world-w.ide aI.I have associations with silica.-rich (felsic)
a well-exposed and well-preserved fossil magmatic system of the magmas. The. exact nature of the relationship between these two vastly different
Mid-Continent Rift at 1.1 Ga. The MLIC is composed of a bimodal magma types_, is not fully understood. For reasons that have not alwqys been clear,
suite of compositions that include gabbro and granite. Surprisingly, BT ' many geolgglsts have concluded that the two magma types were derived from .

the intrusive complex has largely escaped careful geochemical distinctly dlfferent. sources. Hoyvever, from the time of N.L. Bowen (1931), geolo.glst.s
analysis. We present new field, geochemical, and petrographic have fglly gpprecnated that feIS|.c magmas form as a consequence of the crysta!llzatlon
analyses of the MLIC that further constrain its magmatic evolution. of_maflc mlperals from a basaltic mellt. However, .only the felsic mater_lal found in the
In particular, we provide a test of our hypothesis that the felsic thin ‘sandwm:h horizon’ has been att.rlbute.d to derivation from the rnaﬁc_body. The_
magmas were produced by liquid immiscibility from highly evolved abundant felsic pods, sheets, and dikes littered throughout these intrusions are written

residual liquids. Our model holds that the residual liquids were off as sec_ondary and unrelgted to the e\{olution O.f the mafic magma. .
trapped within a mafic crystalline framework located just behind the The Mineral Lake Intrusive Complex is a relatively unaltered LMI with rock types

advancing crystallization front within the evolving chamber. Our al- th?t range i'f] composition frpm gabbro to granite: The comple>§, Iogafted n northe.rn
ternative theory for the origin of granite offers an exciting new expla- Wisconsin, is easily acceSS|bI§ to .sample colll_e.ctlon. The location is ideal for testing
nation for a series of paradoxes observed in the evolution of igneous out hypotheses for thg crystalllzgtlon Qf T[h0|eIItIC magma. nge, we present a test of a
rocks, including the cause of the extreme Fe-enrichment observed in recent .model for granite productloq within an evolvm.g basalltlc magma chamber. Our
samples from the classic Skaergaard and Bushveld Layered Mafic model is bolstered by the observation that every major LMI is associated with

Intrusions that define the ‘Tholeiitic Trend’ on AFM diagrams. voluminous granitic and rhyolitic magmatism of equivalent age.

The Model

Over the last few years, we have been developing a new model for the origin of granitic
magma that involves the sequential extraction of buoyant, felsic residual liquids generated
within mafic magma chambers. LMIs do not show the expected changes in composition from
margin to core. Our proposed model invokes the removal of evolved felsic liquids from within a
crystal mush zone located behind the advancing crystallization front. The crystal mush zone is
segregated from the main body of the chamber due to the formation of a boundary layer at the
margins of the convecting chamber. After ~70% has crystallized, the composition of the inter-
sticial liquid crosses into a field of immiscibility such that an Fe-rich liquid separates from a Si-
rich liquid. The felsic liquids migrate up, first through the host crystal mush and subsequently
through the overlying basaltic magma. Their evolved composition prevents them from mixing
with the mafic liquid, and their enhanced buoyancy allows them to penetrate through the over-
lying roof into the country rocks to eventually crystallize as granitic bodies or erupt as rhyolitic
lavas. The dense, Fe-rich liquid sinks and infiltrates the underlying layer, while the remaining
crystal mush is compacted to form a ‘layer’ in the Layered Mafic Intrusion.

FeO*+Ti02+CaO+MnO+PZO5

ALO,+K O+MgO+Na,O
Immiscibility field from Philpotts, 1979
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Geochemical analysis of samples from the MLIC match the predicted trends of the model.
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_ o _ Sampling traverses across the MLIC have identified a suite of mafic through felsic rocks. ¢ “ ] :— —: *
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hours helping us |mpor_t and modlfy the.USGS existing g.eolgglc map. Also, Jill Ferg_uson, J. Brlan Ma- ® Pyroxene and olivine accumulation in the lower portion of the chamber | F -
honey, and Geoffrey Pignotta provided invaluable expertise in preparing and analyglng the major and ® Accumulation of buoyant plagioclase in the upper portion of the chamber - -
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Rock textures in thin section show evidence of crystal compaction and segregation of Si-rich and Fe-rich liquids. | | | | |
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@ Buoyant felsic blobs entrain both small droplets of the Fe-rich segregation and chunks of the
skeletal framework (to form mafic clots) that produce the observed mixing trends.



