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SECTIQN 1 - INTRODUCTIQN 

1.1 INTRODUCTION 

A un i que set af combined high resolution 

rcf~wcti~n/r~flectian seismic data has been obta ined by the 

Geological Survey of Canada (CiSC) during the open water seasjons 

of 1985 through 1W3B (Fartin 19E)b, 1987, I988 and 1989) .  The 

seismic: 1 inos traversed dur ing  the  C(JLIT"EX? of these rjurvays are 

chiefly concentrated  over  the aiauthern Flkpak Plateau in the 

Canadian Beaufort sea (Figure 1).  These reconnaissance-level 

surveys aimed ta test two pro to types  (12 and 24 channels) o f  

deep-tawed r e f r a c t i a n  arrays which are currently under 

devalapment b y  the Terrain  Sciences  Division uf t h e  GSC. The 

primary objective af these sea t r i a l s  was t h e  d e t e c t i m  of  

abnormally high campressianal waves velocities i n d i c a t i v e  o f  

shallaw ica-bearing permafrost .  In addition, the  technique 

proved to be e f f e c t i v e   i n  obtaining  information an the acoustic 

velocities, the seismo-stratigraphy and t h e  lithofacies of 

seabed and near seabed sediments ta a depth af about 10-15m 

subbottom panetration. 

The meticulous  analysis of the  high resolution  refraction 

data, supplemented by reflectian profiles, has demonstrated 

that interpretation af the surficial geology is significantly 

more datailed than it would be i f ,  as it was the case in the 

past ,  only  reflection data were available. A s  a matter of f a c t ,  

I 
I 
I 



2 

the recording af cmprsssiunal wave  velocities allaws the seismic 

interpreter ta b e t t e r  understand the ge;ological SigniCicance af 

the observed seismic facies on the reflection records,  and hence 

ta reduce substantially the  interpretation uncertainties. For 

instance, it is now possible to judge whether diffraction 

patterns and acoustic blanking visible on the  reflection recards 

are caused by boulder beds or ohallow gas pockets.  

A s  noted a b - o w ,  t h e  GSC experimentation was Socussed 

primarily an the  detection af shallow iee-bearing permafrost and 

the  prediction of the engineering  properties of surf ic ia l  

sediments f o r  the evaluation of pipeline routes and well sites" 

However, the potential application of the deep-tow r e f r a c t i o n  

technique tcr subseabed granular r@sour-ces waluation was 

recognized (Fortin et al. I 19871, and H.R. Seismic 

Interpretation Services Inc. ( S . I . S . )  was requasited subsequently 

by the Department of Indian FIffait-;i and Northern Development 

(DIESND) to review  this  unique data 3et in a perspective  oriented 

towards t h e  DIAND offshore granular resources; inventary pragram. 

1.2 OBJECTIVES 

Based  on the existing high resolution reflection 

p r a f  i l.es, deep-taw refraction data,  and other existing 

geoscience  information, the  study aims to identify speci+ic 

targat. areas and prclvide future site investigation  requirements 

far  confirming t h e  existence and extent  of  potential granular 



1.3 AUTHOWIZATTON AND DISCLAIMERS 

Authorization to undertake the  work was granted to 8. I.S. 
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Fi le No. 38ST. 47134-8-0054. M r  . R. J. Gowan of D I W D  in H u l l  wa3 

the  Scientific  Authority far the study. 
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only  and does n o t  necessarily  reflect the views of the government 

af Canada nar constitute an endorsement of any commercial product 
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employees or  agents makes any warranty in respect of t h i s  report  

er assumes any liability a r i s i n g  out of t h i s  report. 
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SECTION 2 - DATA SOURE 

The geophysical data utilized +or t h e  preparation of t h i s  

report have  been gathered during f o u r   d i s t i n c t   f i e l d  operations 

( F o r t i n  1886, 19137, 1988 and 1989), which were c a r r i e d  o u t   i n  

15'85, 1986, 1987 and 1988 b y  t h e  GSC (Figure 1). During t h e  

course of  these combined h i g h   r e s o l u t i o n   r e f r a r t i o n / r e f   l e c t i o n  

~ jurveys ,  approximately 9,300 r e f   r a c k i o n  seismograms were 

co l l ec ted   a long  wi th  about 1,410 km of  reflection seismic 

profiles. 

2" 1 GEOPHYSICAL SURVEY TECHNIIJUES 

The f i e l d  i n v e s t i g a t i o n s  we& conducted by means of deep- 

tawed r e f r a c t i o n   a r r a y s  (12 and 24 channels) and various acoust ic  

p r a f  i 1 ing systems such atsa 3.5 and 7 kHz subbattam p r o f  iler-9, a 

Unibaom, a Bubble Pulsrer, and a smal l  airgun ar ray .  Howevery 

not  a11 the  seismic reflection devices were opera t ing  

s imultaneously along t h e  course of the survey  l ines.  Detai l s  af 

the  wsismic techniques employed i n  each survey are provided i n  

t h e   e a r l i e r  repor ts  to the GSC (For t in  1986, 1987, 19e8 and 

1989). 

2.1- X Hiqh Resalution Refraction Data 

The h i g h  resolution r e f r a c t i o n  seismograms were abtainad 

by means of the GSC pro to types  of  deap-towed re f rac t ion  eels 

(Figure 2 )  that include 12 channels (1985 and 1986 seismograms) 
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m r  24 channels (1987 and 1988 seismograms). I n  both cases, t h e  

techn ique  remains   essent ia l l y   the  same. The a r ray  is towed 

w i t h i n  Sm of  t h e  seabottom and an a i rgun ac ts  as t h e  seismic 

energy source. Although  the  prototype  syst@m% h a v e  the 

c a p a b i l i t y  of acqu i r i ng  data a t  a maximum rat= af one seismogram' 

every  15 seconds ( 9 0 m  i n t e r v a l s  a t  a c r u i s i n g  speed of 4 knots) ,  

velocity observat ions were made at i n t e r v a l s   r a n g i n g  between 100 

and 2CO-n dur ing  t h e % @  reconnaissance-level  surveys3. 

A s  illustrated i n   F i g u r e  3, the  forward un i t  of t h e  eel 

cons is t s  of a taw bar, an airgun  mounting  bracket, and a 

dcpresiesar f i n .  The depressor fin i nc ludes  w h i g h  frcquenty 

transducer to monitor the p a s i t i o n  af t h e ' l e a d i n g  end of the eel 

w i t h  respect to seabottom. The r e f r a c t i o n  data from the 

hydrophone  array  are  captured  by a . d i g i t a l   a c q u i s i t i o n  system 

(Nimbus lZlOF o r  Scintrew  engineering  seismograph) f a r  analog ta 

d i g i t a l   s i g n a l  conversian. The r e f r a c t i o n  data, i n  a d i g i t a l  

format, are t r a n s f e r r e d   d i r e c t l y  to a microcomputer (Apple 11 o r  

Data General) f a r   o n - l i n e  processing and f l o p p y   d i s c  storage for  

subsequent display on paper p r i n t  out. 

I 
1 
I 

2 . l . Z  Hiah  Resolut ion Reflection Data 

During t h e  1985 f i e l d  aprrat iong,  a Rsytheon RTT l ( I O 0  

p r r l f i l e r   o p e r a t i n g  at a frequency of 7 kHz was u t i l i z e d  as t h e  

a c o u s t i c   p r a f i l i n g  system, w h i l e  a frequency crf 3.5 kHz was 

selected during t h e  1986 survey.  For  both  years, t h e  subbottom 
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profiler was pipe-mounted at a f i x e d  pazlsitian aside the survey 

vessel. I n  1987, the reflection e q u i p m e n t  consis ted o f :  a 

Raythaan 3.5 kHz subbottom profiler (pipe-mounted), a surface-tow 

EGG Uniboom, and a new Data Sonic5 Bubble  Pulsjer system. During 

the 1987 Z L I ~ V E ~ ~  the  Llnibaam system was u s e d  quite ex tens i ve l y  

and boomer recards are a v a i l a b l e  f a r  a l l  the survey l i n e s j ,   w h i l e  

the 3.5 kHz siclbbottam p r o f i l e r  and t h e   B u b b l e  Pulser were i n  

operation along a l i m i t e d  number of  l i n e s .  The p r o f i l i n g  systems 

u t i l i z e d  dur ing  t h e  1988 f i e l d  aperations consis ted o f :  a 

Raytheon RTT I000 opera t ing  at a frequency of 9.5 kHz,  an EGG 

surface-taw Uniboorn system, and a smal l   a r ray   a i rgun profiler. 

The r e f l e c t i o n  systems  were operat ing  s imul taneously   a long most 

af  the  survey  l ines.  

2.2 SEISMIC DATCI BOSK 

A t o t a l  of 9,300 r e f r a c t i o n  seismograms and 1,412 L:m o f  

s e i s m i c   p r o f i l e s  were c o l l e c t e d   d u r i n g  the four reconnaissance 

programs and two site s p e c i f i c   s t u d i e s  (SEE Plate  I ) .  flsj 

illustrated i n  Graphs 2.1 and 2.2, w l a r g e   p o r t i o n  of t h e s e  

seismic records ware obtained across the Akpak Pla teau  p rov id ing  

a rsasonably gQQd coverage of reconnaissance  survey  l ines a c r - ~ ~ ~  

the southern sector of t h e  Fla teau (Cf. Figure 1). The average 

spacing af the  east-west  survey lines is about 1.5-2 km, while 

the t i c - l i n e s  were t raversed at an average spacing of about 4-5 

km. From t h e  e x i s t i n g  d a t a  base, approximately 6,825 

mi9mograms and about 950 Ism of seismic profiles have served t o  
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Graph 2.1: REFRACTION DATA BASE 

Graph 2.2: REFLECTION DATA BASE 
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geologic model will be used q u i t e  e x t e n s i v e l y  in the e v a l u a t i o n  

af  t h e  granular resource p a t e n t i a l  of t h i s  sector- of  the Plateau" 

2 .3  DATA HANDLING 

2,3.1 High Resolution Refractian.Data 
. I  

The 1985 and 198&,. 12-ihannel r e f r a c t i o n  data were 
. -  

displayed i n   t h e  "reduced-travel time"  format  (Fortin et 

d l .  ,19871" T h i s  technique h a s  t h e  effect  of  enhancing t h e  s i lapes  

af f i rst  arrival events h a v f n g  r e l a t i v e l i  slow  velocities (Figure 

4), which are in the F k g e  af seabkd and near seabed veloc i t ies  

. .. . ,  , . *  ' 
% ,. 

~1,400-1,750 m / s )  cornmanly assaciated w i t h  typical Beaufort 

surficial sediments. Reduced- trave l  time display software was 

n o t  available in 1987 and 1988 for t h e  24-channel r e f r a c t i o n  data 

c 

and consequently, the time-distance plots were displayed i n  t h e  

s tandard  format ( F i g u r e  5 ) .  

3n both cases, the a n a l y s i s  of the headwave arr iva l s  is 

undertaken manually on t h e  annotated paper p r i n t  out af the  

seismograms (Figures 4 and 3). A s tra ight  line is f i t t e d  

through at least three poin ts  of  the observed headwave arrival 

times an t h e  time-distance plo t .  The resulting s l o p e   ( d i s t a n c e  

wver time) gives the compressional wave v e l o c i t y  propagating 

along a seismic  discantinuity or a r e f r a c t i n g  surface ( e . g .  

seabad, l i t h a l a g i c a l  boundary, unronf ormi ty, ice-bearing 



T h e  depth of t h e  refractor is computed using t h e  critical 

H = depth t o  the Va layer 
Xc= critical distance 
V I =  velocity of the direct wave 
Vz= velocity of the r e f r a c t e d  headwave 

2.3.2 Hish Resolution  Reflection  Data 

A constant velocity of 1,500 m / s  war utilized far time- 

depth conversians of the  shallow subbottom reflectm-s. The 

criteria such 1s: 

1) The depth of penetration  through the subbottom 
achieved by t h e  various profiling systems having 
different frequencies. 

2) The strength of  the water bottom multiple which i r  
indicative of the relative  seabed hardness. 

3) The various acoustic signature% (ref lect.=ion 
configurat ion,  continuity and amplitude) and 
f arie9 (reworked, rcmoul ded  , stratified , 
partially stratified and chaotic) which may be 
related to d e p a s i  t I anal processes, grass 
d e p o s i  ti anal environment Eedi ment source 

. geolagic setting, etc.  
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4) Seaf lnor anomalies, usually subdued high and law 
reliefsj, which may indicate the presence of 
submerged features s u c h  as: sand ridges, 
highlands, palaorhanncls, e t c .  

Many af the factors o r  parameters used in this t y p e  of 

seismic  interpretation are af qualitative nature and their 

relative  importance may vary considerably amang seismic 

interpreters. The interpretations o r  inferences proposed in t h i s  

report are calibrated w i t h  the results obtained from bath 

geophysical and geotechnical s i t e  investigations using similar 

high resolution ref lsctian devices. There investigations were 

conducted in t h o  various environments found in the Beaufort Sea; 

in particular, in the Issezrk and fssigak borraw p i t  area%, and in 

the Banks I s l a n d  area. In the present granular resource 

svaluatisn of t h e  sauthern Akpak Plateau, where borehole 

information is, limited primarily to t h e  Isserk borrow pit area, 

the  lithalogical nature af the shallow stratigraphic units can 

only be interpreted  from the acoustic character of the  signal 

reflected by the different gealogic horizons,  and their 

associated  camprcssional  wave vel~cities.  The author 

acknawlsdgrs that  some inferences may not be  exact at specific 

sites, b u t  it is his opinion that many of the regianal 

interpretatims, and their probable  geologic  significance, are 

still valuable in the overall interpretation o f  both the general 

surficial  gealoqy and dapasitional environments. 
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SECTIQFI 3 - Cell BRCKBRWND 

FIlthcrugh the geological model proposed in t h i s  report 

(Cf. Sect, 5 )  is at variance with t h e  made1 adapted bij the GSC 

far the surficial  geology af the Canadian Beaufort Sea (Figure 

& ) 9  the  nomenclature used fur t h e  shallow  stratigraphic  units 

along the  refrarti~n/reflection survey  lines is generally based 

on t h e  GSC model. Basically, the GSC madel is a generalized 

surficial geologic model of the continental shelf and consists of 

three basic stratigraphic  units (O'Connsr, 1980): 

"Unit A "  -- a horizontal sequence of recent marine 
sediment  deposited on the shelf fallowing t h e  
last sea level rise, which grades intog 

"Unit B" - a transgressive  sequence which includes 
deltaic, lagoanal and littoral sediment3 
depasi ted  in a cclmplex transitional 
environment which- misted during t h e  l a s t  sea 
level  rise. 

uncanfnrmitv" - Units A and B overlie a regimal 
unconformity that marks the top af an alder 
unit. The unit C unconfarmity  represents a 
previous land surface which was subaerially 
exposed t o  arctic conditions and permafrost 
aggradation during Late Wisconsin Glaciation. 

"Unit C" - an underlying, much alder sequence whose 
ariginal depositional  environment is poorly 
known, and prabably contains  sediments 
derived from  fermer  continental  (glacial, 
f luvi a1 and eolian) and transitional 
(deltaic,  littoral) cnvircmments. 

3.1 SURFICIAL. GEOLOGY OF THE SCMTWERN AKPAK PLATEAU 

O'Cclnnar (1982) described the, Akpak Plateau as a sandy 



H
 

I I 
'
I
 

i I
'

 

* 

U 
4J a, 

4
4

 
4
 

Y
 



11 

upland area which may have  been t h e  northward  extension of  

Richards I s land.  The seaf loor   s lopes   gent ly  and r a t h e r   u n i f o r m l y  

f rom t h e  existing coastline to water depths af 58 to &:)m w i t h  t h e  

i s m b a t h s  canvex seaward. 

According t o  H i  11 et a1 (1985) the r e l a t i v e  sea-levk?l 

(RSL) ra5c af 1 4 0 m  since 27,000 y e w s  BP (Figure 7). During 

t h i s   p e r i , a d  of sea l eve l   dep ress im,   t he   con t inen ta l  rahelf was 

exposed t o  permafrost   aggradat ion,   subaer ia l  erasian and e o l i a n  

depoei t i on I A s  the  sea l e v e l  rase during the! following 

deg lac ia t i an ,  rswerking af  sur face materials b y  progressive 

coastlines taok p lace ,   redepos i t ing  t h e  reworked  mater ia ls  i n  

sequences t h a t  reflect the uneven advance af t he   coas t l i ne   ave r  

the land surface. 

D'Connar  (1982)  reported t h a t ,  i n  some nearshore areas of 

t h e  Wpak Plateau, the silty clay observed near t h e  seafloor is 

c lea r l y   no t   recen t   mar ine  i n  o r i g i n .  This  w m k w  suggested t h a t ,  

since the c l a y  has sti.ff consistency, its v e l o c i t y  may b e  

s l i g h t l y  higher than  the  normal  recent  marine sequence and may 

have a glacial  or ig in .  I n  t h e  past,  i d e n t i f i c a t i o n  of g l a c i a l  

sediments on seismic: r e f l e c t i o n   p r o f i l e s  has n o t  gentwa l ly  been 

possible i n  the absence of  compressional wave velocities. A 

s ingular   except ion to t h i s  statement may be  provided by O'Connor 

(1380; F igu re  47). On the basis of a seismic p r o f i l e  located 

about 15 km north o f  Pullen  Island, t h i s  author suggested t h a t  
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glacial sediments, perhaps similar to those encountered an P u l l a n  

Island I ti 1 1  and associated g r a v e l  and sand) h a v e  b e e n  advanced 

to this loca t ion  and then drowned during t h e  l a s t  sfla level rise. 

Q' Connor (1982) reported that north af the 1 5 m  i m b a t h ,  

the pre-unranformity sediments (Unit C) consist af f i n e -  to 

medium-grained sand having a t race to same silt. Local channels 

at and below the uncanfarmity U / C 1  may be filled w i t h  finer- 

grained sediments and occasional organic-rich layers. Most of  

t h i s  sand is campaact to very dense, b u t  where it aukcraps at the 

seafloor (a.q. Issierk borrow pit) it may be in a slightly lclorer 

canditian. This sand has been extensively used as borrow 

material f o r  artificial i s l a n d  construction (e.g. Issjcsark E-27 and 

I s sungnak  0-61 islands) I 

3.2  QUATERNARY GEOLOGY OF THE ADJACENT Mf7INLAND 

A significant  contribution to the  study of t h e  Quaternary 

geology o f  the Tuktoyaktuk Coastlands h a s  been provided by 

Rampton (1988) .  The fclllawing discussion an the Ruaternary 

geology of t h e  adjacent mainland (Richards Island) (summarizes t h e  

results of this worker-. 

In the immediate vicinity of  t h e  southern Akpnk Plateau, 

the surficial geology of Pullen Island and North P o i n t  is 

dominated b y  two deposits8 a thin veneer, generally  less than 

one metre, of morainal deposits of Early Wisconsinan Age, khat 
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blankets the Kittigazuit Farmatian of Middle  Pleistocene Age. 

The morainal deposits (Unit M T / V  of Ramptan, 1987), 

primarily  the t i l l  and till-related facies ,  have been assigned to 

the Taker  Point Member of the  Tuktoyaktuk Formation. Morainal 

depos i ta  af t h e  Taker  Faint Member consist  primarily af a stuny 

clayey diwmicton. Typically the material contains 3 to as./. 

clasts yreater khan 2 mm in size and the remainder  contains 10 to 

30% sand, 25 to 45% silt, and 30 to 50% clay. Rampton and 

Bsuchard (1975 in Ramptan i988, p.49)  noted that ''beds and lenses 

of  sandy, stony, diamicton occari-onally occur within this unit 

where it abuts against or is underlain by gravel" in the  

Tuktoyaktuk area. 

The  Kittigazuit  Formatian is typically a light brown, 

thinly bedded sand; individual b a d 5  are  commonly 0.543 c m  thick, 

and rarely up to 20 cm thick. Individual beds may grade from 

silty f ine sand to a clean fine sand or from a clean f i n e  !itand to 

a medium-fine sand. Thr most ronspicious  characteristic of t h e  

K i t t i g a z u i t  Formatian is t h e  presence o f  t h i c k  farsset beds with 

a common strike and d i p $  they  are up to 1 2 m  thick on northern 

Richards Island and dip in northerly directions on Richard3 

I s l a n d .  In this area, the Kittigazuit  Formation may have a 

minimum thickness of 18-ZOm. Rampton (1988) indicated that the  

Kittigazuit  Formation with its l a rge  faresets represents deltaic 

deposition. A rapid i n f l u x  of terrestrial material into the sea 
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i s  suggested b y  t h e  sparseness of marina fossils within t h e  

formation. Most fossils  identified within the Eittigazuit 

Formation suggest a cold dry climate during its deposition. 

Alternatively, J.-S. Vincent IGSC, pers.  c o m m .  1988) suggested 

that the  Kittigazuit  Formation m a y  be large sand  dunes which 

would be  oriented in a northeast direction. 

Figure 8 illustrates the  glac ia l  l i m i t s  during the 

Middle Pleistocene Mason River Glaciation, and the Early 

Wixmsinan  T a k e r  Paint and Franklin stadem. Thi5  figure shows 

that glacial m a x i m u m  during t h e  Toker Point Stade reached a NW-SE 

oriented limit onme 30 krn northeast af Pullen Island. On the 

Tuktoyaktuk  Peninsula , this glacial limit delineates  the 

northern boundary of  ice-cantact deposits and  local areas of 

morainal deposits (Ramptan, 1987; Unit G T / X ,  Map 1h47A) , 
generally 5 to 2 0 m  thick. North of this limit,  thick  autwagh 

plains and valley trains (Unit G T/P, Map 1647A), generally 5 ta 

3 0 m  thick,  have bean mapped in the northern  edge of t h e  

Tuktoynktuk Peninsula  (assigned to the Caps Dalhousie Sands). 

Ramptan (1988) indicated tha t  when E a r l y  Wiscontainan ice s t m d  at 

its maximum extent,  meltwater  undoubtedly  flowed northward into 

the Beaufort Sea and deposited large volumes of  outwash. 

Rampton (1988) has indicated a tentative E a r l y  

Wiaconsinm age f o r  t h e  Taker  P a i n t  Stada glacial limit an the 

Tuuk Peninsula,  althaugh Hughes (1787) suggested that t h i s  limit 
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is t h a t  rsf a glaciatian yormgsr than the Hungry Creek Glaciatiun 

in Bonnet P l u m e  Basin and t h e  correlative Buckland  Glaciation in 

n a r t h e r n  Y u k ~ n ,  According to Hughes lap. cit.), t h e  advance af 

t h e  Laurentide ice sheet to its all-time li m i t  culminated as l a te  

as 30,00(3 years BP dur ing  the Hungry Creek Glaciation. T h i s  

aut.hor r e p o r t e d  that  t h e  Hungry Creek Glaciation was fallawed by 

two significant readvances an t h e  mainland: t h e  Tutsieta Lake 

Phase culminating at or b e f o r e  13,000 years ago, and the Eel 1 y 

Lake Phase before  10,600 years ago. 
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=TION 4 - ALLIED STUDIES 

Much of the in farmat ion  presented in this r e p o r t   i s  

based on the sea trial resultS o f  deep-towed r e f r a c t i o n  ar ray  

proto type3  developed under the leadership of J . A . M .  Hunter of t h e  

Ter ra in   Sc iences   D iv is ion   o f  t h e  GSC (PERD Program 

Permafrost) ,  as we l l  as the   independent   in te rpre ta t ion  work o f  

6.1"s. ( F o r t i n  I W h ,  1987, 1988 and 1989; F a r t i n  et pal., 1'387) 

under   can t rac t   to   . the  GSC. On impar tant  amaunt o f   r e f l e c t i o n  

seismic profiles haas been pravided by S.M. Blasico o f  the F l t l a n t i c  

Geoscience  Centra (PERD Program 6.39 Offshare Geatechnics). 

D u r i n g   t h e   l a s t  decade t h e  GSC has  tested  var ious 

r e f r a c t i o n   a r r a y s  i n  order to  measure t h e  compressional wave 

v e l o c i t i e s  asmciatEd w i t h  ica-bearing  sediments, seabed 

mater ia ls, ,  and subbottom  layer ing.  The f i r s t  generat ion of 

r e f r a c t i o n   a r r a y s  was designed  far  deployment on t h e  sea f loo r  

from the ice sur face  (Hunter @t a l . ,  1979) or   f rom a ship  (Hunter 

e t  al., 1982). Although t h e  seabottam-laid r e f r a c t i o n   a r r a y s   a r e  

capable  of providing v e l o c i t y  measurements and i n fo rma t ion  on t h e  

sediment types, th is  technique is3 t ime-consuming  being  currently 

l i m i t e d  e i ther  ta ava i l ab le   l eads   i n   sea - i ce ,   o r  b y  f requent  

stopping and anchor ing  dur ing  the  shipborne  operat ions.  This 

problem was l a r g s l y  overcame du r ing   t he  1985 through 1988 f i e l d  

seasons by using mult ichannel ,  drcp-towed hydraphons arrays. The 

main  advantage of  the deep-tow arrays over   s im i la r   bo t tom- la id  

a r rays  i s  t h e   c a p a b i l i t y  af t h e  towed ar rays  of acqu i r i ng  
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velocity data in a near-continuous mode while the ship is 

cruising at a normal speed uf 3 to 5 knots. 

Fortin (1986) compiled the 1985 high resolution seismic 

data which were collected across the  Akpab: P l a t e a u  and the 

Kugmall it Channel I Fortin (1986)  and Fartin et al. (1’787) 

concluded that the 12-channel refraction eel can be! used in the  

hostile  environment of  the Southern Beaufort Sea. This  technique 

is capable af detecting  permafrost  velocities (2,000-4,600 m / s )  

to a depth of about 20-25m, as wall as obtaining  comprersional 

wave velocities (1,400-2,IOO m / s )  from seabed sediments and 

shrllaw subbattam horizons  to a depth of  7-8m. 

In 1986, as part aS the testing program of t h e  12-channel 

eel, a second and more e x t e n s i v e  rafractian/raflectian seismic 

survey was carried out in the raastal waters of the Southern 

Beaufart Sea, including: the Akpak Plateau,  the Kugmallit 

Channel and t h e  Tingmiark Plain. Fortin (1987) utilized the 198A 

v e l o c i t y  observations associated with t h e  shallow  seismic 

discontinuities ta rsstablisrh the  f i r s t  outline of a geo-acoustic 

model far  t h e  surf icial geology of the  southern r e c t o r  o f  the 

Akpak Plateau. Fortin (op. cit.) observed a significant inci-ease 

in the v e l a c i t y  of the surficial  sediment in the vicinity of 

topagraphic highs  (Figure C?), suggesting that a sediment 

coarsening occurs in tha  deposits  averlying heights of the 

unconf armi t y  surf ace (U /C l )  F o r t i n  Icrp. c i t . )  reported t h a t  
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abnarmally h i g h  seismic velocities (2,000-4,OOO m/s) , typical of 

ice-bearing sediments, were measured s io le ly  within the p r e -  

transgressive Unit C sediments (Figure 9)” 

In order to better understand t h e  sjurficial geology of  

the southern  Akpak Flateau, Fsrtin (1988) attempted ta 

recons t ruc t  t h e  paleogeography t h a t  existed i n  this sector of the 

Plateau prior to the las t  marine submergence. Towards t h i s  e n d ,  

Fartin (opI cit.) undertook a synthesis of t h e  subject high 

resolution r d r a r t i m  and reflection data in order ta picture the 

residual topography of the land surface, or the last 

Ple is tacme subaerial exposure,  that rwsulted from the shareface 

erosion af transgressive coastlines. The r e s u l t i n g  map 

illustrated in Figure 10 isi believed to be a powerful tool  far 

b a t h  grancrlar resourcedevaluation and borrow rsarch aver this 

reg ion  af the Plateau. 

Examination af t h e  seismograms  has shown t h a t  h i g h  

velocity (1,800-2,lOO m / s )  materials are p r e s e n t  near the  

unconformity U / C l  surface. Although these vasloci ties may also 

result f rom the presence af frozen smdiments having a marginal 

ice-content, they are thought to be indicative of very caarse- 

grained sediments (ice contact and morainal deposits ?Iw This 

interpretation is supported by t h e  various acoustic  signatures 

v i s i b l e  on t h e  profiling records. The bcromer record in Figure 1 1  

exhibits a chaotic seismic: facies typical of very  coarse deposits 
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that may inc lude  sand  and g r a v e l ,  as well as d i f f r a c t i o n  pa in t  

so~wce% t h a t  a r e  c h a r a c t e r i s t i c  of boulder beds;. I n  add i t i on ,  

h i g h  compressional wave velocities an the  order  of l , 7 ( ~ ~ ~ - 2 9 ( X ) ~ ~  

m / s  are assoc ia ted   w i th  the upper (reworked) zone o f   t he  deposit. 

The f a c t  t h a t  both  pieces of ev idence,   d iagnost ic   se ismic  fac ies 

and h igh   acous t i c  velocities, occur above the  uncanformi ty  U / C 1  

r e i n f o r c e s  t h e  i n t e r p r e t a t i o n  of granular   deposi ts  because t h e  

presence af frozen  ground above U/C1, i . e .   w i t h i n   t h e   s w f i c i a l  

sediment,  has not  been s a t i s f a c t o r i l y  reparted elsewhere to date. 

In t h e   l i g h t   o f   t h e  r e c e n t '  abservatians made on t h e  

adjacent mainland by Rampton (19881, F o r t i n  (19538) speculated 

that  the  northernmost  occurrences of the i n te rp re ted   ve ry  coarse 

d e p o s i t s  delineate a limit o f  ice advance an the Akpak Plateau. 

This posiai b l e  1 i m i  t of ice advance (F igure 10) shows a good 

agreement with the cl f f r jhare  extension  of   the l imit of t h e  Taker 

Po in t  W a d e  i c e  (Cf F igu re  8 )  such as mapped onshore b y  Rampton 

11987). On t h e  Tuktoyaktuk P e n i n s u l a ,   t h i s   g l a c i a l  limit markma 

t h e  northern boundary of i re -cantac t   depos i ts  and local areas of 

morainal deposita,  genera l l y  5 to 2Om t h i c k  (Rampton, 1987). 

North of t h i s  limit, t h i c k  outwash p l a i n s  and v a l l e y  t ra ins ,  

generally 3 to 3Orn t h i c k ,  have been mapped i n  the   no r the rn  edge 

of  the Tuk: Peninsula.  Although na geological  evidence  has bean 

prclvidsd  yet, Rampton (1988) prapased an a l t e r n a t i v e  limit for 

the Taker Faint Stade i c e  (CC. Figure  81, which introduces t h e  

p o s s i b i l i t y   t h a t  ice contact and morainal deposits might be 
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present in t he   no r the rn  sactar of  the Akpak Plateau. Except f a r  

same poss ib le   l ag   depos i t s  ( t h i n  patches of gravel  near U/Cl), 

there is l i t t l e  evidence f o r  this a l t e r n a t i v e   g l a c i a l  limit in 

t h e  pre9ent seismic data base. 

F a r t i n  Il988) ,  based on the  hypothes is  that  t h e  Toker 

Paint   Stade ice stopped n e a r   t h e   g l a c i a l  limit shown on t he  

paleogeographic map i n  F igu re  10, opined  that   the deep 

pa leachanne ls   uu t l ined   nor th   o f  t h i s  boundary may have  been 

meltwater channels t h a t   f l a w e d   i n t o   t h e   I k i t  Trough t o  the  west 

and the  KugmalXit Channel to the   eas t .   Ear ly   dag lac ia t ion  war 

l i k e l y  accompanied  by i c e  retreat  that  occurred  southward into 

Richards   Is land  leav ing  a r e l a t i v e l y   t h i n  (presumably 3) l a y e r  of 

ice contact  and morainal   deposi ts (J.-S. Vincent, GSC, persj. 

comm, 1988) , which  were  deposited rsauth of t h e  mapped m a x i m u m  

ice exten t   (F igure  10). These granular   mater ia ls ,   which  are not 

easily waded by   g lac ia l   me l twa te r ,  may have  formed a r e s i s t i v e  

b a r r i e r   p a r a l l e l i n g  t h e  limit of ice advance (Figure 10) .  A s  a 

r e s u l t  of t h i s  r e s i s t i v e   h i l l y   b e l t ,   l a r g e  volumes a f  meltwater 

and outwash werag deaf lacted westward and funnel lsd  through a major 

meltwater channtrsl debouching i n t o   t h e  Hamper Channel to t h e  we%t 

(F igure 10) .  

The above paleocnvi ranmsnt   reconst ruct ion  br ings  out  

g l a c i a l  advance and r e t r e a t  as impar tant  mechanism@ t o   e x p l a i n  

the presence of glac ia l   sediments  aver   the  southern Akpak 
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Flateau. T h i s  proposed model, and ather seismic  inferences, will 

serve in t h e  next section of t h i s  r e p o r t  t o  delineate the 

pre fer red  areas where granular materials may be exposed a t  or 

near the  rjeaf l o o r .  



22 

This settian  involves an evaluation a+ the granular 

resource potential o f  a number of specific target  areas in terms 

of  Prospective Resources. T h i s  term r e f e r s  to granular resource 

depasitsl whose  existence is speculated on the basis o f  i n d i r e c t  

evidence ( e . g .  acoustic  signature,  compressional wava velacity, 

etc. ) y  and/or general geological considerations. 

One should note that since only geophysical data has been 

used, no attempt h a s  been made to asshias the  thickness, 

quantity or quality of the granular resources that  might be 

present i n  any of  t h e  target  areas delineated 'in t h i s  r e p o r t .  

The study does not deal specifically with the Isserk 

Barrow P i t ,  but some possible extensinns to t h e  present borrow 

site are outlined i n  t h i s  repor t .  

5 .1  QEOLOL3ICAL MODEL 

In t h i s  sector of  the Akpak Plateau, the O'Connor Unit B 

is not recognized as a purely  transgressive  deposit, but it iss 

believed that  t h i s  unit includes r a t h e r  a number of  sequences 

which wauld have deposited follmwing the  i n f e r r e d  glacial maximum 

( C f .  Figure  10).  I n  our model, Unit R would have  accumulated 

during the caw%@ of at least three major depositional 
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Envirmmcnts that  existed during the  deglaciation and t h e  

subsequent marine transgression over the area. 

Firstly, a proglacial environment that was prevailing 

between the  glacial m m i m u m  (Hungry Creak Glaciation - 3 0 , 0 ( 3 0  

years ago), which event was accompanied by an important sea- 

levsl lowering to abaut -140m and the resulting  subaerial 

expusure (U/Cl  in Figure 12) o f  t h i s  sector  of  the Plateau, and 

a relative sea-level lowering and minimum to abaut -70171 ( C f .  

Figure 7 )  E a r l y  in t h e  drglaciation,  subglacial and 

periglacisl meltwater channels  were incised into the glacial 

(morainal) and pre-glacial (Unit  C) deposit. These channel 5 

carried out meltwater and fine autwash directly to the sea while 

coarser-grained outwash (VT in Figure 12) deposited an the 

channel bottoms. During the  deglaciation, a standstill and/or 

a sea-level lowering from - 4 0 m  t o  -70m on the sea-level curve 

(Cf. Figure 7 )  resulted in a temporary quiescence in the  glacial 

autwash influx during a probable glac ia l  readvance (Tcrtsieta Lake 

Phase - 13,000 years aga). This nan-depasitional environment 

corresponds to an hiatal unconformity (U/C2 in Figure 12) that 

can be tracod within t h e  major meltwater channe l s s l  

Secondly,  glacier ice retreat may have occurred again to 

the south of the area depositing large  volumes of fins 

glaciafluvirl deposits (I3F in Figure 12) aver U / C 2  in a outwash 

fan environmesnt I This environment ~ a r  interrupted by the 
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approach af a transgressive  shareline in this sector af t h e  

F-lateau. 

Thirdly, a transitional environmant resulted in 

shsrsfacs erctsian and reworking af the underlying fine glacial 

outwash. The  fine reworked matm-ials (RS in Figure 12, or Uni t  

B of  O'Cannor), with locally  concentrations of sand in areas 

where mast underlying  autwarh  deposits are randy,  redeposited 

aver a regional  erosienal  uncanformity ( W C 3  in Figure 12) .  In 

the deep Water areas, a variable f rac t ian  of  recent marine 

sediment (Unit'A of O'Connor) may have been incorpcirated into the 

reworked  (transgressive) Unit B sediment as a result of  ire- 

scouring procesjses. This explains  the use of  the term "Units 

B+A" in this report. 

5.2  GFOLOGICFlL SIGNIFICWICE OF THE GLACIAL MAXIMUM 

I n  order to further  investigate the gemlogical 

significance af the  glacial maximum (Hungry Creek Glaciation or 

Toker Point Stade?) am ca controlling f a c t o r  in the occurrence of  

I=OBTSC glacial  sediments uver t h e  sauthrjrrn Akpak Plateau,  the 

distributions af the compressional wave valocities o b t a i n e d  to 

the south and north of this glacial limit wars examined. The 24- 

channel, 1987 and 1988 seismograms were combined and studied as 

one sampl e, while the 12-channel 1986 data set was treated 

separately because the velocity  valuer associated with seabed 

and shallow  subbattom layering are cansistently lower than those 
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obtained in 1987 and 1988. In f a c t ,  it is suspected that t h e  

198A raw refraction data were possibly altered by using t h e  

reduced travel time display I This data handling procedure may 

have resulted in a general velocity lowering of rbaut 10C1 m / s  

(see Section 7.2, in Fortin, 1988).  The 1985 data set was not 

taken into account in this  analysis because the limited number of 

velacity observations  cannot yield statistically  reliable 

resul tss. 

Nevertheless, not  considering the potential problem with 

the  1986 velocity  measurements, the  histograms presented an 

Graphs 5.1 through 5.4 display some interesting features. 

However,  the  reader should note that: firstly,  the  histograms 

i n c l u d e  o n l y  the campressional wave velocities obtained in the 

t a p  I O m  of seabed penetration and do not include  abnormally high 

velocities I2,1QO-4,000 m/s) generally  associated with ice- 

bearing sediments! and secondly,  the velocity values  comprised 

in a given class interval are equal or  greater than the lower 

class boundary but smaller than the upper boundary. 

Ths histograms far the  velocities  obtained  narth of t h e  

inferred glacial maximum (and for the two samples (Graphs 5.1 and 

5.3), display an almost normal distribution. The  histograms 

grouping the  v@lociticss o b t a i n e d  south of the glacial maKimurn  

(Graphs 5 ” 2  and 5.4) are significantly more complex than the 

diatributians of the velacity measurements made narth of this 
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glac ia l  limit. Graphs 5.2 and 5.4 display a substantial 

increase in percent of tatwl count IN) f o r  t h e  class intervals 

1.45-1.50 km/s and 1.55-l.h0 km/s respectively. In addition, 

Graphs 5.2 and 5.4 exhibit higher percentages of  total count fo r  

the  class  intervals greater than 1.75 k m / s  than thase in Oraphs 

5.1 and 5.3. These two anomalies cause a significative 

distortinn af the velacity distributions. The high proportion of  

velacity measurements in class intervals 1.43-1.50 km/s on Graph 

5 .2  and 1,55-1.6(3 km/s an Graph 5.4 may be explained by the 

presence af the b r a i d e d  paleochannsl system  debouching  into the  

Kugmallit Channel and the Hooper Channel ( C f .  Figure IO). Long 

segments of the seismic  lines running south of the glacial limit 

were traversed over these  channels which were, in mast areas, 

i d i l l E d  by a fine-grained, law velocity, surficial sediment 

that may exceed 1% in thickness in several locationsis. 64% a 

result, the large portion of velocity observations that were 

obtained along these line  segments  biases  the  velocity 

distributions  towards the low velocity -intervals. 

Of particular interest far  the present: study is3 the 

notable increase in the number of measurements associated with 

materials having velacitie3 greater than 1.75 km/s in the sector 

south of the glacial maximum (Graphs 5.2 and 5.4). Since most of 

the compressional wave velocities  propagating along unconfarmity 

U/Cl (tap of Unit C sand) in t h i s  araa are slower  than 1.70-1.75 

km/s, it is believed that the velocity observations in the  range 
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(1) Prmsmnt s i t r  conditions 

S i t e  A i s  s i t u a t e d  i n  t h e  central area of t he  Akpak 

Plateau and de l ineates  a broad highland i n  the  farmer  land 

surface ( U / C l )  to the sauth of t h e   i n f e r r e d   g l a c i a l  maximum 

In t h e   s i t e  area, the water  depth  ranges between 14 
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af 1.75-2.10 km/s are indicative of the  Occurrence o f  v e r y  

coarse-grained  materials w i t h i n  lorn seabed penetrat ion.  These 

p o s t u l a t e d  granu lar   mater ia ls ,  and their r e l a t e d  reworked facic5,  

may be t h e  remnants of eroded  morainal and i c e  cantact deposits,  

which resit: at various subbottom dsptha and may be exposed at t h e  

seaf lam- i n  some f avourable areas. 

5"3 TARGET AREAS FOR FUTURE S ITE STUDIES 

F i v e   p o t e n t i a l  target areas, designated S i t e s  A t a  E i n  

t h i s  sect ion,  .have been i d e n t i f i e d  and are ds l ineated  on Plate  

I .  I n  t h e  f o l l o w i n g  subsections, each t a r g e t  area is described 

i n  terms afr 

(1) present site condi t ions1 
(2) mast probable geologic origin; and 
(3) recommendations f o r  future i nves t i ga t i ons .  

Table 1, which f o l l o w s  at the end of t h e  sect ion,  

summarizes t h e   i n t e r p r e t a t i a n   r e s u l t s  and t h e  recommcndsd f u t u r e  

studies. 
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and ZOm with a gentle seabad slap@ (l:S,QOO) to t h e  north-  

northeast. 

Section A A '  (1987 Line fikpak 7) illustrates the general 

site stratigraphy in a north-south directim IPlatc I ) .  On the 

basis 0.f the available  seismic data, uncmformity U/Cl does not  

appear to o u t c t - ~ p  at t h e  scabsttom. In some places, as Shawn b y  

the  isopachs of the postglacial sediments on Plate I, U/C1 may 

r e s t  at lssss than 2 m  below seabed. Qf par t icu lar  interest is t h s  

p r e ~ ~ ~ ~ c  of relatively high compressional  wave  velocities 41,870- 

2,180 m/s) neat- U/Cl (Figure 13) 9 F-wave velocities crf this 

magnitude artfp believed to be indicative of very coarse-grained 

deposits. There materials may have played an important role in a 

possible  coarsening facies change i n  the reworked sediments 

(Units B+A) t h a t  deposited over the area following  ahareface 

erosion (U /C3) .  Although it is likely that granular materials 

(mainly  reworked sand)  are present atop U/Cl, an upward fining 

facies  change occur~i,  probably within the reworked zone giving to 

most areas of t h e  site a law potrntirl as borrow s i t e l  Qne 

should remember that, in normal conditions, the current 

subbottom profiling twchniques are not very effective in 

detecting srubdusd facies  change in bath lateral and vertical 

direction. 

In the two z o n e s  of minimal thickness of reworked 

sediments (<2rn), that  generally  correspond t o  U/C1 highs, the 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

29 

hydrodynamic  regime may have been slightly  different (local 

current increases) than the surrounding areas. Considering an 

optimist ic  scenario, it is possible that the upward fining 

facies change may have been less important i n  these two locations 

allowing Iacal concentrations af  f i n e  sand k a  be prfzsent near 

the  seaf 1 oar 

(2) M o r t  probable qealogic or ig in  

Patches af morainal deposi ts  may have beon advanced at 

t h i s  location by the Lauren-tide ice sheet (Taker Point Stade of 

Ramptan 1988 CII" Hungry Creek Glaciation af Hughes 1987). T h e w  

coarse-grained deposits, and possibly thin glaciofluvial autwaaih 

present to t h e  south of the site (see Unit €3 on Section 44'9 

Plate  I), were eroded and reworked during the post-glacial 

submergence. The sand-size sediment was redeposited over 

elevated land features while the fincr-grained sediment was 

carr ied out downslops where it accumulated in a quieter 

environment. 

(3) Recammmndrtions for  futurr invmstigrtionr (Table 1) 

It is recommended t o  run three additional  reconnaissance 

lines (solid lines an Plate I )  t h a t  will transect, in a earst- 

west and north-south direction, the taneai where the  thickness o f  

the  part-glacial sediment is less than 2m. Follawing  evaluation 

of the geophysical recards abtrined in a  reconnaissance  level, 

two shallow boreholes (approx. Sm in depth) s h a u l d  be positioned 
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at t h e  two line  intersections in ardsr to t i e  t h e  seismic 

interpretation to geologic control. If  t h e  results are 

premising, a mare detailed seismic program should be undertaken 

along east-west 1 ines haviug a maximal spacing of  1 km with tie 

lines spaced at about 2-3 km (Plate I ) ,  The si te  survey combined 

w i t h  a few  extra (4) boreholes at critical locations should 

provide a basis f a r  p r e l  iminary ~ ~ E X U - C C  evaluation and f u t w e  

site specif ir surveys. 

5.3.2 Sites " B i "  and I'B2" 

(1) PrerQnt site conditions 

Sites El and B2 are outlined on t h e  basis of both 

regianal geoloqy and its proximity to the Isserk Borrow P i t  

(Plate I ) .  The I s , s e r k  pit lie3 j u s t  to the south af the inferred 

glacial maximum and overlies  two elevated l and  features oriented 

i n  a northeast-southwest direction. The f a c t  that the  two main 

tones of the 1s;irzt-k pit coincide with two distinct  topQgraphic 

highs, with a narrowing of t h e  deposit above a nartheast 

trending  channel, suggests t h a t  the paleotopoqraphy is a 

dominant fac tor  controlling the  distribution o f  the granular 

materials. Siteis I31 and B2 delimit the offshore extension of t h e  

two  highlands which may b e  responsible f o r  localized coarsening 

fac ies  changes in the overlying  reworked zona. However, the 

lacally cancentrations of sand-sized sediment in the Isaerk 

Borrow P i t  area are believed to grade seaward into finer 

materialsg thesis  conditions would warrant a law potential rating 
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fa r  Sites B1 and B2. Neverthel e55 if additional 

investigatians  are  contemplated  offshore of the Isssserk p i t ,  

Sites 81 and P2 represent preferred areas where a sediment 

coarsening in the  reworked tone is most likely to Q C C U ~  seaward 

of the present Isserk pit. 

(2) Moat probable geologic origin 

The 1 w s w - k  deposit and its possible offshore extensions 

may or ig inate   f ram a shoreline eroding  localized areas (generally 

to the  south ut: the Isserk pit) of more sandy beds within the  

source deposits (underlying  glwciofluvial  outwash),  redepositing 

t h e  sand-sized sediment over elevated land surfaces, (and washing 

aut the  finer fraction.;, seaward and within bordering mrrltwater 

cha\nnelS, 

(3) Racmrmndations f o r  futurm investigations (Table 1) 

In the 1;isark area,  the lateral t rans i t ion  fram granular 

materials to a cohesive overburden is believed to be very  

gradational. In certa in  conditions (e.g. calm weather), this 

gradation in the surficial sediment might be  detected by high 

resolution sasiamie methods, specifically t h e  3.5 kHz rubbattom 

profiler and possibly  the deep-towed refraction arrayl asr Me11 

as by the  side scanning technique. If weather conditions are 

very good, it is recommended ta run seismic 1 ines which should 

cross both the present Isserk p i t  and the proposed Sites B1 and 

I32 (see Plate I )  This should  allow calibration of t h e  
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geophysical recards in an area where  granular materials are known 

to exist right at the seafloor.  Otherwise, in marginal sea 

conditinns,  seabed  sampling b y  means of  a piston corer  or grab 

sampler acccrrding to a close  sampling grid (approx. 500m sample 

spacing) might raprcsicnt an acceptable  alternative  to geicmic 

surveying, Two reconnaissance barehales ( a p p r s ~ .  1 0 m  in d e p t h ) ,  

which should be drilled  through the crest of t h e  two elevated 

land features will provide useful stratigraphic  information in 

the  zones where the geological cmditians  are the mogk favourable 

fa r  a coarsening in t.h@ reworked sedim@nt. 

5.3.3 Site ' IC" 

(1) Preamt sitm conditions 

Site  C delineates the  inshore exten9im of the northeast- 

southwest  trending  ridge-like feature that  underlies the 

wutheastsrn zone of the  Isssrk Bclrrrsw Fit (Plate I ) .  The water 

depth varies from 9rn to 1 2 m  ~CFOII the site giving to the seabed 

a gentle  seaward slope (1:2,300) Section CC' or1 P l a t e  X 

illustrates t h a  rite seisrnQ-stratigraphy  and the inferred 

Xithafacies along a east-west prafi3e (1987 Line Akpak 3). The 

U / C i  h igh is bordered to the west b y  a deep meltwater  channel 

that  ha= been infillad b y  stratified to partially  stratified 

sequences (Unit Be f inc-grained valley trains and glariofluvial 

d e p c J s i t g ) ,  and to the east b y  a narrow meltwater channel tha t  

includes primarily  nan-cohesive  materialsj, The fine channel 

infillings abut against a constructive  morphology (kame?, levee?) 
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t h a t  rests on the western flank of  the elevated l a n d .  

High compressional wave velocities an t h e  order  of 1,750 

ta 1,810 m / s  measured near U/C1 attest to  the occurrence of  vary 

coarse marerials Isand and gravel) at close proximity of t h e  

seabed" I t  is likely tha t  the  reworking of these deposits by a 

transgressive shoreline has resulted in a thin veneer of reworked 

sediments that deposited in the  immediate area giving to  the sitfa 

a f a i r  platantial .  A1 though  the shoref ace erosional surface 

( lJ /C3)  can be traced within the meltwater channel to the west, 

t h i s  seismic discontinuity approaches the seaf laor over t h e  

ridge-like ftmturer where U/C3 lies beyond the observed 

resolution (about lm) of the boomer system. Unfortunately,  the 

higher renraluticln 3.5 kH2 subbottom profiler was not deployed 

along t h i s  1987 line. Figure 14 exhibits a reasonably good 

quality boomer recard that profilms a short slrrrtion of the 

elevated land feature (asee Sektionn CC' fo r  location). In the 

western part of this  line  segment,  tha boomer delineates a lens 

o f  reworkrd materials that reach about 2m in thickness. Far the 

remainding of the  line  segment,  this layer is not easily 

r-wmlved by the Uniboom system. Although in most areas it is 

difficult ta judge whether or not a thin layer of reworked 

sediment  deposited over the site, the magnitude of the P-wave 

velacitiaer (19590 to i,700 m/s) associated with seabed andlor 

near seabed materials  (accuracy  of about I m  on the  refractor 

depths), and t h e  strong water bottom multiple an the boomer 



(2) Most probable gealogic origin 

The northeast  trending ridge is believed ta be! the 

remnants of a f ormcr hi1 ly belt t h a t  was deposited at the f r o n t  

of a g lac ier  ice during an extreme glacial advance. These h i l l s  

would consist  primarily of  morainal and ice-contact (small 

eskers?) deposits. The source? deposits, and possibly a t h i n  

layer of c o a r ~ e  outwash, ' would have been reworked during the 

post-glacial submergence. Granular mater ia ls  ((sand and g r a v e l )  

were likely redeiosited in patches, or  clusters of patch=%, 

a t a p  the morainal and glaciafluvial d e p m i t s  t h a t  form the crest  

of  the  ridge. 

(3) Rmcommmndrtionsi fo r  futurm investigations (Table 1)  

A s  a first step, it is recommended to run at least one 

seismic  line along the crest of t h e  northcast-southeast trending 

ridge ( P l a t e  I ) .  T h i s  seismic profile should extend a t r a s  both 

the southeastern portion of the Isgser-k pit ( f o r  seismic facies 

calibration) and 8ite B2 ( far  efficiency). Additional acoustic 

prof  ilas could be traversed at a spacing of 1 km and subparallel 

to the  ridge w i t h  tie  lines run at a sparing of abaut 2 km. In 

addition to the boomer and re f rac t ion  systems,  deployment of a 

combined side m a n  sonar and 3.5  kHz subbattom profiler  system 

is strongly recommended. A s  a second step, t h r e e  boreholes 





I 
I 
I 
I 

~1 
I 
I 
I 
I 
I 
I 

35 

( a p p r o x .  5 m  in depth) s h o u l d  be positioned at seismic line 

intersections to tie t h e  site seismo-stratigraphy to geologic 

c s n t r o l  I If bath geophysical and geatechnical  evidence are 

conclusive, a fu l l  p i c t u r e  of the seabattom by side scan 

imagery with 3.5 kHz subbottom profiling, and a extensive  seabed 

sampling program (approx. 5 0 0 m  sample  spacing) by means of a 

piston corer  ar grab sampler, should allow  the seismic 

interpreter to delineate t h e  barrow site or t h e  clusters of 

granular deposi tre. 

5 -3 .4  S i t e  "0" 

(11  Proirmt sitr conditions 

Site D is situated to the! southeast of the Isserk pit in 

water depth ranging between 6 m  and 1 0 m  (seabed slope af about 

1:2,5(30). The  site  delimits a cluster of topagraphic highs at 

the margin of t h e  Akpak  Plateau and to the s o u t h  of t h e  inferred 

glacial  maximum  (Plate I ) .  Sites C and D are separated by  a 

narrow meltwater channel t h a t  may be  infillcd by finer-grained 

materials. Section DD' on Plate I depicts the general site 

st ra t ig raphy  traced from a northeast-southwest orientBd seismic 

profile ti987 Gulf pipeline t ransect) ,  Section DD ' extends 

further to the southwest and terminates some 3-6 km northeast  of 

Pullen I s l a n d  prcrviding a general  stratigraphic framework for the 

inshore zone .  

AB shown in Section DD' , t h e  shin1 low si tc aeismo- 
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stratigraphy is very complex in this area due to the presence of 

several hummocky ref lectors. In the inshore zone, the seismic 

sicquencss appear to be structurally  simple, howaver the 

frequent accurrences of shallow qas and the resulting acoustic 

blanking hamper the interpretation of l o n g  segments of t h e  

seismic profile. The sequences (Unit 13 an Section DD'; Plate  I )  

that accumulate within t h e  flat-battamed topographic law 

delineated landward of the hummocky +eatures (till and APF), are 

believed ta cansinst primarily af glacial outwash. Note that  the  

presence of a basal layer having velocities  ranging between 1,8(30 

and 2,100 m/s ( F i x  Mark Nos, 1346 to 1360; Section DD') suggsstsa 

t h a t  a till-like unit war deposited near the deprelsesian bottom. 

Alternatively, this basal layer may originate from morainal 

deposits which have become incor,porated into the depression fills 

by retrogressive-thaw  flaw sides. 

The P-wave velocities are very useful in determining the 

possible arigin of the hummacky features. %-I this b a s i s ,  t h e  

hummocky reflectors may be differentiated between rolling or  

hummocky marainear (velocities ctf 1,7SO to 29000 m / s )  and hummocky 

APF features  (velocities of 2,600 to 4,600 m / s ) .  Figure 15 

provides an example of the acoustic signature of  an hummocky ar  

ro1li:lq morainc-like feature near the seabed (RH in Figure 15; 

see DD' on P l a t e  1 for lacation). The  magnitude of the P-wave 

velocities 11,770-1,9&0 m/s) associated with the rolling depasit 

allows the seismic  interpreter to d i s t i n g u i s h  this feature f r o m  
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an APF h u r i z a n  C)P a shallow gar;, f r o n t .   I n  Figure 15, permafrost 

v e l o c i t i e s  of 3,0(>0 and 3,600 m / s  occur at. greater d e p t h s  than 

the r n o r a i n c - l i k e  feature a n d   t h e r e f o r e   t h e y  cannot be correlated 

w i t h  t h e  s h a l l o w  hummocky r e f l e c t o r .  Gas-charged s e d i m e n t s  do 

not  propagate r e f r a c t e d  waves and t h e   r - e s u l t i n y  r -afract icsn 

seismograms are devoid of headwave ar r iva ls .  The i n c o h e r e n t  

sjeiwnic f a c i e s   v i s i b l e   w i t h i n   t h e   u n i t  t h a t  covers t h e  rolling 

moraine ( F i g u r e  15) suggests that t h i s  deposit has been r e w o r k e d .  

A site specific s t u d y  (eleven E-W profiles at a spacing 

of 400m) h a 6  been conducted i n  1987 aver the easternmost, 

narthwest-southeast t r e n d i n g  topographic h i g h  of Site D Isec 

P l a t e  I). A l t h o u g h  t h e  r e f l e c t i o n  records  c o l l e c t . e d   d u r i n g  t h i s  

d e t a i l e d   s ~ t r v e y  were of l i t t l e  practical use d u e  to poor da%a 

q u a l  i t y   ( r e s u l t i n g  f r u m  bad weather) , an isopach map of the 

p o s t - g l a c i a l  sediments was prepared i n  arder ta p i c t u r e  the 

g e n e r a l   p a l e o t a p o g r a p h y  0.f: unccmf ormi t y  U/C1 surface. T h e  

r e s L t l t i r r q  plan o f  view map (P la te  I V  in Fortin, 1988) showed t h a t  

a v e r   t h e  e levated land f e a t u r e ,  the t h i c b m e s s  of t h e  surficial 

sediment (Units B and A?) is af ten  b c y a n d  the  resalutian af  t h e  

r e f l e c t i o n  systems. A l t h o u g h  3.5 kHz subbottom p r o f i l e r  records 

are available far  t h i s  d e t a i l e d   s u r v e y  grid, t h e   v e r t i c a l  

seismic r e s o l u t i o n  is o n l y  s l i g h t l y   b e t t e r  than Im d u e  ta t h e  

m a r g i n a l  sea c o n d i t i o n s   t h a t  prevailed d u r i n g  t h e  s u r v e y .  

Nevertheless, the  resul ts  o f  t h i s  s u r v e y   i n d i c a t e  t h a t  t h e  

hurnmarky ( m o r a i n a l ? )  deposits are b l a n k e t e d   b y  a r e l a t i v e l y  th in  
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(abaut 1-2m) reworked l a y e r  w i t h  a probable coarsening facies 

c h a n g e  (Uni ts B+A(?) abuve U / C 5  an Section T)D';Fix Marks 

A second s i t e  specific survey (ten E-W profil@s at a 

in arder to re-survey t h i s  topographic high as well as a broader 

elevated land feature trending in the  same direction (SE?E! Plate 

I). The q u a l i t y  of t h e  1988 seismic data is goad to reasonably 

goad which allowed t h e  seismic interpreter t o  t race the  base of 

t h e  reworked t o n e  (U\C3 in Figure 16) .  The isopach preswntation 

af t h e  rswarked sediments in Plate  I 1  provides a p i c t u r e  of  the 

spatial distribution of this u n i t  across  site D. The isopachs 

indicate clearly t h a t  shareface erosion was a very active process 

in t h e  seaward z o n e  where mars than 6 m  of reworked  materials  have 

accumul atad, A l t h o u g h  present in the backbarrier zone? t h i s  

environment was less daminant than i n  t h e  offshore z o n e ,  as 

evidenced try t h e  r e l a t i v e l y  thin layer  ( 1 - 3 m )  of  reworked 

sediments  covering t h e  inshore region. The  reworked 2ane is very  

t h i n  ((lrn) over the elevated land features, and it is l i k e l y  

that a coarsening facies change  occurs over t h e s e  u p l a n d s  giving 

ta S i t e  D a high potential f a r  borrow deposits. 

(2) Mast probablm geologic origin 

I t  i 5  hypathe9ized t h a t  t h e  hummocky deposits present 
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near the i n f e r r e d  g lac ia l  maximum are farmed o# hummocky or 

rolling moraines whose relief would o r i g i n a t e   p r i m a r i l y  from i c e  

th rus t i ng .  The f lat-bottomed  depression in t h e  inshore zone 

(Se r t i an  DD') would have been carved i n t o  U n i t  C sediment by t h e  

Toker Po in t  Stade ar  Hungry  Creek i c e   d u r i n g  its northward 

advance. A s  discussed i n  €Section 3 .2  of  t h i s   r e p o r t ,  the 

morainal deposits of the Toker  P o i n t  member consist p r i m a r i l y  o f  

a s tony   c layey   d ia rn i c ton   con ta in ing   t yp i ca l l y  3 to 25% c l a s t s  

greatsr'thsn 2mm i n  SIZE! and 10 to 30% sand. The caarse 

f r a c t i o n s  (sand and g r a v k l )  of these source deposits may have 

heen cancentrated and redepmsited atop the hummaeky or  r o l l i n g  

moraines as a result of shareface erosion and reworking t h a t  were 

p r e v a i l i n g  during t h e  submergence of  the s i te"  

(3) Recommendations +or future investigatianm ( T a b l a  1) 

I n  order  t o  c l a r i f y  the complex seismo-strat igraphy o f  

the area and e v a l u a t e   t h e   p o t e n t i a l  a+ t h e  elevated  land features 

as source deposits, it is recammended to proceed first w i t h  ten 

reconnaissance boreholes Iapprax. 5 m  i n  depth)   tha t  will be 

positioned near the crest of these  landforms (Plate 11).  

Secandly,  seismic profiles of good q u a l i t y ,   i n c l u d i n g  s i d e  

scan sonar, 3.5 kHz p r a f i l e r ,  baamw and dcep-tow r e f r a c t i o n  

array,  should be  run through t h e  borehales and between t h e  1988 

t raverses  (for an average l i n e  sparing of abaut 3 0 0 m )  i n  order ta 

obta in  pre l im ina ry   i n fo rma t ian   rega rd ing   t he   l a te ra l   ex ten t  of  

potential bor row  depmi t s .   Th i rd l y ,  i f  the raconnai ssance 
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pr-agram indicates goad potential, a extensive seabed sampling 

program (approx. .  5OOm sample spacing) should be initiated to 

d e t e r m i n e  the lateral exten t  o f  the burr-aw deposits and the 

probab1.e volumes af granular  materials- 

5.3.5 S i t e  “E” 

(1) Present site cnnditions 

Site E is outlined an the basis af both bathymetric data 

and regional gem1 ogy. The site delineates a NNW-SSE trending 

ridge that culminates at less than 2 m  below the sea surfacti?. The 

location of t h i s  shoa l  relative to the perceived glacier margin 

suggests that it could reasanably be part af %he hilly belt 

bordering the inferred glacial maximum. Although the shallaw 

wakw represents a serious constraint to dredging by means o f  

trailing suction hopper dredges which are commonly used in the 

Beaufort Sea, Site E presents a high potential for borrow 

deposits. 

(2) M o r t  prababla geologic origin 

This ridge may be the remnants af till-capped d e p w i t s  

t h a t  have berm less %everely eroded than t h e  finer-grained 

outwash (unit C?) during the last marine submergence. The 

seafloor e x p r e 5 s i m  04 this feature, which is visible an the 

bathymetric charts (see Plate  I ) ,  suggests that  the 

glaciafluvial deposi t  cover iti relatively thin or- absent QVCT the 

ridge”  This s i t u a t i o n  may lead to morainal deposits being 
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reworked by t h e  transgressive  shoreline leaving sandy and 

gravelly beds concentrated on the ridge. 

(3) Recommendations for  future investigations (Tabla 1)  

Three reconnaissance boreholes (apprax .  5 m  i n  d e p t h )  

could be positioned  along the crest af t h e  ridge and drilled from 

the ice surf ace. If these boreholes indicate goad potential, 

additional shallow boreholes ccluld be drilled to delineate  the 

l a t e r a l  extant and thickness of the barrow deposit .  Unless 

seismic surveying c o u l d  be organized from a very  shallow draft 

platfarm Ic.g. river b o a t ,  pontoon),  it will be hazardous  f a r  

the  current survey vessels to transect t h i s  shoal. I f  such a 

shallow water seismic survey is contemplated, the platfarm could 

serve to sample t h e  seafloor lapprox.  500111 sample spacing) by 

means af a lightweight sampler (Shipek grab) .  

I 
I 
I 
I 



SITE WTENTIUL PROBwBr IC 

*&" tw -reworked sand near uncmformity 
U / C i  grading upward to si1 t and 
clay with possible  localized 
canccntrati on5 of sand. 
-presence of overburden 1 i kel y .  

C" F4IR 

.om H I  6H 

-possible seaward extension of the 
Imserk Borrow p i t .  
- s e r w d  fining  facies change 
1 i k d  y. 

-patches, or cluster of patches, 
of  rmorked  materials (sand t 
gravel)  deposited  atop  an  elevated 
land feature. 

-thin patches, or cluster of thin 
patches, of reworked materials 
{sand L gravel)  deposited  atop 
hummocky or rolling moraines, 

E" HIGH -largely gravel and coarse sand 
beds derived from the reworking of 
an  underlying  till-like unit. 

(2) J 
7 linrr 
26 k r  

(1)- 
B linms 

42 km 

Horn: 
should be conducted in the  order  indicated by the 

The recommended future  investigations at each site 

next step only  if the  results of the  previous step(s) 
numbers in parentheses. One  should proceed nith the 

dictate additional works. 

a The extent and order of work will be dependent on rea 
conditions (See Secticm 5.3.2 (3)). 

Shallow u a t u  depth may prevent  shipborne seismic 
surveying and seabed sampling (See Section 5.3.5(3)). 

GU3PHYSICStR)r Reconnaissance  selsmic  lines  including:  side  scan 
sonar, subbottom profiler, h i b o o m  and deep-tau 
refraction  systems. 

GEOPHYSICS (SB I Detai 1 ed geophysi crl  program i nc 1 udi ng : preci 8i on 
echo sounder,  side s c a n  sonar ( . fu l ly  corrected 
records) ,  subbottom profiler and Uniboom systems. 

WILL (R) L Reconnaissance  geotechnical  boreholes (BHs) I 

DRILL(S) t Delineation  geotechnical  boreholes ( B H s ) .  - , L Seabed  sampling  (Shipek  grab,  piston corer). 

s Construction of a seaf 1 w r  mosaic  from sade scan 
i rnager y . 
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SE C T ICIN & - SUMMARY CIND I;ONCLUSIPNE 

On t h e  basis of interpretation af compressional wave 

velacities measured along high resolution  acoustic  profiles, a 

glacial l i m i t  was recognized and delineated across the  southern 

Akpak Plateau. The writer refers  ta this glacial limit as the 

of fshore  extension of  the Early Wisconainan Toker Point Stade 

mapped unshot-e b y  Ramptan 11?88), but  he  offers n o  evidence as 

to it age. Notwithstanding t h e  chronological prablcms, t h e  

examinstinn uf t h e  GSC 1985 through 1988 seismic data suggests 

that t h e  limit marks t h e  all-time maximum extent  of the 

Laurentide ice sheet over the Akpak Plateau,  since  no  conclusive 

evidence of morainal deposits has b e e n  found north of this limit 

yet. T h e  presence af morainal and other ice-marginal $eatures 

within t h i s  limit warrants to the area a good potential far  

borrow deposits. 

The glacial deposits recognized  south o f  the i n f e r r e d  

glacial m a x i m u m  and delineated between the seabed and the  former 

land surface (O'Connor's Unit C unconfarmi ty )  are not solely 

transgressive in origin, and hence  they cannot be classified 

as Unit B sediment, In t h i s  sector of  t h e  Akpak Plateau, the 

O'Cannor modal may nat be adequate f a r  describing the varaous 

sequences  that deposited during the glac ia l  advance and t h e  

subsequent deglariation. In most p l a c e r ,  glaciafluvial deposits 

(valley trains, autwash pla ins )  cover the former l a n d  surface.  
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During the l a s t  marine submergence, shoref ace erosi an, 

r~?w~rk: inq,  and redistribution of these deposits have resulted in 

a transgressive  sequence Iessentially Unit B sediment) having a 

v a r i a b l e  thickness. 

In t h e  study area, the pre9ent granular deposits (Isserk 

Borrow P i t )  and target barraw sitas are believed to originate 

from two different geological settings, or a combination af 

b o t h .  Firstly, lacally sand cancentrations in t h e  transgressive 

deposits t h a t  would result from the reworking and re-mobilization 

af coarser-grained glaciaf Luvial deposits atop elevated l a n d  

features" T h e  Isserk pit and its, possible offshore e x t e n s i o n s ,  

Sites B1 and B2, as well as Site A ,  may be a+ t h i s  type .  

Secondly, the t i ' X 1  and  till-related facies farming t h e  hilly 

b e l t ,  which is delineated in the southeastern sector of the 

Plateau, would have  been reworked during submergence leaving a 

layer  uf very caat-sjs materials (sand and grave l )  near the  seabed. 

Seismic contauring carried out throughout two detailed survey 

grids indicates t h a t  the layer of reworked  sediments, that 

redeposited aver t h e  till, i ~i of ten beyond the seismic 

resalution, i.a. thinner than about l m .  This may resul t  from 

the fine nature of  t h e  till matrix ( 2 5 - 4 5 X  silt and 50-50% c l a y )  

and the relatively small praportiuns of  sand (10-30X)  and gravel 

(3-25% of clasts greater than 2 m m )  t y p i c a l  af the moraina-l 

deposits of  t h e  Taker Point member, 4 cluster of borrow d e p c r s i t s  

0.f: this type may be present within S i t e  C and Site D, while 
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g C T I P N  7 - REClV"NDATI0NS 

The evaluation of t h e  borrow potential f o r  t h e  southern 

AkpaC: Plateau proposed in this r e p o r t  implies t h a t  t h i s  ragion 

was. the  s c e n e  of an e x t r e m e  ice advance t h a t  deposited morainal 

and ylaciofluvial deposits, A s  a result ,  these glacial deposits 

cannot be easily linked to t h e  O'Connor model posing a major 

correlation problem with other regions af the  Beaufart Sea ( e . g .  

northern Akpak Plateau and Tingmiark F l a i n ) .  Therefore, there 

is a need f o r  a geological made1 to account for- t h e  who le  

glacial and post-glacial s t r a t i g r a p h y  of  the southern Akpak 

FlatcaUv 

In order to reflect the different site characteristics, 

recummendatinns f o r  future geophysical and geotechnical 

i n v e s t i g a t i o n s  are provided in t h i s  report on a site basis,(see 

Sect.  5.3 and Table 1) .  

Respectfully submitted; 

H.R. SEISMIC INTERPRETATION SERVICES INC. 
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