


1 8 .  

OVERVIEW OF GRANULAR RESOURCES POTENTIAL 
FOR 'I€iF, WESTEIW -KI' ( W K W )  CONTINENTAL SHELF 

Suhnissicn Date: 
Scientific Authority: 
mR Project Manager 
M p r t  Prepared By: 
D.S.S. -tract Number: 
D R  Project Number: 

June, 1986 
mb- 
l a x h l i n  Meagher 
Muchlin Mgher 
osT85-00374 
85-37 



Table of Contents 

Figures 

Tables 

Apzndices 

Enclosures 

surmnary 

1. Intrductim 

2. Data Base 

3. Geologic Setting 
3.1 Physiogrw and Bathymetry 
3.2 Surficial Seism  Stratigram 
3.3 Surficial mver 

303.1 PKOV@l3ZllC@ 

4. Granular Ezrtsources 
4.1 coastal zone 
4.2 Middle Shelf Zone 
4.3 Outer Shelf Zone 

5. Conclusions 

6. Recommendations 

References 

Appendices 

pase 
1 

ii 

iii 

iii 

iv 

1 

2 

4 

6 
6 
10 
22 
23 

29 
33 
45 
64 

73 

74 

75 

77 

i 



p1w3 * 1. 

2. 
3. 
4. 
5.  
6. 
7. 
7A. 

8. 
9. 
10 

11. 
12. 

13 

14. 
15 
16 
17. 
18. 

21 
22 . 
23. 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33. 34. 
35. 
36 
37. 
38. 
39. 40. 
41 

Lmation  Diagram 
Bathymetry 
Physiographic subregians referred to in text 
Swrficial SiSm Stratigraphy 
Cbmp3site  profile:  Szismic Lines 31, 41, and 52 
Depth Structure rn Horizm 11 
Isopach cn W i z m  11 
Line diagram of pwticn of Line 126 in area of 
Unit I,-1 
Depth Structure cn Ebrizon 15 
I-& on Horizcn 15 
Line diagram of portion of Line 10 illustrating 
foreset bedding offlapping  unstratified  material 
within mit P 
Sample Lacations 
Distributictl of Bottan sedinent Types- 
from Pelletier  (1985) 
Microprofiler €&cord of Middle Shelf Area ahowing 
Absence of Recent sediment Deposits 
Granular Resources Map 
Bathymetry Profile Across Prospct 1 
Bathymetry Profile Across Prospect 2 
Boaner Profile  cross Prospect 2 
Micrcrprofiler Profile Across pruepect 2 
Bathymetry Profile Across Prospect 3 
Bocner Profile Across prospect 4 
Bathymetry Profile  cross prospect 4 
Bathymetry Profile Acroes Proepect 5 
Bathymetry Profile Across Pr-- 5 
Bathymetry Profile Across Prospect 5 
Microprofila  Profile  Across ~ r o s p c t  5 
Microprofiler profile  cross prolspect 5 
Bathymetry Profile Across Prcspect 6 
Microprofiler  Profile Across Fr- 8 
Bathymtry Profile  Across Proem 9 
Bathymetry Profile Across Prospect 10 
Bathymetq Profile  Across Prospect 10 
Microprofiler  profile moss  prospect 11 
Microprofiler  Profile AC~OSS prospect 12 
Bafhymetry Profile Across Prospct 14 
Bathymetry Profile  Across  prospect 15 
Bathymetry Profile Across Prospect 16 
Bathymetry Profile  Across Prospect 18 
Bathymetry Profile Across Proswt 18 
Bathymetry Profile  Across  prospect 18 
Microprofiler Profile Across Prospect 18 
Microprofila Profile  Across  Prospect 19 

3 
8 
9 
12 
13 
16 
17 
18 

19 
20 
21 

26 
27 

20 

32 
36 
38 
39 
40 
41 
43 
44 
46 
47 
48 
49 
50 
53 
54 
55 
56 
57 
60 
61 
62 
63 
67 
68 
69 
70 
71 
72 

ii 



llABlcE 1 Summary of source data referenced 

TABfE 2 Sununary of stratigraphic units 

P?GE 
5 

11 

30 

Figure A-1.1 Distributicn of Gravel- 
fram Pelletier (1985) 

Figure A-1.2 Distributim of sarad- 
, from Pelletier (1985) 

Figure A-1.3 Distributicn of Silt-  
from Pelletier (1985) 

Figure A-1.4 Distribution of Clay- 
from Pelletier (1985) 

Figure A-2.1 

Figure A-2 2 

Figure A-2 3 

Figure A-2.4 

3: 
=wJ-e -ta 
Table A-3 1 

Table A-3 . 2 
Tabre A-2.3 

Figure A-3.1 

79 

80 

81 

82 

83 

89 

Samples fram the geophysical canpanent 90 
of the 1984  M.V.Banksland survey 

Samples frm tkre hydrographic  canponent 93 
Of the 1984 MeV. BankSlarad SWV- 

Samples fram the Ywrm shelf that were 95 
obtain& prior to 1984 

Relation bet- textural  grade scales 97 
and Phi Scale. (after ~ettijnhn, 1975) 

iii 



m 2. 

3. 
4. 
5. 
6. 
7. 
8. 

Lmation Diagram 
Bathymetry 
Surficial SkiSm Stratigraphy 
Wpth Structure an Horizm 11 
Isopach m Horizcm 11 
Depth Structure on Horizm 15 
Isopach cn Horizon 15 
Sample  Locations ard Descriptions 

9. Granular Resources 

iv 



SmmRY 

An investigatim of the potential  granular resource base of the 
western mufort (Yukon) mtinental shelf was  undertaken m behalf of the 

me study was  carried  out  from mbruary through April, 1986. The area of 
interest extends from the northern Yukm coast to the shelf edge at 
approximately 80 meters water depth, and from 139% lqitude to the Alaska 
/ Y u k a  border at 141% langitude. These boundaries enclose an area of 
approximately WOO m.2. 

0 Department of Indian a r d  Northern  Affairs by Earth & Ocean Research LM. 

'Ihe data  set  cmsisted of 240 grab samples, 18  piston m e s ,  2 
boreholes, and 27% line Km; of high resolution  seismic data. 
Pdditionally,  selected ecbo sounder profiles were examined from a data base 
of 14055 liE Km. 

Since ground truthing data is very limited, no proven granular 
deposits have been identified  within the study area. There are, bwever, 
significant probable and prospective depsits. The prmle resoucce base 
sBaward of th@ 10 meter amtour is estimated as 556-842 millicn  cubic 
meters.  This is increased by 444 to 740 millian  cubic meters if the axea 
shoreward of the 10 meter  =tour is included.  This r e m c e  is localized 
in large drowned alluvial fans adjacent the coast that extend seaward to 
the 18 to 22 meter  isobath. Also included  in this base is a reserve 
cmsisting of a goup of high relief shoals situated an the east central 
shelf adjacent the shelf  edge in approximately 46-48 meters of water. These 
shoals may be remnants of a locally restricted stratal  outcrop or may be 
morainal  in  nature. 

P '  

Prospective resources are estimated to be an additional 328 million 
cubic  meters. The prospctive  deposits mur primarily in shoals located 
091 the Middle  shelf, The -1s are interpreted as stamukhi &bals1 hith 
presently  active and relict. The sourœ of =se sediment is thought to 
be primarily ice rafting  with  wncentratim an the shoals through 
subsequent  winnowing.  Limited  borehole  average  indicates  that there is no 
source of -se  grained  material  within the Llrrderlying strata. 

The Outer Shelf zme, with an area af 1.400 millicn square meters,is 
crxlsidered prceFtive but is not included  in the above  estimate due to 
cnnflicts  between  seismic and borehole data an3 grab samples. Based cm 
seafloor morptalogy mly, m u c h  of this area may be morainal or sub glacial 
in origin. 

Lack of s a m p l e  analyses limits estimates of reauurce  quality to a very 
general statement that the alluvial fan material and material rn the eastern 
* e  of the Middle Shelf is expcted of b of high quality  while the remainder 
of the depeits  will  likely be prcme to high percentages of fines. 

1. Starnukhi Suxls: Linear, shore parallel shwls developd at the bundary 
of the shore  fast ice and the winter ice pack by the grounding  effects of the 
ice pack as it is dxiven along shore by the Arctic Gyre. (Reimnitz and Maurer, - - 
1978). 
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* Cm behalf of the Eprtment of Indian and Northern  Affairs canada, a 
study of granular resouTces cn the Western Beaufort (Yukm) m t i n e n t a l  shelf 
w a s  undertaken by Earth & Ocean Research Ltd. The investigation io part of a 
regional vogram undertaken by D m 0  to systematically define the sand and 
gravel &pits in the mufort Sea region, The study  was omdwted during 
the mcmths of February and M a r c h ,  19% and m i s t e d  of the interpretaticn and 
integraticn of previously mllected bathymetric, geo@ysical, and geolqical 
data. 

!the intent of the investigation is to provide an overview of the granular 
resource base of this area. This  overview w i l l  assist in planning of 
future  exploration  studies to delineate granular materials for use in 
ashore or offshore cclnstructicn by industxy and government, 

The area of o ~ c e r n  extends from the Wan aoast northwards to the shelf 
edge at approximately the 80 meter CcIltOuT, and westward from the eastern end 
of Herschel Island at  approximately  139O W to the Mikm / Alaska bMndary 
at 141° W. (Figure 1). These boundaries enclose an area of approximately 5OOO 
~ m 2 .  Within these tomdaries the pmvet-k, p~ot~ble, and p c s m i v e  resources 
are to be defined in  terms of locatim, areal extent, thickness, volume and 
quality. 
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A summary of the data base by s ~ u t r c e  is presented as Table 1. Prior to 
the field investigations of 1984-1985,  sample, hthymetric, and geaphysical 

an Canadian  Hydrographic  Service (E) Chart 7601  consisted of a few  widely 
spaced lines  With m systematic  average. A total of 53 grab samples and 
4 pistm cores had been taken from  within the site  boundaries by the 
GeOlogical  Survey of Canada (GSC). Grain size and ather analyses hve 
b e n  performed cn these samples and are  presented in Pelletier  (1975)8 
Vilks, Wagner and Pelletier (1979)r and Pelletier  (1985). A single  geotechnical 
borehole,  Nat& 4, was  drilled in 1978, and textural  descriptions and test 
results  are  presented by McClelM Engineers Ltd.( 1979). 

A significant  inCr-  in the data base occurred in 1984  when a combined 
hydrqraphic and geophysiCal survey  was aducted from the M.V. Banksland 
by the C E  and the G9c This  survey  yielded  14055 Km. of heave compensated 

profiler data, 14 piston cores to a maximum 1.5 meter  penetratim, and 187 
Shipek gab samples. The  results of the hydrographic  survey are presented 
in  McGladrey (1984) and resulted  in the preparatim of CItS field sheet 
W0167. A preliminary  interpretation of the geopkrysical and geological 
data is presented in "her (1985). 

* ,  echo sounder data, 820 Km. of 10 in3 airgun, 50 Khz. sidescan and 3.5 Khz 

The  1984 Gsc geopkrysical program  was not aompleted due to ice 
cmditions and in 1985 an additional  1950 Km. ad 10  in3  airgm, 3.5 Khz 
profiler and Ex;& b o o m e r  data were mllected from the M.V.  Tully by 
-marine  Associates. NO sediment samples were aollected during  this 
program. Approximately  half of this volume was  collected from within the 
area of the present study, the remainder covers an  area to the north and 
east. The  field operations are reported  in Ekhr(1986). 

Also during th 1985 field seascn, a geotedmical  borehole (W-l), w a s  
drilled  from  the  M.V. Brcderick an the ater shelf (EBA Ehgineering 
cmsultants LU. 1986). This  korehole,  located at 70008'23*91'%& 
140028'17.86'W,  was  drilled to a subseaflow depth of 52.6 meters. 
Additionally a number of boreholes were  drilled for industry, cm t k  
Alaskan  shelf.  Five of these  are  located near the site and reference  is 
made to field  notes of these  brings. 

These  latest data sets are presently  being  interpreted by various  workers 
and integrated  with  previous data to arrive at an understanding of the 
sha~ow g-olqic  framework,  history, and present &y processes. me 
sidescan data is being  examined for ice smur and other seabed transport 
information  (Shearer,  in  prepratian), the 1985 geophysical data is being 
examined and intqrated  with t l ~  1984 data to arrive  at a geologic  synthesis, 
(Lewis and Meagher, in  prepration),  the CHS bathymetric data is being 
oomputer analysed to display surface trends, (challenger surw3ys# in 
preparation), and the SC-1 borehole results are being e x a m i n e d  by the 
Geological Survey of Canada to furnish  infarmatim M age, environment and 
geotechnical  properties of the shelf sediments  in that locale ( Hill,  in 
preparation).  In  additim, an engineering hazards survey report over the 
Fdlok wellsite has been prepared by Maregor Geosciences Ltd. To the 
extent that the results of these reports are available and relevant to this 
study, they have keen incorporated. 
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3.1 -1- and - - 

A cantoured bthymetxy of the Ywcm Shelf is presented as mclosure 2, 
Figure 2, taken from  Meagher (1984). The cclltoured map is based an 
field sheet WA 10167. The Yukon Shelf is a shallow submerged  plain that 
has a regional slop cd 1:833 to the north. The surface slopes north in the 
coastal and mid shelf regions and trends increasingly to the northeast as 
the shelf edge is approached. The shelf is bounded to the east by the 
Mackenzie Trough arad to the north by the mufort  sea. The transition from 
the shelf to the slop is abrupt and occurs at approximately 80 meters 
water depth. The shelf edge is noticeably  regular with m prominences or 
incisions,  pssibly the result of h0rizmta.l planaticn by glacier im 
restricted  to  the trough during the Wiswin Glaciatim (Lewis and 
Meagher, 1986). 

The major Fhysiographic subregions of the Yukm Shelf, as defined by 
the present  study  are skrown in  Figure 3 and are described  below. The feature 
names are informl and are used in order to facilitate  description. 

Two ridges dDrainate the shelf morphology. The Inshore RQdge is  narrow 
and slightly  arcuate and lies 8 to 13 Km. offshore from and subparallel to 
the coast.  It extends from a point due west of the northem tip of Herschel 
Island to within 7 Km. of the Alaska ytlkcn boundary. It is approximately 
enclosed by the 24 meter cantour and has a minimum  water depth of 15.2 
meters. As defined by the 24 meter mtour, it is 60 Km. long and 4 Km. 
wide.  The topgram of the ridge is  fairly  regular  with the axial  profile 
rising gently to a minimum depth at the approximate amter of a feature. 

The Offshore Ridge  is a larger feature and occupies the outer north 
facing  shelf from the 50 meter contour to the shelf edge. It  extends to 
the west onto the Alaskan shelf.  Within the study area the ridge is 66Km. 
in length and 14-18 Km. wide. The axis of the  ridge  is situated near its 
southern flank where  minimum  water  depths of 37 meters are recorded. A 
narrow  linear spur ridge  extends from its northeast corner in a mrtheast 
direction to the shelf break. 

The waphy the Outer Ridge is irregular with numerous linear to 
sinuous shoals of m e  to several meters  local  relief  developd cn its 
surface. These superimposed shoals form a seaond ridge mmplex referred to 
as the 'Mtsek Ridge". The Natsek Ridge is subparallel to the axis of the 
Offshore Ridge and is located near its southern edge. It is  narrow and 
linear and displays a branching pattern  reminiscent of deradritic drainage. 
mis pattern, rrot readily apparent an the plan view of the oontoured 
bathymetry, is obvious cn the 3-D perspective  display prepared 
challenger Surveys and Services (Challenger surveys arad services Ltd., 
1986). The display depicts four or five "tributary"  ridges that coalesce 
w i t h  the trunk ridge at their  eastern ends. The ridges die  out to the west 
and do not appear to extend beyond the Alaska-Yukm boundary. 

Numerous shoals of lesser  extent are scattered over the shelf although 
generally cmcentrated immediately north of the Inner Ridge. There are 
noticeably  fewer  shoals  in  the mid shelf area. These deepr shmls are 
thought to be relict stamukhi shoals developed as the sea acre&& across 
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the coastal plain. MI excepticll to this is a group of s h l s  situated near 
the Mackenzie Trough shelf edge and south of the  Offshore Trough. These 
shoals, which exhibit significantly higher relief and slop= may represent a 
limited exposure  of mars@, resistent material lying b z t w e e n  mits L and M 
or are possibly  morainal deposits, 

Bathymetric troughs are situated insbre from the ridges, The Outer 
Trough is broad and flat bottomed  with small mounds of 2 to 5 meters 
elevation scattered over its floor. The trough parallels the mter Ridge and 
descends to the east on a uniform gradient CY€ 1 meter in 6500 meters (0.009°). 
The trough is to the Mackenzie Txougb where it is abruptly truncated 
to form a hanging valley. Maximum depth within the trough is 58 meters. 

The Outer Trough is an erosional landform w i t h  older strata exposed i n  
the trough and younger strata cm the ridge, The Outer Ridge is in part a 
remnant of the pre-trough shelf and also s h o w s  evidence of subsequent 
outbuilding possibly related to transgressicn ( s e e  Section 3.2). 

The Inshore Trough is a smaller feature than the Off share Trmgh. It 
is virtually enclosed by the 24 meter -tour and has a maximum &pth of 27 
meters. The trough is 36 Km. lcq and 6 Km. wide at its w i d e s t  point. The 
Inshore ridge is interpreted as a stamukhi &ml feature ocnstructed by the 
scour actim of the winter ice pack as it rotates against the shore fast 
ice (Reimnitz and Maurer, 1978). Evidence suggests that the stamahi -1 
devel- on an older shoal feature. 

The Oantas are highly crenulated over m u c h  of the shelf and are most 
severely mtorted b e t w e e n  approximately 40 meters and 20 meters depth. 
The disrupticm is due to scouring of the seafloor by pack ice. Scours and 
scour berms of several meters are observed. 
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- 3-2 -CIAL SgI" 

The surficial geology of the study  site is displayed in Enclosure 3 
and Figure 4. The boundaries are seisnstratigraphic although the 
increase in the textural information over the Meagher (1985) report  allows 
some  lithologic  constraints M the  seismic  units. A composite  profile  of 
Lines 518 41 and 52 is presented as Figure 5 and shows the general  shallow 
stratigraphy  from  the  shoreline to the shelf edge. 

A total of 11 seismo stratigraphic units are  identified  within  the 
shallow sequence- and eight are aped m the shelf. These have not been 
given formal names and are  presently  identified as Units G through R (Meagher, 
1985, Lewis and Meagher, 1986). They are separated by surfaces described 
as Horizons 7 through 16 from oldest to youngest, Tzible 2 Shows the 
relationship of the Horizans to Units  referred to in the text. 

Dating of the sequence k s  not been carried out,  Unit R, a 
drowned alluvial fan sequme, underlies wlckland glacial &pits an land. The  Buckland  event is considered to be early to middle Wternary in 
age  (Ramptcn  1982).  Unit R is  apparently  cantempo;raneous  with Unit L 
offshore. Age dating (311 borehales m the Alaskan shelf yields a date of 
125000 yrs at 9 meters sub seaflm (P.Hill,  -S. corn.). This is 
tentatively  axrelated to strata  lying  between  Horizons 9 and 12 on the 
Yukm Shelf and suggests an early Wisaonsin age fa Unit L* 

The surficial geology describes a history of numerous pmeplanations 
followed  by marine incursicas over a surface that has remained at shelf 
depths since the early to mid !krtiary. SBa level has advanced and 
retreated  across the shelf, subaerially exping it on several  occasions, 

The  present  seafloor  is an erosicn surface with  prqressivelyyounger 
strata  outcropping to seaward. .Recent depsiticol  is  minimal and tlmught to 
be restricted to the masta1 m e  (Lewis and Meagher, 1986). The 
stratigraphic  boundaries are coast  parallel,  terminate abruptly 
against the Mackenzie Trough and predate the most recent excsvatim of 
that  feature. 

The sequences dip  shallowly and regularly  towards the shelf edge. 
As the shelf  edge is approackaed, the slope of deeper units b e c o m e s  more 
pronounced producing an increasingly  thicker wedge of younger sediments  that 
reaches a maximum at the shelf break, This seaward thickening sequence is 
truncated  abruptly by a shelf  edge  unconformity and indicates  that the shelf 
has undergone  significant  retreat since depitim of the youngest strata. 
?he  truncated shelf strata are uncmfoxmably  overlain by well  stratified 
sediments of the  Mackenzie Trough sequenm. On the surficial  seismo 
stratigraphy map these  strata are referred to as unit S, 

The strata  form a predominantly  fine  grained  clastic  wedge laid down 
under shelf,  coastal,  subaerial and glacial  environments.  It is depsita cm 
a Miocene unccrnformity  that is sporadically  &served in the seismic data and 
is identified as Horizcm 7. persistent to sflradically  observed 
unmnformities  identified as Horizons 8, 9, and 11 are not exposed at the 
seafloor and record periods of peneplanatim and minor channel incisim. 

The shallowest of these, Horizcn 11, is of interest to this  study as 
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it represents the base event  underlying the apsed sequmoes cm the inner 
shelf. The structure and isopach for the harizan are  pKesented as Figures 
6 and 7. The surface  forms a good acoustic  horizon  within a limited area 
-fined to the inner to middle shelf. wxturally the over and underlying 
strata are similar and consist of marine  silty clays. I- veins associated 
with  the horizon in the Natsek brehole  suggest  that  ice  -tent  determines 
the strength of the acoustic  signature. 'rhe occurrence of the ice may lx 
asmiated w i t h  p r e  water salinity variatians due to sub aerial exposure of 
the inner  shelf. 

m e  surface is regular and slopes g-ntly from the shareline. The 
nearshore  ridge and traugh  features  observed cm the bathymetry are also 
&served on this surface in a Subdued form. The thickness of overlying 
sediments i n c r e w s  over tihe ridge  indicati-g  that  while the ridge  existed 
prior to the depitim of Unit fu the surficial aver, it has been 
subsequently enl--ged. This  relationship is observed over many of the 
sfioals e x a m i n e d  cn the  middle  shelf and suggests  that the shoals cm 
Hori- 11 may have  acted as loci  for the develqmmt of starnukhi shoals 
as  the sea level encma&ed across the shelf  during the Holocene. As the 
sealevel rose the older stmukhi shoals were ahndmed and m w  occur as 
mmnt high aweas m the middle shelf. 

Overlying  Horizm 11. at the owstline, an unstratified sequence that 
is largely opaque to 3.5 ~ h z  energy OcCuTs.  he unit  is &served in the areas 
frmting the 'Wgex rivers entering tlae mufort Sea; the Firth, Malcolm 
and B a c k h o u ~ 8  the rivers f l o w i n g  into the C l a r a c e  fagom, ard an unna& 
river, here referred to by an asterisk (*), situated  between K~makuk Bach 
and Backbuse River.  This sequenœ, termed Unit R, forms  arcuate  to linear 
elevated areas that rest m mrizan 11 and appar to k oontempranm 
with Unit L. The unit is aiLa@ at its seaward edges by transparent 
p n d d  strata of Unit Q. 

From their  alignment  with the alluvial fans QnshoTe, their acoustic 
signature, and -se grained nature (see section 3.3) ,  these dewits are 
interpreted to be the drowned seaward edges of the mshcxe gravel  rich 
alluvial  fans that were  initiated  in early Wismnsin or older time. 

Seaward of mit R, Unit L is expoSea over most of the inner to middle 
shelf areas. Lrlndward of the Inshore Ridge it is covwed by pmded, 
stratified lacustrine ar lagamal sediments, unit Q The unit  is 
unstratified to weakly  stratified, translucent to cpaque to profiler 
energy, and higlïly med. It is oompssed predominantly of marine silty 
clay  with minar admixtures of sarad and gravel  that are locally aoncentrated 
psibly by winnowing and ice processes. 

. ,  

An isolated  remnant  is &served above mit L but b e l o w  Hwim 12. It 
is  located in the northeast mer of the shelf south of the  Offshore 
Trough. It  is not observed  elsewhere and is  presumed to have , b e e n  

excavatd by the erosim event  that formed mizm 12. The unit, referred 
to a8 Unit Gl, is observed m line  BA-@-126 (Figure 7A) but its occurrence 
is not recorded an adjacent and crossing lines due in part to  reduced data 
qwlity.  For this reasa it is not mapped on the  surficial geolqr map. 
The unit is expsed at the  seafloos over its southern extent  where it is 
formed into  steep  sided  linear  ridges and troughs. 
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Seaward of Unit L, erosim of the offshore trough apes the 
well stratified sequences, units M, N, and O at  the  seaflmr. 

These sequences conformably overly Unit L and dip at a shallow angle to the 
shelf edge where they are truncated.  The G6c-1 borehole ptrates these 
units and remrds their litholcqies as uniform marine silty clay 
througlwut . 

Unit P occupies  the  outer  ridge and extends to the shelf edge. 
Structure and iwch map of the surfaœ, identified as Horizm 15, cp1 
which the sequence rests are  displayed in Figures 8 and 9. The surface 
displays a morphology that is suggestive of an ancient  buried strand line 
with river -1s and offshore bars. This surface is exposed at  the 
seafloar  in  two areas, indicated 01 the maps. 

The seismic character of mit p varies from unstratified and 
translucent over the crest of the Nat& R;dge to stratified and 
transparent seaward of this feature. The offshore  stratified sequence rests 
cn the shoreward  unstratified sectian and indicates  that  Unit P in fact 
oonsists of two  distinct depsitiaml sequentxs. seismic resolution is not 
adquate to define  this bundary between the sequences across the region 
and -tmtly  the  entire  arter shelf sequence above Horizm 15 is 
inclded in Unit P. The stratificatim  patterns  indicate both steeply 
dipping  foresets of a<prqradi,ng bar ~ f :  delta and less steeply  dipping 
reflectors of a prided depositional sequence (Figure 10). 

Isolated  remnants of still younger strata mxpy the outer shelf  at  its 
northeast extremity. -se depits are stratified and conformable and dip to 
the shelf edge or are pandea cm the Llrderlying toposraphy of Horizon 15 Their 
limited  extent and lack of seismic aoverage in this area precludes mapping 
of these units at  present. 

m e  sequence is overlaid  with angular unmnformity  at the shelf edge 
by Well stratified  sediments of the Mackenzie Trwgh sequenoe, Unit S. 

The GSC-1 Wehrole reaxds the texture of Unit P as silty clay. The 
boxehole is located between two f a k s  of the Natsek Ridge and W not 
therefore s a m p l e  this feature. The textural  nature of the ridge may differ 
from the borehole  results. The seismics a d  grab eamples suggest that this 
texture may vary laterally and be ooaraer in places. 
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A total of 240  grab samples, 18 pistm a x e s  and 2 bxelmles have been 
collected from within the study area w i t h  an additional five borëimks 

The distributim of these samples is displayed in Enclosure 8 and in  
reduced form as Figure 11. Number designations and descriptions of the 
samples are also preeented  adjacent to the symbls indicating sample 
location and type. -les A-3.1, A-3.2, and A-3.3, (Appendix 3), present 
the sample data i n  tabular form. The sample average extends over the 
entire shelf ara Wt is of uneven deneity. mth of approximately 
6g055W, samples  axe priraarily limited to those collected we-1984. mese 
are more a less regularly Spaces an a 10 Km. grid. south of 69%5'N, the 
m t r a t i c n  af samples increases and includes samples taken by the a in 
1984 for shoai examimtion,  samples and pistan m e s  taken by the G6c 
during that same time  period, and pre-1984 samples and COT-. The Natsek 
borehole is located a~ the Middle Shelf area and the GC-1 borehole is 
located on the Outer  Shelf. 

0 located just hyxd the bounds of the site on the Alaskan Beaufort Shelf. 

Of the grab sample data set# azly the pre-1984 samples  have been lab 
tested fa grain Size and other proprties. Twenty nine of these analyses 
have been retrieved from the Bedford Instute of data base and 
are included in this report in Table A-3.3 M i x  3) and m Figure 11, 
(Enclosure 8). For the remainder  of the pre-1984 samples, textural 
parameters have been taken from maps presented in mlletier (1985). 
Several of these  samples are not identified by sample number. It should 
also be noted that the sample identificaticn of pre-1984 samples is as 
received from the BI0 data base and njay refer to sample number, sampling 
statim or seive analysis number, the distinctim b e t w e e n  them being unclear. 

The remaining  samples inclu&d in Tables A-3.1 and A-3.2 (Appendix 3)# 
and presented UI Figure 11 (Enclosure 8),  have received a visual 
classificaticm anly. These descriptians have been made by a number of 

. field warkers and are m standard. Thus me worker's %muddy gravel" may 
be another's "gravelly mud". Mditimally, textural nomenclature is 
variable b e t w e e n  agencies.  Where the field warker descri- a sample 
as "fine grey mud" the Gsc field worker may describe the s a m e  s e d i m e n t  type 
as "soft grey mud"  ar "stiff grey mud". The imprecisicn of descriptim and 
variabil i ty of mmenclature b e t w e e n  agencies limits the precisicn to which 
textural boundaries can h drawn. standardization through laborat- size 
amlyses of . k h e  visually described s a m p l e s  w i l l  wive this problem. 

The absence of actual weight  percentage data for most samples also 
degrades the analysis of aggregate quality. 

. .I 

Distributim of  bottom s e d i m e n t  types is presented in Figure 12, taken 
from Pelletier (1985),  while the percentages of gravel, sarad, silt and 
clay are presented in m i x  1 as Figures A-1.1,  A-1.2, A-1.3 a d  A-1.4. 
The data mllected in 1984 suggests some revisim of these maps is 
required: k w e v e r ,  the lack of size andLyses for 1984 sediment samples does 
not  permit modificatim of these quantitative boundaries at present. 

Based c11 Pelletier's (1985) data, the inner shelf is d o m i n a t e d  by a 
s i l t y  clay  facies w i t h  a ampsition of 40-608 clay, 2 M &  silt, and 
~ Y P ~ ~ U Y  less than 20% total  and and gravel. , Isolated patches of  clayey a 
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silt and gravelly clayey silt are scattered through the regicn. Zones of 
sand and gravel have bsen identified on the  inner shelf, based m visual 
andlyses of the 1984 sample data and sidescan data from 1984 and 1985 
Surveys. These qualitative boundaries, which  are  significantly modified 

(Enclosure 9 and Figure 14) and this figure should be referred to for sand 
and gravel distribution. 

from Pelletier's 1985 maps, are outlined on the map of Granular Resources 

Based Pelletier's  sample data, sidesaan data f r o m  the 1984 and 1985 
surveys and to a lesser extent, the 1984 sample data, the outer shelf area 
is dorninatd by a sand and gravel  facies. Most of the samples  contain from 
40-608 gravel, 2040% sand and from 20-508 silt and clay. A few  samples 
are almost pure sand and gravel, with less than 5% silt and clay. 

High gravel cmcentratims, as interpretd  from side scan 
smqrams, are restricted to a narrow zone that runs the length of the 
Mackenzie Trough shelf edge (Mr. Jim Shearer, pers am.). This z m ,  is 
presented cm the Granular " K c e s  Map (Figure 14, =losure 9). The zone 
lies  between the 40 and 64 meter omtours in the south and occurs in 
progressively water depths to the north. A t  its rrorthern extent CLI 
the northeu&zn edge of t h  Yukon shelf the zme occurs from approximately 
50 meters water depth to the shelf break at 8Q meters. 

The sidescan data alsa indicate  extensive areas that are  dominated by 
sand ripples and mqaripples. sand ripples are observed  within  the  eastern 
and central parts of the Outer Trough while  megaripples oocull in a narrow 
lineax zone sandwiched between  the eastern edge of the  gravel zcne and the 
Mackenzie T r q h  shelf break at 80 mters depth. 

This study  cmsidexs  all areas where signifimt portion of sand and 

signifioant  percentage of fines are not oonsidered  suitable  -row 
materials, they can not be overlooked at this time. (3cmsiderably more data 
is needed to delineate proven depsits of the required  quality, and 
similarly to  reject  unsuitable  materials. 

3.3.1 Provenance 

The relatian between locale, bawetry, stratigra- and sample 
texture is not Straightforward and indicates that  distribution is 
-trolled by several independant mechanisms. 

The ooastline  west of mmakuk Beach a& extending almost to C l a r a c e  
U w  is dbrninated by fine  grained hawtrine sediments. The shoreline  is 
franted by c a s t a 1  cliffs of approximately 9 meters  height .(€pnptm, 1982). 
-tal retreat thraugh thermal niching ar retrogressive t h a w  flow slides 
is presently active.  Studies c3n the North slops (Reimnitz  et 
al, l%S), indicate that ooastal retreat for aoastlines cromposed of similar 
fine grained material averages 5.4 meters / year and locally reaches 18 
meters / year. -tal retreat of the fine grained areas frmting the mon 
coast slxluld be, therefore, a major contributor to the offshore d i m e n t  
budget. 

Epsits of fine grained Hplocene material are not directly observed 
within the study ara, bwever, and microprofiler data indicate erosion of 
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the shelf  strata. Figure 13, a sectim of microprofiler record from Line 41 
of the 1984 survey  shows  reflectors of Unit M truncated at the seafloor 
with m overlying  cover.  This  section is lmted on the middle  shelf, and 
is observed in all areas where the surficial dewits are  stratified i.e. 
Units M, N I  & O cn the Middle  Shelf ard Unit S cn the upper SI-. 
Althwgh the substrate shoreward of this, (mit L) lacks  reflectors and 
truncaticn of strata at the seaflm is not observed, it may be assumed 
that this &servatian holds for this area as well.  This  suggests  that fine 
grained  deposits are likely derived from in situ rewarking of the 
underlying strata, which from the limited  number of &reholes are also seen 
to be uniformly -ped of silts and clays. 

The possibility cannot be ruled at, however,  that some of the influx 
of material eroded from the a t  and k q h t  in from river discharge may 
b deposited m the inner and middle  shelf  where it is tharaghly mixed 
with the older  sediment of Unit L through ice scwring. It is noted that 
the slxxeline aompition is  reflected in the offshore sediment anpsition 
of Unit L Highly sooured fine grained m u d  with  nearly  even  proportions of 
silt and clay are ubiquitous  offshare from the fines dominated mastline. 

From the density of soow: marks ~1 the seafloar it is presumed that 
ming of the seafloor by ice is the primary nechanism for reworking and 
redistributicn of these materials. 

The influx of aediment from Q1GhQlte may be restricted to the innernost 
shelf adjacent the shoreline. Alternately, and perhap more plausibly, 
current  velocities over the shelf may be sufficiently high that the fine 
grained  sediments eroded from the -t bypass the shelf mmpletely and are 
deposited in the  Mackenzie Trough and mufort Sea. The truncaticn of 
strata both cm the shelf and an the upper slope and the oocurrence of 
gravel lags and megaripples almg the shelf edge, tends to s u m r t  this 

The gravels and sands of the wstal ~ a n e  are relict and were depited 
as alluvial fans at a time of lower  sealevel (see sectian 41). They are 
presently being reworked into marine landforms of baymouth W s ,  islands 
and spits, and are also being transported offshore a minimal distance where 
they form a thin venee~ of -se =terial cm top  of  fine grained 
lacustrine cx lagocvlal material  which occupies the Inshore Trough. 

The -se grained Miments of the Middle Shelf are generally, though 
not a l w a y s ,  lcxated cm shoals. Most &ml areas within the study area are, 
however, a m p s e d  of fine grained sediments similar to tlae surrounding 
sediments and the existence of the shaals is in moet cases not thought to 
be due to their more resistant nature as -se grained  -its. The sands 
and gravels are unevenly  distributed over the  Middle  Shelf and where they 
oaxr are  generally in a bimodal distribution  with mu% From a l l  bwehole 
and core data, there appears to b little -ce in the underlying strata 
for the -se fractian , except in the  alluvial fans. From the 0bservatim.s 
it Wald seem that the likely source for the sands and gravels mer nost of 
the Middle Shelf is ice rafting with subsequent ooncentration through 
winmwing cm the tops of shoals. 

This mechanism  is pos tu l a t ed  cm a larger scale cn the  Outer Shelf where 
a surficial  veneer of -se material is ubiquitous. Again borehole and 
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seismic evidence  indicates M t .  the sub bottom strata axe sand and gravel 
poor and therefore not likely sources.  The cmincidence of the coarse 
cmcentratians to the Outer shelf suggest that this fractian is or w a s  
transported to the shelf from offshore, possibly at a time of l o w e r  
sealevel when access by ice was restricted to the 40-50 meter isobath. 

It is also possible that the -se material represents a substrate  that 
w a s  not sampled by theboreholes. axping studies being aonducted by EE!A 
Engineering Ltd., and Challenger Surveys, an the nmr#mlogic features cm 
the shelf, indicate that the Natsek Ridge surfa= is strmgly reminisent of 
an esker landform (Paul Wffel ,  pers oomm). 

These two interpretations result in significantly different  appraisals of 
the granular re8ouTce base and m u s t  be resolved before a valid assessment of 
this zone can be ma&. 
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Table 3 summarizes the granular  resource  potential  as  identified from 
this  study and Figure  14 (Enclosure 9) present the data in map form. The 
descriptim of potential  aggregate  ooncentration is subdivided  into three 
yeograghic m e s  : a Coastal m e  where a m s e  aggregate  deposits  are 
drowned extemicm of ahore depsits, a Middle  Shelf m e  dominated by 
lag deposits  localized QI shoals and an Outer shelf zme where a 
combiration of outcrops of OOarse material and aoncentratians of ice rafted 
detritus are the likely sources of coarse matexid. 

There  are no ''prove"'  resources  within .the study ara. Given the 
oonflicting  nature of the cores, boreholes, and seisrnics  against the grab 
sample data, it is cbviow that the grab samples mn not be taken as 
representative of the substrate to any depth  greater than a few  centimeters. 
There are several areas, mostly  within the -tal Zone, in which the various 
data sources corroborate -ch other and indicate substantial cancentratims 
of -se material. While the areal extent of these dewits are reasonably 
well  ascertained, the thickness of the deposits are best estimates. These 
prospects are  amsidered "prprabable". 

The Middle  Shelf  is  aminated by fine  grained  facies and the mame 
material  distributim,  while in places localized cm bathymetric  highs,  is 
apparently random  with W .  unique oorrelation to t w a p h y  or  stratigraphy 
observed. 

a the mter shelf the limited data mverage and oonflict  between the 
borehole and seismic data with the grab  samples and side scan data limits 
the designation of the area to IIproepctive"  although grab samples and 
sidescan data indicate  high  mcentrations of sand and gravel. 

The following sübsecticms  describe the "probable1' or "prospective" 
deposits  within the three areas. The depite are  identified as 'lprosFsll 
and are indicated on the Granular ksource map (Figure 14). While the 
entire Outer mlf is identified as "prospective",  specific areas are 
highlighted in the basis of likely tsposraphy (Forninant mls), seismics 

aesr- 
or toposraphy  plus samples in order to n a r r o w  the search areas to some 

This is dane while  recqnizing tht a unique  relationship  between 
shoal areas and =se materials  is not established from this stdy  for the 
Outer Shelf area. 
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The Malaolm and Firth  Rivers are majar drainage systems  that w i n  in the 
British  Mountains and flow north across the W o n  Coastal Plain to empty  into 
the mufort Sea west of Herschel  Island. They form large terraced alluvial 
fans that alesce at  their  distal dges. The M a l c o l m  River fan, more &O than 
the Firth, has extended the shoreline  seaward  in a br@ arc. The fans are 
o o m p s e d  predominantly of "stratified  poorly  sorted pebbly gravels  with many 
cmbbles and few  boulders (Ramptm 1982). 

At the shoreline these alluvial sands and gravels are being actively 
rewnrked into beach and spit deposits that extend from Komakuk EBach at the 
western edge of the Malcolm River fan to Herschel Island. The spits are 
aomposed predominantly of fine pebbly gravel to -se sand, are up to 150 
meters  wide and may lx up to 8 meters thick (Rampton 1982). The spits and 
bars are generally 1 to 2.5 meters above sea level. Lmgshare movement of 
sand and gravel,  mainly from mstal erosicm has caused recent extension of 
most spits and is presently  oontinuing ("ld a d  Lewis, 1973). Lmgskwre 
drift is from west to east along the M a l c o l m  and Firth River coastlines and 
north to south along the west coast of Herschel Island (Pelletier, 1985). 
This transpoxt  pattern has resulted in spits attached to the shore at  their 
western ends along the Malcolm River a t  and a spit extending southwards 
from  the  southwest tip of Elerschel  Island. The pattern also indicates a 
sediment sink within the emhyment north of the Firth River  between the 
M a l c o l m  River and Herschel Island. 

Bathymetry, seismic profiles and bttom grab samples indicate that the 
coarse facies of the Malmlm River fan e x t e  seaward of the shoreline and 
lies exposed at the seafloor to a maximum depth of 20 meters. AS alluvial 
fans are  primarily  terrestrial  deposits except in areas of high coastal 
tsposraphy  (Flriedman and sanders, 1978), this indicates  that the fan 
deposits  were laid down at a time of l o w e r  -level and have been 
subsequently drowned. mmptm (1982), notes that the alluvial fans in  this 
area are probably early to middle Quaternary in age as their distal edges 
are  overlain by Buckland glacial deposits of prohble early Wiswnsinan 
age. 

Bathymetric profiles crossing seaward of the Malcolm River fan show an 
abrupt rise to a snwoth surfaced terrace that contrasts sharply with the 
rugged, ice scoured microrelief of the surrounding seafloor (Figure 15). This 
boundary is well  defined and is displayed in Figure 5 as HoFizcl? 16. The 
boundary is arcuate, hlging to seaward, and parallels the mtline shape of 
the Malaolm River fan. A single grab sample, S+848-l2l, is cmllected  Within 
this morphologic entity, and is described as "gravel". The s m o o t h  seafloor 
profiles  exhibited by the bathymetric and high resoluticn  seismic sources 
is the  result of the resistance of coarse sediments to deep scouring 
oombined  with the rapid recovery of the nm cahesive coarse sediments  after 
disturbance. 

High resolution data indicate that to seaward the surface forms a shallow 
shelf  covered  with a thin veneer of transparent, scour4 sediments before 
descending to form the floor of the near shore ,trough. 
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A lower extent for the coarse material of this unit m t  be firmly 
established from the data at hand. a r e  84-89 (Figure A-2.1, Appendix 2), 
pnetratd the unit to 89 cm without enmuntering the l o w e r  limit and it is 
felt that the base lies significantly deeper, The shallowest harizon 
identified beneath the unit, Horizcm 11, is m l y  defined i n  this arcs. The 
isopach on this harizon indiates W t  the unit thickens shoreward and is 6 to 
10 meters  thick at the  shoreward limit of seismic Oovera- beneath the 
offshore Malcolm River fan (Enclosure 5 8  Figure 7). The lack of strong or 
c o n t i n m s  aawstic horizas abwe Hwim 11 does not preclude  variations i n  
texture within the sequace. mmptm notes, bwever, that in  the area of the 
alluvial fans ahore "6 to 15 meters of gravel commonly overlies bedrock, 
especially. .. west of Firth River" (-#a, 1982). It is therefore possible 
and likely that Horizcxl 11, extrapolated shoreward as a flat, alightly 
inclined plane represents the bse of the -it. This provides a tentative 
base for determining the volume of -se grained s e d i m e n t  lying b e t w e e n  the 
seaward boundary of the expure and the 10 meter isolath. The area enclosed 
by the baurdary and the 10 meter isobath measures 71.35 millim square metres 
and, assuming a 6 meter  thick section we arrive at  428 million cubic  metres of 
coarse grained  material. A 10 meter thick sectim yields 713.5 millicn Cubic 
metres 

The prospect am, w i t h  reasonable  -fidence, be extended from the 10 
meter mtour to shoreline. This resul ts  in  an additicmal area of 73.99 
millim square meters. If we again  assume a minimum of 6 meters and a maximum 
of 10 meters for the thickness of the demit, volumes of 444 and 740 million 
cubic  meters,  respectively, are a o m p l t e d .  This additional area is Outlined as 
Prospect 1B on the G r a n u l a r  €?.@sources map, 

me m e  lying to seaward of the drowned M a l c o l m  River fan, (Prospect 
lA), is defined by eight grab samples and fhrm cores. The z m e  farms a 
crescent sham apran around the perimeter of the fan. m e  grab samples range 
in  visual descriptim from fine sand to -se sand to gravel. A single 
-@e has been analysed. Sample 11393 is strongly bimodal and m i s t s  of 
54% gravel, cnly 5% sand, and 41% silt and clay. 

Three pis- -es, 84-89, 84-90, 84-91, ( m i x  2, Figures A-2.1, A- 
2.2, and A-2.3) are taken from within the zme and do not support an 
extensive sand and gravel z ~ n e  as inferred from the grab samples. m e s  90 
and 91 show virtually no sand but rather hg-1 or lacustrine type fine 
grained depsits. W e  84-89, the southernmost m e ,  is taken at the 
bwndary of Prospects 1 and U. This a r e  enmunters d'hneath 10 
œntimeters of laminated,  arganic rich silt and clay. The sand -sens 
bwnsecticn to gravel at 69 centimeters and gravel is enmuntered to the 
depth of penetratim at 89 omtimeters. Rom its positim beneath the 
"laqmnalî' material this sand is interpreted to be part of the Malaolm 
River Fan depsit (Prospect 1) and distinct from the sands of F!rospct lA 
which overlie the material. 

The seismics mrroborate the mre descriptions. prospct la lies 
within the inshore trough, a bathymetric depression sub-parallel to the 
shoreline ( see Section 3.1). The seismics show that this depression is 
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partially filled w i t h  transparent well to poarly stratified 
sediments (Unit a). It seems likely then that the sand and gravel "aprm" 
seaward of the d r o w n e d  Malalm River fan is a thin and patchy veneer 
reworked from the fan in recent times, and overlaid cn the fine grained 
sedimmts of Unit Q. 

This interpretation indicates that Prospect IA is not a highly 
prospctive ara for high grade aggregate deposits. The area fa Prospect 
lA measured 74.65 millim quare metres. The volume amnot be estimated 
w i t h w t  f u t h e r  testing as there appears, from the limited data at, hand to 
be of neglible thickness. 
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Directly offshore from the * kver and th@ Backhouse River, 6 Km. to the 
w e s t ,  the bathymetric ccxltours bulge seaward to form narrow ridges. 16 
and 18 meter oolltoutrs are extmded seawards off of the * River while nwth 
of the Backlmuse River the 12 to  16 meter cxntours are affected. 

Figures 16, 17 and 18  are  bathymetric, boomer, and 3.5 W. profiles 
across the * River P r o s p c t .  aLe to the recarding scales t?e three r d s  
are quite dissimilar, in  appearance but ea& yields  useful information. The 
bathymetric  profile depicts a mical feature  with a local elevatiaa of 2-3 
meters. me b o o m e r  reaord displays the abrupt transition to a smmth, 
unsaured surface across the shoal while the 3.5 KHz. profile  displays a 
subsurface reflector, Wizm 11, as the pssible  base of the feature. 

A grab sample, (Sh-84~-114), taken CXI the shoal nOrth Of th@ * RiWK 
is described as "gravel". m grab tanples are remvered from the ridge =th of the Backhouse River, lmwwer, bathymetric profiles  display a 
similar transition to a smooth crest (Figure 19). 

The Backhouse and * Rivers acapy linear, narrow valleys partially 
cut into W o c k  and filled with terraes of fluvial gravel and fine &. 
The offshore ridges are interpreted as seaward extensions of these &pits. 
?hat: the 10 meter amtour is unaffected by the &pits  suggests that they may 
be remnants partially of wkroLly cut off from the shoreline. 

I 

I 

Extending the hmdary  of the BacKimse River depsit into the 10 
meter aontour yields an area of 2.9 millian quare metres. The * River 
d e p s i t  is left as a shoal unattached to the o x s t  and measuring 2.4 million 

lines exterd over the * River shoal. miZan 11 is the shallowest him 
&served and a x w s  at 5 meters depth. Assuming that this represents the 
bse of the deposit, an average thickness of 25 metres is assumed, 
yielding a volume of 6 millim cubic metr-. 

Seismic Qwerage daes mt extend mer the Backhouse River shoal and the 
thickness of 4 meters over Harizan  11  is, extrapolated to the shoal. This 
thickness yields a vlolume of 5.8 millim cubic metres. It should be re- 
emphasized, lmwever, that the psiti- of Horizan 11 is ten- due to poor 
seismic returns in this area. 
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A much larger bathymetric high is located offshore from, and is 
apparently associated with, the river systems that flow into the Clarence 

chief a m g  them the Clarence River, and Craig Creek. The rivers 
combine to form an extensive  alluvial fan-delta plain composed predominantly 
of fluvial gravels. A bymwth bar is anchored on the eastern end Of and 
virtually  encloses the lagoon, indicating an east to west longshore drift. 

Iagcm. This lagmn acts as a debuchernent p i n t  for numerous  rivers, 

Offshore, the bathymetric contours extend  seaward to form a broad ridge 
aligned i n  a north - south direction. The ridge is oonnected to the 
shoreline and extends to the 20 - 22 meter isohth. East-west  oriented boomer 
p e r d s  and north - south bathymetric profiles indicate that it is smooth 
crested  (Figures 20 a d  21). Six grab samples were retrieved on and around 
the s b l .  TWO of these, (84-19 and 84-25), located cm the flanks of the 
s h l ,  are described as "soft grey mud". Four samples (S-bE"84-108, 109, 110, 
and Ill),  scattered abut the length of the shad, are describd as "sand", 
"gandy gravel", or "sandy  muddy gravel". 

The bathymetric data, cnmbined w i t h  the grab samples allow  delineation 
of the extent of the coarse grained  deposit as 25.1 millicn square metres. 
The seismics are, however, again ambigmus, and the lower  limit cannot be 
reliably  estimated. As the s-1 has a local relief of a b u t  2 meters, we 
assume this as a minimum  thichess. This figure  yields a minimum wlume of 
50.2 millim cubic metres of coarse grained  material. 

. c' 
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3.2 

Six prospective sites  are  identified on the Nearshore Ridge and an 
additimal  five  are  scattered over the Middle  Shelf area seaward of the 
ridge. 

Praspect 5 is a s b l  located 7 Km. due west of the north tip of Herschel 
Island. The zone is  situated  in  approximately 22 to 26 meters of water and 
cornwises the eastern end of the Nearahore Ridge  described  in  Section 
3.1.  It is notable,  hwever, that this shoal is  offset slightly from the 
main ridge and may be a seprate feature. Eight grab  samples  define the 
zone and are visually  described as coarse sands to gravels. NO size 
amlyses have been ducted an these samples. A short are, 84-74, 
(Appendix 2, Figure A-2.4), located at the edge of the shoal  penetrated 7 
cm Of 03arse, m a y  sand into 11 c m  of silt. A number of bathymetry and 
3.5 Khz profiles across the shoal are presented in Figures 22 to 26. 
Figures 22 and 23 ccoss the crest of the shoal from north to south. They 
depict a steep sided  plateau with greater relief an the north flank. The 
-1 in Figure 22 is flat topped with reduced s o ~ l l l  micro-relief cm the 
top and flanks, A bathymetry profile (Figure 24) CrOBseS the southern 
flank in an east - west  direction and displays a mre subdued local  relief. 

On the microprofiler records (Figures 25 and 26) the shoal is seen to 
rest oc1 stratigraphic mit L Harizon 11 is the shallowest oaherent sub 
seafloor reflector and occurs at 6-7 meters depth &low the crest of the 
shoal. As this reflector  underlies  unit L in fine g-ined areas surrounding 
the h l ,  it is not expected that it represents the base of -se sediments. 
The base may be defined by the lower extent of dark surface return whi& 
is noticeably thicker beneath the shoal. Referring to Figure 25 it aggears 
that  this  imFecise  lower  limit  forms a flat slightly  inclined  surface that, 
beneath the crest of the shoal is 4.5 meters below seaflcrsr and thins to near 
zero away from the crest a either  side. The zero edge aoincides  with the 
24 meter cantour and by tracing the 24 meter cantour we find that it does 
enclose  all of the =se grained samples and excludes fine grained samples 
taken in proximity to them. 

Using the 24 meter isobath and the grab s a m p l e  distributicn to define 
the fature an area of 13 million square metres is determined for the 
shoal. If an average thickness of 2 meters is assumed, this results in a 
volume of 26 million  cubic  metres. 
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Offset  approximately 1 Km. to the east of Prospct 5 a second shoal of 
possible w r s e  material is noted. The shoal has local  relief of about 3 

meters. A single sample, Si-84s-15, (Figure 27), is located on the feature 
and is visually  descrikd as ''small  pbbles". me similarity and proximity 
to the larger shoal suggest that they are  part of the same  feature: a sard 
and gravel  remnant  resting m the finer grained  Unit L 

0 meters and rises from the 24 meter  contour  to a minimum  depth of 20.7 

The  area of this shoal is 1.8 rnillicm  square  metres and assuming an 
average  thickness of 1.5  meters a mlume of 2.7 million cubic metres  is 
obtained. 

Three and m e  half Km. north-mrtheast of Prospect 5 a single grab 
sample  with a descriptim of "gravel" is recorded, The  sample is taken from 
the north flank of the inner ridge and is not localized m a shoal.  With no 
bathymetric trends or seismic  evidence to constrain this area a bundary is 
not attempted and the feature is located by a circle on the  prospcts  map. 

Prospec t  8 is situated cm the crest of the nearshore ridge, 7 Km west 
of Prospect 7 and 5 Km. south of the Natsek 4 borehole. G r a b  Sample # 11373, 
taken from this locale, amtains 3 4 %  gravel, 26% sand and 4 0 %  silt and clay, 

ridge to the est and west, as well as off the  ridge to the  north and 
south, are uniformly identifid as muds. Line  96 from the 1984 survey 
passes over the -1 in proximity to the location of sample #11373. A 
section of the profile  where it crosses t k  crest of the ridge  is skrown in 
Figure 28. Figure 28 shows 4 to 6 metres of unstratified,  acoustically 
transparent sediment m a flat-lying  reflector, Wizm 11. The seafloor 
is highly scoured and the bottom return is  slightly diffuse. 
These  observations  indicate a soft  substrate  with  little  -se  material 
present. The -se fraction is thought to be either  disseminated 
throughout the  unit or exists as a very thin lag at  the  seaflow. Because 
of these uncertainties, m thickness is applied to the prospct.  The 22 m 
contour outlines the potential target area. This area is 6.5 million 
square  metres. 

0 and is therefore  amsidered of low  quality. Samples along the axis of the 

Prospsct 9 is  located an  the axis of the nearshore  ridge  at  the 
ridge's  shallowest pint, which is measured as 15.5 m. A grab sample from 
this locale is described  as  "gravel".  other samples to the east and west 
along the shoal, and an the flanks to the north and south, are fine- 
grained and restrict  the potential coarse depsit to the area approximately 
enclosecl by the 18 m mtour. 

Figure 29 presents a microprofiler record across the western end of 
the feature. It depicts a 10 rn thickness of Unit L on Horizm 11. The 
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profiler record is  excessively dark due to high gain settings, and 
consequently any boundaries are obscured. The first  multiple, towever, may 
be helpful.  Here, urder diminished energy, the diffuse, opque unit is 
restricted to the southern (right hand)  shoal,  while  the Inore northern p r t  of 
the shoal is  acoustically  transparent. The thickness of the opque zone is 
4 meters at its  greatest and may indicate  that a maximum of 4 m of m r s e  
material  cxxurs at this  location. 

The area enclosed by the 18 m ContoUI: is 2.9 million square metres, 
and assuming  that  the average thickness for  the arse depsit is 2 metres, 
a volume of 5.8 million cubic metres is calculated. 

Prospect 10 is located  near the western edge of the nearshore ridge. 
bthymetric  profiles across the prospct are presented  in Figures 30 and 31. 
!these profiles depict an uneven surface, elevated 3 to 5 metres above the 
surrounding seakd, to a minimum of 18 m water depth. The saour-induced 
micr-relief  is much reduced M this feature. 

Two grab samples from the shoal are described as "very fine gravel", 
and "fine grey m u d  with small pebbles". Samples of fine grained material 
around these  samples  constrain t k  extent of the deposit. The shoal is 
situated al the western end of the Inner Ridge which for the greater part is 
sampled as fine mud. Because of this it cannot be assumed #at the height 
Of the shoal is the thichess of the a r s e  material.  Microprofiler  lines 
are not run over the feature and an alternate lower limit is conjectured to 
be similar to that of prospect 9, Le. 4 meters, an approximate  maximum 
area, Used cm limits  imposed by the grab samples and topography is  1.1 
millian  square  meters. Ihe assumption of an average thickness of 2 m. 
yields an estimate of 2.2 million cubic meters. 
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To the north of Prospect 7 and some 6 Km. distant is another shoal 
area that is possibly coarse grained. A single grab sample, Sh-84s-10 , 
is  described as "small pebbles". The shml is enclosed by the 32 
meter cantour and attains a minimum depth of 28.4 meters. The bathymetric 
profile across the feature,  however, shows a rugged scou1: mimerelief 
suggestive of fine grained material and therefore, the small pebbles may not 
be representative of the seafloor  oompition. 

Figure 32 is a microprofiler record across the west dge of the shoal. 
It  shows a s m e d ,  unstratified sequence typical of Unit L resting  cm the 
slightly domed surface of HOKiZCn 11. The smfloar return is opque to 
abwt 2 mtexs depth and this m y  reflect a m s e  sediment hg. 

The s b l ,  as defined by the 32 meter oantour, m B a s u r e s  3.4 million 
sqwre meters. If an average thickness of 1 meter is assumed, a mlume of 
3.4 millim  cubic  meters is calculated. 

Wive Km. due west of P r o s p c t  11, Prospct 12 is identified. A 
grab  Sample  taken  from  this  feature  (sample # 11371),  contains 24% gravel, 
38 sarad, and 73% silt and clay. It is therefore  axsidered a poar quality 
prospect. The shoal is linear in an east - west directicn, enclosed by the 
32 meter amtour and has a minimum depth of 30 meters.  It measures 4 
million square meters in area. A microprofiler  line crossing the western 

of Prospect 12 is presented  in FigUre 33. It is  similar to Figure 32 
and shows typical scourecl Unit L strata m a slightly b w d  Horizm 11. 
The thicbess of the opaque seaflmr return is mly about 1 meter and this 
is perhaps the thickness of the coarse lag.  Assuming 0.5 meters as an 
average  thickness, a prospective volume of 2 million cubic meters is 
calculated. 

Prospect  13 is located  in the north central  portion of the Middle 
Shelf. Grab sample  #11391, from this latia?, -tains 10% gravel, 62% 
sand, and 28% silt and clay. The m e a n  Mi is -0.72 indicating a -se 
sand deposit. The sample is situated cn a small rise of about one meter 
relief and is nearly enclosed by the 34 meter m t w .  mere are no 
profiler  lines  in the area  and an average thickness of 0.5 meters is 
assumed based on relief alme. The area for the deposit, as m e a s u r e d  
within the 34 meter cantour is 1 millim square meters and a total volume 
of a5 million  cubic meters of potential -se sediment is mlculated. 

14 and 15 

The remaining  prospective deposits on the  Middle  Shelf are subject to 
even  lower  confidence  levels. Prospect 14 is located at the western end of 
a large  ridge  feature to the  eastnortheast of Prospect  15 . A grab sample 
at this  site (sample # sH-84~-25) is described as "sand and gravel". The 
echo sounder  profile  at  the  site,  hnwever,  depicts a highly scoured 



seafloor ( s a u r  depth of 2+ meters), suggesting a high fines content 
(Figure 34). Samples taken to the east cm the same ridge are unifmrnly 
described as "fine grey mud". There is, therefore, little evidence to 
support a gravel depsit at this locale. 

A maximum  area of Il million  square meters is calculated by assuming 
that the dewsit is restricted to the shoal, and limited by the surrounding 
fine grained  sediments. The shoal height is 1.6 meters and based an an 
average thickness of 0.8 meters a wlume of 8.8 million cubic meters is 
arrived  at. 

Prospect 15, located near the western boundary in 26 meters of water 
is not appreciably elevated relative to the surrounding seafloar, (minimum 
height 24.6 m), and is noticeably sooured, suggesting a fine  grained 
texture (Figure 35). G r a b  sample # "84s-28, retrieved from this locatim, 
is visually described as "gravel". There are no microprofiler lines across 
the site. It is  conjectured that the gravel is a minor  amstituent in an 
otherwise fine  grained depsit. An area of 2.7 millim square meters is 
calculated using the 26 meter cantour. Assuming an average thickness of 
0.7 meters a \nolume of 1.9 million cubic  meters is calculated. 
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A number of questions m u s t  be resolved before a amfident  assessment 
of the outer  shelf area as an aggregate  resource can be made, Significant 
volumes of sand and gravel are predicted from the grab sample and sidescan 
data, however, this canclusiua  is  contradicted by brehole and geophysical 
data. 

The bxehole c5c-1 is located cm the axis of the Outer Ridge in 
proximity to, but not cn, the Natsek  Ridge. The borehole,  drilled  in 47 
meters of water and to a sub -floor  depth of 52.6 meters, enmtered 
silt and clay througtmt w i t h  only traces of sand and gravel present. The 
borehole  penetrated to within a few  meters of Horizon 9 and sampled  units 
L, M, N, 0, and P, i&., virtually  all of the seismchstratigraphx  units 
expsed cn the shelf.  The  amounts of sand and gravel  present are 
insufficient to produce a significant lag deposit through wiwwing which 
is  mnsidered the most likely  origin  for  potential granular deposits, 

The geophysical data also  contradict an in  situ  provenance for the 
sands and gravels. From the airgun and profiler data a surficial seis- 
stratigraphy is developd that is based m distinct  differences in the 
acoustic  signatures of the substrates. These differences  should  -relate 
with  changes in stratal properties, including grain size, and the textural 
changes in the surficial oover should coincide with  seismic  unit 
boundaries. Referring to Figures 4 an3 14, it is seen that this is not the 
case, as the sand and gravel  dominant mer crosses the surficial 
stratigraphic boundaries. -se grained  Samples are equally cornmm m 
the eastern  portion of the transparent, closely banded strata of Units M, 
N, a d  0 as on the diffuse and unstratified strata of Unit P. As Units M8 
N, and O are seen to be trunated at the seafloor, this  also suggests that 
the -se material is a veneer w i t h  a thickness below the resolutim of 
the microprof iler. 

mere may  well exist local axrse grained  units exposed cn the  shelf 
which are not sampled by the sparse borehole control. These units  may  act 
as sources for the sands and gravels  which  are then distributed by bottom 
current actim mer the fine  grained units. The Natsek Ridge ard Unit  L-1 
are two p s i b l e  SouTces. Bottom  current  activity  in the form of sand 
ripples and megaripples is noted along the Mackenzie Trough  shelf dge and 
within the Offshore mough by Shearer. mese areas are outlined on the 
Granular ~esources Map, (Figure 14, mclosuxe 9). The megarimle  patterns 
indicate that m e  current  regime is active at the shelf edge and travels 
from north to south, and the sand ripple pattern describes a secad  current 
regime that forms an elongated  east-west gyre aontained  aompletely  within 
the Offshore  Trough. These strong Currents may be sufficient to erode and 
redistribute -se sediments from as yet unidentified sources on the 
shelf. 

That the -se unit, particularly the gravel zclle as defined by 
sidescan,  parallels the trend of the shelf edge to a significant dqree 
also  suggests, as an alternative to a lag origin, an offshore source whose 
incursim mto the shelf is in  some manner restricted to present day water 
deptm greater than 40 to 50 meters. Pelletier (19~15)~ suggests an ice 
rafting  mechanism for the emplacement of the ooarse sediments  in  the area 
west of Herschel Island, and this  mechanism may apply at least to the outer 
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shelf  region.  Dinter (1985), invokes ice rafting to explain the gravel 
depsits  situatd on the Outer Alaskan shelf and in support of this sites 
the abundance of clasts w h o s e  lithologies  are  exotic to the Alaska mainland 
and mmmon to the Canadian  Arctic  Islands (the dolomite facies of Rdeik, 
1979). He notes  that the sand and gravel  deposits are laryely  restricted 
to Z e a s  blow 44 meters depth and postulates  that this value  approximates 
sea level or minimum depth of iceberg grounding when the source of sediment 
supply dwindled. 

The entire outer shelf  is typed as prospective and is  identified on the 
Granular  Resources map as Prospect  20. A number of smaller  zones are 
identified as deserving of a higher  priority in future  investigations. 

mis prospct  is located on the southern boundary of the Outer  shelf. 
The prospect is a shoal on which a grab sample  (Sample  #10758) recovered 
88% sand, 7%  gravel and mly 5% silt and clay.  Figure 36 is a bathymetric 
profile  across the feature. The shoal has a minimum depth of 33 meters and 
is enclosed by the 40 meter  amtour. Most of the shoal, knwever, lies 
&tween 36 and 40 meters depth. The surfaœ of the shoal is -wed to a 
slightly  lesser wee than the surrounding seafloor. 'Ihe area of the 
sboal is maaswed as 3 million square meters. A volume of 6 nailU.cn  cubic 
meters is arrived  at by assuming an average thichess of 2 meters for the 
depsit .  

Prospect  17  is  located  12Km. due north of Prospect  16.  It does not 
occur UI a shal and is includd as a prospect cn the basis of the very 
high  gravel mtent recorded  in a single grab sample. A percentage of >60% 
gravel and 2040% sand is not&. An area am3 volume have not b e n  
calculated for this deposit and it is  identified m the prospcts map with 
a circle. 

This prospect  lies 7 Km. to the west of Prospect 17. !the prospect is a 
grouping of linear shoals and depressions of high relief. The shoal is 
part of or rests cn the outcrop of Unit G1. As noted in Sectim 3.2 Unit 
L-1 is poorly defin& by the seismics but is  considered to W of limited 
extent. Tzle shoals m y  alternatively b relict  moraine  depsits  lying cm the 
surfaœ of Unit  L-1.  They occur near the &gz of the Mackmzie Trough and 
due north of the western  limit of glaciation cm land ( R a m p t o n  1982). They 
may  therefore  represent  lateral or end moraine  deposits. A separating 
boundary between the shoals and Unit ~,-1  is not observed m the seismics 
but  this may be due to a lack of penetratim  through the mars sediments 
by the microprof iler  energy. 

A grab sample U-I m e  of the shoals ( S a m p l e  # 818), is described as 
"clayey sand and gravel" with 50-80% satad and gravel. Figures 37, 38, and 
39, are bathymetric  profiles  across three of the shoals.  They depict 
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features of high  relief and in places near  vertical  walls. Scouring on the 
shoals is noticeably lesser than the off -1 areas.  Figure 40 is a 
secticPl of microprofiler  line 111 that crosses the western edge of the 
Sho& The profile shows an unstratified  unit  with a strcng seafloor 
return suggestive of a hard bottom. 

The  data  indicate a high  probability of finding -se material and 
the shoals are type3 as pobble deposits. The combined area of the shoals 
is 16.7 million square meters as approximately  enclosed by the 46 to 48 
meter mtours. A minimum depth of 34 meters is recorded, however the 
local elevatim Is generally 8 mters tar less. 

A lower  limit  is not observed cn the seismics. If we assume the base 
of the -1 as the &se of demit, and an average thickness of 4 meters, 
a volume of 66 millim cubic meters results. 

A final area for special mideration is  identified  at  the  extreme 
northeast corner of the shelf. NO samples have  been taken from this site, 
however it lies within the gravel domirnt zone as defined by sidescan and 
its anomalous marphology is notewarthy. TIK papeck consists of a narrow 
linear ridge that protrudes from the Natsek  Ridge  northeastwards to the 
shelf edge. A microprofiler line over the feature (Figure 411, smws a 
remnant, slightly stratified deposit prched within a b o w l  shaped 
depressim.  Penetration is noticeably reduced across the center of the 
feature suggesting a N d e r  seafloor, 

The anomalous topography may indicate a a x r s e r ,  resistant 
material than the  surrounding seaked. The feature  measures  approximately 
31.7 million sqwre meters in area. It las a maximum thichess in Figure 
41 a€ 17 meters. A s s u m i n g  an average thickness of 8.5 meters for the unit 
we obtain a wlume of 269.5 million cubic meters. 
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kom a study of the s a m p l e ,  bathymetric, and geophysical data 
available on the Y u k a  Shelf  the  following mclusicm are drawn: 

+'here  are m proven deposits of -se material within the study area 
due primarily to a lack of borehole  control 

-Probable areas include four drown& alluvial fan deposits adjacent 
the coastline and a grouping  of -1s of possibly resistant 
substrate or morainal material situatd cm the east central edge of 
the shelf. 

-"he total w l u m  of material  identified as protable resource  from the 
10 meter i d t h  to the shelf dge is 557 to 842 millim cubic  meters. 

-An additianal 444  to 740 million  cubic meters of probable resource is 
calculated for the area  lying b e t w e m  t h s  10 meter  isobath and the 
shoreline. 

-Prospective areas include a number of shoals an the Middle shelf and 
virtually the entire Outer Shelf from the 0 5 0  meter  isobath to the 
shelf edge. 

"Ibis  latter area is not satisfactorily resolved from the data at 
hand and it is possible that the =se grained deposit may be a 
surficial veneer of mly a few  centimeters over most of the area. 

-The prospective areas, exclusive of the general area of the Outer 
Shelf represents a total mlume of 329 million  cubic meters, 

-The Outer Shelf zone has an area of 1400 millim square meters but no 
thichess is attributed to the demit 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 b highest c ~ 1  the 
drowned alluvial  fan  deposits and the psible  mraine & p i t  ~1 the 
east central shelf edge, and elsewhere  will be deteriorated  by  high 
admixtures of fine  grained  material. 
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6. R e m a m e r d a t i a n s  - 
There is sufficient  bathmetric data over the study area to delineate 

potential remUrCe sites to the  next level of confidence. The seismic grid 
should be increased to the concentration of the bathymetric  grid over 
spcific sites in future studies. Borehole informatian is the limiting 
factor in assessing the quantity and quality of the deposits. Additional 
refinement w i l l  also be achieved through seive analyies of the grab samples 
obtained  during the 1984 survey. 

A borehole program amcentrated on the "probable" prospects will have 
the best &anœ of success. A borehole program cn the outer  shelf area, 
and designed particularly to sample the Mtsek Ridge, will shed  light m 
the apparent conflict between the samples and other data. 

The  synthesis of the interpretations of other workers may modify and 
should strengthen the  interpretation  within  this reprt. Of particular 
import is tihe work b i n g  undertaken by Challenger Surveys and 
Fngineering m the detailed morphologic forms on the shelf and that by James 
Shearer m the seafloor textures and microrelief. 
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PERCENTAGE GRAVEL 
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PERCENTAGE SAND 
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Distribution of Sand 
(After Pelletier, lQ8S) 

FIGURE A-1.2 



PERCENTAGE SILT 
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Distribution of Silt 
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PERCEWAGE Clay 
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LEGE N O: Core Description 

1 3  PARALLEL LAMINAE 

lf<($l DEFORMED BED OR LAMINAE 

n 
I.....j* GRADED BED - SHARP  BASAL CONTACT 

ml DETRITAL ORGANIC MATERIAL 

PEAT 

: " 

BIOTURBATION 

DROPSTONE 

ATTERBERG TESTS 

CARBON 14 SAMPLE 



BKSLD - 84 - 89 
SAMPLE RECORD 

LITHOLOGY DESCRIPTION 

0-10 cm S i l t  and clay - very dark grey; 
laminatd; black organic laminae; 
s ~ n e  gravel clasts (note schematic 
representation) 

10-50 cm Silty sard - dark grey; apparently 
1 

mass ive.  

I 50-66 cm t " y  mnd and gravel. 

66-89 un Gravel - clasts < 4 an: r d e d  
to Subrourrded, 

SAMPLE 
INFORMATION 

""" 

i cd 

I o 
Pt 

w cn w a. 

a 
X 
k 

W 

a 

FIGURE: A-2.1 



BKSLO - 84 -90 
SAMPLE RECORD 

LITHOLOGY OESCRlPTlON 

I I 4  I 

(7 to 8 mn), 

SAMPLE 
INFORMAflOl 

I o 
K 
< I .  w 
v) 
W 
U 

FIGURE: A-2.2 



BKSLO - 84 - 91 
SAMPLE RECORD 

LITHOLOGY  OESCRIPTION 

15-39 m Silty clay - very dark grey: 
ldnatdd; interlayerd with datk 
grey e i l t  WS, containing abundant 
organic debris; landy layere frun 
34-39 an contirining abucdant organic 
debris. 

- A  39-95 an Silty clay - very dark grey inter- 
layered with dark grey rilt beds, 
generally 2-5 cm thick (note 
admatic repreamation). 

SAMPLE 
INFORMATION 

FIGURE: A-2.3 
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BKSLD - 84 - IO 
SAMPLE RECORD 

SAMPLE 
INFORMATION 

Clay - dark grey (5Y3.5/1) : deformm 
black laminae. 

LITHOLOGY DESCRIPTION 

O 

O 

40 

0-33 cm 

2 p  

8: 
O BKSLD - 84 -72 

0-23 cm 

oll 
s + 
Q w 
a 

Silty clay - very dark grey; 
l i u o i r r a t e d ;  black silt laminae. 

L 

BKSLD - 84 - 74 
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W 

v 

a 
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20 

1 0 - 7  cm 

r 

a I 
t 
3 

FIGURE: A-2.4 
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S;ilrlple Latitude m5iitde East.* North.* Sample Results ** 
No. Uey M i n  k c  Min Sec Type 

" - 

84-10 
84-11 
84-12 
"13 
u4-14 
84-15 
"lb 
84-1 7 
84-18 
W-19 
"20 
84-21 
"22 
84-23 
84-24 
"25 
"26 
84-27 
ta-28 
84-29 
84-30 
a - 3 1  
"32 
84-33 
84-34 
84-35 
84-36 
84-37 
84-38 
84-39 
84-40 
84-41 
8442 
" 4 3  
84-44 
8 4 4 5  
a 4 6  
u4-47 
t"rw 
84-49 
WI50 
84-51 
"52 
tM-53 

69 42 20.9 N 
69 44 49.6 N 
69 45 25.4 N 
69 51 51.1 N 
69 50 12.9 N 
6'3 47 25.2 N 
69 44 48.3 N 
69 42 5.6 N 
69 39 37.5 N 
69 39 27.9 N 
69 42 11.6 N 

69 44 48.3 N 
69 42 18.0 N 
69 39 25.2 N 
69 39 24.6 N 
69 42 16.3 N 
69 44 55.0 N 
69 44 48.2 N 
69 42 2.7 N 
69 39 28.6 N 
69 42 7.2 N 
69 44 47.5 N 
69 47 29.0 N 
69 47 25.5 N 
69 44 45.7 N 
69 42 7.9 N 
69 39  42.4 N 
69 39 19.0 N 
69 42 11.9 N 

69 47 23.9 N 
69 50 7.2 N 
69 49 54.3 N 
69 47 19.8 N 
69 44 39.7 N 
69 41 52.7 N 
69 39 25.2 N 
69 39 19.7 N 
69 41 28.8 N 
69 39  15.1 N 
69 41  49.1 N 
69 39 8 . 3  N 
69 36 29.2 N 

69 44 50.6 N 

69 44 43.5 N 

-139 23 8.1 W 
-140 2t3 50.3 W 
-141 O 2.3 W 
-140 59 37.6 W 
-141 i) 2.0 W 
-141 O 8.9 W 
-141 O 3.2 W 
-141 O 3.5 W 
-141 O 1.2 W 
-140 52 18.1 W 
-140 52  15.5 W 
-140 52 6-3 W 
-I40 44 46.3 W 
-1430 44 38.0 W 
-140 44 39.2 W 
-140 36 44.0 W 
-140 36 43.2 W 
-140 36 34.2 W 
-140 28 56.9 W 
-140 29 12.3 W 
-140 29 3.7 W 
-14-0 21 20.6 N 

-14Q 21 1.4 W 
-140 13 3.2 W 
-140 13 21.2 W 
-140 13 41.2 W 
-140 13 52.5 W 
-140 6 4.8 W 
-140 5 29.0 W 
-140 5 36.3 w 
-140 5 31.5 W 
-140 5 20.9 W 

-139 57 42.0 W 
-139 50 11.6 W 
-139 58 0.6 W 
-139 58 34.4 W 

-139 Sl 14.9 W 
-139 42 39.2 W 
-139 34 45.0 W 

-140 21 10.0 W 

-139 57  47.0 W 

-139 SO 16.3 W 

-139 34 53.2 W 
-139 35 9.5 W 

562489  7733716 
520065 7737580 
499975 7738604 
500239 7750554 
499979  7747511 
499905  7742315 
499966 7737454 
499962  7732415 
499987  7727827 
504978  7727536 
504995 7732606 
SO5084 7737533 
509806 7737475 
509914  7732821 
509924 7727467 
515046 7727475 
515021  7732795 
5150%  7737710 
519995 7737537 
519873  7732410 
520005 7727635 
524944  7732597 
525006 7737563 
525045  7742568 
530167  7742517 
530037  7737565 
529885 7732675 
529820 7728166 
534870  7727511 
535176  7732873 
535028  7737568 
535005 7742535 
535043 7747597 
539900 7747274 
540035 7742490 
539802  7737524 
540008 7732353 
539721  7727780 
545091 7727704 
544385 7731692 
550020  7727661 
555020 7732545 
555047 7727561 
554986 7722632 



64-54 
"55 
U4-56 
84-57 
84-58 
84-59 
84-60 
134-61 
84-62 
84-63 
84-64 
84-65 
"66 
84-67 
84-48 
W+9 
"70 
84-71 
W-72 
"73 
"74 
84-75 
#-76 
"77 
uy-78 
"79 
"80 
"al 
tM-82 
84-83 
84-84 
t34-85 
U4-86 
84-87 
84-88 
84-89 
84-90 
84-91 
84-92 
84-93 
84-94 
84-95 
84-96 
84-97 
84-98 
84-99 
t9b"OO 
"101 

09 36 22.7 N 
69 39 3.9 N 
69 41 53.2 N 
69 44 24.7 N 
69 47 10.8 N 
69 44 21.1 N 
69 41 38.0 N 
69 33 56.9 N 
69 36 13.5 N 
69 38 54.8 N 
69 41 38.0 N 
69 44 18.0 N 
69 44 12.5 N 
69 46 11.0 N 
69 41 28.7 N 
69 38 50.6 N 
69 43 19.6 N 
69 43 24.4 N 
69 43 3.4 N 
69 42 55.4 N 
49 39 1.6 N 
69 39 3.0 N 
6s 3u 58.5 N 
69 39 0.2 N 
69 38 9 . 4  N 
69 38 58.6 N 
69 38 57.6 N 
69 38 56.9 N 
69 38 55.5 N 
69 38 55.2 N 
69 38 54.5 N 
69 38 51.2 N 
69 38 53.2 N 
69 38 52.5 N 
69 3t3 50.5 N 
69 39 12.7 N 
69 39 50.8 N 
69 39  27.0 N 
69 4.0 36.9 N 
69 40 57.6 N 
69 41 28.4 N 
69 42 0.4 N 
69 42 34.4 N 
69 43 5.4 N 
69 43 35.5 N 
69 43 36.8 N 
69 43 3.4 N 
69 42 33.2 N 

-139 27 30.2 w 
-139 27 12.7 W 
-139 27 15.1 W 
-139 26 50.0 W 
-139 26 39.1 W 
-139 19 12.6 W 
-139  19 25.0 W 
-139 19 31.4 W 
-139 19 -44.2 W 
-139 11 46.4 W 
-139 11 30.5 W 
-139 11 14.7 W 

-139 1 29.9 W 
-139 3 48.9 W 
-139 4 16.2 W 
-140 2 7.1 W 
-140 25 45.2 W 

-139 12 41.7 W 
-139 23 27.0 W 
-139 23 27.8 W 
-139 18 59.6 W 
-139 22 6.1 W 
-139  21 1.0 W 
-139 19  42.8 W 
-139 18 25.1 W 
-139 17 5.4 W 
-139 15 56.7 W 
-139 14 41.9 W 
-139 13 25.2 W 
-139 12 18.3 W 
-139 11 3.3 W 
-139 9 47.2 W 
-139 8 34.2 W 
-139 58 11.6 W 

-139 58 7.4 W 
-139 58 9.4 W 

-139 56 20.6 W 
-139 58 5.2 W 
-139 58 6.4 W 

-139 W 3.9 W 
-139 59  30.6 W 
-139 59 40.9 W 
-139 59 34.7 W 

-139 3 32.6 W 

-139 23 17.9 W 

-139 58 23.0 W 

-139 58 24.2 W 

-139 58 2.2 W 

559951 7722551 
560014 7727547 
559855 7732788 
560006 7737488 
559992  7742635 
564918 7737505 
564923 7732452 
564991  7727462 
564992  7722397 
570005 7727539 
570027  7732597 
570050 7737556 
575014  7737539 
576212  7741251 
575000 7732461 
574861  7727556 
537314 773503 
522076  7734958 
562348 7735029 
569191 7734972 
562448 7727538 
562438  7727581 
565333  7727521 
563321  7727519 
564024 7727481 
564867 7727509 
565705 7727503 
566565 7727505 
567307  7727481 
568113  77274% 
568940 7727498 
56%64 7727417 
570471  7727503 
571292 7727504 
572081  7727466 
539973  7727395 
539830 7728574 
540011 7727841 
539953  7730006 
539782  7730642 
539805 7731598 
539954  7732591 
539923 7733646 
539952  7734607 
539918  7735539 
538986  7735561 
538893  7734527 
538975 7733593 

$0 9y H 
sf gy M 
E 

sf gy M 
sf gy M 

sf gy cl 
sf gy M 

S g Y M  
G 

G 
sf gy M 

sf gy M 
G 
s f g y M  . 
m9YM 
si cl 
si Cl 
si cl 
M descr. 
m S  
C S  
m descr. 
G 
C S  
C S  
G M  
G M  
G M  
G M  
G M  
G M  
G M  
G M  
G M 
rm descl:. 
no descr. 

deSm- 
no descr. 
G M  

sf gy cl 

so gy Cl 
=9Ya 
w Cl 
gYa 
WC1 
so gy Cl 
so gy Cl 
sf gy Cl 



“102 
U4-103 
”104 
84-105 
84-106 
84-1U7 
84-108 
84-109 
“llU 
84-111 
84-112 

-139 59 37.6 W 
-139 59 46.3 W 
-139 59 47.9 W 

-139 21 18.0 W 

-139 21 19.4 W 

-139 21 30.7 W 
-139 21 41.7 W 

-139 21 19.7 W 

-139 21 23.7 W 

-139 21 32.3 W 

-139 21 30.5 W 

538960 7732623 
538883 7731554 
538884 7730475 
562602  7772764 
52669 7770941 
562582  7771926 
562603 7772830 
562546 7769877 
!562592 7768829 
562505 7767733 
562648 7766834 

$0 9y Cl 
so gy Cl 
so 4y Cl 
no desa. 
G 
M E  
$0 gy Cl 
$0 gy Cl 
M G  
G 
so gy M 

Abbreviations: 

Comment 

S,s  sand, primary, s e m d a r y  
Si,si silt, primary, secmdary 
C1,cl Clay, primary, secctldary 

G, 9 Gravel, prinlary, secondary 

0 M,m md, prin-ary, SeCMdary 
(Mud is equal proportions of silt and clay) 

1’ Pebbles 

Cescriptors 
54Y Grey 
f Fine 
so soft 
sf Stiff 
c Curse 
sa1 Small 

Secondary mupnent is included in description i f  greater than 20% weight. 



suples from the hydrographic ccmpanent of the 
1984 Mv aanksland survey 

Sanlple Latitude mitude East.*  ort th.* Sample Results* 
No. D q  Min Sec Deg Min Sec rvpe sample 

&scriptian 

Sh-84~-2 
S h 4 s - 3  
Sh-84s-4 
Sh-84s-5 
Sh-84S-6 

Sh-84s-7 
Sh-84S-8 
Sll-ws-9 1 
Sh-US-10 
Sh-84s-15 
S h 4 ~ - 1 6  
Sh-84s-17 
Sh-84~-18 
SIH”-19 
St1-Ws-25 
Sh+4~-28 
Sh-134s-28.1 
stb”s-29 
Sk‘I*S-3(j 
Sh-US-31.1 
sh-84~-31.3 
Sh-84s-65 
%-84s-f;6 
Sh-Ms-67 
Sh-84s-68 
Sh-US-69 
sh-84s-70 
Sh-&4~-71 
Sh-84~-73 
Sh-84s-77 
bi-84s-78 
Sh-84s-79 
Sh-845-80 
Sh-84~-81 
Eh-845-82 
Sh-as-83 
Sh-84s-&4 
Sh-us-85 
Sh-84s-86 
Sh-84~-87 

69 50 0.4 N 
69 43 28.9 N 
69 43 28.0 N 
69 45 38.3 N 
69 4-6 10.2 N 
69 39 58.7 N 
69 40 22.8 N 
69 41 13.1 N 
69 45 9.0 N 
69 39 32.0 N 
69 39 4.5 N 
69 40 25.7 N 
69 41 27.13 N 
69 43 10.8 N 
by 47 22.4 N 
69 45 41.8 N 
69 45 42.4 N 
69 46 47.2 N 

69 51 1.9 N 
69 !% 56.2 N 
69 46 16.7 N 
69 47 31.1 N 
69 47 39.U N 
69 46 51.2 N 
69 46 39.8 N 
69 45 35.1 N 
69 45 18.4 N 
69 49 3.6 N 
69 48 49.6 N 

69 44 %.7 N 
69 41 52.5 N 
69 42 2.5 N 
69 40 20.4 N 
69 42 30.8 N 
69 42 44.8 N 
69 42 46.5 N 
69 43 33.1 N 
69 45 44.3  N 

49 So 3.7 N 

69 47 51.1 N 

-140 55 28.4 W 
-140 46 2.6 W 
-140  42 18.2 hr 
-140 46 32.6 W 
-140 49 6 . 3  W 

-139 21 49.2 W 
-139 25 54.3 W 
-139 21 21.4 W 
-139 14 24.7 W 
-139 22 41.1 W 
-139 31 3.1 W 

-139 23 49.4 W 

-139  32  23.7 W 
-139 36 40.3 W 
-14U 42 5-11 W 
-140 56 12.2 w 
-140 56 11.1 W 
-140 55 19.2 w 
-140 55 18.3 W 
-140 31 7.2 W 
-140 30 17.2 W 
-140 25 47.2 W 
-140 34 46.7 w 
-140 31 44.9 W 
-140 32 0.1 W 
-140 29 54.4 W 
-140 20 21.3 W 
-140 11 46.4 W 
-140 19 34.5 W 
-140 23 24.0 W 

-140 30 43.0 W 
-140 26 40.7 W 

-140 23 33.8 W 
-140 26 41.1 W 
-140 31 23.0 W 
-140 32 4.0 W 
-140 34 43.4 W 
-140 34 10.3 W 
-140 21 14.7 W 
-139 53 5.7 W 

502903 7747125 
5089% 7735014 
511407 7735019 
508659 7739019 
507008 7740002 
562160 7729300 
563435  7730079 
560756  7731568 
563496 7738950 
568266 7728640 
562940 7727642 
557469 7730018 
556555 7731919 
553722 7735046 
511510 7742257 
502443 7739115 
502455 7739131 
503009  7741140 
503011 7747227 
518505 7749100 
519041  7748930 
522005  7740295 
516206  7742555 
518151  7742838 
518000 7741332 
519349  7740990 
525512 7739043 
531042 7738591 
525943 7745507 
523493  7745049 
521405 7743216 
518857  7737482 
523516 7732127 
521499 7732418 

518019 77332a 
516303 7733686 
5166513 7733740 
524970  7735414 
5 4 3 M  7739582 

518492  7729228 

”. 



Clr8sificrtion Used 

IOC 

10 

I O  

O 1  

0.001 

O oaol 

CAYEUX 
I929 

t Three types of representative  grade scales. The scalee of Hop- 
kina and Atterberg are geometric, decimal, and cyclic. Udden'e scale. 
later  adopted by Wentworth and rince accepted by the Lane Com- 
mittee, Is geometric but noncyclic and nondecimal. The scales of the 
Bureau of Sollr [U.S. Dept. of Agriculture) and of Cayewx are non- 
regular. The diagram llluatrates  the diverse meanings of the  size terms 
and need for standardlxrtion. Note the  vrrintions In the limita of sand 
(stippled). 
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LU. l z ~  14 3). II I 4 I I I I I  IM VI II* rl l  lm4 Eman m 
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1 1  Y?*,,& ' ?,,,fi ' ' '11' 

Z m m  
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Relrtion  between Wentworth*Lane clans limits and phi scale. 

(from Pattijohn, 1975) 

FIGURE A-3.1 1 



S u u p l e  Latitude m g  i tude mst.* North.* sample Results ** 
No. Min Sec M y  Min Sec Tvpe 

" 

Sh-WS-W 
Sh-846-89 
9l-84s-90 
Sh-84s-100 
b%"S-101 
Sh-84s-102 
&%-€as-103 
Sh-84s-104 
Sh-84s-105 
Sk1"s-lOG 
Sh-84s-107 
Sh-tYis-lOt3 
st1-U42;-1I)cJ 
Sh-Ms-llO 
Sh-WS-111 
Sh-84s-112 
bX-84s-113 
Sh-84s-114 
Sh-8k-115 
Sh-84s-116 
Sh-&IS-117 
Sh-MS-llU 
sh-84s-119 
Sh-84s-121 
Sh-84s-122 
Sh-84s-123 

69 47 17.7 N 
69 49 14.6 N 
69 50 36.7 N 
69 36 15.5 N 
69 46 11.1 N 
69 45 39.1 N 
69 45 0.6 N 
69 46 7.9 N 
bg 43 3U.2 N 
b4 43 29.2 N 
69 40 12.6 N 
69 39 31.8 N 

6'3 39 38.8 N 
69 40 12.7 N 
ti9 38 25.8 N 
69 38 11.2 N 
69 37 23.8 N 
69 41 8.9 N 
69 39 53.1 N 
GY 40 38.8 N 

69 40 57.6 N 
69 38 4.3 N 
69 40 51.7 N 
69 3U 25.0 N 

% m.5 N 

69 41 28.1 N 

-139 52 19.0 W 
-140 3 25.9 W 
-140 4 9.6 W 
-139 19 0.7 W 
-140 49 7.9 W 
-140 4rG 34.6 W 
-140 52 22.1 W 
-14U 59 17.1 W 
-140 45 58.7 W 
-140 42 25.3 W 
-140 57 8.3 W 
-140 50 39.1 W 
-140 49 14.0 W 
-140 47 56.7 W 
-140 47 0.1 W 
-140 35 58.7 W 
-140 32 59.9 W 
-140 21 29.8 W 
-140 18 12.8 W 
-140 17 27.4 W 
-140 14 18.1 W 
-140 11 1.7 W 
-140 8 1.9 W 
-140 8 19.9 W 
-139 59 31.1 W 
-139 54 48.4 W 

543496  7742486 
536297  7745986 
535791 77443520 
565459  7722472 
506990 7740031 
508638 7739044 
504913  7737843 
500459 7739922 
509039 7735052 
511331 7735033 
501850  7728917 
506045 7727659 
506966 7726319 
507794  7727881 
508401 7728932 
515545  7725657 
517500 7725220 
524938 7723818 
526985 7730813 
527500  7728471 
529522 7729910 
531616 7731464 
533564 7730548 
533447 7725177 
539075 7730448 
542189  7725958 

* tfastings and mrthirqs calculated using 2rMe 7, Ozntral Meridian = -141. 
** Abbreviations as given in Folk (1%). 

Abbreviations: 

Crrnpanent 
G, 9 Gravel, primary, secondary 
S , s  sand, primary, secmdary 
Si,si silt, primary, secondary 
C1,cl Clay, primary, se-y 
k m  Mud, primary, secondary 

1' Pebbles 
( b m d  is equal proprtions of silt and clay) 

. ". "" 

I 



Samples from the Wan shelf thdt were obtained 
prior to 1984. 

107 56 
10757 
10758 
10 
2 
75-95 
11366 
11367 
11 368 
.I ljG9 
1 1370 
1.1371 
11372 
11373 
11374 
1137'3 
1 1376 

69 40 0.0 

69 45 0.0 
70 10 18.0 
69 59 16.8 
69 43 0.0 
70 O 0.0 
70 O 18.0 
70 O 27.0 
70 O 0.0 
69 50 0.0 
69 45 6.0 
69 40 0.0 
69 40 0.0 
69 45 0.0 
G9 50 0.0 
69 55 0.0 

69 45 0.0 

70 O 0.0 
70 6 6.0 

1137'3 70 5 0.0 
11380 70 O 0.0 
4 69 55 0.0 
I I331  69 50 0.0 
1 1392 69 45 0.0 
1.1 393 69 40 0.0 
11394 69 4.0 0.0 
3 69 45 0.0 
1 13% 69 30 0.0 
1 1307 69 55 0.0 
1 69 43 00.0 
b905U-815 69 43 O. O 
691)50-817 70 O8 24.0 
75-MG7504 69 54 36.0 
75-MG7505 70 O0 00.0 
75+%7506 70 W 36. O 
'/5-%7514 70 10 30.0 
.7!i"c;7515 70 W 48.0 
75+G7516 70 O0 00.0 
15%7517 69 55 24.0 
754G7518 69 SO 18.0 
75+&7524 69 49 54. O 
75+W;J525 69 54 54.0 

-139 O 0.0 
-139 14 18.0 
-139 14 18.0 
-139 52 36.0 
-140 15 44.4 
-140 43 0.0 
-139 16 0.0 
-139 15 0.0 
-139 31 0.0 
-139 30 0.0 
-139 25 0.0 
-139 30 0.0 
-139  30 0.0 
-139 45 0.0 
-139 45 0.0 
-139 45 0.0 
-139 45 0.0 
-139 45 0.0 
-139 40 0.0 
-140 O 0.0 
-140 'O 0.0 
-140 O 0.0 
-140 O 0.0 
-140 O 0.0 
-140 O 0.0 
-140  15 0.0 
-140 15 0.0 
-140 15 0.0 
-140 15 0.0 
-140 37 00.0 
-140 37 0.0 
-139 15 54.0 
-141 O0 W.0 
-141 O0 00.0 
-141 00 00.0 
-140 46 00.0 
-140 45 36.0 
-140 45 18.0 
-140 44 a . 0  
-140 44 00.0 
-140 30 00.0 
-140 30 00.0 

577552 
568045 
568045 
542525 
528175 
510962 
566159 
566779 
556598 
557254 
5-1 7 
557894 
558168 
54a474 
548284 
54E1094 
547903 
547713 
550646 
53f3019 
538171 
538324 
538476 
538628 
538780 
5290% 
528972 
529314 
528743 
514831 
514831 
565778 
500000 
500000 
500000 
508832 
509126 
509352 
509706 
510258 
50641 3 
51 9264 

7729794 
7738799 
7738799 
7785235 
7764530 
7734126 
7766638 
7767214 
7767223 
7766402 
7747901 
7738715 
7729239 
7729021 
7738312 
7747604 
775689s 
7766187 
7777590 
7775303 
7766011 
7756718 
7747426 
7738134 
7728842 
7728703 
7737996 
77101 18 
7756581 
7734147 
7734147 
778224B 
7746739 
7765698 
7774240 
7785231 
7774637 
7765717 
7757168 
7747691 
7746934 
7756297 

2.59 0.82 
8.28 5.56 
6.67 88.24 
19.6 35.37 
9.23 55.89 
4.02 0.00 
21.41 43.92 
3.41 0.00 
3.35 0.01 
37.23 26.18 
3.08 0.93 
24.18 2.45 
9-54 5.77 
33 95 25 53 
7.18 2.13 
14.85 7-52 
29.56 45.86 
22.27 45.71 
25.81 38.12 
29.97 40.59 
25.15 35.49 
3.30 20.15 
10.12 62.45 
7.05 2.10 
53.60 5.30 
5.64 0.00 
0.33 3.56 
3.01 0.49 
48.97 3.84 
6-64 18.83 
s g M *** 
si Cl 
si Cl 
si Cl 
s g a  
SR G 
9a 
si Cl 
si Cl 
si cl 
si Cl 
si cl 

31.59 
44.51 
1.80 
12-38 
12 67 
55.74 
9.25 
26.16 
28.12 
9.82 
41 74 
30.15 
46.77 
22.28 
34.75 
35.33 
9.64 

9.72 
10 -03 
12.94 
36.55 
11.97 
30.35 
22 67 
43.20 
38-04 
51.19 
36.13 
37.95 

a. 66 

65.00 
41.55 
3.30 
32 65 
22.22 
40.24 
25.43 
70.43 
68.53 
26.78 
54.28 
43.22 
37 91 
18 25 
55.91 
42.30 
14.94 
23.36 
26.36 
19.42 
26 42 
40.00 
15.46 
60.50 
18.43 
51.16 
58.07 
45.31 
41.06 
36.57 

8.1 
6.4 
-2.7 
3.6 
3.6 
7.21 
4.3. 
8.34 
8.24 
2.9: 
7.7: 
6.3: 
6.2L 
2-84 
7.55 
6.2: 
O. 6; 
1.5C 
1.6 
1.2E 
2.4s 
6.3C 
4.72 
7.52 
4.00 
7.61 
7.91 
7.41 
6.33 
5.94 



Sulple Lat i tude m i t u d e  mst.* North.* sample I.---% canpsiticm "-1 masr 
r J o  . Defl Min Sec Deg Min Sec Type Gravel Sand Silt Clay (PHI } 

75+&7526 70 O0 00.0 -140 30 06.0 519023 7765775 CiRAE! s CJ Cl 
7 5 a 7 5 2 7  70 05 12.0 -140 30 36.0 518627 7775438 GRAB s 9 Cl 
'/li+G7528 70 O9 36.0 -140 30 Ub.0 518877 7783619 G A B  cl SIG 

* mple numbers m y  refer to field sanple n b ,  sampling statim 
n-r, or lamratory (size analysis) test number. 

** bstings and northin.+ calculated using Zone 7, Central Eleridian = -141 

*** Abbreviations 3s given in Folk (1964). 

Abbreviations: 

,C;t.cwuiary aompent is incl- in description if greater than 20% by weight. 

l 'hi units= lcq of the I- grain diameter. e.g. : O. 25m dia = 2 pfii 
-2 

0.5m dia = 1 Phi 
lm dia = O Phi 
2 m  dia = -1 Phi 
4mn dia = -2 Phî 
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