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Submarine melting at the terminus of a temperate tidewater
glacier, LeConte Glacier, Alaska, U.S.A.
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ABSTRACT. Heat, fresh- and sea-water balances indicate that the late-summer rate of
submaring Im:llinﬁ at the terminus of tidewater LeConte Glacier, Alaska, US A | in 2000
was aboul 12 md " we, averaged over the submerged face. This is 57% of the estimated
total ice loss at the terminus (calving plus melting) at this time, Submarine melting may
thus provide a significant coniribution to the overall ablation of a tidewater glacier. Oceano-
graphic measurements (conductivity—temperature—depth] made 200300 m rom the ter-
minus identified an isohaline (27 ppt) and isothermal (72°C) layer extending from 130 m
depth to the fjord floor. Capping this is a 40 m thick overflow plume, distinguished by high
outfllow rates, low salinity (22-25 ppt] and lower temperatures (5—6"C). Mixing models
indicate that fresh water comprised about 11% of this plume; it originates mostly as sub-
glacial discharge whose buoyancy drives convection at the terminus. Deep, warm saline
waters are incorporated into the plume as it ascends, cansing substantial melting of ice along
the submarine face. The calving terminus undergoes seasonal changes that coincide with
changes in subglacial discharge and [ord water temperatures, and we suggest that these

fluctuations in terminus position are directly related o changes in submarine melting,

INTRODUCTION

The position of tidewater glacier termini is controlled by a
variety of factors, including water depth, submarine geomor-
phology, sedimentation, ice flux into the terminus, rate of
calving, and meliing of the ice face. The magnitudes and
interaction of these various factors are complex (e.g Van der
WVeen, 1997) and poorly understood, and the contribution of
submarine melting at the terminus remains particularly elu-
sive. Melting has commonly been included implicitly as part
of the calving flux, yet the relative magnitude of melting vs
calving, and its seasonal variation, may profoundly influence
terminus stability. The principal problem in investigating the
role of submarine melting is that measurements at an actively
calving [ace are extremely dillicult, for obvious reasons,
Some investigators have estimated submarine melting by
using relationships developed from field, experimental and
analytical studies on icebergs drifting and melting in sea
water [Weeks and Campbell, 1973; Powell and Molnia, 1989,
Syvitski, 198% Hunter and others, 1996). However, such analo-
mies may not accurately reflect the more dynamic process of
turbulent convective flow along the terminus face that is
driven by discharge of buoyant subglacial water. In a field
study of submarine ice melting at Glaciar San Rafael, Chile,
Warren and others {1995) estimated iceberg flux away from
the terminus and compared it to the volume flux of ice into
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the terminus and changes in terminus position. Their results
suggested that a significant portion of terminus attrition was
due 1o submarine melting rather than calving, but the uncer-
tainties are large. In another study, Walters and others (1988)
used heatl- and water-balance analyses of oceanographic data
to obtain an estimate of submarine melting at the terminus of
Columbia Glacier, Alaska, US A. They estimated that mel-
ing there was seasonally significant, with melt being about
half the iceberg calving flux during the summer:

In late summer 2000 we made nearly simultancous con-
ductivity, temperature and depth {CTD) and current meas-
urements in the proglacial fjord of LeConte Glacier, Alaska.
We also have time-lapse photography of the terminus that
spans a 2lmonth period, and a summer record of fjord
water temperature al the terminus. These data are used to
analyze heat, fresh- and sea-water balances in the proglacial
fjord, and then to estimate submarine melting at the face.
Chur estimates are compared o analytical expressions {or
buoyant convective flow and forced convection that have
been derived for icebergs drifiing in sea water,

LECONTE GLACIER

LeConte Glacier is located approximately 35 km east of
Petersburg, Alaska, and is the Morthern Hemisphere’s
southernmost tidewater glacier. It mantles the Coast Range
Batholith, a complex of resilient tonalite sills and granodior-
ite plutons, The glacier is approximately 35 km long and has
an arca of 470 km”. Ice flows from a large accumulation
area on the Stikine icefields (elevation range of the accumu-
lation area = 2600-920m, AAR = 090; Post and Motyka,
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