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Abstract
Stable isotope (δ O, δD, δ B) ratios of fault surface and shear zone minerals sampled from Marie Byrd Land in the
West Antarctic rift system (WARS) provide opportunity to monitor potential fluid transport across multiple levels of the
crust during active rifting. In the upper crust, high-angle brittle faults in the southern Ford Ranges display tourmaline-
mineralized surfaces at Mt. Douglass, Mt. Dolber, and Lewissohn Nunatak. Tourmaline are strongly aligned with fault
striae indicating mineralization during normal-oblique and strike-oblique displacement, with dilatancy allowing fluid
infiltration of fault surfaces. Tourmaline’s refractory nature preserves isotopic compositions, which serve as a proxy
for fluid sources and water-rock ratios. We compare tourmaline isotopic ratios with those of muscovite and quartz that
occupy progressively deeper, kinematically linked fault-shear networks, and high-grade sillimanite-garnet-
quartz±biotite associations, with the objective of characterizing potential fluid sources, relative depths of fluid
interactions, and eventual estimation of volume of migrated fluids.

Tourmaline δ O values range from 9.1 and 10.4 ± 0.2 ‰ VSMOW (avg.= 9.8 ‰; st.dev. = 0.6), with intrasample
reproducibility from 0.9 ‰ to 1.2‰, either as the result of variation in fluid sources or minor fluctuations in
temperature during tourmaline formation. Quartz δ O ratios range from 11.1 to 10.3 ± 0.2 ‰ (avg. =11.0‰; st.dev. =
0.64), with paired ∆ r values lower than quartz calculated to be in equilibrium with tourmaline at 450°C.
Calculated qtz-tur temperatures exceed values reasonable for brittle crust (>700°C), indicating tourmaline grew
rapidly or quartz has undergone subsolidus reequilibration. Fluids calculated to be in equilibrium with tourmaline at
450°C range from 8.2 to 9.5‰. Tourmaline Ar/ Ar geochronology in progress yields Early Cretaceous dates,
indicating mineralization coincided with rifting onset. Very rapid development of the WARS and high thermal gradients
during ENE- WSW transtension promoted upward movement of fluids in equilibrium with magmatic bodies or
dehydrating metamorphic or sedimentary protolith. Tourmaline of Mt. Douglass and Mt. Dolber yield δD values of –60
and –64‰; these values confirm the role of fluids derived from mid crustal sources transported to the upper crust
through fault-shear network.
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