SUB-ICE SPRINGMELT WATER CIRCULATION IN A SMALL LAKE
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EXTENDED ABSTRACT

In a small boreal headwater lake, the sub—-ice circulation of
waters from 5 distinct erigins (lake premelt water, lake snowpack
meltwater, 1ce cover meltwater, groundwater and hillslope throughflow
water) was studied duriling springmelt. A network of access holes was
used to monitor the sub-ice temperature, conductivity and pH profiles.
The study also included springmelt hydrology monitoring and the tracing
of snowbank meltwater and throughflow water with rhodamine.

Conductivity and pH appeared to be efficient parameters for dis-
criminating most of the water types considered. The lake surface snow-—
melt, icemelt and hillslope throughflow all formed sub-ice floating
strata similar to those reported in Scandinavia, northern United States
and Ontario. Snow and ice meltwaters layered beneath the ice forming a
floating stratum =20 cm thick. It moved toward the cutlet under laminar
flow conditions (observed average velocity: 1 m/h), driven mainly by
nearshore snowbank meltwaters. Groundwater influx did not lavyer but,
due to its temperature, gradually mixed with and replaced the underly-—
ing premelt water. The throughflow occurred late in the season. Its in-
flow also formed a floating layer 20-40 cm thick. For this layer, the
tracer indicated an average velocity >20 m/h and transitional condi-
tions between laminar and turbulent flow.

The more acidic layer was formed by hillslope throughflow but the
more acidic lake outflow was caused by snowmelt water. 1t occurred be-
fore the groundwater had become amn important contributcr to the lake
discharge. The thermal layering segregated throughflow and lake surface
melt waters--which were evacuated more rapidly. It reduced the renewal
of the deeper water. Beneath the ice cover, groundwater was the only
inflow able to renew the lake premelt water. The springtime soil in-
filtration capacity, allowing the groundwater recharge, limited the
duration and importance of throughflow water layering.

The layering process protects the lake deeper water from the direct
influx of pollutants associated with springmelt but alsc increases its
impact on the shallow and nearshore waters and on the outlet. It 1is
likely to be active 1n any given ice covered lake. Its importance and
the relative contribution of the lake surface meltwaters and hillslope
surficial waters (throughflow, overland flow or channelized runoff)
would vary accordingly with numerous factors such as the lake/basin
area ratio, the soilil thickness, permeability and frost conditions and
the melt rates.
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