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EXECUTIVE SUMMARY 

1 
I 
I A t  the  request of the Department of Indian  and  Northern  Affaira, a 

series of invest igat ions were undertaken to locate and del ineate  
prospective areas f o r   t h e   f u t u r e  development of offshore  sand  and 
gravel  resources  near  Herschel  Island, Yukon Terr i tory.  Because the  
nature of  the seabed  conditions  along the Yukon Coast were largely 
unknownr the invest igat ions were designed t o   f i r s t  determine the 
regional   surf ic ia l   geological   condi t ions i n  the study  area,  thereby 
providing a framework within which the nature  and  distribution of 
marine  granular  resources  could be characterized. 

A t o t a l  of 564 km of high  resolution  shallow seismic records were 
c o l l e c t e d   i n  the study area i n  Augustr 1984. Geotechnical  studies were 
subsequently  carried  out a t  6 locat ions  selected from the seismic data. 
A synthesis of this information with o ther   ex is t ing  data collected by 
both the federa l  government  and the Beaufort Sea petroleum  operators 
demonstrated that the  study area is underlain by 4 sepa ra t e   su r f i c i a l  
geological  subregionsr each of which has unique characteristics and 
differ ing  granular   resource potential. 

The sill joining  Collinson Head to  Kay Point appears to  be the  most 
attractive area for fu ture  borrow development. I t  is estimated that a 
to ta l  of 127 O00 O00 m3 of sand  and  gravel may present ly  exist on the 
sill.  While only 17 O00 O00 m3 of material may be considered t o  be 
proven,  another 70 O00 O00 m3 can  probably be verified  without too 
much additional  groundtruthing. 

The narrow shelf  which bordera the Yukon Coast west of Herschel  Basin 
also appears to be prospective  for  granular  resource development, 
a l though  the  qual i ty  of the avai lab le  material may not be as good as 
t h a t  which can be obtained from the sill. Almost 10 O00 O00 m3 of 
sand and gravel  have been located by geatechnical  studies a t  Stokes 
Point,  Roland Bay and Catton  Point. It is est imated  that  an addi t ional  
30 O00 O00 m3 of material may eventually be located i f  fur ther  
exploration is carried out. 

The other 2 geologic  subregions  (Herschel  Basin and the Babbage River 
paleoehannel)  exhibit l i t t l e  p o t e n t i a l  for future  granular  resource 
development. 

The study  concludes  that between 100 O00 O00 m3 and 171 650 O00 m3 
of sand  and  gravel  probably are present  a t  or near the seabed i n  the 
study area. The degree t o  which these reserves are eventually 
exploi ted w i l l  depend on a number of factorsr   including  the 
a v a i l a b i l i t y  of su i t ab le  shallow water dredging  equipment and t h e  
Beaufort Sea petroleum  operators'   future  granular  resource 
requirements. 
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1.0 INTRODUCTION 

Under the authorization of Mr. Dale Longlitz, of the Department of 

Indian and  Northern  Affairs, a series of invest igat ions was undertaken 

t o   l o c a t e  and delineate  prospective areas for the fu tu re  development of 

offshore  sand  and  gravel  resources  near Herschel Island, Yukon 

Territory (Drawing No. 1.1) .  The occurrence of granular  resources i n  

pa r t i cu la r  areas near Herschel I s land  had previously been establ ished 

by the major Beaufort Sea petroleum  operators and had been documented 

i n  a 1983 r epor t   en t i t l ed  "Regional  Inventory of Off shore  Gravel 

Prospects  Canadian  Beaufort Sea", prepared by M. J. O'Connor & 

Associates Ltd. for   Indian and  Northern  Affaira. 

Unfortunately, a l l  of the previous  studies had  been  conducted on a 

rather site-specif  i c  basis, i.e. no attempt had been made t o   i n t e g r a t e  

t h e  industry data w i t h  earlier studies  sponsored by the Geological 

Survey of Canada, nor had there  been  any attempt ut formulating a 

geological model of the area which  might assist in describing the 

d i s t r ibu t ion  and  occurrence of granular  resources  over a much wider 

area. A3 a consequence, the  present   invest igat ions were st ructured to 

provide a much broader  understanding of the   sur f ic ia l   geologica l  

conditions  in  and  around Herschel Basin, and thereby  ultimately  provide 

a framework for the descr ipt ion of the  occurrence of subsea  granular 

resources. 

1.1 Background 

The construction of marine faci l i t ies  for petroleum  exploration  and 

possible future  production  in the Canadian  Beaufort Sea may require   the 

use of subs tan t ia l   quant i t ies  of offshore  granular  resources. 

Independent  studies  undertaken by both the  major Beaufort Sea petroleum 
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operators and the  Geological Survey of Canada have established  that 

large  quantities of sand-sized material  are  present  either a t  or 

directly beneath t h e  seafloor over a Large portion of the continental 

shelf  east of 1 3 5 O  W longitude,  but west of this l ine such seabed 

granular  resources occur only sporadically. West of Mackenzie Bay, one 

of the  areas of greatest  potential  identified  for  future development 

was the submarine sill which joins Collinson Head t a  Kay Point,  along 

the  eastern margin of t he  bathymetric depression known as Herschel 

Basin (Drawing No. 1 .2 ) .  A 1983 review and synthesis of information 

obtained from Dome Petroleum, Gulf Canada Resources, the Canadian 

Hydrographic Service and the Geological Survey of Canada suggested that 

gravel was present a t   the  seabed  over an area of at least  2700 ha along 

the crest of the s i l l  (O'Connor, 1983). Mean water  depths  varied from 

6 t o  14 m, although  gravel was found to be present to  the 15 m isobath 

i n  30me places and was suspected to occur as shallow as the 2 m isabath 

i n  others. Most of the gravel appeared to be located i n  spi ts  and bars 

deposited  since  the most recent marine transgression. A s  a 

consequence, the  thickness of the  gravel appeared to be limited t o  1 t o  

2 m i n  most areas,  although some patchy areas as thick as 6 m were also 

suspected near Kay Poin t .  

O'Con'hor ( 1983 1 estimated  that  perhaps 50 O00 O00 rn3 of gravel 

existed on the sill, but noted that  only 20% of this volume could be 

considered proven reserves. A t  the same time he noted that the to ta l  

volume could be several times the estimated volume i f  untested areas 

near Kay Point proved to  be prospective. 

Since it has already been demonstrated by Dome Petroleum that  the 

quality of some of the surficial  gravel is suitable for construction of 

art if icial   islands  l ike  Tarsiut  and Uviluk, a comprehensive programme 

m. 1. O'COCIIIOR 4 ISSOCIIAT€S 1TD. u5 
W 
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was undertaken by DfAND to locate and delineate the f u l l  extent of the 

submarine granular resaurces which  might ex is t  i n  the area of Herschel 

sill. 

1 .2  Authorization 

Authorization to proceed with  the granular resource  evaluation was 

granted through Department of Supply  ana Services Contract No. 

19SV.A7134-4-0020. To ensure that the  geological components of the 

programme were addressed at the required level of effort, Mr. S. M. 

Blasco, P. Eng. , of the  Geological. Survey of Canada was appointed 

Scientif ic  Authority for the  contract. 
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2. O METHODOLOGY 

Determination of the geological  conditions was accomplished  through a 

3-phased  programne: 

Phase I consisted of a shor t  marine  geophysical programme designed t o  

provide  high  resolution seismic and side  scan  sonar  information on the 

nature of the soi l  conditions  in the study area. 

Phase T L  consisted of a marine  geotechnical  drilling programme designed 

t o  confirm t h e  geologic  conditions  interpreted from the seismic records 

and provide  groundtruth information regarding the grain s i z e  

d i s t r ibu t ion  of the granular   resource  deposi ts   a t   par t icular  

locations.  

Phase III consisted of a synthesis  of the above data with the  regional 

geological  information  already  available. I n  this manner the spec i f i c  

geological  conditions which control  the nature,   distribution  and 

thickness of submarine  granular  resources  southwest of Herschel I s land  

could be determined. 

2.1 Geophysical Programme 

The f i e l d  data acquisit ion  phase of the-  geophysical programme w a s  

conducted by Geoterrex Ltd. of Victor ia ,  B.C., under  subcontract  to 

M. J. O'Connor 9 Associates Ltd.  I using the M.V. Norweta of Hay River, 

N.W.T. The survey commenced i n  Herschel Basin a t  approximately 2000 

hours on 84/08/21 and was completed at 2100 hours on 84/08/25. Prior 

t o  the DIAND programne, the vessel had been u t i l i z e d   f o r  ESRF ice scour 

s tud ie s .  Following the programne the vessel commenced work near 

m. J. O'COnnOR % ASSOCIATES 1TD. 
W 
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Tarsiut  for Gulf Canada Resources. Time sharing of the survey  vessel 

thus was a s ign i f i can t  factor i n  reducing the overall cost of the 

geophysical progranane. 

A t o t a l  of 564 km of geophysical  data were collected  during the 

programme, of which approximately 164 km were acquired  during  turns. 

Drawing No. D. l Appendix 13, shows the location of a l l  seismic l i n e s  

acquired by DIAND during the present  programme. For convenience, a 

reduced  version of the same map is presented  subsequently l n  t h e   t e x t  

of Section 3. O. For c l a r i t y ,  the f ix   locat ions  during turns have h e n  

eliminated. A composite 1 :50 O00 scale map, showing a l l  f i x  locat ions 

( including  turns)  I is presented  in  Drawing No. D. 2. Airgun, borner, 

aide  scan  sonar  (with  sub-bottom  profiler 1 and echo  sounder data were 

collected during  the  study. Equipment specif icat ions and geophysical 

survey parameters provided by Geotarrex Ltd.  axe presented  in  Appendix 

A. 

Record qual i ty  was highly  variable  during the investigation. One or 

both of the side  scan  sonar  channels were inoperable for some of the 

survey, but the gear w a s  l e f t   i n  the water because the sub-bottom data 

being  collected by the towfish was generally  excellent.  A i r g u n  

information  gathering was r e s t r i c t e d  to the- f i r s t  and last survey days, 

because crossfeed between the instrumentation was having a deleter ious 

e f f e c t  on the record  qual i ty  of a l l  the systems. 

In   addi t ion,  some time w a s  lost  and  coverage of the study area 

diminished  because ice condi t ions   res t r ic ted  access to some of the 
Herschel S i l l  areas, mostly near Kay Point.   Fortunately,   additional 

geophysical  and  shallow  piston core data collected  during a concurrent 

survey  conducted by t h e  M.V. Banksland  Surveyor for the Geological 

Survey of Canada could be used t o  augment the present data base i n  some 

areas (Drawing No. 2.1 ) . These f i x  locations have also been shown i n  

Drawing No. DI 1. 

m. J. O'COIIIIOR B AJJOCICITES 1TD. 
W 
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I 
1 

2.2 Geotechnical Proqrme 

The geotechnical field studies were carried  out on D f A N D ' s  behalf from 

the  Arctic Kiggiak, under a separate  contract wi th  BeauDril Ltd. 

Foundex Explorationa Ltd.  provided the  drilling  services, while EY3A 

Engineering  Consultants Ltd.  provided the  field  geotechnical and 

laboratory  services. A s  t h e  regional map i n  Drawing No. 2.2 

demonstrates,  borehole locations were selected to determine the 
stratigraphy both on the sill joining  Collinson Head to Kay Point and 

within Herschel  Basin i t s e l f .  

A to ta l  of 4 locations on the si l l  were inveatigated (Drawing No. 2.3). 

Two (2) boreholes were dr i l led and  sampled to  depths of 19.7 m and 

5.7 m respectively beneath the seabed (F84HS1 and F84HS2), while 2 

probeholes were dr i l led to t e s t  the thickness of gravel a t  other 

locations (F84HS3 and F84HS4). A sample of the surficial  material at 

each of these  locations was also  obtained  using the grab dredge on the 

Arctic Kiggiak (see  Plates No. 2.1 and 2.2) A summary of the 1984 

geotechnical site investigation on the Herschel S i l l  s i t e s  was prepared 

by EBA Engineering Consultants Ltd. Borehole logs from this report are 

included i n  Appendix C. 

Two additional boreholes were dr i l led i n  Herschel  Basin as part  of the 

same programne (see Drawing No. 2.3). These boreholes were intended ta 

provide  important  information on the surf ic ia l  geologic  conditions 

under the Basin i t s e l f ,  and t e s t  the theory that some of the anomolous 

bathymetry previously  noted i n  the Basin might be due to  glacially 

related  granular  resource depO6itB. A t  the time of preparation of the 

present  report, the borehole  logs from the Herschel Basin sites were 

available only i n  a letter report from EBA dated 85/03/01, but the logs 

have been included  here for completeness. 

111. J. O'COfifiOR 0 ISSOCIATES 1TD. 
W 
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2.3 Previous Data 

Page 13 

Wherever possible, data collected during previous studies i n  the 
Herschel Basin area were incorporated directly into the present study. 

A list of these  studies is presented as Table 2.1. 
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TABLE 2.1 

Other Studies Near Herschel Island 

COLLECTING 
YEAR AGENCY DATA 

1970 

1974 

1975 

1980 

1981 

1981 

1982 

1982 

Geological Survey of 
Canada 

Geological Survey of 
Canada 

Geological Survey of 
Canada 

Dome Petroleum 

Dome Petroleum 

Dome Petroleum 

Dome Petroleum 

G u l f  Canada Resources 

Piston Cores 

High Resolution Geophysics 

Grab Samples 

Reconnaissance High 
Resolution Geophysics 

Detailed High Resolution 
Geophysics 
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3.0  SEABED FEATURES IN THE STUDY AREA 

3.1 General 

Page 15 

Information  pertaining t o  the r e s u l t s  of the study  has been presented 

i n  map form i n  Appendix D a t  a scale of 1 :50 000. For convenience i n  

reading, 1:150 O00 scale copies of several of these maps have also been 

inc luded   d i rec t ly   in  the t ex t .  Where required,  both maps have been 

referenced. 

3.2 Data Base 

Drawing No. 3.1 (Drawing No. D . 1  i n  Appendix D) shows the seismic and 

groundtruth data bases used  directly i n  the in te rpre ta t ion  of seabed 

and subseabottom  features  during  the  present  study. Seismic data 

co l lec ted  as part of the present  study are indicated by the open 

circles and designated with l i n e  numbers prefixed by I H R 8 4 .  Data €rom 

the  Banksland  Surveyor are shown by closed circles and the l i n e  number 

p r e f i x  F84. Boreholes d r i l l e d  from the Arctic Kiggiak are designated 

by the prefix F84HB ( loca t ions   in  the basin) or F84HS ( locat ions on the 

sill) . 
During the course of the geophysical survey conducted from the M.V. 

Norweta, operation of the survey  instruments was continued  during  turns 

to come on l i n e  wherever possible. This reaul ted i n  the col lect ion of 

a significant  quantity  (approximately 164 km) of addi t ional  seismic 

data which have also been incorporated  direct ly  into the present 

report. Drawing No. 3.2 (Drawing No. D . 2  i n  Appendix D )  shows a 

composite plot of a l l  antenna  location8  recorded during the study. 
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3 .3  Bathymetry 

Drawing No. 3 . 3  (see also Drawing No. D. 3 1 shows the bathymetry of the 

study area as interpreted from the echo  sounder data obtained  during 

t h e  1984 geophysical programme. 

Four ( 4 )  distinct  bathymetric  regions may be noted.  These are Herschel 

Basin,  Herschel S i l l ,   t h e  Yukon Coastal  Shelf and t he  Babbage River 

Paleochannel. The boundaries between these  regions  are shown on 

Drawing No.  3.3.  

The greatest water  depths were encountered i n  Herschel  Basin, 

an elongate area extending from Thetis Bay southeastward 

towards  Phill ips Bay for a distance of approximately 18 km. 

Its maximum width is approximately 7 km. The edge of the basin 

is  marked by an abrupt change in the  slope of the seafloor. 

Along the  west side t h i s  change  begins at about the 14 m 

isobath (Drawing No.  3 .4 ) .  On the  north and south ends it 

begins a t  about  the 16 m isobath,  but along the east (seaward) 

side the  boundary  between the basin’edge and the S i l l  is marked 

by the  18 m isobath. As Drawings No. 3.4 and 3.5 demonstrate, 

slumping is a common feature along the basin margin adjacent to 

both  the S i l l  and t he  coastal. shelf .  The bottom of the  basin 

is effectively  enclosed by the  50 m isobath,  with long narrow 

closed  depressions  extending commonly to more than 6 0  m bsl* 

and i n  2 cases t o  more than 75 m bsl (Drawing No. 3.6). 

. . . . . 

*bsl  - below sea l eve l  
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The west side of the  basin f Zoor is re l a t ive ly  smooth, but not 

f l a t  (Drawing No. 3.7) . The east h a l f ,  however, is 

characterized by pingo-like  features (PLF's) which rise steeply 

to within 20 or 25 m of the sea surface.  These PLF's may occur 

s ingly,  as shown i n  Drawing No. 3 . 8 ,  or i n   c l u s t e r s  of 2 or 3 ,  

as shown i n  Drawings No. 3 . 6 and 3.9. Most have r e l a t ive ly  

f l a t  crests, but  f lanks which may dip at up t o  6 O .  

F o r  the most pa r t ,  these PLF's do not occur as i so la ted  sea 

mounds, but  appear t o  be semi-attached t o  the  eastern  f lank of 

t h e  basin. Their   effect  on the basin  topography is a l l  t he  

more evident  because  their  occurrences  appear t o  be directly 

associated with adjacent basin lows, as if the or ig in  of the 

basin bottom depressions and the  PLF's were somehow related.  

3.3.2 Herschel S i l l  

Herschel Basin is separated from the Mackenzie  Trough to the 

east by a submarine  ridge or sill which joins  Collinson Head to 

Kay Point. The sill is a maximum a€ 15 m deep  near N7711000 

E589500, but is considerably more shallow  than this over most 

of its length. To the  narth, the  crest of the sill is enclosed 

by the 14 m isobath,  and rises rather  abruptly t o  the   coas t l ine  

only 1 km from Collinson Head (Drawing No. 3.10) .  To the  south 

the crest is much shallower and the sill widens s ign i f i can t ly  

t o  the  west, where t h e  Canadian  Hydrographic  Service 

information  suggests that several areas exist where such  shoals 

may rise to   wi th in  less than 3 m of the sea surface. This  was 

p a r t l y  confirmed by the Norweta data but adverse ice conditions 

and  normal safety  procedures  precluded  detailed  surveying over 

the  shallowest parts of the  sill. 
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West from Collinson Head and south  along  the Yukon coast from 

Catton  Point t o  Niokolik  Point,  Herschel Basin is flanked by a 

shelf  extending from the coast l ine to approximately the 14 m 

isobath. In some areas the shelf is only 1 or 2 km wide, but 

immediately west of the centre of the basin it widens t o  about 

5 km for some distance. The 4 m isobath  usually occurs within 

a few hundred metres of the shoreline,  but further  offshore the 

average shelf slopes are much =re gentle,  ranging from a 0.30° 

near Stokes Point to leas than O. l o o  immediately west of the 

basin (Drawing No. 3.11).  Slopes of as l o w  as 0.05O are eOrnraon 

i n  the cent ra l  shelf areas north of Roland Bay. Although the 

coastal   shelf   represents the remains of the  old land surface 

which has been eroded since the l a s t  marine  transgression, 

there  is l i t t le  bathymetric evidence to suggest that any of the 

original landforms have been preserved. On the  contrary, the 

only present day relief on the shelf appears  to be confined  to 

sp i t s  and bars being  constructed  along the coastl ine.  

3.3.4 Babbage =ver Paleachannel 

Prior t o   t h e  las t  marine  transgression the  Babbage River 

entered   d i rec t ly   in to  Herschel Basin. The Location of the 

drowned Babbage River  Channel is still clear ly   evident  from 

both the isobaths  (concave  basinward)  and the echo  sounder 

records (Drawing No. 3.12) . In water depths beyond 16 m, the 

drowned channel is  deepest  along its west side, but from 12 rn 
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t o  15 m, it is the   eastern side which is deepest. The present 

data base does not permit an  evaluation of t he  channel 

morphology i n  water depths less than 10 m, but Canadian 

Hydrographic Services f ie ld   sheets   suggest  that the bathymetric 

expression of the channel is not  evident  inshore of the 6 or 

7 m isobaths. 

The hydrographic data also demonstrate in greater d e t a i l  the 

complex nature of the  channel bottom i n  certain areas. Near 

N7694000 E594000 for instance,  the echo sounder records show 

that  the channel b t t o m  is characterized by isolated diapi rs ,  

probably associated with i n s t a b i l i t y   i n  the recent  sediments 

(Drawing No. 3.13).  To the  present author's knowledge, such 

fea tures  have not been noted elsewhere i n  the Beaufort Sea 

cont inental  shelf, except  along the eas te rn  margin of the 

Mackenzie  Trough  and at the shelf  edge i t s e l f .  

3.4 Ice Scourinq 

The d i s t r ibu t ion  and occurrence of ice  scours i n  the study area were 

examined by reviewing  both the side scan  sonar  and echo sounder 

records. Three aspects were examined: 

1. SCOUT depth 

2. scour  frequency 

3. scour  orientation 
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An estimated 95% of the ice scours  observed  in the study area were 

found to  be lass than 1 m deep. The remainder were predominantly i n  

the 1 t o  2 m range,  although a f e w  scours  deeper  than 2 m were noted, 

expecially on the  seaward s ide  of the sil l  in  water  depths  exceeding 

30 m. 

Scour  frequency was measured by counting  the number of detectable  ice 

scours  per 200 m of seismic l ine .  No correction was applied to the 

data to account far   f requency  var ia t ions which might r e s u l t  from 

changes in   l i ne   d i r ec t ion .  Such var ia t ions were most noticeable at 

l ine   in te rsec t ions .  Where discrepancies at l i ne   i n t e r sec t ions  were 

noted, the larger  values were used  for  contouring  purposes. 

Drawing No. 3 . 14 (see also Drawing No. 0.4 1 shows the frequency of ice 

scouring  observed a t  the seabed i n  August, 1984. Scour density was 

observed ta  be highest on the seaward s ide  of the shoals  north of Kay 

Point and  immediately  south of Collinson Head. In  the €ormes area, 

little or no scouring was observed  directly on the shoal i tself ,  but   in  

the la t ter  area some scouring w a s  observed  even along the crest 

(Drawing No. 3.15).  No scours were observed on the seaward side of the 

sill ( i n  the Mackenzie Trough) i n  water depths  exceeding 30 m. On the 

west side of the si l l  scouring is evident t o  the  edge of the basin,  but 

t h e  frequency of occurrence  near the north end is somewhat reduced. 

Near t he  south end,  scour  frequencies as high as 16 per 200 m were 
measured on the landward side of the sil l  (Drawing No. 3.16 1 but th@ 

observed  scour  frequency  diminishes  rapidly  in  Phill ips Bay, wi th  

samewhat higher  concentrations being observed  along the drowned reaches 

of the Babbage River  Channel. 

AS ant ic ipated,  no scours were observed  in the deep waters of Herschel 

Basin,  because  the si l l  morphology restricts t h e  maximum depth of 

scouring keels  which may enter  the basin to 17 or  18 m. 
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Ice scours are common, however, along the shallow  shelf between the 

Yukon coast and the basin. Maximm 8cour  frequencies on the shelf  were 

observed  north of Roland Bay. Protected areas l i k e  Thetis Bay 

exhibited only minor scouring, as did the area  immediately  offshore 

from Stokes  Point. The lat ter area is relatively  unprotected,  so the 

lack of scouring  in t h i s  pa r t i cu la r  area is something of a mystery. It 

may be t h a t  any scours which are found  near Stokes Point are quickly 

removed again by the  local current regime. 

Drawing No. 3.14 a l s o  shows the pr inc ipa l   d i rec t ions  of observed ice 

scours a t  several. locations. On the major part of the sil l  most of the  

ice scours  have a north-south  orientation,  with a secondary direction 

ranging from east-west t o  northwest-southeast.  These same direct ions 

are also common ins ide   the  si l l  a t  the  south end of the  basin. 

Immediately south of Collinson Head, however, the pr inc ipa l   d i rec t ion  

i s  east-west ( p a r a l l e l   t o  t he  coas t l ine)  with a secondary  direction 

oriented  north-south. North of Roland say, where scour  frequencies on 

the coas ta l  shelf are highest ,  the pr inc ipa l   d i rec t ion  is clearly 

northwest-southeast,  subparallel  to the shoreline. The secondary 

d i rec t ion  a t  this location is  north-south. 

It appears from the above that mst of the scouring is due t o  ice keels 

i q i n g i n g  on the seaward side of the sill from a northerly  direction. 

Where keel depths and driving  forces  permit, some of these keels may 

cross the sill and scour   in to   Phi l l ips  Bay or on t o  the adjoining 

coastal shelf. Scouring i a  probably also common on the  shoals which 

occur  along  the crest of the sil l  north of Kay Point,  but the granular 

nature  of the surf ic ia l   sediments  which comprise these features  may not 

permit long-term preservation of the scour evidence. 
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3.5 Ripple Marks 

The presence of r i p p l e  marks is generally  taken as an   ind ica t ion  of 

non-cohesive  sediments a t  the seaf loor ,   a l though as Reinech and Singh 

(1980, p. 2 0 )  point   out ,   they may also be found  ( in f requent ly)   in  muddy 

sediments.   In the present   s tudy,  the occurrence of r i p p l e  marks has 

been   in te rpre ted  to i n d i c a t e  sandy  bottom, it being presumed t h a t  no 

r i p p l e s  w i l l  form in   t he   r ecen t   c l ayey  silts which blanket much of the 

Beaufort Sea con t inen ta l  shelf, while the c u r r e n t  regime is 

inappropr ia te  for  the formation of r i p p l e  marks i n  seabed grave l  

deposits. 

According to Drawing No. 3.17 (also Drawing No.  D , 5 ) ,  the majority of 

t h e  r i p p l e  marks occur   in  the southern half of the study area. Many of 

these are Concentrated on the f lankls of the major shoal north of Kay 

Poin t   cen t red  about N7700000 E597000, but l a r g e  areas were a l s o  

encountered  within  and  along the eas t e rn  margin of t h e  Babbage River 

channel  and on the   she l f   nor th  of Stokes Point.  

* r ipp le   l eng th  is defined as the d i s t ance  between t rough  points  
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Drawing No. 3.19 shows another side scan sonar record in the  same 

vic in i ty ,  where the r i p p l e   t r a i n s  have apparently been intersected by 

two ice scours. It is i n t e re s t ing  to note that no r ipp le  marks occur 

within  the  scour   t rack  i tself ,   a l though the undisturbed  seabed 

immediately  adjacent to the scour is clearly rippled.  There are 

several   possible  explanations for this phenomenon: 

1. 

2. 

3. 

The scaur is a very  recent one,  and in su f f i c i en t  time has 

been avai lable  for development of r ipples   inside the scour 

track. 

The scour has   a l te red   the  hydrodynamic in te rac t ion  of the  

wave/current  regime with the seabed so t h a t  the proper 

conditions  for  formation of the   r ipples  no longer  exist. 

The seabed is comprised of only a thin  veneer of 

non-cohesive soils underlain by cohesive material, and the 

scouring keel has exposed the  underlying  cohesive  sediments 

i n  which r ipp les  do not  normally form. 

According to borehole  information  obtained by Gulf Canada Resources 

near  Stokes  Point  in 1982/83, the third ,.qxplanation may be the most 

l i k e l y .  1 

L i k e  the Stokes Point r ipp les ,  the r ipple   t ra ins   observed  in  other 

areas also varied from undulating t o  discontinuous On the  landward 

s i d e  of the shoal  north of Kay Point, w e l l  developed  r ipple  trains were 

often  evident,   but  shorter ripple lengths (as low as 0 .5  rn) were rare 

frequently observed (Drawing No. 3.20 ) . 
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Ripple marks were par t icular ly   helpful   in   del ineat ing  both the nature 

of t h e   s u r f i c i a l   s t r a t a  i n  some areas  and the lateral l imi t s  of 
individual  soi l  types. On Drawing No. 3-21,  for   instance,  the boundary 

between the sandy and c layey   so i l s  a t  the seabed can be clearly seen on 

t h e  side scan  record. Note t h a t  the  c layey  soi ls  are not rippled,  but 

exhib i t  w e l l  preserved ice scour tracks. In  the sandy areas these same 

scour   t racks are almost  obli terated by the formation of r ipp le   t r a ins .  

Drawing No.  3.22 shows a side scan  record  obtained  in  an  area of the 

shoal where r ipp le  marks were common. The acoustic  signature  suggests 

that   gravelly  sediments are probably  present a t   t h e  seabed i n  this 

area, thereby  accounting for the much lower number of ripples  observed 

on the side scan  record. 

Lastly,  Drawing No. 3.23 shows a side scan  record in P h i l l i p s  Bay where 

r ipp le  marks occur  only  within the track of an ice scour.  Like those 

recorded  elsewhere, these  ripples may be c l a s s i f i e d  as undulating, 

exhibi t ing a ripple  length of approximately 1.3 m and a northwest to 

north-northwest  orientation. The occurrence of r ipp le  marks only i n  

the scour track is interpreted  as  evidence  that   shallow sandy seabed 

soils are overlain by a thin  veneer of mare cohesive material. It is 

evident from the side scan  record that the d i s t r ibu t ion  of t h i s  clay 

veneer is somewhat patchy,  because  r ipple  trains are also evident  over 

la rge  areas to the r i g h t  of the diagram. Moreover, the bathymetric 

data suggests that the scour  depth is less than O. 2 m, so t h e   t o t a l  

thickness of clay veneer must be somewhat less. 

Z t  is evident from the foregoing that r ipp le  marks can  provide 

substantial   indirect   evidence  regarding the nature of the seafloor and 

the distribution of s u r f i c i a l  granular resources i n  the study  area. 

The west s ide  of the  shoal  north of Kay Point,   for  instance,   appears to 
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be predominantly sandy. The crest of this shoal ,   par t icular ly   near  the 

north  end, is apparently  comprised of gravel-sized material. Sandy 

sediments  are  also  present at the  seabed on the  coastal   shelf  between 

Roland Bay and Stokes Point, as well as i n  t he  Babbage River 

Paleochannel  and the adjacent areas of Ph i l l i p s  Bay. ' I n  some areas, 

like the coastal  she l f ,  the sand probably consis ts  of only a t h i n  

veneer. I n  other  areas, l i k e  P h i l l i p s  Bay and part of the shoal  south 

of Collinson Head, the sand may be blanketed by a t h i n  layer of recent 

clayey silt. The d i s t r ibu t ion  and thickness of this clayey silt layer 

are both important f ac to r s  which must be considered i n  any engineering 

evaluation of the granular  resource  potential of the study area, but a 

more detailed  assessment is precluded  without  substantial  detailed 

groundtruth  information. 
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4. O SUBSURFACE CONDITIONS IN THE STUDY M U A  

4.1 Herschel. Basin 

The acoust ic   s t ra t igraphy of Herschel Basin was original ly   descr ibed by 

O'Connor (1984) on the bas is  of shallow seismic records collected by 
the Geological  Survey of Canada between 1970 and 1975. 

In   t he  deeper parts of the basin, the surf i c ia l  sediments were divided 

into  several   uni ts ,   based on their apparent seismic signature.  

According to  O'Connor (1984) the  shallowest  strata  (acoustic  Unit  AU-1) 

were found t o  consis t  of approximately 20 m of laminated soft sediments 

(Drawing No. 4.1 1 . Since the upper half of the acous t ic   un i t  appeared 

to be more highly  laminated than the lower ha l f ,  and the  boundary 

between the  different   acoust ic   s ignatures  could be traced over the 

ent i re   basin,  O'Connor (1984)  divided  the  laminated  surficial  straturn 

into  sub-units AU-la and AU-lb.  

The laminated unit AU-1 was found t o  rest conformably on an underlying 

acoust ical ly   t ransparent   uni t  (AU-2) which is d i s t i n c t i v e  by i ts  

homogeneous but extremely  discontinuous  bedding.  Unit AU-2 appeared  to 

be generally thicker than 30 m near the   centre  of the  basin. Along the 

basin margins, however, i ts  thickness  could  not be determined, because 

multiple  interference  obscured  the  deeper  reflectors when the seabed is 

shallower. 

The precise contact between Units AU-1 and AU-2 is, as Drawing No. 4.1 

shows, not  generally marked by a good re f lec tor .  On the  contrary,  the 

contact is only  evident  because of the change in   the  acoust ic   s ignature  

from the highly  laminated  sequences  evident in AU-1 t o  the  almost 
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randomly discontinuous  sequence which characterizes AU-2. This lack of 

any d i s t i n c t  marker leeflection a t  the boundary suggests that the  

acoust ic  impedance across the  boundary does  not change,  an 

observation which led  O'Connor (1984) to suggest   that  both acoustic 

uni ts   are   probably comprised of similar soil types of approximately the 

3ame density. 

Other locat ions were noted, however, where Unit AU-2 was characterized 

by a s t rong  ref lector   near  i ts  upper boundary. As Drawing No4 4.2 

i l l u s t r a t e s ,   t h i s   r e f l e c t o r  was not  necessarily  coincident  with  the 

change in   acoust ic   s ignature  from laminated to discontinuous,  but 

occurred a few metres below the  boundary. In  such cases the boundary 

i t s e l f  might  be marked by a complete absence of any r e f l ec to r s  

whatsoever. 

I n  spite of the almost complete lack of any in te rna l   acous t ic   o rder   in  

Unit AU-2, weak and discontinuous low frequency  reflections were of ten 

observed  within  the stratum. In  rare cases higher frequency and high 

amplitude  hyperbolae were also observed a t  about the same elevation. 

O'Connor (1984) in te rpre ted   these   re f lec tors  to be hummocky acoustic 

permafrost (APF), i .e .  t he  irregular top of iee-bonding i n  the 

sediments (see Drawing No. 4.1) .  

Where it was not  obscured by mult iple   interference from the  seabottom, 

the base of Unit AU-2 was found t o  be marked by a d i s t i n c t ,  if only 

weakly continuous l o w  frequency  refleetion. O'Connor (1984) 

in te rpre ted  this r e f l ec t ion   t o  be the uppermost boundary of Unit AU-3, 

a harder layer  (till, gravel, bedrock, or possibly  continuously 
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ice-bonded  permafrost) whose lateral extent  could  not be determined. 

There appeared t o  be some general corre la t ion  between subt le  changes i n  

e levat ion of the seafloor and the  s t ructure   contours  on the top of Unit 

AU-3. The latter usually rises, for instance,  near the basin margin 
and is somewhat deeper near the basin centre.   In some eases even very 

minor seafloor morphological  features  appeared t o  be related t o  similar 

s t ruc ture   fea tures  a t  the   top  of Unit AU-3, but in other caBes some of 

t h e  major seaf loor   features  apparently bore no r e l a t ionsh ip   t o  

s t ructure   contours  on the  lower unit .  

For the most pa r t ,  the in te rna l   acous t ic   s t ra t igraphy of the seamounds 

remained  unresolved i n  the earlier study  conducted by O'Connor (1984) . 
It was clear that both units AU-1 and AU-2 are present  beneath these 

seafloor  features,   but It w a s  never clear to what extent   these  features  

might be an  indication of deeper structure.  Isopach  determinations 

appeared t o  provide somewhat conflicting  evidence.  In Drawing No. 4.3, 

for   instance,  the thickness of Unit AU-1 io not signi f icant ly   d i f fe ren t  

on top of the  seamound than it is i n  the  adjacent  areas, thereby 

suggesting  that   formation of the seamound is probably a r e l a t ive ly  

recent  (post depos i t ion   to  much of AU-1) feature .  In Drawing No.  4.4, 

however, Unit AU-1 is c l ea r ly  much thinner on top of the seamound than 

it is on the E lanks or the  adjacent  basin bottom. This  suggests that 

t h e  structural   relief  probably  preceded, or at least was was 

penecontarnporaneous with t h e  deposition of Unit AU-1. In   nei ther  of 

the above cases was it possible  t o  discern  the  nature of the acoust ic  

stratigraphy  in  the  deeper  geologic  section. 

Fol lowing  the  dr i l l ing of several  geotechnical  boreholes for DIAND i n  

Herschel  Basin from the barge Ilrctic Kiggiak in 1984, the t rue   na ture  
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of the  subsurface  stratigraphy under the  basin became apparent. 

Drawing No. 4.5 shows the borehole log for F84HB1 superiqosed on a 
1974 seismic sect ion which runs near the locat ion  dr i l led.  An exact 

t i e  to t h e  seismic l i n e  is impossible, of course, because of poor 

posit ioning  accuracy  during  acquisit ion of the  1974 data, but   the 

proximity OF the borehole  location t o  the seismic l i n e  is apparent frrjm 

the good correlat ion  obtained between the two .  

According t o  the  borehole  information, the upper  atratum  consists of a 

very soft to soft, thinly  laminated,  mostly  high plastic s i l t y   c l a y ,  

olive brown to brownish  grey in   co lour  and  having a trace of organics, 

either as  pockets or as t h i n  laminae, and occasional shell  fragments. 

A t  approximately 19 m beneath the seabed,  the  soil   consiatency became 

E im. Prom 20.7 m t o  27.4 m clear to white  cloudy ice lenses ranging 

from 25 ram to 200 mm th ick  were found associated wi th  the clay and the  

observed soil  strengths  exceeded 50 kPa. From 27.4 to 38.5 m t he  

observed so i l  st rengths   var ied from 30 to 40 kPa and no ice-bonding of 

t h e  strata was observed. 

From 38.5 t o  47.0 m the  sediments  consist of a dark olive grey uniform 

f ine  sand with a trace t o  some silt. Some interbedded clay layers were 
observed  near the top of the stratum. No .evidence of ice-bonding w a s  

noted  during  dril l ing.  

Between 47.0 m and 55.4 m the soil w a s  logged as a stif€ t o  very stiff, 

dark  grey  clay  and silt with a trace of gravel. The soil was dry to 

maist and exhibited low p l a s t i c i t y .  

A t  55.4 m the  borehole  encountered a grey s i l t y  sand  and  gravel 

stratum. Aggregate p a r t i c l e s  up t o  35 RUII i n  diameter were xecovered, 

bu t   d r i l l i ng  was ha l ted  at 57.9 m because of the  suspected  presence of 

cobbles. No ice-bonding was noted i n  samples recovered from e i t h e r  the 
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clay and silt  stratum  or  the  underlying  gravel,  although  the  sampling 

frequency  was generally l o w  and the recovered  samples were often  too 

disturbed to be necessarily  representative of the in-situ temperature 

conditions. 

Correlation of the  borehole  and  seismic  information  suggests  that the 

stratigraphy is probably  more  complicated than originally  envisaged 

from the  seismic  information above. As suspected,  surficial  acoustic 

unit AU-1 is comprised of laminated  soft,  silty clays . The change in 

acoustic  signature at approximately 20 m appears to be  due to the 

presence of ice  lenaing  within the soil. Independent  observations  made 

by the author  during  drilling  suggests that laminae  within the silty 

clay  samples  collected from 20 to 40 rn bsb tended to be much more 

discontinuous  than those observed  in the shallower section. In 

addition, the laminae  were  not  always  horizontal,  but  often  occurred at 

angles up to 1 5 O  or more. 

The weakly  discontinuous low frequency  reflector  previously  interpreted 

as hummocky acoustic  permafrost by  O'Connor (1984) appears to represent 

the top of the upper sand unit on the borehole log. The signal 

penetration on the 1974 seismic records was insufficient to readily 
record the top of the lower clay  unit, but the higher  amplitude l o w  

frequency  reflector  repre8enting the top of acoustic unit AU-3 

correlates  well with the top of  the sandy  gravel  stratum which could 

not  be  penetrated  during drilling. 

Airgun recoods  collected by the Geological Survey of Canada in 1985 

from the M. V. Banksland  Surveyor provide much better definition of the 

acoustic  stratigraphy of the deeper strata under the basin  than  was 
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available  previously. Drawing No. 4.6 shows an airgun record from l i n e  

F84-301, which crosses Herschel Basin i n  a southwest to northwest 

d i rec t ion  and  passes almost direatly  through  borehole F84-HB1. Major 

r e f l ec to r s  were found to correspond  closely t o  each of the 

6tratigraphiC changea noted on the borehole  log. 

The sand  and gxavel stratum noted near the  base of the borehole, for 

instance,  may be correlated with a strong,  mostly  continuouo reflector 

which a p e  t o  the northwest a t  about 0.6%.  In the western part of 

Herschel Basin, where the seabed is r e l a t ive ly  flat, the top of this 

stratum may be traced eas i ly ,  but i n  the deeper part of the basin, 

where PLF's are nore COWPOD, the occurrence of the sand and gravel 

r e f l ec to r  is  d i f f i c u l t  t o  follow. 

Overlying the sand and gravel stratum in   the  borehole  is a stiff clay 

which was originally logged as a till. It's glac ia l   h i s tory  was not, 

of course,  determined during the  present  study,  but the high 

consistencies measured in  the  recovered samples cer ta in ly  suggest that 

some overconsolidation has occurred.  According to the seismic record 

the stiff clay may be up to 16 m thick near the western  basin  edge,  but 

i s  possibly  thin or absent where the seamounds occur. 

The seismic evidence  suggests  that 8 like the  c lay till, t h e   s i l t y  sand 

stratum is not of uniform thickness throughout  the basin, but varies 

from as l i t t l e  as 4 m t o  as much as 19 m i n  80me places. As 

in te rpre ted  on Drawing No. 4. 6 ,  there is also evidence  that  the sand 

stratum may be traced under some of the PLF's, thereby  indicating that 

they  probably  originate a t  shallow depth rather than deeper i n  the 

geological  section. 
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The airgun  records also provide considerable information regarding the 

d i s t r ibu t ion  and occurrence of the s u r f i c i a l   c l a y   u n i t  in the  basin. 

The base of the  laminated sediments, which is also coincident  with the 

top  of observed ice lensing ( APF 1 i n  the clay,  can be eas i ly  traced 

from the edge of the basin  northeastward  through the borehale t o  the 

edge of the PLF' S. It appears that the base of the ice-bonded clays 

can also be traced Lateral ly  for some distance,  making this one O€ the 

few examples where both the top  and the  bottom of an acoust ic  

permafrost layer  have  both been v i s i b l e  on the same shallow seismic 

record. According to the  seismic evidence, this ice-bonded clay  layer 

is probably  not  present  continuously under the  basin,  but thins and 
then terminates abruptly where the  PLF's occur.  Although the airgun 

records can hardly  be considered def in i t i ve ,   t he re  is also evidence 

t h a t  the discontinuously  laminated  clay stratum which underlies t he  

ice-bonded layer  may also terminate near the  edge of the seamounds. 

Except for those   re f lec tors  which underlie the small PLF at  Fix 56 ,  

there is l i t t l e  aeismie evidence  regarding the nature of the core of 

these  features .  This or ig ina l ly  led to speculation that they may be 

g l a c i a l  i n  or ig in ,  and perhaps  might  be  comprised of granular 

materials, but the geotechnical  borehole F84HB2 dril led into the crest 

of the seamound a t  N77  11770 E350500 (Drawing No. 4.7) provided quite 

different  evidence.  According to the borehole  log the seaf loor  

sediments . a t  t h i s   l oca t ion   cons i s t  of 7.8 rn of bioturbated, 

homogeneous, high p l a s t i c  s i l t y  clay. The sediments  varied from dark 

olive grey to  very dark grey i n  colour and contained a t r ace  of 

organics.  Shear  strengths immediately beneath the seabed were leas 

than 5 kPa, but  increased almost l inear i ly   with  depth to about 25 kPa 

a t  7.7 m. 
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Drawing No. 4.8 shows an ORE record  obtained across the  si l l  south of 
Coll inson Head. The In te rpre ted   s t ra t igraphic   condi t ions  axe shown  on 

t h e  same drawing. The deepest unit which can lm resolved on the si l l  
cons is t s  of f i r m  t o  s t i f f  (becoming very hard a t  depth) dark grey t o  

b l a c k   s i l t y  clay. Boreholes drilled on the sill by Gulf Canada i n  1982 

and by DIAND i n  1984 suggest   that  the detailed  geotechnical  properties 

of the  clay may vary from place to place, but  the  general   stratigraphy 

appears t o  be  uniform. The clay is characterized by  low to high 

p l a s t i c i t y ,  a trace to some organics, and continuous, even, parallel 

laminations which are commonly horizontal  or exhibi t   only  s l ight  dips 

(up t o  l o 0  ) Ice-bonding has been noted in boreholes on the  sill a t  
depths of 8 rn or more beneath  the  seabed,  usually  occurring as ice 

lenses a few mill imetres  thick.  Evidence of widespread  ice-bonding i n  

the clay is also available from the shallow seismic information, which 

ind ica tes  that hummocky acoustic  permafrost ( M F )  is sometimes present 

as l i t t l e  as 3 rn beneath the seaf loor  on the  seaward aide of the sill.  

The crest of the si l l  immediately south of Collinson Head is 

characterized by a sand and gravel  shoal  containing subrounded t o  

subangular particles having a maximum diameter well i n  excess of 100 mm 

(see Plate No. 2.2) . The thickness of the granular  deposit was 

measured to  be 3.4 m in borehole F84HSl the single location tested 

along the creet of the shoal. According to the  probehole datar thinner 

values may be expected  along  the  flanks (Drawing No. 4.9). 

Basinward of the  Shoal, the under ly ing   s t i f f  silty clay sequence is 

mantled by a recent soft clay  sequence which var ies   in   thickness  from 3 

to about 8 m. Acoustically, this sequence  appears t o  b% t h in ly  

laminated, similar to the s u r f i c i a l  sediments which now occupy the 
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bottom of Herschel Basin. The granular sediments appear to be 

stratigraphically equivalent to these soft clays, the boundary being 
somewhat transitional, as shown on Drawing No. 4.8. 

Immediately south of Collinson Head a few metres of recent soft silty 

clay may also be found on the seaward side of the shoal, sometimes 

covering the flanks of the granular deposit. Southeastward towards the 

deepest part of the shoal,  however, this recent  clay sequence thins 

significantly, often leaving the older clay sequence exposed at or near 

the seafloor. Since the granular materials which comprise the shoal 

and the older clay sequence both have a relatively high reflectivity, 

the exact seaward limit O€ the granular materials which comprise the 

shoal is very d i f f icul t  to define using shallow seismic techniques. 

Further east,  near the edge of the Mackenzie Trough,  Drawing No. 4.10 

demonstrates that the thick recent marine sequence which characterizes 

the Trough can  be seen on-lapping the sill,  but the precise edge of 

this sequence is difficult to discern from the acoustic data. For 

clarity, the position of the unconformity has been enhanced on the 

seismic section shown on the drawing. 

The gravel shoal appears to be absent along the deepest part of the 

sill crest,  but is very extensive i n  the area northwest of Kay Point, 

where it can be  easily observed on the bathymetric records. The 

anastomosing crest of the sill trends in a generally southeastward 

direction towards Kay Point, reaching to within 2 or 3 m of the  sea 

surface in certain areas, accompanied by an increase in the thickness 

of granular materials to perhaps 7 m or more (Drawing No. 4.11).  While 

the crest  itself is relatively narrow, boreholes, surface samples and 

test dredging results indicate that the granular deposits are much 

wider here than at the north end near Collinson Head. Shallow water 
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depths and the incursion of ice in to   t he  aouth pa r t  of the  study area 

prevented seismic p ro f i l i ng  or d r i l l i n g   i n   t h e  imediate v i c in i ty  of 

Kay Point ,  so the   exact   nature  and extent of the  subsurface 

stratigraphy  remains  uncertain.  Geologic  considerations suggest, 

however, t h a t   t h e  sequence  of  gravel/sand  overlying a stiff clay 

probably  continues  southward to Kay Point,  although t h e  s u r f i c i a l  

granular  deposits may not  necessarily  extend westward to the  Babbage 

River  paleochannel. 

Discontinuous  hyperbolic  reflectors  noted  close t o  the seabed i n  this 
area are thought t o  be due to ice-bonding, rather than gravel deposits,  

but the exact  nature of the  subseabottom  conditions  cannot be r e l i ab ly  

determined  without  further  extensive  dri l l ing.  

4.3 Yukon Coastal  Shelf 

Like  the sill,  s t ra t igraphy of the  narrow coastal   shelf  which borders 

the  north and west s ides  of Herschel Basin is d i f f i c u l t  to resolve 

acoustically  because the  signal penetration into the  older  sediments 

which comprise the shelf is usually poor. Drawing No. 4.12 shows an 

echo sounder record near Thetis  Bay, along  the  south  shore of Herschel 

Island. The record shows a s u r f i c i a l  wedge of recent  soft   sediments 

which rest unconformably on an older un i t  and thicken i n  a southward 

d i r ec t ion   i n to  the basin. They appear to be t h i n  or ent i re ly   absent  

north of Fix 1121. These s o f t  sediments are comprised primarily of 

s i l t  (48% to 6 7 % )  and clay ( 2 8 %  to 51%) sized particles with  trace (1% 

to 5 % )  amounts of sand.  According to  laboratory tests, t h e   s u r f i c i a l  

sediments  exhibit an intermediate   plast ic i ty ,  even  though the measured 

s i l t  contents are re lat ively  high.  
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Borehole information near the seismic l ine   sugges ts   tha t   the  pre- 

uneonformity s t r a t a  are mainly fine  grained, but some interbedding of 

clays and sands may be expected. Materials encountered  in  these 

boreholes are believed t o  be representat ive of the ice th rus t  moraine 

which cons t i tu tes  Herschel Island. Hummocky r e f l ec to r s  which occur as 

shallow as 4 m beneath the seabed are probably due t o   l o c a l  

ice-bonding, but frozen (Nbn) sediments were noted i n  the adjacent 

boreholes only at much deeper depths. 

Between Thetis Bay and Roland Bay no geotechnical boreholes have been 

dril led on the  coastal   shelf .   fndirect:   evidence of t h e   s u r f i c i a l  

geology  underlying the shelf is avai lable  from Rampton (19821, who 

suggests that  the  coastal sediments  in this area are primarily of 

glaciofluvial   origin  (outwash plaine and va l l ey   t r a ins ) ,  and consist of 

poorly sorted,  pebbly t o  cobbly gravels with some sandy layers,  similar 

t o  the material which presently  comprises  the  spit  a t  Catton  Point 

(Drawing No. 4.13).  High resolution  shallow seismic records do not 

provide  such detailed information  regarding  the  subsurface 

stratigraphy. The acoust ic  data do confirm, however, that recent soft 

sediments are not generally  present at the  seafloor on the   she l f ,  

except a t  distances of several  Mlometres or  more away from the present 

coas t l ine  (Drawing No. D.6). 

Rampton (1982 1 suggests   that  the Yukon coast  immediately  north of 

Roland Bay is comprised of morainic deposits, but that the south side 

of the  Bay is Lacustrine  plain.  According to geoteehnical  information 

acquired by Hardy Associates ( 1978 1 Ltd. f o r  Gulf Canada Resources i n  

1982 and 1983, the  morainic  deposits  extend  offshore under the   coas ta l  

shelf a s  well. As Drawing No. 4.14 demonstrates,  boreholes drilled 

north of the  Bay were found to conta in   f rozen   s i l ty  clay (till 1 
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sequences at relatively  shallow depths beneath a s u r f i c i n l  sandy gravel 

stratum. The till. was c l a s s i f i e d  as medium plas t ic ,   g rey ,   f i rm  to  

stiff ( in   the  unfrozen a ta te ) ,  and  contained  occasional  organic8. 

Whsre the sediments were found to be ice-bonded, ice CrptalS, veins 

and  lenses were common (Vx, V,,  V, to 10% , some Nbn ) These 

ice contents are s l i g h t l y  lower than  those which are normally 

encountered i n  morainic  deposits  along  the coast, but mre massive i cy  

sediments may be expected at depth. 

South of Roland Bay the  f rozen till w a s  also present  close to the 

shoreline,   but the interbedded peat, sands, silts, and clays which 

occur i n  the off shore  borehole 882RB6 are more cha rac t e r i s t i c  of 

lacustr ine  deposi ts  of thermokarst  origin, as mapped  by  Rampton (1982) 

along  the  coast .  The s t i f f  s i l t y  clay which underlies the l acus t r ine  

deposits is probably the same till material which occurs  north of the 

Bay, although it has not been recorded as such on the borehole lags- 

A t o t a l  of 8 cone  pushes  and 24 boreholes were drilled a t  Stokes Point 

during Gulf ' 8  1982/83 programme to  assess the  suitability of the site 

as a future  marine base. The boreholes  demonstrated  that this area of 

t h e  shelf is underlain by somewhat more complicated stratigraphy  than 

is found fur ther  north along the coast, and includes  extensive  deposits 

of granular material. The material Consists of unif orm fine sand with 

a trace to some fines,   extending from the seabed to a t  least 12 m 
beneath  the  seabed.  Gravel  size material was present i n  some samples 

(Drawing No. 4 - 1 5 ) ,  as were t h i n  layers of compact silt. The sand 

appears to be in a loose t o  denae  condition and generally  exhibits 

ice-bonding  only near t he  shoreline. As Drawing No. 4.16 

demonstrates, the rather complicated  subseabottom  stratigraphy may be 

s impl i f ied   in to  3 geologic  units: 
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Stokes  Point  along  the  coastline.  Coarser  material may also be 

present,   especially  near  the mouth of the Spring =ver. 

4.4 Babbage River  Paleochannel 

The drowned reach of t h e  Babbage River channel  extends  northwest from 

P h i l l i p s  Bay, becoming progressively wider as it en te r s   i n to  Herschel 

Basin east of Ftoland  Bay. It appears   to  be  occupied, for the most 

part, by a r e l a t ive ly   t h i ck  sequence of very soft f ine  grained 

sediments.  According t o  Gulf boreholes G82SP-6 and G82SP-14, these are 

pr incipal ly   dark grey s i l t y   c l ays   w i th  a trace of f i n e  sand and local 

organics. P l a s t i c i t y  varies from medium t o  high.  Unlike the laminated 

surf ic ia l  sediments of the basin, these clays  have been described as 

Structureless,  although  interbedded  sequences of black  organic  clay  (up 

to 9% organics) and clayey silts are also common. Undrained shear 

s t rengths  i n  these  sediments  usually  vary between 5 and 20 kPa, w i t h  

some sl ight ly   higher   consis tencies   (up  to  30 kPa) being recorded a t  

depth.  Moisture  contents on the  samples tested were equal to or 

grea te r   than   the   l iqu id  limit of t h e   s o i l s ,   r e s u l t i n g   i n   l i q u i d i t y  

indices  varying from 1. O t o  as high  as  4.67 in the organic rich 

material. Bulk densit ies  ranged from 17 12 kg/m3 t o  1922 kg/m3 , 
with  values i n  the lower range  being by f a r  the moat cornon. Computed 

dry  densi t ies  were generally close to 1150 kg/m3, but one sample of 

peaty  clay  exhibited a dry  density of only 875 kg/m3. 

The nature of the aurf ic ia l   sediments  which occupy the paleochannel can 

be  deduced not  only from the  geotechnical  information  described  above, 

but also from the shallow seismic information.  According to ORE 
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As Drawing N o .  4.20 showsl the   eas te rn  margin of the  paleochannel is 

sharply  defined on the  echo  sounder  records,  especially  in the deeper 

reaches. According t o  other data, however, some s h i f t i n g  of the 

channel m y  have  occurred with time, as soft surf ic ia l   sediments  appear 

t o  underlie  the  seabed between Fix 1969 and 1965 (Drawing No. 4 - 2 1 ) .  

The western edge of the  paleochannel is c lea r ly   v i s ib l e   i n  deep water 

(Drawing No. 4.19), but becomes progressively less dis t inct   towards 

Phi l l ips  Bay. In  Drawing No. 4.22, for instance, the margin occurs 

between Fixes 1946 and 1947, but it is not marked by a st rong 

ref lector .  Near Stokes Point,  the boundary  between the shelf  and the 

paleochannel is almost  impossible t o  discern on the  acoust ic  records, 

and  hence is best located on the basis of the dxill hole information. 

As noted  previously, the d iap i r i c   s t ruc tu res  which underlie the deep 

water parts of the  paleochannel  have been eroded down t o  the seabed. 

I n  shallow water many of these diapirs penetrate the seafloor, Eorming 

i so la ted   fea tures  which are clear ly   evident  on detailed bathymetric and 

sub-bottom records (Drawing N o .  4.18) .  They vary i n  size from about 20 

rn i n  diameter (Drawing No. 4.23) t o  200 rn i n  diameter (Drawing No. 

4.24 1 and seen to be preferent ia l ly   located  near  the eastern margin of 

the paleochannel. Some appear to be associated with adjacent areas of 

seafloor collapse. Modern sedimentation - h s  on ly   pa r t i a l ly   i n f i l l ed  

these  collapse areas and  hence the fea tures  are believed to be very 

recent   in  origin. 

One of these features  was prof i led   severa l  times i n  order to provide a 

more detailed  understanding of i t 5  morphology. The east to  west 

profile through Fix 2151 shown in Drawing No. 0.7 suggests that the 
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The profiles demonstrate clearly that these seabed diapirs have a 

relatively complex morphology. They appear t o  be modern i n  origin and 

are probably dynamic in nature. The rates of growth and collapse axe 

unknown at present, but could probably be determined by repetitive 

surveying. 

As far as the present author is aware, recent diapirism of this type is 

unreported elsewhere along the Arctic coast, although such features are 

certainly well documented along the edge of the continental shelf 

(O'Connor, 1981, Pelletier, 1979) and along the geologic discontinuity 

which forms the eastern edge of the Mackenzie Trough (O'Connor, 1980, 

1984 1 . Similar features have also been reported in the modern 

Mississippi Delta. The Phillips Bay diapirs have not yet  been  drilled, 

so any discussion of their origin is  somewhat speculative,  but it 

postulated that they may have formed as a result of rapid sedimentation 

and the subsequent development of high pore water pressures in the 

diapir channel strata. The diapirs are therefore probably comprised 

of low strength layers, buried by more recent sedimentation and then 

squeezed to the surface by the weight of the overlying strata. The 

discovery of collapse features raises the possibility that shallow gas 

may also be a contributing or driving mechanism for the process. 
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5.0 GRANULAR RESOURCES IN THE STUDY AREA 

5.1 General 

Pr ior  to the present  study the granular  resource  potential  of the  

Herschel Basin  and Its environs  had been examined only  in  a cursory 

fashion (O'Connor, 1983) . Emphasis a t  t h a t  time had been on assessing 

the q u a n t i t y  and qual i ty  of sand and gxavel on the sill, and hence 

l i t t l e  a t ten t ion  was focussed on poten t ia l  deposits i n  other submarine 

areas within and adjacent   to  the Basin. 

During the present  investigation, however, the po ten t i a l   fo r  

development of submarine granular resources near  Herschel Island was 

approached i n  a more rigorous manner. As a consequence, each of the 

physiographic  subregions which const i tutes   the Basin area was examined 

separately, and the evaluation of granular  resource  potential was made 

on several  grounds, as described below: 

PRL)vEN RESOURCES t 

These are granular Icesources whose dis t r ibut ion,   th ickness ,  

or occurrence is supported by groundtruth  information  such 

as t e s t  dredging,  surface  sampling,  ocean bottom 

photography and/or geotechnical  dri l l ing.  

PROBABLE RESOURCES: 

These are sand or gravel  deposits whose existence ha5 been 

infer red  on the  basis of severa l   d i f fe ren t  types of 

indirect  evidence,  including:  side  scan  sonar data, 

shallow seismic information,  bathymetric data, s u r f i c i a l  or 

coas ta l  dynamics considerations. 
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PROSPECTIIVE FtESOURCESr 

' Granular  resource  prospects  are  those  deposits  whose 

existence is postulated on the basis of only one type of 
indirect  evidence, e. go ripple marks on a side scan  sonar 
record, ~f general  geological  coneiderations  such  as  the 

projection of terrain types into the offshore. 

For present purposes the  distribution of PROVEN granular  resources has 

been  confined to specific  area8  around  the  boreholes  or  sampling 

locations,  even  when  it is evident that the borehole  stratigraphy may 

be assumed  to be representative of a much wider area. This  procedure 

has been  used to eliminate the inadvertent  projection of granular 

resouxce  quality from one  part of the  study area to another, a 

particularly  important  consideration  when  dealing  with  deposits whose 

grain size characteristics  may  change over relatively  short  distances. 

Likewise,  the  boundaries of PROSPECTIVE granular  resource  deposits 

should be considered to be only poorly defined  at best. In some casesI 

the data  show  conflicting  results, egg. ripple marks in presumed clayey 

areas, and hence some may eventually  prove  to be entirely erroneous. 

Nevertheless, the inclusion of such  information is considered  to be 

appropriate  for  the  present  regional  study  because it helps to 

highlight  particular areas which  certainly bear further  investigation 

ln any  future  granular  resource study. 

5.2 Herschel  Basin 

Prior to conducting the 1984 geoterchnical dr i l l ing  programme from the 

Arctic  Kiggiak,  it  was  considered possible that the PLF's which  occupy 

the floor of the Basin  were  remnant  glaciofluvial  features  comprised  of 
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sand and gravel, The geotechnical borehole (F84HB2 ) d r i l l e d  on one of 

these seambunds demonstrated that the PLF's are not   g lac iof luvia l  

features ,  but are ice-cored  submarine  pingos formed following the 

partial drainage of Herschel Basin at some t i m e  in the past. 

Sand and gravel was encountered a t  depth i n  the other  borehole (P84HB1) 

which penetrated the basin floor. The seismic  information  suggests 

that this granular  atratum is probably widespread  within the Basin, but 

both the water depth  and the thickness of cover  overlying the gravel. 

precludes its development as an offshore borrow source. 

5.3 Herschel Sill 

Information  regarding  the  distribution,  extent  and qua S i t y  O 'f t he  

granular resources on the sill has been col lected by both government 

agencies  and some of the major petroleum  operators  (Table 5.1) .  

The earliest documented studies in the area were conducted by the  

Geological Survey of Canada during the Hudson 70 cruise. Shipek 

samples analyzed by P e l l e t i e r  (1975) and presented i n  his report  on 

sediment  dispersal   in the Canadian  Beaufort Sea indicated that some 

granular  sediments  might be located on or ,near the Herschel Sill (see 

Table 5.2, s t a t i o n  F70-33). 

Shipek  samples  recovered  during the 1975 GSC programme from the M. V. 

Theta were reported by Rodd (1975). A t o t a l  of 8 locat ions on the sill 

were examined (Table 5.3 1 . Although no detailed grain s i z e  

dis t r ibut ion  curves  are presented,   the   report   indicates   that  the 

highest  sand  contents were recorded near Collineon Head (F75-23). 
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TABLE 5.1 

Granular Resource  Information Available on 
the Herschel Sill 

Collecting 
Year  Aqency Data  Quantity 

1977 Geological Survey of Gxab Samples 3 locations 
Canada 

1980 ' Dome Petroleum Reconnaissance 50 km 
high resolution 
geophysics 

1981 Dome Petroleum 

1981 Dome Petroleum 

1981 Dome  Petroleum 

Detailed  high 300 km 
resolution 
geophysics 

Clam shell test 16 locations 
dredging 

Bottom grab 24 stat ions 
samples, video and 
still photographs 
for environmental 
control 

1902  Gulf Canada 
Resources 

Geotechnical 6 boreholes 
boreholes 

1984 Indian and Northern Boomer, echo 180 km 
Affaira sounder and side 

scan records 

1984  Geological  Survey ORE records 
of canada 

b 

6 0  km 

1984  Indian and Northern Geotechnical 4 locations 
Affaire boreholes and clam 

shell dredging 
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TABLE: 5.2 

Grain Size Information Obtained During the 
Hudson 70 Cruise (from Pelletier, 1975) 

Station 9 Sand % Silt % Clay 

F70-29 4 47 49 
F70-32 1 40 59 
2'70-33 26  31 43 

TABLE 5.3 

Grain Size Analysis of Shipek  Samples from 
Herschel S i l l  reported by Rodd (1977) 

Station % Sand % Silt % Clay 

F75-3 
F75-4 
F75-7 
F75-23 
375-30 
F75-3 1 
F75-32 
F75-35 

34 
40 
44 
90 
69 
52 
27 
33 

32 
33 
34 
7 

22 
25 
41 

18 ~ 

34 
27 
22 
3 

13 
26 
40 
26 
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In 1980 and 1981 Dome Petroleum  conducted  reconnaissance and detailed 

high  resolution  shallow seismic programmes on the sil l  i n  an attempt to  

del ineate  the extent of any granular  resources which  might be present.  

Although some very  detailed maps were produced from the second survey 

(Geoterrex, 19821, both programmes found it d i f f i c u l t  t o  d i f f e ren t i a t e  

between granular and cohesive materials at the seabed. 

During the summar of 198 1 Dome Petroleum also conducted a series of 

s tud ie s  t o  inves t iga te  the impact of dredging on any  benthos  which 

might be present on the S i l l .  In July,  12 s t a t i o n s  were examined by 

d iv ing   b io logis t s   to   record  the types and abundance of macrobenthos 

(Large battom-living organisms) and  benthic  infauna (animals l i v i n g   i n  

the bottom  sediments) a t  po ten t i a l  gravel borrow sites prior t o  

dredging. An addi t ional  14 s t a t i o n s  in the Bame area were examined i n  

September, 1981. Sediment samples f o r  particle s ize   ana lys i s  were 

obtained  in   July by a l a rge  crane-operated clam s h e l l  bucket. I n  

September,  sediment  samples were collected i n  a 470 cm3 plastic jar 

by the divers. The r e s u l t s  of the grain s ize  analyses and divers '  

observations of soil type reported by Arctic Laboratories (1982) are 

presented  in  Table 5.4. 

C l a m  s h e l l  test  dredging was also conducted by Dome Petroleum at 

locations  other  than where the benthic  surveys were carried  out.  Three 

pr inc ipa l   a reas  on the  Herschel S i l l  were investigated.  area 1 was 

centered at N7716400 E586000. Area 2 was located near N7714900 

E587900, and Area 3 w a s  centered at approximately N7706400 E594500. 

Sampling  depths  varied from O . 6 m to 1 . O m below the  seabed a t  a l l  

locations  except GS03, where samples were re t r ieved  by digging 

repeatedly  in the same hole. Some gradation  analyses were completed on 
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TABLE 5.4 

Sedimentary  Characteristics of Herschel Island Benthic Stations 
(modified from Arctic Laboratories Ltd., 1982) 

Station % Gsavel 0 Sand % Silt-Clay 

JULY, 1981 

JCS- 1 
JCS-2 
D- 1 
D-2 
D-3 
D-4 
D-5 
D-6 
D-7 
D-8 
D-9 
D-10 

SEEPEMBER, 1981 

49 
46 
53 

1 
G 
O 
O 

33 
16 
41 

- 
41 
49 
46 
59 

99 
99 
65 
67 
59 

- 

M/G 

10 
5 
1 

40 

1 
1 
2 

17 
O 

" C / G  

- 

ses- 1 
SCS-2 
DS- 1 
DS-2 
DS-3 
DS-4 
DS-5 
DS-6* 
DS-7* 
DS-8 
DS-9 
DS- 1 O** 
DS-11 
DS- 12 

G 
20 

1 
36 

O 
14 

I 

24 
4 

88 
53 

- 

- 
72 - 
22 
20 ~ 

87 
81 
S/G - 
24 
15 
W G  
10 
44 

M/G - 
8 

77 
44 
13 
5 - 

" C / G  
52 
81 

2 
3 

- 

* remote video aurvey 
** remote video and grab aamples 
C Clay G Gravel 
S Sand M Silt 
"/" over 
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selected samples on board the W. V. Supplier V and  further  analyses 

were conducted a t  EBA's Edmonton laboratory. Resulta of the grain s ize  

analyses in each area are presented in Tables No. 5.5 to 5.7 inclusive,  

while the individual   grain  s ize  curves are shown in Appendices E.1, E.2 

and E . 3. The material recovered in Areas 1 and 3 was predominantly 
sand and  gravel, while the Area 2 material was pr inc ipa l ly  silt and 

f i n e  sand. The latter dif Eered considerably from the surface  sediment 

characteristics determined  during the benthic  survey (see s t a t ions  DS5, 
DSlO, D5 and D12) in the same general area, and c l e a r l y   i l l u s t r a t e d  the 

abrupt changes i n  material type that occur over r e l a t ive ly  short 

distances on the Sill. Grain  size  envelopes  for Areas 1 and 3 

presented in Drawing No. 5.1 demonstrate that the t yp ica l  grain s i z e  

d i s t r ibu t ion  is not s ign i f i can t ly  di€ferent i n  the 2 areas. Area 1 

samples exhibited much lower dispersion  than Area 3 samples, but the 

area over which the latter were collected is a l s o  much greater. 

Although 2 samples (GS 14 and ES1 5 ) from the south end of -ea 3 were 

found to be par t i cu la r ly  coarse grained, it is Important to note that 

no d i s t i n c t  gradation trends along this deposit can be deduced. Much 

more groundtruth information will be required before any  such trends 

become defined. 

On the basis of a l l  the clam shell t e s t  xesults,  the Geopotes X dredged 

a t o t a l  of 60 302 m3 from the Herschel S i l l  for the construction of 
the  Tarsiut caisson  re ta ined  is land i n  1981. The borrow site w a s  

approximately 250 O00 ra2 i n  area, centered  about N7715300 E587900 

(near Area 2 )  Samples recovered from the dredged material exhibited 

an  average D50 of approximately 6000 Pm and an  average  fines 

content of 6%, similar t o  the nearest  clam shell test r e s u l t s  a t  

s t a t i o n s  DS5 and DS10. 
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TABLE 5.5 

Results of Clam Shel l  Dredging i n  AREA 1 
(from EBA Engineering  Consultants Ltd., 1981) 

Silt Sand Gravel D50 (mm) 
Station 0 % 0 Soil  Description 

GS03-1A 10 41 49 4.5 GRAVEL AND SAND (GP-CM) - 
trace of silt, some 
cobble sizes up to 1 O0 mm 
diameter 

GSO3-IB 5 36 59 8 .0  G R A a  AND SAND (GW) - 
tiace of silt, some till- 
l i k e  zones, gravel sizes 
common up to 75 mm dia., 
one 200 mm dia. boulder 

* 3 38 59 

GS03-1C 7 49 44 

GS03-2C 6 40 54 

7.8 

3, O SAND AND GRAVEL (SP-SM) - 
poorly drained, one 90 mm 
cobble,  organic, black 

6.4 GRAVEL AND SAND (GP-GM) - 
trace of silt, some till- 
l i k e  material 

GS03-ID 6 35 59 6.3 GRAVEL AND SAND (GW-GM) 

GS03-2D 1 41 58 6. 1 GRAVEL AND SAND (GW) - 
clean 

* 1 37 62 7.5 

GS03-1E 2 -45 53 5.5 GRAVEL AND SAND (GP) - 
lote  of 50 mm diameter 
gravel sizes near top, 
f ines  washed out 

GS03-2E 3 41 56 7.0 

GS03-3E 6 43 51 5.  O GRAVEL AND SAND (GP-GM) - 
lots of weeds i n  sample 

7 54 39 2.2 (SP-SM) 
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Silt Sand Gravel D 5 0  (mm) 
Station % % % Soi l   Descr ipt ion 

GS03-4E 7 

GS03-SE 3 

GS03-6E 3 

GS03-7E 4 

CS03-8E* 13 

GS06-1A 4 

55 38  2.1 

47 50 5.0 

51 46 3.4 

39 57 8. O 

4 8 '  -- 39 2.0 

46 50 5.0 

SAND AND GRAVEL ( SF-SM ) - 
some cobble sizes up +O 

100 mm diameter 

SAND AND GRAVEL (GP) - 
gravel sizes coraraon up to 
40 mm diameter 

SAND AND GRAVEL (SM) - 
some siltr some t i l l - l i k e  
zones 

GRAVEL AND SAND (GP) - 
gravel sizes couunon to 
80 mm diameter 

4 48 48 

GS06- IB 4 46 50 

GS07- 1A 5 49 46 

GS07- 1A 5 49 46 

GSO8- 1A 2 67 31 

4.3 

5. O 

3.8 

3.8 

1.4 

2nd xzznr 88 above, one 
200 mm diameter boulder 

SAND AND GRAVEL (SP) - 
+ one 130 mm dia. boulder 

SAND AND GRAVEL ( SP ) - 
one 130 mm dia. boulder 

SAND (SP) - gravelly,  
some t i l l - l i k e  materialr 
gravel sizes common to 
75 mm diameter, trace of 
cobbles 

GSO9-1A 4 

* 3 

54 42 2.8 

45 52 6 . 0  

SAND AND GRAVEL (SP) - 
cobble sizes cornon to 
100 m diameter 

* G r a i n  s ize  results obtained l n  EBA's Edmonton laboratory 
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TABLE 5.6 

Results of Clam Shell Dredging in A m  2 
(from EBA Engineering Consultants Ltd., 1981) 

S i l t  Sand Gravel D50 (mm) 
Station 9i % 0 Soil Description 

GS04-1A 

GS04- 1B 

SILT - some clay,  some 
sand to sandy, trace of 
gravel 

as above - (taken a t  
bottom of clam-shell 
sampler) 8 less  c lay  
( trace) ,  laminated in 
10 rrun layers w i t h  organic 
rich sandy silt 

GS-5 SIfrT - sandy, clayey, 
(no samples retained) 

GSOS- 1B 40 59 1 o. 12 SAND AND SILT (SM) - 
medium to low plastic 
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Results of Clam Shell Dredging in AREA 3 
(from EBA Engineering  Consultants Ltd., 1981) 

Silt Sand Gravel D50 (mm) 
Station $5 % Soil Description 

GSO 1 -1A 

GSO1-1B 

GSO1-1C 

GSO1-1D 

GS1 O- 1A 

GSl1-1A 

GS12-1A 

CS13-1A 

GS14-1A 

* 

GS15-1A 

* 
GS16-1A 

GS17 

O 

1 

O 

1 

2 

O 

17 

3 

1 

1 

5 

1 

38 

46 

46 

99 

65 

59 

67 

19 

10 

40 

35 

54 

62 

53 

54 

O 

33 

41 

16 

78 

89 

59 

61 

34 

13. O 

6.2 

6.0 

0.28 

1.9 

3.2 

0.25 

24.0 

57 0 0  

10.0 

10.0 

2.5 

GRAVEL AND SAND (GP ) - 
cobbles common to 100 mm 
diameter 

as above, f i n e r  grained 

GRAVEL AND SAND  (GP 

as above, f iner   pained 

SAND (SP) - very f ine 
grained, uniform 

SAND (SP) - gravelly, 
some  cobble sizes up to 
150 ran diameter 

SAND AND GRAVEL (SP) - 
s izes  up to 150 nmr dia. 

SAND (SM) - some silt and 
gravel, frequent a i l t  
pockets, some gravel 
sizes up to 50 mm dia. 

GRAVEL (GP ) - some sand, 
trace O€ silt, coarse 
subangular gravel and 
cobbles up to 120 mm dia. 

(GW) 

GRAVEL AND SAND (SPI - 
subangular cobbles up to 
150 mm diameter , some 
till-like zones 

SAND (SP) - gravelly, 
subangular cobble s izes  
up to 120 mm diameter 

Crane broke down 

*Grain size results obtained in EBA's Edmonton laboratory 
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The following mmraer ( 1982) the Hendrik Zanen removed 4481 m3 of 

granular material from the north end of Area 3+ Samples were re t r ieved  

a t  6 s t a t ions  (see locations A through F i n  Drawing No+ Dm 1) . Grain 

s i z e  determinations made on 3 of these samples showed t h a t  the lrurterial 

was a sandy  gravel (Drawing No+ 5 . 2 )  and  hence was approved f o r  

placement on the  Uviluk berm. 

Gulf Canada Resources Inc. also carried out  granular  resource  studies 

i n  1982, d r i l l i n g  6 boreholes on the Herschel S i l l .  A total  of 3 of 

the boreholes (GHB82.508, 509 and 510) f a i l e d  to encounter any granular 

deposits a t  the seabed, l n  apite of the fact that they were located 

relatively close t o  other aampling s t a t ions  where granular materials 

were previously detected. Borehole GHB82501, located near Collinson 

Beadr encountered a sand unit beneath 0 . 3  m of s i l t y  clay,  but its 

thickness was not  determined. Borehole GHB82511, located along the 

seaward side of the S i l l ,  penetrated a t h in  (0.3 rn) gravel layer  before 

enter ing  the underlying hard clay. Only borehole GH882512, s i tua t ed  on 

t h e  bathymetric high which extends  northward  from Kay Point, 

encountered a s igni f icant   th ickness  of granular material. According to 

the brehole log presented by EBA Engineering  Consultants  Ltd. ( 1982) , 
the  seabed  consists of 2.3 III of f i n e  and medium grained gravel 

exhibi t ing Borne sand  and a trace of silt. Two grain size d i s t r ibu t ion  

analyses  performed on samples recovered during d r i l l i n g  showed that the 

gravel content  varied from 55% t o  70%, while the sand  content  varied 

from 26% to 44%. Measured silt contents were l o w  (3% to 4%). D50 

f o r  these samples ranged  from 5.2 to 7.1 mm. 
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The most recent   d r i l l ing  programme on the Herschel Sill was conducted 

by DIAND i n  1984, as p a r t  of the present  study  to  evaluate t h e  

po ten t i a l  for  development of submarine  granular  resources  near  Herschel 

Island. The boreholes, probe holes and test dredging locations 

demonstrated khat the shoal immediately  southeast of Callinson Head is 

comprised of gravel and  sand up to  3.4 m in  thickness.  The gravel is 

subrounded t o  subangular, poorly to well graded and appears t o  be i n  a 

dense condition. Silt contents axe re la t ive ly  low in the  gravel, but 

range  sl ightly higher in some of the more sandy samples  recovered  near 

the base of the deposit (see grain  size  curves i n  Appendix E4 1 

Composite gradation  envelopes for these samples  appear i n  Drawing No. 

5.3. 

Integrat ion of all the geological,  geotechnical and  geophysical data 

col lected  s ince 1970 demonstrates  that most of the  granular  resources 

which occur on the  S i l l  may be found i n  the narrow shoals which occupy 

t h e  crest between Collinson Head and Kay Point. Two distinct granular 

resource  deposits  have been  recognized. 

The f i r s t ,  termed the  Collinson Head shoal,  extends  southeastward from 

Collinson Head a distance of approximately 9 km. It varies i n  width 

from about 200 m t o  more than 1500 m and cover& an area of 

approximately 750 ha. As Drawings No. 5: 4 and D . 8 i l l u s t r a t e ,  this 

deposit   also  includes the small sp i t   a t   Pau l ine  Cove, although it is 

questionable  whether  such material might be exploitable,  given the 

histor ical   Bignif icance and present land use of this area (see Plates 

5.1 and 5.2) .  According to the recent DIAND boreholes shown i n  Drawing 

No. 4.9, there  is a st rong  re la t ionship between bathymetry and the 
thickness of sand and gravel in the  shoal,   especially on the northeast  
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(seaward) s ide  of the f eature.  On the  southwest  (basin)  side of the 

shoal this re lat ionship is not as well defined,  since  the  granular 

materials may grade l a t e r a l l y  i n t o  and/or  intertongue  with recent f i n e  

grained  cohesive  sediments  over a r e l a t ive ly   sho r t  distance. The 

maximum thickness of granular material encountered i n  the Collinson 

Head shoal is 3.4 m (borehole F84HS1) . The observed water depth a t  

this location was 12.34 m. 

Volumes of granular material in the ColLinaon Head shoal were 

calculated by assuming t h a t  sand and gravel. is an average of 2 m th ick  

along  the crest of the shoal, but only 1 m t h i c k  elsewhere (see Drawing 

No. 5 . 5 )  On this basis, the  shoal  contains  approximately 3 500 O00 

rn3 of proven reservesl of which 200 O00 nt3 are contained  in   the 

s p i t  a t  Pauline Cove. The shoal probably  contains a t  least another 

2 600 O00 m3 bf material, most of which is along the crest i n  water 

depths of between 12 and 15 m. The area immediatsly  adjacent t o  

Collinson Head possibly  contains an addi t ional  2 700 O00 m 3,  but  the 

shallow water depths in this area may make dredging somewhat d i f f i c u l t .  

Total   reserves i n  t he  Collinson Head shoal are est imated  to  be 

8 800  O00 m3. 

As noted  previously, the south   par t  of -,the S i l l  is occupied by a 

complex series of shoals. Some of these are at tached  direct ly  to Kay 

P o i n t ,  while others have now been separated from the shoreline as the 

shoreline  rapidly exoded to the southeast. As Drawings No. D . 8  and 5.4 

demonstrate, the Kay Point  shoals occupy a much larger area than the 

s ingle  shoal  near  Collinson Head. Conservative estimates suggest that 

a t  l e a s t  7500 ha of the sill may contain  granular  resources  suitable 

for marrine development. Bathymetric,  ride  scan and sub-bottom p r o f i l e r  

evidence  indicate that both sand and gravel are probably  present  in  the 

major  shoals north of Northing 7695000 m. No groundtruthing has been 
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conducted  south of this point ,  Sand  and gravel  thicknesses of up t o  

7 m may be  expected  along  the crest of  some of these  shoals (see 1 

Drawing No. 4.11 1, but this probably  represents a maximum value which 

is  atypical. of most of the shoalsf an  average  thickness  along the crest 

of approximately 4 m is considered  to  be more representative (see 

Drawing No. 5 . 5 )  . 
According t o  the surface and borehole samples which are avai lable  from 

the north end of the deposit, these  shoals  appear to contain  granular 

material whose qual i ty   var ies   according  to   locat ion.  While the data 

are insufficient  to  determine any specific  trends,  they  suggest that 

t h e  material generally f a l l s  within the grading curve* previously shown 

by O'Connor (1983) (Drawing No. 5.6).  

Using the assumed thicknesses shown in Drawing No. 5.5, it is concluded 

t h a t  a t o t a l  of approximately 118 500 O00 m3 of sand and gravel may 

be present   within  the Kay Point shoals. Some 13 800 O00 m3 of these 

reserves may already be considered to  be proven. This includes  about 

1 600 O00 m3 i n   t h e   s h o a l  which extends south and west from Kay 

Point.  Current  information  suggests  that 67 500 000  m3 of granular 

material probably  exist  in the  northern  half  of the  feature ,   but  

addi t ional   large areas of the sill are also considered t o  be 

prospective for fu ture   gave l   resources .  While no groundtruth or 

subbottom data are present ly   avai lable  t o  confirm the nature of the 

seabed  immediately  north of Kay Point,  preliminary estimates suggest 

t h a t  this area may ult imately  yield  an additional 37 700 O00 rn3 of 

granular material suitable for  engineering  purposes. It remains t o  be 

seen, however, what impact the  shallow water depths may have i n  

r e s t r i c t ing   t he   u l t ima te  development of these reeources. 

*Data include 15 samples from clam shell dredging (EBB Engineering 
Consultants Ltd., 1981) and 3 samples taken from a load  dredged by the  
Hendrik Zanen i n  1982 ( locat ions A, C and E) 

m. 1. O'COIIIIOR 4 RSSOCIAT€S 1TD. 
W 
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5.4 Yukon Coastal Shelf 

A m p l e  evidence  exists t o  support the Occurrence of nearshore  granular 

resource deposits along the Yukon Coast. 

It is estimated, for instance,  that perhaps 100 O00 m3 of granular 

materials are contained  in   the spi t  which has formed at  the nmuth of 

Workboat Passage. In addition, Rampton (1982) has mapped extensive 

glaciof luvial   deposi ts   consis t ing of poorly sorted pebbly t o  cobbly 

gravels both inland  and  along the Yukon coast immediately south of 

Herschel Island (see Drawing No. 4.13). The seismic evidence  available 

on the  narrow shelf  area east and southeast of Catton  Point does not 

provide  any direct evidence as to the possible  extension of these 

granular  resource  deposits  into the off shore, except perhapB f o r  the 

indicat ion of a deltaic or channel-fi l l   feature which occurs near the 

in t e r sec t ion  of l i n e s  IHFt842 and XHR8434B. Rather, the subbottom 

p r o f i l e r  data suggest   that  much of the seabed east of Catton  Point may 

cons is t  of a thin ( 1 m to 3 m) blanket of recent clay. Any granular 

deposi ts  which are present are theref oxe l ikely  confined t o  the deeper 

sediments which exis ted on the shelf prior t o  the last marine 

transgression. 

I n  spite of this lack of geophysical support, the geological conditions 

which present ly   exis t   a long  the  coast l ine are considered  to  be 

auf f ic ient ly   promising that w e  estimate Borne 4125 ha of t he  shelf may 

be  prospective for granular resource development. Using an  estimated 

average  thickness of O 5 m for these depos i t s   resu l t s   in  a prospective 

volume of 20 6 0 0  O00 m3 of granular material. 

While no subsea  groundtruth  information is avai lab le  to test these 

assumptions, a DIAND study  completed  jointly by R. M. Hardy and 

Associates Ltd. and Terrain Analysis and Mapping Services  Ltd. in 1976 

provides  Information  an both the quant i ty  and quality of the granular 

sediments which comprise the narrow spi t  a t  Catton Point.  According t o  
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t h i s  study, the deposit is approximately 50 m wide and mre than 5 km 

long. Its crest is approximately 1 rn above sea l eve l  and  hence it is 

completely  inundated during major storm surges. Like many o ther  

similar fea tures  along t h e  Yukon Coast, this s p i t  is bare of most 

vegetation,  save for t u f t s  of grass and driftwood concentrated  along 

i ts  crest. 

On the  basis of 4 tes t  pi t s  excavated on t he  spit  (see Appendix E. 5 )  8 

t h e  1976 report  suggests that the deposi t   contains   fa i r  t o  good qua l i ty  

granular material consis t ing of s t r a t i f i e d ,  paor t o  well-graded, f i n e  

t o  medium gravel with some medium to coarse sand as well as poor to 

well-graded sand  with some f ine  gravel  (Drawing No. 5. 7 ) .  Larger 

Clasts are mainly  rounded t o  subangular sandstone  but some chert, 

a r g i l l i t e  and (rarely) quartz  are also present. The t o t a l  volume of 

t h e  spit is  es t imated   to  be approximately 900 O00 m3, of which 

perhaps  only one half is actually  recoverable. This t o t a l  volume 

therefore represents  only  about 5% of the prospective volume which may 

be present  under the adjacent  shelf .  

Echo sounder and side scan  sonar  records  collected by DIAND in 1984 

suggest   that   o ther  areas of the Yukon coastal   shelf   south of Catton 

Point may a l so  be prospective. The echo  sounder  records  indicate that 

recent  soft clayey sediments are e i ther   very   th in  or en t i r e ly  absent 

along much of the  coastal shelf, while  r ipple marks evident on Borne of 

the Side man  records  suggest that some of the bottom sediments are 

probably  granular  rather  than  cohesive  in  nature.  This ra ther  weak 

evidence is supported, at: least i n  part, by geotechnical  information 

obta ined   in  1976 by DIAND at Stokes  Point  and i n  1982/83 by Gulf Canada 

at both Stokes Point and  Roland Bay. 
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The DIAND study (op. c i t  . 1 noted  that   the   Stakes  Point   spi t  is 

approximately 50 m wide  and conta ins   s t ra t i f ied ,  poorly graded, f i n e   t o  

medium gravel  with medium to  coarse  sand, as well as poorly  graded  fine 

t o  coarse  sand  with  fine  gravel (see Appendix E.6 and Drawing No. 5.8) .  

Pebbles  rarely  exceed 40 mm i n  diameter, especially at the eastern end 

where the sandier  fraction  predominates. The study  noted  that   the 

la rger  clasts are mainly  rounded t a  subrounded  sandstone  and  quartzite 

with rare limestone, chert and granite,   but  chert  is much  more common 

in t he   f i nes  The volume of t h e   s p i t  was estimated t o  be 

1 050 O00 m3, but the report  suggests that  static water  levels may 

limit the recoverable volume t o  about 400 O00 m3. 

Dri l l i ng  by Gulf Canada i n  1982/83 demonstrated that the  granular 

deposit  is not limited t o   t h e   s p i t  a t  Stokes Paint,   but  also  extends 

under the shelf  area (Drawing No. 4.16). The deposit is described as a 

uniform  fine  sand with a t r a c e   t o  gome silt, interbedded with t h i n  

layers  of compact s i l t  and sandy gravel. 

Grain  size  envelopes  for  both  the  sand and gravelly members are shown 

i n  Drawing No. 5.9.  According t a  the   ind iv idua l   g ra in   s ize  

dis t r ibut ion  curves  shown i n  Appendix E.7, some of t he  Band strata have 

r e l a t i v e l y  high fines  contents,   especially =ear the edge of the deposit 

(see boreholes 82-SP-9 and 82-SF-13). None of the  offshore samples 

appear t o  be as coarse  grained as those  recovered from the s p i t   i n  

1976 but it is d i f f i c u l t  to ascer ta in  whether this is a condition of 

t h e  material i n  situ, or whether it merely r e f l e c t s ,  the di f fe ren t  

sampling  techniques  utilized  during  the 2 investigations.  

The s u r f i c i a l  sand  varies  in  thickness between 1 m and 5 m over most of 

t he  area near Stokes Point,  but  thicknesses of 10 m or more were 

observed  along a  narrow (generally less than 200 rn wide) channel 
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t r end ing   i n  a norther ly   direct ion from the  south part of the spit.  The 

seaward limit of the  channel was not detected during the d r i l l i n g  

program, but geological  considerations  suggest that it probably does 

not extend much beyond the western  edge of the Babbage River 

paleochannel. 

The 1982/83 geotschnical d r i l l i n g  by Gulf Canada a t  b l a n d  Bay 

confirmed the  coheaionlesa  nature of the seabed soils but also 
demonstrated that the sur f ic ia l   g ranular   depos i t  is generally  confined 

t o  a t h i n  (less than 0.5 ml veneer  blanketing the seafloor. Sand 

thicknesses  in  excess of 4 m may be present,  however, along the ax i s  of 

t h e  drowned reaches of the  Roland River. The or ien ta t ion  and extent  of 

this paleochannel was not determined during the present  study,  but  l ike 

the  sand-filled  channel  near Stokes Point,  it probably does not  extend 

past the  12 or 14 m isobathe The channel deposits a t  Roland Bay 

cons is t  of f i n e   t o  coarse sand and fine  gravel  with a trace of a i l t ,  
interbedded with fine  sand  having a trace to some silt and a trace of 

f ine  gravel  (see Appendix E . 8 and Drawing No. 5.1 O ) Unfortunately, 

t h e  sand was a l so  found to contain medium plastic s i l t y   c l a y ,  organic 

silt and peat  layers,  some of which ranged up t o  O .6 m in   th ickness  

Thus although the &land  =ver  paleochannel is known to contain 

cohesionless material, the high  fines  content  and the presence of 

organic beds probably limit its value as a source of off shore granular 

resources. 

Similar l imitat ions may also be presen t   i n  the drowned reaches of t he  

Spring  River south of Stokes Point,  the existence  and  orientation of 

which has only been speculated to date, 
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The present  information  suggests  that the granular  resource  deposits at 

Roland Bay and  Stokes  Point may occupy as much as 1900 ha on the  shelf .  

AB noted  previously, 1 050 O00 m3 of sand and gravel are contained  in 

the s p i t  at Stokes  Point,  while a t o t a l  of another 7 800 O00 m3 are 

known (proven) to be present a t  3 locat ions inrmediately  offshore from 

the  coast .  An addi t ional  3 500 O00 m3 are probably  present i n  close 

proximity to these 3 depositsr  while  perhaps as much as another 

6 150 O00 m3 of granular material* may underlie the she l f   i n   t he  

adjacent areas 

Prospective volume of any granular deposits associated with the Spring 

River are estimated  to be only 850 O00 m3. 

I t  is evidentr  therefore that  a t o t a l  of 40 850 O00 ni3 of sand  and 

gravel may be avai lable  fox borrow development on the Yukon coastal 

she l f .  About 25% of this volume is considered to be already proven. 

Additional  geotechnical  etudies w i l l  ce r ta in ly  be required to assess 

in greater d e t a i l  both the qual i ty  and th0 specif ic   locat ion of the 

remaining  reserves. 

5. 5 Babbage River  PaLeochannel 

In s p i t e  of the occurrence of ripple marks within some parts of the 

Babbage River  paleochannel, the good signal penetration  achieved on th@ 

echo sounder records  suggests  that  it is unlikely that the  offshore 

reaches of this par t icu lar   fea ture   p rovide  much opportunity  for  the 

development of submarine  granular  resource  deposits. Signal 

penetration  in  the  shallow  reaches is not as good, a f a c t  which may be 

*assuming  an  average  thickness of 0.5 over 1230 ha 
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a t t r i b u t e d   t o  the occurrence of coarse grained material at or near the 

seabed. A tentat ive  prospect ive volume of 3 500 O00 rn3 has been 

proporaed* for purposes of the present   report ,  but this should be 

considered  only as a first guess. Geotechnical   dr i l l ing is required i f  

the  nature of the channel  sediments is t o  be understood a t  the  required 

l eve l  for engineering  planning purposes. 

5.6 Summary of Granular  Resource  Potential 

It is apparent from the foregoing that substantial   granular  resources 

are avai lable  from marine  and coastal deposits  southeast  of Hersçhel 

Is land (Table 5 . 8 ) .  Geotechnical and geophysical  information evaluated 
during the present  study  confirm  that more than 26 O00 O00 m3 of sand 

and  gravel are present a t   a t  the seabed,  principally on the Herschel 

Si11 and along the shelf between Herschel  Basin and the Yukon coast. 

The‘  data  further  dernomtrate that an  additional 73 600 O00 m3 are 

probably also available,  mostly i n  the area inmediately north of Kay 

Point.  General geological, geophysical and bathymetric data suggest 

that addi t ional  volumes of granular material exceeding 71 500 O00 m3 

may possibly  be present,   but a large sca le  dril l ing programme would be 

necessary to prove up these  addi t ional   reserveso  Total  volume of 

granular  resources  in the Herschel area are currently  estimated to be 

more than 171 O00 O00 m3. 

The coastal  spits examined in the study area contain almost en t i r e ly  

gravel-size material, but a l l  the submarine deposits investigated have 

both sand and gravel members. These members genera l ly   fa l l   wi th in  the 

grading  curves shown in Drawing No. 5.1 1. On the basis of the 

gradation  curves obtained from the Stokers Point area, it appears that 

based on an estimated area of 1400 ha and an average thickness of 
0.25 m 
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TABLE 5.8 

Summary of Granular Resource Potential 
in the Study Area 

MT& VOLUMES (m3) 
ARER VOLUME (m3) PROSPECTIVE PROBABLE PROVEN 

Herschel Basin O O O O 

Collinson Head Shoal 8 800 O00 2 700 O00 2 600 O00 3 500 O00 

Kay Point Shoals 1 1 8  500 O00 37 700 O00 67 500 O00 13 300 O00 
Herschel S i l l  

Yukon Coastal 
Shelf 

40 850 O00 27 600 O00 3 500 O00 9 750 O00 

Babbage River 
Paleochannel 

3 500 O00 3 500 O00 O O 

171 650 O00 ,71 500 O00 73 600 O00 26 550 O00 

TOTAL 171 650 O00 

m. 1. O'COnnOR ASSOCIATES 1TD. d5 
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the  submarine  deposits on the  coastal shelf  areas probably are 

comprised of more sand-sized material than those  granular  resource 

deposits  located on the Herschel S i l l .  Furthermore,  the  present 

evidence  suggests that both the sand  and gravel member8 of the Kay 

Point  shoals are measurably  coarser than most O€ the deposits examined 

elaewhere. 

Future  studies  should therefore be concentrated on the Kay Point  shoal, 

where superior quality material has  already  been  located,  but 

additional invest igat ions are required to confirm the nature and extent  

of the other prospective deposits in the  study area. If such deposits 

are also found to contain material su i t ab le   fo r  marine  construction 

purposes, and if such resources are required by the petroleum industry,  

it may be ant ic ipa ted  that the shallow water depths which presently 

exist at most sites will not be a deterrent  t o  exploitation. 

m.J. o*connon a assoclnw ITD. d5 
W 
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6.0 SIGNIFICANCE OF THE STUDY 

The original  purpose of t h i s   s t u d y  was to   eva lua te  the granular 

resource  potent ia l  of the submarine areas southeast of Herschel Island. 
I n  the course of conducting  the study, however, valuable  information 

was also obtained  about the regional  geological  conditions  under which 

Herschel  Basin  developed its present  form as well as  the engineering 

implications of the submarine  conditions which present ly  exist there. 

While a complete assessment of a l l  of these topics  is beyond the scope 

of the   present  report, it is worthwhile to  review the signif icance of 

some of the major findings. 

6.  1 Granular  Resource  Potential of the Study Area 

O'Connor (1983) or ig ina l ly  estimated that 50 O00 O00 m3 of gravel 

might e x i s t  on the Herschel S i l l ,  even  though  only 10 O00 O00 m3 

could be considered  proven reserves. The original. report a b 0  
suggested that another 150 O00 O00 m3 of gravel might underlie the 

shallow waters of P h i l l i p s  Bay, s ince it appeared from the bathymetry 

that  this area of Herschel  Basin may be occupied by f luv iode l ta ic  

sediments of the  Babbage River. 

Geophysical  information  collected  during  the  present  study has 

permitted the further  refinement of these original volume estimates to 
those shown i n  Table 5.8. N o t  only haa the  volume of proven  reserves 

on t h e  S i l l  increased  s ignif icant ly  to 16 800 OOOm3, but an 

addi t iona l  9 750 O00 m3 of granular material has been  proven up"  on 

the Yukon coastal shelf, thereby increasing the t o t a l  proven  reserves 

i n  the study area to  more than 26 O00 O00 ra3. 
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The study has also demonstrated  than  an  additional 70 100 O00 m3 of 

sand  and gravel are a lso   p resent  a t  or near the seabed  between 

Collinson Head and Kay Point, where perhaps another 35 O00  O00 m3 are 

a v a i l a b l e   i n  the subseabottom soils of the Yukon Coastal Shelf. 

Information examined during the original borrow study by O'Connor 

( 1983 1 suggested that the P h i l l i p s  Bay area was probably underlain by 

f loodplain or fluviodeltaic  sediments  consisting of a blanket of silt 

overlying  sands and gravels. The present  study was therefore  designed, 

in part, to examine these  sediments and map the  occurrence of any 

granular materials present   in  the subsurface. Unfortunately, the high 

resolution  seismic signals were not  generally able to penetrate the 

sub-bottom  sediments of P h i l l i p s  Bay, and therefore  no delineation of 

t h e  acous t ic   s t ra t igraphy  in  this area has  been possible.  A t  the same 

time, it is this very  lack of r ignal   penetrat ion which n o w  indicates  

that the shallow Phi l l ips  Bay strata are probably  not of f luv iode l ta ic  

or ig in ,  as or ig ina l ly  assumed, but are merely  the  eroded remnants of 

the same s t r a t ig raph ic  complex which now cons t i tu tes  Kay Point and the 

rest of the S i l l .  Such s t r a t a  are probably comprised mainly of f i n e  

grained rnnraine or lacustrine  plain  sediments,  although Rampton (1982 1 
has also mapped 80- terraced remnants of caalescing outwash fans along 

the northern edge of the Babbage estuary. These latter deposits 

cons is t  of s i l t y ,  poorly  graded,  fine to medium grained  sand  with 

pockets of stratified f i n e   t o  coarse gravel.  Recent  erosion of these 

deposi ts  may have contr ibuted  s ignif icant ly  to the present  sandy ahoals 

which currently extend  southwestward from the tip of Kay Point to the 

mouth of the Babbage River, and they may also have formed a thin veneer 

over parts of the  seabed i n   P h i l l i p s  Bay. Although the  thickness of 

t h i s  veneer  could no+ be  determined  during the present study, the 
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geological,  geoteehnical  and geQphySiCal information  indicates that 

potent ia l   addi t ional   reserves  of more than 40 O00 O00 m3 may be 

present on the Sill ,   with  about 90% of this volume e x i s t i n g   i n  the 

shallow waters of P h i l l i p s  Bay near Kay Point. 

According t o  the  present  study there are no exploi table  sand or gravel 

deposits  in  Herschel  Basin itself, but it is estimated that some 

unexplored areas of the coastal shelf  which borders the basin may 

possibly contain an addi t iona l  27 600 O00 m3 of granular material. 

Delineation of any submarine deposits which e x i s t  on the shelf ia 

expected to involve   re la t ive ly   de ta i led   d r i l l ing  programmes, similar to 

those  already carried out  near Stokes Point, unless improved high 

resolution  geophysical records can be obtained  during  future 

geophysical studies.  

Substant ia l  geotechnical d r i l l i n g  w i l l  also be required if the  granular 

resource  deposits which probably  exist   under  Phill ips Bay are to be 

mapped i n   s u f f i c i e n t   d e t a i l  for engineering  purposes Far fewer 

boreholes are necessary to prove up the nature of the shoals on the 

S i l l ,  bu t   suf f ic ien t  detail should be provided i n  any fu tu re  programes 

so that the nature, extent ,  volume and qua l i ty  of granular  resources 

can be assessed i n  some detail. T h i s  is &specially  important when the 

deposits  contain  gravel-sized material, since  such marine resources are 
not known to be abundant i n  the Canadian  Beaufort Sea. 

Lastly, it ia important t o   no te  that the  development  of the granular 

resources which are known t o  exist near Herschel I s land  may not 

necessarily be accomplished  with the same ease as some of the other  

borrow areas on the continental   shelf .   This is because many of the  

deposits : 

m. J. O'COCIIIOR a ASSOCIATES WB. 
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1. are loca ted   in  water depths which are too shallow for t he  

conventional  hopper trailer suction  dredges which are 

present ly   avai lable  in the Beaufort Seat 

2. have configurations which are long and narrow over variable 

water depths,  and  hence are difficult to  dredge$ 

3. contain material of marginal or unsui table   qual i ty  

intarbedded  with  construction  grade material (this is mre 

t r u e  of the coastal   shelf  deposits than those on the  

sill) ; 

4 . are located  close to or along the coast l ine,  where 

environmental   restrictions may preclude development or 

where extensive  dredging may alter the   coas ta l  dynamics and 

present shoreline  erosion rates 

Tn s p i t e  of theae l imitat ions,  it is envisaged t h a t  development of a t  

least some of these  resources w i l l  take place i n  the future, once the 

requirements for gravel-sized material become -re Eirmly established. 

6.2 Engineering  Implications 

The information  collected  during the present study also has a number of 

implications  with regard t o  the marine  engineering  considerations for 

fu tu re  development southeast  of Herschel  Island. 
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The study  has shown that the s u r f i c i a l  soil types may change 

very  quickly over short   d is tances  i n  the  study  area.  This is 

an  important  consideration for subsea  pipelines,  because  such 

non-unif orm conditions must be accounted for not  only in pipe 

stress/foundation  analyses,  but also i n  the se lec t ion  of the 

optimum dredging  equipment to be used for pipeline  trenching. 

Pipel ine  routes  which cross the  HerBchel S i l l ,  f o r  example, 

would have t o  contend  with  surficial  sediments  consisting of 

t h i c k  sequences of recent  marine  clay along the edge of the  

Mackenzie  Trough, s t i f f  to hard lacus t r ine   p la in  or morainal 

c lays  at the seabed along the seaward side of the si l l  (some of 

which  might  be  ice-bonded a t  shallow depths 1,  sand and gravel 

in the shoals along the crest, thin  sequences of recent marine 

clay on the landward s ide  of the sill and similar, but much 

thicker sequences i n  the bottom of Herschel Basin, followed by 

morainal ,   lacustr ine  plain,   g laciof luvial  or coastal   deposi ts  

comprised of dense Sand0 or s t i f f  to hard silt and clay on the 

shelf  which borders the Yukon Coast. In  some cases, several  

changes i n  soil type  and/or  consistency may occur  over a 

distance of as l i t t l e  as 200 m. The foundation  conditions for 

proposed marine s t ruc tu res  which are aensi t ive  to   such changes 

must therefore  be investigated  very  carefully.  

The occurrence of submarine  pingos l n  Herschel Basin has 

several   important   engineer ing  impll~at ions.   Firs t ly ,   the  

discovery that such  features are ice-cored means tha t   they  

would not be stable under  thawed conditions. They could not 
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thsxefore be used as loca t ions   for  marine s t ruc tures  or warm 

o i l  p ipe l ine   rou tes  which might  induce  heating of the 

subseabottom  sediments.  Secondly, there is soma evidence 

(O'Connor, 1984a) t o  suggest that some of these fea tures  may 

still be growing, although the rate of such growth i a   p re sen t ly  

unknown. Unti l  more detailed  engineering  information  regarding 

the  long term s t a b i l i t y  of these  pingos is avai lable ,  it is 

recommended that t h e   e n t i r e  seabed on and adjacent to these 

fea tures  be avoiaed. 

6.2.3 Recent Diapirism 

The discovery of what appears to be recent  shallow diapirism i n  

the Babbage River  paleochannel  suggests that t h e   s t a b i l i t y  of 

the  seafloor  sediments  should be careful ly  examined prior t o  

the   se lec t ion  of locat ions for engineered   ~ t ruc tures .  Although 

such diapirism  has to date been  noted only in the one area, 

special attention  should be given to  the s t a b i l i t y  of a l l  areas 

of the shelf  where inf i l led  paleochannels  may exist ,  e.g. 

Roland Bay, Spring River, Workboat Passage. Since such 

features  appear to be somewhat anomalous on the cont inental  

she l f ,  a spec ia l   e f for t   ehould  be -mae to study  their   nature  

and occurrence  in more de ta i l .  Of par t i cu la r   i n t e re s t  are the 

specific  geotechnical/geological  conditions under which these 

fea tures  play form beneath Arctic waters, and how they may be 

similar in or ig in  and/or s t r u c t u r e   t o  the "mud lumps" which 

present ly  form i n  t h e  Missiseippi Delta. Unlike the diapirs 

which may currently  be found fur ther  off shore near the shelf  

edge and along the eastern  edge of the Mackenzie Trough, these 

fea tures  are loca ted   in  close proximity t o  land and may 

therefore  be s t u d i e d   i n   d e t a i l  under both suramer and winter 

conditions,  thereby permitting the i den t i f i ca t ion  of any new 

growth or collapse. 
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The geological/geophysical  evidence  suggests  that  the  coastal 

dynamics  systems  in  the  study area  may be particularly complex. 

While Herschel  Basin consists entirely of a  depositional 

environment, the shelf, sill and paleochannel areas appear to 

have both depositional and erosional elements. Careful  mapping 

of these  elements and the specific  conditions  (currents, 

sediment  supply, etc. ) which  presently  control  their 

development is required 90 that the effects of  any future 

marine  development may be predicted  with  the  appropriate  level 

of confidence. 

Subbottom  and  bathymetric  information  show  clearly  that the 

seabed slopes  which  constitute the margins of Herschel  Basin 

are generally in an  unstable condition. While major  sediment 

gravity E lows into the Basin do not  appear to be common, there 

is substantial  evidence of slumping of both the lacustrine  and 

the recent marine clays along the basin margins. Some of these 

slumps intersect the aeabed  well  back of what is now the 

bathymetric  edge of the basin. Setbacks for structures  located 

near  the  edge of the basin  should be determined €rom both 

geophysical  and  geotechnical data,  as it will probably not be 

poBsible to recognize  previous  failure planes from the 

geotechnical  data  alone. Pipeline routes  which  must cross the 

basin  edge ehould be located only in the most stable areas, and 

should be oriented  such  that any future  slumping will. result  in 

minimal  damage to the pipeline. 

m. 1. O'COIIIIOR 4 ASSOCIIITtS 1TD. 
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6.2.6 Shallow Gas """""""""- 

The widespread  occurrence of ahallow gas in the s u r f i c i a l  

sediments of Herschel Basin and the surrounding areas was not 

noted from the geophysical  evidence examined during the present 

study. It is possible,  however, that a t  least m m e  of the 

reflectors which have  been in te rpre ted  as acoustic  permafrost 

are ac tua l ly  due t o  l o w  concentrations of shallow gas i n  the 

soil .  This is pa r t i cu la r ly  true i n  t he  she l f ,  sill and 

paleochannel areas, where signal penetration  and  resolution was 

generally poor. There is l i t t l e  geophysical  evidence, however, 

to suggest that shallow gas occurs   in  the study area a t  

concentrations which may pose an  engineering  hazard,  except 

perhaps  in  the Babbage River  paleochannel and on the seaward 

side of the S i l l .  

I n  the  Babbage River  paleochannel there is good bathymetric and 

subbottom  data to   sugges t   tha t  some of the  recent diapirs, or 

at least port ions of these  diapirs ,  may have collapsed  very 

rapidly,  leaving  behind  large  depressions on the seaf loor  

Similar features  were also observed on the seaward side of the 

Herschel S i l l ,  along the west edge -of the  Mackenzie Trough. 

AB O'Connor ( 1977 , 1980, 1984b) and others have  reported,  such 

collapse features  may of t e n  be due to  venting of shallow gas a t  

the  seafloor.  The collapse  depressions observed on the edge of 

t he  sill are much larger  than those observed i n  the 

paleachannel, but they are thought t o  be somewhat older and 

perhaps more s t ab le  a t  the  present  time. The modern fea tures  

observed  in the paleochannel, however, may present ly  be ac t ive  

and  hence may ind ica te  the extremely unstable nature of these 

recent  sediments. 
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6.  3 Historical G e b l o a  

The present  study has provided  important n e w  information  regarding the 

his tor ica l   geolow of the study area. 

Drilling  through the floor of the basin has confirmed the presence of 

ice-bonding i n  (presumed)  lacustrine  sediments  underlying what is 

evidently  recent  marine  and lacustrine clays. These ice-bonded s t r a t a ,  

which presently appear to be about 7 m th ick ,  must have formed when a l l  

or  moat of Lake Herschel was drained. It is speculated that t he  

draining  and  subsequent  ground  freezing  initiated  the growth of the  

submarine  pingos which present ly   exis t   a long the e a s t  side of the basin 

floor. These have  subsequently been buried by recent  sediments,  but 

some have apparently  continued to g r o w 8  even perhaps  under  present 

marine  conditions. 

According t o  the geophysical  evidence, the top of these ice-bonded 

s t ra ta   occurs  at between 80 and 85 m below present sea level. The most 

recent sea level  curves proposed fox the  Beaufort Sea (see O'Connor I 

1984bl suggest   that   draining to such an elevation may have occurred 

more than 20 O00 years ago, or as recently as 10 O00 years ago. 

Consideration of the nature and thickness of the ice-bonded s t r a t a  

suggests   that   the  latter date is probably mre l ikely  than the former, 

but  age  dating w i l l  have to be performed on recovered samples before 

this  hypothesis  can h confirmed. 
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7.0 SUMMARY AND CONCLUSIONS 

Recent geophysical and geotechnical studiea conducted by both 

government agencies and some of the major petroleum operators in the 

Beaufort Sea have greatly enhanced our understanding of the marine 

geology of Herschel Basin and the surrounding area. 

These studies demonstrate that the area may be  divided into 4 

subregions, based on bathymetry and surficial geology. These 

subregions are the Herschel Basin, the adjoining Yukon Coastal Shelf,* 

the Herschel Sill, and the Babbage River  Paleochannel. Each of these 

subregions is characterized by a unique set  of seabed and subseabed 

conditions which has particular implications for the future development 

of both granular resources and marine structures. 

The Herschel Basin encloses an area of approximately 100 km2. 

Maximum water depths in the Basin exceed 80 m, but the east half i s  

characterized by submarine pingos, some of which rise to within 25 m of 

the sea surface. Geotechnical and geophysical studies demonstrate that 

the floor of the basin consists of approximately 40 m of laminated 

silty clay overlying sand, stiff clay (presumed till) and gravel 

strata. Ice lensing observed in the surficial clay  unit suggests that 

the basin was drained and the bottom aediments exposed for some period 

of time in the past. Growth of the submarine pingos which presently 

occupy the basin is believed to have been initiated at this time. 

Although extensive sand and gravel layers were noted  in the 

subseabottom sediments, the extreme water depths and the presence of 
thick surficial. clay unit preclude the development of any  granular 

resources in Herschel Basin. 
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The precise  subsurface  conditions which underl ie   the si l l  joining 

Collinson Head t o  Kay Point are d i f f i c u l t  to resolve  acoustically,   but 

surface  sampling, t e s t  dredging  and  several  geotechnical  boreholes have 

been useful  i n  determining the  sur f , ic ia l  geology. For the most part, 

it appears that the sil l  is comprised of the same t e r r a i n  units which 

now are found  near  Collinson Head and Kay Point. The eroded  remnants 

of these mainly stiff, fine  grained  sediments  are locally covered by 

modern sand and gravel  shoals up t o  7 m or =re in  thickness  along the 

cres t .  Maximum water depths  along the crest may reach 17 m, but most 

of the sill is much shallower ( 4  - 12 rn) Discontinuous  ice-bonding is 
common i n  the f i n e  grained s o i l s  which const i tute  the regional sill 

sediments,  but is not  expected to occur i n  the modern sand and gravel 

shoals. Almost 17 O00 O00 ru3 of granular material su i tab le  for 

engineering purposes axe  already known to be located in these shoals. 

The present  information  suggests that an addi t ional  70 O00 O00 m3 are 

probably  available at the  seabed, and another 40 O00 O00 m3 of 

material may a l s o  be located,   i f  it can be proven that the 

glaciof luvial   features   noted near Kay Point also extend  offshore. 

Unfortunately, much of the  granular  resources on the si l l  are located 

i n  relatively  shallow water depths, where conventional hopper trailer 

suction  dredges may not be appropriate.  Nevertheless, it is presumed 

that  other  technologies  could be used for- development if warranted by 

future  granular resource requirements. 

/” 

The narrow coastal   shelf  which borders the north and west side of 

Herschel  Basin is, like the Herschel Sill, d i f f i c u l t  to map using  high 

resolut ion seismic techniques,  because the water depths are shallow 

(less than 14 m) and the shelf is underlain by firm t o  stiff or dense 

materials which form part of the xmrainal, lacustr ine,  or glaeiof luvial  
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sequences  found  along the coast l ine.  Recent soft  sediments  appear to 

be  absent i n  most areas,  except near the basinward  edge of the   shelf  

Geotechnical  drilling  conducted by Gulf Canada has v e r i f i e d   t h a t   s i l t y  

t o  gravelly  sands may be found in cer ta in  areas near Stokes  Point, but 

shallow  ice-bonding was also present  near the   coast l ine.  The most 

prospective area for future  granular  resource development appears t o  be 

located between  Roland Bay and  Catton  Point,  but no groundtruth 

information is current ly   avai lable  i n  t h i s  area. Most of the present 

9 750 O00 m3 of reserves on the  shelf  haye been located by 

geoteehnical  boreholes. 1t is estimated that a t o t a l  of 

40 850 O00 m3 of sand und gravel may eventually be found on the shelf 

and along  the  coast l ine,  i f  subs t an t i a l   add i t iona l   d r i l l i ng  is 

conducted i n  the most prospective areas. 

The drowned Babbage River Paleochannel does not appear to  be generally 

prospective for development of seabed  granular  resources,  especially i n  

the deeper areas near Herschel  Basin. The paleochannel may, however, 

contain some sand and gravel i n  the shallow  waters  near the Spring 

River, or at greater depths below the seabed  than were mapped during 

the present  study. Total volume of these deposits is presently 

estimated to be only 3 500 O00 m3. 

I n  addi t ion,   the  Babbage River Paleochannel  contains  several 

bathymetric fea tures   in te rpre ted  to be recent mudlumps or diapirs. 

Similar examples of seabed   ins tab i l i ty  have  not  been reported 

previously  in  such shallow water depths on the  Beaufort Sea continental  

shelf.  Verif icat ion of the  nature  of the subbottom  sediments i n   t h e  

paleochannel w i l l  require  additional  borehole  information. 



10-260 Page 140 

I n  summary, the geophysical and geotechnical evidence acquired to date 

suggests that Herschel Basin and i ts  environs is a uniquely complex 

area of the continental  shelf which contains a divers i ty  of geologic 

fea tures  whose or igins  are only now beginning t o  be understood.  These 

features  include  ice-cored  submarine  pingos,  unstable  slopes,  thick 

soft recent  sediments,  sand  and  gravel shoals, subsea  permafrost and 

recent  diapirs. Preliminary  granular  resource estimates suggest that 

between 100 O00 O00 m3 and 171 650 O00 m3 of sand  and gravel may be 

Located a t  the seabed i n  the area, al though  extensive  dr i l l ing will be 

necessary t o  prove up the larger quantities.  Unfortunately, many of 

these granular  resources are loca ted   in  areas which are not  readily 

accessible  by hopper t ra i ler  suction dredges, and therefore alternative 

mining methods may be required i f  exploi ta t ion is to  proceed. 
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8.0 RECOMMENDATIONS 

1. Additional drilling is required to prove up the quantity and 

quality of granular resources which are present in the study 

axea. 

Immediate drillinq should be specifically undertaken: 

a) to determine the thickness and lateral  extent of the Kay 

Point shoal, especially in water  depths where geophysical 

prospecting is not of benefit. 

bl on the  sill northwest of the Kay Point spit to determine 

whether glaciofluvial gravels mapped along the coastline 

also extend offshore- 

cl on the Herschel Basin shelf  between Roland Bay and Catton 

Point, to determine whether the large deposits of 

glaciofluvial. gravels mapped on the Yukon Caastal Plain 

also occur i n  the off shore. 

O€ secondary importance is a limited drilling programme to: 

a)  detemine the southern limits of the Collinson Head shoal. 

b) determine the  total extent of the granular deposits 

offshore from Stokes Point. 

c )  assess the potential for granular resource development of 

the Babbage River Paleochannel. 

2. Additional dr i l l ing  should be undertaken to evaluate the 

historical geology of Herschel Basin. In order to complete the 

stratigraphic sequence, a minimum of 2 boreholes with detailed 



10-260 Page 142 

sampling  are recommended. One should be dr i l led  through the 

floor of the Basin  into  bedrock  (total  depth  approximately 80 m 

below the seabed) . The second  should be dr i l led  through the 

centre  of one of the submarine  pingos into bedrock ( t o t a l  depth 

approximately 160 m below the seabed) . A third  hole  through 

the sill i n t o  bedrock  (depth unknown) would also be beneficial .  

Par t icular   a t tent ion  should be paid to obtaining material which 

is su i t ab le  for age  dating. 

3 .  The occurrence of d i ap i r i c   s t ruc tu res  at t h e  seabed i n  the 

Babbage =ver Paleochannel offers a unique opportunity to 

inves t iga te  the mechanisms by which such  unstable  features 

occur   in   the Canadian Arctic deltaic environments.  Every 

effort   should  be made to  obtain  detailed  hydrographic and 

subbottom evidence  over  one of these diapirs, so t h a t  its 

stratigraphy  can be better understood. In addition, w e  

recommend that a de ta i led   geotechnica l   d r i l l ing  programme be 

undertaken to  provide  information on the nature and st rength of 

the subbottom soils which compriae the diapir .   Special  

a t tent ion  should be paid t o  determining  the  significance of any 

nearby shallow gas  occurrancee as well as to the s t rength and 

i n   s i t u   d e n s i t y  of the subseabed soils, Repetit ive 

measurements are required  to  discern  whether the d iap i r s  are 

presently growing, and at what rate. 

4. Collapse  features   ident i f ied on the Mackenzie Trough side of 

t h e  sill also bear  further  investigation,  because  they may 

represent a s ign i f i can t   cons t r a in t  to  be considered before the 

development of any  subsea  pipeline  routes across the Trough can 

safely  proceed. Such investigations  should  include bath 

. geotechnical   dr i l l ing and additional  high  resolution  eeismic 

prof i l ing.  
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5. Lastly, additional efforts should  now be made to understand the 

granular resource potential of the areas of the Natsek Plain 

along  the coastline northwest of Herschel. Island. Using the 

diversity of geologic subregions mapped near Herschel Basin as 

an analogue,  it should now be possible to  construct a more 

appropriate geologic model demonstrating the occurrence of sand 

and gravel in the marine areas along the Yukon Coast. The 

investigative programne should be completed in 3 phases: an 

initial examination of the bathymetric records and original CHS 

field sheets in order to identify the most prospective areas; a 

detailed examinatian of the geophysical data which are 

currently available i n  order to prioritize the most prospective 

features; and a follow-up drilling programme designed to verify 

the soil conditions at those locations having the greatest 

granular resource potential.  Only through such M integrated, 

systematic approach will the true granular resource potential 

of the western Canadian Beaufort  Shelf be realized. 

m. 1. O'COIIflOR B A U O C I A t t J  1TD. 
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CLOSURE 

This report   has been prepared i n  accordance with generally  accepted 

pr inc ip les  of geology,  geophysics and engineering  in  order  to  provide 

Indian  and  Northern  Affairs Canada with an overview of the geological 

conditions and granular  resource  potential of the seabed near Herschel 

Island.  Conclusions  and recommendations  have  been formulated by 

synthesizing  data  recently acquired for DIAND wi th  other information 

obtained  previously by o thers   in   the  same study area. Both the qual i ty  

and t h e  quant i ty  of data avai lable  for interpretation  vary  across the 

study area, and careful  consideration of these factors is recommended 

i n  designing  future programmes t o  fur ther   de l inea te   o r  mine these 

seabed  resources. 

Respectfully  submitted, 

7 . . .  

LTD 

Geoph . 
MJO/ked 
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