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1. SUMMARY 

1.1 Objectives of the Study 

This technical report is based primarily on fieldwork conducted 
during the summer of 1974 into the geometry, composition, origin and 
stability of coastal landforms bordering the Beaufort Sea from the 
Alaska-Yukon boundary east to the Mackenzie Delta. The 1974 study fol l owed 
general reconnaissance investigations of the northwest coast of the 
Tuktoyaktuk Peninsula in 1973 and of the Yukon coast in 1972 (.McDonald and 
Lewis, 1973). The results of these earlier s tudies have been incorporated 
here to extend coverage as far east as Cape Dalhousie at the eastern end 
of the Tuktoyaktuk Peninsula . As well, prepared testimony by the senior 
author, presented to the Mackenzie Valley Pipeline Inquiry on February 13, 
1976 , is included in this r eport as an appendix. The reader is referred 
to this appendix for a more genera l overview of physical aspects of the 
Beaufort Sea coast, discussion of the implications of offshore hydrocarbon 
resource development on the coastal zone, and for additional detailed 
information on the modern Mackenzie delta plain. 

The purposes of the 1974 fieldwork were twofold: 

1. The general reconnaissance studies in 1972 and 1973 raised many questions 
about the detailed nature , magnitude and frequency of processes and 
responses in this arctic coastal zone, questions which could best be 
answered by a longer term instrumented study at a representative sample 
location. Kay Point, Y.T. (Figure 1) was chosen as the sampl e site 
because it offers a wide range of coastal features in a small area. 
Concentrated fieldwork at thi s location will continue through the summer 
of 1977 with occasional visit s thereafter. Scientific studies include 
(see Figure 1, inset, for locations): 

a. Erosion of and sediment transport from the coastal cliffs southeast 
of the point; 

b. Growth, migrat ion and short period changes in Kay spit; 
c. Morpho l ogy , sedimentology and hydraulics of the Babbage River delta, 

an estuarine delta of the Mackenzie type; and 
d . Sediment transport and depos ition in Phillips Bay, a nearshore 

sediment sink. 

2. The second objective of 1974 fieldwork was to examine the geological 
aspects of coastal susceptibility to oi l spills , a part of the joint 
i ndustry - government Beaufort Sea study of the potential environmental 
hazards of proposed exp loratory offshore drilling. In this context, 
the intentions of this study were to: 

a. Identify and determine the extent of those areas of the coastal zone 
mos t susceptible to inundation by sea water; 

b. Determine the present geometry, nature of sediments and vegetation 
of these areas; 

c. Examine patterns of sediment erosion, transportation and deposition; 
and 

d. Identify and discuss conditions peculiar to an arctic coastal 
environment relating to potential damage from an oil spill. 
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During the summer of 1974, fie ldwork was carr ied out on the major 
spits at Shingle and Kay Points , on Nunaluk spit in the Firth River 
r egion, on the Blow and Babbage River deltas and, as examples of 
sediment source areas, on c l iff segment s at Shingl e Point and Kay 
Point (Figure 1). 

1 . 2 Scientific Conc lusions 

The main sci entific conclusions resulting from this study are: 

1. The major geomorphologic features of the Yukon Beaufort Sea coast ar e: 
(a) st eep coastal cliffs, often containing significant amounts of 
ground ice, and fronted by narrow beaches; (b) spit s and barriers up 
t o 10 or more kilometres in exposed l ength and several hundred metres 
wide; and (c) deltas of coast a l plain rivers with vegetated or partially 
vegetated exposed delta p l ains up to 50 km . 2 in area. 

2. Cliff sediments range from gravel to icy c lay. The fine material is 
moved off shore and beaches, spits and barriers are usually composed 
of remnant gravel s and sands. Coas t a l plain rivers have grave l beds 
but this gravel does not reach the lower delta plains where sediments 
are primarily organic-rich silts and fine sands . 

3 . Cliff retreat of up to 90 m. i n 16-18 years has occurred, largel y 
through undercutting and subsequent block s lumping, gulleying , and 
mud flow associated with ground i ce s lumps . Sediment derived from 
this retreat is moved along shore and has l ed to hundreds of metres 
of spit and barrier extension over the same period. 

4. Significant sediment transport events are associat ed with spring 
break-up and storm f l oods on the rivers and with meteorological tides 
and wave activity during these s torms a l ong the coast . Berm el evations 
of over 1. 5 m. on spits and driftwood lines more than 2 m. above normal 
high tide on exposed delta plains attest t o the rise in sea l evel 
and i nundation of coastal depositional features during these storms , 
most commonly i n the summer and fall but occasionally during wi nter. 

5. First flow in rivers, deltas and estuaries occurs well before sea ice 
break-up and is commonly over bottomfast winter ice. This ice inhibits 
bed scour during early flooding. Following spring break-up , river 
discharge declines except for brief rises dur ing storm events . 

6. The direct effects of s ea ice on the stability of coastal features 
appear to be smal l. Only minor examples of the movement of beach 
sediment by ice push and scour of the nearshor e seabed by ice have 
been observed , this l atter phenomenon apparently ceasing shoreward 
of the 10 m. isobath. Indirect effects, particularly the influence 
of the amount and l ocat ion of ice on s torm surges and associated wave 
activity, are much more important. 
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7. Offshore gradients can be quite steep off many portions of the Yukon 
coast, most commonly where the shoreline is cliffed. Profiles are 
generally concave upward and few nearshore bars exist . Off river 
deltas, though, depths are very shallow, seldom exceeding 2 m. a 
kilometre or more from shore . Shallow depths in the Babbage estuary 
prevent the development of significant vertical variations in water 
temperature and sal inity. 

8 . Rapid coastal retreat, shallow water depths and low water temperatures 
have enabled the preservation or formation of permanently frozen 
ground beneath estuary and nearshore areas. 

9. Unlike the Yukon coast, the northwest coast of the Tuktoyaktuk 
Peninsula is deeply embayed along its length, its shape reflecting 
the breaching of thermokarst lakes which cover large portions of the 
coastal plain. Major spits and long barrier bar sequences have formed 
because of the much lower offshore gradient than off the Yukon coast . 
Sediments in coastal depositional features are mixed gravels and sands 
west of the settlement of Tuktoyaktuk and, most commonly, pur e sand 
east of Tuktoyaktuk. Like the Yukon coast, the shoreline of the 
Tuktoyaktuk Peninsula is retreating , with most of the derived sediment 
being moved northeast toward Liverpool Bay. 

1.3 Implications and Recommendations 

1.3 . 1 General Scientific 

In an average year , the southern Beaufort Sea coast, particularly 
east of Herschel Island, has a relatively long open water season and cannot 
be considered true arctic in nature . Normal marine processes dominate for 
about three months of the year. During this time period, the arctic 
environment influences these processes only through the increased relative 
importance of extreme storm events, the occasional movement of sea ice 
near shore during these event s and, as was so well demonstrated during the 
s ummer of 1974, through the major year to year variations in climate and 
sea ice conditions which may occur . 

The response of coastal materials to summer marine processes , 
however, is condi tioned by the arctic environment. Frozen ground plays 
an important role in the coastal zone, most important ly through its influence 
on rates of coastal retreat and, along the Tuktoyaktuk Peninsula, through 
the control by thermokars t lakes of coastal configuration. 

1 . 3.2 Matters Relevant to Development 

Development is considered here primarily with respect to the 
potential effects on the Beaufort Sea coastal zone of an oil spi ll during 
expl oratory offshore drilling. Consideration is given as wel l, however, 
to the possible use of the coast for s taging areas or ot her shore installations 
associated with petroleum exploration and development. 
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The details of coastal processes and responses, particularly for 
short-period events , are not yet well understood in the Beaufort Sea area. 
The s tudies undertaken at Kay Point will go far toward remedying this 
situa tion. The discussion which f ol lows , however , precedes the completion 
of these s tudies and its value must be considered in the context of this 
lack of knowledge . 

1. The coastal zone i s a dynamic one, particularly so in this part of the 
Arctic wher e shore materials are unconsolidated and often contain 
significant quantities of ground ice. Its instability must be taken 
into account i n considerations of both oil spi ll s and coastline 
development. 

2 . The largest ar eas subject to frequent inundat ion by sea water and 
thus, potentially, by oil in that water are the river deltas, particularly 
the Mackenzie itself and , along the Yukon coast, the Blow and Babbage 
deltas. These deltas have a high si lt content and their sediments are 
frozen to considerable depths. Thermal dis turbance through vegetation 
damage could l ead to compaction of thawed sediments. Because the delta 
plains are major wildfowl nes ting areas, oil must be prevented from 
reaching them. --

3. Oil is most likely to reach the coast during summer and fall but open 
water and wave activity are possibl e even during winter . The sea ice 
was broken up off Kay Point and the Babbage estuary flooded during a 
severe storm i n early January 1974 (R. Mackenzie, per s. comm.) . 

4. Shoreline materials are cons tantly in motion during the open water 
season and, with the continuous possibility of storm surges , oil from 
a spill could cover depos itional coas tal f eatures at any time, be 
buried by subsequent sediment accumulation, exposed again , transported 
along the shor e , re-buried , and so on . 

S. In the event of an oil spill approaching the coastline, it may be 
possible to use lagoons behind spit s and bar s or, along the Tuktoyaktuk 
Peninsula, breached thermokarst lakes to contain i t. The r esultant 
potential fo r destruction of fish and wildlife i s critical to this 
suggestion but, if other methods of containment are less reliable or 
cause even great er destruction, use of natural features may become 
viable . 

6 . Shore installations must be carefully located so as to avoid areas 
where large amounts of ground ice are present. Dis turbance of the 
ground thermal regime will only serve to further increase already 
rapid r ates of coastal retreat. Construction off shore must take 
into account the like l y presence of and, because of low sea water 
t emper atur es, the possible growth of sub-bottom fro zen ground. 

7 . Beach material i s primarily local in origin, its maxi mum trave l defined 
by the distance to the outer boundary of the f eeder area of the nearshore 
sediment sink toward which it is moving. Removal of material or 
blockage of longshore drift for cons truc tion purposes will have effects 
both up- and down-drift . Because many natura l features ar e important 
nesting ar eas and because disturbance at one construction si t e may 
affect conditions at another, final selection of sites shoul d be made 
only after the det ai l ed nature of sediment supply in the area is known. 
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2. INTRODUCTION 

2 .1 General Nature and Scope of Study 

This technical report is based primarily on fieldwork conducted 
during the summer of 1974 into the geometry , composition, origin and 
s tability of coastal landforms bordering the Beaufort Sea from the 
Alaska-Yukon boundary east to the Mackenzie Delta. The 1974 study followed 
the general reconnai ssance i nvestigations of the northwes t coast of the 
Tuktoyaktuk Peninsula in 1973 and of the Yukon coast in 1972 (McDonald and 
Lewis , 1973) . The r esults of these earlier s tudies have been incorporated 
here to extend coverage as far east as Cape Dalhous ie at the eastern end 
of Tuktoyaktuk Peninsula. As well, prepared t estimony by the senior author, 
presented to the Mackenzie Val l ey Pipel ine Inquiry on February 13, 1976 , 
is included in this report as an appendix . The r eader is referred to th i s 
appendix for a mor e general overview of physical aspect s of the Beaufort 
Sea coast , discussion of t he implications of offshore hydrocarbon resource 
development on the coastal zone, and for additional detailed information 
on the modern Mackenzie delta p l ain. 

The purposes of 1974 fieldwork were twofold: 

1. The general r econnaissance s tudies i n 1972 and 1973 raised many 
questions about the detai l ed nature, magnitude and frequency of 
processes and responses i n this arctic coast al zone , questions which 
could best be answered by a longer term i ns trument ed study at a 
r epresentative sampl e location. Kay Point, Y.T. (Figur e 1) was chosen 
as the sample site because it offers a wide r ange of coastal features 
in a small area . Concentrated f i eldwork at this l ocation was begun 
in 1974, continued in 1975 and will be completed in 1977 . 

2 . The second objective of 1974 fie l dwork was to examine the geological 
aspects of coastal susceptibi l ity to oil spi l ls, a part of the joint 
i ndustry - government Beaufort Sea study of the potent i al environmental 
hazards of proposed explorator y offshore drilling . In this context , 
the intention was to examine those coastal features most susceptible 
to inundation by sea water. Because of extremel y poor weather and 
sea ice conditions during the summer of 1974, work was confined to 
the Yukon coast. 

2 . 2 Specifi c Objectives 

Specifi c objectives can conveniently be divided i nto two parts: 
those concerned with the Kay Point process-response study and those 
concerned with coastal susceptibilit y to oil spi ll s . 

2 .2.1 Kay Point 

Work at Kay Point is focussed on the nature, magnitude and frequency 
of str esses exerted on a variety of coastal sedimentary environments and on 
the response of these environments to t he imposed stresses . The emphasis 
is on system responses to s torms or floods but seasona l and l onger term 
changes are being examined as well. In a ll cases, greatest attention is 
given t o those char acter i s tics which differ from coasts in more temperate 
l ocations and which might make an arctic coast a special case from a 
development point of view . 
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Specific studies include (see Figure 1, inset, for locations): 

1. Erosion of and sediment transport from the coastal cliffs southeast of 
the point; 

2 . Growth, migration and short-period changes in Kay spit; 
3. Morphology, sedimentology and hydraulics of the Babbage River delta, 

an estuarine delta of the Mackenzie type; and 
4 . Sediment transport and deposition in Phillips Bay, a nearshore sediment 

s ink. 

2 . 2.2 Coastal Susceptibility to Oil Spil l s 

The degree and duration of damage to the coastal zone resulting 
f r om an offshore oil spill are dependent primarily on: (a) whether or not 
the oi l reaches the coas tline, (b) the frequency and duration of inundation 
of coastal features by sea water containing oi l, and (c) the reaction between 
the oi l, once present , and the sediments, vegetation and wildlife existing 
within the coastal zone. 

In thi s context, the intentions of thi s study ar e to: 

1 . Identify and determine the extent of those areas of the coastal zone 
most susceptible to inundation by sea water; 

2 . Determine the present geometry, nature of sediments and veget ation of 
these areas; 

3. Examine patterns of sediment erosion , transportation and deposition; 
and 

4 . Identify and discuss condit ions peculiar to an arctic coastal environment 
r e l ating to pot ential damage from an oil spi ll. 

During the summer of 1974, fieldwork was carried out on the major 
spits at Shingle and Kay points, on Nunaluk spit in the Firth River region, 
on the Blow and Babbage River deltas and, as examples of sediment source 
areas, on cliff segments at Shingl e Point and Kay Point (Figur e 1). 

2.3 Relevance to Devel opment Problems 

The coastal zone is one of the most compl ex and dynamic environments 
with which development must contend. Because of the importance of the 
Beaufort Sea for transportation, harbours , staging areas and perhaps 
pipelines will accompany the deve lopment and movement of resources on land. 
This s tudy is intended to provide both reconnaissance-level and detailed 
process-response information re l evant t o constr uct ion at the coast. 

The development of resources at sea will a l so affect the coastal 
zone, both through t he need for support faci lities on l and and because of 
the dangers of and need t o protect the coast against pollution associat ed 
with of fshore development. An oi l spill during offshor e drilling could 
reach the coastline and have serious detrimental effect s on vegetation , 
wi ldl i f e and man . I t is the int ention of thi s s tudy to provide background 
i nformation relevant to an evaluation of the nature , magnitude and duration 
of pot ential damage and of methods of minimizing this damage. 
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3. CURRENT STATE OF KNOWLEDGE 

Geomorphic and sedimentologic studi es of the Yukon coast are few. 
Rampton (1974a) has mapped surficial materia l s at and landward of the coast. 
Hughes (1970) discussed the history and features of glaciation and Mackay, 
Rampton and Fyles (1972) report ed on coastal exposures indicative of 
glacially-deformed relic Pleis t ocene permafrost . Mackay (1960, 1963) 
commented on the nature of small boat harbours and noted evidence of shore l ine 
retreat along the Yukon coast . Walker and McC l oy (1969) and McCloy (1970) 
examined the morphology and hydrology of the Blow River delta with emphasis 
on the role played by the arctic environment in morphologic change . 
McDonald and Lewis (1973) discussed the distribution and variety of marine 
sediment types along the coast , inferred from coastal depositional features 
the broad patt erns of nearshore sediment movement and storage , and produced 
several maps showing photogrammetric measurements of coastal change and 
typical stratigraphic sections of segments of coast. 

The types of knowl edge of the Yukon coast which presently exist , 
therefore, are primarily stratigraphic, very l ocal ized or reconnaissance
l evel in nature. Detail ed mapping of coastal depositional features has 
not been attempted and the characteristics of shore and nearshore processes 
and responses can only be inferred by extrapol ation from the Alaskan 
portion of the Beaufort Sea coast (eg . Wiseman et al, 1973; Walker, 1974) . 

4 . STUDY AREA 

The nature of the Yukon Beaufort Sea coastal zone has been conditioned 
primarily by erosion and redistribution of the unconsolidated Quaternary 
sediments of the Yukon coastal p l ain. These deposits are greater than 30 m. 
thick and consist mainly of: l acustrine silty-clay; alluvial fan sands and 
gravels; plus, east of the Firth River (Figure 1), marine, estuarine and 
f l uvial silt, sand and gravel, commonly glacially-contorted and capped by 
til l ; and gl aciofluvial gravel and sand (Rampt on, 1974b) . 
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Coastal plain rivers also supply significant amounts of sediment 
to the coast a l zone . Of these, the largest are the Firth, the Babbage and 
the Blow (Table 1) . No estimates of annual sediment load ar e avai labl e 
for these rivers but differences in this together with contrasting 
physiogr aphic settings , history and coastal current conditions mus t account 
for the great dissimi l arity of their deltas. 

In addition to the del t as , two other major coastal types can be 
dis t i nguished: s t eep cliffs fronted by narrow beaches and large spit s and 
barrier s . Erosion of the cliffs has been rapid i n recent year s , particularly 
where t he sediments contain considerable pore, wedge or massive ice. 
Mat erial derived from this erosion and from the coas t a l plain rivers is 
dispersed by well developed longshore currents to four main sediment sinks : 
(a) Demarcation Bay , (b) between Herschel Island and the mainland, (c) 
Phillips Bay and (d) Shoalwater Bay (Figure 1) . Photogrammetric data 
i ndicat e r ecent extension of the spit s and barriers, evidence of this 
longshor e movement of sediment (McDonald and Lewis, 1973) . 

TABLE I 

Yukon Coastal Plain Riversa 

Firth Babbage Blow 

Basin area (km . 2) 
3 

6200 5000 3700 
Maximum probable f l ood area (m . /sec.) 1000 1130 710 
Delta type f an estuarine arcuate 
Delta plain area (km. 2) 25 so 

aAfter McDonald and Lewis, 1973 and Church, 1971. 
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5. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION 

The purpose of this section of the report is to detail the 
specific types of information collected, the methods by which this 
information was obtained, and t he uses to which it has been put. 

5.1 Kay Point 

The evolution of a coastal landscape can be examined in the context 
of any of several different time scales . As has been mentioned pr eviously , 
the scale of most concern in the various components of the Kay Point study 
i s that of the storm event - changes over several hours to several days . 
The seasonal scale - changes over weeks and months - is a lso of gr eat 
i mportance, however, because of its rel evance to the question of the r ol e 
played by the arctic environment in coastal processes and responses. Of 
l esser interest to this study but still essential to it are changes which 
have occurred over periods of years . These can onl y be determined indir ectly 
but, if reliable evidence is avai l able, attest t o the sum eff ect of shorter 
period events. 

The framework for data collection in each component of the Kay 
Point study is detailed in the process-response model shown in Figure 2. 

FIGURE 2 

Generalized Process - Response Model 

Ini tial Morphology 

- geometry, both subaerial 
and submarine 

- properties of 
sediments 

- frozen ground and permafrost 

- vegetation 

Response Processes 

- sediment erosion 

- sediment transportation 

- sediment deposition 

- diagenesis 

- freezing, thawing 

+ 

Energy and Mass Sources 

- astronomical tides 

- meteorological tides 

- waves 

- current s 

- river discharge 

- ice 

- wind (aeolian) 

- gravi ty (mass movement) 

- thermal gradients 

Fina l Morphology 

- geometry 

- properti es of sediments 

- frozen ground and 
permafrost 

- vegetation 
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In a practical sense , measurement to the necessary accuracy of all variables 
relevant to a particular event at any of the time scales of interest is not 
possible. The model is ideali zed and wi ll indicate the weaknesses of 
specific studies as well as their strengths. 

Initial investigations in the Kay Point region were oriented 
primarily toward establishing a grid network for data collection and obtaining 
the detailed background information necessary for f uture studies - ie. the 
initial morphology . In addition to qualitative observations of coastal 
morphology and processes, the following data were col lected in 1974: 

1. Meteorological information, most importantly continuous r ecording of 
atmospheric pressure and wind speed and direction to relate to waves, 
currents and meteorological tides; 

2. Continuous tide gauge data (through the co-operation of the Marine 
Sciences Directorate, Department of the Environment); 

3. Continuous recordings of water levels on the Babbage River and Deep 
Creek above their junction to define water inputs to the Babbage delta; 

4. Spot measurements of water transmissivity, sal inity , conductivity and 
temperature in the Babbage estuary and delta channels; 

5 . Survey profiles both along and across Kay spit, the cliffs and the 
Babbage delta and across the delta channels; 

6. Est ablishment of detailed study zones with permanently marked profiles 
at 500 m. interval s along Kay spit to enable morphol ogic change during 
storm and seasonal time periods to be monitored; 

7. Echo sounding (Raytheon DE-719-B with 200 kHz. narrowbeam transducer) 
and side scan sonar profiles up the largest Babbage delta distributary 
and along 1000 m. grid lines in the Babbage estuary and in the nearshore 
zones (out to a maximum of 10 m. water depth) off Kay spit and the 
coastal cliffs; 

8. Seismic refraction profiles along the above grid lines to locate the 
upper boundary of sub-bottom frozen ground; 

9. Surface sediment samples of the Babbage delta and estuary on a 1000 x 500 
m. grid, supplemented by more detailed sampling at selected sites 
including channel cross-sections; 

10. Drilling (up to 60 m. depth) on the cliffs , the spit and the delta to 
define stratigraphy and sediment properties and to permit ins tallation 
of ground temperature cables ; data from these and future cables 
together with surface temperature, drill log and seismic refraction 
information will be used in the deve l opment and testing of a model of 
the perturbation in the ground temperature field caused by the presence 
and migration of the coastal cliff and spit; and 

11. Vegetation mapping on the Babbage delta plain, the spit and the cliffs. 

Data collection was continued during the summer of 1975 and full analysis 
awaits completion of the field program in 1977. 

5.2 Coastal Susceptibility to Oi l Spills 

Fieldwork for this portion of the project was des i gned to augment the 
1972 reconnaissance study (McDonald and Lewis, 1973) in the particular context 
of the goal s discussed previously. The research design used in the Kay Point 
process-response study so that comparisons and, perhaps, extrapolations 
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could most easi l y be made . 

The approach taken was spatial ly hierar chical in nature with 
progressivel y more detailed work being done with each step down in the 
hier archy . The highest l evel , the region, was defined as the segment of 
coastline providing sediment t o each of the nearshore sediment sinks 
discussed earlier (Figure 1). Within each r egion s tudied , areas - i e. 
coastal t ypes such as cliff segments, major spits and bars , deltas, etc. -
were selected and examined in more detail. Intens ive fi e ldwork was 
carried out in two to four 80 m. wide zones in an area , each zone extending, 
if practical, from the offshore-nearshor e boundary (10 m. isobath) well 
into the backshore (beyond the l imit of marine activity). 

The geomorphologic data collected in a zone include the following: 

1. Sket ch map and photographs - of general topography, major geomorphic 
features, abrupt changes in sediment properties, et c .; 

2. Definition of subaerial stratum boundaries - between portions of the 
zone which appear homogeneous with respect to type or gra.dient of 
processes, eg. foreshore, backshore and subdivi s i ons of each; 

3. Subaerial profile surveys - three to five, oriented normal to the trend 
of the shoreline; 

4 . Subaerial sediment samples - five surface sampl es in each s tratum, 
positioned syst ematical l y wi thin strata along the zonal centre-line; 

5. Active l ayer thicknesses - mean of five probings at each sediment 
sampl e site ; 

6. Bathymetric profiles - high frequency echo sounding and side scan 
sonar a long the extension of the zoneal centre-line to the offshore
nearshore boundary; 

7. Submarine s t ratum boundaries - as f or subaerial, subdivisions of the 
nearshor e; and 

8. Submarine grab sampl es - as for subaer ial . 

This data will be used to produce a topographic map of each zone, to 
estimate mean grain size and gr ain size gr adient for the zone and for each 
stratum within it and, when data for all zones in an area are combined, to 
infer areal gradients and the type and nature of active processes . 

In addition to the geomorphologic studies, bot anical work was carried 
out in connection with sur veyed profiles in the Shing l e Point and Kay Point 
regions and on Nunaluk spit. Collections of a ll vascular pl ants and 
r epresentative bryophytes were made for all areas studied . The distribution 
of the vegetation was examined in relation to the varied geomorphic units 
within each study zone using a quadrat method for continuous vegetated 
areas and by a l ine transect method for discontinuous areas . The collections 
are presently being i dentified and, when compl eted, plant communities present 
will be described and discussed in terms of their geomorphic significance 
(J .M. Teversham, pers. comm.). 

As well, electrical resistivity sounding and profiling were 
completed on Shingle, Kay, Spring River (Figure 1) and Nunaluk spits . The 
aim of this experiment was to test the usefulness of t his geophysical method 
in distinguishing the top and bottom of permafrost and the thi ckness of 
gravel i n coastal spit s . 
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Finally , general observations on river and sea ice break-up and 
on the morphology of portions of each region not i ncluded in the study 
areas were made, the surface area of coastal features subject to frequent 
inundation by sea water measured , and spot surveys taken of the e l evation 
of high water driftwood lines . 



Figure 3 . 

- 14 -

11 

View east over the Babbage delta during spring 
break- up ; not e the f loat ing channel i ce . 
(8 June 1972; GSC 202717-J) 



6 . RESULTS 

6.1 Kay Point, 1974 Fieldwork 

6.1.1 Babbage Delta and Estuary 
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The estuarine Babbage delta (Figure 3) receives discharge and 
sediment directly from both the Babbage River and from its tributary, Deep 
Creek. These streams drain a 5000 km. 2 catchment on the Barn and British 
mountains and the Yukon coastal plain . Data on total water and sediment 
discharge from the drainage bas in ar e lacking, but indirect estimates 
(Church, 1971) suggest maximum probable floods of 910 m. 3/sec. for the 
Babbage above Deep Creek and 220 m.3/sec. for Deep Creek . Total annual 
precipitation averages 200 mm. (Shingle Point, 1962-1971) and four months 
(June through September) have mean t emperatures over o0 c. Most sediment 
movement probably occurs during spring break- up in l ate May and June and 
during summer and fall storm floods. The delta plain may also be flooded 
by storm tides, most commonly in the summer and fall but occasionally during 
winter (R. Mackenzie, pers. comm.). As a result, some marine sediment , 
including a l arge amount of driftwood, is also incorporated i n the delta. 

Morphology and sediment s 

A generalized surface facies map of the Kay Point area is given 
in Figure 4. The subaerial Babbage delta comprises by far the largest land 
area below the highest driftwood line, the upper limit of the storm surge 
floodi ng (2-3 m. above mean high tide) . On two sides, the delta and its 
estuary are bounded by upland glacial, marine and l acustrine sediments of 
the Yukon coastal plain. Alluvial surfaces in the vall ey above the highest 
storm line are associated with a vari ety of sediments: from channel gravel s 
of the braided Crow River on the south to fine-grained overbank deposits 
of Deep Creek on the north (Figure 1). Polygona l ice-wedge structures are 
common on this facies and winter or spring accumulation of aeo l ian sediment, 
apparently derived from channel bars, was noted along some banks. 

The delta plain, as mapped here, includes all deltaic surfaces 
above normal high tide which are subject to storm surge flooding. The lower 
floodp l ain, general l y less than 1 m. above mean high tide, comprises 
vegetated l evees and interlevee flats and partially vegetated shallow flood 
basins , interspersed with numerous tidal ponds and connecting channe l s. 
Levees, except a l ong minor channe l s have negligible relief: vegetation 
mapping (J. Teversham , pers. comm.) revealed little consistent contrast 
between l evee and interl evee flora and a complex distribution of the few 
species present over the floodplain. Included in the delta plain facies 
are scattered higher surfaces, inactive l evees flanking abandoned channels 
and a ma j or abandoned channel at the head of the delta, all subj ect to 
driftwood accumulation under occasional storm flooding. 

Little i s known of the s tratigraphy of the delta plain . Channel 
banks expose s tratified silt and organic detritus i ncluding occasional 
large driftwood logs. A borehole at the delta front (Figure 4, drill 
hole# 4) drill ed in March, 1974 was logged as follows: 
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peat, medium sand with 30-40% ice by volume 
90- 100% ice by vo lume 
medium gravel with less than 20% ice by volume 
abundant salt water encountered 

The gravel may derive from the Babbage River but is more probably fluvio-
glacial valley fill as sociated with late-Wisconsin ice at King Point (Figure 1 . ). 

Sediments i n the several major distributary channels which cross 
the delta are pr edominantly sand. Gravel , present in both the Babbage and 
Deep Creek above the delta, i s absent from delta channel s . The main 
distributary was sounded in Augus t 1974 and scour holes up to 7.5 m. deep 
were encountered. It is probable that fro zen ground underlies the delta 
channels. Hand probing at sect ion N3 (Figure 4) revealed frozen substrate 
0 . 5-2.0 m. beneath the channel bottom at least out to 3 m. water depth and 
possibly continuing beneath the thalweg at 5.5 m. McDonald and Lewis ( 1973) 
interpreted as f r ozen gr ound a prominent reflector observed in July 1972 
echograms from Babbage delta channels. 

Surface peat (Figure 4) occurs extens ively at or near sea level 
ar ound the estuary and as relic patches on the modern delta plain . It 
a l so occurs beneath silts in cut-bank exposures in and above the delta. In 
several places (Figur e 4) peat and delta plain facies are mixed. The age 
or ages of the peat exposures is unknown at this time . 

Intertidal surfaces ar e essentially unvegetated (Figure 7) . 
Sediments of this facies range from silt to sand, with r are ice-rafted gravel, 
little driftwood, and occasional c lasts of peat. Bedforms exposed at l ow 
water attest to upstream sand movement on channel bars under low-stage 
flood-tide conditions. Initia l impr essions suggest that the intertidal 
areas may be expanding in places at the expense of the delta plain. 

The Babbage estuary between the delta and Kay spit is both very 
shal l ow and flat; except near shore , water depths are consistently in the 
1- 2 m. range and only one bar, 500 m. behind the spit and paralle l to it, 
was found. Bottom surface sediments are largely well sor ted fine sands and 
coarse s ilts . Neither echo sound i ng nor side scan data showed any evidence 
of ice or strude~ scour (Reimnitz et al, 1974), although the estuary probably 
freezes to the bottom in many places in winter and a strudel vortex was 
observed near the distal end of Kay spit in June 1972 (McDonald and Lewi s , 
1973) . Seismic refraction data indicate sub-bottom frozen gr ound within 
the estuary (Car son et al, 1975). 

Seasonal flow char acteristics 

A break-up and summer f l ow sequence s imilar to that reported for 
Alaskan rivers (Barnes and Reimnitz, 1972; Walker, 1974) was observed on 
rivers of the Yukon north s lope in 1974. Three phases wer e distinguished : 
(a) pre-break-up flooding over winter ice, (b) break-up accompanied and 
fol l owed by snowmelt floodi ng with pronounced diurna l fluc tuation, and 
(c) general summer flow recession i nterrupted by brief s torm floods . 

* bottom marks l eft by water draining through holes in ice. 
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Blow River delta: pre-break-up flooding over 
winter ice . 
(20 May 1974; GSC 202717-0) 

Babbage River estuary: pre-break-up flooding 
over winter ice; Kay spit at extreme left 
centre , Niakolik Point at right centre. 
(20 May 1974; GSC 202717-D) 
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Unvegetated intert idal f l at at the mouth of the 
main distributary of the Babbage delta . 
(10 July 1972; GSC 202717-C) 

Sediment covered winter ice with thermo-erosional 
bedforms which has risen to the surface in the 
Babbage estuary . 
(12 June 1972; GSC 202717-B) 
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Pre-break-up flooding began at the head of the Babbage delta 
on May 16 , 1974. Flow in the Firth River had already advanced over ice 
to Nunaluk spit (Figure 1) , but other rivers along the coast, including 
the Malcolm, Spring, Running and Blow, showed no evidence of flow. 
Pre-break-up flooding in the Blow Delta began by May 18 (Figure 5) and 
was well advanced by May 30 in the Malcolm and Spring rivers. 

On the Babbage, the flow front advanced through the delta at 
a rate of about 3 km. per day and, by May 20 , the southern part of the 
estuary and a zone of sea ice outside Kay spit, to or beyond the 2 m. 
isobath, were water covered (Figure 6). At the same time, winter ice in 
some delta dis tributaries began to l i ft free of the bottom but remained in 
place until mid-June or later (Figure 3). Repeated fro st s produced fresh 
ice cover behind and around the floating winter ice throughout the earl y 
part of June. 

At B2 (Figure 4), just above the delta, channel ice approximately 
1 m. th ick began to lift on May 28 but remained in the reach until June 1. 
Soundings to bottomfas t ice suggested a late autumn water level 3 . 5 m. below 
the top of the cut bank. Water stage after May 28 fluctuated generally 
between 2 .8 and 2.2 m. below bank top but rose to a peak of 1.9 m on June 8 
and again on June 10. Snow against cut banks indicated that no higher 
flooding had occurred before regular observations began. The June 8 peak 
produced the fir st extens ive flooding of the Babbage delta plain and flooded 
the entire estuary over the winter i ce . The estuary ice subsequently 
floated and cleared compl etely by July 9 . Ice remained close against 
the seaward side of Kay spit until the l ast week in July , however . It 
should be noted in this context, though, that sea ice break-up in the 
Beaufort Sea was exceptionally l ate in 1974. 

Suspended sediment concentrations during break-up f looding at 
B2 ranged from 50 mg . / 1. on June 2 to less than 5 mg./1 . on June 6 to a 
maximum of 300 mg ./1. twelve hours after the flood peak on June 8. Much 
of this sediment i s deposited on top of bottomfast winter ice in the 
estuary (Figure 8). In the river and delta channels some bedload movement 
prior t o break-up also occurred over bottomfas t ice. This movement was very 
limited , however. Soundings encountered hard ice surfaces with only 
occasional patches of sediment except above late autumn water level s where 
the bottom was soft. Emergent bottom ice i n the channe l s was cl ean except 
for rare patches of sand and s ome gr avel . In a f ew instances, well formed, 
a symmetrical rippl es were observed in the upper surface of bottomfas t i ce; 
the l ee faces of some of these ripples carried thin s lip- face accumulations 
of sand but the ripple surface itself is apparently thermo-erosiona l in 
origin . Thermo-er osional bedforms were a l so observed in floating bottom 
ice in the Babbage estuary (Figure 8) by McDonald and Lewis (1973) . Bottomfast 
ice in channels clearly inhibits bed scour during pre-break-up f looding. 
Peak spring discharge may occur after break-up, however, and the extent 
to which scour may then be inhibited by a f rozen channel perimeter is not 
known. 

Continuous water stage records were obtained for Deep Cr eek from 
July 4 to August 22 and for the Babbage River over the same period with 
some breaks . The data indicate an i nitially strong diurnal fluctuation on 
both s treams, diminishing with time , but persis ting i nto August . These 
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fluctuations were also noted by McDonald and Lewis (1973) on the Babbage 
in June and earl y Jul y 1972. The general reduction i n discharge t hroughout 
the 1974 record was interrupt ed by brief f l oods on f ive occasions: the 
largest, August 13-15 , produced a rise in s tage on the Babbage of 1. 25 m. in 
48 hours , of which 1 . 00 m. occurred in 14 hours. Babbage discharge 
exceeded 60 m. 3;sec. during l ess than 10 per cent of the 50 day record and 
20 m. 3/sec . during 75 per cent of the r ecord. Deep Creek showed the same 
pattern as the Babbage , but with l ower more attenuated peaks. 

In late J une , suspended sediment concentrations were higher in 
Deep Creek than in t he Babbage : typica l values on June 19 at 03 and B4 
(Figur e 4) were 100 and 10 mg./1. r espect i vely. This difference was also 
noted during s torm floods later i n the summer . Except for these floods, 
suspended sediment discharge decreased with water discharge through the 
summer, concentrations in August being generally less than 1 mg ./1. Surface 
water and sediment discharge to t he delta probably ceases in l at e autumn or 
ear l y winter , although extensive icings on the Crow and upper Babbage in 
August 1974 attest to wint er discharge at some point s in the basin. 

Preliminary measurements of sal i nity, conductivity and t emperatur e 
were made in the Babbage estuary in mid-July. The maximum salinity, 2.5°/ 00 , 

was recorded in the estuary behind Kay spit and the minimum, 0.2°/ 00 , in river 
water of Niakolik Point (Figure 4) . Water t emperatures varied from 7.o0 c 
in river water to 2 . soc in water of intermediate sal inity off the distal 
end of Kay spit . No s i gnificant ver tical variations in salinit y, conductivity 
or temperature were encountered. 

6.1.2 Coastal cliffs 

To both t he east and west of the Babbage estuary the shoreline i s 
fronted by rapidly retreating coast a l cliffs . Sediment i s fed from both 
directions into t he Phill ips Bay sediment s ink. The coastal c l iff southeast 
of Kay Point (Figure 4), probably the mos t r apid l y retreating a long the entire 
Yukon coast (McDonald and Lewis, 1973) has been chosen f or detailed study . 

Thi s portion of cliff may be divided i nto two segments (Figure 4). 
In segment 1, the cliff is 5-10 m. high , vertical , oft en undercut and has 
no visibl e beach at normal water levels (Figure 9) . A gener ali zed section 
is given in Figure lla. Retreat has ranged from 25-90 m. i n 16-18 years 
(McDonald and Lewis , 1973) and is controlled by melt i ng and gulleying 
along ice wedge l i nes , undercutting , and subsequent block s lumping . 

In segment 2, the cliff (Figure 10) r ises to 90-100 m. , becomes 
less steep, changes i n stratigraphy and is front ed by pocket beaches. A 
60 m. drill log section near the edge of the cliff (Figure 4) taken in 
Mar ch 1974 is shown i n Figure llb. Sediment s are finer and ice content 
higher t han in segment 1 . Ground ice slumps and associated mudflows pl ay 
an import ant role in retreat which has been in the order of 25-50 m. over 
the last 16- 18 years (McDonald and Lewis , 1973) . Simil ar slumps are 
encounter ed west of the Babbage estuary (Fi gure 12). 
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Undercut cliff at Kay Point during August storm; 
view northeast from Kay spit. 
(20 Augus t 1974; GSC 202717-A) 
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Figure 10 . Cliffs sout heast of Kay Point; view southwest along 
March 1974 drilling l ine. 
(16 May 1974; GSC 202717-M) 
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Coastal ground ice slump and associated 
mudflows, Spring River area . 
(8 August 1974; GSC 202717-G) 
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Bathymetric profiles off both c liff segments are concave upward 
with the 5 m. isobath 150- 200 m. from the shoreline. Analysis of sei smic 
refraction data indicates the presence of sub-bottom frozen ground in 
near shore areas (Carson et al, 1975). 

6 .1.3 Kay Point spit 

Much of the coarser sediment eroded from the cliff segments is 
carried northwest around Kay Point and deposited on Kay spit (Figure 1) . 
This linear feature (Figure 13) is approximately 4.9 kJri . l ong , averages 
61 m. in subaerial width and consists largel y of gravelly sand (Figure 14) 
deposi t ed over the estuari ne sandy silts . A March 1974 drill hole (Figure 
4) showed sand and medium gravel to a depth of 5 . 2 m., gravel decreas ing 
to zero at 10.7 m. and silt content increasing with depth. A typical spit 
cross- section near the drill hole is given in Figure 15 . Permanently 
frozen ground exists along the length of the spit but the drill hole 
penetrated a thin talik (unfrozen zone) beginni ng at 11.0 m. 

The spit protects much of the Babbage estuary from marine wave 
activi t y and appears to be quite active, having extended about 400 m. and 
retreated on line with Kay Point between 1952 and 1970 (McDonald and Lewis , 
1973) . Most sediment movement occurs during s torm surges. A surge which 
reached t he high driftwood line on the Babbage delta, several metres above 
the astronomical t ide of about 0 . 7 m., would comp l etely inundate the spit. 
The transport of sediment is also gr eatly i nfluenced by sea ice, both 
directly, through the movement of sediment by ice push - observed in 1972 
but not in 1974 - and indirectl y , t hrough the effect of the ice on s torm 
surges and associated wave activity . As has been mentioned, ice conditions 
during the summer of 1974 were among the worst on r ecord. The s ea ice 
remained sol id off Kay spit until late July and, although broken, persist ed 
near shore fortheres t of the summer. A storm in l ate August, with winds 
exceeding 64 km/hr., caused onl y a s light surge and only smal l waves 
(Figure 9) because of the very short ice-free fetch . Because of the ice 
prot ection, the upper for eshore of the spit beach maintained its winter 
profile throughout the open water season. 

As off the coastal cliffs, bathymetric profiles off the spit are 
concave upward but the 5 m. isobath is 400-600 m. from the shoreline , two 
to three t imes its distance from the cliffs . One or two nearshore bars, 
0.5-1.0 m. in height, par a l lel the spit for most of its l ength and 
occasional sand wave fields with lee f aces toward shore lie seaward of the 
bars. Side scan sonar showed l ittle evidence of ice scour out to the 10 m. 
isobath, the maximum depth scanned. Again, seismic refraction data 
indicate sub-bottom frozen ground , in thi s case extending offshore to a 
distance of at least 400 m., its upper surface 20-30 m. below the bottom 
200 m. from shore (Carson et al , 1975). 

6 . 2 Coastal Susceptibil ity to Oil Spi lls , 1974 Fi e ldwork 

This portion of t he project represents, basically , an extension , 
in consider ab l y less detail, of the Kay Point s tudy to other areas of t he 
Yukon coast subject to frequent inundation by sea water. 
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Figure 14. 
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Kay Point spit; view southwest . 
(26 June 1974; GSC 202717-H) 

Kay spit, distal island; view southwest 
along foreshore. 
(12 June 1972 ; GSC 202717- K) 
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6.2.1 Blow River Delta 

The Blow River is somewhat smaller than the Babbage but its delta 
has approximat ely twice the subaerial ext ent of the Babbage delta (Table I). 
Unlike the est uarine Babbage de l ta, the Blow delta is arcuate i n form, 
protruding out from the coastal cliffs rather than bei ng protected by t hem. 

Except in outline and exposure, the two delta pl ains are quite 
simil ar. Both contain several major distr i butary channels , extensive 
vegetated inter-levee f l ats and numerous lakes, some with connecting 
channels to t he distributaries. Like the Babbage, levees in the l ower Blow 
delta are a l most indis tinguishable , their re l ief seldom exceeding 0 . 5 m. 
Because of its proximity to t he Mackenzie, much more driftwood has been 
stranded on the surface of the Blow delta t han on the Babbage. The highest 
driftwood line on the Blow was formed during a storm surge which reached 
more than 2 m. above normal high tide and covered considerably more than 
50 per cent of the subaerial surface in front of the coas t a l cliffs. 

Textural l y , the t wo deltas are also alike. Fi ne gravel in t he 
upper Blow delta changes abruptly to silt i n the lower (Wal ker and McCl oy , 
1969) . Organic detritus appears to be mor e prominent in the Bl ow than i n 
the Babbage , however. All lower de l ta p l ain samples show a high percentage 
of organics, with low scarps (up to 0.8 m. i n height) cut into the vegetated 
delta-front alluvial islands being composed a l most entirel y of organi c 
material (Figure 16). 

These scarps, together with t he absence of s ignificant inter- tidal 
flats except near the mouths of active distr ibutaries, suggest retreat of 
the subaerial front of the Blow delta, perhaps even more rapid l y than t he 
Babbage. Water depths off the front of the Blow are very shal l ow, though, 
so the r et reat may depend upon the temporary l ocation of distributary 
mouths and t hus be more apparent than real . At one site near t he major 
western distributary mouth, water depth was less than 1.0 m. out to 1. 2 km . 
off-shore, increased in a series of steps to 2.5 m·. at 1.3 km. and was 
cons tant at 2 . 5 m. depth to at least 2.1 km . from shore . 

6 . 2.2 Shingle Region Coastal Cliffs 

Cliffed shor e lines offer only small areas which are r egularly 
covered by sea water. They are , however, the prime sources of sediment for 
the major spits to be discussed in the next section of this r eport. 
Between Shingle spit and the Bl ow River delta the coastline is c l iffed 
except at the delta of the Running River. Two areas of this cliff were 
examined in 1974, primari ly for comparison with the Kay Point cliff study. 

East of the Running River a l argely unvegetated gravel scarp , 
gul l eyed at i ntervals along its l ength , r i ses at an angle of 32- 35° to an 
elevation of 15- 20 m. Sediment eroded from this scarp is moved eastward 
along the narrow beach which front s it and i s the source of gravel found 
i n a sequence of beach ridges on the wester n Blow River delta. West of 
the Running River the scarp r eaches elevations of more than 30 m. but is 
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Figure 16. Blow River delta pl ain, east side; view 
southeast of organic coastal foreshore scarp. 
(7 July 1974; GSC 20271 7-I) 

Figure 17. Shingl e Point spit; view ~est; note 
shor eline pressure ridge at upper 
right and promi nent driftwood line. 
(21 June 1974; GSC 202717-N) 
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l ess s teep, most ly vegetated and composed predominantly of silts. 
r eaches sea l evel primari l y by mudflows and by erosion in gulleys . 
c l iff segment i s similar in many ways to segment 2 a t Kay Point. 

Material 
This 

6.2.3 Coastal Spits 

The three spit areas studied - Shi ngle, Kay and Nunaluk (Figure 1) -
• are among the mos t prominent depositional features found a long the Yukon 

coast. Of these, Kay has already been discussed. Shingle (Figure 17) and 
Nunaluk are longer, wider and higher (Tabl e II ) but are s imilar in form 

Spit 

Shingle 

Kay 

Nunaluk 

Length 
(km.) 

5 . 4 

4.9 

12. 2 

TABLE II 

Yukon Coast Spit Morphometry 

Mean Subaerial 
Width (m. ) 

141 

61 

163 

Mean Berm 
Height (m.) 

1. 53 

0 . 96 

1. 49 

Foreshore a 
Sl ope 

0 . 085 

0.066 

0 . 041 

aBerm crest to shoreline 

bshor e l ine to 5 m. i sobath 

Nearshoreb 
Slope 

0 . 006 

0 . 010 

0 . 017 

and, with l ocal ized exceptions , in the presence of both sand and gravel 
sediment types . The lower berm elevation of Kay spit may be due to the 
protection against the dominant southeasterly moving storm waves offered 
by Herschel I s land and the bar between i t and Kay Point (Figure 1) . It 
does not appear t o be related to nearshore s l ope (Table II) . 

Typica l subaeria l profiles and sedi ment types for each spit ar e 
shown in Figure 15 . Four morphol ogic components (sampling strata) are 
common t o most of the spit zones examined: foreshore, backshore I , 
backshore II , and l agoon shore . The significance of the surveyed foreshore 
geometry is difficult to evaluate because the upper portion i s relic , 
undisturbed during the 1974 open water season. Berm e l evat ion over the 
l ength of a l l spits is relatively constant except for a sudden drop from 
the end of t he main Nuna luk spit to the distal i slands (Figures 15, 18 and 
19) . Behind the ber m crest , the backshore I stratum consists of washover 
deposi t s which overlie older backshore II sediments . The boundary between 
the two is commonly an abrupt scarp. In the proxima l zones of Shingle 
(Figure 20) and Nunal uk spits, the washover deposit s appear to be 
transgr essing, possible evidence of shoreline retreat. The lagoon shore 
s tratum i n all cases is lower and displays fewer and smaller ridges than 
the foreshore because of shallow depths, seldom exceeding 2 m., and short 
f et ch in the l agoons. 



Figure 18 . 

Figure 19. 
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Nunaluk spit, pro.ximal end ; view west along 
foreshore storm ridge, berm at far left. 
(22 August 1974; GSC 202717-E) 

Nunaluk spit, second distal is l and; view west 
a l ong foreshor e . 
(16 August 1974; GSC 202717-L) 



Figure 20. 
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Shing l e spit : unvegetated backshore I 
sediment s (washover lobes) advancing over 
backshore II. 
(7 July 1974; GSC 202717) 
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No consistent pattern of lengthwise variation in mean sediment 
size is apparent among the spits. Preliminary observations show Shingle 
to be relatively constant along its length; Kay coarsest at its proximal 
end and constant thereafter; and Nunaluk (Figures 18 and 19) with a gradual 
increase toward its distal end and a sharp decrease to almost pure sand 
on the second and third dis tal islands. Laterally, the foreshore stratum 
is both coarsest and most variable. Backshore II is much finer than backshore 
I with silt commonly present in addition to the usual sand and some gravel. 
Mean size increases, but not to foreshore l evels, on the lagoon shore. 
These lateral changes are normal for spits at any latitude. 

Nearshore bars exist off Shingle as well as off Kay, but are 
neither numerous nor prominent. No bars were found off t he attached 
segment of Nunaluk spit in 1972 but a compl ex system of bars and channel s 
existed seaward and between the dista l is l ands, probably due, at least in 
part, to Firth River discharge (McDonald and Lewis, 1973). As at Kay, 
little evidence of ice scour was found in the nearshore areas of Shingle 
and Nunaluk spits, this phenomenon apparently ceasing at about the 10 m. 
isobath where winter shorefast ice begins (J.M. Shearer , pers . comm.) . 
Nor were significant ice-related sedimentological features observed on 
the beaches of these two spit s in 1974 but Alaskan observations (Hume and 
Schalk, 1964 and 1973; etc.) and 1972 observations on Kay spit (McDonald 
and Lewis, 1973) suggest that 1974 was an unusual year in this regard. 
A major shoreline pressure ridge lay off the proximal half of Shingle 
spit for most of the summer of 1974 (Figure 17) but, while it undoubtedly 
moved considerable quantities of sediment in the nearshore, it had rio 
direct effect on the subaeria l beach. 
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7. DISCUSSION 

Because the areal extent of 1974 fi eldwork represents only part 
of that covered by Geological Survey coastal inves tigations in the Beaufort 
Sea, it seems appropriate in this section to briefly discuss previous work 
to the east of the Yukon-Northwest Territories border in the context of 
the Yukon coast results. 

The estuarine Babbage delta appeared to be of part i cular interest 
because, in a morphologic sense, it is similar to the modern Mackenzie 
delta. Hydrologically , however, the two are not nearly as similar. 
Unl ike the Babbage, the Mackenzie flows a ll winter along its full length 
and is exot ic, its break-up and flow being influenced to some extent by 
non-arctic condit ions to the south . But like the Babbage, significant 
sediment transport event s are confined to the break-up and summer flow 
periods and storm tides on the Beaufort Sea play an important r ole in 
deltaic sedimentation. 

East of the Mackenzie delta, the northwest coast of t he Tuktoyaktuk 
Peninsula, unlike the Yukon coas t , is deeply embayed along much of its 
l ength, its shape reflecting the breaching of thermokarst lakes which cover 
large portions of the coastal plain. Large spits and long barrier bar 
sequences have formed because of the l ow offshore gradient, much lower than 
off most of the Yukon coast . These features protect much of the coast from 
direct wave att ack . 

The materials in the spits and bars reflect largely the nature of 
nearby and underlying depos its. To the south and west of the set tlement 
of Tuktoyaktuk, beach materials are similar to those of the Yukon coast: 
pebbl e gravel in medium sand matrix , derived f rom gravel lenses i n 
fluvial out wash and from a : pebbly c l ay till. To the north and east of 
Tuktoyaktuk, the gravel disappears and beaches are composed of medium to 
fine sand eroded from the more dista l port ions of fluvial and deltaic 
outwash deposits. Because of the predominance of sand, i t can be difficult 
to distinguish stratigraphical l y between the depositional features and the 
underlying outwash (McDonald, Edwards and Rampton, 1973) . Stabilized 
and partially stabilized dune zones are common along this segment of coast. 

Like the Yukon coast, the northwest coast of the Tuktoyaktuk 
Peninsula is retreating, with both rates of r etreat and resulting coastal 
configuration affected greatly by the nature and distribution of frozen 
ground . This effect i s both direct, in that l ocal rates of r etreat are 
greatest where coastal c l iff sediments contain considerable ground ice, 
and i ndirect , i n that the shape of a large part of the coastline is 
controlled by apparent retreat due to the breaching of thermokarst lakes. 
Relic submarine frozen ground exists in many nearshore areas (Mackay, 1972; 
McDonald , Edwards and Rampton , 1973) because of this coastal retreat . 

Although steep, cliffed shorelines occupy a much smaller proportion 
of t he total length of the Tuktoyaktuk Peninsula than of the Yukon coast 
and no major rivers enter the sea along it, the size and number of 
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depositional features suggest, even with the l ow offshore gradient , a 
ready availabi l ity of sediment. Much of this material is moved northeast, 
under the control of offshore currents and of discharge from the East 
Channel of the Mackenzie River. In Kugmallit Bay, the effect of this 
regional drift on depositional shore features is very weak and these 
deposits primarily reflect local factors such as wind direction , nearshore 
bathymetry and coastal orientation. To the east, however, the regional 
transport direction has more influence and large spit s and barrier bars 
suggest coastal sediment transport northeast to Liverpool Bay. 

8 . CONCLUSIONS 

The main scientific conclusions result i ng from this study are : 

1 . The major geomorphologi c f eatures of the Yukon Beaufort Sea coast are: 
(a) steep coastal cliffs, often containing significant amounts of 
ground ice, and fronted by narrow beaches; (b) spits and barriers up 
to 10 or more ki lometres in subaerial l ength and several hundred metres 
wide ; and (c) deltas of coastal plain rivers with vegetat ed or partially 
vegetated subaerial delta plains up to 50 km.2 i n area. 

2 . Cliff sediment s range from gravel t o icy clay. The fine material i s 
moved off shore and beaches, spits and barrier s are usually composed 
of r emnant gravels and sands . Coastal plain rivers have gravel beds 
but this gravel does not reach the lower delta plains where sediment s 
are primarily organic-r ich si lts and fine sands. 

3 . Cliff retreat of up to 90 m. in 16-18 years has oacurred, largely 
through undercutting and s ubsequent block slumping, gulleying , an~ 
mud f l ow associated with ground ice s l umps. Sediment derived from 
this retreat is moved along shore and has led to hundreds of metres 
of spit and barrier extension over the same time period . 

4. Significant sediment transport events are associated wi t h spring 
break-up and s t orm floods on the rivers and with meteorological tides 
and wave activity dur i ng these storms a long the coast. Berm elevations 
of over 1. 5 m. on spits and driftwood lines more than 2 m. above 
normal high tide on subaerial delta p lains at t est t o the rise in sea 
leve l and i nundation of coastal depo s itional features during these 
storms, most commonly in the summer and fall but occasionally during 
the winter . 

5 . Firs t flow in rivers, deltas and estuaries occur s well before sea ice 
break- up and i s commonly over bottomfast wint er ice . This ice inhibits 
bed scour during early flooding . Fo llowing spring break-up , river 
discharge dec lines except for brief rises during storm events . 

6 . The direct effect s of sea ice on the stability of coastal featur es 
appear to be small . Only minor examples of the movement of beach 
s ediment by ice pus h and scour of the nearshore sea bed by i ce have 
been observed , this l atter phenomenon apparently ceasing shoreward 
of the 10 m. isobath. Indirect effects, particularly the influence 
of the amount and l ocation of ice on s t orm surges and assoc i ated 
wave activity, are much more important. 
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7. Offshore gradients can be quite steep off many portions of the Yukon 
coast, most commonly where the shoreline is cl iffed . Profi l es are 
generally concave upward and few nearshore bars exist. Off river 
deltas, though, depths are very shal low, seldom exceeding 2 m. a 
kilometre or more from shore . Shal l ow depths in the Babbage estuary 
prevent the development of significant vertical variations in water 
temperature and salinity . 

8. Rapid coastal retreat , shallow water depths and low water temperatures 
have enabled the preservation or formation of permanent l y frozen 
ground beneath estuary and nearshore areas . 

9. Unlike the Yukon coast, the northwest coast of the Tuktoyaktuk 
Peninsula i s deepl y embayed along its length, its shape reflecting 
the breaching of thermokarst lakes which cover large portions of the 
coastal plain. Major spits and long barrier bar sequences have formed 
because of the much lower offshore gradient than off the Yukon coast. 
Sediments in coastal depositional features are mixed gravel s and sands 
west of the settlement of Tuktoyaktuk and, most commonly , pure sand 
east of Tuktoyaktuk. Like the Yukon coast, the shoreline of the 
Tuktoyaktuk Peninsula is retreating, with most of the derived sediment 
being moved northeast toward Liverpool Bay . 

9 . IMPLICATIONS AND RECOMMENDATIONS 

9.1 General Scientific 

In an average year, the southern Beaufort Sea coast, particularly 
east of Herschel Is l and , has a relativel y long open water season and 
cannot be considered true arctic in nature. Normal marine processes 
dominate for about three months of the year. During this time period, the 
arctic environment influences these processes only through the increas ed 
relative importance of extreme storm events , the occasional movement of 
sea ice near shore during these events and, as was so well demonstrated 
during the summer of 1974, through the major year to year variations in 
c l imate and sea ice conditions which may occur. 

The response of coastal materials to summer marine processes , 
however, i s conditioned by the arctic environment. Frozen ground plays 
an important role in the coastal zone, most importantly through its 
influence on rates of coastal retreat and, along the Tuktoyaktuk Peninsula , 
through the control of thermokarst lakes of coas tal configuration . 

9.2 Matters Relevant to Development 

Development i s considered here primarily with respect to the 
potentia l effects on the Beaufort Sea coastal zone of an oil spi ll during 
expl oratory offshore drilling. Consideration is given as well, however , 
to the possible use of the coast for s taging areas or other shore 
installations associated with petroleum exploration and development . 

The detail s of coastal processes and responses , particularly for 
short-period events , are not yet well understood in the Beaufort Sea area . 
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The studies undertaken at Kay Point will go far toward remedying this 
situation. The discussion which follows, however, precedes the completion 
of these studies and its value must be considered in the context of this 
knowledge. 

1. The coastal zone is a dynamic one , particularly so in this part of the 
Arctic where shore materials are unconsolidated and often contain 
significant quantities of ground ice. Its instability must be taken 
into account in considerations of both oil spills and coastline 
development. 

2. The largest areas subject to frequent inundation by sea water and thus, 
potentially, by oil in that water are the river deltas, particularly 
the Mackenzie itse l f and, along t he Yukon coast , the Blow and Babbage 
deltas. These deltas have a high silt content and their sediments are 
frozen to considerable depths. Thermal disturbance through vegetation 
damage could lead to considerable consolidation. Because the delta 
plains are major wildfowl nesting areas, oil must be prevented from 
reaching them. 

3. Oil i s most likely to reach the coast during summer and fall but open 
water and wave activity are possible even during winter . The sea ice 
was broken up off Kay Point and the Babbage estuary flooded during a 
severe s torm in early January 1974 (R. Mackenzie , pers. comm.). 

4. Shoreline materials are constantl y in motion during the open water 
season and, with the continuous possibility of storm surges, oil from 
a spill could cover depositional coastal features at any time, be 
buried by subsequent sediment accumulation, exposed again, transported 
along the shore, re-buried, and so on. 

5. In the event of an oil spil l approaching the coas tline, i t may be 
possible to use lagoons behind spit s and bars or, along the Tuktoyaktuk 
Peninsula, breached thermokarst l akes to contain it. The resultant 
potential for destruction of fish and wildlife is critical to this 
s uggest ion but, if other methods of containment are less reliable or 
cause even greater destruction, use of natural features may become 
viable. 

6. Shore installations must be carefully located so as to avoid areas 
where large amounts of ground ice are present . Disturbance of the 
ground thermal regime will only serve to further increase already 
rapid rates of coastal retreat . Construction off shore must take 
into account the likely present of and,because of low sea water 
temperatures, the possible growth of sub-bottom frozen ground. 

7. Beach materia l is primarily l ocal in origin, its maximum travel defined 
by the distance to the outer boundary of the feeder area of the near
shore sediment sink toward which it is moving. Remova l of material or 
blockage of longshore drift for construction purposes will have effects 
both up- and down-drift. Because disturbance at one constr uction sit e may 



- 38 -

affect conditions at another, fina l sel ect ion of s ites should be 
made only after the detailed nature of sediment suppl y in the a r ea 
is known. 

10. NEEDS FOR FURTHER STUDY 

Work which has been complet ed to date has largely been descriptive 
in nature . Both the Yukon and Tukotyaktuk Peninsula coasts have been 
covered in some detai l. There remains possibly the most critica l area of 
all: the modern Mackenzie delta be low the highest stor m surge driftwood 
line and the rapidly r etr eating Pleistocene islands which border it . 
Field operations will be more difficult to carry out i n this area but 
should be completed before any j udgement s on the susceptibi l ity of the 
Beaufort Sea coast to oil spil l s are made. 

The second important gap in present knowledge has been mentioned 
several times i n this report: the lack of information on the detail s of 
sediment movement dur i ng short-period storm events . Data on this quest ion 
will be available following the completion of the Kay Point process-response 
study in 1977. 
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Introduction 

1. My intention is to discuss those physical aspects of the Beaufort 
Sea coast which might be important in any plan to devel op hydrocarbon 
resources offshore. 

2. In this development I include both construction and operational 
requirements: for example, pipelines coming ashore, harbour develop
ment, staging facilities, and the coarse aggregate mining necessary 
for their construction. 

3. Because any pipeline from offshore wi ll probably need to move crude 
oil as well as gas, the consequences of an oil spill are also 
relevant. 

The Coastal Zone 

4. For the purposes of this discussion I have defined t he coastal zone 
as the area between the highest storm tide l ine on l and (about 3 m. 
above mean sea level) and the 10 m. water depth (commonly assumed 
to be the seaward limit of bottom material movement by waves). 

5. The effects of development in this zone are of particular importance 
because it contains large bird and fish populations and is the part 
of the Beaufort Sea most used by man at the present time. 

Slide l* 

(Map of Southern Canadian Beaufort Sea Coast) 

6 . The length of coast with which I am personally familiar and which 
I wi ll consider today extends from the Alaskan border to the eastern 
end of the Tuktoyaktuk Peninsula at Cape Dalhousie. 

7 . The topics I intend to cover include: the effects of an Arctic 
environment, nearshore water circul ation, storm surges, coastal 
landforms and materials, and coastal stability - all set in the 
context of the influence they should have on the type, extent and 
location of facilities associated with hydrocarbon resource 
development. 

Effects of an Arctic Environment 

8. It is, I think, important to realize that the area under discussion 
is, in some senses , not "true Arctic" in nature. The open water 
season, particularly where the influence of the Mackenzie River i s 
felt, i s long by arctic standards. For 3 to 4 months a year there 
can be tens or even hundreds of miles of open water on which wind 
can generate waves to cut back the coast. 

*Black and white prints of colour slides used during presentation 
of this testimony are included at the end of the text . 
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9. The response of coastal materials to wave attack is, however, "true 
Arctic" in nature. Frozen ground plays an important role in the 
coastal zone. Unlike ar eas such as the Canadian west coast, coastal 
material s along the Beaufort Sea ar e unconsol idated . No bedrock is 
present. But because this unconsolidated material i s permanently 
frozen and contains considerable gr ound ice in many locations , both 
the nature and rates of coastal change diff er considerably from 
what they might be in a more temperate climatic setting. 

10. The net effect of these factors i s complex. Because of the long 
open water season and the unconsolidated nature of the coast a l 
materials, the entire coastline is retreating. The rate of retreat, 
however, is controlled to a l arge extent by the nature, amount and 
l ocation of gr ound ice in the sediments. Where the coast is composed 
of coarse sands and gravels, the frozen nature of the materials may 
slow down wave erosion . But where large amounts of ground i ce are 
present , r etreat will be even more rapid than if the materials were 
unfrozen. 

11. From the development point of view , these factors are critical. 
Facil ities must contend wi th both an active summer mari ne envi ronment 
and the presence of frozen ground - a situation for which there is 
no paral l e l in past hydrocarbon deve lopment. 

Nearshore Water Movement 

12. The patterns of water movement in the coastal zone are quite differ ent 
from the offshore circul ation . As you will see, they are very 
r e l evant to the eff ect an oil spill might have on the coast. 

Slide 2 

(Topkak spit) 

13 . Because the nature of t he Beaufort Sea coast has been conditioned 
by t he r e l at ively rap i d erosion and redi stribution of the material s 
of which it is composed, the pos ition and orientation of resultant 
depositional features, like this spit just north of Tuktoyaktuk, 
can be used to infer the dominant direction of sediment movement and 
thus the dominant l ongshore current direction at any location wher e 
they are present. 

14 . Please note that I use the term dominant direction . I don ' t mean 
t o impl y that this i s the only direction i n which nearshor e curr ents 
can flow . It is probabl e , though , that t he dominant directions are 
those in which oil would move during major sediment transport events , 
that is t o say during s ummer and fall storms when low lying areas 
could be f l ooded by the sea l eve l rises associated with strong onshore 
winds , and thus would be open to i nundation by oil. 
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Slide 3 

(Map of Southern Canadian Beaufort Sea Coast) 

15 . I have plotted dominant current directions for the Beaufort Coast 
on this map as black arrows and, on the basis of these directions, 
I've divided the coast into segments. Each segment consists of a 
sediment sink toward which sediment is being moved and the contribut
ing source area. The segment boundaries are indicated by the light 
lines on the map and each segment (there are 11 in all) is labelled 
by the black lett er s on light backgrounds . 

16. The importance of this segmented circulation pattern i s that, 
particularly during storm events, oil reaching the nearshore zone 
will tend to remain within the coastal segment s I have identified 
and to move toward the sediment sink of each s egment. 

17. It might appear attractive , as well, to locate shore ins tallations 
having a high potential for spil lage in the sink areas . Unfortunate l y , 
however , because these areas are sediment as well as potential oil 
sinks, they tend to be ver y shallow and to contain spits and lagoons 
that make them favorite locations for fish and shore bird populations . 

Storm Surges 

18 . I have already ment ioned sea level rises associated with strong 
onshore winds during summer and fall s torms ; these rises are sometimes 
called storm surges. 

19. Based on an examination of tide gauge records at Tuktoyaktuk, 
Dr. R. F. Henry of Ocean and Aquatic Affairs, DOE identified 22 sur ges 
which caused water level rises of mor e than 1 m. between 1962 and 
1973, i ncluding 2 which caused rises of more than 2 m. A September 
1970 storm, for which no tide gauge data ar e available, may have 
caused a rise of as much as 3 m. at Tuktoyaktuk . 

20. These surges ar e of importance for several reasons: first, waves 
associated with them cause much of the erosion and longshore 
sediment movement which occurs a l ong the Beaufort Sea coast, a topic 
I will discuss later; and, second , they l ead t o the inundation of 
l ow- l ying coastal areas by sea water, water which might contain oil 
in the event of a spill . 

Sl ide 4 

(Kay Point Spit; J une 21, 1975) 

21 . This view is of Kay Point spit on the Yukon coast. The spi t is about 
5 km. l ong and its crest is about 1 m. above normal mean sea level. 
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Slide 5 

(Kay Point Spit; Aug. 10, 1975) 

22. This view i s identical to the last one, but taken during a r e latively 
minor s torm surge which occurred in August 1975. 

Slide 6 

(Map of Southern Canadian Beaufort Sea Coast) 

23. Of even greater extent than the spits, bars and beaches are the l ow 
l ying delta areas of the Beaufort Sea coast , all major wildfowl 
nesting and staging areas, which could be inundated by a storm surge 
and by oil or other pollutants contained in the water . 

24 . Driftwood lines on the Mackenzie delta indicate that the outer delta 
could be inundated by an extreme surge as far south as the lower 
black l ine (3) on this slide, a line which r epresent s the location 
downstream from which channel banks, t he highest parts of the delta 
plain, are lower than 3 m. 

25. This is an area of almost 3900 sq. km. , which, if it were square, 
would have sides over 60 km . l ong . About 20% of the area is covered 
by shallow lakes i n which pollutants could be dropped and, of this 
area, almost 30% or 223 sq . km . is connected by channel s which 
eventually reach the sea . Pollutants could be carried into this 
type of lake even by surges which were not high enough to flood the 
delta surface. 

26. Exactly how far up delta sea water might penetrate during a surge 
i s dependent upon the influence of r iver flow as wel l as upon surge 
flooding. To my knowledge no research has been undertaken into 
water circulation patt erns over flooded areas of the de l ta but Dr. 
Henry' s storm surge studies suggest the possibi l ity that sea water 
and associated pollutants might be drawn in on the Shallow Bay side 
and river water diverted out East Channel (Technical Report No . 19 
for the Beaufort Sea Project). 

Coastal Landforms and Coas tal Mat erials 

27 . Let us move now to a discussion of the major landform t ypes found 
along the Beaufort Sea coast and of the importance of their nature 
to deve lopment. 

28 . Within each of the coastal segments I have defined , one or mor e of 
the following types of l andform dominate the coastline: 

a. St eep c l iffs, often containi ng significant amounts of ground ice, 
and fronted by narrow beaches; 

b . Thermokars t l akes breached by coastal er osion; 
c. Spits and barrier s up to 12 km. in l ength and several hundred 

metres wide ; and lastl y 
d . River deltas, particularly that of the Mackenzie, one of the 

larges t deltas in the world. 
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A. Coastal cliffs 

29. Of these landforms types, coas t al cl iffs occupy the largest portion 
of shoreline in al l coastal segments except for the modern 
Mackenzie del ta and the eastern end of t he Tuktoyaktuk Peni nsula . 

30. High and steep cliffs are more common along the Yukon coast than 
along the lower- l ying Tuktoyaktuk Peninsul a where a re l ative l y 
small offshore gradient decreases the effect iveness of wave erosion. 

31. The cliff form is largely a function of the mat erials of which it 
is composed. Gravel and sand dominate along the Yukon shorel ine 
but layers of silt and clay are common . Gravel is al so common 
along the Tuktoyaktuk Peninsula west of Tuktoyaktuk, but sands and 
silts prevail to the east . 

Slide 7 

(Sand bluffs at the mouth of East Channel) 

32 . Where the material i s coarse, c l iffs tend to be steep but not vertical, 
l ike this sand bluff near Kittigazuit at the mouth of East Channel, 

Slide 8 

(Cliff at Tukt oyaktuk) 

or the sandy gravel cliff at Tuktoyaktuk itsel f. 

Slide 9 

(Cliff at Running River mouth) 

They may even be vegetated like this one near Shingl e Point on the 
Yukon coast. 

Slide 10 

(Vertical bluffs at Kay Point) 

33. Where the material i s fine-grained , on the other hand, the cl iffs 
will be vertical like this one near Kay Point, 

Slide 11 

(Multi-cyclic ground ice slump area near Tukt oyaktuk) 

and if the fine-grained materi al contains lar ge t hicknesses of massive 
ground ice, ground ice s lumps like this one just west of Tuktoyaktuk, 

Slide 12 

(Exposed massive ice in ground ice s l ump of Kay Point) 

or this one at Kay Point, will develop. The banded material in the 
centre of this s lide is a l most pure ice. 
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34. These cliffed areas may seem desirabl e as locations for harbours, 
staging areas,etc. because their tops are well above storm surge 
levels, water depths offshore from them are usually relatively deep, 
and, if the cliff material i s coarse , a suitable source of construction 
material is close at hand. 

35. But the nature of the cliff material is critical . The most ideal 
location for a deep water port along the southern Beaufort Sea 
coast might seem to be in the area of Babbage Bight just east of 
Kay Point because water depths close to shore are deep. The cliffs 
i n this area, however, are fine-grained and contain considerable 
massive ice. Vert ical bluffs and ground ice slumps predominate. 
Hardly an ideal location for land facilities associated with a harbour. 

36. The presence of frozen ground and massive ice is also relevant to 
any pipelines which might come ashore in cliffed areas. 

Slide 13 

(Undercut bluffs at Kay Point) 

In areas like this one near Kay Point massive ice bodies extend below 
sea l evel and out under the shallow water near shore. Wave erosion 
during the August 1975 storm I mentioned previously cut a niche at 
the base of the cliff and exposed the ice behind. This, incidentally, 
is exact l y the situation which exists along the cliffs which front 
Tuktoyaktuk and is the major reason why it will be so difficult to 
stabilize the cliffs there . A hot oil pipeline would be subject to 
failure under these conditions. 

B. Thermokarst Lakes 

37. In addition to the coastal cliff areas, there is a second type of 
coast-line in the southern Beaufort Sea which is basically erosional 
in nature. 

Slide 14 

(Phillips Island Photomosaic) 

This photomosaic is typical of large parts of the coast along the 
Tuktoyaktuk Peninsula, particularly east of McKinley Bay. 

38. At first glance the coastline appears drowned, but in fact, its outline 
reflects the breaching by coastal erosion of the lakes which cover 
much of the Peninsula. These lakes are commonly thermokarst in origin, 
resulting from ponding and resultant differential melting of excess 
ice i n the sands and silts which form their boundaries . 

39 . Breaching leads to at least partial draining of the lakes and, if this 
drop in water level is sufficient to enable the lake to freeze to the 
bottom in winter, to the formation of pingos. The "two-pingo lake" on 
this slide is about 1 m. deep. 

- - - - - - - - - - -- - - - - - - --



- 47 -

40. As erosion continues, the former lake area is deepened, part l y 
because of wave action and partly because of continued melting 
of excess ice in the sediments. The area between the barrier bar 
and the "two pingo l ake" on this slide is flat-bottomed and about 
2 m. deep but low frequency echo sounding shows an irregular sub
bottom, generally less than 3 m. beneath the present bottom. This 
s ub-bottom may represent the boundary between recent wave-deposited 
sediments and the older and perhaps still frozen coastal plain 
deposits beneath. 

41. In any case, a newly breached lake provides an excellent trap for 
an oil spill. Oil could be carried into a lake during normal flood 
tides or storm surges. 

Slide 15 

(Two-Pingo Lake) 

Granted the oil might be pulled out again by ebb currents. Unfortunately, 
the eastern end of the Tuktoyaktuk Peninsula, where breached lakes 
are most numerous, is also the only coastal segment , except for river 
deltas, which contains extensive tidal flats. This slide shows 
exposed tidal flats in and near the "two-pingo lake" of the last 
photograph. 

C. Spits and barriers 

42 . Let us turn now to the depositional features found along the Beaufort 
Sea coast. 

Slide 16 

(Warren Point barrier) 

Spits, like the ones I have already shown you at Topkak and Kay Points, 
and barriers, like this one at Warren Point on the Tuktoyaktuk 
Peninsula , front s ignificant portions of most of the coastal segments 
I have identified. 

43. They are particularly extensive near Herschel Is l and on the Yukon 
coast, around the old islands (Pelly, Hooper, etc . ) which front the 
eastern Mackenzie delta, and from Warren Point east on the Tuktoyaktuk 
Peninsula. In these areas they reach l engths of more than 12 km . and 
widths in excess of 200 m. 

44. As I have a l ready mentioned, they lie, in their entirety, below the 
highest s torm tide line and thus are susceptible, at any time, to 
inundation by oi l. As well, the shallow lagoons behind them could 
function in much the same way as thermokarst lakes and act as traps 
for oil. 
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45. The size of spits and barriers is a function of both offshore 
gradient and sediment supply. They are largest where offshore 
water depths are small as they are off the Mackenzie delta and 
the Tuktoyaktuk Peninsul a, or where the supply of sediment is 
large as it is in the Herschel Island area where material from 
the Firth and Malcolm rivers is added to that supplied by cliff 
erosion . 

46. Their height and cross-sectional form, on the other hand, are at 
least partially dependent on sediment size. 

Slide 17 

(Nunaluk spit, proximal end) 

The sandy-gravel spits and barriers of the Yukon coast and west 
of Tuktoyaktuk on the Tuktoyaktuk Peninsula tend to be higher and 
narrower than pure sand features east of Tuktoyaktuk. This portion 
of Nunaluk spit near Herschel Island rises over 2 m. above sea 
l evel, 

Sl ide 18 

(Atkinson Spit, proximal end) 

whereas this sand spit at Atkinson Point r eaches a maximum elevation 
of less than 1 m. 

47. The gravel in coastal beaches, spits and bars and their easy 
accessibi l ity from the sea makes them attractive sources for 
borrow materials. They are not thick, however . Both drilling 
and low-frequency sub-bottom echo sounding suggest that significant 
gravel deposits seldom extend more than 4.5-6.0 m. below the 
surface, either on land or near shore . 

D. River deltas 

48. Deltas represent the continuing ability of a river to supply and 
deposit sediment more rapidly that it can be removed by sea waves 
and currents. In the case of the Mackenzie delta, the ability of 
the Mackenzie River to dominate the Beaufort Sea has led to the 
development of a gently s loping delta plain of almost 13,000 sq . km . 
in surface area. 

49. Of this surface area, as I have already mentioned, about 3900 sq. km. 
may be subj ect to inundation by storm surges and thus i s properl y 
part of the coastal zone. But even this outer delta is river dominated. 
The clays, silts and fine sands of which it is composed are almost 
entirely riverine in origin . The manner in which these sediments are 
deposited, however, is greatly influenced by coastal processes. 
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Slide 19 

(Outer Mackenzie delta) 

SO . The most important features of the outer delta plain are the shallow, 
wide distributary channels; the low, flat vegetated plains which 
separate the channels; and the lakes which dot the p l ains. This 
slide, looking south from the shoreline, includes examples of each. 
Except for the lakes, the pattern you see is common on most fine
grained deltas in the world . 

51 . The myriad of lakes on the Mackenzie delta plain are testimony to 
the effects of an arctic environment: specifically to the relatively 
low plant productivity of arctic areas and to the presence of frozen 
ground. 

Slide 20 

(Organic scarp, Mackenzie delta front) 

52. Outer delta sediments are organic rich . This scarp at the front of 
the de l ta is largel y organic in nature. But this richness is only 
relative . On deltas in more temperate climates, lakes are a very 
short-lived feature of delta plains. They are very quickl y infilled 
by plant debris. This rapid infilling does not occur in the Arctic : 

53 . Frozen ground also plays an important role in lake formation and 
evolution. The most significant aspect of this role may be in the 
effect of freezing on the material consolidation or settlement of 
delta sediments under their own weight. 

54. The argument I am about to make is pure speculation. It is not based 
on hard data but I will present it because of the implications it 
might have for devel opment on the delta surface and for a pipeline 
across Shallow Bay. 

55. A delta is not onl y a product of the balance between the river and 
the sea but a l so of the balance between r i ver deposition and subsidence. 
On the Mississipi delta, buried deposits which were above sea level 
les s than 500 years ago are now as much as 20 m. below sea level, 
sol el y because of sediment consolidation under its own weight . 

56. On the Mackenzie delta, however, the ground begins to freeze as areas 
are built up to near sea level. Natural consolidation will be stopped 
at the point in time at which the sediment freezes. If permafrost 
aggradation is rapid, the frozen sediments at depth will be under
consolidated with respect to the weight of the material over t hem . 
Added to this is the continuing addition of new weight in the form 
of deposition on top of the delta p l ain. 
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57. If this frozen ground i s thawed for any reason, natural or otherwise, 
consolidation can begin again . On the outer delta plain, numerous 
lakes appear to have formed in areas of low-centred ice-wedge polygons, 
possibly because of water ponding, subsequent permafrost degradation 
and consolidation. 

58. The bottoms of most lakes on the outer delta are above sea level at 
the present time. But in the Aklavik area, a much older and higher 
part of the delta, lakes whose bottoms are below present sea level 
have been reported. That this could occur in spite of infilling 
during river floods and deposit ion of organic debris may indicate 
continuing consolidation of the unfrozen sediments beneath the lakes. 

59 . Even in the absence of excess ice, then - and there i s a little in 
the sediments of the outer delta plain - thaw consolidation r emains 
an i mportant problem. I am curious, as well, as to what effect 
natural consol idation might have on a pipel i ne across Shallow Bay -
an area which, because of the presence of frozen ground at depth 
beneath it, may be a subsiding older part of the Mackenzie delta 
plain. If the rates ar e in the range of thos e found in the Missi ssipi, 
and I would guess they will be much lower, consolidation of anywhere 
from 0 . 5 to 1. 2 m. could occur over a 30-year period . 

60. El sewhere al ong the Beaufort Sea coast, deltas occupy only a small 
proportion of the coastal zone . There are none at all on the 
TuktoyaktukPeninsula, although the Peninsula, itself, i s composed 
largely of mater ial deposited in an old Mackenzie de l ta. 

Slide 21 

(Blow River delta Plain) 

61. Along the Yukon coast the deltas of the Bl ow and Babbage rivers 
are s imi lar in form and sediment composition to the Mackenzi e but 
are much smaller : the Blow delta plain cover s onl y 50 sq . km. and 
the Babbage 25 sq . km. This slide looks north over the Blow delta 
plai n toward the Beaufort Sea. 

Slide 22 

(Babbage delta during f lood) 

62 . Unlike the Mackenzie, however, both delta plains can be cover ed in 
their entirety by storm surges. This view of the Babbage delta 
during spring r iver flooding could be repeated at any time during 
the summer by a major storm surge. 
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Slide 23 

(Firth River fan delta) 

63. The relatively steep, gravelly fan deltas of the Firth and Malcolm 
rivers, on the other hand, do not flood signficantly during storm 
surges and thus are not as vulnerable to the effects of an oil spill. 
They also do not contain the low, fine-grained, fro zen alluvial 
flats I mentioned earlier and would not be subject to significant 
thaw consolidation. This view of the Firth delta shows the aufeis 
deposits already much discussed in these hearings . Possible borrow 
pit operations on these deltas have also been covered in earlier 
testimony. 

Coastal Change 

64. I have left until the end any detailed discussion of the nature and 
rates of change of the landforms of the Beaufort Sea coast because 
I consider coastal stability to be the single most important factor 
in relation to possible development activities. 

65. Under the influence of wave action, particularly during storm surges, 
the coastal cliffs within each coastal segment I have identified are 
being cut back and the material moved along shore and deposited, either 
in the form of spits and bars in the case of coarse sediment or 
offshore in the case of finer sediment. The coastline is thus a very 
dynamic environment and, if the design of onshore installations or 
pipelines from offshore does not take this into account, they will 
eventually fail . 

66 . Cliff retreat is most rapid where offshore gradi ents are s teep and 
where cliff sediments contain considerable pore, wedge or massive 
ice. 

Slide 24 

(Kay Point, undercut cliff) 

Photogrammetric measurements show that this undercut bluff at Kay 
Point retreated almost 90 m. between 1952 and 1970. Retreat of 
10-50 m. over the same period occurred along most of Babbage Bight, 
east of Kay Point. Other zones of rapid cliff retreat include the 
Herschel Island area, the old islands (Pelly, Hooper, etc . ) which 
front the Mackenzie delta, and the Tuktoyaktuk settl ement area . 

67. The way in which r etreat occurs i s unique to an Arctic environment 
and i s largely a function of features r elated to frozen ground. The 
headwall s of the ground ice s lumps I s howed you earlier are very rapidly 
r eceding: we have measured over 10 m. of retreat in a singl e year on 
one. 
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Slide 25 

(Block slumping near Kay Point) 

68 . Elsewhere, undercutting by waves and melting along ice wedge cracks 
can cause entire polygon blocks to col l apse into the sea . This view 
was taken near Kay Point this past summer , 

Slide 26 

(S lumped polygon block, ice-wedge fracture) 

and this is a close-up of the fracture zone at the back of the slumped 
blocks showing the exposed wedge ice . 

69 . The implications for development of these rates of retreat and of the 
way in which it occurs must be obvious. I should add only that the 
rates of retreat are not constant either seasonally or annually. Most 
retreat occurs during storm surges; 13 m. of land was lost near the 
RCMP station of Tuktoyaktuk during the major 1970 storm, almost one
quarter of the total retreat between 1950 and 1972. 

70 . It will be tempting to obtain sand and gravel for construction 
purposes from the coastal beaches, bars and spits where continued 
coarse sediment movement from cl iff retreat promises rapidly 
replenished supplies of high quality aggregate. Spits have extended 
as much as 700 m. in length between 1952 and 1970 (Nunaluk spit). 

71. In addition to the biologic consequences that may make extraction 
of this gravel unsuitable, there are a number of things which should 
be known before permits to mine gravel are granted. 

72 . Material supplied to the beaches, bars and spits is in continuous 
movement along the shore . Extracting gravel will tend to accel erate 
nearby shore erosion, particularly in the downdrift direct i on, and 
the effects of this must be determined. For example, if sand were 
taken from the beaches north of Tuktoyaktuk the supply to the beach 
which fronts the townsite would be interrupted and the coastal cliff 
there would retreat even more rapidly than it already is . A permanently 
dredgeddeepchannel into Tuktoyaktuk Harbour would have the same effect 
unless the dredged material was pumped out downdrift from the channel . 

73. The sources of material in the beaches is primarily local in nature. 
Little coarse sediment will move between the coastal segments I have 
identified. In some segments, the spits and bars may be relic in 
nature and material, once removed, will not be replaced . For example , 
Avadlek spit on Herschel I s land was formed from sands and gravels 
supplied by deposits on the north and west sides of the island, deposits 
which no l onger exist becaus e of cliff retreat. 
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74. The dynamic nature of beaches, spits and bars is also relevant to 
the effect oil from a spill might have on them. During the small 
August 1975 storm surge, the beach surface along the spit at Kay 
Point was cut down by as much as a 0.3m.and later reburied by almost 
the same amount of sand and gravel. Thus oil on these features 
could be buried at any time. 

75. In direct contras t to the coastal cliffs and to the beaches, spits 
and bars, the delta plains of the Beaufort Sea coast, including 
that of the Mackenzie, are remarkably stable in nature. 

76. Examination of aerial photograph sites spaced over a 22 year period 
revealed little shorel ine advance along the front of the Mackenzie 
delta and no evidence of major channel shifts on the outer delta 
plain. 

Slide 27 

(Mackenzie delta shoreline) 

In fact, as this slide of the delta shorel ine shows, many areas have 
undergone minor retreat. 

77. The rate of advance of a delta plain is dependent to a great extent 
on the balance between river and wave forces. Wave power at the 
shoreline, i n turn,is dependent upon deep water wave conditions and 
the offshore gradient. Because the Beaufort Sea is frozen for much 
of the year and because the offshore gradient of the Mackenzie delta 
is one of the flattest of any major river delta i n the world, we might 
expect that the total annual wave power exerted in the deltaic coastal 
zone would be very low in comparison with other major river deltas. 

78 . Under these conditions the Mackenzie delta should be advancing rapidly -
but it is not . The only explanation must be that river power is a l so 
low and, now that the river has filled the protected trough between 
the Caribou Hi lls and the Richardson Mountains, it is not powerful 
enought to overcome the erosive wave energy of the open Beaufort Sea. 

79. The lack of major channel shifting on the outer delta plain may also 
be related to low river power. This ef fect is accentuated by the 
number of channel s which discharge into the Beaufort Sea - a lmost 60 
with a total width of over 30 km. This division of a given amount of 
river power leaves no single channel with enough to actively erode its 
banks , particularly since they are frozen and therefore resistant to 
erosion. 

80. This hor izonta l stabi l ity is, in i t self, a simplifying factor for 
possible facilities associated with hydrocarbon development. From this 
point of view, only, cons truction which would be unfeasible on most 
other deltas in the world may be possibl e on the Mackenzie. There are , 
of course, other points of view, some of which I have discussed, which 
make the delta less attractive than horizontal stability considerations 
alone might suggest. 
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81. The last aspect of coastal change I wish to discuss is the direct 
effect of sea ice on the coastal zone and on the resultant need 
for careful select ion of l ocations for the construction of nearshore 
facilities such as wharves and jetties. I think this can best be 
done with a slide and a question . 

Sl ide 28 

(Shoreline pressure r idge , Shingle Point spit) 

Would you want to be a wharf or a j etty in the path of this 10 m. 
high shoreline pressure ridge? 

Conclusions 

82 . To briefly summarize and conclude, then : 

a . The coastal zone is, in most areas, a dynamic area, particularly so 
in this part of the arctic, and its instability must be taken 
into account if it is to be used for pipelines, s taging areas or 
other shore i nstallations . 

b . Shore installations must be carefully locat ed so as to avoid areas 
where large amounts of ground ice are present. Disturbance of the 
existing thermal r egime will serve only to accelerate already rapid 
rates of coastal retreat . 

c. Beach material is primarily local in origin and i t s r emoval will 
lead to increased coastal erosion. As a general principle, therefore, 
I would recommend that beaches not be considered as sources of 
construction material. 

d . There are very few good harbour locations along the Beaufort Sea coast 
because of generally low offshore gradients, coastal instability and 
resultant longshore sediment movement . 

e. The hazards of liquid pollutant spil l s from shore operations could 
be minimized if these activiticstakeplace i n bays or l agoons behind 
spit s or barrier bar s. 

f. Deltas are among the most complex active environments in the world 
because of the interaction between river and sea forces. The effects 
of an Arctic environment must be added to normal deltaic processes 
on the Mackenzie delta and t hese effects are not well understood . 
Because of this great compl exit y and because the Mackenzie del ta i s 
a unique North American environment, I would recommend t hat develop
ment on it be kept to a minimum. 

g. Oi l f r om a spill reaching the nearshore in a given coastal segment 
wil l tend to remain i n the segment and t o move t oward its sediment 
sink. 

h. The largest areas subj ect to frequent inundation by sea water and 
thus, potentially, by oi l contained in t hat water are the river deltas, 
particularly the Mackenzie. Thermal disturbance through vegetation 
damage could lead to considerable thaw consolidation, even in the 
absence of excess ice. Other susceptible coast a l features ar e beaches, 
spits and barriers and breached thermokarst l akes. 
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Slide 4. GSC 202958-S 

Slide 5. GSC 202958-0 
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Slide 7. GSC 202773-0 

S l ide 8 GSC 202925-T 
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Slide 9. GSC 202773-M 

Slide 10 . GSC 202960-M 
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Sl ide 11. GSC 202773-N 

Slide 12 . GSC 202959-Y 
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GSC 202959-N 

GSC 202773-S 
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Slide 15. GSC 202925-W 

Slide 16. GSC 202773-P 
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Slide 17 . GSC 202717-E 

Sl ide 18 . GSC 202925-Y 
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Slide 19 . GSC 202925-U 

Slide io. GSC 202925-V 
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Slide 21. GSC 202717-P 

Slide 22. GSC 202717-J 
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Sl ide 23, GSC 202717-Y 
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Sl ide 24 . GSC 202717-A 
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Sl ide 25. GSC 202958- U 

Slide 26. GSC 202959-K 
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Slide 27. GSC 202925- Z 

-

Slide 28 . GSC 202925-S 




