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INTRODUCTION 

In 1984 and 1985 a series of studies were undertaken to locate and delineate 
potential areas for the future  development of offshore granular resources near Herschel Island, 
Yukon Territory. The work, carried out by M.J. O'Connor and Associates and EBA 
Engineering Consulting Inc., was authorized by the Department of Indian and Northern Affairs 
and the studies were casried out in collaboxation with the Geological Survey of Canada. In 
addition, the major petroleum operators assisted in the program by providing access ta propriety 
data for incorporation in the synthesis of the geophysical and geotechnical data. 

Geoloficd of the Area 

The study area, shown in Figure 1, lies on the Natsek Plain, an area for which 
little subsea information was available prior to the DIAND Herschel Island study. Exposures 
on the Yukon Coastal Plain reveal sediments which are thought to predate the early Wisconsin , 

glaciation. It has been suggested that these sediments were deposited during the nonglacial 
inteml immediately preceding the early Wisconsin. 

Sections of the pre-Wisconsin sediments exposed on .Herschel Island reveal 
complex matine, deltaic, fluvial, lacustrine and even texrestrial depositional environments. It is 
thought that the early Wisconsin glaciation occurred greater than 40,000 years ago and may have 
been  responsible  for a major ice-thrusting event at Herschel Island. The M a c M e  Trough 
probably influenced the movement of the early Wisconsin ice sheet forming a lobe of ice to the 
northwest. The lobe is thought to have thrust sediments from Herschel Basin to form Herschel 
Island (Maclray, 1959). 

A three-phase approach was wried out to determine the geological conditions: 

i) marine geophysics to provide  information on the  nature of the soil conditions in 
the Herschel area; 

ii) marine geotechnical drilling to confmn the geological conditions interpreted from 
the seismic records and also to provide grain size distribution of the granular 
deposits. 

iii) synthesis of this data along with existing  other regional data available. 
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Geophvsical Promm 

The field data acquisition phase  included coverage of the Herschel area by two 
vessels, the NORWETA and the BANKSLAND. The geophysical  equipment  included precision 
survey  echo sounder, side scan sonar, subbottom profiler,  boomer, and airgun. Several hundred 
kilometres of chta were collected over the study area between Collinson Head and Kay Point. 

The geotechnical field studies were carried out  from  the ARCTIC KIGGIAK by 
EBA Engineering  Consultants Ltd. Bore  hole  locations  were selected to determine  the 
stratigraphy, both on  Herschel Sill and Herschel Basin. 

Four locations were investigated on the sill. At these  locations, two boreholes 
were drilled and sampled to depths of 19.7 m and 5.7 m, while two probe holes  were  drilled to 
test the thiclaess of gravel  at the other two  locations.  Surficial  sediments at each of these 
locations were sampled  using the grab dredge on the ARCTIC KIGGIAK. 

The additional two boreholes drilled within Herschel Basin were intended to test 
the  possibility that some of the anomalous bathymetry within the basin may be due to glacially 
related granular resource. deposits. 

Herschel Basin 

The deepest water depths were  found in Herschel Basin where the bottom of the 
basin is enclosed by the 50 m isobath and with  water depths up to 80 m. The east side of the 
basin has pingo  like featuses that rise stéeply to within 25 m of the sea surface. Geotechnical 
and geophysical studies showed that the floor of the basin consists of approximately 40 m of 
lamhated silty clay  overlying  sand, stiff clay and gravel. Ice lensing  observed in the suficial 
clay suggests that the  basin was drained and the bottom sediments exposed for some period of 
time in the past.  Although  extensive sand  and gravel layers were noted in the sub seabottom 
sediments, the extreme water depths and the presence of a thick surficial clay  unit  preclude the 
development of any granular resources in Herschel Basin. 
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Herschel SiU 

The precise subsurface conditions which underlie the sill joining Collinson Head 
to Kay Point  were difficult to resolve acoustically, but surface sampling, test dredging, and 
several geotechnical boreholes proved useful in determining the surficial geology. For the most 
part, the sill is comprised of the same tenain units which may be found near Collinson Head and 
Kay Point. The ded remnants of these d y  stiff, fine grained sediments are locally m v d  
by modern sand and gravel shoals up to 7 m or more in thickness along the crest. South of 
Collinson Head, the bore holes and probe holes drilled on the c r e s t  of the sill showed granular 
thicbess of up to about 3.5 m (see Figure 3.) The granular material was made up of sand and 
gravel containing subrounded to subangular particles. The ware grained deposits are underlain 
by a stiff silty clay sequence. 

Maximum water depths along the crest reach 17 m, but most of the s i l l  is much 
shallower (4 - 12 m). In addition to ice scows, the presence of ripple marks along the crest of 
the sill as well as in other areas of the study such as the coastal shelf, provided indirect evidence 
regarding the nature of the d o o r  and distribution of surficial granular resources. On the west 
side of the shoal north of Kay point well developed ripple trains were evident, The ripple marks 
were also helpful in delineating both the nature of the suficial sediments and the lateral. limits 
of individual soil types. h Figure 4 the boundary between the sandy .and clayey soils at the 
seabd are clearly defined. 

Discontinuous ice-bonding is common in the h e  grained soils which constitute 
the regional Siu sediments, but is not expected to OCCUT in the modem sand and gravel shoals. 
Almost 17,000,000 m3 of granular mamial suitable for enginering purposes are already hown 
to be located in these shoals. The present infomation suggests that an additional 70,000,000 m3 
are probably availabIe at the seabed, and another 40,000,000 m3 of material may also be located, 
if it can be proven that the glaciofluvial features noted near Kay Point also extend offshore, see 
Figure. 5. Unfortunately, much of the granular resources on the. sill are located in 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. 

Yukon Coastal Sh&f 

The narrow coastal shelf which borders the north and west side of Herschel Basin 
was, like the Herschel Sill, difficult to map using high resolution seismic techniques, because 
the water depths are shallow (less than 14 m) and the shelf is underlain by firm to stiff or dense 
materials which form part of the morainal, lacustrine, or glaciofluvial sequences found along the 
coastline. Recent soft sediments appear to be absent in mast areas, except near the basinward 
edge of the shelf. Geotechnical drilling conducted by Gulf Canada has verified that silty to 
gravelly sands may be found in certain areas near Stokes Point, but shallow ice-bonding was also 
present near the coastline. The most prospiive area for future granular resource development 
appears to be located between Roland Bay and Catton Point, but no groundtruth information is 
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currently available in this ara. Most of the present 9,750,000 m3 of reserves on the shelf have 
been located by geotechnical boreholes. It is estimated that a total of 40,850,OOO m3 of sand and 
gravel may eventually be found on the shelf and along the coastline, if substantial additional I 
drilling is conducted in the most prospective areas. 

Babbage River P a l m b n e l  I 
The drowned Babbage River Paleochannel does not appear to be generally 

prospective for development of seabed granular resources, especially in the deeper areas near 
Herschel Basin. The paleochanne1 may, however, contain some sand and gravel in 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 1 
3,500,000 m3. 
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ABSTRACT 

INTRODUCTION 

During 1986 an interpretation and integration of the previously  collected bathymetric, geophysical 
and geological data from the western Beaufort Shelf was undertaken by Earth & Ocean Research 
LW for the  Department of Indian and Northern Affairs. The investigation was to provide an 
ovewiew of the aranular resource base of thb area to assist in planning of Mure exploration 
stadies to delineate  granular materials for use in the onshore or offshore construction by industry 
or government. 

Figure 1 shows the location of the study area consisting of the Western  Beaufort  (Yukon)  Shelf 
or Natsek  Plain  (O'Connor 1982 physiographic province) extending from the shoreline to the shelf 
e d ~ e  at  approximately the 80 m water depth  contour. The region is bounded on the west by the 
YukonlAlaska border at  longitude 141" W and  on the east by the  Mackenzie  Trough  and  the 
eastern edge of  Herschel  Island at approxlmately longitude 139O W. The region constitutes 
approximately 5000 km2. 

DATA BASES 

Prior to 1984/85 there was little data available for the western  Beaufort  Shelf region. CHS 
bathymetric  chart 7601 indicated a few widely  spaced  sounding  lines  with  non  systematic 
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coverage. A total of 53 grab samples  and 4 piston cores had  been  taken by the GSC within  the 
boundaries.  Grain  sizes and broad  distribution mapping of the sudidal sediments  had  been 
presented in Pelletier (1  975), Vilks &.al., (1979) and Pelletier (1985). A single  geotechnical 
bor8hOl0,  Natsek 4, was drilled in 1978, and textural  descrlptions  and test results  were  presented 
by McClelland  Engineers  Ltd. (1 979). 

A significant  Increase in the data base occurred in 1984 when a combined hydrographic and 
geophysical survey was conducted from the M.V. Banbland by the CHS and  the GSC. This 
survey yielded 14055 Km. of  heave  compensated  echo  sounder data, 820 Km. of 10 ins  airgun, 
50 Kht. aidescan and 3.5 Kht profiler data, 14  piston 'cores to a maximum 1.5 meter penetration, 
and 187 Shlpek grab samples  which  have  only  been  visually described (no  quantitative  grain size 
analysis). The results  of the hydrographic  survey are presented in McGiadrey (1 984) and resulted 
in the preparation  of CHS field  sheet WA10167. A prellmlnary  interpretation of the  geophysical 
and geological data is  presented in Meagher (1985). 

In 1985 an additional 1950 Km. of 10 in'  airgun, 3.5 Khz profiler  and EG&G boomer data were 
collected from the C.S.S. Tully by Geomarine Associates. No sediment  samples  were collected 
during this program. Approximately  half  of  these 1985 data  lines were collected from within the 
a m  of the present  study,  the  remainder  covers an area  to  the  north and east. The field 
operations are reported ln  Fehr(l986). 

Also during the 1985 field season, a geotechnical  borehole (GSC-l), was drilled from  the M.V. 
Broderick on the outer  shelf ( E M  Engineering  Consultants LM. 1986). This  borehole, located at 
7oOO83.91 "N, 14098'1 7.86VV, was drilled to a sub-seaftoor depth of 52.6 meters. Additionally 
a number of boreholes were drilled for industry, on the Alaskan shelf. Five of these am loaated 
near the slte and reference is made to field notes  of  these brings. 

In total the limited  direct  samples data base consisted  of 240 grab samples, 18 plston cores and 
two geotechnlcal  boreholes  shown in Fbure 2. The high  resolution  geophysical  data  set  shown 
in Figure 3 totalled 2770 km of  high  resolution  seismic$  which was supplemented by selected 
echo sounder data  from a 14055 km data base (not  plotted  here). 

At the time of writing of this study EOR was also working on a Quaternary  geological  synthesis 
of the .seismostratigraphy of the area (Lewis and Meagher, 1991) and Mr Jim  Shearer was 
analyzing the sidescan  sonar data for  ice scour and other seabed transport information  (Shearer, 
198J. Challenger  Survey  was also developing a 3-0 presentation of the bathymetric information 
for the region  (Challenger  Surveys, 1983 and McGregor  Geosciences LM had  prepared a 
hazards report over the Ediok  wellsite. Data from these studies,  though  preliminary  at the time 
of wrStlng  of this  report,  have  been  incorporated were relevant  to  the  discussions here. 

SITE'DESCRIPTIONS 

The  Western  Beaufort  (Yukon) Shelf had  been  designated  the  Natsek  Plain by O'Connor (1982) 
and was  noted to be primarily a fine grained sedimentary  sequence  that did  not  correlate with the 
general  geological model for  the  eastern  Beaufort  Shelf  (O'Connor, 1980). Lewis  and  Maagher 
(1991) developed a comprehensive  seismo  stratigraphic  description of the area  that  indicates  the 
Upper  Tertiary  and  Quaternary  section  within  the  region. 
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BATHYMETRY AND PHYSIOGRAPHY 

Figure 4 is a detailed  bathymetric  eontour map of the Yukon  Shelf  developed  by a physiographic 
features  oriented  re-contouring of the 1984 hydrographic  survey data presented  on CHS field 
sheet WA 10167. The shelf has a regional Slope of 1 :833 to the north.  The  Surface  Slopes 
northward in the coastal and mid shelf reglons and trends increasingly toe the northeast as 
the sheif edge is approached. The transbn from  shelf to slope is abrupt and OOCU~G 
approximately  at  the 80 m water depth contour. The shelf edge is noticeably  regular wsth no 
prominences  or  incisions, possibly the result of planation by glacier ice restricted to the trough 
during the .Wisconsin  Glaciation. 

The major  physiographic  subregions of the Yukon  Shelf  have been defined in this program and 
am outlined in Figure 5 and given informal names. Two ridges dominate the shelf morphology. 
The Inshore Ridge extends from due  west  of Herschel Island for a distance  of approximately 80 
km. It is approximately endosed by the 24 m water depth contour and is about 4 ktn wide. The 
Offshore Ridge is a larger  feature and occuples the outer north facing  shelf  from the 50 m contour 
to the  shelf edge. This me extends west onto the Alaskan shelf and within the study area the 
ridge Is 66 km long and 14-18 km N e .  The  axis  of the ridge is sttuated  near the southern flank 
were an minimum  water depth of 37 m is noted. A narrow linear  spur ridge extends from its 
northeast comer in a northeast  direction  to the shelf break. 

Topographically the Outer Ridge is Irregular with numerous  linear and sinuous superimposed 
shoals of one to several metres in local relief. These shoals form a second ridge complex named 
the "Natse'k Ridge" which is sub-parallel to the main ridge and displays a branching pattern 
suggestive of dendritic drai?age c o n t r o l l e d  formation. This pattern is most apparent on th8 3-0 
representations constnrded by Challenger Surveys and depicts  four or We Mbutary ridges that 
coalesce with the  trunk ridge at their eastern ends. These ridges die out in a weaterly  direction 
and do not  extend beyond the Alaska-Yukon  Boundary. 

There am numerous  smaller shoal features observed on the shelf  though  they are predominantly 
concentrated Immediately north of the Inner Ridge. There are noticeably  fewer shoals in the  mid 
shelf  region  though those present are thought  to be relict stamuki  shoals developed as the seas 
encroached across the coastal plain. A few  shoals  near the edge of  the Mackenzie trough  just 
s o m  of the Outer Ridge exhibit significantly  higher  relief and slope which may represent limited 
exposure of  coarser, mom resistant materials lying benNeen Units L and M. Attemately  these 
shoals could possibly be morainal deposits. 

The Outer Trough  separates the two ridges. It is broad and flat  bottomed with small  mounds  of 
2 to 5 m elevation scattered over Its floor.  The bottom of this  trough descends to the east at a 
low gradient  where it is  truncated as a sort of hanging valley  into the Mackenzie  Trough. 
Maximum  depths in the Outer  Trough are 58 m. The Inshore  Trough is 8 smaller  feature 
enclosed by the 24 m contour  with a maximum depth of 27 m. It is 36 km long and 6 km wide 
at its maximum.  The  Inshore  Ridge  has  been  interpreted as a series  of stamuki shoals 
constructed by sour action of the  winter I c e  pack as it rotates  against  the  shore  fast  ice. 
Subsurface  evidence  suggests that the stamuki  shoal  has  developed  on an older shoal feature. 
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SURFICIAL COVER 

The surfidal sedimentary cover on  the  Yukon  Shelf  represents a conflicting  interpretational 
situation.  From  the  subsurface  selsmo-stratigraphy  and  borehole data that is available, all of the 
strata from just beyond the nemhore zones to the offshore porblons  of the shelf  consists  of  fine 
grained  madarlals with very low concentdons of sands or gravels indicated. From the surfidal 
grab sample information the indications suggest that the  inner shelf is predominantly a sllty-chy 
fades while the samples and sldescan data for,the offshore region  indicate these regions to be 
a sandgravel domlnant  facies. &sed on this discrepancy It is concluded  that the coarser 
offshore  fades is a thin lag deposit w h i c h  is too  thin to resolve with  the  high  resolution  seismics 
and has  been transported Into  the m a  by -ice rafting. 

Figure 6 is a map of  the bottom sediment  distribution of the Yukon  shelf  that  was  presented by 
Pelletier (1985) based on the pre 1984 sample data base (approximately 50 samples).  This map 
was compiled  using an analyzed data set and could  not be modified using  the  qualitative 
descriptions  of  the samples coilected  during  the 1984 surveys. 

Jim  Shearer (pers. mm.)  has interpreted high  gravel  concentrations from the sidescan data to be 
restricted to a narrow zone that runs  the length of  the Mackenzie Trough  shelf edge. These data 
also indicate extensive areas that are dominated by sand rjpples and meggaripples. The sand 
ripples are observed wtthin the eastern and centrd Outer Trough  while  the rnegdppks occur in 
a n m w  linear  zone sandwiched between the eastem edge  of the gravel zone and the 
Mackenzie  Trough  Shelf edge.  The distribution  of these zones has been  outlined  on the Granular 
Resource map of Figure 10 as it was not felt that the qualitative  descdptions  could be used to 
modify the Pelletier maps  though  this infomation is considered important to the granular resource 
assessments. 

SUBSURFACE GEOLOGY 

The sedimentary  section  beneath  the  shelf'region  thickens  to seaward and rests unconformably 
and paraconformably  of a region-wide  Miocene  erosion  surface.  The sub surface  sedimentary 
strata form a predominantly fine grained clastic wedge laid down  under  shelf, e o a s t a l ,  subaerial 
and  glacial  environments.  These strata correlate with the Upper lprk Sequence  on  the  eastern 
Canadian  Beaufort  Shelf and the Gubik  formation  on the Alaskan Beaufort Shelf.  The  surficial 
cover  over  the greater part of the  Shelf consists of a stm to soft, grey  dayey silt to silty clay with 
various  admixtures  of gravel. High  concentrations  of  gravel and sand occur  seaward  of  the river 
mouths and in a broad apron  that  follows the shelf edge. The  gravels  at the river mouths  are 
offshore  extensions of, or reworked components of alluvial  fans  onshore.  The  offshore  gravel 
concentrations  contain  significant  proportions of exotic dast lithologies and indicate  at  least a 
partial  provenance  from the Canadian Arctic Islands.  These  lithologies  suggest an ice rafted, 
drop stone origin  for  these  materials. 

The  present seafloor of the shelf area is erosional  in  .character  and  represents  the  latest  shelf 
wide  unconformity  surface as evidenced  by  truncation  of  the subsurface strata at this  surface. 
With the possible  exception  of the near shore  zone  (Unit Q within the Inshore  Trough areas), 
there is no indication  that  present day sedimentation  is  occurring  on  the shelf. Erosion  and 
sediment  redistribution by current and wave  action,  and ice keel scouring is evident and may hava 
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removed a signiflcant  amount  of  the sedimentary section. Age determinations  based  on the 
limited  boreholes  available suggest that the exposed sediments  on the seabed are of Mid to Late 
Pleistocene ln age (50,000 to 80,000 b.p.). 

The seismo  stratigraphic  sequence  underlying  the  Yukon Shelf Is Interrupted by numerous 
unconformity  surfaces,  several  of  which  display  channel  development and .record a history  of a 
least six to  ten regressive and transgressive episodes since the Miocene that have alternately 
subaerially exposed  and drowned the shelf.  At  least two of  the  unconformity  sutfaees form 
apparent  buried  shoreline  topographies  near the present  day  shelf edge suggesting  Subaerial 
exposure affected the entire  shelf at various times (Horizons 12 and 15). The net effect of  these 
cydes has been a progradadon  of the shelf edge toward the north.  Figure 7-shows 8 north south 
transect line across the  shelf  indicating the seismo-stmtigraphic sequeno~s associated with this 
shelf  development. A total  of 11 seismo-stratigraphic  units are identified on the shelf and 8 are 
exposed on the seabed. This  sequence  of  subsurface  sedimentary  units have b e n  identified and 
designated with alpha mdes which range from Unit Q (below Horiton 7) at the base (Miocene 
pre  unconformity materials) to Unit P (above horizon 15) whlch  represents the youngest  mappable 
(with the  present  data  set)  sediments preserve at the shelf edge (possibly as much as 50,000 
years old). Figure 8 outlines the relationship  of the various stratigraphic  units  within the Western 
Beaufort (Yukon)  Shelf  sequence and provides a tentathre age correlation  of the respedive units 
compared to  the age dating  from the GSE1 borehole and projected m l a t i o n  to work completed 
on the Alaskan E3emkrt shelf and North Slope regions. Un# Q representsk  localized, ponded, 
overlying  unit that is restricted to the Inshore Trough region and cannot be stratigraphically 
position  within the general  sequence because of its isolated  extent. This unft is observed to 
disconformably  lle  on top of the contemporaneous  units R and L in this nearshore  region. Figure 
9 is 8 map of the exposure of these units as they interssd the seabed. There is likely a very  thin 
surficiai veneer over these exposums which was below the "ion capabilities  of the seismic 
systems employed in the mapping process and represents the, apparently, unrelated surficial lag 
materlals mapped in the surfidal sediment distribution map of Figures 6 and 10. 

DEPOSMONAL SUMMARY AND PROVENANCE 

The subsurface sediments  on  the  Yukon  Shelf  represent a predominantly  fine  grained  clastic 
wedge sequence characteristic of continental  shelf  outbuilding. These materials were 
predominantly  deposited  under  marine  and  nearshore  marine  conditions with a fine grained 
source  of  supply  from the south or possibly alongshore  from the east or west. As has been 
outline  above  these  materials am presently  being  eroded  at the seabed and the limlted  borehole 
evidence  indicate a very sparse content  of  -coarser  materials. As a resultthese sediments are 
not  believed  to  represent a sourtx for l a g  borrow  materials, 

The  sediments  presently  reskiing  on and very near  the seabed of the Yukon Shelf indicate  that 
the  relation  between locale, bathymetry,  stratigraphy and sample  texture  Is  not  straightforward and 
that  distribution  is  controlled  by  several  independent  mechanisms. 

The  presemt  day  predominant  source  of  new  sediments to the Yukon  Shelf  Is  the coastal retreat 
ongoing along the Yukon Coastline.  The  coastline  west of Komakuk Beach and extending  almost 
to  Clarence Lagoon is  dominated by fine  grained  lacustrine  sediments. Coastal erosion  is 
documented along this coastline  (Rampton, 1982) and  similar  regions on the  Alaskan  North Slope 
record  average rates of retreat  that  are  approximately 5.4 m/year and locally reaches I 8  m/year 
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(Reimnik &.al., 1985). These new  sediments are not observed to be collecting  In  any  significant 
deposits however  on the shelf  and it Is presumed  that  the  fines are virtually di being swept of the 
shelf  to be deposited in the Mackenzie  Trough and over the northern  shelf edge. 

The gravels and sands of the Coastal Zone are relict and  were deposited as alluvial fans at a 
time of lower sea level. They are presently being reworked  into  marine landforms of baymouth 
bars, islands and spits, and they are also being transported offshore a minimal distance where 
they form 8 thin veneer on top of the fine grained lacustrine or lagoonal materials  which occupy 
the Inshore  Trough. 

The coarse grained materials found  on the Middle Shelf are generally,  though  not  always  located 
on  shoals and the majority of shoals ln thii region are composed  of  fine  grained  materials. The 
sands and gravels ln this reglon are unevenly  distributed and generally occur in a bimodal 
distribution with mud.  Since there appears to be no subsurface  source  for these matarials it 
presumed that these materials have been  transported to the middle shelf  regions from the  alluvial 
sands by ice rafting  with  subsequent  concentration  through  winnowing  on  the tops of the shoats. 

ThAs mechanism is Invoked on a larger scale for the gravels  on the Outer Shelf where the surficial 
veneer of coarse materials Is  ubiquitous. The coinddence and restriction of this  resource  to the 
Outer Shelf along with the exotic lithologies, suggesting an Arctic Island sourœ,  imply  that  these 
material  were  most  likely transported to the shelf  from offshore, possibly at a time  of  lower sea 
level  when a m  by Ice was restricted to the 40 to 50 m isobath. 

GRANULAR RESOURCE MODEL AND EVALUATIONS 

DISTRIBUTION 

Figure 1 O presents th interpreted  distribution of potential granular  resources  for  the  Yukon  Shelf 
area..' The  description of potential aggregate concentration is subdivided into three  geographic 
zones: a Coastal Zone  where coarse aggregates are drowned  extensions  of  onshore deposits, 
a Middle Shelf Zone  dominated by l a g  deposits localized  on  shoals  and an Outer Shelf Zone 
where a oombination of outcrops of coarse material and concentrations of ice rafted detritus are 
the  likely  sources  of coarse materials. 

Using  these  distinctions 20 prospects have been mapped over the entire shelf with  prospects 1 
to 4 being representative of the Coastal Zone, 4 through 15 being in the Middle  Shelf  Zone  and 
16 through 19 being  in  the  Outer  Shelf  Zone. Prospect 20 constitutes  the  entire  Outer  Shelf  Zone 
though  has not been  incorporated  into the following  volume estimates because  there Is currently 
virtually  no  evidence  available for a thickness  estimate of the coarser materials in this region. 

The selection  and  identification  these  prospects has been  defined,  at least initially, based on the 
sample descriptions.  Within  the  Coastal  Zone  the areal extent of the prospects has  been 
extended  using  the  bathymetric  data and very limited  seismic  coverage  available in the  region. 
In  the  Middle  Shelf  Zone  the  bathymetry  contours  and  field profiles were used to both map and 
evaluate  prospects  supplemented by mlcroprofiler  records  when  available in  order  to  attempt to 
establish a probable depth of the  resource.  While  the  entire  Outer  Shelf  Zone is  identified as 
"prospective", specific areas have been  designated prospects based on likely topography 
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(prominent  shoals),  seismics or topography  plus  samples in  order  to  narrow  the search areas to 
some degree. This is done  while  recognizing that an unique  relationship  between  shoal  areas  and 
coarse mabrirrls is not  established h m  this study for the Outer Shetf area. 

RESOURCE PROSPECT GRANULAR VOLUME ESTIMATES 

There are no 'proven" resources defined within the region.  Oiven the mnflicting  nature  of the 
cores, boreholes and seismics  against the available grab sample data, it is obvious that the grab 
samples cannot be taken as representative of the substrate to any depth greater than a f e w  
centimetres. 

Table 1 summarizes th0 prospects within the Western  Beaufort (Yukon  Shelf) study region 
Indicating the areas of each resource prospect wfth an estimated  thickness  for each along with 
the probable or prospective reserve best estimated volume calculations. A confidence  factor  is 
induded for each prospect based on a review of the sample, bathymetric and seismic  evidence 
available on each site combined with an lntetpmtlve  assessment of these data. A detailed 
discussion of each prospect region  is  include in the original report though will not be repeated 
here. 

Prospects 1 to 4 and 18 have been evaluated as "probable" resource areas with an estimated 
potentid total reserve  of 556 to 841 million cubic metres of  gravel and sand mixture. The 
remaining proepects are considered "pmpdve" m u m  areas with a tdtal estimated volume 
of 329 million wbic meters. The regton inshore of the 10 m isobath  extending to the shoreline 
has  been designated as a probable mwwe with a potential  volume of 444-740 million cubic 
metres. mis region  has been separated out fm the others because unusual dredging 
techniques  would be required within this nearshore region and it may or may not represent an 
economically recoverable resource for the region. 

COMCLUSloNS 

From a study of the sample, bathymetric,  and  geophysical  data  available  on  the  Yukon  Shelf 
the following  condusions can be drawn: 

-There are no  proven  deposits  of coarse material  within the study  due  primarily to a lack 
of borehole control 

-Probable areas include  four  drowned  alluvial fan deposits  adjacent the coastline and a 
grouping  of  shoals  of  possibly  resistant  substrate or morainal  material  situated  on  the 
east central edge of the shelf. 

-The total volume of material  identified as prohabl0 resource from  the 10 meter  isobath 
to the shelf edge is 557 to 842 million  cubic  meters. 

-An additional 444 to 740 million cubic meters of probable resource Is calculated  for the 
area  lying  between  the 10 meter  isobath  and the shoreline. 

-Prospective areas  include a number of shoals  on  the  Middle  Shelf and virtually the entire 
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Outer Shelf  from the 40-50 meter  isobath to the shelf edge. 

-This  latter area is  not  satisfactorily  resolved  from the data  at hand and it is possible that 
the coarse grained deposit  may be a suficial veneer  of  only a few  centimetres  thickness 
over most of the area. 

-The prospective  :areas, exclusive of the general area of the Outer  Shelf  represents a 
total resource  volume  of 329 million  cubic  meters. 

-The Outer  Shelf,zons has an area of 1400 million  square  meters  but  no thickness is 
attributed to the deposit at this  time. 

-The quality of the granular  material  requires  more  extensive  analyses of the grab 
samples. From the data at hand it appears that the quality in terms of grain size  and 
sorting will be highest  on  the drowned alluvial  fan  deposits  and the possible moraine 
deposit on the east  central  shelf  edge, and elsewhere will be deteriorated by high 
admixtures  of  fine  grained  material. 
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TABLE 1 

ZONE PROSPECT AREA AV. THICK PROBA&ZE PROSPECTIVE CONFIDENCE 

BEACH (volume not included i n  total) 
""-""""""""""-""""~~"""""""""""""~""""*"""""" 

1B (0-10m) 

ma x 10' m m~ X 104 nt5 x 106 LENEL 

COASTAL 

1A 
1 (lO-ZOm) 

2 
3 
4 

MIDDLE SHELF 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

WTER SHEW 

73.99 6-10 

71.35 6-10 
74.65 - 

2.4 2.5 
2 .9  2.0 

25 .1  2.0 

13.0 2.0 
1.8 1.5 
" " 

2.9 2 .0  
6.5 -- 

1.1 2.0 
3.4 1.0 
4.0 0.5 
1.0 0.5 
11.0 0.8 
2.7 0.7 

444-740 

428-713.5 

6.0  
5.8 

50 .2  

26.0 
2.7 

5 .8  
2.2 
3.4 
2.0 
0 . f  
8 .8  
1 . 9  

16 
17 
18 16.7 4.0 
19 31.7 8.5 

275.2 556.0-841.5 328.8 

3.0 2.0 6.0 MODERATE 
" 

" m 
HIGH 66.0 

269.5 MODERATE 
TOTALS 
----------------------"---*---""""~~~"""""""~""~ ~"""""" 

Note: The entire Outer shelf  (Prospect 2 0 )  l e  not included in the above 
summation pending additional  information on the nature and thickness 
of the coarse grained  veneer. It is  however considered *prospectiveg 
and includes an area of 1400 mill ion square metres. 
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INTRODUCTION 

The I s s i g a k   s i   t e   i s  unique i n  many  ways. It i s  one of the few deposits  with 
any s ign i f i can t   por t ion  of gravel i n   t h e  Beaufort-Mackenzie region and i s  the 
only source o f  granular  materials  located between Herschel Is land and the 
Akpak Plateau.  For  reference,  Fiqure 1 shows the  locat ion o f  the  deposit and 
the major physiographic zones nearby. 

I n   l a t e  1986 through March 1987, €BA Engineering  Consultants  Ltd.  compiled and 
interpreted  avai  lab1 e data for the  Issigak  deposit (EBA, 1987). This work was 
conducted  under funding  provided by NOGAP Sub-project A4-6, through  Indian and 
Northern  Affairs. Canada.  The primary purposes o f  the study were t o  i n te rp re t  
the geology of the  deposit, and t o  quantify the remaining  reserves. Those 
tasks were r e l a t i v e l y  easy. The hard work was i n  f inding  the data, much of 
which was m i  s i n g ,  and resolving  inconsistencies between overlapping  data 
sets. 

HISTORY OF SITE 'WALUATION 

The f i r s t   s i  t e  work on shallow sediments i n   t h i s  area was done i n   l a t e   w i n t e r  
1974. More work was  done i n   w i n t e r  1975. Both programs were conducted 
through  the  ice  at  about the 1 imi t of conventional 1 and based equipment. 
Although we encountered  minor  gravel and other  geological ly unique sediments 
during  those programs, we didn't   Udiscoveru  the  Issigak borrow  deposit, The 
c red i t  f o r  the  discovery  should go t o  Dome Petroleum  which began gravel 
explorat ion i n  the  area i n  the iumner o f  1980.  They were searching f o r  
construction  materials for work a t  the  Tarsuit  N-44 s i   te .  

Between  1974  and Sumner 1986, there were 26 various programs or  operat ions  at  
Issigak.  Included i n   t h a t  were nine  geotechnical  sampling programs, s i x  
seismic mapping programs, eight  dredging  operations, and three  bathymetric 
mapping exercises.  Prior t o  1986, almost 3.5 m i l l i o n  cu.m. o f  granular 
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material were reported t o  have  been  removed from Issigak  during four o f  the 
dredging  operations, I n  addition,  there were four  other  dredging programs for 
which the  quanti ty o f  material removed could  not be determined. 

DATA RELIABILIlY 

The problem with  too much data i s   t h a t  i t  has t o  be  compared to   look  f o r  
inconsistencies. A t  Issigak,  there were 199 boreholes,  several  bathymetric 
surveys and bathymetric  data  col  lected  during  seismic programs. The 
corre la t ion between various  data sets was found t o  be very poor. This has 
serious imp1 icat ions f o r  many o ther   s i   tes  because of the  scale of inaccuracies 
implied.  For example: 

a) The di f ference between water  depth  interpreted  from  borehole 
soundings and bathymetric  surveys was greater  than 1.0 m f o r  25 
percent o f  boreholes.  That i s  a b ig   e r ro r  f o r  a s i  t e   i n   o n l y  about 
9.0 m of  water. 

b) The difference between various  sets of  bathymetric mapping was not 
much better.  Datum differences o f  0.5 t o  1.0 m are common between 
data  sets. 

c) Where two boreholes were located nearby, the  dif ferences i n  
subsurface in terpretat ion was frequently enough t o  imply  that  one o f  
them must be  wrong. For  nine  pairs o f  holes  with an average distance 
apar t   o f  27 m (max. 40' m), the average d i f ference  in   granular  
material  thickness was greater  than 0.4 m (max, 0.8 m) and the 
average di f ference i n  water  depth was 0.4 m (max. 0.8 m). These are 
s igni f icant  d i f ferences f o r  a deposit  with an average thickness o f  
less than 1.5 m. 
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PHYSICAL DESCRIPTION 

The Issigak  deposit i s  almost 11 km long and  up t o  1500 m wide. I n  section, 
the  deposit i s  a t h i n  veneer which  averages less  than 1.5 m thick.  Issigak 
appears as a low  r idge  or  series  of  small  knobs on most bathymetric maps 
because of   the  overa l l   f la tness  o f   the  coasta l  sediments. Fiqure 2 shows the 
maximum section  through  the  ridge. Drawings with  high  vertical  exaggeration 
serve to  create  the  impression o f  a ridge.  Fisure 3 shows the   r idge   a t  a 
vert ical  exaggeration  of  only lox. This i s  a much be t te r   sec t ion   to   p ic tu re  
when considering  the morphology of the  deposit. 

Detai  led bathymetry,  compiled i n  Fiqure 4, shows f o u r   o r   f i v e  pods o f  higher 
re1 i ef. The r e l a t i v e  importance o f   i n i t i a l   d e p o s i t i o n  and subsequent erosion 
i n  producing t h i s   r e l i e f   i s   d i f f i c u l t   t o   e s t a b l i s h .  These areas o f  high 
re1 i ef I however, are  general ly  related  to  the  thickness  of  granular resources. 
They are   a l  so re la ted t o  t he   d i s t r i   bu t i on  o f  boreholes, because most were 
located on areas o f  higher  rel ief.   Fisure 5 shows the   d i s t r i bu t i on   o f  
boreholes. 

Our understanding of   the  th ickness of the  deposit i s  somewhat  skewed because 
the  boreholes have been concentrated i n  areas of   h ighest   re1  ie f .  Based  on 162 
boreholes  which were mostly i n  the  th icker  parts  of   the  deposi t ,   the average 
thickness o f  the Issigak  granular  resources i s  1.44 m. Overal l   the average 
thickness i s  less. 

STRATIGRAPHIC  CHARACTERISTICS 

There are enough boreholes in   the   depos i t  t o  develop a reasonably complex 
facies model o f  it. Table 1 shows the  s t ra ta sequence tha t  has  been 
interpreted. It was not  pract ical  t o  t ry and indicate  the  thickness o f  these 
12 un i ts  and subunits for such a r e l a t i v e l y   t h i n  deposit. In   fac t ,   the  total 
s t ra ta  sequence never appears i n  any borehole, but each u n i t  appears i n  more 
than one borehole.  Fiqure 6 shows what might be a typical  section, i f  there 
i s  one. 
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Cobbles and boulders are  easily missed by boreholes  unless  they  are i n  a 
re1 a t i  vely high  concentration. From dredging qual i t y  control work, there  are 
reports  that some dredge hopper loads  contained up to  10 percent  cobbles and 
boulders. Cobbles up t o  130 mn were common and boulders up t o  500 mn were 
observed. Fi qure 5 indicates  the frequency o f  boreholes  encountering  cobbles 
i n  the deposit and Fiqure 7 indicates  the distri bution of coarse  material on 
the seabed. 

The relative distri but ion of sand  and gravel w i t h i n  the  deposit  al so was 
investigated. Based on gradation  data provided by the borehole  1 ogs an 
interpretation of the sand t o  gravel ratio was  made for each borehole. By 
averaging the  ratios so derived for eight  subdivision of the  deposit shown on 
Fiqure 8, a trend t o  a decrease i n  the gravel fraction  (ie. t o  finer  material) 
from southwest t o  northeast was identified. The frequency for  cobbles, 
indicated on Fiqure 5, seems t o  be greatest i n  the southwest b u t  re1 atively 
unifom along the north arm o f  the  deposit , 

QUANTITV OETERMIWATION 

I t  i s  not possible t o  determine the quantity o f  granular  material  that was 
originally i n  the  Issigak  deposit. As indicated  previously,  in  excess o f  3.5 
m i  11 ion cubic metres o f  materi al had  been  removed prior t o  1986. For a t  1 east 
four  other dredging programs, the  quantity of material removed  was unknown. 

Bathymetric data  collected f o r  Esso i n  1984 and 176 boreholes  obtained for 
Esso i n  1983 (EBA, 1983) provide the  basis  for understanding the  quantity of 
granular  material on si te,  al though 1.5 mi 11 ion m3 o f  granular  resources were 
removed  between those two times. 

I t  was concluded that a t  the end o f  1986, reserves o f  granular mater 
si t e  were as fol  lows, 

ial on 

a) Proven Reserves 3.3 mil l ion  cubic  metres 
b) Probable Reserves 5.1 million cubic  metres 
4 Prospective Reserves 5.8 mi 11 i o n  cubic  metres 
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GEOLO6IC AGE 

The Issigak  deposit las i n t e r p r e t e d   i n   t h i s  NOGAP studj t o  be o f  ear ly  
Ho1 ocene  age. That means the  deposits are non-g1 ac ia l  and 1 i kely  non-marine. 
The bas i s   o f   t h i s   i n te rp re ta t i on   i s   t he   co r re la t i on  of regional  unconformities 
on several  regional  seismic 1 ines by Guy Fo r t i n  (1986) and some 
biostrat iographic work done by E l l i o t  Burden (1986). 

Burden's work on  samples from the  Tarsiut N-44 s i t e   i den t i f i ed   t h ree  
unconformities. The e a r l i e s t   l i e s  below non-marine sediments t h a t  Hill (1985) 
dated a t  27,000 years. The second occurs above non-marine  sediments  which 
have an  age o f  about 14600  and over1 i e  prograding 1 ate-Wi sconsi n i  an de l ta ic  
sediments. Above the second unconformity  are  early Holocene shal low  deltaic 
sediments  which were dated between 9500 and  6800 years. The t h i r d  
uncon f o m i  ty  1 i es  between those and pro-del t a i  c (mari ne) 1 ate-Ho1 ocene 
sediments that  are  less  than 6800 years  old,  This unconformi ty  (U/C3) i s  the 
t race   o f   t he  1 as t  marine  transgression. 

The process  by which the  three  unconformities a t  Tarsiut  N-44 can be traced 
t o   I s s i g a k   i s   ' a   l i t t l e  complex. The f i r s t   c o r r e l a t i o n  was  one o f  
s t ra t i g raph ic   s im i l a r i t y  between Tarsiut  A-25  and  N-44.  These two s i  t e  are 
a l i t t l e   l e s s  than 6 km apart.  Table 2 shows th is   cor re la t ion .  A t  Tarsiut 
A-25, Unconformity U/C2 i s  about 16 m below seabed (bsb). 

The next  step i n   t he   co r re la t i on  was Fo r t i n ' s   i n te rp re ta t i on   o f  a seismic 1 ine  
extending  southward  from Tarsiut  A-25 and passing  about 12 km west o f  Issigak, 
Fisure 9 shows that  section. The relat ively  unvarying depth o f  Unconformities 
U/C1 and U/C2 suggest t ha t  Wisconsinian sediments are  deeply  buried  at 
Issigak.  Unconformity U/C2  was interpreted t o  be 10 t o  15 m bsb near  Issigak. 

The th i rd   cor re la t ion ,  shown  on Fiqure 10, traces Unconformi t i e s  U/C2 and U/C3 
from ESSO'S Omat and Kaubvik s i tes  past   Iss igak  a t  a d is tance  o f  about 2300 
m t o  the  north and fur ther  west t o  a point  about 11 km west of Issigak. 
Unconformi t y  U/C2 i s  about 10 m below seabed  and U/C3 i s  about 4 m bsb where 
they pass Issigak. 



0306-34786 
1992 02 03 

Page 6 

The four th   t ie - in  t o  t h i s   c o r r e l a t i o n   i s  based on s t ra t igraphic   corre la t ion 
o f  a ser ies   o f  boreholes between Esso' s Kadl uk 0-07 s i  t e  and Issigak.  This 
p ro f i le ,  which l o c a t i o n   i s  shown  on Fisure 11, crosses the Omat seismic l i n e  
and t ies  the  regional  seismic  data  to  Issigak. 

The strat igraphic  features  that  have been correlated  along  this  section  are 
interest ing.  There i s  a zone which  begins a t  the depth o f  Unconfonnity U/C2 
on the Omat 1 i ne  and  can  be  seen i n   f i v e  o f  the  boreholes between Issigak and 
the Omat l ine .  It has the  features o f  p a r t i a l l y  desiccated  terrain such as 

blocky  texture and s a l t  encrusted  fissures.  Overlying  that i s  a s i  1 ty  clay 
strata  containing  occasional  f ine pebbles  (drop  stones?). This  horizon 
appears t o  corre la te  wi th  evidence o f  unconformable s t ra ta  changes a t  8 t o  9 m 
bsb under the  Issigak  deposit and a t  about 8 m bsb inshore  of  Issigak.  Fisure 

- 12, shows the  interpreted  section. 

Late Holocene (recent marine)  sediments appear to  p inch  out between the Kadluk 
s i t e  and Issigak. I n  some boreholes  the  dropstone  clay  strata i s  exposed on 
the seabed and i n  others it under1 Ses a th in   s t ra ta   o f   recen t  sediments. This 
interpretat ion,  based mostly on borehole data, could be confirmed w i th  seismic 
records  which  could  not be found fo r   t he  study. 

I n  conclusion, it appears that   the  Issigak  deposi ts  pre-date  the  last  marine 
transgression,  which H i  11 (1985) suggests  would be about 2500 years ago. 
Furthermore  they  are  situated on top o f  approximately 6 m o f  ear ly  Holocene 
de l ta ic  sediments  which cor re la te   to  those Burden dated a t  between 9500 and 
6800 years. 

SEDIUMT 6EOLO6Y 

The surface on which the  ear ly Holocene de l ta ic  sediments were deposited may 
have  been we1 1 above  seabed. It i s   l i k e l y   t h a t   s h e l l  fragments, f i n e l y  
laminated  clays, and interbedded sands wi th   organic   r ich  s t ra ta must  be 
f l uv ia l   o r   l acus t r i ne   i n   o r i g in .  Furthermore, i t  would take a r e l a t i v e l y  
1 arge f l u v i a l  channel t o  move over 9 m i  11 ion  m3 o f  sand  and gravel  with 
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cobbles and boulders up t o  500 mm. Therefore i t  i s  puzzl ing  that  such a 
channel has not been iden t i f i ed  on any seismic  sectî on or i n  any borehole. 

I t  also i s  d i f f i c u l t   t o  conceive o f  a source for the  granular  material  that 
i s  f a r  ups1 ope o f  the  present  deposit. The f luv ia l   e ros ion  o f  a bar r i e r  
island, 1 i ke Pel l y  Island, has  been suggested as a possible source f o r  coarse 
material ; however, there i s  no evidence, as yet, o f  a ri se t o   t h e  seabed o f  
Unconformity W C 1  and the  older,  coarser sediments. The question o f  source 
area and de ta i l s   o f   the   t ranspor t  system have not been resolved, as yet, 
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Table 1: Stratigraphy o f  the Issigak Deposit 

Uni t Name General Description 

1A Overburden Clay 

1B Interbedded 
Clay & Gravel 

2A Upper  Sand 

2B Main Gravel . 

2C Underlying Sand 

20 Clay Interbed 

2E Lower Gravel & Sand 

3 Underlying Clay 

s o f t  s i l t y  Clay  of  Holocene age 
t h i n ,  irregular veneer, generally 
absent over main prospect 

s t ra t i f ied sediments o f  Holocene? 
Clay & Gravel washed 1 andward of 
main prospect 

clean t o  s i l t y  Sand, thin b u t  wide- 
spread on flanks of mai n prospect 

ranges from Gravel -Sand (26,) t o  
gravelly Sand (2B,), coarser on top 
and may contain cobbles 

Stratified  clean, uniformly graded 
Sand (X,) over si 1 t y  fine Sand 
(2C,),* may contain  shell fragments and 
organ1 c-ri ch zones , 

sil ty  clay up t o  1,2 m thick occurring 
i n  a t  1 east three areas o f  main 
prospect 

found below Unit 2D. commonlv a Gravel 
s t ra ta  (2E,) overlying a Sani strata 
(2EJ  , 
2E, - is  very similar t o  29 
2E, i s  very similar t o  2C, 

below all  granular sediments  are: 
3A - interbedded laminae o f  Clay & Sand 
3B - organic-ri ch S i  1 t or Clay 
3C - sil ty  clay 



TABLE 2 

REGIONAL STRATIGfWHIC CUPARISON 

TARSI UT A-25 BURDEN'S (1986) TARSJUT N-44 TARSI UT N-44 
(from M d  le1 land, 1978) ~INTERPPRETATION (by P. H I i  I I n  Burden 1986) 

7 756 500 m N 
448 200 m E 

24 500 rn SE 
23 m 

7 755 O00 m N UTM CO-OW3INATES * 

454 O00 m E 
18 800 m SSE DISTANCE TO ISSIGAK DEPOSITS ( m l  

23 m WATER DEPTH (ml 
I 

OEPTH DESCR 1 PT I ON 

I b s b )  (bsb)  
ENYtROMlEMT AGE ( m l  ( m l  

UN IT OEPOS I T I ONAL 1KTERPRETEt DEPTH DESCRIPTtON 

O = 3 O l i v e  g e y   s o f t  to  O - 6 Grey bloturbated clay A Prodelta Present 
f i r m   c l a y   w i t h  
shel l  fragments. 

Becml ng Marl ne wi th  she1 f fragments. 

Unconformtty  (UK3) < 6 800- 
3 -16 Dark grey slIty 7 500 6 -15 Dark grey bloturbated 

c l a y   x t t h  S I  It 

h w  1 zons. s t l f f  t o  very s t t f f  
lenses and desslcated part lngs t o  lenses 

3 De l ta  S I  Ity clay  wlth st It 

Unconformity tU/Cp) 9 500- 
16-22 Dark grey SI t t y  14 600 15-21 Larnlnated/lenticular 

f l n e  sand w l th  
Non-Plar I ne (tep) t o  graded sand some gravel .  

C 8ecomIng gaded s1 I t y  clay 

and c lay  (bottom). 17 O00 

22-34 Oltve  g e y  SI I t y  D Prograding 21-36 Larnlnated  dark grey 
clay  wl th s l  I t  

(gradat ional   t ransI t1on)  wi th   c lay partings. 
down to clayey s l  It 
par t tngs   gad lng  

D e  I ts  S I  Ity clay. 

7 742 360 rn N 
461 300 rn E 

7 741 500 m N 
400 600 rn E 

5 200 m SSE 
14 m 

4 400 m SSE 
14 m 

DEPTH DEERIPTtON 
( m l  

DEPTH DESCRIPT1ON 

(bsb) (bsb) 
( m l  

O - 3 Sof t  sllty clay. 0-2.5 Sof t  st  I t y  clay, 
t r a c e  of gravel. 

3 -13 S t l f f  SI t t y  clay. 2.5-13 S t i f f  silty clay, 
laml nated, some 
sand layers near 
top, t r ace  of 
g a v e  I . 

13-26 Compact s i  It. 13-17 SI It sandy t o  t race  
of sand. 

17-34 I nterbedded S I  I t y  
c lay  and clayey to 
sandy SI I t  



TARS I UT A-25 TARS I UT N-44 
(from M d :  le1 land, 1978) [by P. HI I I In  Burden 1986) 

(gradational t r a n s l t l o n l  
34-60 O l i v e  g e y  clay 36-56 Laminated s l l t y  clay. 

wlth s t  t t y  part Ings 
and s11ty  layers. 

60-86 O l l v e  grey c l a y  
wlth a g a n i c  and 
sandy pockets  and 
some shell 
fragments. 

86-94 Ollve grey clayey 
s 1 1 t  with some w o o d  
fragments, I 

56-66 HOmOgeneOus, 
bloturbatbd st Ity 
c lay   w i th  forltms. 

66-1 29 Th Ick bedded, 
lamlnated c l a y  with 
some sand beds and 
crganlc debts ,  

94-121 Grey c lay  with st  lt 
lenses and par t ings  
some wood fragments 

121-422 SI IV f Ine  sand. 
End of 8ccehole 

I29 Dated Peat Horizon 

130-166 Lamlnated s i  It and 
clay. 
End of Baehole 

I 

TABLE 2 (continued) 

REGIONAL rnTIGRAPHtc COLBARim 

E Prograding 
De Ita 

F 18 O00 

Prode i ta  to 
MW i ne 

G Marine 
Transgress 

Non-Mar I ne 27,000 

H Rapidly 
Progradl ng 
D e l t a  

26-70 V e r y  s t l f f  s l t t y  clay 

70-76 Dense f i n e  sand. 

76-100 Stlf f  c lay .  

100-113 St l f f  s i l t y  clay. 

I lEl31  S t l f f  S i  Iw  Clay, 
End of B a e h o l e  

i4-61 V W ~  s t l f f  
lamlnated S I  Ity 
clay w I t h  
occasIona1 SI It 
pockets. 

~~~~ 

il-93 Dense f i n e  sand# 
occasIona1 she1 I 
fragments and t h l n  
sltt and clay 

End of Bcrehole 
t ayers. 
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Clean Sand 3 Silty Clay 

2el Sandy Gravel 

FIGURE 6 GENERALIZED STRATIGRAPHY 
OF THE ISSIGAK DEPOSIT 
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FIGURE 9 SHALLOW STRATIGRAPHY FROM 

TARSIUT A-25 TO ISSIGAK AREA 
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7 742 OOE 
I 

7 741 OOC 

7 740 000 

7 739 O00 

7 738 O00 

7  737 O00 

7 736 O00 

7 735 O00 

7 734 O00 

7 733 000 

7  732 000 
3 E83 (S25) 

O 
E74 (314) 

rn 

ISSIGAK BORROW DEPOSITS 

NOTE: Those boreholes that are numbered 
080 (8(172) 

.have been used in the geological 
interpretation. 

BOREHOLE NUMBER 
D - Dome E - Esso 
84 - Year ( 1984) 
(123) - Hole Number 
i.e. 084 (123) 
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FIGURE 11 INTERPRETATION OF THE 
KADLUK-ISSIGAK REGIONAL 
STRATIGRAPHY 
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FIGURE 12 INTERPRETATION OF THE 
KADLUK-ISSIGAK REGIONAL 
STRATIGRAPHY 
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REAL-TIME INTERPRETATION OF MARINE RESISTIVITY 

W. J. SCOTT 

c - CORE 
Centre  for  Cold Ocean Resources Engineering 

Memorial University of Newfoundland 

ABSTIUCT 

This paper  describes  the  development of a real-time interpretation 
capability fox the MICRO-WIP marine resistivity  system. The program was carried 
out in 1987 by Hardy BBT Ltd.  for Indian and Northern Affairs Canada. Scientific 
Authority for the project was  Mr. R.J. Gowan  of INAC. W.J. Scott of Hardy BBT 
was the  project  leader. 

Prior to this program, waveforms of transmitted current and received 
voltage had been digitised and recorded on tape during survey. Processing after 
the  survey was required to calculate apparent  resistivity and chargeability 
values. In this program the MICRO-WIP was rebuilt around a data acquisition 
system (DAS) and a controlling computer. While the DAS stacked and averaged the 
incoming signals, the  computer  inverted the previous data set in terms of a 
layered model. 

The system was tested  first on a network of resistors designed to  simulate 
conditions observed on a previous survey in the  Beaufort  Sea. Once the  system 
was proven on the simulator, field trials were undertaken in Okanagan Lake in 
British  Columbia. There the  ratios of water resistivity  to bottom and sub-bottom 
resistivities were comparable  to  those observed in the  Beaufort. In the trial 
the transmitter current was reduced from normal in the ratio of water 
resistivities in Okanagan Lake and in the Beaufort Sea. The system was shown to 
have low noise levels. The fiel4 results showed reasonable values for data 
inverted in real time in terms of a multi-layer model. 



INTRODUCTION 

This paper describes the  development of a real-time interpretation 
capability for the MICRO-WIP marine resistivity  system. The program was carried 
out in 1987 by Hardy BET Ltd. for Indian and Northern Affairs Canada.  Scientific 
Authority for the  project was Mr. R.J. Gowan of INAC. W.J. Scott of Hardy BBT 
was the project leader. 

The detection of sub-bottom permafrost and granular deposits is very 
important for the design and construction of offshore facilities in the Beaufort 
Sea. Granular deposits will supply valuable borrow material for construction of 
islands while the presence of permafrost will influence the choice of routes and 
construction of pipelines. 

In 1980, Hardy Associates (1978) Ltd. (now Hardy BBT Ltd.) began the 
development of the marine resistivity system known as MICRO-WIP, (MICROprocessor 
controlled Waterborne xnduced golarization). In various stages of development, 
this system was used for fresh water work in mineral exploration and for 
salt-water searches for granular  materials. Initial results of a survey offshore 
Alaska were described by Scott  et al. , 1983. At  that time, design of the system 
was relatively established and only minor changes were made from then until the 
corthencement of the program described in this paper. The system was used in the 
Canadian southern Beaufort Sea in 1985 in a successful program to map granular 
materials for island construction (Scott and Maxwell, 1989). In this survey, it 
was felt that a major limitation to the 1985 system was the lack  of a real-time 
resistivity interpretation capability. 

In 1977 with INAC funding, the existing marine resistivity system hardware 
and computer software were redesigned to incorporate real-time interpretation of 
the resistivity 'data. The system was assembled and bench tested prior to 
carrying out a f i e l d  trial. Descriptions of the equipment design, bench tests 
and  field trial results are presented in this report. Since the 1987 INAC 
program the MICRO-WIP has been transferred to a PC-based system, which is also 
briefly described in this paper. 

BACKGROUND 

The use of electrical resistivity measurements has long been accepted on 
land as a means of mapping the distribution of granular resources and permafrost 
(Scott  et al., 1979). In general, electrical  resistivity of s o i l s  is a function 
of grain size,  with sands and gravels having a higher resistivities than silts 
and  clays. This relationship holds even when the  pore water in the materials is 
saline. Furthermore, frozen materials have much higher electrical resistivities 
than the same materials in an unfrozen state. 

Figure la, after Scott  and Maxwell (1989). shows values of electrical 
resistivity for some typical soils on land  as a function of temperature. From 
this figure, it is clear that freezing the soil generates  a drastic increase in 
its resistivity. Figure lb shows the range of resistivity values for typical 
soils on land. The higher the  resistivities observed in soils, the  more 
coarse-grained those soils are likely to be, provided that temperature and 
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moisture content conditions are similar. A similar relationship prevails for 
seabed materials, although the  actual  resistivity values are smaller.  Results 
of the 1991 survey, as yet  unpublished,  indicate  that  increasing gas content  in 
a soil increases resistivity as  well. 

Resistivity Measurements 

Measurement of resistivity on land OK water involves injection of 
electrical current through two  electrodes  and measurement of the resulting 
potentials between other electrodes. A quantity known as apparent resistivity 
is calculated from these measurements in the  following  manner: 

where p a  is apparent resistivity, 
I is the injected  current, 
V is the observed voltage, and 
f(G) ,is a function of the  geometry of the electrodes . 

If V is in volts, I is in amperes,  and  the distances in-f (G) are in metres, 
then the units of p are ohm-metres (0-m). 

If the ground under the electrode  array is homogeneous to a depth much 
greater than the size, of the array, then the measured apparent resistivity would 
be equal to the true resistivity of the  earth.  Such a uniform case rarely occurs 
in nature, the apparent resistivity  usually represents some function of the 
distribution of values in the earth within the range of the measurement. 

The general procedure in making  electrical resistivity measurements 
involves varying the size of the  array  and thus, the volume of ground affected 
by the measurement, and observing  changes in apparent resistivity as a function 
of this  variation. The resulting set of observations is called a sounding. 

The array most commonly used in marine resistivity is the multi-dipole 
array. For this array, an increase in depth of penetration is  normally 
accomplishedby increasing the spacing between transmitter and receiver dipoles, 
while keeping the dipole s ize  constant. The expansion of array sizes is  carried 
out in terms of the dipole multiple n. The smallest array is with n - 1. In 
this case, the distance between the nearest transmitter and nearest receiver 
electrode  is one dipole length.  Increased penetration is achieved by increasing 
the number of dipole lengths  separating  transmitter  and receiver dipoles. In 
practical field situations, the largest separationnormally achievable is limited 
by  signal strength to n - 6 .  Thus a multi-dipole sounding consists of s ix  
apparent resistivities calculated for n = 1 to 6. 
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Interpretation of Resistivity  Measurements 

Once a set of apparent  resistivity  values  has  been measured, interpreting 
the results of electrical suweys to identify  granular  materials  or  permafrost 
is a two-part process, The first  part is obtaining  a  model  which  fits  the 
observations;  the  second  part is making the correlation between the  model 
parameters  and  the  type of soil  to be expected. 

Resistivity  models  are  described by layer  thicknesses  and  resistivities. 
In  the  case of a multi-dipole sounding, the  apparent  resistivities for n - 1 to 
6 can be  used  to  develop  simple  models involving  the water  and two sub-bottom 
layers  lying on a half-space.  The  resistivity and  thickness of the  water can be 
determined  by  independent  means.  Sub-bottom  materials can be  modelled  in  terms 
of two layers  lying on a half space. In areas  where  granular  materials  are 
expected to be close to  the bottom, variation of resistivity in these  upper two 
layers  would be indicative of variation of grain  size  in  the near sub-bottom. 

The  parameters of the  model  are  obtained  from  the  measured  apparent 
resistivities  by an inversion  process. A first  estimate is made of the  model 
resistfvities and-thicknesses, and  the  apparent  resistivities  which  would be 
observed for  this  model  are  calculated.  These  resistivities  are  compared  with 
those  observed  in  the  field  and  adjustments  are  made  in  the  model  parameters  in 
the direction  which  minimizes the disagreement  between  observed  and  calculated 
apparent  resistivities.  Normally,  several  cycles of calculation and adjustment 
will  bring  the calcu!ated and  observed  apparent  resistivities  into  reasonable 
agreement,  provided  that  a  good  initial  model is used. 

It should be understood  that it is frequently  possible  to obtain more  than 
one  model  which will satisfactorily  match the observed  apparent  resistivities. 
Thus, it  is important  that  the  starting  model  be  reasonably  close to the 
situation  which  is  being  investigated.  Exterhal  control  such as drill  hole 
information, sub-bottom profile  information, and  geological  inference can thus 
be  used  to  help sharpen the  precision of the  geophysical  interpretation. 

Measurement  Techniques for the MICRO-VIP 

Marine resistivitymeasurements with the MICRO-WIP system  are  made  by  means 
of a streamer  towed  behind a aurvey  vessel.  This  arrangement  is  shown 
schematically  in  Figure 2. The  multi-dipole  array is incorporated  into  the 
streamer. The  two  electrodes  nearest the survey vessel  are  used  to  transmit 
electrical  current  into  the  water  and  sub-bottom  materials. The other seven 
electrodes on the  streamer  are  used  to  measure  the  resulting  voltage  distribution 
as a function of distance fro the  source,  and  consequently,  as a function of 
penetration into  the sub-bottom. These  seven  electrodes  allow  the  calculation 
of the  six  values of apparent  resistivities as discussed  above.  Experience  in 
the  Beaufort  Sea  in 1985, indicates  that  a  current of 15  amperes is  adequate to 
give  reliable  signal  levels for measurements of this  sort  with a dipole  length 
of 25 metres  and  separations of n - 1 to 6. 
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1985 MICRO-WIP Survey, Southern Beaufort Sea 

During the summer of 1985, the  system was operated in the Beaufort Sea to 
map resistivities in support of evaluation of granular resources (Scott and 
Maxwell, 1989). This survey was carried out prior to the dredging of material 
to build an artificial island.  Despite very bad ice conditions which allowed 
only  very limited access to the survey  area, some 40 kilometres of survey  data 
were obtained during a two day period. After completion of the survey, however, 
a ten day period elapsedbefore the first preliminary interpretation was provided 
to  the  client. A further period of a month ensued before presentation of the 
detailed interpretation. 

Fortunately for the  future of MICRO-WIP, other geotechnical informationhad 
already indicated the  presence of granular material, and the borrow pit was 
successfully established shortly  after  the  preliminary interpretation was 
supplied, The final  interpretation  showed  that the borrow pit was indeed in the 
optimum  location., 

From the 1985 survey several things  emerged. The first was the need for 
real-time processing in order to  avoid  delay in providing interpretation. The 
second was an understanding of the general  range of resistivities to be expected 
in the sub-bottommaterials. These resistivities correlated reasonablywell with 
those initially  determined by Scott (1975), in resistivity soundings carried out 
through the sea ice in the same general area. The 1985 survey further provided 
some observed values 'of apparent  resistivity as a function of dipole spacing 
which could be us'ed in simulated  trials with modified equipment. 

It was in l'ight of this  experience  that  the 1987 INAC development  program 
was undertaken. The objective of this program was to develop the capability to 
carry  out interpretation in real-time, in order that reconnaissance surveys could 
be performed shortly before  dredging, with interpretations produced shortly 
thereafter. 

SYSTEM DESIGN AND TESTING 

To provide real-time interpretations,  two functions had to be developed 
within the  system. The first of these was the averaging of the  digitized 
waveforms and calculation of apparent  resistivity  values. The second was to 
invert  the apparent resistivity values in terms of a 3-layer model. Within the 
time constraints of real-time processing, it did not appear possible to perform 
both functions in a single computer. It was therefore decided to  carry  out  the 
first function within a  data acquisition system (DAS), and the second in the 
computer which controlled the DAS. 

A Hewlett Packard HP 3852 data acquisition and control system was selected. 
The system could be configured  for  a  variety of applications. It had built-in 
intelligence, an internal clock and a programmable  pacer which could be used as 
timing control for remote  devices. A controller was built to turn the 
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transmitter on and off in  synchronization  with the timing  supplied by  the  pacer 
signal  in  the HP 3852. A Hewlett-Packard 9816 computer  was  selected to drive  the 
DAS, and  to run the  inversions. 

To test  the  system  in  the  laboratory, a resistance  network  was  devised to 
simulate  a  streamer  in  the  sea.  With  this  network  and a very  low-powered 
transmitter,  bench  tests  were  conducted to refine  the  performance of the  weal- 
time  inversion  routines. 

Finally,  the  entire  system  was  installed on a suitable  vessel  for a field 
trial on Okanagan  Lake,  British Columbia.  There  the real-time resistivity 
interpretation  capability of this systemwas demonstrated  during  the  field  trial. 

Two computer  programs  were  developed  to  run  the  system.  Both of these  have 
now  been  superseded  by  the  PC-based  programming,  and  thus  will not be described 
in  detail  here.  The  first  program  downloaded  a  set of instructions to  the DAS 
to  set  up the  system  pacer,  scan  the  amplifier  channels,  stack  the  voltages,  and 
check the gains. The main program  initialized  the  plotter,  started  the DAS, read 
data  from  the DAS,  ran the  inversion,  and  plotted  the real-time resistivity 
section. 

In  the  1991  system,  the DAS has  been replaced by a set of data  acquisition 
boards  installed in the PC, which  stack the  incoming  signals,  and  store  the 
results  directly  in memory. The PC then uses  these  values  to  calculate  the 
apparent  resistivity  'and  chargeability  valuee. At present  the  system  does  not 
have the real-time inversion  implemented,  but  the  programming  is  structured  to 
include  inversion,  and  the  routines  developed in 1987 will be incorporated  in  the 
near  future. 

Choice of Electrode  Array 

The 1985 survey  was  performed  with an array of 25-metre dipoles  and n-1 to 
6. This  array  was  initially  designed for mineral  exploration,  where  arrays  with 
constant  dipole  size  are  common. The combination of water  depth,  water 
resistivity  and sub-bottom  conditions in the 1985 Beaufort Sea  survey  area was 
such  that  the 25-metre array  gave  good  definition of the surface  layers and  at 
the  same time,  adequate  penetratiqn  to  map  relic  permafrost at depth. 

Subsequent  computer  modelling  supported  by an Industrial  Research 
Assistance  Program (IRAP) Grantsuggestedthatbetter resolutionof deep  features 
and  better  definition of near-surface  resistivities  could be obtained  with an 
array in which the  receiver  dipole  size  increased  logarithmically  with  distance 
from the transmitter  dipole. As part of the IRAP program,  such a streamer  was 
built.  The  spacings  of  this  streamer are given in Table 1. 

Because  the 1985 data  were  taken  with  constant  dipole  lengths,  the 
simulator  network was established for this configuration, but  the  data 
acquisition  system  and  inversion  routines  were  configured to handle  either 
constant-spacing  arrays or logarithmic-spacing  arrays. 
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TABLE 1: LOGARITHMIC STREAMER 

DISTANCE 
(metres). 

O 
25 

50 

60 

70 

85.75 

107.75 

141.25 

189.25 

260.50 

IDENTIFICATION ELECTRODE 

Start of Cable 

Current Dipole 

Potential Channel 1 

Potential Channel 2 

Potential Channel 3 

Potential Channel 4 

Potential Channel 5 
_ -  . .  

Potential Channel 6 

Cl 

c2 

Pl 

P2 

P3 

P4 

P5 * 

P6 

P7 

SIMULATION OF BEAUFORT SEA MEASUREMENTS 

Within the time and cost constraints of the 1987 INAC program, it was 
impossible to collect real data from the Beaufort Sea  with  the modified system. 
It was, however, possible to predict, from forward modelling programs already in 
existence, the apparent resistivities that would be observed with the new system 
over given geologic conditions, and to choose a network of resistors that would 
provide the appropriate signal levels. 

The interpretation carried out on the data from the 1985 survey showed that 
the resistivity of the seawater in the southern Beaufort Sea  was typically about 
2 .O n-m. (Interpretations of data from the 1991 survey, over a wider area, show 
variations of seawater resistivity from l<to 8 Sm.) In electrical terms, the 
sub-bottom materials in the 1985 survey area could be represented by three 
layers. The uppermost layer appeared to have resistivities ranging from 1.6 to 
2.6 ohm-metres. From the limited drilling carried out to a establish the borrow 
pit, it appears that this range of resistivities spanned materials from clayey 
silts to coarse sands with occasional pebbles. Within the survey area, none of 
this material appeared to be frozen. 

I 
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The bottom-most layer  interpreted  in  the 1985 survey had resistivities 
which  ranged  from  a  low of 10 ohm-metres to a high of greater than 500 
ohm-metres. The variation of resistivity  generally  reflected  the  depth to the 
top of the  layer, with the  highest  resistivities  occurring where the  layer  was 
shallowest. A single  drill  hole  intersected  permafrost at the  interpreted  depth 
to the  top of this layer within the borrow area.  From the high interpreted 
resistivities  and  from  the  fortuitous  intersection  in  the  borehole, it was 
concluded  that  the high resistivity  parts of this  layer  represent  the ice-bonded 
material,  and  that  the ice  content  generally  correlated with the  interpreted 
resistivity  values. 

An unexpected  outcome of the  interpretation  procedure  was  that  between  the 
uppermost  layer, (1.6 to 2.6 ohm-metres)  and the  deepest  (permafrost)  layer, 
there  appeared to be a layer of significantly  lower  resistivity (O. 5 t o  1.5 
ohm-metres). This  layer  has  no  apparent  direct  geological  correlation,  However, 
work  in  the  Alaska  Beaufort Sea, (Sellmann, P.V., 1985 pers.com,) suggests that 
there is a  pronounced  increase  in  salinity of pore waters  immediately  above the 
degrading  permafrost.  Such an increased  salinity  would  result  in  lowered 
resistivities  and  would  provide  a  reasonable  explanation  for  the  observations 
from  the 1985 survey. 

Table 2 summarizes the  likely  set of condftions  which  would be encountered 
in  looking for granular  materials  in  the  southern  Beaufort Sea, While  this is 
a reasonably  comprehensive  set of geologic  conditions,  the  innate  perversity of 
nature is such  that it  is not  possible  to  predict  all  configurations  which  are 
likely  to be encoitntered. Furthermore, it should be realized  that even with the 
logarithmic  array,  the  maximum  number of layers  that can be resolved is three 
layers  lying on a' half-space.  Forward  calculations can be  carried for all of the 
models  in  Table 2 and a set of observed of apparent  resistivities can be derived. 
However,  in  cases with more than three  layers,  the  inversion will not: necessarily 
lead  back  to  the  starting  model.  This  is an intrinsic  limitation of resistivity 
methods  and must be recognized  if  application of marine  resistivity is 
contemplated. 

This  problem, known as the  problem of equivalence, can be resolved to some 
extent if acoustically  determined  boundaries  coincide  with some of the 
electrically  defined  boundaries. For example, it is obviously  possible  to  define 
the  bottom of the  water (top of seabed)  with a depth  sounder,  and  thus  to  remove 
the  influence of the  water from any model by  calculation. In the  case of Group 
5, (Table 2), the  top of the  granular  material  under  the  silts  and  clay  should 
constitute an acoustic  reflector  unless  the  fines  are gas-saturated. In such a 
case,  fixing  the  thickness ofthe fine-grainedlayer from the sub-bottom profiler 
record will  aid in resolving  such equivalences. 
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TABU 2: TYPICAL SUB-BOTTOM GEOLOGICAL CONFIGURATIONS* 

MODEL NO. LAYER MATERIAL ( p  ( i l -m)  ,t(m)) 

1A Granular (2.2,20)./ Saline (1,20) / Permafrost (100,m) 
1B Granular (2.2,lO) / Saline (1,lO) / Permafrost (500,m) 
IC Granular (2 .2,20)  / Saline  (1,20) / Unfrozen ( lo,-) 

2A 
28 
2c 

Fines (1.6,20) / Saline (1,20) / Permafrost (100,~) 
Fines (1.6,lO) / Saline (1,lO) / Permafrost (500,m)  
Fines (1.6,20) / Saline (1,20) / Unfrozen ( lo,-) 

3A Permafrost (20,2) / Granular (2.2,20) / Saline  (1,20) / Permafrost (100 ,Q) 
3B Permafrost (20,2) / Granular (2.2,lO) / Saline  (1,lO) / Permafrost (500,m) 
3C Permafrost (20,2) / Granular (2.2,20) / Saline  (1,20) / Unfrozen ( lo,-) 

4A Permafrost (15,2) / Fines (1.6,20) / Saline (1,20) / Permafrost (100,~) 
4B Permafrost (15,2) / Fines (1.6,lO) / Saline  (1,lO) / Permafrost ( 5 0 0 , ~ )  
4C Permafrost (15,2) / Fines (1.6,20) / Saline (1,20) / Unfrozen ( lo,-) 

SA Fines (1.6,5 ) / Granular (2.2,20) / Saline (1,20) / Permafrost (loo,-) 
SB Fines (1.6,20) / Granular (2.2,lO) / Saline (1,20) / Permafrost (loo,=) 

*TOP , L A -  IS ALWAYS WATER (245-m, 8 m THICK) 

Table 2 shows 14 likely  geologic configurations, of which only lA, 1B and 
2A, the three most representative of conditions encountered in the 1985 survey 
were built  into the physical simulator. 

In order to provide a realistic transition from one of the three models to 
another, it was necessary to prepare a series of intermediate models so that the 
variation in measurement could proceed incrementally  as would be the case in a 
field  survey. Five or six interyediate  steps were chosen between the three 
models. 

A single simulator network requires fourteen resistors. The three models, 
with the necessary transition resistor arrays as well, represented an array of 
one hundred and fifty-four resistors. Physical simulation of larger numbers of 
models becomes extremely  difficult without a large  investment  in switching and 
resistor  arrays. 

The simulator starts with model 1B (Table 2). Rotation of the  selector 
switch moves through the transition resistors,  arrives at model 2B and then 
through more transitions to model lA. Thus with the MICRO-WIP receiver connected 
to the output of the simulator, it was possible, by rotating the selector switch, 
to simulate a survey starting in granular  material on ice-bonded permafrost, 
passing into an area of silts and clays on ice-bonded permafrost, and then on 
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into an area of granular  material  on  low-resistivity  permafrost.  Turning  the 
switch  in the  opposite  direction  would  run  the  simulated  survey  in  the  other 
sense. 

Figure 4 shows  parts of the  survey  results  for a "two-way run"  through  the 
simulator. The apparent  resistivities  are  referred  to  by  their fiducialnumbers, 
shown  along  the top of the  section.  Model  1B is represented by the  interpreted 
resistivities at Fiducials 2 and 108. Model 2B is represented by Fiducials 26 
and 78, and  Model 'LA by  Fiducial 52. 

It is reassuring to note  that  there is good  agreement  between  the  two 
interpretations for model lB,(Fiducials 2 and 108) and for model 28 (Fiducials 
26 and 78). Hence the  inversion  has  indeed  led back to  essentially  the  original 
model  in  each  case.  The  interpreted  resistivity of the upper  layer  repeats 
within  about  one  and  half  percent  and  surprisingly,  the  resistivity of the 
deepest  layer  repeats  exactly.  The  most  poorly  determined  layer is  the 
conductive  (saline)  middle  layer,  whose  resistivity  is  interpreted  to onlywithin 
about seven  percept. 

Note  that  the  resistivities  presented on the  simulated  data set did  not 
match  exactly  the  model  resistivities  presented on Table -2. This occurred 
because  the  current  supplied  by  the  simulation  network  was  incorrect by 
approximately ten percent.  Since it is a constant  difference, it does  not  affect 
the  conclusions  reached  for the  simulated  trial. 

In general,  resistivity  interpretations  provide  resistivities to a 
precision of only'a few percent. However, the  experience  in  the  Beaufort Sea was 
that with  slowly  varying  apparent  resistivities, the repeatability of estimates 
of resistivity  for  near  surface  materials was within two ta five percent.  The 
variation in interpreted  resistivity  values as a function of graln  size  was  in 
the  order of forty  percent, and  thus  well  beyond  the  likely  error of 
interpretation. 

FIELD TRIALS IN OKANAGAN LAKE 

Once  the  system  had  been provm on the  simulator  network, it was then taken 
into  the  field for an operational  trial.  Okanagan  Lake  was chosen because it was 
the  nearest  body of water to Calgary  which was of sufficient  size  and  which  was 
likely  to be navigable  during the  winter time. The field  trials  were  carried out 
in mid-February, 1987. 

Okanagan Lake is a long lake which  runs  approximately north-south through 
the  central  part of British  Columbia.  The  lake is typically 5 km wide  and 
extends  over  one  hundred  kilometres  from  Penticton  in  the south t o  Vernon in  the 
north.  The  test  area  was  situated  at Keloma, B.C. Figure 5 is a  location map 
that  shows  the  approximate  area of the  lake in which the trials  were  carried out. 

In the  deeper  parts of Okanagan  Lake, the  water  depth is up to 300 m. The 
depth  sounder  operated  with  the MICRO-WIP system  has a useable water depth of 120 
m. This  depth was exceeded  several  times  during  the trials. In the 
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neighbourhood of Keloma, there are significant areas where water depths ranged 
from 4 to 8 m and the bottom was relatively  smooth. It was felt that the deeper 
water would allow an assessment of the noise level of the system in a uniform 
medium and the shallow areas would represent  operating conditions which are 
similar those expected in the  Beaufort Sea. 

In Okanagan Lake, water resistivities are approximately 30 times  greater 
than those of the Beaufort Sea.  By the same token however, sub-bottom 
resistivities are also 30 times  higher; the contrast between water and  bottom is 
therefore reasonably similar to that to be  expected in the Beaufort Sea. 

Very little is known about  the unconsolidated deposfts in Okanagan Lake. 
However, Nasmith (1981), describes  the surficial geology of sediments in the 
neighbourhood of the lake. From Nasmith's description, it appears that  the 
sediments underlying the shallow portions of the test area are deltaic  deposits 
derived from the mixed fine  and  coarse  sediments  lying above Keloma. The 
shallower areas are  predominantly  fine  grained silts and clays while granular 
areas  are exposed on the slopes on the  edges of the  shallows. 

Rocks exposed on shore in the neighbourhood of this survey showed intense 
shearing. The rocks under the  lake  ara  probably even more strongly sheared, and 
water-saturated as well. They  would  therefore  be  expected to have resistivities 
of a few hundred ohm-metres. It  is  reasonable to assume that the bedrock 
'resistivities would be in the same ratio to the shallow sub-bottom resistivities 
as would permafrost resistivities in the southern Beaufort Sea to the overlying 
sediments. 

While the geology of Okanagan Lake is obviously different from  that ta be 
expected in the Beaufort  Sea,  resistivity contrasts from water to sub-bottom 
sediments to deeper sub-bottom materials should be in the same general 
proportions as those in the  Beaufort Sea, Because resistivity interpretations 
deal primarily with contrasts between resistivities of layers rather than with 
absolute values, it is reasonable to use this area a3 a test site for assessing 
the performance of a system  designed  for  the  Beaufort Sea. 

The major difference  would be that in the  Beaufort Sea, ta obtain readings 
at  the same level of confidence, much higher transmitter currents would be 
required. It is  probable  that curFents would have to be approximately 30 times 
higher to compensate for  the  approximately 30 times lower general resistivities. 
The sunrey on Okanagan Lake was carried  out with 0.5 amperes while measurements 
in 1985 in the Beaufort Sea used 15 amperes. Thus it appears that the Katio of 
currents used in the  two  settings is approximately in proportion to the  ratio of 
the resistivities to be observed. 

The primary  purpose of the  field  trials was to establish that the modified 
data processing system  could  provide  inversion of resistivity data in real-time. 
The field survey was thus broken into  two  parts * The first was to establish the 
noise levels in the  system and demonstrate  that  these are low enough not to 
interfere with the  measurements. The second was to demonstrate that  the 
inversion technique provided  answers within the real-time constraints of 
operating  the  survey. 
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Because of budgetary limits, a  minimum  set of equipment was deployed for 

the  survey. The minimum  equipment  included the MICRO-WIP and an 
analogue-recording depth sounder with a digital  output. The depth sounder was 
deployed in order to provide water-depth information as part of the input to the 
inversion process. 

The budget constraints prevented the use of the sub-bottom profiler and 
magnetometer which normally would be part of thfs survey system in the  field. 
krrthermora, because no exact geological control was available, it appeared 
unnecessary to employ  the precise navigation system which normally would be part 
of the  survey. 

The MICRO-WIP system performed extremely well on trials with only minor 
modifications necessary to provide smooth functioning. The Huntec Lop0 
transmitter used in this  survey produces an extremely noisy wave form, which was 
filtered to remove high-frequency components. The filtered wave form was 
essentially the same in character and frequency  content as that which is normally 
obtained  from the high-powered system used in the  Beaufort Sea. 

In this survey, for  the  first  time,  the raw data consisted of the s ix  
apparent resistivities associated with the s i x  dipoles, normally stored on disk. 
Figure 6a shows a plot of the pseudosections of apparent resistivity and 
chargeability derived in the f i e l d  and plotted in real-time. The beginning of 
the line is in deep  water. This represents essentially the noise level of the 
system in a homogeneous medium. The end of the line is in water depths of 4 to 
8 metres. These resistivities, and chargeabilities in mineral surveys, 
constitute the raw data which is recorded with the system in its present 
configuration. Figure 6b shows the results of real-time inversion of the raw 
data on a different line, in terms of a  layered  model. 

It should be emphasized  that without control, it is difficult to come to 
an absolute determination of the accuracy of the interpretations. However, the 
resistivity values and thicknesses determined for  the sediments appear to 
consistent with those derived from  the on- shore geological model. 
Resistivities range from  sixty to several hundred ohm-metres and the resistivity 
of near surface materials appears somewhat higher in areas where granular 
material would be expected. 

DISCUSSION AND RECOMKEIDATIONS FOR FUTURE WORK 

The development program described in this paper resulted in a system which 
operated on a variety of surveys, in freshwater lakes mainly in Ontario and 
Quebec. The major limitation of the  system was that the operator was required 
constantly to adjust the gain settings to avoid saturation and maintain adequate 
signal levels. The DAS used in the  system was not capable of sufficient 
calculations to monitor and  adjust  the  gains.  Accordingly in  1991 it was decided 
to transfer the system  to an IBM-PC compatible computer, and t o  incorporate 
automatic gain control. This work was completed just in time for a survey in 
August 1991, funded by Atlantic Geoscience Centre, EKR, through NOGAP. 
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Unfortunately, the real-time inversion programming had not been transferred by 
the  time of the survey, although it is  expected to be ready by the summer of 
1992. The survey included side-scan sonar,  and two sub-bottom profilers as well 
as  the MICRO-WIP resistivity  system. The results are now being compiled. 

There is a relationship between lateral resolution and survey speed. One 
inversion is carried out for every thirty-two seconds worth of data. At a survey 
speed of one kilometre per hour, each sounding represents a lateral translation 
of approximately nine metres.  At a survey speed of one knot, each reading 
represents a distance of approximately sixteen metres and at  a survey speed of 
three knots, each sounding represents a distance of fifty  metres. Thus, the 
choice of survey speed depends upon the lateral resolution that is required in 
near surface features. As vessel speed increases, so does  the noise level, and 
a  practical  upper limit for  resistivity surveying appears to be about three 
knots . 

Lateral resolution also depends on the array size. The volume of 
measurement which is represented by each of the  apparent resistivities depends 
upon the spacing between the transmitter and receiver  pair which are used for the 
calculation. Thus the volume involved in measurement of shallow resistivities 
is quite small, and a movement of fifty  metres  may  involve significant lateral 
variation. However, for  permafrost at depths of fifty to one hundred metres, 
separation between the transmitter and the farthest  spaced dipole is of the order 
of two hundred metres and thus a  lateral translation of fifty metres does not 
imply a major replacement of the volume of measurement by new material. The 
desired depth and resblution of the target  therefore will have some influence on 
the selected speed, as it appears feasible to make reliable resistivity 
measurements at the speeds of up to three knots. 

There  is  some  evidence  (Olhoeft, 1975) that frozen clays give rise to small 
induced polarization (IP) effects. The IP effect may be a useful indicator to 
distinguish between frozen granular materials and frozen clays, . The IP effect 
is more noise-sensitive than the  resistivity. A survey in which IP affects are 
measured would probably have to be conducted at a significantly lower speed than 
one conducted solely for resistivitymeasurements. It appears that with the 1987 
system,  realistic measurements of IP affects can only be made at survey speeds 
of one knot or less. Much of the present  development work is concentrated on 
improving this noise performance. , 

Present research is concentrating an electrode design and on improvement 
of averaging processes in the programming. With improved electrodes, it is felt 
that reduced noise levels would allow higher survey speeds even when measuring 
IP  effects as well. 

The marine resistivity  system  provides  information which is  a valuable 
supplement to but not a replacement of normal acoustic surveys * The results of 
the 1991 survey  indicate  that  gaseous  sediments  are  easily penetrated by 
electricalmeasurements, and structure which is lost in acoustic profiles can  be 
followed with electrical  measurements. Incorporation of depths from  seismic 
surveys in post-survey interpretations  improves the reliability of the electrical 
models, and thus of the final  interpretation. i 
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There is  some  evidence in the 1991 survey data that gaseous sediments have 
elevated resistivity values. The presence of gas in pores of a soil should also 
give rise to increased IP effects.  It  is  possible  that  gas contents can be 
estimated from combined acoustic and electrical surveys. 

In its present form the MICRO-WIP is cleariy a useful tool for the mapping 
of grain-size variations in near-bottom sediments in the Beaufort Sea. If 
geophysical mapping of granular  deposits in the Beaufort Sea is to be undertaken, 
then consideration should be given to the use of the MICRO-WIP system. 
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Figure 1: a) Resistivity as a function of temperature. 
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Figure 1: b) Resistivity ranges for typical soils. (Scott and Maxwell, 1989) 



Figure 2: Schenratic layout of MICRO-WIP marine  resistivity system. 
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Figure 3:  Waveforms of currenr. and voltage, showing measurement windows. 
(Scott and Maxwell, 1989) 
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Figure 6: a) Pseudosection plotted in real time for line IP3. 

Figure 6 :  b)  Part of Line 3 in Okanagan Lake, with result of real-time 
inversion of resistivity data. 



POTENTIAL SITES FOR GRANULAR RESOURCES OFF 
THE SOUTHWEST COAST OF RANKS ISLAND, N.W,T. 

( V M ,  1983) 
The surficial geology of the coast is daninateil by mrainal depsits  that 

include three distinct glacial till sheets: the Besnard, the sa- and the 
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11 TILL UNITS 
Bernard Till 
(Unit 2, Fig. 2) 

Sachs T i  11 
(Unit 12, Fig. 2) 

Carpenter f i  1 I 
(Unit 15, Fig. 2) 

I' 
Note: - N : Nuher of nples. 

IRAIW s lZE  ( X ) ,  {I 
CHARACTERISTICS r 

45.0 33.0 22.0 Blackish colour & f i ne  matrix. Fraction 
>2mn : high  proportion of sedimentary rocks 
(carbonates, sandstones and chert),  small 
proportion of igneous rocks (diabase & 
aabbros] . 

, ~ f1.8 1 16.8 1 Ligh  colwr, s a w  matrix 8 high  fract ion 
> Zmn. Fraction > 2mn : mainly sedimentary 
rocks (carbonates & sandstones), higher 
proportion of gabbros than other t i l l s .  

32.2 21.3 S a w  & rocky matrix.  Fraction > Zmn : high 
proportion of gravel 8 diabase rock 
fragments. Granit ic rocks within  the till. 
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glacioflwial sard and gravel mitea at the mxrth of the Masik River. 
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TABLE 2. SUMMARY TABLE OF OFFSHORE BORROW PROSPECTS 

pRoGIKlsTIC ColfffRAIWrS TO RrmRE DEyEulpcEllT 

Shallow gar might cause d i f f i c u t t i e s  
during drf I l i n g  of deep holes. 

n h r  of errat ics  (co#~tes a' 
boulders) mar seabed my increase 
toward the Sachs Tf II outcrops. 

F r e q w n t  outcrops  of a old t i  11 surf-  
ace (poor sorting,  hi& canpaction, 
possibly ice-karing). tlcfflerous 
er ra t i cs   v is ib le  on sonograph. Proxim- 
i t y  of  the coast. 

Irregular  seafloor.  Erratics my be 
colmmr.TI1I outcrop (poor sortlng,high 
c-tlon, possibly ice-bearing). 
Proximity to the coast. 

, .  

freqwnt outcrops of a t i  t l  surface 
(poor sortlng, high carpaction, pos- 
sibly ice-bearing). Patchy nature  of 
good granular mterials.  Possible  pre- 
seme of erratics.  Proximity  to  the 
coast. 

Oecurrencc of t Ill outcrops that my 
include ffne-grained  urlts,  hfghly 
carpatted and ice-bearing sediments. 

Occurreme of till outcrops that may 
inctuk f ine-grained  mits,  highly 
taymcted soils and ice-bearing 
sediments. Marginal v o l u n e  of  borrow. 

Geotogic origln not uet l  estabklshed. 
HaWinal potentfal? 

HIGH Large volune of uett sorted materials 
( f  luvioglacial deposits?).Reuorked sand 
with s a m  gravel. 

H I G H  Fair votw of patchy  meterials (sand L 
gravel). Tfti (Sachs?) outcrops. 
Erratics. 

FAIR Small volme o f   t h i n  patches o f  reworked 
materials (sand 8 gravel)  atop a till 
(Sachs?) surface. Freqmnt erratics. 

L W  Reworked mter ia l s   o r i g ina t i ng  from a 
yourg till sheet (Carpenter T i l l ? ) .  
Yeatward fining facies change. 

FA1 R Patches of reworked sand with sase f i ne  
grave t . Frcqwnt outemps of a f fne- 
grained til L (Sachs or Bernard T i t l ? ) .  

LOU Thin yeneer o f   r m r k e d  sand with some 
gravel. Fining facies change  away f m  
the source deposit  (fine-grained till?). 

Thin veneer of reworked sand u i t h  some 
gravel or iginat ing from an old t f l l  unit 
(Sachs or Bernard T i l l ? )  

Lou Lag deposit? Submerged coastal  feature? 
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II J Il (3) (2) (1) Frequent outcrops of a fine-grained Thin veneer of  reuorkd ssnd u i t h  sane FAIR 
grave( originating frm an old till unit t f t t  (Sachs OP Bernard Till?) that may 
(Sachs o r  Bernard T i  l t?). include a var iety  of   l i thologies,  

hfghly conpacted soils and ice-bearing 
sedl ments. 

*" 

rtK" 
" - -" (21 (1) l o  S W i U  constraints. Large valune of  reworked sand and gravet H I G H  

or iginat ing from a f ron ta l  moraine 
(Sachs T i l l? ) .  

NOTES: The recamnerdxi future  studies  should not be cwdticted' =E: Seabed sampling (grab sanplers and corers). 
sirwktaneously, but in the  order shown. [)ne should proceed with m.: Detailed  geophysical program inciuding: precision bathymetry, 
the next  step only i f  the  results  of  the  previous step(s) . s i d e  scan sonar, strbbottm pro f i le r ,  Uniboom and deep-tow 
dictate  addi t ional  mrks. refract ion data. 

-IC: Preparation of a seafloor mosaic from side scanning imagery. 
m o :  Seated photographs and/or video, diving. 
DRILL: Shallow geotechnicai drilling. 
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NORTBERN GRANULAR RJSOURCES 
MAPPING INFORMATION SYSTEM 

John Peters 

Earth & Ocean Research  Limited 
Dartmouth,  Nova  Scotia 

1.0 INTRODUCTION 

Indian  and  Northern Affairs Canada has over the past four  years  compiled an extensive 
inventory  of  information  pertaining to granular  resources  in  the Arctic. 

Funded  under  the 'NOGAF programme, the project has evolved from a  digital  inventory of 
high resolution marine  seismic  track  line  data, to digital  renditions of interpreted  geological 
maps, borehole loc4Lfions, borrow sites and the  encapsulation of all of this  data  into  a  user- 
friendly data management  and  desktop  mapping  system  called inFOcus. 

This paper describes the development of the inventory,  its contents, and the way that the 
data can be wed to assess and plan activities through the  simple  and  powerful  interface 
provided by the inFOcus software. 

2.0 PROJECT HISTORY 

The Arctic Granular Resources Inventory  started  in 1988 with  the  compilation  and 
conversion  into  digital form of industty  and  government  regional  and site survey track 
lines. A large body of hard copy  shot  point  maps,  and  some  digital  shot  point  data,  were 
digitized and converted  into  the  format for INAC's mapping system. 

It was clear that effective use of the  inventory  would  require  its  organization  within a 
geographic infomation system (GIS). However,  it  was  recognized  that GIS is  not an 
appropriate  technology for inventory  applications,  especially  considering  the  high  capital, 
training  and  maintenance costs that  are  associated with this  technology. In 1990, EOR 
proposed the  assembly  of  the  inventory  within inFOcus, a simple,  inexpensive  data 
management and mapping  system  well  suited  to  interrogating  and  visually  overlaying 
diverse  geo-referenced data sets. 

All of the track data compiled  to  date,  the Beaufort borehole  database and a body of 
interpreted  geological maps were  imported  into inFOcus. 



The  inventory was expanded in 1991 to include a graphical  database of on-land borrow 
sites  digitized from aerial  photographs.  Further work is currently  in progress to update the 
seismic  tracks,  build on the borrow sites  inventory,  and to provide  linkages  to  the ESE- 
BASE borehole  management  system  that contains a comprehensive  borehole  geotechnical 
database. 

3.0 "€5 INVF,NTORY 

Below is a  summary of the inventory as it has so far evolved. 

3.1 High  resolution  marine  seismic track lines 

Over  1500 track lines  spanning 29000 line-km  have  been  digitized  and  imported  into 
inFOcus. These  comprise: 

All government  lines  surveyed up to and including 1986 - 355 lines 
covering 14000 linekm. 

All regional  lines shot by ESSO, GULF and DOME to the end .of 1986 - 
581  lines  covering 12000 line-km. 

All site survey l i n e s  shot by GULF and DOME in the ISSERK and ERK- 
S A K  borrow  blocks. This consists of 9 out of a total of 19 suweys con- 
d u d  by GULF in  the  region  up to 1986; and 12 out of a total of 40 
conducted by DOME, None of the site surveys conducted  by ESSO have 
been digitiied. 

This is not a navigation database. The intent is to be able to assess coverage,  especially 
in the context of other information such as borehole locations and the distribution of 
geological  units,  bathymetry,  lease boundaries etc. In most cases, a sufficient number 
of shot  points  have been digitized to define way points and to correlate shot point 
ranges to  a  particular  geographic area. 

It is now realized  that  digitized tra& lines  within site surveys is overkill,  and that the 
outline  of the survey area would be just as useful.  The  study  catalogue  compiled by 
McElhanney  in 1988 provides  coordinates of the  study areas. This database has been 
imported  into inFOcua, and outlines of survey areas can be plotted  for  all  studies 
completed  up to the  end of 1986. 

3.2 Boreholes,  grabs  and  cores 

All  borehole sites  compiled  up to 1988, updated to 1990 and  supplemented with 
vibracore  and grab sites, are accessible  within  the inFOcus system.  Summary 
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attributes,  such as hole  id, owner, drill  depth  etc.  are  contained  within  each  record,  and 
can  be  accessed  directly from the map  of hole locations. 

It is planned to  import  the full geotechnical  database  compiled by EBA, so that 
selections of holes for map  display can be  based  on a broad range of geotechnical 
search  criteria. 

3.3 Geological maps 

Geological  maps  associated with detailed  studies  of  granular  resources  in  the  Isserk  and 
Erksak borrow blocks  have  been  imported  into  the inFOcus system. These include  data 
control,  bathymetry,  isopachs of geological units and interpreted resource  potential 
maps. These can be overlayed  with  one  another or with seismic  and  borehole  database 
information  for further analysis. 

In 1991, geological  maps  associated  with  additional  studies  in the Herschel and Banks 
Island  regions  were  digitized  and  imported  into  the  system. 

3.4 Borrow sites 

A major part of the 1991 inventory project was the contruction of a  graphical  database 
of on-land  borrow sites. Source data for  most of the  entries were aerial photographs at 
approximately 1 :36000 scale.  Outlined  deposits  were  digitized  and  linked to database 
records containing  attribute  information such as site id,  resource type, geologic origin 
etc. Site plan inventories  have been compiled  into iaFOcus for the  following areas: 

Mackenzie  Valley 
Alaska Highway  corridor 
Dempster Highway corridor 
South Slave  area 
Inuvialuit  Settlement  area 
Individual  communities  such as Fort Good Hope and Fort 
McPherson. 

4.0 DATA MANAGEMF,NT AND RETRIEVAL 

The Northern  Granular Resources Mapping Information System provides  a  comprehensive 
inventory of deposit,  borehole,  seismic and geological infomation. These data can be  dis- 
played as maps  and  printed or plotted in various  projections and at any  scale. 

The  data are organized  into  "applications" focussing, for example,  on  seismic  data or 
borrow sites or a particular  geographic  region.  The  data  management  subsystem  provides 
the full capabilities of a relational  database management system within a  "point and click" 
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non-technical user interface. The user  is  presented  with menus of "English"  descriptions 
of data sets or maps  instead of file names, and cm contruct  using a mouse: 

- complex  queries  without  a  knowledge of command  syntax. 
- reports based on hard-wired  or  custom formats - maps consisting of multiple  overlays  such as bathymetq, isopachs, 

borehole  locations and seismic  coverage. 

Several  screens  follow  this  text  which  show the data management  interface  and  some 
example  maps  printed on a  laser  printer at low  resolution. High quality  figures c m  be 
produced on high  resolution  laser  printers  and ploters. 

5.0 CURRENT ACTJVJTIFS 

Planning is in progress to expand and refine the inventory. The following aspects are 
being  considered: 

- update of the high  resolution  marine  seismic  coverage 
- expansion of the on-land bormw site inventory 
- import of the Yukon  Shelf  regional  geology  study 
- refinement of dabbase structures  and cross-linkages 
- enhancement of the  applications through improved  data  organization, 

- development  of  procedures to report and update  inventory statistics. 
customized  queries and reports. 

The aim in the present project is to provide a fully  operational  planning  tool for granular 
resource manage&nt in the North. In support of this several  new  initiatives also should 
be considered for future work. 

Presently,  the  basemap  for the inventory data is  derived  from the 1 :ZOO0000 scale CIA 
world data bank. For many  applications,  detailed cultural and topographic  information  will 
be vital. A first step would be to import the 1:250000 NTS series digital basemaps for  all 
or specific  regions of the North. All af the maps are available  for import into inFOcus. 
An example of these maps  is  provided for the area  covering wastern Yukon. 

The  offshore  equivalent  is  regional  bathymetry  for the Beaufort Sea.  Subsets  of the region 
are available in digital  form h m  Canadian Hydrographic Service. Howm, a uniform 
scale  coverage  at 1 : 1000000 scale,  for  example,  would be of major  benefit  for  many 
applications. 

Any resource  development  and management plan must  consider  information  related to 
jurisdiction, land  ownership and control,  environmental  impact, and development infra- 
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non-technical  user  interface. The user is  presented  with  menus  of  "English"  descriptions 
of data sets or maps  instead of file names, and can contruct wing a mouse: 

- complex  queries  without  a  knowledge  of  command  syntax, 
- reports  based  on  hard-wired  or custom formats 
- maps  consisting of multiple  overlays  such as bathymetry,  isopachs, 

borehole  locations and seismic  coverage. 

Several  screens  follow  this  text  which  show the data management  interface  and  some 
example  maps  printed on a laser  printer at low  resolution, High quality figures can be 
produced on high resolution  laser  printers  and  plotters. 

5.0 CURRENT AcTWITTXS 

Planning  is  in  progress to expand and refine the inventory.  The  following aspects are 
being  considered: 

- update of the  high  resolution  marine  seismic  coverage 
- expansion of the on-land  borrow site inventory 
- import of the Yukon Shelf  regional  geology  study 
- refinement  of  database structures and cross-linkages 
- enhancement of the applications  through  improved  data  organization, 

- development of procedures to report and update inventory  statistics, 
customized queries and  reports. 

The  aim  in the present project is to provide a fully  operational  planning  tool  for granular 
resource management in the North. In support of this  several  new  initiatives also should 
be considered for future work. 

Presently, the basemap for the  inventory data is  derived  from the 1 :2000000 scale CIA 
world  data bank. For many applications,  detailed  cultural  and  topographic  information  will 
be vital. A first step would  be to import the 1:250000 NTS series digital basemaps for all 
or specific  regions of the North. All cd the maps are available for import  into inFOcus. 
An example  of  these  maps is provided for the area covering  western  Yukon. 

The  offshore  equivalent is regional  bathymetry for the  Beaufort  Sea. Subsets of the  region 
are available  in  digital  form from Canadian  Hydrographic Senrice. Howver, a  uniform 
scale  coverage at 1 :1000000 scale,  for  example,  would be of major benefit  for many 
applications. 

Any resource  development  and  management  plan  must  consider  information  related  to 
jurisdiction,  land  ownership and control,  environmental  impact,  and  development  infra- 



structure. The Northern Granular  Resource  Mapping  Information  System  lends  itself to 
integration  with  these types of data. InFOcus applications  have  developed  elsewhere  that 
integrate  geological, fishery, environmental,  cultural  and  land  use  data  that are used 
together to target  resource  conflicts and environmental  sensitivities.  Examples  are: 

IRMIS (Integrated Resource Management  Information  System) for 
offshore  Prince Edward  Island 
IRh4IS for coastal zone Nova Scotia 
NATLUS - the  national protected lands  database 

New and existing land use and  environmental  databases  should be imported  into  the 
system and  routine  procedures  developed to address  common  planning  issues  in  a  timely 
fashion.  One  of  the  compelling  advantages of the inPOcus approach is its low cost and 
high user accessability.  Data can be delivered to all users easily. 

Effective  planning  and  advocacy for resource  development  is  dependant on the ability for 
all  interested  groups to share and comprehend  the same data. One example is the promo- 
tion of the NATLUS application by the mining industry. On the one hand, it provides  a 
tool for the  industry to assess land access restrictions. On the other,  it  will  provide  native 
peoples and jurisdictions a clear  picture of their  rights  and  responsibilies.  All  parties  will 
be  able to argue their  agendas  based on the  same  information.  This  approach  will  become 
critical for all aspects of resource  development in the North. 
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Databases menu in inFOcus. Databases are referred  to by "h'~glish* aliases, 
thus  insulating  the end user from the need to remember cryptic filenames. 

Databases can be searched in a variety of routine ways, in addition to 
general queries that  are constructed through a mouse  driven query interface. 



The results of queries can be browsed within a movable, aizeable browse 
window. Here the 1410 boreholes compiled to 1988 are shown. 
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The KogyuR Site Survey is one of several detaffed geophysical 
and geotechnicai site survey programs accessible withln the 
existIng data base. 
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INTRODUCTION 

The  lsserk  Borrow  Site  study  program  was  one  component  of  a  set  of  concurrent  studies  that 
were  initially  conducted by Earth & Ocean Research Ltd. through 1987/88. These  studies 
consisted  of a two volume  borrow  study  conducted for DIAND  of  which  volume 1 is the lsserk site 
area: and volume 2 Is the  Erksak  borrow  site area which will be discussed in the  next  talk. The 
other study was a regional  surficial  geology  program  for  the  South  Central  Beaufort  Sea  region 
which was completed  for  Steve  Blasco of AGC.  Steve will be  discussing  these  regional  geology 
results in a paper  presented  at  this  meeting. 

Figuie 1 Is a  map  of  the  Beaufort sea showing  the  South Central Beaufort  geological  study  area 
and the two concurrent  borrow block study areas. These borrow study reports were  completed 
by EOR under DSS contract AO632-7-5011/ClST for  Mr Bob Gowan of DIAND as a  part of 
NOGAP  project A4-20. 

This  paper is specifically in reference  to  the  western  lsserk  study  region  (Fig 1) which is a 20km 
X 20km area of 400 k m 2  lying  approximately 9 km north or Pullen  island.  The  study  region 
defined as to  be  within the following  boundaries: 

NW:  ZONE 8; 520,000E; 7,770,000N  (70°02'16"N; 13428'30"W) 
NE:  ZONE 8; 535,000E; 7,770,000N  (70°02'10"N; 134004'53"N) 
SW: ZONE 8; 520,000E; 7,750,000N  (69O51'31"N; 134028'47"W) 
SE: ZONE 8; 535,000E; 7,750,000N  (69O51'25"N;  134OO5'22"W) 

The  specific purpose of this  study has been to evaluate a l l  (or as much as possible) of the 
geophysical and geotechnical data available  within these regions  with the primary mandate of 
attempting to quantize. the locations and volumes of proven, probable and prospective  granular 
resources that are present. 

All three  of  the  above  referenced  studies  used a common  data  base  set  which  was  compiled  and 
collated  with  the  intent of using it over  the  three  study  programs  mentioned  above. 

DATA BASES 

The  mandate of these  studies  was  to  evaluate a l l  high  resolution  geophysical and geotechnical 
data that had  been  collected in this  study  area.  This  consisted of a massive  amount of data 
though  not all of  these data could be found and accessed  within  a  reasonable  search  effort  for 
this  study  and a resulting  more  limited,  though  still  significant,  data  set  was  actually used. 

DIAND had  initiated  an  earlier  data  compilation  contract  with  McElhanney  Services Ltd which was 
a  library  search  of the industry  geophysical  reports  to  identify the industry  geophysical  data sets 
that  were  initially  collected  (McElhanney Services Ltd., 1988). A second  program  with EOR was 
conducted  to  compile  and  digitize  the  geophysical  track  data  (Peters, 1988) and a third  with  EBA 
to  identify  and  compile  the  geotechnical  data bases within  the  regions  (EBA,  lsserk 1988a, 
Erksak, 1988b, and Central  Beaufort, 1988~). 

1 



The  initial  tasks  of  this  present  study  was  to  locate  and copy as much as posslble of  the 
geophysical data sets for  use  within  these  evaluations. This was carried  out  over a month  long 
period in Calgary with  considerable  appreciated  help of the  respective  industry  Beaufort  operators. 
A number  of the geophysical  records  couldn't be located  and  after a reasonable effort it was 
decided  to go with the data  that  had  been  collected. 

NAVIGATION/GEOPHYSICAL DATA BASE 

The track  navigation  and  geophysical Data compilations  included the entire  area of the South 
Central  Beaufort Sea geological  study  area 

Figure 2 shows  the  navigation  track plots for only the industry  operator  survey  lines that matched 
Geophysical  records  that  could be located  and  accessed for these  study  programs.  Figure 3 
shows  the  compiled  navigation  track  plots of the  government  survey  lines  that were available  to 
the study and were  selectively  accessed as required.  Figure 4 shows the more  limited area of 
the  lsserk borrow site and  the  geophysical  records  available for just  this  area. 

In general the overall  geophysical  data  set is of good but variable quality.  The  quality is however 
dependent  on  weather  conditions  at  the time of collection.  Unfortunately  the lsserk geophysical 
data set is an exception to this statement and is of  limited use in determining  stratigraphy 
equivalency  of  textural  units  between boreholes. There are a number  of  reasons  ,for this. 

a) significant data sets collected in 1983,1984 and 1985 could not be located  during 
the data search 

b) within the remaining data set the line density is too  low  over much or the region 
to  accommodate the high variability in texture and elevation of units within and 
between  boreholes. The seismic data commonly  shows many small  local 
depressions or channel  like  features  in the top  of  Unit C (basal  sands) that are 1 O0 
to 500 m in width over relatively  short distances along any  line. To confidently 
map  these  details a line  spacing of 500 m or less is required  which is not  achieved 
in this data set. As a result,  considerable  interpretive  licence has been  required 
in the construction of contours of this  surface  and  the detail of the borrow 
structures  which  will be discussed here. 

c) The  data  quality of the  remaining  lines is again  variable and 30 to 40% of these 
lines are of  relatively  poor  quality  which  further  restricts  their  usefulness 

These limitations  largely  restrict  the  litho-stratigraphic  correlation of the lsserk Borrow  Block  to 
a study  of  the  borehole  stratigraphy and to the extent  the  seismic data can  contribute it has been 
incorporated  into  the  geological  model. 

Appendix 1 and 2 of the  text reports (Meagher  and  Lewis, 1988) describe  the  McElhanney  data 
base which  consisted  of a compilation  showing the surveys completed and  line  data originally 
collected  and  the  results  of  the  data  search  respectively  which  describes  the listedfound and 
copied  data  used  for  this  study.  Appendix 2 data  base  gives  the  locations  of  the  original  data as 
of April 1988 and the copied  data is currently  resident  at AGC in  their  data  archives. 
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GEOTECHNICAL 

The  geotechnical  data  bases  were  compiled  and  inserted  into  ESEBase  record  form by EBA 
Engineering  Ltd.  for the entire  south  central  Beaufort  area.  This  data  base  project  will  be 
described  more  fully  in a latter  paper  presented  by  Rita  Olthof of €BA. 

For illustration  Figures 2 and 3 show  the  locations of all of the almost 400 boreholes  within the 
south  Central  Beaufort  area.  Figure 4 showed  the  combined  survey  lines  and  the 99 borehole 
locations  within  the  lsserk  study  area  only. 

The boreholes  within the lsserk  borrow  block  area  tend to be clustered  into  four  main  groups 
within  the  region  which  were  drilled  for  exploration  island  sites  and a more  regional  area 
associated  with  previous  work  on  the  core  area of the borrow  prospect  itself. Mr Neil Macleod 
of EBA, via a subcontract  to  this  study,  assisted in developing  a  coding  system  for  the  sediments 
encountered  within  the  boreholes  which  takes  into  account  the sand and gravel  quality and 
current  dredging  requirements and equipment  restrictions  of  the  Beaufort  Sea  Operators.  The 
coding  system  has  been  used in the  figures  describing  the borrow prospects  and has been  used 
for  evaluation of the  borrow  potential  of  the  respective  sites  when  boreholes are available.  This 
coding system is reproduced on the maps of the detailed  borrow  prospects  discussed  latter and 
for detailed discussions refer to Meagher and Lewis, (1988a  and  b). 

SITE  DESCRIPTIONS 

PHYSIOGRAPHY . 
The lsserk Borrow  Block area lies on  the Akpak Plateau  (O'Connor, 1982) in 8 to 24 m of water 
(Figure 1). This  region is a submerged  upland  physiographic  region  located in the  south  central 
Beaufort  Sea. The Akpak Plateau is a trapezoidal  shaped  region of slightly convex  seaward 
bathymetric  contours  trending  almost  northerly from the area of North  Point  on  Richards Island 
virtually  out  to  the  shelf edge. It is bounded  to  the  east by the  Kugmallit  Channel  and  to  the  west 
by  -the lkit Trough.  The  area  is  characterized  by  an  elevated  regional  unconformity  surface 
defining  the  top of Unit C relative  to  the  adjoining  depression areas. 

BATHYMETRY 

Figure 5 is a contour map of the bathymetric  contours  over  the lsserk site at a 1 metre contour 
interval.  These  contours are considerably  smoothed  as the contours  were  developed by  a 
recontouring  of the CHS worksheet  which were surveyed in 1969 and 71. These worksheets 
were  displayed at a 1 :100,000 scale and  line spacings were 800 to 1500 m. The  region has been 
resurveyed in 1985/86 though  the  newer  data was not  available at the time  of this  study and it 
is  anticipated  that  the  these  newer  data  which are more accurately  positioned  and  of a higher  line 
density  will  modify  the  shape  and  detail  of the contours  to some degree. 

Overall  the  contours  show a gently  dipping  plain  dipping  northward  over  the  southern  half  and 
to the north-northeast  over  the  northern  half of the  site. The seafloor is slightly  raised  along a 
north-south axis through  the  west-centre of the  site  and  again  along a northwest-southeast  axis 
near  the  southeast  corner.  The  ridges are separated from each  other  and are possible 
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expressions  of  different  geologic  features. 

Water  depths  over  the  site  vary  from a minimum of 8 m in the SE corner to a maximum  of 24 m 
in the NE corner. 

SURFICIAL COVER 

The surficial cover  over  the  Unit C sand  material is displayed  in  Figure 6. The  construction of this 
surficial  cover  map has been  defined  directly  from  borehole  information and by inference  from  the 
seismic  data.  The map indicates two surficial  clay  units  and  a  coarser  zone  of  potential  borrow 
mateiials. 

The coarse material,  occupies  roughly  the  central and west  central part of  the  block and extends 
toward the southeast  to  the  southern  border  of the site.  Sample data from  the  boreholes is 
available  for  the  coarse  material located in the  centrai  portion  of the deposit.  The  coarse  material 
is predominantly  composed of poorly  graded fine sands  to  silty sands. The sands are non 
cohesive, olive  brown to dark brown.  Occasional  gravel clasts from 15 to 25 mm in diameter 
occur  throughout  the  deposit.  The  gravel clasts, where  described,  are  polished and sub-rounded. 
The gravel  content  increases in pockets  located  along the southwest edge of the  coarse  deposit 
where it is equally  dominant  with  the sand. These  deposits  are  noted as being  "gap  graded"  with 
the  gravels  being  fine  textured and the sands  being  poorly sorted fine  to  medium  textured. 

There are no boreholes within the portion of the come zone  that extends from the  central deposit 
to the southeast and beyond the southern boundary  to  the south. Seismic  evidence  suggests that 
this zone Is composedof a combination of two geologic  units.  The  younger  unit is an  extension 
of the central deposit and it is inferred that the texture of this extension will be similar to that of 
the central zone,  î.e., generally  poorly sorted silty sands with some gravel. The unit is defined 
by the  transition  of the surface  character  on the microprofiler and boomer  records  from an 
irregular  microrelief to a featureless  microrelief. A slight  doming  of  the  seafloor  is  associated  with 
this change in seismic  signature. 

The  older unit extends from the  south and is in  contact  with  the  younger in the  south-central area. 
No borehole textural information is available  for the deposit within the site although  recent  testing 
of the  unit  Immediately to the south of the  block  reveals coarse sand and gravel at the  seafloor 
(S.Blasco, pers comm.). The boundary of the deposit as outlined on the  map, is defined as that 
area where  Unit C rises to within two met&  of the seafloor.  The  seismic data available are not 
of a-sufficient resolution to measure the depth of the  unit  within  this  zone  and  there  may be areas 
within  this  boundary  that  are  very dose to the seafloor.  The  microprofiler data do not  show  the 
smooth  seafloor trace characteristic  of  sand site sediments  at  the  seafloor  across  this  zone and 
the  deposit  may  be  covered  by a thin soft veneer. 

The  fine  material  surrounding  the  coarse  deposit  consists  uniformly of inorganic  clays  with  very 
occasional black organic  streaks.  They  are  generally  low  to  medium  plastic  with a water  content 
that  varies  from  about 20% to 45%. The clays also vary  from soft to  very  stiff.  Trace  amounts 
of  sand in fine  laminations  are  noted  in  several  samples as well as trace  amounts  of  silt,  and 
shells. 
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While  clay  samples  from  throughout  the  area  share  this  general  variability,  those  of  the  lssungnak 
0-61 group  of  boreholes  (IS78-  series)  at  the  northern  boundary  of  the  block  are  more 
consistently  of  high  plasticity.  Those  of  the  ltoyuk  1-27 (lT81- series),  to  the  east, lsserk B-15 (B- 
15- series),  to  the  south, and lssungnak South (S81-series)  to  the  west are virtually all low  plastic 
clays.  This  suggests  that  the  lssungnak 0-61 surficial  clays are a  different  body  than the clays 
to the south,  a  suggestion  that is tentatively  supported  by  the  seismic data. A somewhat  arbitrary 
boundary  has  been  drawn  across  the  northern  end  of  the  sunrey  site  to  note  this  change in 
stratigraphic  units. 

SUB-SURFACE GEOLOGY 

The Nb-surface geology  within the site can be described  within  the  framework  of  O'Connor's 
stratigraphic  model  for  the  Beaufort  shelf.  Units A, 6, and C are  identified  and  facies  within  these 
units discerned, The near  surface  litho-stratigraphy  and  structure  are  complex  and  distinct 
changes in seismic  character are observed  vertically  and  horizontally  along  individual  seismic 
profiles.  Continuity in the  seismic  data is generally poor, and  the  ability  to  confidently  follow 
seismic  horizons  from  line  to  line is low.  While  varying in detail,  the  boreholes  present  a  more 
consistent  picture  of  the  general  stratigraphy. 

Three.  borehole  transects  have  been  constructed; a north-south  transect, an east-west transect, 
and a southwest-northeast  transect.  These are presented as Figures 7, 8 and 9. The 
orientations are approximate and the transects do not form straight  lines as they are determined 
by the  distribution of the boreholes.  The  geographic  positions  correlating to these  transects has 
been  shown  on  the  seismic track plot and  borehole map of  Figure 4. 

TOP OF C 

The lowest  regionally  persistent  horizon is a composite of a younger and an older  erosion  surface, 
the  equivalents  of  WC1 and U/CL.  The character of each in the borrow block  area is distinctive 
and  .they  are  distinguishable  one  from  the  other  where  data  quality permits. 

The  older  unconformity  forms a highly  incised,  irregular  surface.  The  surface  has  been  removed 
by the  subsequent  erosion  episode (U/C1) over  the  crest  of  the  site  and  to  the  east  as the 
Kugmallit  Channel is approached.  The  seismic  profiles  indicate  the  irregular  lower  surface  to 
descend  to  the  east and west  from  a  central  high.  The  extreme  irregularity  of  the  horizon 
suggests an old  subaerial  eroslon  surface  that has not  been  affected by  the  transgression. 

The.  structure  map  presented in Figure 10 describes  the  shape  of  the  upper  surface of Unit C 
(U/CL  unconformity).  Where the younger  erosion surface has  excavated to the top of Unit C, it 
forms a smooth,  featureless  plain.  The  remnant areas that  were  not  affected by this  erosion 
episode  display a highly  dissected  pattern.  The  surface  descends to the  north,  east  and  west 
from  an  irregular  crest that extends  from  the  southeast  edge  of  the  site  through  approximately  the 
site  centre and beyond  the  site  boundary  to  the  northwest.  The  surface  descends  from  a  high 
of  ten  meters  near  the  southern  border,  where it lies at or near  the  seafloor,  to 34 meters  at  the 
northwest edge of the  survey  coverage. As the  surface  descends,  there  is  progressively less 
planation by the  later  erosion  episode,  with  the  result  that  the map displays an  increasingly more 
complex  topography  to  the north. 
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DEPOSITIONAL  SUMMARY 

Predominantly  fine  to  medium  sand  was  deposited as Unit C through  channel  cut  and fill 
processes in a  locally  variable  but  generally  moderate  to  high  energy  fluvial  or  glacio-fluvial 
environment.  Potentially coarser and more  resistant  material  was  deposited as a linear  body that 
extended  from  the  southeast  corner  of  the site through  the  site  centre.  Subsequent to this 
deposition  the  surface  of  the  unit  was  downcut  under  subaerial  conditions  to  form a highly 
irregular  topography  of  small  channels  and  mounds  (Figure  11 a). The  more  resistant body was 
downcut  to  a  lesser  extent  and  formed  the  positive  core  for  the  plateau in  this area.  During  this 
period,  material  was  moved  downslope  via  the  gullies  and also on  the  interfluves  via  dune 
formation. On the eastern  flank  of  the  plateau,  leading  down  into  the  Kugmallit  Channel, coarse 
material  was  aggraded  into  dune-like  bedforms  that  indicate  sediment  movement  to the east  into 
the  channel. 

The sculpting  of  the hghly incised  topography  was followed by a marine  transgression  that 
initiated  the  deposition of  Unit B (Figure llb). Preservation  of  much  of  the  subaerially 
constructed  topography  on  Unit C suggests  that  the  initial  transgression  across  this  area was 
rapid.  Predominantly  fine  material  was  deposited  in  the  depressions  on  Unit C. As the  sealevel 
rose,  planation  of  the  raised  part  of  Unit C occurred  and  produced  local  lag  gravel  deposits  that 
remained  in  contact  with  the  source  material. A distal  sand  facies  spread  out  over  the  clays 
deposited  on  Unit C in the  basinal  areas.  This was followed by a period of  shallow  marine 
deposition  of  fine  material. A short  second  regression  was  followed  by a slower  transgressive 
rise in relative  sealevel,  during  which  time  the  raised  portions  of  Unit C and  the  previously 
deposited  Unit B strata  were  reduced  by wa,w base  planation  to a smooth  surface  (Figure  1 IC 
and d). The elevated  section of Unit C to the  south  and the previously  reworked  Unit B sands 
and gravels  provided the source  material  for a thin coarse grained  deposit  centred  over  the  crest 
of the site. Fine  grained clays were deposited  coevally  away from the crest of Unit C. 

With  continued  transgression,  the  wave base moved  away  to  the south and  the  construction  of 
the  sand  body  ceased.  The  upper  sand  body  was  buried by marine  clays in the deeper water 
area  to  the  north.  With  continued  shoreline  retreat,  this  process  may be ongoing. At present, 
however,  most of the  lsserk  Block  area is floored by old sediments  laid  down  during  the  most 
recent  transgression. 

GRANULAR RESOURCE MODEL  AND  EVALUATIONS 

The granular  resources  of  the lsserk Bomw Block  are  located in two geologic  deposits  of 
different  age,  distribution,  and  depositional  mode.  The  upper  deposit  represents a reworked 
deposit  associated  with  Unit B, while  the  lower  deposit  consists  the  Unit C basal material.  The 
distribution  of  the  surficial  prospect  material  is  displayed as Figure 12 and the distribution  of  the 
lower  prospect  is  shown in Figure 13. These  maps  incorporate  divisions  of  the  reserve  .into 
Proven,  Probable  and  Prospective  zones.  Proven  granular  resources are defined as those 
resources  whose  occurrences,  distributions,  thickness  and  quality are supported by considerable 
ground-truthing  information  such as dredging  and/or  geotechnical  drilling  data.  Probable  reserves 
are  defined  as  sands  and gravels whose  existence,  extent  and  quality  has  been  inferred  on the 
basis of limited  ground-truthing  information  and/or  several  types  of  indirect  evidence,  including 
sidescan  sonar, shallow high  resolution  seismic, echo sounding  and/or  bathymetric  and/or 
geological  considerations.  These  estimates are based  on  an  understanding of the proven  reserves 
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as determined  from  boreholes  and a comparison  with the seismically  mapped  prospective  regions 
to  provide an estimate  of  probable  resource  that  may  represent  a  viable  planning  figure  for  future 
utilization.  Prospective  Resources are defined as granular  resource  deposits  whose  existence  and 
extent are speculated  on  the  basis  of  limited  indirect  evidence,  such as ripple marks on  sidescan 
sonar  records or general  geological  considerations. 

Within  the lsserk Borrow Block area  measurements  of  overburden  and  resource  thicknesses  were 
made  for  each  borehole.  These  analysis  have  revealed  that  there are two distinct  bodies  of sand 
flooring  the lsserk block,  with  the  lower  sand  being  ubiquitous  and  the upper sand  being  of local 
extent. 

Because  of  the  applicability of this two resource  model,  the  boreholes  have  been  coded and are 
described in terms  of  a  first  encountered  coarse  unit  and a second  encountered  coarse  unit.  This 
allowed  spatial  display of  these  data  on  the  map  sheets  and  subsequent  contouring  and  definition 
of  the two prospect  areas. From observation it is apparent  that  where  there is only  one  sand  unit 
present and the  borehole  longer  than  about 10 meters, the sand  unit  present  is  the  older  of  the 
two. The only  instance  where  this  may  not  apply is borehole  1880-84  near  the  centre  of  the 
lsserk block where  the upper and  lower  sands  may  be in contact with each  other. 

UPPER SURFICIAL PROSPECT 

The  main body of the  deposit is roughly  triangular in shape and located in the  west-central part 
of  the block (Figure 12). A narrow,  linear, "tail" extends  from  the  southeast  edge  of the main 
deposit to near  the  southeast  cornet  of  the  block  area. 

The spatial distribution of this  deposit is defined on the  basis of borehole control and  the  seafloor 
character of the boomer and profiler  records. Coarse material  on the seafloor, as identified  in  the 
boreholes, is associated  with a distinct  change in character  on the seismic  records. 

While  the  map in Figure 12 displays  the  areal  distribution  of  the  deposit  for  the  proven,  probable 
and  prospective  zones,  contours  indicating  the  thickness of the  deposit are only  provided  for  the 
proven  zone.  The  thicknesses  are  derived  solely  from  the  borehole logs as  the base of the 
deposit  was  not  observed  on  the  geophysical  data. 

Twenty  five  boreholes  have  been drilled within  the  boundaries of this zone.  Borehole  penetration 
varies  from 4.5 meters  to 21.4 meters  with 37 boreholes less than 10 meters  long.  The  majority 
of  the  boreholes  encounter  sand  at  the seafloor and  silty or clayey  deposits  at  from 1.25 to 3 
meters  below seafloor. Two  boreholes, 1880-84 and 1880-96  record  sand  from  the  seafloor  to 
their  depth  of  penetration.  Borehole 1680-84 was drilled  to a depth of 21.4 meters, and borehole 
1880-96 to  a  depth  of 9.1 meters.  Three  boreholes  record a veneer  of  clay  atop the sutficial 
sands.  The  veneer  varies from 0.2 meters  to 0.6 meters.  The  boreholes, 1880-95,1880-93, and 
lB78-5 are located  in  proximity  to  each  other and  the  clay  deposit  may  form a continuous  veneer 
along the western  side  and  northern  tip  of  the  zone. 

The Proven  resource is primarily  based on the  borehole  information  and  occupies  the  central part 
of the  deposit  with  the  displayed  boundaries  defined  by  both  borehole  and  seismic  data.  Within 
this  zone  there is a very high  confidence  that  useable  granular  material  occurs.  Based on the 
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borehole  data,  this  zone  has  been  further  subdivided  into  zones  dredgeable  by  hopper  dredge 
only  and  by  both  hopper  and  stationary  dredge  methods.  These  subdivisions  are  shown by the 
heavy dashdotted line  subdivisions  within  the  proven  area.  The  position  of  these  lines  has  been 
made  using  the  Dredgeability  assessments and the  Development  Concerns  assessment of each 
of the  boreholes  and  using  a  simple rule of  equidistance  between  the  boreholes  within  the  proven 
reserve area. Based on  these  subdivisions two small  regions  associated  with  boreholes 1880-96 
and 1680-84 are defined which are categorized as dredgeable  with  either  hopper or stationary 
dredge. It is assumed  that below the  approximate 4 m  level in each  of  these  regions one would 
be mining  the  lower  sand  resource as opposed  to  the  upper  reworked  Unit B materials. 

The  Probable  resource  boundaries  are  based  on  seismic  and  limited  borehole  information.  This 
area is seen  to rim the  proven  region  with a tail defined  which  extends  approximately 8 km off 
toward  the  southeast  from  the  main  body of the  deposit.  This  tail  region is defined  exclusively  with 
the  seismic  data. 

The  Prospective  region is defined  entirely  on  the  seismic  data  set  and is based  on bottom 
character  return  along  with  faintly  defined  internal  reflections  seen  within  the  data. It may 
represent  an  extension  of  reworked  Unit B materials,  however  borehole  information  would be 
required  to  confirm  this. 

LOWER BASAL PROSPECT 

The  Lower Basal Prospect represents  a  region  where  the  unconformity  surface  representing  the 
top  of  Unit C comes  to  within 3 m of  the  seabed.  The 3 m  limit has been  taken as the practical 
limit of overburden stripping when a Stationary  Suction  dredge is utilized.  This region is located 
in the  southeastern corner of the  prospect area and is highly  irregular in shape  (Figure 13). 

This  region is defined  almost  entirely  from  mapping of the  seismic  data  and is only  confirmed  by 
boreholes in the  extreme  northwestern tip of  the  area.  Because  of  this lack of borehole 
confirmation  the  entire  prospect is considered to be Prospective  only  at this time.  Although  some 
limited  quality  information is available,  the  boreholes  indicate  this  lower unit  to be highly  variable 
in nature  and  considerable  confirmation  drilling  will be necessary  to  confirm this  region as a viable 
resource. 

RESOURCE PROSPECT GRANULAR  VOLUME  ESTIMATES 

Table 1 summarizes  the  estimates  of  proven,  probable  and  prospective  volume  of  granular 
resource for the two prospect  areas  defined in this  report.  The  methods  of  volume  calculation  vary 
slightly  for  the two prospects  in  that  the  upper  sand is assumed  to  represent a body  which is 
exposed  at  the  seafloor  and  no  stripping is required,  thus  mining is limited  to  the  thickness of  the 
resource. In this case a minimum  thickness  of  one  metre  is  required  and  volumes  are  calculated 
based  on the area  between  the  contours  times  the  average  thickness  assuming a linear 
proportion  distribution  between  the  contour  lines  (ie. area = 10 rn2, between  the 2 and 3 m 
contours:  therefore  volume = 10 m2 X 2.5 m = 25 m3).  For  this  upper  material  the  total  voluma 
is taken as the  sum of the volumes between all thickness  contour  lines.  The  total  probable and 
total  prospective  resources  incorporate  the  volumes of the higher probability materials. 
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Within  the  lower  sand body volumes  are  calculated based on an assumed  thickness  of  the 
resource  material  which  reflects  the  assumed  maximum  depth of dredging capabilities. Since 
detalled  evaluations of the  depth  of  the  resource are not  possible at this time these values are 
taken as estimations  only. 

TABLE 1 QRANUUR RESOURCE VOLUME ESTIMATB - ISSERK BORROW BLOCK 
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> 2 c 3  
r 3 c 4  
r 4 c 5  
> S e 6  
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Unit Thickness (m) Area c" *lo') Vdume (ma ' I d )  

CONCLUSIONS 

40.840 
40.840 
40.840 
40.840 

40.84 
204.20 
408.00 
816.00 

The  lsssrk Borrow Block of the south  central  Beaufort  Sea covers an  area  of 400 square 
kilometres and  contains  significant  amounts  of  proven,  probable,  and  prospective  granular 
resource  materials.  Through the integration of geophysical,  geotechnical,  and  geological  data 
collected  over  the  past 15 years  from  both  industry and government  operators, two main deposits 
were  identified.  These deposits occur as fine  to  medium  grained  sand  bodies  that lie within  a 
complex sequence of glacio-fluvial,  fluvial, and transgressive  marine type sediments  that form a 
northwest - southeast  trending  ridge  across  the Akpak Plateau. 



The first  deposit  (Upper  Sand  Unit) is a localized shallow  sand  body  which  lies in the central 
portion  of  the lsserk Borrow Block. Its triangular  shape  covers an area of  approximately 53 
million  square  metres.  Borehole  and  seismic  data  indicate  an  estimated 19 million  cubic  metres 
of  proven, 63 million  cubic  metres  of  probable,  and  up to 80 million  cubic metres of prospective 
granular  resource  materials.  The  proven  resource  estimate is based primarily on  borehole 
information and subdivided  according to dredging  and  development  concerns. 

The second  deposit  (Lower  Sand  Unit) is a near  surface  exposure  of  Unit C which lies in the 
southeast  quadrant  of  the  study  area. Its estimated 800 million  cubic  metres of prospective 
granular resources is based on  limited  seismic  information  only,  and  requires  considerable  future 
ground  twthing. Of this 800 million it is likely  that  only 100 to 300 million  might  actually be 
recoverable  when  permafrost  bonding  and  resource  quality are fully  considered  and  delineated. 

It is conceivable  that  the  Lower  Sand  Unit  extends  beneath the Upper  Sand  Unit  to  the  northwest, 
separated,  however,  by a clay layer of  variable  thickness. The actual extent and quality of this 
deposit  can  only be determined  through  further  investigation. 
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Track  plot  and  geotechnical  boreholes  available  within  the lsserk Borrow  Site  study 
area and  location of constructed  borehole  profiles of Figures 7, 8 and 9. 

Detailed  one  metre  contour of the Bathymetry  within the lsserk Site  area. 

Map of Surficial  Sedimentary  Cover  within the lsserk  Borrow  Site area 

Borehole  Transect A-A' 

Borehole.  Transect B-B 

Borehole Transect C C  

Structure  contour map of the  top of Unit C in the lsserk Site area. 

Schematic  drawing  outlining  the lsserk Site  Depositional Model. 

lsserk  Granular  Resource - Upper Sand Unit 

lsserk Granular Resource I Lower  Sand  Unit 
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ABSTRACT 

The 2!24 square km area  of  the  Erksak  Borrow Block area  located  in  the  southern  region  of  the  Central 
Beaufort See has  been  reviewed  and  assessed based on a comprehensive  duta base set of geophysical  records 
and  geotechnical  boreholes. The borrow  block  lies  primarily on the  Tingmhrk  Plein  region  which is bounded 
by the Kugmallit  Channel  to  the  west and the  Niglik  Channels to the ea&. The  detailed  analysis of these  data 
has  allowed  a  subdivision  of  the  Tingmiark Plain into  the Wed Erksak  Hlgh, the Erksak  Channel, James Shoal 
Extension  and  the  Uviluk  Channel.  The West Erkssk High has been further subdivided  into  subregions  named 
the  Erksak Crest, the Kogyuk Terraw  and  the  Ukalerk S m .  The borrow  region is primarily  a  drowned  upland 
area of  the  Beaufort  shelf  of  whlch  the  primary  physlographk  features were developed  on the subaerially 
exposed surface  of  relatively  coarser  grained  Unit C materlols. These materials were deposited in a periglacial 
braided  stream  environment  during  the last low stand of 806 level associated  with  the most recent  glaciation. 
Tho regbn was inundated by the  transgressing -8s over  the past 10,OOO (offshore) to 3,000 (nearshore)  yeera 
and as the  regions were transgressed  the sediments ware  reworked  by  the  high  energy  environment  of the 
nearshore  breaker  zone  and  continued  wave  base  mobile  mnes until water  depths  increased  signHicantly  and 
these  processes  have  basically  ceased.  The  transgression  and  reworking processes has cut down the 
topographic  hlgh  forming a transgression unmnfomity with  the  finer  components  winnowed  out  and 
transported  to  quiescent  regions  for  redeposition as Units A and B. The coarwr  materials were transported 
lesser  distance*, if at all and in some -ses formed  progradational wedges along the  edges  of  the  highs  or 
were localbed into sand  ridges  and sand bar  features.  Within some regions  such  as  the Erksak Channel  the 
distlnctlan  of  transgressive  formed  features  cannot be distinguished  from  pre  transgression  fluvial  formed  river 
bars or  islands  however. * 

The  detailed  analysis  of  this she has  defined 33 prospective  granular resource areas  within the borrow block 
that  potentially  contain 183 billion cubic metres  of  resoure0 material. Within  these  proapective regions a 
subset of 20 pram r w e m  regknt are  defined using the borehole  and  seismic coverage which  indicate 720 
mlllion  cubic metres of tesources  with a reasonably  high  probability  of  recoverability.  With  the  available data 
resources and a comparbn to the  proven  granular moumes the  prospective  reaource as been a s s a d  a 
probable rBaovBly volume of approximately 7.4 Mliian cubio metres  though site s p e ~ i f i c  borahok  and acoustic 
confirmation studies would  be'requlred  prior to any r-1 resource utilkation of  these  probable rmmes. 

INTRODUCTION 

The-Erksak Borrow  Site  study program was one component of a set  of  three  concurrent  studies 
that  were  initially  conducted  by Earth & Ocean  Research  Ltd.  through 1987188. These  studies 
consisted of a two volume borrow study  conducted  for DIAND of which  volume 1 is the lsserk 
borrow site area and  volume 2 is the Erksak borrow  site  area.  The third study was a regional 
surficial  geology  program  for  the  South  Central  Beaufort  Sea  region  which was completed for 
Steve  Blasco of AGC. Steve will be discussing these regional  geology  results in a paper 
presented at this  meeting. 

Figure 1 is a map of the  Beaufort  sea  showing the South  Central  Beaufort  geological study area 
and  the two concurrênt borrow block  study areas. These  borrow  study  reports  were  completed 
by EOR under DSS contract A0632-7-501 l/ClST for Mr Bob Gowan  of  DIAND as a part of 
NOGAP project A4-20.. 
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ERKSAK BORROW BLOCK 

NW: ZONE 8; 550,000; 7,800,000 (70'1 8'10" 133°40'1S") 
NE: ZONE 8; 609,000; 7,800,000 (70°17'04" 1320061 5") 
SE: ZONE 8; 609,000; 7,750,000 (69'50'12" 132%9'57") 
SW: ZONE 8; 565,000; 7,750,000 (6S051'04" 133018'33") 

These co-ordinates  describe a quadrilateral  that  widens  to  the  north.  At its closest approach to 
land,  the  southern edge of the block lies  approximately 9 km to th8 north of the TuMoyaMuk 
Peninsula..  The  defined area encompasses  approximately 2574 square  kilometres  of  the  Beaufort 
Shelf. 

The specific purpose  of  this  study  has been to  evaluate a l l  (or  as  much as possible) of the 
geophysical and geotechnical  data  available  within these regions  with the primary mandate of 
attempting  to  quantize the locations  and  volumes of proven,  probable and prospective  granular 
resources  that  are  present. 

All three of the above  referenced  studies  used a common data base set  which was compiled and 
collated with the  intent of using it over  the  three  study programs mentioned above. 

DATA BASES 

Th8 mandate of these studies  was to evaluate all high  resolution  geophyslcal  and  geotechnical 
data  that  had been Collected ln this study m a .  This consisted of a massive amount  of data 
though not all of these data could be found and accessed within a reasonable search effort for 
this study and a resulting more limited,  though  still  significant,  data  set was actually  used. 

DIAND had initiated an earlier data compilation contract with McElhanney Sewices LM which was 
a library search of  the industry geophysical  reports to identify the industry  geophysical  data  sets 
that were originally collected (McElhanney  Services  Ltd., 1988). A second  program  with EOR 
was conducted to  compile and digitize the geophysical  track  data  (Peters, 1988) and a third  with 
EBA  to  identify  and  compile  the  geotechnical  data  bases  within  the regions (EBA,  lsserk 1988a, 
Erksak, 1988b,  and  Central  Beaufort, 1988~). 

The initial tasks of this  present  study was to  locate  and copy as much as possible of the 
geophysical data sets for use  within  these evaluations. This was carried out  over a month  long 
period in ' Calgary  with  considerable  appreciated  help of the respective Beaufort Sea industry 
operators. A number of the geophysical records couldn't be located  and  after a reasonable effort 
it was decided to go with  the dabthat had  been  collected. 

NAVIGATION/GEOPHYSICAL DATA BASE 
I 

1 
The  track  navigation  and  geophysical Data compilations  included  the  entire area of the  South 
Central Beaufort Sea  geological  study area. Figures 2 and 3 of the  previous paper on the lssark 
site outlined  the  entire  navigation  and  geotechnical  data  bases  available  for the South Central 
Beaufort study area and will not be repeated  hear. 

Figure 2 in this paper shows the  more  limited area of the Erksak borrow site and the  geophysical 
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track  lines  and  the  location of the geotechnical  boreholes  available  for  just  this area. 

In general the  overall  geophysical  data  set  is  of good but  variable  quality.  The  quality  is 
dependent  on  weather  conditions  at  the  time  of  collection.  Difficult  interpretation arises most 
commonly  from  real  geologic  conditions  rather  than poor collection  technique.  This is especially 
evident  over  the  areas  of  main  interest,  the  bortow  sites. Records that  display good resolution 
and are readily  interpretable  where  they  cross  the  channel  areas  to  the  east and west of the  sites, 
become  congested and the  character  difficult  to  determine over the  coarser  grained  materials of 
the  borrow  sites. 

Of the two main  data  sources,  the  boomer  and  the  microprofiler,  the  microprofiler is the more 
suitable  for  the  resolution  of  the  nature  of  the  surficial  cover. The higher  frequency  envelope of 
this  system  makes  the  signal  more  susceptible  to  reflection and attenuation  on  coarser  substrates 
and is therefore  somewhat  calibrated  to  discern  sandy  material  from  silty  material. In the  present 
application  where  the  determination  of  coarse  material  at or very  near  the  seafloor is critical,  the 
profiler's  lack  of  penetration ability in coarser  sediments is of less importance  than its ability to 
discriminate  between  sand  and  siltMay.  In  comparing  microprofiler  data  to  borehole  data it is 
observed that a  strong  correlation exists between  signal  attenuation  and  reflection  character  and 
sediment  texture. 

The boomer data is more  valuable in establishing the saismo-stratigraphy of the  study  site.  The 
reduced sensitivity to textural  changes  that  limits  the  usefulness  of  the  tool for discriminating 
coarse from fine material permits more consistent imaging to greater  depths  through coarse 
material. It is also noted  that  where  boomer and borehola  correlation is possible, a diagnostic 
seafloor  return Is also generated from this source  over mame substrates  though it is less obvious 
than that of the microprofiler  data. 

Appendix 1 and 2 of the text reports (Meagher and Lewis, 1988a and  b) describe the  McElhanney 
data  base  which  consisted  of a compilation  showing  the  surveys  completed  and  line  data 
originally  collected and the  results  of  the  data  search  respectively  which  describes  the  listed/found 
and  copied  data  used for this  study.  Appendix 2 data  base  gives  the  locations  of  the  original  data 
as  of  April 1988 and  the  copied  data  is  currently  resident  at AGC in their  data  archives. 

GEOTECHNICAL DATA BASE 

The  geotechnical  data  bases  were  compiled  and  inserted  into ESEBase record form by EBA 
Engineering  Ltd.  for  the  entire  south  central  Beaufort area. This  data base project  will be 
described  more  fully in  a  latter  paper  presented by Rita  Olthof  of EBA. 

Initially 94 boreholes  were  identified  within the Erksak  Borrow Block (EBA, 1988b).  While 
reviewing  these  data  sets it was  discovered that an  additional 28 boreholes had been  drilled 
within  and  just  beyond  the  boundaries  of  the  Erksak  Borrow Block which  proved  useful  in  this 
study.  These  additional  boreholes  were  reported  within EBA's final (1988~) report. 

The  borehole  coverage  within  the  entire  Erksak  Borrow  Block  is  sparse in relation to the  overall 
size of the  region.  The  boreholes  tend to be clustered  into 4 or 5 main  groups  which  were  drilled 
for  exploration  island  sites  and  detailed  dredging  evaluations  at  specific  locations. The coverage 
in these detailed  regions  is probably adequate  for  the  detailed  local  assessment of borrow  quality 
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and  quantity,  however  the  detailed  re-evaluation of these very limited areas has  not  been  feasible 
within the context  of  this  regional  study. 

Mr Neil  MacLeod  of EBA, via a subcontract  to  this  study,  assisted in developing a coding  system 
for  the  sediments  encountered  within  the  boreholes  which  takes  into  account  the  sand  and  gravel 
quality  and  current  dredging  requirements  and  equipment  restrictions  of  the  Beaufort Sea 
Operators. The coding  system  has  been  used in the  figures  describing  the  borrow  prospects and 
has been  used for evaluation  of  the borrow potential of the  respective  sites  when  boreholes are 
available.  This  coding  system is reproduced on  the  maps  of the detailed  borrow prospects 
discussed latter and for detailed  discussions  refer to Meagher  and  Lewis, (1988a and  b). 

SITE DESCRIFIIONS 

Throughout this section,  discussion  and  interpretation is restricted  to the region of the Erksak 
Borrow  Block. It is aimed  primarily  at the surficial  physiography  and  shallow  sedimentary  section 
for  the  sole  purpose  of  granular  resource  borrow  evaluation.  These  restrictions  encompass  Units 
A, B and the top section of C which were initially  defined  in M.J.  O'Connor's 1980 report. In order 
to  facilitate the detailed  discussion  of this region  the  physiography of the  area  has  been  examined 
in detail  and  additional  physiographic  names  beyond  those  presented  by  O'Connor (1 982a) have 
been used to  describe  the  bathymetric  and  shallow  subsurface  features  within  the  area.  These 
names are  presented as Informal  names and are  used  primarily  to  aid  the  reader in following  the 
detailed  discussions  within  the  original  text  report.  Sedimentary  Unit  names  referred  to  within  this 
talk follow the  O'Connor (1 980) terminology  conventions. 

The interpretations  have  begn directed specifically at the location and  identification of coarser 
grained borrow materials and therefore  does  not follow the standard  convention of most regional 
geologic descriptions.  .Thus  sub  surface  maps  generated  are based on  seismo-lithologic 
interpretations  directed .at delineating coarse materials  and  use  ground-truth  borehole  evidence 
where possible.  These maps are  specifically not time  stratigraphic  interpretations  which  would be 
the  norm for geological  interpretation  procedures. 

BATHYMETRY 

Figure 3 Is a contour map of  the  bathymetric  contours  over  the Erksak site  at a 1 metre contour 
interval  within  regions  where  the CHS data was adequate  and  at a 2 rn interval  where  the  data 
was  sparse.  The  high  definition  information  (highly  crenulated 1 m  contours)  has  been  developed 
by a careful re-contouring of Canadian  Hydrographic  Service (CHS) field  sheet WA 1 O1 76 (water 
depth  postings)  which  was  resutveyed by CHS in 1986. The  more  smoothed  contour area 
portions  of the map  have  been  constructed'from  the  Natural  Resource  Series  bathymetric  map 
for the  area.  This latter bathymetric map was  used  to  extend  portions  of  the  east  and  north  zones 
of  the  site  where  the detailed newer  field  sheets  were  not  available  at the time  of  writing.  The 
significant  decrease in the  crenulation bf the  contours,  apparent on the produced map in  these 
areas, is an  artifact of this  procedure  and  is  not  due  to  real  changes in the  seafloor 
microtopography. 

The  topography of the  site  is  developed  on  a  regional  north-noflhwestward  sloping  plane. A 
minimum  depth  of 6 metres is recorded at the  extreme  southeast  corner of the  site  and a 
maximum  depth of 54 metres  is  noted  at  the  extreme  northwest  corner.  Superimposed  on  this 
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plane are a  number  of  distinct  topographic  features  of  varying scala that  impart an irregularity  to 
this  surface.  The  larger  topographic  features are the physiographic  regions:  Tingmiark  Plain, 
Kugmallit  Channel,  and  Niglik  Channels,  outlined  and  described  by  O'Connor (1982a). Local 
variations in the  bathymetry  and  the  underlying  paleosurface  that  influence  and  control  the 
bathymetry  permits  the  subdivision of the  Tingmiark Plain into  smaller  component  regions.  These 
divisions  and  subdivisions  are  outlined  on  Figure 3. For  ease  of  reference,  the  subdivisions  are 
given  informal  names  intended  for use within the context of this  report  only. 

The  Tingmiark  Plain  has  been  subdivided  into  the  West Erksak High,  Erksak  Channel, 
Uviluk  High  and  Uviluk  Channel. The West Erksak High is further  divisible into the  Erksak Crest, 
Kogyuk  Terrace,  and Ukalerk Slope. The southwest comer of the map  area is occupied  by  the 
James  Shoal  Extension.  The  Kugmallit  Channel  and  Niglik  Channels are not  subdivided. 

- 

SURFICIAL COVER 

The  distribution of the  surficial  sediment type exposed on  the  seabed  within  the  Erksak Borrow 
Block is presented  in  Figure 4. The mapping  of  the  surficial  cover is based  primarily on an 
examination of the  seismic data, particularly  the  microprofilar  records,  validated  wherever possible 
with  visual  descriptions  of seabed samples. Where the seismically  defined  textural class boundary 
differs from that  derived  from the sample  control, it is shown  with a dashed  line.  Seismic  data 
is used  exclusively in the northwest  and  north where there  are  no  boreholes  and  bathymetric  field 
sheet  coverage is not  available. 

Textural  information  from the tops of the 122 boreholes has been augmented by 164 seabed 
samples collected by the Canadian Hydrographic  Senrice  during  the 1986 field season. CHS 
dlected these seabed samples using a small grab sampler on a 5 km. grid over  the  area 
covered by Field Sheet WA 10176. Where shoal examinations  were carried out, the seabed 
texture was determined  uslng a smaller armed leadline  sampling  device. Sire analysis are not 
routinely performed on grab samples  by the CHS, and the samples  are  routinely  discarded at sea 
after.taxamination.  The  textures  derived  from  the  borehole logs are primarily based on  visual 
description,  though  in  some cases they  are  supported  by  lab  testing.  The  surficial  cover  map is 
therefore  restricted  to  broad  textural  classification. 

The distribution of surficial  sediments is topographically  controlled, Sand and  sanddominant 
material is restricted to shoals  although  not a l l  shoals are sandy.  The  Kugmallit  Channel,  and 
Erksak Channel  are  uniformly  fine  grained. With exceptions  at  the Amerk 0-09 artificial  island 
site and a sand  sample  taken  from a small shoal located 4 km. to the  northeast  of  the  Amerk  site. 
This  shoal is anomalous in that it rises 6 metres  to a water  depth  of 22 metres'  from  an  otherwise 
low  relief  plain  and  consists  of  sand  where the surrounding area consists of soft clay.  The  feature 
has  the  appearance  of  an  artificial  island  though the CHS  field  sheet  records  the  location of 
artificial  islands  and  this  shoal is not  noted as such. 

Over  the  West  Erksak  High  the  sediment  distribution is more  varied,  but still related  to  the local 
relief,  with  sand or muddy  sand  recorded  over  the  ridges of the  Erksak  Crest  and  sandy  mud  or 
mud  noted  within the depressions.  The  outline of the  distribution of sand at the  seafloor as 
determined  from  the  seismic  data  is  displayed  on  the  map  with  a  dotted  line. A comparison of 
this  outline  with  the  distribution  mapped  from  the  CHS samples shows  that  the  fine cover is more 
extensive than the seismics alone would  suggest.  This is most  likely  the  result  of a veneer  of  fine 
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material  resting  on  the  sand  substrate.  The  thickness of this veneer would not  exceed  about 30 
cm. or it would  be  visible  on  the  microprofiler  records. 

Seismic  and  borehole data over the Uviluk  High  indicate  that  sand  covers most of  the  surface  with 
mud  occupying two northwest-southeast  trending  depressions. 

The  southern  shoreward  portion of the  area  over  the James Shoal  Extension is generally  covered 
by soft clay  or  mud. A sand  sample is noted  next  to  the Alerk P-23 artificial island  and a second 
sand  sample is recorded 3 km. to the  east  on  the  flank  of  the  main  shoal  of  the James Shoal 
Extension.  The CHS sample  grid did not  sample  the  top  of  the  main  shoal  but it is surmised  that 
the  sand sample is representative  of  the  surficial  cover  of  this  feature. 

The fine  material  surrounding  the  coarse  deposits  consist  uniformly of inorganic  clays  with  very 
occasional  black  organic  streaks.  They  are  generally low to  medium  plastic  with a water  content 
that  varies  from  about 20% to 45% (Unit 6 type clays).  The  clays also vary  from soft to  very  stiff. 
Trace  amounts  of  sand in fine  laminations are noted in several samples as well as trace amounts 
of silt, and  shells. 

SUB-SURFACE GEOLOGY 

The subsurface geology  within  the  site can be described  within the framework  of  O'Connor's 
stratigraphic  model for the  Beaufort  shelf  (Units A, B and C). However, the design  of  this  program 
has  been  aimed  specifically at "Borrow Materials" and as was  noted  at the lsserk Site a very 
complex  relationship can exist  with  regards to Units B and C as far as coarser grained sands 
materials distribution is concerned. As there is no  reason to assume a different geological 
scenario  for  the Erksak site  and  since this much  larger  region  does  not  have the density  of 
borehole control that  was  available  at lsserk a tact of defining  the  distribution of the  top of 
potential  borrow  matmial (sands)  was  taken as opposed  to  attempting  to map the  most  recent 
regional  unconformity  (top  of C). This  concept worked well  with  the  microprofiler and boomer 
data' 'sets as in many  instances the actual  top of the unconformity surface could  not be 
acoustically  mapped  beneath  sandbars  and  shoals  composed of  the  reworked  Unit B materials. 
No attempt  to  differentiate  upper  and  lower  sand  prospects  on  the  maps of  this  study  has  been 
made as the  added  complexity  would  not  have been viable on such a  large  and  complex  area. 
This  distinction  has to be left to  more  detailed  site  specific  borrow  target  studies. 

With  this  mandate in mind  the seismic and  borehole  data  sets  were  combined to produce a depth 
structure  map  of  the  Top  of  Prospective  Sands  within  the  site  area  (Figure 5). This  surface is not 
a  time  stratigraphic  horizon  but is a  composite  of, in many  cases,  overlapping  reflecting  horizons 
of  laterally  discontinuous  higher  amplitude  reflections  interpreted  to be the  top  of  shallow  sands 
or  prospective  borrow  materials  within  the  area.  While  these  horizons are not time  synchronous, 
when  taken  together,  they  form a morphological  pattern  that  suggests a depositional  system 
acting  over  a  short  period  of  time  which is likely  associated  with  a  high  energy  shallow  water 
nearshore  active  erosion  and  redistribution  environment.  This  environment  has  migrated 
shoreward  with  time  associated  with  the  most  recent  marine  transgression of the area. 

Figure 6 is an  isopach  contour  representation of the soft surficial  sediments  overlying  these 
prospective  sands.  This  information is necessary  for  defining  regions  of  prospective  resource 
because of the limiting  constraint of having a maximum of 3 m of overlying  material that might 
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have  to  be  stripped  away to get  at  the  resource.  Note  from  the  structure  map  that  the  definitions 
of  the  supplementary  physiographic  regions  are  much more distinct  where  they  were  quite  muted 
though still evident  on  the  bathymetric  map  presented  earlier, 

These maps indicate  that the physiographic  highs typically have a thin or absent soft sediment 
accumulation  and  irregular  patterns  of  distribution.  Within  the  physiographic lows the 
accumulations of soft materials are controlled by the  well  developed  topography of the  underlying 
surface.  The  Kugmallit  Channel  shows  thick  accumulations  (up  to 24 m) of soft materials in  the 
south  and  thinning  toward  the  north  (between 1 and 11 m). A similar  pattern is noted  in the 
Erksak  Channel., In the  east in the Uviluk  Channel  accumulations are not as well  defined  due to 
the  general lack of  data  though  range  from 4 to 7 m  in  thickness. 

DEPOSITIONAL SUMMARY 

Based  on  the  geophysical  and  sampling  data a tentative  depositional  summary of the upper 20 
m  of  the  sedimentary  column  has  been  developed. The Beaufort  sea  shallow  geological 
sequence  consists  of a number  of  repeated  cycles of marine  incursion  separated by periods  of 
subaerial  exposure  related  to  glacially  induced  low stands of  sea  level.  This  sequence  has  been 
built  on  top  of a continued  regional  basin  subsidence  in  the  region  and  there are believed  to  be 
approximately  six  or  more  cycles  presenred  within  the  Quaternary  section  which  constitutes the 
upper 400 to 600 m of  sedimentary section in the Central  Beaufort  area. This study  concentrates 
on  the  upper 20 m of this section  which  represents  the  sub-aerially  exposed  surface  developed 
prior to the most  recent  marine  incursion of the  area  and  the  post  transgression  deposited 
sediments.  These  sediments  represent  the  accumulated  deposition  over  approximately  the last 
12,000 to 14,000 years.  During  this  period average sedimentation  rates  of  up  to 3 to 4 m  per 
1000 years during the early part of  the  cycle  have  occurred  assuming  age  dating  within  the 
sections  have  been  accurate. 

The  developmental  history of this site  essentially  consisted  of the very fast deposition  of  Unit C 
sands'-as a glacial  outwash and braided  stream  system  which  existed  during  the last glaciation 
from  about 14 - 18 ka until  inundation  by  the  re-advancing seas. These  periglacial  coarser 
grained  materials  were  sub-aerially exposed and  subject to significant  permafrost  aggradation 
prior-to inundation.  The 11 boreholes in the  area  which  fully  penetrate  this  unit  indicate  that  Unit 
C is from 35 - 50 m thick 

The region was inundated by the  advancing seas during  approximately 8,000 (offshore) to about 
3,000 (nearshore)  years  before  present  based  on the current  water  depths  and  the  presently 
understood  Relative  Sea  Level  curves  for  the  area  (Hill etal., 1985). 

The  physiographic  regions as defined in this  study  are  believed to outline  the last subaerially 
exposed  topographic  conditions  prior to inundation.  The  Erksak  High,  James  Shoal  Extension 
and  Uviluk  High  represented  topographic  promontories that were  bounded by the  Uviluk,  Erksak 
and  Kugmallit  Channels.  The  channels  were  likely  existent  some  time  prior  to  inundation  though 
because of the  excessive  downcutting  in  the  Kugmallit  Channel it is  speculated  that  the Erksak 
and  possibly  the  Uviluk  Channels  were  abandoned  some  time  prior to inundation.  Thus  the  sand 
bar / channel  island  features  noted  in  the  Erksak  channel  are  interpreted to be riverine  and  not 
transgressive in origin. 
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The  deeper  Kugmallit  Channel was the first  region to be  inundated  and as sea levels  rose  the 
Erksak  Channel  would  have  been  inundated  approximately  coincident  with  the  Ukalerk  Slope. 
Since  the  remnant  channel  and  knoll  topography is still  preserved  on  the  Ukalerk  Slope it  is 
presumed  this  region  was  inundated  rapidly.  The  broader  contours of  the  Kogyuk  Terrace  imply 
that  sea  level  rise slowed and  the  region  was  cut  back  further by shoreline  retreat  associated  with 
the  breaker  zone.  This  factor  suggests  the  region  might  be  richer in concentrated  gravels  than 
other areas  though  this is not  confirmed at this time.  The  last  areas  to be inundated  would  have 
been the  upland  Erksak  Crest,  James  Shoal  Extension  and  the  Uviluk  High. 

Both  prior to and dun'ng  inundation  of  the  higher areas subaerial  erosion  would  have  concentrated 
the  coarser  fraction  materials  along  the  edges  of  these  highs.  This is evident  on  the  seismic 
records  over the'edgas of both the Kugmallit and Erksak  Channels.  Just  after  inundation in any 
particular  region  the local areas  would  have  undergone  a  high  energy  environment  which 
transported the fine  materials  offshore  while  the  coarser  materials  would  remain  virtually in place. 
These  remnant  materials  formed  the local bars and  foreset bedded marser materials of the 
surficial  Unit 6 sediments  which  are  quite  variable  throughout  the  area. As transgression 
continued  and  the  regions  passed below wave  base a transition  to  finer  sediment  deposition 
occurred  with  eventual  deposition of the finer  facies  Unit B clays  and  finally  the  Unit A clays. 
Areas  where  sands aie still exposed at the  seabed  are  presumably  still  under  the  influence  of 
wave base erosion  and  winnowing  of the finer  sediments,  though  at  present  most  of the Erksak 
block  would only be significantly affected during  major  storm  events. 

GRANULAR RESOURCE MODEL AND EVALUATIONS 

DISTRIBUTION . 
. Figure 7 is a map of the granular resource prospects determined  within  the Erksak Borrow  Block 

area. The tight  horizontal  hatching  represents areas defined as proven  resource  zones based 
on  the  borehole  sampling  and  the  seismic  information  and  the  broader  vertical  hatching  represent 
areas  of  prospective  resource  based  on  seismic  evidence  and  some  limited  surface  and  borehole 
samples. 

The  outer  boundaries  of  these  prospective  zones  have  been  defined by the 3 m  contours  of the 
soft  surficial  sediment  isopach  map  presented in Figure 6 as  this is the  present  day  economic 
limitation of conventional  dredging  equipment  when  .overburden  stripping is required.  Areas  with 
a zero-cover  isopach  might be considered  higher  priority  from  a  site  development  point of view. 

Because of the  large  extent of the region  the  potential borrow sites  have  been  numbered  from 
1 to 33. In the large areas of virtually  continuous  accessible  resource  on  the  West  Erksak  High 
and  the  Uviluk  High  a  subdivision  has  been  made  based  on  the  localized  areas of the zero-cover 
isopaches.  Where  possible  the  boundaries  between  individual  sites  follow  the  maximum 
thïckness  of soft sediment  cover.  Within  the  Erksak  Channel  and the Kugmallit  Channel  most  of 
the  resources  have  at  least  one  metre of soft cover  and  therefore  the  boundaries of the 
prospective  resource is defined  by  the 3 m  isopach  contours. In addition to these  prospects two 
prospects on the  James  Shoal  Extension  have  been  defined by borehole  and  sample  information 
only. 

Table 1 indicates  the surface areas of each of  the  prospects  and is broken  down  into  the area 
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between  each  set  of  overburden  isopach  contours  out  to the 3 m maximum. It  should  be  noted 
that  some of the  identified  prospects, or at least portions of them have  been  concluded  to  be 
marginal  in  quality  as  far  as  their  suitability of  construction  materials  are  concerned.  Given  the 
limited  ground  truthing  available  at  this  time  they are included  within  the  prospective  volume 
estimates  pending  further  direct  sampling  evaluations. 

Prospects 1 to 12 are  located  on  the  West Erksak High, 13 to 20 within the Erksak Channel, 21 
and 22 on  the  Uviluk  High, 23 to 27 on  James  Shoal  Extension,  and 31 to 33 within  the  Kugmallit 
Channel.  Prospects 28 to 30 are on  the  James Shoal Extension  but  have  been  defined  by 
borehole  and  grab  sampling  only. 

From  the  table  summary  364 k m 2  show  no  or virtually no  surficial  cover (30 cm  or less from the 
acoustics), 146.8 km' lie  between  the O and 1 m  contours, 294.1 km' lie between the 1 and 2 m 
contours,  and 192.2 km2 lie between  the 2 and  3 m contours.  In  total  997 k m 2  of  the  total  2574 
k m 2  Erksak  Borrow  Block  area  are  considered  to be prospective  granular  resourm areas. 

Within  this  thousand  square  Wlometres  a  smaller  subset  of  area  has  been  designated as proven 
resewes  based  on  the  borehole  and  sample  control  which  has  allowed  us to put  a  quality  factor 
on  the  sediment  resources.  These  tightly  hatched  areas  on  Figure 7 have  been  based  on  an 
arbitrary  assumption  that  the  borehole  data  represents  a  region  within a one-half km radius of the 
boreholes. Thus a sub-prospect is defined either by a 1 km diameter  circle or. a perimeter  defined 
by a grouping  of  these  circles  and also limited by the 3 m overburden  contour  when  appropriate. 
These  sub-prospects  have  been  given  designations such as "p4b" where  the  "pu  indicate a proven 
resource,  the "4" indicates  that it is within  prospe@ve  area #4 and  the "b" is an  alpha  designator 
identifier  for that particular  sub-prospect. 

No attempt has been made on the plot of Figure 7 to spatially  define the probable  resources 
within  the  area as limitations  on  the  seismic coverage would not  allow a clear  definition  that  could 
be  mapped.  Within the following  volume of resource  discussion a summary  attempt  has  been 
made to delineate  the  probable  reserves  available  within  the  prospective  zones. 

RESOURCE PROSPECT GRANULAR VOLUME ESTIMATES 

PROVEN 

Of the 33 prospects outline  above only 8 have  been  sampled  by  borehole  testing  with  sufficient 
detailed  analysis to allow designation of the sediments as a proven  reserve. Table 2 summarizes 
the  proven  sub-prospects  identifies  the  borehole  control  and  assigns a short  summary  quality 
evaluation  to  each.  In  reviewing  the  boreholes  an  estimate of the  volume of useable  borrow 
material  has  been  made  either oh the  basis of sampling  depths  of  the  boreholes  (limit  of  sample 
depth) or on  layering  within  the  sediments  which  would  indicate  that  fines are below  and it would 
not be  worth  deeper  dredging.  Their  dredgeability in terms  of  dredge type has also been 
indicated.  This is based  primarily  on  the  overburden  cover  and  the  granular  materials. 

In  total  there  are 60.3 km2 of proven resource  areas  defined  and  these  areas  provide a relatively 
firm  potential  for 720 million  cubic  metres of recoverable  resource  materials  within  the Erksak 
Borrow Block. 
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Within  the  original  report  there  are  detailed  discussions on  each of these  sub-prospects  which 
cannot  be  discussed  here. 

PROSPECTIVE 

Table 3 combines Table 1 with  an  estimated  volume  calculation  of  granular  resource  that is 
dredgeable  by  various  dredging  techniques  that  are  currently  in  use.  This  prospective  resource 
estimate  does  not take into  account a quality  factor  since  only  a  few  of  the  sites  have  been  tested 
by borehole  sampling. 

The  breakdown of this  table  assumes  Hopper  Trailer  dredges  that  can  mine  the  surface  sands 
to a depth of2 m below  the  seabed  and are limited  to 1 m or less  of soft surficial  sediment  cover 
for  stripping purposes. In this  instance  the  potential  resource  recoverable is calculated in the  8th 
and 9th columns  with  the  total  resource  recoverable  by  this  method in column 10. Assuming a 
stationary  suction  dredge  which  can  strip off up  to 3 m  of  overburden  and  potentially  mine  to a 
depth of 20 rn below  the  seabed,  total  prospective  reserves  for  depths  of 5 and 20 m  sub-seabed 
are computed.  These  areas  and  volumes  include  the  proven  reserve  areas  of  the  previous 
section. 

With these  processes  a  volume  of 948 million  cubic  metres is potentially  recoverable by Hopper 
Trailer Dredge and if Stationary  Suction  Dredges  are  used a total  region  potential  of 18.9 billion 
cubic  metres of prospective  resource  are  possible. 

PROBABLE 

The above two sections  have  provided  estimates of  the  proven and  prospective  resources  within 
the Erksak Borrow Block. An  estimation  of  the probable proportion of useable reserve from  the 
prospective total above is attempted  here.  Probable reserve is defined a sands and gravels 
whose  existence and quality  has  been  inferred  on  the  basis of limited  ground  truthing  information 
and/or  several  types of indirect  evidence,  including  sidescan  sonar,  shallow  high  resolution 
seismic,  echo  sounding  and/or  bathymetric  and/or  geologic  considerations.  These  estimates  are 
based  on  an  understanding of the'proven  reserves  determined  by  boreholes  and  a  comparison 
with the  seismically  mapped  prospective  zones  to  provide  a  "best  estimate" of probable  resource 
for  planning  purposes. 

Within  the Erksak borrow block there  are  basically  three  types  of  prospective  granular  resource 
deposits  which  have  been  outlined by the  seismic  mapping  program.  The  upland  regions of the 
West  Erksak  High,  the  Uviluk  High  and  the  James  Shoal  Extension  contain two basic  resewe 
types.  The bar  and  island  features  within  the  Kugmallit  and Erksak Channels  are  the  third  type. 
On the  upland  regions,  the  reserve  consists  of  exposed  remnants  of  Unit C sand  materials as the 
basai  material  and of the  reworked  coarse  materials  which  are  noted  as  migrational  ridges  and 
progradational  wedges  that  have  extended the upland  regions  into  the  lower  lying  channels.  The 
reworked  materials  may  represent  Unit C materials if they  had been' deposited  prior  to 
transgression  within  a  subaerial or riverine  environment  or  lower  facies of Unit B materials if 
deposited  in  the  nearshore  breaker zone or current  controlled  deposition  associated  with  the  last 
transgression of the sea across  the  region. 

The  available data have  been  reviewed on the basis of probability of occurrence of unacceptable 
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sediment layers or limiting  zones  within  each  deposit.  Although it has  not  been  possible  to  map, 
in  detail,  specific  features  which  indicate  a  significant  probability  of  containing  higher  quality 
materials,  volumes  have  therefore  been  estimated  by  applying  an  interpretive  reduction  factor  to 
the  estimates of prospective  resources. Table 4 summarizes  these  estimates  of  probable 
resources in the  Erksak Block. 

Utilizing  these  quality  factors  the Probable granular resource  estimate  for  the  Erksak Borrow block 
reduces to 7.4 billion  cubic  metres  from the almost 19 'billion cubic metre  Prospective  reserve. 
In  particular the area of  the  James  Shoal  Extension  has  been  significantly  restricted in these 
evaluations  because of the  paucity of data over the  feature.  Therefore  the  larger  area of the  entire 
feature has been  excluded  from  the  tables  presented  here. If it were  to be included an additional 
4 to 6 billion  cubic  metres  might  be  added  within the prospective  category of borrow  reserve  of 
which 2 to 3 billion might  be  considered probable. 

CONCLUSIONS 

The 2574 square kilometre  area of the Erksak Borrow Block located in the  south  central  Beaufort 
Sea  continental  shelf  contains  significant quantities of proven,  prospective  and  probable  fine  to 
medium  grained  sandy  granular  resource  materials.  The  analysis of this  region  did  not  indicate 
any  significant  concentrations  of  coarser  grained  sand or gravel  materials  though  numerous  trace 
indications  were  noted  from  the  borehole records. 

The  region  consists  of a drowned  upland  region  composed  primarily  of  medium  to  fine  grained 
sands (Unit  C) which had been  dissected by a series  of  channels  prior  to  inundation by the  sea 
within the last 3000 to 10,OpO years.  During this time  range  the low lying  areas  of  the  Kugrnallit 
Channel were Inundated  toward the southern block area at approximately  the  Same  time as the 
northern upland areaiof the prospect  were just commencing the transgression process. During 
this period, the  shallower  regions of the possibly more  ancient Erksak channel system were 
partially  inundated  and at some point left the Uviluk High and the West Erksak High as nearshore 
island  .features  while  the  James  Shoal  Extension  area was a promontory  point  either attached to 
the  mainland  or  itself  cut off from  the  mainland by the  UviluWNiglik  Channel  system  further  to  the 
east. All through  this process the  upland  regions  were  being  eroded  both  subaerially  and by the 
nearshore  breaker  zone and wavebase  effects  of  the  advancing  seas. As sea  level rose further 
the upland  regions were eventually  inundated  by  the sea and  were  modified by the  transgressive 
erosion  activities as the  sea  progressed  through  the  high  energy breaker and  wave  base  erosion 
zones  toward  the  present  day  deeper  water  conditions. 

Throughout  the  transgression process the  surficial  sediments  of  the  upland areas were reworkd 
to form a transgression  unconformity  with  the  finer  components  winnowed  out  and  transported 
to  quiescent  regions for redsposition as Unit B or Unit A materials.  The coarser grained  sands 
tended to be  transported  shorter  distances, if at all, and in some cases formed  progradational 
wedges  along  the edges of  the  highs or were  localized  into  sand  ridges or sand  bar  features 
when  conditions  were  correct.  These  materials  form a portion  of  the  granular  resource  in  the 
region  while  the  main body of  the  resource  is composed of  the  deeper  Unit C materials. 

Similar  processes  were  at play prior  to  marine  inundation  within  the  subaerial  channels of the 
study area. These process  were  river and or  wind  dominated  and  contributed  to  the 
progradational wedges seen  adjacent  to  the  higher  regions  and  formed  the  river bar features 
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noted  within  the Erksak Channel  and  the  sub-channels  noted  within  the  eastern  portion  of  the 
Kugmallit  Channel.  These  sedimentary  features  are  technically  attached  to  Unit C, however  in 
many  cases  the  distinction  between  this  unit  and  the  higher  energy  transgressive  facies of Unit 
B are not  distinguishable  from  the  seismic or borehole  data. 

As regions of th0  borrow  site  passed  through  these  active zones, accumulations of finer  grained 
sediments  began  to  predominate.  These  accumulations  first  began in the deeper  water  zones  and 
topographic  lows  and  progressed  higher  on  the  upland  areas as the  transgression  continued to 
its present  condition. 

The  original  pre-transgression  topography  and  the  effects  of  the  transgression  process  have 
resulted  in  the  present  day  conditions  within  the Erksak BOKOW Block. The  distribution of  the 
potential  borrow  materials  are  concentrated  on  the  upland  areas,  though  significant  recoverable 
materials are available  within  the Erksak Channel.  Much  of  the  eastern  portion of the  site  has  not 
been  adequately  evaluated  within  this  study as little  seismic or borehole  data was available. 
However  bathymetric studies suggest that  this area likely  to be relatively  silt or clay  covered  which 
reduces  its  attraction. 

The  geophysical  and  geotechnical  data  utilized  through  this  survey  did  indicate  the  presence  of 
shallow  subseabed  permafrost  in  the  area. It is however  of  the  Hummocky  type APF and 
relatively  randomly  distributed.  In most cases, it is greater  than 1 O metres  below  the  seabed. As 
a result  this  hazard  to  dredging  will  locally  be  significant to the utilization of deep  Stationary 
dredging  mgthods.  On  the  regional  basis  however, it is felt that permafrost  does not seriously 
degrade the assessment of the  viable  resource in the  area. 

Analysis of the  geophysical *and geotechnical  data base has  shown  that  almost 720 million  cubic 
metres 3f relatively  finé  grained  granular  resource  have  been  proven.  Within  the  entire Borrow 
Block the  geophysical-data  have  outlined a maximum  potential  of  some 19 billion  cubic  metres 
of prospective  borrow  material of which  about 950 million rn3 could  potentially be recovered by 
Hopper  Trailer  dredge (5%). Of this  prospective  recoverable  material it  is estimated  that 
something in the  order  of 7.4 billion  cubic  metres  would  be  in the category  of  probable 
recoverable  resource  when  quality factors and  an  estimation  of  the  variability  of  subsurface 
conditions  are  taken  into  account. It is noted  here  that  the  entire  James  Shoal  Extension 
physiographic  region  may  be  considered as a prospective  area  but  was  not  included in  these 
volume  estimates  because of the paucity  of  available  data in  this  area. 

These  estimations  are  basad  primarily  on  therelatively large, but  variously  distributed  geophysical 
and  geotechnical  data  sets  that are presently  available  for  the  area. It is noted  here  that  these 
data sets  are  not  sufficient  to  define  an  actual  borrow  Utilization  development  program  and  further 
detailed  site  survey  and  borehole  quality  assessment  programs  are  required  within  any local area 
prior to  commencing  any  actual  dredging  activities. 
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TABLE 1 AREAS OF GRANULAR RESOURCE PROSPECTS - ERKSAK 

‘Site water 
No. Depth 

"""_"l_"f"""~- 

Overburden Cover Thicheae 
range O m  0-1 ID 1-2 m 2-3 m TOTAL 

2 
1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
I4 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 

28 
29 
30 

31 
32 
33 

(a) 

15-26 
West Erksak Hlgh 

217.0 42,l 47.8 
26-28 16.8  10.2 
23-25 10.2 

16.4  8.4  51.8 

26-34 
5.8 

32.1 
10.9 

13.4  19.6 
5.6  32.5 
11 .I 16.8 

36-48 2.1 2.0 7 . 2  1.7 13 .O 
34-36 2.9  7.2  5.7 2.0 17.8 

21.8  328.7 

" " 

36-38 
37-38 
32-35 
32-34 

24-29 
28-33 

30-35 
30-33 
28-31 

20-33 
14-19 

16-23 
15-39 
14-20 

26-30 
30-32 

26-28 
27-30 

28-30 
28-30 

28-30 

20-22 
8-11 
8-11 

46-51 
50 
50-55 

1,B 3.9 7 * 8  

5.7 
1*2 1.6  7.7 

0 .7  
8.7 
2.4 

18.0 
4.6 " .  

1.6 
8.9 

8 , 6  14.7 
21.0  14.3 

Erksak Channel 

- 1.1 13.5 
- 7.3 

- 7.0 
- 3.3 
2.2 

8.4 
4.4  30.9 - 20.4 

9.5 
- 
* 

.. 

Uviluk High 

23 .O 2.8 
16.6 

4.8 
5.5 5.5 

James Shoal Extension 

- 1.1 1.4 - 1.1 8.4 
.+ 0.2 - 0.1 

I 0.3 

JsE (boreholes only) 

0.8 - 
5.3 
15.0 

Kupal l i t  Channo1 

0.6 * 1.7 - 

10.6 
2.7 

2 .O 
6.7 

15.5 
6.9 

1 . 2  
5.4 

22.5 
15,6 

6.2 

10.9 
6.5 

1 . 8  

4.8 
4.5 

0.7 
1.6 
0.3 
0.3 
0.6 

- 

'O.  3 
0.7  

0 . 0  

24.1 
13.2 
39.1 
9.7 
31.8 
59.7 

22.4 
14.5 

27.3 
12.4 

60.0 
26.6 

20,4 
6.5 

35.4 
32.1 

11.1 
3.2 

0.5 
0:4 
0.9 

0 . 8  

15.0 
5.3 

0.3 
3 .O 

0.8  

14 

I 
I 
1 
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I 
I 
I 
I 
I 
I 

14-17 

20-23 

23-25 

25-26 
23-24 

26 

25-26 
24 

22-23 

26-27 

26-28 

28-30 

29 

26 

32 

21-22 

26-28 

29-32 

22 

8-12 

8.51 EK84SOI - EK84S01. EK84S1A - EK04S7A, 
7 . 0 6  UB82S04,S21.S22,S23.S24,S25,S3A, 

UBBO-40.  UB80-41 

UB82VO5.VO6,V2O.V21.  SUB8301 

UB82S26,  uB82V18,V19 
12.67 BTN1-1.-4,-5,-6,-7,-8,-9, UB80-38, 

0.19 UB80-39 
0.44  KBVC03 

1.52  KFtBHl - KBBHS 
O .79 SUB83SO1 
O e 79  NT82SOl 

0.79  UB82SOl,SO2 

0.44 UB80-45 

3.36 UB82V09 - B82V14 

2 .77  BTN1-12.  -13, -14 

0.79  UB82V07. VO8 

1 . a ~  ~ ~ 8 2 ~ 0 2 ,  so3 

0.91 * NU82S01, SO3 

0.085 uB80-42 

0.79 W80-54 

SP-SM tr  silt  variable 
& clay 
SM to SP. some Hop & Sta 

Hop & Sta 

silt  layere 
SM, some silt Hop C. 
clay layers p a s .  Sta 
SM to SP 
SP, SP-SM 

Hop & Sta 
Hop h 7Sta 

SH to  SF, clean Sta 
loose s & org to 2.8m 

Sn to SP 
tr grav. 

SP, clay B 5.5m  Hop 
peat O 6 . 5  
SP CO 1om 
t r  silt 
SP, SP-SM 2 ,Sm n/a 
clay, sand to 10.5~ 

Sta & Hop 

Hop E Sta 

SP occ SH 
t r  silt 

SP to SC some 
silt & clay 
sampled to 5 m 
excearaive fines 
marginal 
SP, SP-m 
tr silt 'grav 

SM to ML 
too much fines 

SM only *ampled 
to 1 n 

SM w some silts 
aamplad t o  9 m 

10.54 FWIl,lA, W80-46 to 52. W80-$5 to -58 SP - SM tr silt, 
clay & grav 

0.79 UE80-44 SP-SN some thin 
silt/clay layers 

5.21  AL80-1 to -18 SP, SP - SM 
some thin silt 

Hop to  Sta 

Hop ?Sta 

n/a 

Sta 

nia 

SEa ' 

H o p  & Sta 

Hop & Sta 
localized' 

Sta 
(Co 14 m) 

Hop & Sta 
localized 

85 

141 

123 

16 
a 
30 

4.3 
16 

a 
O 

21 

14 

O 

22 

O 

0.4 

I 

105 

10 

100 

'.. I 
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TABLE 3 PROSPECTIVE GRANULAR RESOURCE VOLUME ESTIMATES 

BORROW HD AREA M E A  AREA M A  HOPPER DREWE STATIONARY SUCTION 
WWtME =I"ITS TIW 10' cubic m. 

SITE m Om  cont  O-lm  cont  1-2m  cont  2-3m  cont 
range h l  bu' kn' km' under Om under  0-lm  HOPPER Sm DEPTH 2h DEPTH 

M 2m D E P T H  ToThL To 3m OF COVER 

a 

ff 

- 1  
a 

2  26-28 
1 15-26 

3 23-25 
4 26-34 
5 36-48 
6  34-36 

8  37-38 
9  32-35 

7  36-38 

10  32-34 
11  28-33 
12  24-29 

13 30-35 
14 30-33 
15 28-31 

17 ' 20-33 
16 14-19 

19 15-19 
18 16-23 

20 14-20 

21 26-30 
22 30-32 
27  28-30 

23  26-28 
a4 27-30 
2s 28-30 
26 28-30 

28 20-22 
29 8-11 
.30  8-11 

31  46-51 

33 50-55 
32 50 

217.0 
16.8 
10.2 
32.1 
2.1 
2.9 
1.8 
1.2 

0.7 
5.7 

8.9 
1.6 

2.2 

23.0 
16;  6 

0.8 
5.3 
15.0 

42.1 
10.2 

13.4 
5.8 

2.0 
7.2 
3*9 
1.6 
8 * 7  
2.4 

21.0 
8.6 

1.1 

4.4 
3.3 

2.8 
5.5 

1.1 
1.1 

0.6 

West Erkaak High 

47.8 
16.4 
10.9 
19.6 
7.2 
5.7 
7,8 

18.0 
7.7 

4.6 
14.7 
14.3 

21.8 434.0 
8.4  33.6 
5.6 
11.7 

20.4 

1.7 
64.2 
4.2 

2.0 5.8 
10.6 
2 , 7  

3.6 
2.4 

2.0 
6.7  11.4 

1 .4  
6 . 9  

15.5 17.8 
3.2 

Erksak Channel 

13.5 
1 . 3  

7 . 0  0.0 
7.2 

7.0 
0.0 

5.4 
8.4  15.6 

0.0 
0.0 

30.9 22.5 
20.4  6.2 0.0 

4.4 

6.5 
9.5 10.9 

0.0 
0.0 

Uviluk High 

4.8 4.8 46.0 

0.3 
5.5 4.5 33.2 

0.6 0 . 0  

Jtmea Shoal Extension 

1.4  0.7 0.0 
8.4  1.6 
0 . 2  

0.0 
0.3 0 . 0  

o.  1 0,3 0.0 

JSE (boreholes only) 

1.6 
10.6 
30.0 

Kugmallit Channel 

1.7 . 0 . 7  
0.3 

0 . 0  

0 . 8  
0 . 0  
0 . 0  

63.2 
15.3 

20.1 
8.7 

10.8 
3.0 

5 . 9  

13.1 
2 .4  

3.6 
12.9 
31.5 

0.0 
1.7 

0 , o  
5.0 
6.6 
0.0 
0.0 
0.0 

4.2 
8.3 
0.0 

1.7 
1.7 
0.0 
0.0 

0 .0  
0 . 0  
0 .0  

0.9 
0.0 
0.0 

497.2 
48.9 
29.1 
84.3 

16.6 
7.2 

9.5 
4.8 

24.5 
5.0 
16.1 
49.3 

1.7 
0.0 
0: O 
5.0 
11.0 
0.0 
0.0 
0.0 

50.2 
41.5 
0.0 

1.7 
1.7 
0.0 
0.0 

1.6 
10.6 
30.0 

0 . 9  
0 .0  
0 . 0  

1,496.3 
208.3 
129,3 
316.7 
49.0 
71.9 
80.4 

141.4 
46.9 

35,4 

227.8 
115.4 

71.7 
43.6 
38.0 

195.2 
83.3 

16.3 
60.5 

86.9 

156.4 
138.3 
2-6 

11.6 

1.5 
1.1 

38.4 

26.5 
4 , O  

75.0 

10.4 
0.6 
1.9 

6.426.8 
985.3 

1.470.7 
616.8 

244.0 
338.9 
441.9 
244.9 
733.9 

592.4 
lao. 9 

1,123,3 

261.1 
407.7 

224. O 

1,095.2 
485.9 

366.5 
113.8 

492 .a 

687.4 
619.8 
16.1 

59.6 
204.9 
9.0 
7.1 

16,O 
106. O 
300. O 

55 ,o  
4:4 
i3.1 

1 

TOTJLGB 363.9 146.E  294.1 192.2 727.8 220.2 948.0 3 ,990 .0  11.945.0 

Note: * * O  itdicath borehole control within the Prospect Area 

I 
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1 
I 
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SITE PROVEN PROSPECTIVE PROBABLE 
ID 10. ml 10' ml 10' d 

C"HENTS 

1 
2 

4 
3 

5 
6 
7 
8 

10 
9 

11 
12 

13 

15 
14 

17 
16 

I8 
19 
ao 

2 1  
22 
27 

23 
24 
25 
26 

28 
29 
30 

31 
32 
33 

431.3  6.426.9 3.000 I -  Wend toward  increasing  fines in a northerly 
27 985.3  400 I direction with considerable  fine  bedding noted 

616.8 300 I on the seismic  records  suaaestina  an  increase na 
36 
na 
na 

na 
na 
na 
na 
na 

M 

M 
O 
na 
na 

0.4 
M 

na 
M 

7 
105 
M 

' M  
na 

na 
na 

100 
10 

30 

na 
na 
na 

1,470.7 
244. O 

500 
100 

441.9 
338.9 100 

150 

733.9 
244.9 

200 
100 

592.4 
180.9 

200 
75 

1,123.3  400 

Erksak Channel 

407.7 
261.1 25 

40 

224 .O 20 
492.8 

1095.2 
120 
210 

485.9 . 240 
113.8 
366.5 

70 
220 

Uviluk High 

687.4 
619.8 310 

350 

.IC. 1 

James Shoal  Extension 

59.6 10 
204.9  40 

2 
1 

9 .0  
7 . 1  

YSE (boreholes only 

106.0 
16.0 

75 
6 

300.0 150 

Kugmallit Channel 

55.4 
4.4 

O 
O 

13 .1  O 

I in the  silt and clay  cmp&nt O: the sediments. 
I Resource W l i t y  is noted to vary significantly 
I with  small  posicYonal  change in borehole  tests 
I thus  estimate 50 Co 60 percent oE the  prospective 
I resource will be Unacceptable though on a 
I localized  basis, 
I 
I 
I -  

- Northsrn reworked - assume  low  quality factor 
- I  

- increaaing quality southward - increaaing  quality  southward - g o d  guality  proven  borehole 
- J.S. Ektenaian 
- . J.S. Exteyion . 

I ZOl 
I -  ood p r o ~ n  cmponent, therefore estimate 

I -  and IWO~O p ~ a p e c t  27 
utility with # o w  localized  fine lenaea 

I -  small targets with probable  fair to good 
I 'quality  Eut  sediiaent cover reduces probability 
I 'of utilizatisn 
I -  

l -  Good potential with some fines component 

I -  surficial cover striping  required 
I and  mcderately vel1 proven  though  significant 

I small targets  of  reworked  sediment  likely 
I containing  significant  fines and significant 
I slurficial cover to strip off. 

TOT= 747.7 16,945.0 7.414 

Note: na = no samples  available to prove reserve 
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1 .O INTRODUCTION 

In 1988, EBA Engineering Consultants Ltd. (EBA) compiled a geotechnical report catalogue 

and 8 database of 1288 borehole logs completed in the Canadian Beaufort Sea between 1973 

and 1987. In 1989 the database was expanded to include 1053 surficial sediment corehole 

logs completed prior to  1988, and 46 borehole logs completed in 1988. In 1991, the 

geotechnical database compiled by EBA was expanded,  and a geophysical database compiled 

in 1988 by McElhanney Geosurveys Ltd wets expanded. Logs compiled in 1991 include 80 

relatively deep boreholes or coreholes,  and 334 surficial sediment samples. To date (as of 

1991 1, a total of 2801 logs have been compiled in the database.  The assignments were 

carried out  for Indian and Northern Affairs Canada, under funding provided by  the Northern 

Oil and Gas Action Program  (NOGAP). 

. "  

Amoco Canada Petroleum Ltd. (DomeKanmar), ESSO Resources  Canada Ltd., Gulf Canada 

Resources  Ltd., the Geological Survey of Canada  (GSC), Indian and Northern Affairs Canada, 

and the Canadian Hydrographic Service (CHS) have provided valuable data for  the database. 

Although the database now includes over 2800 log entries, it is  not  yet complete. Five 

borehole logs from.  the GSC database which were  incomplete  were not included in the 

database. Twelve togs are available from Amoco which have not  yet been included.  Also, 

there are estimated to be  several hundred more shallow corehole logs available at GSC from 

the 1970 and 1971 M.V. Hudson Surveys which should be included in future additions to  the 

database.  Several geophysical reports  were not obtained;  one from Gulf (1  990 program) and 

the remaining reports  from ESSO. The now-defunct organizations Arctic Petroleum Operators 

Association and Beaufort-Delta Oil Project Ltd. also have numerous reports which  thus far 

have not been obtained or checked for relevant information. 

Including work done in 1991 by Indian .and Northern Affairs Canada (INAC), the databases 

now comprise a repart catalogue, an ESEBase borehole  database, and a source database 

which describes specific sources of granular materials. These databases are linked by use  of 

common granular source numbers, study numbers and UTM locations. Information contained 

in the databases can be  (and  has  already  been)  used to evaluate as much as possible of the 

available geophysical and geotechnical data in the Canadian Beaufort Sea, primarily with 
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respect to quantifying  the  locations and volumes of proven,  probable, and prospective granular 

resources. Some evaluation projects conducted to date using the databases are presented at 

this seminar/workshop, including the  lsserkand Erksak Borrow  Site  study programs (presented 

by John  Lewis of Lewis Geophysical Consulting) and a regional surficial geology program for 

the South Central Beaufort Sea region (presented by Steve Blasco of  the  Atlantic Geoscience 

Centre). 

Figure 1 presents a location  map  of  the  study area, the Beaufort Sea. Table 1 summarizes 

the numbers and type  of logs compiled in each year of  the project. Table 2 summarizes the 

numbers of  reports  reviewed in each year and the range of dates of the reports. 

It is our understanding that  the report catalogue is available from INAC  on  an as-requested 

basis in digital or paper format. The ESEBase borehole database has a more  restricted 

distribution. A subset of the ESEBase borehole database has been extracted  by INAC for 

borehole location mapping purposes, and consent was obtained from the operators for use of 

this general information. The detailed information remains protected and confidential, with 

the exception  of future by the Geological Survey of Canada (GSC), whose purpose is 
scientific. 

2.0 PROJECT OUTLINE 

2.1 O biectives 

The primary objective of  the  work has been to compile, in a standardized (ESEBase) format, 

a database of  surficial sediment core and deep  borehole data from  the Canadian Beaufort Sea. 

The database is intended for use in th8 evaluation of granular resources for  construction 

materials. The database logs are intended to be accurate  stratigraphic and textural 

interpretations of the originals; however, some detailed engineering (for example: strength, 

consolidation, etc.) data has been omitted. 

A second significant part of EBA's work has  been to compile a bibliography or report 

catalogue of the various operator and consultant  reports  containing subsurface geotechnical 

information. In 199 1, existing geotechnical and geophysical report catalogues (compiled in 
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1988 by EBA and  McElhanney, respectively) were updated to reflect additions made to the 

data base in 1989 and 1991, 

2.2 Data Presentation 

A report catalogue sample entry  is presented as Figure 2. The geotechnical report cataloque 

is  shown in graphic form on Figure 3, with the  minimum and maximum boundaries of each 

report area outlined. Figure 4 shows  the  report areas for the geophysical report catalogue. 

EBA's previous reports (1988, 1989, 1991 1 list the original reports  from which information 

was obtained. Figure 5 shows a scatterplot of boreholes in the ESEBase borehole database. 

Geotechnical and geophysical information  for  the databases was obtained from a total  of 148 

reports. This number is somewhat misleading as some reports cover larger geographic areas 

than others. For example, some reports may contain only one or two boreholes at a single 

site, others may  contain over 200 holes dispersed  over a large area.  Therefore, in order to 

facilitate searching for  this data, the catalogue of field  activities includes 179 entries with 

separate entries  for 'sub-projects' from smaller geographic zones. 

3.0 DATABASE DESCRIPTION 

The Beaufort Sea Database was originally prepared with ESEBase Version 3.0. ESEBase 

Version 4.0 is  now available: all  files  created with Version 3.0 are upwardly compatible, with 

a one-time conversion when  the database is first used. figure 6 presents a typical borehole 

log, as produced by the ESEBase progrbm. 

The difficulty in preparing a large database  or  series of databases from almost 150 different 

reports is  with standardization. The original format, numbering system, datum, etc., were 

generally not consistent for the  raw borehole data received for  many logs, thus some 

modifications  were required to standardize the logs to ESEBase format  for  inclusion in the 

present database. There was also a need to standardize borehole name formats  for  coding 

into  the system. Thus, as shown in Table 3 and  Figure 7 ,  a borehole code would include a 
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code for area location, year  drilled, type  of sample, and borehole number. Borehole logs 
themselves were standardized according to sample types (for example, core, Sm, Shelby 

tube), datums  were referenced .to seabed, soil description (order of priority of terms), soil 

classification, and ground ice descriptions. 

3.1 Soil Descrintion 

The stratigraphic  information on the logs includes the  following  components (also summarized 

as Figure 8 )  where available. 

a principal component k g .  CLAY, SAND, SILT, etc.) 

Unified Soil Classification, (USC) 

a principal component modifier(s) (e.g. silty, some sand, etc.) 

particle shape 

structure 

a moisture 

consistency 

plasticity 

colour 

ground ice description 

It should be noted that soil strength parameters were generally not included in the original 

versions of  the ESEBase database, except in a few cases where the original borehole logs 

were already in ESEBase or ESELog and required little  modification to  standardize. However, 

at the request of Indian and Northern  Affairs Canada, some original borehole logs including 

strength data were provided (1 988 May) after database completion. Therefore, the  strength 

data is readily accessible for addition to the database at some later  time. 
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1 
I 

Moisture  content,  Atterberg Limits, limited grain size  analyses and Unified Soil Classification 

(USC) data have been included in the database. Atterberg  Limits and grain size analyses were 

used to check and provide Unified Soil Classification System (USC) classifications. All 

available grain size data has  been included in the database. ‘050‘ data was not available for 

the logs and was  not calculated due to time constraints. This  data  would be a valuable 

addition to the logs. Silt and clay  contents are presented in separate fields in the ‘Basic Soil 

Characteristics Data’ file. 

3.3 Ground Ice Descriotion and $amde TemPerature 

The ground ice  description standard used for  this database follows the guidelines established 

by NRC. Where available and readily interpreted, ground ice  informatiqn and soil temperature 

has been recorded in the ESEBase borehole  database. 

4.0 COMPUTER DATA HANDLING ROUTINES 

For some similar onshore  databases, computer data handling routines  were required to extract 

data from ESEBase files and update the Granular  Resource (source) database maintained by 

INAC. All data for boreholes, testpits, or exposures for a given  source/study number was 

extracted  from ESEBase files. The parameters needed for  the source database database were 

then calculated and the source database record was either updated  (for  existing entries) or 

created (for  new entries). When the granular sources and their boundaries are better defined, 

the same operation can be  done for the Beaufort Sea databases to  create a source database. 

I 
1 
I 
I 
1 

I 
I 
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5.0 USE OF THE DATABASES 

The report catalogue is useful for determining what has been done in a specified area.  For 

example, in dBase,  a listing  of all reports with a specified UTM zone, minimum and maximum 

northing and easting can be made, and/or a report catalogue summary sheet can be printed 

for each relevant report. The report catalogue summaries give information regarding contact 

names for the project, study typa, size,. and quality of data, level of detail, and so on. The 

researcher could  then refer to ESEBase borehole database for  further details, or obtain  the 

original reports themselves. 

In ESEBase, printouts of actual logs from a specified area can be  made, as well as profiles or 

stratigraphic cross-sections through  the area, maps of borehole locations, and plots of 

laboratory data. Or, for example, if one wanted a plot of all areas with a soil of gravel content 

of 20 percent or  more, ESEBase could sort and select the required boreholes for  plotting. One 

can also sort boreholes by operator. 

When constructed, a source database could be used similarly. For example, for a specified 

area, further details' on soils in the area including numbers of boreholes, type and thickness 

of overburden, details on proportions of gravel/sand/fines in the granular resource, and test 

result summaries can be obtained. This database will summarize data  found in the ESEBase 

borehole database. 

Plots can also be made in conjunction with other software programs, for example, InFocus 

and Quikmap are  used. Further development is being undertaken  for easier use of these 

programs in conjunction with ESEBase. John Peters' presentation discusses this aspect 

further. A sample plot  showing geophysical trackplots and borehole locations is presented as 

Figure 9. Figure 10 shows a sample plot of a  borehole cross-section or soil stratigraphy 

profile. 
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6.0 CLOSURE 

In total, 2801 corehole,  borehole, and surficial sediment logs from  the Beaufort Sea have been 

summarized in a database intended to allow  interpretation of the  distribution of granular 

resources and restrictions  on their development. In the future, logs not  yet included in the 

database could be added. Regular maintenance of the database by updating annually with 

new borehole data will provide a reliable source of data on Beaufort Sea granular resources. 

It should be realized that some errors in the databases are inevitable. Also, the data can only 

be as good as the original data source, which may vary according to weather and/or sampling 

conditions. Therefore, use should be for  information purposes only, and confirmation of 

original reports or independent confirmation should take place as required on 8 project  specific 

basis. 
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TABLE 1 

SUMMARY OF BOREHOLES AND SURFICIAL SEDIMENT SAMPLES 

YEAR NUMBER OF BOREHOLES/SAMPLES 
OF FOR EACH OPERATOR 

COMPUTION AMOCO ESSO GULF QSC INAC C H E W N  SUNOCO TOTAL 

1988 302BH  816BH  165BH - 5BH ( 147BH 1 1288 
1989 45ss 46oss 3a7ss 114ss 1 O99 

46BH 46PC 
1 BH 

1991 99SS 13BH 235SS 6SCH 41 4 

TOTAL 446 1289 835 226 5 280 1 

TOTAL NOT  12BH 2BH' 58Ha 147BH 172 
INCLUDED 6GC* MV HUDSON' 

* Gulf data not released  for use. 
& Boreholes with insufficient data. 
# Number  of M.V. Hudson cores unknown, not included  in total. , 

Abbreviations in order of appearance in'table: 

BH borehole 
SS surficial sediment sample 
PC piston core 
CH corehole 
GC gravity core 

TABLE 2 

SUMMARY O F  REPORTS REVIEWED 

YEAR NUMBER OF YEAR OF 
REPORTS REPORTS 

1988 87 (1 973-1  987) 
1989 17 (1981-1988) 
1991 44 (1 970-1  990) 



TABLE 3 

EXPLORATION BLOCK NAMES AND ABBREVIATIONS (portion of) 
(includes 1988, 1989 and 1991 work) 

BLOCK NAME 

Aagnerk 
Adlartok 
Amauligak 
Akpak 
Alerk 
Angasak 
Aok 
Arnak 
Arnerk 
Baillie Island 
Nerlerk (Borrow) 
Blow River 
Tingmiark  (Borrow) 
Tarsiut (Borrow) 
East Amauligak 
Arksak Borrow 
Ernerk 
lrkaluk (Foundation) 
Natia k (Foundmion) 
Nerlerk (Foundation) 
Garry Island 
Herschel (borrow) 
Herschel Island 
Hooper/Pelly Region 
lsserk (Borrow) 
lsserk (1-1 5) 
lssigak  (Borrow) 
lmmerark 
lgaluk 

ABBREVIATION 

AA 
AD 
A€, AW, AF, AM 
AK 
AL 
AN 
AOK 
AR 
AS 
BI 
BNR 
BR 
BTN 
BTAR 
EA 
EK 
ERK 
FlRK 
FNAT 
FNR 
G, GI 
HB 
HI 
HP 
IS 
IR, 1SRK 
IBS, IK,  ISGK 
IE 
IG 
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FIGURE 2 
FIGURE 3 
FIGURE 4 

FIGURE 5 

FIGURE 6 

FIGURE 7 

FIGURE 8 

FIGURE 9 

FIGURE 10 

LIST OF FlGURES 

AREA MAP OF  THE  BEAUFORT SEA 

REPORT CATALOGUE  SAMPLE  FORM 

AREA  OUTLINES FOR GEOTECHNICAL REPORTS IN CATALOGUE 

AREA  OUTLINES FOR GEOPHYSICAL REPORTS IN CATALOGUE 

SCATTERPLOT  OF  BOREHOLE LOCATIONS IN BEAUFORT SEA 

TYPICAL ESEBASE BOREHOLE LOG 

EXAMPLE OF BOREHOLE NUMBERINGKODING SYSTEM 

SOIL  DESCRIPTION 

SAMPLE  PLOT OF TRACKLINES AND BOREHOLES ' 

SAMPLE  PLOT OF  BOREHOLE  CROSS-SECTION 
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~OCATIDW: 

w :  B d l l i c  t s l d  
GENERAL 'LOCATIOII i%mm!! 

rrrmBER: l,A.l,A.Z 
SULE : 132272727 
HIIIWAT: 
ARCnlV: 
O t t  no: 

SUJRCE W E R ( S ) : .  

SURVEY LINES / LOCATION DETAILS: 

SIZE : 22 clam-shell ranples 
mVEY PATTERN: ' randm 
SURVEY SPACING: radm 
SEA=: sunnci PROGRAU LENGTH: 

EQUIPMENT : elan-shell  sampler, bucket dredge sampler 

PENETRATIOII: seabcd surface 

RESOLUflW : good 

PUALITY: disturbed 
TYPE : clm-$htl l  $*les 
SIZE : 22 grab 

b b  
INTERP : grain diotrikrtion 
REWRT : sumnary/data conpilation report 
DISTRIE: sponsor/eontrmtors 
OTHER : 

flRCHIVINC OF INFORMATION: 
REPORT : 
DATA : sponsor/contractors 

DATA COHPILATIOW AND UPDATING: 
COHPILED BY: 
DATE : 88/03 CONPILATIOH PROJECT NO.: 
UPDATED  BY : €EA ENGINEERING CONSULTANTS LTD. 
DATE : 91/03/27 UPDATE PROJECT NO.: 0306-34693 



, clayey, medium plastic 

. .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
. . " . .  

I L  

EBA Engineering Consultants Ltd. COMPLEnON DEPTH 19.2 m 1 COMPLm 84/ / 
Calgary, Alberta LOGGED BY OWG NO. Page 1 of 1 



FIGURE 7 TYPICAL BOREHOLE/COREHOLE/SAMPLE NUMBER 

Area Abbreviation MBMa272 
(Eg. MacKenzie Bay) 

Year Drilled Sample Method 
(Eg. 1986) (Eg. Gravity Core) 

Corehole Number 
(Eg. 72)  



FIGURE 8 SOIL DESCRIPTION 

principal  component (e.g. CLAY, SAND, SILT, etc.) 
Unified Soil  Classification (USC) 
principal  component modifier(s) (e.g. silty, some sand, etc.) 
particle shape 
structure 
moisture 
consistency 
plasticity 
colour 
ground ice description 
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ARCTIC OFFSHORE EXPLORATION STRUCTURES - 
A GEOTECliMICAL PERSPECTIVE 

H E W I l l ,  KEVIN J. 
CANAQIAN MARINE DRILLING LTD. 

SLADEN, JAMES A. 
HARDY BBT LIMITE0 

AfSTI#cT 

This  paper  presents  a  general  overview o f   t he   evo lu t i on ,  design. and perforaance o f   A r c t i c   o f f s h o r e   e x p l o r a t i o n   s t r u c t u r e s  
froa  a  gentechnical  perspective. Such structures  include sandbag re ta ined  i s lands .   sacr i f i c ta l  beach is lands,   ice 
islands.  gravel  islands.  caisson and caisson-retained  islands. and los t   recen t l y ,   f u l l y   eob i l e   bo t tm- founded   s t ruc tu res .  

Since 1969. 142 exp lora tory   we l ls  have been success- 

1991). Of t h i s   t o ta l ,   r pp row imr tc l y  100 we l l s  have 
f u l l y   d r i l l e d  i n  the  6eaufor t  Sea (Masterson, e t   a l :  

been d r i l l e d  from a v a r i e t y  of i s lands and bottoo- 
founded st ructures i n  water  depths up t o  32 metres 

f l oa t i ng   s t ruc tu res  in  w t e r  depths  up t o  67 metres. 
(Figure 1). The r -a in ing   va l l s  have been f r o m  

The mar ine  env i ronent  i n  t h e   A r c t i c   i s   c h a r a c t e r -  
ized  by sea i ce  cover   for   approwiaate ly  9 aonths o f  
the  year. The design o f  bottom-founded  structures, 

months. i o ' do r ina ted  by t h e   r e q u i m e n t  t o   r e s i s t  
f n  which d r i l l i n g  i s  per foned  dur ing  t h e   v i n t e r  

forces imposed by th l s   i ce .   Th i s   requ i rmen t  
becores more c r i t l c a l  ln  the  'shear" zone. which i s  
t h e   t r a n s i t i o n  zone between the   land fas t   i ce  zone 
and t h e   p o l a r   i c e  pack  (i.e..  beyond  approximately 
20 metres  water  depth). 

The v a r i e t y   o f  bot tom-founded  structures  ut i l ized 
has  ranged from sandbag reta ined  is lands  through  to  
fu l ly   mobi le   bot toa- founded  s t ructures.  The d i ve r -  
s i t y   i n c l u d e s   s a c r i f i c i a l  beach is lands.  ice 
islands,  gravel  islands.  caisson-retained  islands 
and caisson/beN  structures. The design and opera- 

by gtotechnica l  considerations. This  paper reviews 
t ion   o f   these structures  has been la rge ly  governed 

t h e   e v o l u t i o n   o f   t h e   s t r u c t u r e s  from t h i s  perspec- 
t i ve .  The i n t e n t  o f  t he  paper i s   t o   p r o v i d e   a  9en- 
era1  overview  for   those  unfami l iar   wi th  the  Arct ic 
experience. The rcference l i s t  will hopefu l ly  be a 
u s e f u l   s t a r t i n g   p o i n t   f o r  those who wish t o  acquaint 
th taselves  fur ther .  

S u r f i c i a l  Geology o f  the  Beaufort  Sea 

The Exp lora t ion   a rea   re levant   to   th is  paper  includes 
both the Canadian and US por t ions o f  the  Beaufort 
Sea cont inenta l   shel f .  The s u r f i c i a l  geology  east 
of  Herschel  Island  ( i .e. Canada) i s  more complex 
than t o   t h e  west due t o   t h e  dominant  inf luence  of  

developed f o r  t h i s  area (O'Connor L Associates, 
the  Mackenzie Oelta. A geologic model has been 

1980) which d i v ides  the   she l f   i n to   n ine  

physiographic  regions, based  on the  combination o f  

topography o f   the   los t   recent   unconformi ty .  The 
seafloor  bathymetry.  sediment  typas.  and  the  paleo- 

nine  regions consist o f  f i v e   p l a i n s  (or plateaus) 
separated  by  four  troughs  (or  channels). The 
troughs  (channels)  are  generally  characterized  by 

soae i ns tances   con ta in   re l i c t  sand rtdges  which  have 
f ine-grained weaker so i l s .  The p la ins  (p la teaus)  I n  

bean the  primary  source o f  borrow  mater ia l   for  
i s land  cons t ruc t ion  i n  the  Canadian Beaufort Sea. 

The c o n t i n e n t a l   s h e l f   o f   t h e  Alaskan  Beaufort Sea i s  
a seaward extension o f   t he   A rc t l c   Coas ta l   P la in .  
Sediaents o f  t he   she l f   cons i s t   o f   c l ay ,   s i l t .   r and  
and gravel   wi th   the major const i tuents  betng s i l t  
and clay. Sand and grave l   a re  aore common i n  the  

gravel may appear  as  shoals, sand r idges,  lag 
nearshore and shallow  offshore.  Sources  of sand  and 

deposits, and as  seafloor  sediments. The s o i l s  i n  
the  Alaskan  Bmaufort Sea are   genera l l y  competent. 

50 kPa are  present i n  so.e areas.  These weak s o i l s  
although weak s o l l s   w i t h  shear  strengths  less  than 

a r e   g e n e r a l l y   l i l l f t e d   t o   a   t h i n   s u r f i c i a l  veneer 
typ ica l ly   less  than  a   metre  th ick.  

Wowever the  aicrotopography i s  character ized by 
The seafloor i s  considered f l a t  on a regional   basis.  

sharp r e l i e f  as a   r e s u l t   o f   i c e   r r d g e  gouging. Ele- 
vations may vary  loca l ly   over   a   range of 0.6 aetres 

o f  15 t o  25 aetres.  This  ice  gouging  has  reaolded 
t o  2.4 aetres o r  more. p a r t i c u l a r l y  i n  water  depths 

t h e   u p p r n o s t   s o i l s  and reduced the i r   s t reng ths .  

STRlCTURE TYPES 

Apart  from  the t r u l y   m o b i l e   u n i t s  ( i v e .  those 
requ i r i ng  no on-si te  construct ion),   a lmost  every 

they can be d iv ided  in to   genera l   categor ies and the 
.structure* has had i t s  unique  aspects. However. 

seven l i s t e d  below  have been chosen t o  broadly   c las-  
s i f y   t he   s t ruc tu res   u t i l i zed   t o   da te  (see Tables 1 
and 2 ) .  
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1. Sandbag Retained  Islands: 14 we l l s  (13 "s t ruc-  
tures"). Maximum water  depth o f  7.0 metres. 

2. S a c r i f i c i a l  Beach Islands: 12 wa l l s  (11 ' s t ruc-  
tures"). Maximum water  depth  of 18.6 metres. 

3 .  Ice  Is lands:  5 wells. Waxinum water  depth o f  

4 .  Gravel  Islands: 46 we l l s  (30 .structures*). 

7.6 metres. 

Waxiaum water  depth o f  14.6 metres. 

5. Caisson  Retained  Islands: 14 we l l s  (8 
locat ions) .  Maximun water  depth o f  32 metres. 

6. Water Ballasted  Caisson  on Berm: 2 wells. Max- 
imum water  depth  of 31 a t t res .  

7 .  Mobile Bottom-Founded Structures: 7 we l l s  (6 
locat ions) .  Maximum wattr   dopth to date o f  21 
metres. 

Each o f  these  structures i s  described below, w i t h  
eaphasis  on th t   gso teehn ica l  aspects. 

Sandbag Retained  Islands: 

A sandbag re ta ined   i s l and   4s  one  where a   r i n g  dyke 
o f  sandbsps i s  p laced  on   the   soa f loor   to   re ta in   the  

grained fill mate r ia l s  and hence. achieve  stoeper 
fill e Tho purpose o f  t he  sandbags i s   t o   r e t a i n   f i n e  

The geotechnical  design  consldcrations  include  slope 
i s l a n d  SlOpo5. and to protect   agaInst  wave at tack.  

f a i l u re ,  edge f a i l u r e  (a l oca l   pass i ve   f a i l u re  due 
to t h e  Ice load). t runcat ion  fa i lure  (decapi tat lon).  
and bottol s l i d i n g .   F i l l   q u a l i t y  has not been a 
major  design  issue. The c r i t e r i o n  has been t o   u t i -  

d r i l l i n g  package. Borrow sources b v e  included clam 
l i z e  fill o f  s u f f f c i e n t  q u a l i t y   t o  support t he  

she l led   loca l  seabed mater ia ls  and s o i l s  barged to 
t h e   s l t e  froa a r m t e  urbnarine  borrow p i t ,  An 
example o f   t h e   d e s i g n   o f   a  sandbag re ta ined  i s land 
i s  provided  by  Ri ley (1975). 

S a c r i f i c i a l  Beach Islands: 

S a c r i f i c i a l  beach is lands have f l a t  beach slopes 

energy  and  provide an erosion  buffer.  thus  pro- 
(1:15 t o  1 2 5 )  which  are  intonded  to  at tenuate wave 

t e c t i n g   t h e   i s l a n d   t o p  f w  wave attack.  This  type 
o f   i s l a n d   i s   u s u a l l y   c o n s t r u c t o d  when the   i s l and  i s  

amount o f  fill i s  required. The major  advantage o f  
located  near  a  large  borrow source, since  a  large 

a   s a c r i f i c i a l  beach i s land  i s  t he  reduced  require- 
ments on slope  protect ion  which i s  bo th   cos t l y  and 
d i f f i c u l t   t o   c o n s t r u c t ,  Barge  hauling o f  fill from 
a  distant  source i s   u s u a l l y   p r o h i b i t i v e   I n   t t r n s   o f  
cost and construct ion  t lme. 

The const ruct ion method f o r   a   s a c r i f i c i a l   b t a c h  
i s l a n d   i s   s i m p l t .  The i s land  fill i s  dredged and 
p lace   hyd rau l i ca l l y   us ing   p la in   suc t i on  dredges and 
f l oa t i ng   p ipe l i nes .  

The geotechnical  perfornanct o f  these f i l l s   i s   d i f -  

First ,   the  acceptance  cr i ter ia  for   borrow  mater ia l  
f i c u l t   t o   q u a n t i f y  owing to a  nunber o f   f ac to rs .  

have been se t   on ly   to   ensure   the   d fss ipa t ion  o f  pore 

o f  the  placed fill has not   genera l ly  been ve r i f i ed .  
pressures b u i l t  up dur ing  construct ion.  The q u a l i t y  

Second, no attempt i s  aade to  achieve  steep  slopes. 
F la t   s lopes   a re   des i rab le   to   d iss ipa te  wave energy, 
A geotechn ica l   ' fa i lu re"   o f  a l o c a l l y  steep  slope 
dur ing  const ruct ion has not been considered  a  fa i -  

cess. f u r the r ,  such a ' fa i lure"   rmuld be d i f f i c u l t  
lu re   bu t .   ra ther ,   a   par t   o f   the   cons t ruc t ion   p ro-  

t o   d i s t i n g u i s h  from s lope  f la t ten ing  due t o  wave 
erosion. However. there  are  several   observat ions 

which i nd l ca te   t ha t   l i que fac t i on   " fa i l u res "  have 
occurred.  Third.  btcauso  these  islands have been 
s i t ua t td   i n   t he   l and fas t   i ce   reg ion .  and have  gener- 
a l l y  been surrounded  by  large  rubble  f ields, i t  i s  

ho r i zon ta l  shear  loads. 
l i ke l y   t ha t   t hey  have n o t   e x p t r i e n c t d   s i g n i f i c a n t  

The very f l a t  sideslopes have precluded  the  etonon- 

Volume increases  exponential ly with water  depth. 
i c a l  use o f  t h i s  approach a t  deeper  water  sites. 

Geotechnical  considerations  related  ta  the  con- 
s t r u c t i o n   o f  two s a c r i f i c i a l  beach is lands   a re   ou t -  
l i n e d  by Shinde. e t   a l  (1986). 

Ice  Islands: 

Spray ice  is lands have  becore  a f a i r l y   r o u t i n e  
opt ion  for   prospects  located i n  favourable  water 
depths and i c e  regimes. The c o n t r o l l i n g   i s s u e   i s  
whether o r  not adequate d r i l l i n g   t i r e  i s  a v a i l a b l e  
i n   t h e   w i n t e r   p e r i o d   r e m a i n i n g   a f t t r   c o a p l e t i o n   o f  
is land  construct ion,  The na jo r  advantage o f  such 
islands i s   t h e  ready a v a i l a b i l i t y   o f   t h e  con- 
s t ruct ion  mater ia l .  and th t  substquent  natural 
decay. 

Apart fmn the  requirement  for   g lobal   s l id ing  sta- 
b i l i t y .   a  spray  ice  structure  introduces  unique con- 
siderations.  as i t  i s  nade o f  a n a t e r i a l   t h a t  i s  
s i g n i f i c a n t l y  weaker than  the sea ice  which  sur-  
rounds It. Tho ti la-depondont  bohaviour becones  an 

nan t   du r ing   d r i l l i ng .  as w e l l  as l a t e r a l  defoma- 
important  operatlonal  conslderatlon. I s land  s e t t l e -  

t i ons   assoc ia ted   w i th   re la t i ve l y   l ow   l eve l s   o f   l oad  
caused by  pressure  buildup  and/or  movutnt i n   t h e  
surrounding  Ice sheet.  must  be  considered. The 
design  and  construction o f   t h e  Mars  Spray I c e   I s l a n d  
i s  described  by Funegard. e t   a l  (1987). 

Gravel  Islands  (Arnoured - Slope  l t lands l :  

The advantage o f   u s i n g  good q u a l i t y   g r a v e l   f o r  

r e s u l t i n g  from  steep  slopes (1:3 t o  1:s). These 
ls land  cons t ruc t ion   i s   the   reduced fill q u a n t i t i e s  

Alaskan  Beaufort Sea where  abundant sand i s  not 
is lands have been the  n o s t  c-n type i n   t h e  

ava i l ab le  and non-U.$. reg i s te red  dredges are   no t  
p e n I t t e d   t o  work. The gravel  has been obtained 
f r o m  onshore  sources  and e i t h e r  dumped on s i t e  by 
barges  during  the sunmer or,   nore c-nly. hauled 
d i r e c t l y   t o   t h e   i s l a n d   s i t e   i n   w i n t e r   v i a  an i c e  

Schlegel and Mahmood (1985). It i s   r e l a t i v e l y  abun- 
road, The source o f  t h i s   g r a v e l  I s  described  by 

dant  east o f   t h e   C o l v i l l e   R i v e r   t o   t h e  Canadian 
border. These is lands have been protected  by  a 

ove r l y ing   f i l t e r   c lo ths ,   a l t hough   o the r   t ypes   o f  
rovetment.  normally  consisting o f  l a rge  sandbags 

amour have been used. The dlsadvantago  of   th is 

t e c t i o n  can  be  very  time consuming, especial ly  below 
is land  type i s  t ha t   t he  placement o f   t he   s lope   p ro -  

water. 

The geotechnical   design  issues  for   th is  is land  type 
a re   s im i l a r   t o   t hose   f o r  sandbag reta ined  is lands.  
al though  s lope  fa i lure  obviously becomes . o r e   c r i t -  

gain rt the seabed i n t e r f a c e  due to   conso l ida t ion  
ical.   Consideration can a l so  be g iven  to   s t rength  

between t h e   t i n e  o f  placerent  and the  t ime o f  mag- 
imum ant ic ipa ted   i ce   load .  Thaw sett lement o f  loose 

underwater  portion, has t o  be considered. The engi- 
frozen fill placed i n   t h e  water, espec ia l l y   t he  

neering and cons t ruc t i on   o f  Mukluk l s land  i n  14.6  
metres o f  water i s  described  by  Ashford (1984). 

Caisson and Caisson  Retained  lr lands: 

The 1980's saw the   i n t roduc t i on   o f   a  number o f  
hybr id   explorat ion  is lands  des igned  pr imar i ly  t o  



reduce  the fill volume requi reaents  a t  deeper  water 
locat ions.  Four wate r l i ne   pono t ra t i on   sys tns  were 
developed: Canmar's concrete  caisson  systm.  the 
"Tarsiut  caissons" (1981) (F i t zpa t r i ck  and Stenning. 
1983); Canmar's s i n g l e   s t e e l   d r i l l i n g  caisson. t h t  
'SSDC' (1982) ( F i t t p a t r i c k .  1983): Esso's sagrented 

1978); and Gu l f  Canada Resources L t d . ' s   w n o l t t h i c  
steel  caisson.  the *CRI '  (1983) (de Jon9 and Bruce. 

annular  caisson  the  'Molikpaq" (1984) (Bruce and 
Harrington. 1982: McCreath rt a l .  1982). 

A l t h o u g h   t h e   d e t a i l s   o f  each systaa  vary, deployment 
o f  a l l  s y s t n s  has commenced w i t h   t h e   b u i l d i n g   o f   a  
steep-sided (1:6 - 1:8) subsea sand berm on  which 
the  calsson i s  placed. A l  most  proposed s i t e s   d l d  
not   possess  su i tab le  loca l   borrow  mater ia l .   t ra i l ing 
suction  hopper  dredges were i n t roduced  to   t ranspor t  
sand from r n o t e  loca t ions .   T ra i l ing   suc t ion  hopper 
dredges p ick   up   mater ia l  fmcl a  subaarine borrow 

are  capable of ca r ry ing  up t o  SOM, cubic  metres o f  
source  by dragglng  an am along the  seabed. They 

sand per  load.  Apart from t he  SSDC. which was ba l -  
1aStQd on to   t he   bem  w i th  water. a l l   t h e  systeas 
r e q u i r e d   b a c k f i l l i n g   o f   a   c e n t r a l   c o r e   w i t h  sand. 

The deployment of  these new systtao demanded a  s ig-  
n i f i can t   i nc rease  i n  des iqn   e f fo r t  from t h a t  
requi red  for   the  prev ious  .ore  rud imentary  s t ruc-  
tures. The basic  design  issues  are  not  appreciably 

However. the  unique  environmental  loads and the 
d i f f e r e n t  fro* those o f  any o t h e r   m a j o r   c i v i l  work. 

r e s t r i c t i o n s   i n   c o n s t r u c t i o n  soason length.  con- 

major  challenges.  the  geotechnical components 
s t ruc t ion   p lan t .  and borrow  mater ia ls  created  swe 

inc luded   s i t e   i nves t i ga t i ons ,   s tab i l i t y  and deforma- 
t i o n  analyses. q u a l i t y  assurance programs. and per- 
fonance  moni tor ing.  

The loca t i on   o f   t hese   s t ruc tu res .  i n  the  unstablQ 
"shear' zone. precluded  the  prior.technique o f  con- 
duc t i ng   t he   i nvc r t i ga t l ono  f n  t h e   l a n d f a s t   i c t  

methods. Hence. marine  supported  operations were 
surface i n  the   spr ing   us ing   convent lona l   te r res t r ia l  

operat ions also Incorporated  the  rout ine  use o f  
aaployed during the   shor t  open-water season. These 

i n s i t u   t e l t i n g  techniques.  including  the cone penc- 
t r a t i o n   t e s t  (CPT), vane shear  tests, and t h e   r e l f -  
b o r i n g   p r e s s u r n e t e r   ( R u f f e l l   e t   a l .  1985). The 

requ i red   t he   i den t i f i ca t i on   o f   accep tab le  sand 
i n t r o d u c t i o n   o f   t h e   t r a i l i n g   s u c t i o n  hopper  dredges 

accwp l i shed  by conducting  regtonal  shallow  seismic 
depos i t s   a t   o r   c lose   t o   t he   su r face .   Th i s  was 

surveys i n   c o n j u n c t i o n  with extensive  shallow  boring 
programs. 

Beyond s t a t i c   S t a b i l i t y  issues, t h e   r e q u i r m e n t   t o  
place a heavy structure  on  a berm capable o f  

an t i c ipa ted  i n  the  *shear* zone requ i red   tha t   the  
res i s t i ng   t he   l a rge   ho r i zon ta l   i ce   l oads   t ha t  were 

issue o f  dynamic s t a b i l i t y  be  addressed, Tho conse- . 
quenccs o f   l i q u e f a c t i o n   f a i l u r e   o f  such is lands   a re  

posed was based  on a  pseudo-static  approach  which 
po ten t ia l l y   ca tas t roph ic .  The c r i t e r i o n   f i r s t   p r o -  

c a l l e d   f o r   a   g r a d a t i o n a l   s p e c i f i c a t i o n   t o   i n h i b i t  

which  ensured d l l a t i ve   b rhav iou r   du r ing  shear. Use 
pore  pressure  generation and a r e l a t i v e   d e n s i t y  

o f   the   "s teady   s ta te '  method (Poulos.  1981) was sub- 
sequently  successfully  nployed.  There are. how- 
ever,  problems  related t o   i n s i t u   d e t e r m i n a t i o n   o f  
sand s t a t e  (Sladen  and  Mewitt. 1989; Sladen.  1989). 

I n  order t o  assess s t ruc tu re  performance and, i n  

moni tor lng o f  instrumentation. i t  i s  necessary t o  
pa r t i cu la r .  t o  deve lop   we l l   sa fe ty   c r i te r ia  based  on 

make an accurate  predict ion  of   load  deforaat ion 
behaviour  under  ice  loading. For these  structures 
res t ing   on  sand berms, the  non- l inear  e last ic  hyper-  
b o l i c  model o f  Ouncan and Chang (1970) was u t i l i z e d .  

Fill q u a l i t y  assurance and ins i tu   dens i t y   eva lua t j on  

at ions.  This  involved  monitoring  of  material  loaded 
became a   s ign i f i can t  component of construct ion  oper-  

test ing.   Th is   a lso  impl ied  that  a mater ia l   spec i f i c  
i n to   t he  dredges, post  placement  coring. and CPT 

co r re la t i on  between t i p  res is tance and densi ty  had 
t o  be  developed  (Berzins and Hewitt, 1984). 

A number o f  instruments were  employed t o  assess the  
response o f   t h e   s t r u c t u r e s  and foundations t o   i c e  
loads. The pr imary  monitor ing method u t i l i z e d  
manual and Inplace  incl inometer systems. Other 
instruments and  methods included  piezometers. t o t a l  
pressure  cel ls,   extensometers.   t i l tmeters,   set t le-  
ment systems. and conventional  survey methods. 

The performance o f  these  "caiS5on"  structures has 

Actual   ice  loadings have been we l l  below  design 
genera l ly  been acceptable  (blanchet.  et  al, 1991). 

have been small  (Blanchet.  et  al, 1991). 
values and there fore   the  corresponding deforrat ions 

Mobile Botto=-Founded Structures 

The most recent   genera t ion   o f   o f fshore   exp lo ra t ion  
structures  developed for use in   t ho   Beau fo r t  Sea 
have been mobile  bottom-founded  structures. 
Al though  s imi lar  in some respec ts   to   g rav i ty  base 

oceans, they have some un ique  charac ter is t i cs   tha t  
s t ructukes  that  have been used  widely i n  non-Arct ic 

have been d i c ta ted  by the  need t o   r e s i s t   h i g h  hori- 
zontal   ice  loading. Two such u n i t s  have been b u i l t  
and deployed. the  Concrete  lo land  Dr i l l ing System. 

e t   a l ,  1986) and the   s tee l  SSOC/MAT system operated 
'CIOS', operated  by 610ba-l Mar ine   l td .  (Manonheimer. 

by  Canadian Mar ine   Dr i l l i ng   L td .   (Hewi t t .   e t   a l .  

caisson  that  had prev ious ly  been based  on  an 
1988). The l a t t e r  was a development o f  t he  SSDC 

was replaced by a spec ia l l y   fabr ica ted   s tea l  base or 
hydraul ic  fill berm. For t he  new systea,  the berm 

mat which was mated t o   t h e  SSOC. 

These systems o f f e r  two  major  advantages  over  the 
e a r l i e r   u n i t s .   F i r s t l y .   t h e y  can  operate i n   r e l a -  
t i v e l y  deep water  (up t o  17 a fo r   the  ClDS and 25 l 

berm or sand core.  This  avoids  the  cost o f  berm 
f o r   t h t  SSDC/RAT) without   the need f o r  an a r t i f i c i a l  

const ruct ion and the  need fo r   su i tab le  berm mate- 
r i a l .   I n   t h e  Canadian Beaufort Sea, where sand had 
been the   t rad i t i ona l   cons t ruc t i on   ma te r ia l .   t he  need 
to  under take   cos t ly   dens i f i ca t ion   to   e l im ina te   the  
r i s k  o f  l i que fac t i on  was also  avoided. The second 
advantage i s   t h a t   t h e r e   i s  no need for s i te   p repara-  
t ion.  

The base design  for   these  structures  is   governed by 
geotechnical  considerations. The features o f  t ho  
s u r f i c i a l  sediments i n   t he   Beau fo r t  Sea have been 
described  previously,  Sore  typical  shear  strength 
p r o f i l e s   a r e   i l l u s t r a t e d  i n  F igure 2. The s t ruc -  

conditfons  by  reans o f   t h e i r   l a r g e  bases  which 
turcs  develop  h igh  la tera l   load  res is tances  in   these 

incorporate  a   gr id  o f  h o r i z o n t a l   s t r i p  anchors. 
These ' s k i r t s '   p r o j e c t  fro. the base and are  forced 

(Figure 3 ) .  As a  resul t ,   they accommodate some une- 
i n t o   t h e  seabed when t h e   u n i t   i s   b a l l a s t e d  down 

era1  resistance. 
venness i n  the  seaf loor  and e f f i c i e n t l y  develop l a t -  

res is tance  are  pass ive  res is tance and  base f r i c t i o n .  
The Components o f   l a t e r a l  

The depth o f   p e n e t r a t i o n   o f   t h e   s k i r t s   i s   c o n t r o l l e d  
by t h e   s o i l   s t r e n g t h   i n   r e l a t i o n  to the   ava i lab le  
bal last   weight.  For r e l a t i v e l y   s t i f f   s o i l s .   t h e  
p e n e t r a t i o n   i s  low and t h e   a a j o r i t y   o f   r e s i s t a n c e  i s  
derived from t h e   s k i r t   t i p s .  For s o f t   s o i l s .   t h e  
s k i r t s  can pene t ra te   un t i l   t he  base comes i n t o  con- 

resistance is   the   ma jor  component. 
t ac t   w i th  t h e   s o i l .  I n  such ro i ls ,   the  pass ive 



As with  caisson  islands,  gMtaChniCal  aPserHents o f  
these  structures must  address  not  only  the  overal l  

Deta i led   p red ic t ions   o f   foundat ion   de format ion  have 
s tab i l i t y   bu t   a l so   de fo rma t ions  under ice  loading. 

rade  use o f   non - l i nea r   f i n i t e   e leaen t   ana lys i s  
(Sladen. e t  a l .  1990). These are  important.  not 
on l y  from the   v iewpo in t   o f   se rv i ceab i l i t y   bu t  a l s o  

o f  ice  loads i s   i r p r a c t i c a b l e ,  gmtechn ica t   ins t ru -  
with respect t o   w n i t o r i n g .  As d i r e c t  moasurment 

#entat ion  (predoainant ly  inplace  incl inometers) has 
been t h t   p r i o a r y  weans o f   s e t t i n g   w e l l   s a f e t y   c r i -  
ter ia.   Foundatton  deformat ions  can  be  related  to 
i ce   l oad   l eve l  and  hence to   the  marg in of safoty. 

More recently,  the  use o f  geotechnical  instrumenta- 
t i o n  i n  conjunct ion with de ta i l ed   p red ic t i ons   o f  

u r ing   i ce   loads  fro. observed i c e  events  thus 
deformation  has been explored as  a means of meas- 

a s s f s t i n g   i n   t h e   r a t i o n a l i z a t i o n   o f   i c e   d e s i g n   c r i -  
ter ia.   Al though  est imated  ice  loads  are  approxi-  
mate, r e s u l t s  have been encouraging  and  the method 

mat lng  actual  i ce   load  (Blanchet, e t  a l .  1991). 
i s  arguably  as r e l i a b l e  as  any o the r  r e t h o d   o f   e s t i -  

Table 3 (fron Blanchet, e t   a l ,  1991) shows the 
resu l t s   o f   i ce   l oad   es t ima t ions   f o r   s i x   s i t es   ( f ou r  
caisson  locat ions and  two SSDC/HAT locations).  For 

oethods i s   a l so   i nd i ca ted .  As can  be seen. e s t i -  
caaparison.  the  range o f   i c e  loads measured by  other 

r a t e d  I ce  loads have a l 1  been less than 200 MN. 
This i s   s ign i f i can t ly   lower   than  des ign   loads   tha t  

on   da ta   ava i lab le   dur ing   the   ear ly  stages of o f f -  
would  have  been predic ted for t h e   i c e  events,  based 

da t i on  of i ce   loads  i s  one of   the  major   engineer ing 
shore development i n   t he   Beau fo r t  Sea. The accoaao- 

chal lenges  that  must be a r t  i f  of fshore  product ion 
f a c i l i t i e s   a r e   t o  be developed i n  the   A rc t i c .  
Deta i led   goot rchn ica l   aode l l ing  and instrumentation 
have  provided  valuable  data  that have shown t h a t  
t rad i t i ona l   des ign   i c r   l oads  were.very conservative. 
By p rov id ing  a ra t iona l   bas is   fo r   louer   des ign   i ce  
loads.  one o f   t he   ma jo r   po ten t i a l   ba r r i e rs   t o   deve l -  
ocment has been reduced. 

E x p l o r a t o r y   d r i l l i n g   f o r  hydrocarbons has been con- 
ducted f r o m  of fshore   "s t ruc tu res"   in   the   Beaufor t  
Sea for  over  twenty  years. The i n i t i a l   ' s t r u c t u r e s '  
consisted o f  a v a r i e t y   o f   e a r t h  fill is lands   i n   ve ry  
shallow  water  depths. In t h o   l a t e  1970's. t h i s  con- 
cept, with va r ia t i ons  and r e f i n n o n t s .  was extended 
i n t o  deeper  waters. I n   t h e   e a r l y  1980's. composite 
ca i r ron /sd r th  fill structures were introduced. The 

design ice  loads with the  r e s u l t   t h a t  massive s t ruc-  
l i m i t e d  data base on i c e  a t   t h a t   t i r e   l e a d  t o   h i g h  

tu res  were requ i r td .  These la rge   ed r th  fill struc-  . 
tures  were, however. l i m i t e d  by  problems  such  as 
l i q u e f a c t i o n  and decommissioning. 

erable  design and operational  experience, it becaae 
By the  mid-1980's.  with  the  accumulation o f  consid- 

f e a s i b l e   t o   u t i l i z e   f u l l y   m o b i l e   s t r u c t u r e s .  These 
u n i t s  develop l a te ra l   res i s tance  by mob i l i z i ng   t he  

d i a t e l y  below t h e  seabed surface. Today, explora- 
s h e a r   s t r e n g t h   o f   r t l a t i u e l y  competent s o i l s  imme- 

t o r y   d r i l l i n g   i s   e f f i c i e n t l y  conducted frol such 
s t ructures  on a rou t ln@  bas is .  

REFEREWES 

Ashford. R.A.. 1984: "Engineering and Construction 
o f  Mukluk  Island".  Proceedlngs.  16th Annual  Offshore 

Technology  Conference, Houston. O T C  Paper 4670.  pp. 
205-212, 

Berzins. W.E.. and Hewitt .  K.J.. 1984: 'The Use o f  
Hydraul ical ly  Placed Sand in   I s land  Const ruc t ion" .  
Proceedings,  16th Annual Offshore  Technology  Confer- 
ence, Houston. OTC Paper 4671, pp. 213-221. 

Blanchet. O.. Hewitt .  K.J.. and  Sladen. J.A.. 1991: 

Geotechnical Response o f  Arct ic   Of fshore  St ruc-  
"Coaparison Between Measured Global Ice Loads and 

tu res" ,   In te rna t iona l   Arc t i c  Technology  Conference, 
Anchorage. May 29-31. 1991. SPE 22088. 

Aspects o f  a Mob i l e   A rc t i c  Caisson'. Proceedings. 
Bruce, J., and Harrinqton. 6.. 1982: "Dcsign 

Paper OTC 4333, op. 405-416, 
14th Annual Offshore  Technology Conference, Vol. 3. 

OeJong. J . .  and Bruce, J . .  1978: 'Design and Con- 
s t r u c t i o n   o f  a Caisson  Retained  Island D r i l l i n g  
Plat form  for   the  Beaufort  Sea". Proceedings,  10th 
Annual Offshore  Technology Conference, Vol. 4, Paper 
OTC 3294. pp. 2111-2120. 

Analys is   o f   S t ress  and Stra in   in   Soi ls ' .   Pro-  
Duncan. J.M.. and Chang, C.Y . .  1970: 'Nonlinoar 

ceedings. ASCE. Vol. 96, No. SM$. pp. 1629-1653. 

F i t zpa t r i ck ,  J., 1983: "The S ing le   S tee l   Or j l l i ng  
Caisson--A Hovel Approach to   Bo t toa  Founded Struc- 

neers.  58th Annual  Conference. San Francisco. CA. t u r e s   i n   A r c t t c  Waters". Society  of  Petroleum  Engi- 

SPE 11999. 

f i t z p a t r i c k .  J . .  and  Stenning. 0.6.. 1983: 'Design 
and Construction o f  T a r s i u t   I s l a n d   i n   t h e  Canadian 
Beaufort Sea". Proceedings.  15th  Annual  Offshore 
Technology  Conference. Vol. 2. Paper OTC 4517. pp. 
51-60. 

Funegard. E.G.. Nagel. R.H. and Olson, 6.6.. 1987: 
'Design  and Construction o f   t h e  HARS Spray I c e  
Island'.  Proceedings o f  Offshore  Mechanics and 
Arctic  Engineering. W E .  Houston. 

Hewitt. K.J., Sladen. J.A., Williams. D.R.. and 
Brown. J.. 1988: 'Geotechnical  Evaluation and Per- 

D r i l l i n g   U n i t " ,   4 l s t  Canadian Geotechnical 
formance o f   t h e  Canrar SSDt/MAT Mobile  Offshore 

Conference. Kitchener.  Ontario, 1988. Canadian Geo- 
technical  Society. 

Masonheimer, R.A., Del ly .  F.M., and Knorr, 6.0,. 
1986: "A Review o f  CIOS First-Year  Operations", 
Proceedings,  18th  Annual  Offshore  Technology  Confer- 
ence. Houston. TX, OTC Paper 5288, pp. 555-564 

Masterson. L M . .  Bruce, J.C. .  Slsodiya. R.. Maddock. 
Y., 1991: "Beaufort Sea Exploratian:  Past and 
Future",  Proceedings.  23rd  Annual  Offshore Tech- 
nology  Conference,  Houston.  Paper OTC 6530. 

Mctreath. O.R.. Hodge. W.E.. and Harrington, A.G.. 
1982: "Gmtechnical  Design  Considerations  for  the 
Gulf Oil I l a b i l   A r c t i c  Caisson". 2nd Canadian  Confer- 
ence on  Marine  Geotechnical  Engineering,  Halifax. 
N.S.. Section I V .  

O'Connor, M.J. & Associates. 1980: 'Developlent  of 
a Prowsod Model t o  Account fo r   t he   Su r f i c i a l  
Geology of  the  Southern  Beaufort Sea". Open F i l e  
Report #954, Geological  Survey o f  Canada. 

Poulos. S.J.. 1981: "The Steady State  of  Deforma- 
t ion" ,  ASCE Journal of  the  Geotechnical  Engineering 
Division. 107(GT5). pp. 553-562. 

Riley. J . G , .  1975: 'The Construction o f  A r t i f i c i a l  
Islands i n  the  Beaufort Sea". Proceedings o f  t he   9 th  



Annual Offrhort Technology Conference. Paper wo, 
2167. 

Ruff.11.  J.P.. Romeril. P.M.. and Jones. K.Y.. "A  
C r i t i q u e  of Arct ic   Mar ine Site I nves t i ga t i on  Tech- 
niques". A r c t i c  '85 (ASCE). San Francisco. March. 
1985. 

Schlegel. M A  and Mahrood, A. .  "Arct ic   Ear th   Mr te-  
r i a l s   f o r   O f f sho re   Cons t ruc t ton  I n  Alaska". A r c t i c  
'85 (ASCE). San Francisco. March. 1985. 

Shinde. $.B.. Crooks. J.H.A.. Jaarr. L A . .  and U i l -  
l iamr-F  I txpat r ick .  S., 1986: '6mt*chnical  Oerign 
f o r  Beaufort Sra  Structures". Proceedings. 3 rd  Cana- 

CASE HISTORY 

1. Tarsiut 

2. Uviluk 

3. Kogyuk 

4. Amauligak 

5. Phoenix 

6. Aurora 

dian  Conference on  Marine  Geotechnical  Engineering. 
S t .  John's. Newfoundland, Vol. 1. PP+ 347-362. 

Sladen, J.A.. 1989: "Problms w i t h   I n t e r p r e t a t i o n  
o f  Sand State From Cone Penetration  Test".  Gcotech- 
nique, Vol. 39. Mo. 2, June. 1989. 

Sladcn, J.A. and Hmitt. K.J.. 1989: "Inf luence  of 
Placement Method on  the In Sl tu   Dens i ty  of Hydraul ic  
Sand F i l l s " .  Canadian Geotechnical  Journal. 26. 3. 
453-466, August 1989. 

Sladen. J.A.. Hewitt .  K.J.. and Sparrow, O.. 1990: 
.SMIC Aspects o f   t h e  Behaviour  of  Beaufort Sea 

Quebec, 1990. Canadfan Geotechnlcal  Society. 
Clays.. 43rd Canadian Geotechnical Conference. 

TABLE 3 

MAXIMUM INTERPRETED ICE LOAD (MN) 
FROM ICE MONITORING FROM GEOTECHNICAL RESPONSE 

140 

80 
70 (June) 

== 100 (setdown) 
N/A 
100 (June) 

500+ (Jefferies & Wright) 
230 (Blanchet) 

70 

70 

20 

== 30 
N/A 

=z 110 

20 

=z 35 
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Distribution of bottom sediment types 
(After Pelletier, 1965) 
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Conning River  - Demarcation Bay. 
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FIGURE 8 SEISMO-STRATIGRAPHIC RELATIONSHIPS AND AGES - WESTERN BEAUFORT (YUKON) SHELF 
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