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Glaciers and Nutrients in Arctic Seas

Abstract. Significantly higher concentrations of nitrate and silicate were found
in glaciated South Cape Fiord than in unglaciated Grise Fiord, in the Canadian
Arctic, or in adjacent Jones Sound. No significant differences in phosphate
concentrations were found. Glacial activity apparently enriches the concentrations
of those nutrients most critically limiting for arctic phytoplankton requirements.

The effects of active, moving glaciers
discharging into the sea on the nutrient
content of adjacent waters have been
the subject of some limited speculation.
Vibe (1), for example, discussing con-
ditions in northwest Greenland, re-
marked “ . . . I hold the view that
the glaciers far surpass precipitation as
an erosive factor in procuring the in-
organic material . . . which renders
all organic life possible.” Similarly,
Sverdrup “. . . suggested that Antarctic
waters should also receive much dis-
persed silica formed by comminution
of rock beneath the very large glaciers
of the Antarctic continent” (2). Hart-
ley and Dunbar (3) discussed upwell-
ing and enriching hydrodynamic proc-
esses associated with “brown zones”
adjacent to glaciers terminating in the
sea.

The hypothesis that active coastal
glaciers enrich nutrient concentrations
in the sea was tested in May 1969 in
two of the numerous fiords that indent
the southern shore (latitude 76°30’N)
of Ellesmere Island, Northwest Terri-
tories, Canada. Glaciated and unglaci-
ated fiords provide experimental and
control areas, respectively, in which
hypothetical effects of glaciation may

be isolated and examined without undue
external dilution, which might obscure
glacial influence. Grise Fiord, the con-
trol area, extends inland approximately
38 km and does not have any glaciers
reaching its shores. South Cape Fiord,
the experimental area, is approximately
25 km long and has three glaciers
reaching its shores (see cover photo-
graph). The largest of these, unnamed,
is approximately 32 km long and about
3.2 km wide where it reaches the fiord.
This glacier evidently is active, calving
small icebergs into South Cape Fiord.
The cover photograph shows one such
berg recently calved from the glacier
front. In May 1969, at least 15 ice-
bergs were frozen into the fiord.

At the time of this survey, air tem-
peratures were in the range of —15°
to —1°C and the entire area was snow-
covered with no signs of spring thaw
or melt. There were no effects on the
sea of runoff from the land. Throughout
the area of this study, Jones Sound and
the adjacent waters were completely
covered with intact, snow-covered sea
ice averaging 0.75 to 1.0 m in thick-
ness.

Grise Fiord has a maximum depth
of about 365 m inside a sill depth of
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about 135 m. South Cape Fiord ap-
pears to be quite shallow in comparison.
Soundings at three stations showed
depths of 87, 67, and 77 m. Jones
Sound is 500 to 600 m deep in the area
of our stations.

Geologically, the two fiords are simi-
lar (4). Cambrian, Ordovician, and
Silurian dolomites, limestones, and
sandstones surround both fiords, except
just at the mouth of Grise Fiord, where
granitic “quartz-feldspar-biotite gneiss”
is exposed (4). The glaciers in South
Cape Fiord lie in the same dolomite
and limestone beds that surround the
two fiords.

Determinations (5) of the mineral
nitrogen (NH,*+ and NO,~ + NO,;~)
contents of rock samples (5) from
Grise Fiord and South Cape Fiord
are in agreement with the majority of
values (that is, less than 2.5 parts per
million) . obtained in Cambrian, Ordovi-
cian, and Silurian limestones in Wis-
consin (6, 7).

Four standard oceanographic sta-
tions were made in Grise Fiord,
and three in South Cape Fiord. Two
stations were made in Jones Sound,
several miles south of Grise Fiord, for
comparison with conditions in the
fiords. Salinity samples were determined
by the Woods Hole Oceanographic In-
stitution, Unfiltered samples, which had
been either frozen or preserved in
mercury, were analyzed in this labora-
tory, Total dissolved inorganic NO,—
+ NO4—, PO,2—, and reactive Si were
determined by standard methods (8),
with a Klett colorimeter. The signifi-
cances of the differences in nutrient
concentrations between the two fiords,
between South Cape Fiord and Jones
Sound, and between Grise Fiord and
Jones Sound were determined by the
nonparametric Mann-Whitney U test.

The oceanography of arctic Canada
has been discussed most recently by
Collin and Dunbar (9). The waters of
Jones Sound are derived from the up-
per layers of the Arctic Ocean, and
most of that water arrives in the sound
from the west via Cardigan Strait and
Hell Gate. A small proportion flows in
from the east from Smith Sound via
Glacier Strait. Bailey (10) reported
“. . . an eastward flow taking place
in the surface layer across the section
(i.e., the width of Jones Sound). The
cold water layer (of intermediate
depth), however, moved westward on
the north side and eastward on the
south side. Movements in the .deep wa-
ters although slight were generally east-
ward.” Earlier physical (10, 11) and

492

® Grise Fiord
O Jones Sound
X South Cape Fiord °
[e]
131 .. 00
e o ® e
’5 12 M o @ O
= . o° e o
S x X
13 XX X xx .
o L ]
- ®
® x o
0:0 11~ ;E( ® o4 (o]
®
= % °
g so
=z o]
10 0%;
Ge® o
R
i,
9l
1 1 L 1 1 1 1 4
26.5 26.7 26.9 27.1 273

Density (o)

chemical (12) studies in this area were
carried out during ice-free summer
seasons, after the annual phytoplankton
development depleted the nutrient con-
tent of surface waters, and are not
comparable with the present work.

The results (7) for nitrates are shown
graphically in Fig. 1. In comparing
nutrient concentrations with those in
South Cape Fiord, only data from 0 to
75 m in Grise Fiord and Jones Sound
were used, since the maximum observed
depth in South Cape Fiord was 87 m.
Similarly, the data from 0 to 200 m
in Jones Sound were compared with
all those in Grise Fiord.

There are no significant differences
in phosphate concentrations between
the two fiords or between each fiord
and Jones Sound.

Nitrates, in contrast, show signifi-
cantly larger concentrations in South
Cape Fiord than in Grise Fiord (U =
3.88, P<.001) and in Jones Sound
(U =2.50, P<.01). There is no sig-
nificant difference between Grise Fiord
and Jones Sound (U = 1.153, P > .05).

Silicates average higher in South
Cape Fiord than in Grise Fiord. It is
not certain that the difference is sig-
nificant, however. The first analysis of
40 samples (18 from South Cape and
22 from Grise Fiord) yielded average
silica concentrations of 18.8 ug-atom/
liter in South Cape Fiord and 16.2
pg-atom/liter in Grise Fiord, but the
difference is not quite significant. A
second analysis on 27 of those samples
(13 in South Cape -and 14 in Grise
Fiord), however, showed averages of
21.3 pg-atom/liter in South Cape Fiord
and 17.1 pg-atom/liter in Grise Fiord.
This difference is highly significant (U
= 2.609, P < .01).

Fig. 1. Relation of dissolved inorganic
nitrate to density (s) in waters off south-
ern Ellesmere Island, Northwest Terri-
tories, Canada, May 1969.

Analytical problems associated with
newly thawed seawater samples of this
type have been reported (13, 14).

The fact that the differences in silica

concentration between the fiords were
very nearly significant in the first set
of analyses and highly significant in
the second set suggests that a real dif-
ference does exist between the fiords,
but perhaps was partly obscured by the
freezing effect investigated by Burton
et al. (14). It seems likely that the
silica concentrations in South Cape
Fiord, like the nitrate concentrations,
are significantly greater than those in
Grise Fiord and Jones Sound.
Chalk and Keeney (6) found that
. . nitrate and ammonium in lime-
stones were present entirely as soluble
salts, . . . retained by physical entrap-
ment, and . . . released eventually on
the weathering of the rock.” Glacial
erosion, abrasion, and scouring of com-
parable rocks in South Cape Fiord
must have an effect equivalent to
weathering, thereby releasing physically
entrapped soluble nitrogen salts into
the waters of South Cape Fiord.

In contrast, if phosphate exists in
the rocks as apatite, which is most
likely (5), little dissolution would be
expected at the normal pH of seawater
unless glacial grinding caused the pro-
duction of an amorphous form of phos-
phate through alteration of the crystal
structure. The phosphate results are
consistent with the hypothesis that such
a change does not occur, and that no

13

significant  dissolution of phosphate
from these limestones results from
glacial activity.

These observations suggest that

glacial discharge in South Cape Fiord
does increase the concentrations of ni-
trate and probably silicate in seawater
adjacent to the glacier. In this com-
parison, the significant differences are
between concentrations of nutrients in
the upper 75 m of the two fiords. In
Jones Sound the euphotic zone is con-
fined to the upper 25 m (I5). If only
the concentrations of nutrients within
the euphotic zone depths of the two
fiords are compared, nitrates in South
Cape Fiord average 18 percent greater
than those in Grise Fiord, a notable
enrichment of a vital element.

I measured phosphate and silicate
concentrations in the summers of 1961,
1962, and 1963, and nitrate concen-
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 trations in 1962 and 1963, in the wa-
ters on the south side of Jones Sound

th

roughout the periods of phytoplank-

ton development. In each summer, phos-
phates showed relatively little deple-
tion but nitrates were completely ex-
hausted in and below the euphotic zone,
and the plant cells exhibited symptoms
of nitrate deficiency (15). Silicates were
substantially reduced each year, but
were not completely exhausted. It is

in

teresting that these two nutrients in

critical supply for phytoplankton de-
velopment in arctic waters are those
which appear to be augmented by

gl

acial activity, at least in South Cape

Fiord.
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Volcanic Production Rates: Comparison of Oceanic Ridges,
Islands, and the Columbia Plateau Basalts

Abstract. New potassium-argon age data from the Columbia Plateau suggest
a basalt production rate of 108 cubic meters per year during a middle Miocene
volcanic episode. This is two to three times the production rate in some oceanic
islands, and about four to six times the production rate in spreading mid-oceanic
ridge systems.

The most spectacular accumulations Columbia Plateau, which is the young-
of basaltic rock on the earth are the est of the four. Sea floor spreading,
mid-oceanic ridge systems, the oceanic which is best understood to result from
islands, and the great plateau basalts. crustal extension accompanied by
According to Holmes (1) there are dike injection at oceanic ridge crests,
only four plateau basalt accumulations would appear to have been a fairly
which exceed 2 X 10° km? in volume: continuous activity, at least since the
the Deccan of India, which is the late Mesozoic. Using estimated spread-
largest; part of Western Siberia; the ing rates, Menard (2) calculated that
Parana of South America; and the this crustal extension requires the addi-
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Fig. 1. (a) Map showing the limits of the plateau basalts of the Pacific Northwest and
the locations of the nine sections examined in the study reported here. The outline of
the plateaus includes the eastward-extending Snake River Plain, but the basalts of the
Washington and Oregon coast are excluded. See Table 1 for exact locations and de-
scriptions of the vertical extent and number of lavas in each section. (b—d) Maps
showing potassium-argon ages in millions of years: (b) given by Evernden and James
{I4); (c) given by Gray and Kittleman (I3); and (d) given by Dalrymple et al. (15)
for Oregon and California, and by Holmgren (16) for Washington.
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