FrEm CE H ¢ Paleoceanographic reconstruction and Cordilleran Ice Sheet dynamics
during the last deglaciation inferred from multiproxy geochemical records of the Gulf of
Alaska sediment core

(7 F A EHERI = 7 OHERAL ST — 2\ K D BRI O E R L L 2T 1 =
7 KR DENFE)

HOERAE A BRETRL F B

K4 Md. Nurunnabi Mondal

During the last glacial maximum (26—19 ka, ka = kilo annum = 1000 years before present),
the Cordilleran Ice Sheet (CIS) expanded in the northwest part of North America, and the
western margin of the CIS was a marine-based ice sheet, like the present-day Greenland Ice
Sheet. The CIS was rapidly decayed during the last deglacial period from Heinrich Stadial 1
(HS1, ~17.5-14.8 ka) to Preboreal (~11.7-10.8 ka) due to sea-level rise and oceanic and
atmospheric warming. However, the exact timing of glacial meltwater injection and its source
from the CIS into the northeastern Pacific has been debated, even though a large amount of
glacial meltwater might have potential perturbating effects on the global thermohaline
circulation and climate. In addition, the impact of meltwater injection on marine productivity
has also been debated since Alaskan glacial meltwater provides large amounts of bioavailable
iron (Fe) to coastal areas. These issues address in this thesis by reconstructing the
paleoceanographic conditions and dynamics of the CIS in detail using marine sediment cores
collected near the former CIS, where high-resolution geochemical analyses are available. This
study analyzed a sediment core (KH17-3 CL14PC/MC, 59°33.35' N, 144°09.35' W, water
depth 690 m), which covers sediment records for the Holocene to the last deglaciation from
HS1 (~17 kyr ago), collected at the coastal area in the Gulf of Alaska (GOA), and generated

high-resolution geochemical records.



First, this thesis assessed XRF core scanner multi-element count data of Core CL14PC
(Chapter 2). Typically, the downcore variations in element counts measured by an XRF core
scanner cannot be regarded as variations in element concentration because such element counts
are decreased by higher water and organic matter contents. Downcore changes in elemental
concentrations are important for inferring paleoceanographic and sedimentological conditions
with time. Thus, these count data must be evaluated against concentration data or converted to
concentration-equivalent elemental count data. This study measured element concentrations
(Sr, Fe, Mn, Ti, Ca, and K) of selected 33 discrete sediment samples from Core CL14PC to
evaluate the XRF core scanner elemental counts and found that high water contents largely
decreased some elemental count. The effect of water contents on elemental counts could be
successfully corrected by normalization by coherent/incoherent X-ray scatter ratio (CIR).
Consequently, the CIR-normalized element counts are highly correlated with element
concentrations (0.56 < R? < 0.91). The high-water contents in the sediments increase X-ray
scatter and reduce element-specific X-ray fluorescence; CIR-corrected element count data can

correct water content variability and retrieve the original intensity.

Secondly, %C37.4 alkenones, foraminifer §'%0, ice-rafted debris (IRD), and Sr-Nd isotopes
records were used to determine detailed timing and sources of glacial meltwater injection from
CIS into the GOA. This study found higher IRD deposition and higher %Cs7.4 alkenones
(indicating low salinity or colder water masses) occurred at ~16.4, ~16.2, and ~15.6 ka during
HS1. These data provide robust evidence for collapsing of CIS multiple times during the cold
HS1, probably owing to subsurface warming in response to intensified Aleutian Low. In
addition, higher %C37.4 alkenones (24% and 28%) were also found at ~14.1 and ~13.9 ka during
early Bolling-Allerod (B-A) accompanied by depleted planktonic foraminifer 'O values. It is
interpreted to reflect low salinity surface conditions due to meltwater. A prominent high peak
of %Cs7.4 alkenone occurred again in the middle Younger Dryas (~12.2 ka, YD) and then
decreased (<5%). These data suggest that most of the CIS stopped melting after the end of YD.
The detrital Sr-Nd isotopic compositions demonstrate that the sources of detrital sediments are
proximal areas to the core site and did not change throughout the last deglaciation (HS1-YD).
This evidence indicates that the core site had been influenced by the melting of the northern
part of the marine and land-based CIS. From these salinity and sediment provenance data, this
thesis describes the meltwater events in the northern GOA, showing the northern CIS's melting
history at least four times from ~16.4—15.2 ka during HS1 and at least three times from ~14.6—
12.2 ka during B-A to YD. However, the CIS melted intermittently but gradually over a long
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period throughout the last deglaciation and minorly contributed to the abrupt global sea-level

rise (14.6—14.3 ka).

Furthermore, this study assessed the decadal- to centennial-scale paleoproductivity
changes and their relation to CIS dynamics from XRF Bromine (Br), TOC, density, C-N ratio,
and foraminifer '%0 records. High peaks of Br and TOC, low C-N ratio, and low-density
laminated sediments during B-A (~14.8-13.0 ka) and Preboreal (~11.6—-11.1 ka) intervals
indicate that B-A and Preboreal were higher productivity periods. However, timings of the
higher productivity were not tightly matched to the inferred meltwater periods during the B-A.
Instead, a minor offset between surface-and sub-surface-dwelling foraminifer §'%0 records
suggests that high vertical mixing might have induced higher productivity. High XRF Fe data
suggest that glacier Fe fertilization and/or remobilization of bioavailable Fe due to sea-level

rising inundated coastal depocenter might have also been enhanced the productivity.
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