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Trace metals are essential micronutrients for life. Around the
coastlines of Greenland and Antarctica sediment plumes
associated with glacier runoff are a significant source of
lithogenic material into the ocean, including large quantities of
metals associated with particles. Yet the processes that moderate
the exchange of trace elements between these particles and
dissolved phases, which are generally more mobile and
bioaccessible in the marine environment, are poorly understood.
In order to gain insight into these processes, here we combine
analysis of dissolved trace elements across the summertime
salinity gradient in 8 case studies, with X-ray absorption
spectroscopy of suspended particles from 3 glacier fjords with
contrasting geology.

Across all study sites, general trends were evident in the
behavior of different trace elements, with several elements
including dissolved Fe and Mn always showing intense, yet
rapidly attenuated, runoff associated sources. Suspended particle
Fe speciation was relatively stable along fjords, with a
consistently high fraction (typically 80-90%) of Fe present as
Fe(II)-biotite in fjords derived from Precambrian shield geology
and poorly-ordered Fe(III) phases dominant in one fjord with
tertiary basalt. A decoupling of dissolved and particulate Fe was
widespread. Repeat sections of selected glacier fjords on
seasonal and inter-annual timescales suggested relatively strong
buffering of some elements, exemplified by Fe, which was
typically present at a relatively constant dissolved concentration
of ~5 nM in surface glacially modified waters despite strong
gradients in turbidity. A GEOTRACES case study at
Nioghalvfjerdsbrae, ‘the 79° North Glacier’, was particularly
insightful, as there contrasting Mn, Co, Ni, Cu and Zn signatures
were observed comparing a modest surface plume derived from
recent runoff with a larger and more turbid subsurface plume
emerging from the cavity beneath the floating ice tongue.

Finally, we test the biological significance of glacier derived
particle phases by contrasting the biological response to particles
with filtered meltwater and (micro)nutrient spikes demonstrating
that particles may have a distinct fertilizing effect on
phytoplankton even under trace metal replete conditions, likely
due to factors beyond trace metal availability.




