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ABSTRACT

The Canning and Shaviovik River Aufeis Fields were studied on the ground
and with aireraft data. Powdered caleium carbonate (CaCO,) patches, a few
em in thickness, were found in discrete locations on both aufeis fields., This is
indicative of chemical weathering of limestone bedrock which is known to vader-
lie much of the eastern Arctic Coastal Plain of Alaska. Spring or river water
which remains unfrozen throughout much of the winter carries CaCoO, in solution;
as the river ice freezes more deeply the CaCO, in solution is forced upwards
through cracks in the river ice. Upon exposure to the cold air CaCO, is ex-
cluded as the water freezes, forming successive layers during aufeis growth.
In the melt season CaCO, slush/powder accumulates in patches on top of the ice

as the aufeis melts downward.
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MINERAL PRECIPITATION IN NORTH SLOPE AUFEIS FIELDS

Abundan: evidence exists which documents the occurrence of mechanical
weathering in the Arctic, but evidence for chemical weathering is much less
apparent due to the lack of flowing water during much of the year and to cold
temperatures which permit very low rates of degradation of organic matter to
produce organic acids. Furthermore most weathering of rock material in cold
regions has been thought to occur in the top few centimeoters of the surface
(Davies, 1969) as a result of freeze thaw processes.

There is one type of weathering of which little mention has been made in the
literature which contradicts some previously held beliets about chemical weath-
oring in Arvctie vegions,  This is weathering of caleareous rock material by in-
trapermalrost spring water which remains unfrozen throughout the year., The
surface manifestation is in the form of a white caleium carbonate (CaCoO,)
powder ‘slush found on river icings or aufeis deposits.  Aufeis is a unique type

of ice which can form over an existing river ice cover in rivers underlain by

impermeable material, in this case, permafrost. River or spring water is
forced to the surface as river ice and the active layer coalesce upon freezing
in & river bed.

In July, 1978 two melting auteis fields on the Aretic Coastal Plain of Alaska
were studied in the Canning and Shaviovik Rivers., A NASA Convair 990 aiveraft
was flown over the Arctic Coastal Plain of Alaska on July 12 for the purpose of

studying various hydrologic features on the coastal piain using passive and active
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microwave aireraft and satellite data.  Measurements from air photos taken
from the Convair 990 revealed that the Shaviovik Aufeis was 1.8 square km in
area and the Canning Aufeis was 4.5 square km in area on July 12, On July 15
a fleld party studied the Shaviovik Aufeis (Figure 1) on the ground. Accumula-
tions of a white powdery material were found on and within the ablating ice

(Figure 2). This powder was often found in association with hummocks in the

I e,

ice, presumably at the point where water under pressure emerges to the surface

during aufeis formation., Using x-ray diffraction analysis this material was later
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determined to be pure caleium carbonate (Caco ) which was carried upward in
solution in spring or river water. CaCO, and other mireral salts have been
noted on other aufeis fields (Williams and Van Everdingen, 1975, Webber and
Klein, 1977, C, 8, Benson, written comm. , 1978),

This CaCO, material was also found in discrete locations on the Canning
Aufeis field. The accumulations of CaCO, were generally a few em in thickness
and caused irregular ablation of the ice in their vicinity. At least four discrete
locations of this material were observed on the Canning Aufeis. This material

was also observed in calving ice on the edge of the aufeis field 18 cm below the

surface of the ice which was approximately 1 m in thickness.

Limestone bedrock is present in the Canning River area of the coastal plain
(Hopkins et al., 1955), Spring and river water, high in CO, due to its low tem-
perature, flows through the rocks eroding limestone as it flows. the high CO,

content in the water facilitates solution of the limestone. CaCO, in solution
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then flows to the surface under pressure. Water emanating from a spring
freezes rapidly and the CaCO, and other material in solution is excluded during
. the freezing process, As the aufeis melts in the summer, this caleium carbon-
ate is released into the river in the meltwater inereasing the suspended sedi-
ment load in the water, Another mechanism for causing the presence of the
CaCO;y precipitate s downward freezing of river ice excluding ‘mpurities (of
which CaCO, is one) as it freezes. These im‘puriltea become concentrated in
the water remaining in the rviver channel (Benson, written comm. , 1978). As
this water is forced up under pressure, the water, with caleium carbonate in
solution, freezes. If this is the case, then more CaCO; should oceur in the top
lavers of aufeis because the top layers form last as successive overtlows occur.
As river ice continues to freeze downward the impurities become more concen-
trated in the water below,
Caleium carbonate is also significant in oceanography and glaciology. Dur
ing aufeis melting, the CaCO, flows to the ocean during the summer providing a
non -organic source of CaCO, to the Arctic Ocean, Dissolved ealeium carbonate
is of interest in chemical, biological and geochemical oceanography (Chen, 1978),
The type of CaCO, discussed herein is unrelated to decomposition of organic
matter which ig the usual source of CaCO; in the oceans. This is another way
in which CaCQy gets into the Arctie Ovean,
Calcium carbonate precipitate has been found beneath temperate glaciers

(Hallett, 1976). CaCO, is dissolved from limestone bedrock in the regelation slip
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process which (s characteristic of tne flow of temperate glaciers. Subglacial
limestone deposits play a dominant role in moditying the glacial bed and may
actually impede basal sliding according to Hallett (1976).  This ta significant
because it shows that glacio-chemical proceases are operating at the base of
glaciers. Erosion of caleareous rock material under snow drifts has also been
studied in Aretic regtons (Davies, 1969),

In conclusion it appears that even in the absonce of much organic acid avatl
able to dissolve limestone in the Arvctic, substantial evosion of limestone oocurs
as in humid regions. Limestone in Avetic and desert vegions composes high
lands or eliffs whereas in humid regions it forms lowlands because it is easily
eroded by rainwater and runot! containing organte acids. Purthermore it ap
pears that weathering of caleareous rock material by chemical provesses is
ocourring at depth and that weathering ts not restricted to treece thaw provesses

operating close to the surfacve,

ACKNOWLEDGEMENTS

1 would like to thank My, Imants Virsnieks of the University of Washington
Palar Seience Center, and My, Avne Hanson of the Naval Avetic Research Lab
oratory at Bavrow, Alaska for invaluable field assistance, and personnel at the
Naval Avetic Reweavch Lab for logistical support, 1 would also like to thank
Dy, Frank Cavsey of NASA ‘Goddard Space Flight Center, for comments and
suggestions regarding this paper, and Mr. Pete Sarmtonto, also of NASA | for

performing the x-ray diftraction analysis,

¥t e KRR TTT] ASS YAkl 1 1 4 ERT L P = P BT e -



REFERENCES

Benson, C. 8., 1978: Written Communication, August 1978,

Chen, C. T. A., 1978: Decomposition of Caleium Carbonate and Organic
Carbon in Deep Oceans. Science V. 201, pp. 735-736.

Davis, J. L., 1969; Landforms of Cold Climates. M.1.7T. Press, Cambridge,

MA.

Embleton, C. and C. A. M. King, 1975: Periglacial Geomorphology. John

Wiley and Sons, NY
Hallett, B., 1976: Deposits formed by Sublacial Precipitation of CaCO,.

Geological Society of America Bulletin V. 87, pp. 1003=1015.

Hopkins, D. M.; T'. N. Karlstrom; R. F. Black; J. R. Williams; T. L. l"cwé,

A. T. Fernald and E. H. Muller, 1955: Permafrost and Ground Water in

Alaska. Geological Survey Professional Paper 264-F.
Webber, P. J. and D. R. Klein, 1977: Geobtanical and Ecological Observations

at Two Locations in the West=Central Siberian Arctic.  Arctic and Alpine

Research V. 9, pp. 3056-315.
Williams, J. R. and R. O. Van Everdingan, 1975: Groundwater Investigations

in Permafrost Regions of North America: A Review. North American

Contribution to the Second International Permafrost Conference, pp. 435=146.

e T S T I I L TSI =0 AT T I '



Figure 1. Air Photo of the Shavioy ik River Aufeis Field
on the Alaskan Aretie Coastal Plain, July 11, 1978,
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Figure 2. Caleium Carbonate Slush on the Shavioy ik

River Aufeis Field, July 15, 1978. :
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