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ABSTRACT

Strudel scours are craters as much as 20 m wide and 4 m deep, that are
excavated by vertical drainage flow during the yearly spring flooding of vast
reaches of fast ice surrounding arctic deltas; they form at a rate of about
2.5 km~2 yr"1. Monitoring two such craters in the Beaufort Sea, we found that
in relatively unprotected sites they fill in by deposition from bedload in 2
to 3 years. Net westward sediment transport results in sand layers dipping at
the angle of repose westward into the strudel-scour crater, whereas the west
wall of the crater remains steep to vertical. 1Initially the crater traps
almost all bedload: sand, pebbles, and organic detritus; as infilling
progresses, the materials are increasingly winnowed, and bypassing must
occur. Over a 20-m-wide sector, an exposed strudel scour trapped 360 m~ of
bedload during two seasons; this infilling represents a bedload transport rate
of 9 m3 yr-1 m '. This rate should be applicable to a 4.5-km-wide zone with
equal exposure and similar_or shallower depth. Within this zone, the
transport rate is 40,500 m3 yr", similar to estimated longshore transport
rates on local barrier beaches. On the basis of the established rate of cut
and fill, all the delta-front deposits should consist of strudel-scour fill.
Vibracores typically show dipping interbedded sand and lenses of organic
material draped over very steep erosional contacts, and an absence of
horizontal continuity of strata--criteria that should uniquely identify high-
latitude deltaic deposits. Given a 2- to 3-year lifespan, most strudel scours
seen in surveys must be old. The same holds true for ice gouges and other
depressions not adjusted to summer waves and currents, although these features
record events of only the past few years. In view of such high rates of
bottom reworking of the shallow shelf, any human activities creating
turbidity, such as dredging, would have little effect on the environment.
However, huge amounts of transitory material trapped by long causeways planned
for offshore development would result in major changes in the environment.

INTRODUCTION

The yearly spring flooding of vast expanses of fast ice on the inner
shelf in the Arctic, and the commonly violent draining of these floodwaters
through the ice, result in the formation of large scour craters called strudel
scours. Strudel scours, and their subsequent sediment fill, are important
erosional and depositional features of high-latitude deltaic environments
(Reimnitz, et al., 1974); their recognition may serve as a criterion for
identifying similar paleoenviromments. Industry considers strudel scours to
be one of the most serious geologic hazards to pipelines on shallow-shelf
areas affected by the phenomenon (L. J. Toimil, oral communication, 1981).

The purpose of this report is to present data and observations on the
infilling rate of two strudel scours in diverse enviromments of the shallow
Beaufort Sea shelf near Prudhoe Bay, Alaska. Both scours are similar in size,
with lips at 2.5-m water depth, but one is sheltered by a nearby barrier
island, whereas the other lies on an exposed prodelta.



A comparison of the measured rapid rate of strudel-scour excavation and
infilling with the generally slow rate of delta accretion in arctic regions
demonstrates strudel-scour fill as an important compositional component of
prodeltas. We present strong evidence that this strudel-scour fill consists
of materials supplied almost entirely by bedload transport. Thus, the rate of
infilling allows calculations of bedload transport rates that probably are
more reliable than those obtainable by any other means known to us. Among the
requirements for an efficient bedload transport sampler (Hubbell, 1964) are
the following:

(1) it is very large compared to seabed relief, and therefore gives a good
average,

(2) it should not alter bedload discharge by changing local flow patterns,

(3) it should collect the largest as well as the smallest bedload particles,

(4) it should give all particles an equal opportunity for entrance, regardless
of size and direction of movement,

(5) sampler is stable, and

(6) sampling period is long relative to period of changing hydraulic
conditions. As the strudel scours monitored meet these requirements
better than most manmade devices, the bedload transport rates determined
from this study should be close to actual rates of transport.

Wave and current reworking of the inner-shelf surface is restricted to
the short open-water season starting in July and extending to the onset of
freezeup in late September to early October. Current-meter records from
November to January show maximum flow velocities decreasing from 10- to less
than 2-cm s~ | (Matthews, 1981). On diving operations under the ice during the
winter, we have observed signs of only very low current velocities. Under-ice
current observations made during the time and within the area of overflow are
too sketchy to indicate whether reworking of bottom sediment occurs during
overflow. Currents do not increase noticeably until about mid-July, when the
ice breaks up (Barnes, 1982). The rivers of northern Alaska begin carrying
water to the sea by the end of May or early June, when the fast ice is 1.7 to
2 m thick and still intact. This ice is inundated by 0.5 to 1.5 m of fresh
water for distances of as much as 15 km or even more from the river mouths
(Reimnitz and Bruder, 1972; Reimnitz et al., 1974; Walker, 1974). Figure 1
shows a part of the Beaufort Sea shelf in the vicinity of the Prudhoe Bay
oilfields at a time when those rivers with headwaters in the Brooks Range are
beginning to flow, while those with drainage basins entirely within the
coastal plain are still dormant.

When the coastal-plain drainage systems thaw and the flooding is at its
maximum, the inundated ice areas may nearly merge, especially between the
Colville and Kuparuk Rivers. Within a few days, however, most of the flood-
waters drain off the ice. This draining occurs at orifices within the ice
(Fige 2) that serve as focal points for vertically oriented axial jets with
vortical motion; these orifices are called strudel, after the German word for
"whirlpool" (Reimnitz and Bruder, 1972). Because seawater depths in the
flooded areas are generally shallower than 6 m, the vertical jet encounters
the bottom and may excavate craters more than 4 m deep and 20 m across
(strudel scours) below the drainage points. The formerly flooded areas of
fast ice generally show only very small amounts of fine-grained surficial
sediment after draining is completed (Reimnitz and Bruder, 1972). There is a
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struction of long causeways for offshore oil development, which probably would
trap much of the sediment in transit (Barnes and Minkler, 1982), would result
in drastic changes to the environment within only a few decades.

The ongoing strudel scouring and subsequent infilling of such excavations
result in characteristic structures that should serve as ummistakable criteria
for the recognition of ancient high-latitude deltaic deposits formed in
similar environments to a water depth of at least 5 m. The following
considerations reveal just how dominant the structures resulting from such cut
and fill action should be. An average of 2.5 large strudel per square
kilometer were mapped in the ice canopy off the Sagavanirktok River. We
estimate that all these drainage systems were large enough to create a typical
15-m-diameter 3-m-deep scour depression on the sea floor below. Given these
values, any square kilometer of sea floor in this area would be reworked to a
subbottom depth of at least 2 m, where the craters still have vertical walls,
every 2,300 years; reworking to the full 4-m depth of strudel scouring would
require more time. BARNES et al. (1979) noted the typical delta sequence seen
in 12 vibracores and the importance of strudel scour structures. They further
noted that of three vibracores taken over a 50-m distance, each vibracore
showed a typical delta sequence: bedded and crossbedded clean sand layers
alternating with layers of fibrous organic matter. None of these distinct
units, however, could be correlated over distances of 20 to 30 m. The
vibracore taken near strudel scour B clearly indicates the futility of trying
to trace individual beds even for short distances.

CONCLUSIONS

(1) Strudel scours 15 m across and 3- to 4-m deep are excavated at a rate of
2.5 km'zyr'1 and are infilled with sediment after 2 to 3 years. At this
rate the entire delta front of arctic rivers should be totally reworked in
several thousand years and, therefore, should consist entirely of strudel-
scour deposits.

(2) Strudel scours trap materials supplied almost exclusively by bedload
transport. For the first year or two, they are efficient natural traps
and, therefore, should provide accurate bedload-transport rates,

(3) The calculated transport rate past one strudel scour is 9 m yr'1m'1. This
rate, applied to a 4.5-km-wide strip of shallow water with similar condi-
tions, gives a bedload-transport rate of 40,500 m3yr- , comparable to
estimates of longshore transport rates along local barrier beaches.

(4) This rapid infilling rate implies that the chances of seeing a strudel
scour without fill and, therefore, measuring the maximum depth on any one
survey is small, and further implies that all strudel scours, as well as
shallow-water ice gouges, record only the most recent events.

(5) The characteristic deposits and structures: steep erosional unconformities
overlain by bedded sand and coarse fibrous organic matter at the angle of
repose, and the absence of horizontal continuity can be used to identify
ancient deposits from similar enviromments.

6) In view of the very high rates of sediment transport determined for natural
conditions, the sediment input from human activities, such as dredging
operations, seems insignificant. However, long causeways planned for the
offshore 0il development would act as groins and result in large-scale
shoreline modifications.
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