¢ S ’
Environmental ..
Assessment R
Of thi | Anchcm::a:l&\gronmem
Alaskan
Continental Shelf
igators
ts of Principal Investiga
Q)?Tll\zl gigognfling M:u'ch 1980
Volume VIL gzgsxg;nagement
%E " U.S.DEPARTMENT OF COMMERCE

l

mxwﬂew st

nx(xxﬂ”"b“\"”‘im"“kh%x

QYxxm»«mmmswwwwmw ;(.

it umn»wmnm i w«mmmwm

xwh« nokxmx i

. m’wm& o
ummm o

it

m«wmmwmw»mwm“

i m»mmwmw z

. mmm»mwu i

Tt

nmmmm; W
*\a*o ) i ’W;:r:w ﬁma‘fé’“ﬁ %ﬁmw #5’65‘% o

it “gmw 5 o h‘ae;::;mm‘:r WWHW f mm,ﬁ ﬁ S &g
e WW;W” i 95?5‘9‘* ww

“H “NH Wmemw it

“WHMM Mmmu .

i
WM Wuw!x
i »*Swam
i
oo
HE iy iy
M;m g Hﬂm:‘ ::::«’?m
i Bl uxk o i &wwmmeagg,a;m“;”
i : : i i HM“HWN‘HM»\W Kb,
L i i) 9?5&554#«56*”; i it
iR
i 3 ot i & T ﬁ iy
e
*‘M»wm «xwm iy i
M

i
i
i

*‘f

i Mu

M uma i § %’5‘;@? f

” i n ‘ i § : i “’"*55‘9’“@% ""@‘ il

; g ’M‘;!‘ @ m 3""‘#""“*8‘” MMN« ‘mw i “‘WW

¢ . iy ;“““““r‘” by T g %m * : :

f e m(mm« e ”"” A

o Whﬁ Mw»w=~mmwawﬂ i (“ ‘#M g““""‘ﬁ‘* gt .xmwmm w?‘:ﬁ:?.(::w::wm“” e
awmramm Dl D i

,ﬂ. “M ki i

G i

mmm“ Sy xm«»

i
%‘ é »ﬁ ‘»««m‘
’k\“’”ﬁ‘)ﬂi wm MN i
i ARGt g
wmm i i o awmwm i
mxwmmw
mhquumm M i
wd Bl R,

N’S{"’»()HM :*’*H‘W R
y t‘h:ﬂnowﬁnww i

xmw i ¥
i et
e TR

S

i i
il it R hy & .
%HM». i m i 6¥u w» B §
i i !
iy e g g .
*am;u,,m. i

(,m» ey
i it
e,
s i
ity ¥ o

i




Environmental O
Assessment

of the

Alaskan

Continental Shelf

Annual Reports of Principal Investigators
for the year ending March 1980

Volume VII: Transport
Data Management

ARLIS

Alaska Resources
Library & Inf~rmatinn Services
Anch . . ~18ka

. U.S.DEPARTMENT OF COMMERCE
¢ National Oceanic & Atmospheric Administration

Office of Marine Pollution Assessment

U.S. DEPARTMENT OF INTERIOR
Bureau of Land Management




The facts, conclusions and issues appearing in these reports are based
on interim results of an Alaskan environmental studies program managed by the
Outer Continental Shelf Environmental Assessment Program (OCSEAP) of the National
Oceanic and Atmospheric Administration (NOAA), U.S. Department of Commerce, and

primarily funded by the Bureau of Land Management (BLM), U.S. Department of
Interior, through interagency agreement.

DISCLAIMER

Mention of a commercial company or product does not constitute an
endorsement by National Oceanic and Atmospheric Administration. Use for
publicity or advertising purposes of information from this publication
concerning proprietary products or the tests of such products is not authorized.

ii




TABLE OF CONTENTS
Volume VII

T AN S POY s - ¢ s aessosnosnnnssssssssnanmssssssssnennsttostsssnsssasssassnenssne 1

Data Management.............................................................361

iii




TABLE OF CONTENTS
Volume VII ~ Transport

RU# PI/Agency Title Page
529 Naidu, A.S., Sources, Transport, Pathways,
-University of Alaska Depositional Sites and Dymanics of
Fairbanks, AK Sediments in the Lagoon and Adjacent
Shallow Marine Region, Northern Arctic
Alaska 3
531 Mungall, J.C.H., Prudhoe Bay Diffusivity Measurements 95

- Kinnetic Laboratories,
Inc., Santa Cruz, CA

549/541 Schumacher, J.D. and Bristol Bay Oceanographic Processes 147
C.A. Pearson, (B-BOP)
-University of Washington
Seattle, WA

562 Kovacs, A., R.M. Morey 0il Pooling Under Sea Ice 333

and D, Cundy,
~U.S. Army Corps of
Engineers, Hanover, NH

567 Coon, M.D. and The Transport and Behavior of 0Oil
R.8. Pritchard, Spilled In and Under Sea Ice 341
-Flow Research Company,
Kent, WA

568 Schultz, L.A. and The Transport and Behavior of 0il
J.C. Cox, Spilled In and Under Sea Ice; Phase
=ARCTEC, Inc., II of Physical Processes 349

Columbia, MD







ANNUAL REPORT

Contract: #0302256

Research Unit: 529

Task Order: #33

Reporting Period: 4/1/79-3/31/80
Number of Pages: 91

SOURCES, TRANSPORT PATHWAYS, DEPOSITIONAL SITES AND
DYNAMICS OF SEDIMENTS IN THE LAGOON AND ADJACENT
SHALLOW MARINE REGION, NORTHERN ARCTIC ALASKA

A. 5. Naidu
Principal Investigator
Assistant Professor of Marine Science
Institute of Marine Science
University of Alaska
Fairbanks, Alaska 99701

with

L. H. Larsen, M, D, Sweeney and H. V. Weiss

March 1980




TABLE OF CONTENTS

LIST OF FIGURES. ¢ . &+ « + + o s « = o o s s s s &« s s s 2 = » o s » & = 5

LIST OF TABLES . + « o =« o o o o o ¢ o ¢ ¢ o o o = = = s s s s o o o +

6

II. INTRODUCTION. v o + » s o s s s 2 o o o « o« o s » » o » s s + « « ' 8

General Nature and Scope of Study . + » & & o ¢ o o « = o« = = » 8

ITI. OBJECTIVES. v & 4 & s o s o s s & 2 o o o s o« o o 5 « s = s & & = 8

Overall Objectives. « 4 « ¢ &« o & & o « & &« & 2 + =« s = « o « = « 8
Relevance to Problems of Petroleum Development. . + « + « . « « &

Iv. CURRENT STATE OF KNOWLEDGE. . . « ¢ & & ¢ o« v ¢ ¢ v o o o o v o o 17

VO STUDY A—REA. - - - L) - - - - - L) - L - » - - - - - L L4 - - - - - - 11

VI. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION . . . . . « .+ . 15

FiEld WOI'k and Samp:LES. - L] L] L] . - - L . - L) L} - L - L] - . L] . . 15
Analytical MethOdS- . . . . L) - . . L] . L] - - - L] . L] - - . L] L) - 21

VII. OTHER ACTIVITIES. + « « « « o o o + = + o o o o« s o o o o o = o 26
VIIIO RESULTS - - L - - - * L] - - - - L] . L - - - - L - - - - - . L L - 27

I—X’ DISCUSSIONI L] - . - - - L] - - - - L] . - L - - L - - - - - - - - - 53

Status on Sediment Maps of Beaufort Sea . . « + + + + « « « « .« + 53
Origin of Exotic Boulders of North Arctic Coast of Alaska . . . . gj
Sediment Geochemistry . « = « « & o & o & ¢ ¢ o o o 2 v v s o - s gp
Status of LANDSAT Tmage Studies . .« + « ¢ « o & + s & o ¢ s o « + gg
Sediment Dynamics Studies + + « 4 « ¢ ¢ s 4 o o s 0 s e e 00 e sG]
Conceptual Model for Sediment Concentration in Frazile Sea-ice

of North Arctic Alaska. . + 4 o & o v ¢ o o &« o o v o = o+ + + B2
Beaufort Lagoon Sediments . . o+ « &« ¢ ¢ o« o o o & o ¢ o « o ¢ ¢ o G4

REFERENCES - L] - L L) L) - L] L] - - - - L] - - - - - L] - - L - 3 L3 - - L] L] - 6 5

APPENDIX A - Sediment Transport and Inclusion into the Ice Cover . . . . gg
APPENDIX B - Suspended Sediments Simpson Lagoon, Alaska. . . . . « « + <« 44
APPENDIX C - Lette'r to MI‘. BarkErn - . . L] - - - L] . - - . . . - L] L) . - 88




Figure 1.

Figure 2.

Figure 3.

LIST OF FIGURES

Station locations for Beaufort Sea continental margin
TEZIOMe o 4 o o o = o o o o o ¢ s o 5 o o = s o s o 2 o« » e+ 12

Sample locations in Simpson Lagoonm. . « + ¢ « « o ¢ o ¢ o o « 13

Map showing the locations of sediment samples from the
Beaufort Lagoon, north arctic Alaska. + « &+ + « « &+ o « = ¢« o 14




TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

II.

IIT.

Iv.

VI.

VI1I.

VIII,

IX.

XI.

XII.

XITI.

LIST OF TABLES

Temperature, salinity, pH, and weights of suspended parti-
cles of water samples collected from Simpson Lagoon and
2 o B B o

Weights of suspended particles in water samples collected
at the surface and 2.9 m below surface at the SDS tripod

Site . . . . . . . . . . . = . » . . . L] * . - - . . -

Location of seidment cores taken for 2!V Pb geochronologic
WOLK o & o o v 4 v o o o o o = = o o = « » » » = = « + = ¢

Average concentrations of some heavy metals in standard
US Geological Survey rocks « . ¢« ¢« ¢« & v 4 ¢ ¢ ¢« o o o = & &

Concentrations of organic carbon, nitrogen and hydrogen,
and C/N ratios in Simpson Lagoon suspensates . . . . . . . .

Concentrations of some elements in interstitial water
samples from l-cm sections of a sediment core taken at
latitude 70°32.20'N and longitude 149°27.45'W in the
Simpson Lagoom + & « « =« o s v s 5 = o » s v s 8 2 = e e e e

Total concentrations of some heavy metals in Beaufort Sea
Sediments - L) - - - - L] - - - - - - - - - - L] - - - - . L] - .

Concentrations of nickel, cobalt, chromium, and vanadium
in acetic acid-hydrozylamine hydrochloride extracts of
Beaufort Sea sediments . . . ¢ &+ o« ¢ 4 ¢« ¢ ¢ & o o & ¢+ o

Concentrations of some heavy metals in the total and the
acetic acid-hydrozylamine hydrochloride extracts, with
calculated percent extractable quantities from Simpson
Lagoon sediments . . . « . + &+ & 4« v o 4 v e v 4 s e v e . A

Averages for athe percentage of the total iron and manganese
in Simpson Lagoon sediments distributed among arbitrary
chemical fractions . . + & & ¢« ¢« 4 & ¢ ¢ ¢« 4 & & & & s s =

Stratigraphic variations in Po210 in three core samples from
the coastal area of north arctic Alaska. . . . . « « « « &« &

K-Ar dates and related analysis on muscorites of granite
boulders form arctic coast of Alaska . . . . . . « « . . . .

Gravel, sand, silt and clay percents in Beaufort Lagoon
sedimentS. o« o o ¢ ¢ o ¢ s+ s 2 s * s s = 4 s s s 8w s s s .

16

18

19

23

27

28

30

31

33

34

40

41




TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

X1V,

XVI.

XVII,

XVIII.

XIX,

XXTI.

LIST OF TABLES (continued)

Weighted peak area percentages (after Biscaye, 1965) of clay
minerals in the less than 2 micron fraction of Beaufort
Lagoon sediments, arctic Alaska. . . . + « ¢« & + & v & « .« &

Concentrations of Zn, Co, Ni and Cu in gross sediments of
the Beaufort Lagoon, north arctic Alaska . . « « « +» « « « .

Concentrations of sediments in various sections of four
sea-ice core samples taken from dive site 11 in Stefansson
Sound on November 11, 1979 . ¢ ¢ ¢ & ¢ ¢ o » o 2 = & o s o &

Stratigraphic variations in gravel, sand, silt and clay
contents in short core samples collected from the Harrison
Bay and Simpson Lagoon in summer 1979. . . . . . « « « « . .

Grain size statistical parameters (after Folk and Ward,
1957) of three coastal dune sediments, north arctic Alaska .

Percentages of heavy minerals in Barrier Island seaward
beach sands, north arctic Alaska . . . . ¢« ¢ ¢« & ¢« + + ¢ « &

Tentative resolution of Po?'? activities in core samples and
rates of sedimentation for coastal area of north arctic
Alaska + o o o o s s 5 o o = @« v & o & 2 8 . 4 = m o= s s = 0w

Correlation coefficients for chemical and textural compo~
sitions of 54 Simpson Lagoon sediments, arctic coast of
northern Alaska. « + + + = & & &« o s o o o o 2 o o s 4 = 8 .

42

43

44

46

51

52

58

60




I1. INTRODUCTION
General Nature and Scope of Study

This program (Research Unit 529) concerning sedimentological studies
is part of a larger interdisciplinary research effort (RU 467), to study the
physicochemical and biological processes operative in the barrier island-
lagoon ecosystem of the continental margin of the Alaskan Beaufort Sea.
Additionally, the general scope of the overall program entails establishment
of an ecosystem model which can be put to use in predicting possible impacts
resulting from both petroleum exploration and exploitation activities in the
barrier island-lagoon complex of the Beaufort Sea coast. Further details on
the nature and scope of this study (RU 529) and associated investigations
have been enumerated in the original proposal submitted by Naidu to the OCSEAP
office in July 1979. Briefly, the scope of the sedimentological studies
(RU 529) includes understanding of the sediment dynamics, delineating benthic
environments based on lithological attributes, estimating the C, N and P
contents in the substrate sediments, establishing the sources and alongshore
transport directions of sediments, completing collection of baseline data on
a suite of heavy metals for the Simpson Lagoon, Beaufort Lagoon, and adjacent

nearshore environment of the Beaufort Sea.

I1I. OBJECTIVES
The overall objectives of this research unit are as follows:

1. Document and synthesize data on the grain size distributions, mineralogy,
organic carbon, nitrogen, phosphorus and first transition row metals in

sediments of the nearshore environment of the Beaufort Sea lease area.

2. Define the source, probable migratory pathways and depositional sites of
sand and clay-sized particles of the Simpson and adjacent shallow-marine

environment.

3. Estimate the sedimentation rates in the Simpson Lagoon and adjacent conti-

nental shelf area, via 210Pb dating of sediment layers.




4. FEstablish empirical relationships between suspension, transport and depo-
sition of sediment particles and the wave-—current regime in the Simpson

Lagoon, using data gathered by the "Sediment Dynamics Sphere (SDS)'".

5. Acquire ground truth to help develop criteria that may be applied to
quantify concentrations of suspended particles in the lagoons of north
arctic Alaska, using LANDSAT images. This research is in collaboration
with A, Belon and T. H. George (OCSEAP RU 267) and G. L. Hufford of NOAA's

National Environment Satellite Program (Anchorage).

Relevance to Problems of Petroleum Development

The exploitation of the petroleum reserves in the North Slope of Alaska
has commenced with the flow of oil through the trans—Alaska pipeline. The
present trend is towards exploration in the adjacent continental shelf of the
Beaufort Sea. As a consequence of the OCS petroleum and gas development
activities, the nearshore and the open shelf ecosystem of the Beaufort Sea is
bound to be subjected to some degree of anthropogenic perturbations. The
industrial activities which most likely will be introduced in this area in-
clude the construction of artificial islands, causeways and wharfs for the
use of drilling operations and docking facilities, dredging for maintaining
navigations and laying offshore pipelines, and the exploitation of gravel and
sand deposits from several possible sources as construction and f£ill materials.
These activities will almost certainly lead to changes in the present sedi-
ment budgets, including sediment accumulation rates. Some of the possible
effects of varying the sedimentation rates on nutrient dynamics, feeding
habits of the benthic communities (detritus versus suspension feeders), and the
modeling of the ecosystem have been discussed earlier (OCSEAP RU 529-78). 1In
another context the redox potential which is an important faunal boundary
layer may be influenced by the depositiomnal rate of sediments. Further, the
concentrations of a pollutant in the coastal waters may be a function of the
accumulation rate of sediments, since suspended particles are effective
scavengers of pollutants and post-depositional mobilization of metals at the
sediment-water interface is invariably redox controlled. For these reasons

study of the dynamics of sedimentation and estimation of depositional rates

merits careful consideration,




There is a strong possibility that a variety of pollutants will be
introduced into the nearshore environment, resulting either from inadvertent
blowouts, oil spills, coastal construction work and intensified navigation
within the region, or intentional discharge of mud and cuttings during
drilling operations. Some of the pollutants thus discharged may prove toxic
through direct assimilation by some faunal communities or indirectly through
food chain transfer. Collection of baseline concentrations of heavy metals
and an understanding of the speciation of these metals is important, because
such a collection can serve as an effective benchmark to monitor pollution
in the above area. Additionally, dating of relatively recent sediment sequences
(especially using Pp210 geochronology) coupled with measurements of heavy
metal concentrations with sediment depth profiles have served an useful
purpose in the detection of pollution resulting from anthropogenic activities,
as surmised by Bruland et al. (1974), Erlenkemser (1974), Goldberg et al.
(1978), Price et al. (1978), UNESCO (1978), Bertine (1978), Bertine et al.
(1978), and Shirahata et al. (1980).

Further, it is to be expected that discharge of dredged spoils as well
as drilling muds and cuttings during petroleum exploration and exploitation
operations will enhance the suspended loads of waters, with possible delete-
rious effects on nearshore ecosystems. However, without an adequate know-
ledge of the present baselines of suspended loads and trajectories of turbid
sediment plumes, any significant industrial perturbations in the loads or

trajectories and consequent impact on ecosystems cannot be comprehended.

Additionally, without cognition of the above it would be difficult tu
lay guidelines for discharge of dredge spoils to coastal waters of the RBeaufort
Sea. An useful and ready means for monitoring suspended loads and plume struc-—
tures of surface waters is through study of LANDSAT images. However, reliable
criteria have to be established first based on ground truth to quantify sedi-
ment loads from LANDSAT images, and this is one of the objectives of the pre-

sent research unit,

It the response of the physical environment and biological resources of
the area to the industrial changes can be properly assessed, or even predicted,

it is quite possible that effective measures can be developed to protect or

10




enhance existing resources. Therefore, unless satisfactory answers are avail-
able to account for the sediment fluxes and sources, transport pathways and
depositional sites of sediments, and unless adequate knowledge is developed

to understand thresholds of sediment movements (as functions of wave-current
energy flux), it would not be possible to quantitatively assess — or even
speculate — the possible impacts of petroleum exploration and development

activities on the Beaufort Sea nearshore ecosystem.

IV. CURRENT STATE OF KNOWLEDGE

Within the past ten years or so, considerable research has_been accom—
plished on the processes and products of sedimentation in the continental
margin area of the Alaskan Beaufort Sea. A major portion of this research
has been accomplished by scientists from three institutions, namely the
University of Alaska (Institute of Marine Science), the U.S. Geological
Survey (Marine Geology and Alaska Branches, Menlo Park) and the Louisiana
State University (Coastal Studies Institute). In a recent OCSEAP report,
Naidu (in Burrell, 1977) has compiled a bibliography of sedimentological
and related investigations that have been carried out in the Alaskan Beau-
fort Sea shelf and coastal area. Barnes et al. (1977, 1978) have summarized
miscellaneous hydrologic and geologic observations as well as characteristics
and changing patterns of ice gouging on the Beaufort Sea shelf. The arctic
coastal processes and morphology, as studied by the LSU Group, have been
condensed in a report by Wiseman et al. (1973). Results of more recent
investigations, relative to Late Quaternary geologic history, sedimentation,
mineralogy and geochemistry, supported by the BLM-NOAA envirommental program
in the Beaufort Sea coastal and shelf areas have been compiled in the 1977,
1978 and 1979 OCSEAP Annual and Quarterly Report Volumes, as well as in the
two Beaufort Sea synthesis volumes issued by the Arctic Project Office

(Fairbanks).

V. STUDY AREA

The region of our investigations is confined to the inner continental
margin of the Alaskan Beaufort Sea (Fig. 1). However, more intensive study,

for barrier island-lagoon ecosystem modeling purpose, has been limited to

the Simpson and Beaufort Lagoon areas (Figs. 2 and 3). The latter two regions,

11
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which are widely separated, have been considered as representative type areas
for studies of island-lagoon complex along the Alaskan Beaufort Sea coast.

In order to obtain a much wider data base and to assess terrigenous sources
and transport directions of sediments along the Beaufort Sea coast, it has
been imperative to extend sedimentological work to all the major river systems
of the North Slope and to the bay environments west and east of the Simpson

Lagoon, (Fig. 1).

VI. SOQURCES, METHODS AND RATIONALE OF DATA COLLECTION
Field Work and Samples

The field period extended from 20 July 1979 to 12 August 1979, with A. 5.
Naidu, H. V. Weiss, and L. H, Larsen participating. Milne Point OCS facility
was used as the base camp. For the open~water tripod experiment the Sediment
Dynamics Sphere (SDS) was installed on a tripod at Deadhorse and air lifted to
Milne Point. The SDS package was then deployed in Simpson Lagoon, in 2.9 m
water depth, at a site off Milne Point (latitude 70°32.2'N; longitude
149°27.45'W) on 20 July 1979. The tripod was retrieved on 31 August 1979;

L. H. Larsen and R. W. Sternberg participated in the latter operation. In
continuation of the sediment dynamics studies, relative to the understanding
of the resuspension process of bottom deposits and their entrapment in sea
ice during the freeze—up process, the instrumented tripod package of S5DS
was emplaced in the Stefansson Sound Boulder Patch area near K. Dunton's
(RU 356) biological study site. To the tripod an independent Aanderra
current meter was attached as a back up unit. The entire package was in
water from 14 September 1979 to 20 November 1979. Dr. L. H. Larsen of

the University of Washington and Drs. P. W. Barnes and E. Reimnitz (RU 205)
of the USGS participated in the deployment and the retrieval of the tripod.
Unfortunately, the tripod experiment was a partial success, because the SDS

unit upon retrieval was found to be flooded with water and sediment.*

Surface water samples were collected and their temperature measured from

Prudhoe Bay, Simpson Lagoon and vicinity (Table I) on 24 July as well as on 4,

% Please refer to the detailed report on winter studies which is included as
Appendix A.
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TABLE I

TEMPERATURE, SALINITY, pH, AND WEIGHTS OF SUSPENDED PARTICLES OF WATER
SAMPLES COLLECTED FROM SIMPSON LAGOON AND VICINITY,
ON 24 JULY AND 4, 11 AND 12 AUGUST 1979

Station Latitude Longitude  Temperature  Salinity  Suspensate pH
No. ) (W) (°C) (°/60) (mg/1)

72479-1 70°19" 148°24° 10.6 8.6 2.51 7.05
72479-2 70°20' 148°17°' 12,2 6.2 3.63 7.32
72479-3 70°21' 148°15" 10.1 7.4 6.45 7.20
72479=4 70°24" 148°32°' 8.8 9.0 3.59 7.10
8479-1 70°32' 149°26' 6.7 25.0 2.60 7.25
8479-1 70°32' 149°37' 5.0 17.9 1.53 7.25
8479-3 70°33! 149°52° 9.7 15.6 5.61 7.35
8479-4 70°34' 149°42°" 5.6 21.8 2.86 7.04
81179-1 70°30' 150°23! 9.8 4.6 119.18 6.75
81179-2 70°32' 150°20' 4.2 31.4 6.02 7.40
81179-3 70°33" 150°09' 3.8 31.2 3.65 7.30
81179-4 70°32" 149°59' 2.5 29.4 2.53 7.50
81179~5 70°33! 149°51"' 4.8 24,2 1.74 7.45
81179-6 70°32' 149°52" 5.4 21.4 3.35 7.00
81179~7 70°31" 149°53' 6.4 23.6 9.20 7.00
81179-8 70°32°7 149°43" 5.4 23.5 2.15 7.50
81179-9 70°34"' 149°41" 5.0 24.5 2.89 7.68
81179-10 70°33" 149°32" 6.3 19.3 3.48 7.25
81179-11 70°32! 149°30" 6.4 18.2 2.96 7.30
81279-1 70°24 148°32' 1.33
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11 and 12 August 1979. These collections coincided with the passage of
LANDSAT II and III satellites over the region, and the purpose was to help
develop criteria — based on “sea” truths — to quantify nearshore suspensate
concentrations from LANDSAT images. One-liter aliquots of the water samples
were filtered through pre~weighed Nuclepore filter membranes (0.4 um pore
size). Subsequently, the sediments on the membranes were washed with dis-
tilled water, and stored in an ice cellar to avoid biodegradation. About
100 ml of the filtered water samples were retained for subsequent salinity
and pH measurements, because such data are useful in the understanding of

suspensate distribution in conjunction with coastal water mass movement.

On seven separate days, between July 24 and August 4, 1979 (Table II),
water samples were collected at the tripod site; from the surface as well
as from 2.9 m depth at which the nephelometer was fixed to the tripod. The
purpose of this collection was to establish a field calibration for the
nephelometer. One-liter aliquots of the samples were filtered through pre-

weighed Nuclepore membranes (0.4 um pore size).

For Pb%10 geochronologic work, relative to sediment depositional rate
estimation, eight core samples were retrieved from Simpson Lagoon and the
Harrison Bay region (Table IIT). Since ice gouging can perturb sediment
sequences and since the lagoon and bay waters freeze to about 2 m depth, all
core samples by necessity had to be retrieved from deeper waters (i.e., > 2 m
depth). A variety of coring units (i.e., Phleger and BENTHOS gravity corer,
and a manual unit) was employed on board the R/V Natehik to retrieve the
core samples. However, the unit which was manually driven into the bottom
worked relatively the best. The other units had low penetration in spite
of the fact that the units had about 600-1b loading. The sediment cores,
thus, collected were at best 32 cm long, but have proved adequate for the
depositional rate measurements. Further, one sediment core sample was col-
lected from a coastal lake (named by us the Deline Lake) at about 3.5 m
water depth, using the manual coring unit from a float plane. This lake is
situated at latitude 70°19'N and longitude 149°56'W. The latter core has
been used to estimate the rate of sedimentation in coastal lakes and also

p21l0

in the better understanding of the inordinately low levels of P radio-

activity in contemporary sediments from the North Slope coastal area (refer
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TABLE II

WEIGHTS OF SUSPENDED PARTICLES IN WATER SAMPLES COLLECTED AT THE SURFACE
AND 2.9 m BELOW SURFACE AT THE SDS TRIPOD SITE

(Latitude 70°32.2'N and Longitude 149°27.45'W)

Suspensate

Date Sample Time (mg/1)
7/24/1979 surface 4,05 p.m. 2.037
2.9 m 4,05 p.m. 5.418

7/25/1979 surface 10.05 a.m. 4,215
2.9 m 10.05 a.m. 4,112

7/26/1979 surface 5.05 p.m. 1.956
2.9 m 5.05 p.m. 2.611

7/27/1979 surface 5,05 p.m. 2.990
2.9 m 5.05 p.m. 2,993

7/28/1979 surface 12.35 p.m. 1.806
2.9 m 12.35 p.m. 2.517

8/02/1979 surface 1.05 p.m. 2.039
2.9 m 1.05 p.m. 1.997

8/04/1979 surface 11.05 a.m. 1.302
2.9 m 11.05 a.m. 2.171
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TABLE III

LOCATION OF SEDIMENT CORES TAKEN FOR 21%Pb GEOCHRONOLOGIC WORK

Core No. Latitude Longitude Water Depth Environment
(N) (W) (m)

878-2 70°32' 149°28" 2.9 Simpson Lagoon
8979-1 70°32"' 150°07"' 3.9 Harrison Bay
8979-2 70°31" 150°01"' 3.6 Harrison Bay
8979-3 70°31"' 149°57' 3.3 Simpson Lagoon
8979-4 70°32' 149°53' 3.0 Simpson Lagoon
8979-5 70°32! 149°45" 2.7 Simpson Lagoon
8979~-6 70°32! 149°40" 2.6 Simpson Lagoon
8979-7 70°32" 149°35"' 2.6 Simpson Lagoon
8579-1 70°32' 149°27" 2.9 Simpson Lagoon
779-1 70°19' 149°56' 3.7 Deline Lake
NW78-1 71°00' 150°00" 24 Open shelf off
' Colville Delta
PWS75-1 70°19' 148°22" 3.0 Prudhoe Bay
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to Naidu's 1979 Renewal Proposal to the OCSEAP office). In addition to the
above samples, three other core samples which were collected in summer 1978
by us and Dr. P. W. Barnes have been considered for the Pb210 geochronologic
work. One of the latter set of cores was from a location off the Colville
River mouth (Table III) and presumably representing the 'prodeltaic facies'
of the river. The other two cores were from the central Prudhoe Bay and
from the tripod site (Table III). One-cm continuous sections from two core
samples (i.e., one from the tripod site and another from Deline Lake) were
separated at Milne Point camp. One split of each of the l-cm sections was
taken by H. V. Weiss for the Pb210 assays, while the remaining second split
was retained by A. S. Naidu for textural and chemical analyses. Separation
of one-cm continuous sediment sections from remaining of the nine core
samples from Simpson Lagoon was accomplished in the Fairbanks laboratory.
One-half of these sections was forwarded to H. V. Weiss for Pb210 po210
assays, relative to the sedimentation rate estimation. The remaining
one=half of the sections has been subdivided into two samples. One
subsample was used for granulometric analysis, while the other has been

retained for chemical analysis by A. 8. Naidu.

Two separate core samples were collected from the triped site to obtain
interstitial water samples. Interstitial waters were expressed out at
the Milne Pt. camp from l-cm continuous sections from one of the cores,
as well as 5-cm sections from the other core. The water samples thus
collected were preserved in ULTREX HNO3 acid and retained by H. V. Weiss
for analysis of a variety of metals by neutron activation. The purpose
of this analysis is to better understand the postdepositiomal solutionm,

migration and reprecipitation of metals in Simpson Lagoon.

In attempting to understand the trace-metal chemistry of fine grained
particulate matter that is being discharged by the Colville River into the
Beaufort Sea, a water sample was collected off the river mouth and filtered
through a Nuclepore membrane (0.40 u aperture). The sediment-bearing membrane
has been sent to Dr. R. Feely of PMEL (Seattle) for analysis of a suite of

trace-metals by X-ray fluorescence technique.
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A sample of mud was collected from the Colville Estuary at the request
of Dr. S. Wellershaus of the Institute of Meeresforschung (Bremerhaven), West
Germany. As part of his research, Dr. Wellershaus will be studying the

effect of organic compounds on flocculation of clays.

Two hours were spent on Flaxman Island, studying and collecting samples
of boulders. A suite of 25 samples were obtained for detail thin section
petrographic study, which should add on to our understanding of the origin
of the boulders. In furthering the above goal sample of a granitic boulder
from the Flaxman Island (sample # FLX79) was submitted to Dr. D. L. Turner
of the Geophysical Institute, University of Alaska, for dating by the K-Ar

technique.

In continuation of our winter sediment dynamics study thawed sections
of three Sea-ice core samples were obtained from Dr. T. Osterkamp (RU 253).
These samples were collected from Dive Site 11 in the Stefansson Sound, on

November 11, 1979.

Most of the sediment samples considered for lithological and chemical
analyses in this study were selected from archived suites of samples that
were collected either by us or by others between 1968 and 1978 from the Beau-

fort and Simpson Lagoons, and the adjacent Beaufort Sea.

Analytical Methods

The laboratory methods that have been adopted to analyze sediment samples
have been elaborately described in the original proposal (OCSEAP RU 529).
Briefly, the sediment size distribution analysis of the grab and core sections
was performed by the usual sieve-pipetting method. The clay mineral analysis
on the < 2 um fraction of sediments was accomplished according to the methods
elaborated by Naidu et al. (1971) and Naidu and Mowatt (1974) using X-ray
diffraction technique. Semi-quantitative estimation of the clay minerals are

based on Biscaye's (1965) method.

Sediment samples stored in a frozen state were thawed, dried, and two
splits of them were considered for geochemical analysis. One split was

finely ground while the other split was lightly disaggregated.
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Heavy metal concentrations in the sediments were measured by atomic
absorption spectrophotometry, using a Perkin-Elmer, Model 603 unit and a
Model 360 unit equipped with HGA-2100 graphite furnace. Details on the
methods of acid digestion of gross sediments, and determination of accuracy
and precision on heavy metal analysis have been discussed by Naidu and
Hood (1972), and further elaborated in Table IV, Finely powdered samples
were taken for gross metal analysis. To understand metal speciation in
sediments, a sequential extraction scheme was followed to isolate various
chemical fractions of sediments. Iron, Mn, Cu, Ni, Co, Cr, Zn, and V
are being analyzed on these fractions as well as on gross sediments.

The scheme was adopted after critical study of the literature. The
extraction scheme presumably permits delineation of metals bound in

the total ferrimanganic oxidates, carbonates and the exchangeable phase
(Chester and Hughes, 1967; Grieve and Fletcher, 19763 Gibbs, 1977),
oxidizable organic matter (Cheng, 1961; Anderson, 1962; Gibbs, 1977),
particulate organics (Giovannini and Sequi, 1976), as well as in oxides
of manganese (Chester and Hughes, 1967; Chao, 1972), amorphous iron
(Pawluk, 1972; Schwertmann, 1973; Daly and Binnie, 1974) and crystalline
iron (Mehra and Jackson, 1960). For purposes of the above metal extraction
coarse ground sediment powder samples were preferred. The portions of
extractable (or readily mobilized) metal fractions are considered more

relevant for pollution monitoring.

Salinity of the 19 water samples, which were collected from Simpson
Lagoon in summer 1979, were measured by using a Beckman, Model RC-19 Conduc-
tivity Bridge. Hydrogen ion concentrations (pH) of the water samples wer:
measured by a Coleman, Model 37A potentiometer. Weights of dried
suspended particles on 41 Nuclepore filter membranes (constituting the
summer 1979 collections) were determined on a Cahn balance. After the
weighing the filter membranes were stored in a freezer for further
chemical analysis. Organic carbon, nitrogen and hydrogen on seven Simpson
Lagoon suspensate samples, collected in summer 1978, were analyzed using a
Hewlett-Packard Model 185B CHN analyzer. The suspensates collected on poly-

carbonate Nuclepore filter membranes (0.4 um pore size) were isolated by
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TABLE IV

AVERAGE CONCENTRATIONS (ug/g, except for Fe which is in 10% ug/g)
OF SOME HEAVY METALS IN STANDARD U.S. GEOLOGICAL SURVEY ROCKS:
AGV-1, BCR-1, & G-2.

U.S.G.S. Standard

Sample Vv Cr Mn Fe Co Ni Cu Zn

AGV~1

This Study -1 9.6 4,67 15.0 13.0 59.2 99

This Study -2 127 12.8 767 4.79 14.6 14.5

Reported Literature

Values

Flanagan, 1969 121 12.9 728 4.76 15.5 17.8 63.7 112

Flanagan, 1973 125 12.2 763 4.73 14.1 18.5 59.7 84

Range {(Flanagan,

1969) - 70-171 8-45 640-870 4,26- 10-30 11-27 52-83 64-304
5.21

BCR-1

This Study ~1 10.7 33.7 5.9 17.5 136

This Study -2 500 14.6 1425 8.98 35.7 6.4

L] 8'94

Reported Literature

Values

Flanagan, 1969 384 16.3 1350 9.44 35.5 15.0 22.4 132

Flanagan, 1973 399 17.6 1406 9,37 38 15.8 18.4 120

Range (Flanagan,

1969) 20-700 8-45 1040-1600 9,02- 29-60 8-30 7-33 94-278
9,97

o
Lo




V14

TABLE IV

CONTINUED
U.S.G.S. Standard
Sample v Cr Mn Fe Co Ni Cu Zn
G-2
This Study 38 10 258 1.58 15 17 7.6 88
Reported Literature
Values
Flanagan, 1969 37.0 9.0 265 ' 1.93 4.9 6.4 10.7 74.9
Flanagan, 1973 35.4 7 260 1.85 5.5 5.1 11.7 85

Range (Flanagan,
1969) 26-60 5-29 180-360 1.53- 2-21 2.14 <2-17 42-138
2.44




dissolving the membrane first in 30 ml 6N KOH and by centrifuging the residual.
The suspensates thus collected were then washed in double distilled water and
treated with 10% HCL to remove the carbonates. The slurries of carbonate-free
samples were individually pipetted into sterilized sample boats, dried,
weighed in a Cahn balance and loaded into the CHN analyzer. Acetanilide was

run as a standard.

Manganese, Fe, Co, Hg, and Zn were analyzed in the sediment interstitial
water samples by neutron activation analysis (Weiss, unpublished). This
analysis was carried out by H. V. Weiss (NOSC), San Diego, using the TRIGA
Reactor facilities at the University of Irvine (Califormia).

The analytical procedure for the determination of 210Po in sediments was

based upon the procedures described by Koide et al. (1972) and Koide and Bruland
(1975). Portions of l-cm core sections were transferred to a crucible and

dried at 110°C. The dried material was ground using a mortar and pestle and
ignited at 400°C. A weighed fraction of the ash was leached with HNO3 acid

and 208?0 isotopic tracer was added to the leachate. The Po isotopes were

then electrodeposited from solution onto a thin silver disc. The alpha

particles emitted by 208,210

Po were finally measured at the General Activation
Analysis, San Diego, California, using a barrier detector coupled to a pulse
height analyzer. This entire analysis was performed by H. V. Weiss under a
separate subcontract from A, S. Naidu. Muscovite grains from a pink granite
boulder sample were separated and dated by the K-Ar technique in Dr. D. L.

Turner's geochronology laboratory on University of Alaska campus.

In our attempt to synthesize the sedimentological data for the Beaufort
Sea, all available published and unpublished lithological and chemical data
have been compiled. These data have been fed into a computer, and maps
showing distribution of individual sediment attributes for the above sea are

being digitally generated.

Correlation coefficients were calculated for textural, chemical, and
mineralogical attributes of Simpson Lagoon sediment samples. A Spearman
nonparametric correlation problem was adopted. The calculations were done

on the Alaskan Honeywell 66/40 computer.
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VII. OTHER ACTIVITIES

A. S. Naidu attended the Annual Meetings of the Geological Society of
America as well as the U.S. Core Curators Meeting, which were held concur-
rently in San Diego on 5-8 November 1979. Prior and subsequent to the above
meetings Naidu visited with colleagues in the U.S. Geological Survey (Menlo
Park), and also with H. V. Weiss and L. H. Larsen of NOSC (San Diego)
and Univeristy of Washington (Seattle), respectively, for consultation. At
the U.S.G.S. office, Naidu further examined samples of rock types gathered
from the Brooks Range and adjacent areas, in attempting to elucidate the
source of erratic boulders on the north arctic beaches. Additionally, all
available archived (published/unpublished) data on size distributions of
Beaufort Sea and adjacent lagcon sediments available with P.W. Barnes and
E. Reimnitz were retrieved and tabulated for purpose of synthesizing textural
data. At the Core Curators Meeting, Naidu gave the status of archived marine

sediment samples of Arctic Alaska.

A. S. Naidv and his graduate student, M. D. Sweeney, participated in a
poster session at the 30th Alaska Science Conference on 17-21 September 1979

in Fairbanks. Titles and authors of the posters were as follows:

Poster 1. Partitioning of heavy metals among selected chemical fractions
of lagoon sediments, Arctic Alaska. By M. D. Sweeney, A, 5. Naidu and H. V.

Weiss.

Poster 2. Resuspension of nearshore sediments by wave action in north

Arctic Alaska. By A. S. Naidu.

Further, A. S. Naidu participated, by invitation, in the following two

OCSEAP sponsored conferences/workshops:

(i) Conference on "slush ice', held in Seattle between February 7 and 8,

1980.
(ii) Workshop on integration of "Winter Ecological Studies", held in

Fairbanks, from March 19 to 21, 1980.

Proceedings of these meetings are being forwarded by Dr. L. H. Larsen

and Drs. D. Norton and D. Schell to the OCSFEAP Office.
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VIII. RESULTS

The concentrations (wt. %) of organic carbon, nitrogen and hydrogen in
the Simpson Lagoon suspensates appear in Table V. These samples were
collected periodically from the central Simpson Lagoon at a location off

the Milne Point, in the vicinity of the tripod station (Naidu, 1979).

TABLE V

CONCENTRATIONS (wt. %) OF ORGANIC CARBON, NITROGEN
AND HYDROGEN, AND C/N RATIOS IN SIMPSON LAGOON SUSPENSATES

Sample No. CZ N% H%Z C/N
SL78-10 3.60 0.17 0.88 21,2
S1.78-14 3.43 0.17 0.93 20.2
SL78-21 4,08 0.17 0.95 24.0
SL78-31 2.33 0.12 0.72 19.4
SL78-80 2.96 0.31 0.80 9.5
SL78-86 5.39 0.32 0.90 16.8
SL78-96 2,70 0.17 0.69 15.9

In Table I are included the temperature, salinity, pH values and
concentrations of suspensates in Harrison Bay, Simpson Lagoon and Prudhoe
Bay waters for the period between July 24 to August 12, 1979 when the
LANDSAT II and III satellites passed over the area.

The weights of suspended particles, periodically collected at the SD§
tripod site are included in Table ITII. As one would expect the suspensate
concentrations are generally higher in the subsurface than in the surface

water samples,

In Table VI are shown the concentrations of Mn, Fe, Hg, Zn and Co in
interstitial water samples from l-cm sections of a sediment core retrieved
from the Simpson-Lagoon. Chromium, Th, Sb, Rb and Sc were the other elements
identified in the above water samples, but their concentrations were too low
to be reported in a meaningful way. It is quite clear that there is a signi-

ficant decrease toward the surface of Mn and Fe.
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TABLE VI

CONCENTRATIONS (ug/ml) OF SOME ELEMENTS IN INTERSTITIAL WATER SAMPLES
FROM l-cm SECTIONS OF A SEDIMENT CORE TAKEN AT LATITUDE 70°32.20'N
AND LONGITUDE 149°27.45'W IN THE SIMPSON LAGOON

Core
Section Volume
(cm) (ml) Mn Fe Hg Zn Co

0-1 0.75 0.6 - 0.0069 + 0.0027 0.064 + 0,027 -

1-2 0.45 0.2 - 0.0133 + 0.0047 0.284 + 0.069 0.0037 + 0.0011

2-3 0.55 6.9 1.50 + 0.53 0.0080 + 0.0027 0.096 + 0.031L 0.0038 + 0.0008

3-4 .70 0.9 1.43 + 0.50 0.0079 + 0.0018 0.121 + 0.030 0.0021 + 0.0001

4-5 0.65 - 1.80 + 0.55 - 0.207 + 0,048 0.0036 + 0.0009

5-6 0.40 1.0 3.42 £ 0.95 - 0.315 x 0.073 0.0030 + 0.0011

6-7 0.30 1.5 4.07 + 1.30 0.0256 + 0.0073 0.325 + 0.093 0.0054 + 0.0014

7-8 0.70 1.5 - 0.016 + 0.004 0.160 * 0.037 0.00620 £+ 0.0007

8-9 0.75 1.4 - - - -

9-10 0.65 1.3 2.40 * 0.62 0.009 =+ 0.004 0.201 + 0.045 0.0025 + 0.0001
10-11 0,40 1.2 2.60 + 0.83 0.015 =+ 0.005 0.215 + 0.052 0.0052 x 0.0013
11-12 0.50 1.7 2.44 £ 0.72 0.010 <+ 0.003 0.218 + 0.050 0.0060 = 0.0014
12-13 0.80 1.1 3.38 % 0.80 0.010 =+ 0.003 0.158 £ 0,035 -

13-14 0.45 1.8 1.27 + 0.60 0.018 + 0.004 0.33 =+ 0.07 0.0041 + 0.0011
14-15 0.60 1.0 5.7 + 1.2 0.011 + 0.003 0.26 + 0.06 0,0048 + 0.0011




In Table VII are included revised total concentrations of Fe, Mn,
Zn, Ni, Co, Cr, Cu, and V in a suite of samples from the open Beaufort
Sea. Previous reported values (Naidu, 1979, p. 53, Table XII1) for
these same samples have recently been verified and/or corrected where
appropriate for the present report (Table VII). 1In Table VIII are
listed concentrations of Ni, Co, Cr and V in acetic acid hydroxylamine-
hydrochloride extracts (Chester and Hughes, 1967) of a suite of sedi-

ments samples from the Beaufort Sea.

In Table IX are listed the concentrations of some heavy metals in
gross sediments as well as in Chester and Hughes' (1967) extracts of
Simpson Lagoon sediments. Additionally, the percents of the total
quantity of each metal that was extracted by the Chester and Hughes
reagent are included in Table IX. Some tentative elemental data on
gross sediments and the extracts were submitted earlier (Naidu, 1979,
p. 52, Table XII) for the Simpson Lagoon sediments. The latter data
have subsequently been verified and the revised data in Table IX are

considered more accurate.

Table X presents average results, based on 6 samples, for the
partitioning of Fe and Mn among various chemical fractions in Simpson
Lagoon sediment. These chemical fractions represent idealized distinct
chemical species contributing to the complex sediment conglomeration of
many chemical compounds and minerals. It is assumed that the chemical
treatments used (references cited) are specific for the corresponding

chemical fraction targeted.

In Table XI appear the Po activities (d/m/g) relative to l-cm sections
of the 12 cores that have been analized (refer to Table III for core loca-
tions and depositional environment). At the observed levels of activity and
the counting periods followed the statistical counting error is about 5-107%.
When the P0210 activities are plotted against sediment depth in a sediment
core, no continuous logarithmic decrease in the activities is noticed from
the top to the bottom of the cores. Although for several cm length in a
core a net decreasing trend in the P0210 activity can be identified, above
or below such sections a significant scatter in the activity is noticeable.

Additionally, in case of tripod core 779-1, the P0210 activity seems to be

relatively higher in the lower portions of the core, By comparison the
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TABLE VII

TOTAL CONCENTRATIONS (ug/g) OF SOME HEAVY METALS IN
BEAUFORT SEA SEDIMENTS

Sample # Depth v Cr Mn Fe Co Ni Cu Zn
(m) 10% ug/g

Deep Sea

(>1000m)

GLA77-5 3593 220 103 4650 5.40 28 55 50 121

GLA77-6 3566 252 117 3950 6.05 28 63 57 144

GLA77-7 3566 234 110 3050 5.39 26 58 53 116

Averages 235 110 3880 5.60 27 59 53 127

Continental Slope

(64-1000m)

GLA77-10 678 183 96 4400 4,64 21 49 32 98

GLA77-16 118 148 89 406 3.50 16 41 24 112

GLA77-18 80 114 66 741 3.13 10 27 25 84

GLA77-23 109 150 98 546 4,16 21 45 38 121

GLA77-42 149 150 90 365 4,08 17 39 23 102

Averages 149 88 1290 3.92 17 40 28 103

Continental Shelf

(<64m)

GLA77-12 22 119 86 351 3.65 15 37 28 102

GLA77-15 54 166 98 634 4,51 20 49 39 121

GLA77-17 51 180 108 620 4,90 22 57 41 140

GLA77-20 57 125 70 690 4.07 14 35 24 100

GLA77-22 32 127 84 351 3.81 15 36 30 107

GLA77-3L 28 126 80 355 . 3,51 i3 31 26 107

GLA77-33 66 112 74 946 3.97 14 36 38 107

Averages 137 86 562 4,05 16 40 33 112

U.5.G.5.-G2 38 10 258 1.58 15 i7 7.6 88




TABLE VIII
CONCENTRATIONS (ug/g) OF NICKEL, COBALT, CHROMIUM, AND VANADIUM IN
ACETIC ACID-HYDROXYLAMINE HYDROCHLORIDE EXTRACTS (CHESTER AND
HUGHES, 1967) OF BEAUFORT SEA SEDIMENTS

For sample locations refer to Naidu (1978)

Sample No. Ni Co Cr v
Deep-5ea

GLA77-5 23.8 23.0 3.1 82.0

GLA77-7 24.0 21.5 4.5 53.0

GLA77-8 18.5 22.0 3.4 70.0

GLA77-30 18.0 21.0 6.5 43.0

Continental Slope

GLA77-19 13.0 10.5 5.0 26.0
GLA77-23 16.0 19.0 3.7 17.0
GLA77-42 10.0 7.0 6.0 24.0
BSS -80 14.5 8.5 6.5 21.5
BSS =81 13.0 5.5 3.2 24.0
Continental Shelf

GLA77-12 7.5 6.5 3.0 13.5
GLA77-15 16,0 14.5 4.5 17.0
GLA77-17 18.0 14,0 2.5 11.0
GLA77-18 11.0 12.0 4,0 19.0
GLA77-22 11.0 7.0 4.0 14.5
GLA77-24 8.5 8.0 2.5 17.0
GLA77-25 7.5 5.5 1.0 12.0
GLA77-26 7.5 4.5 2.5 10.5
GLA77-31 10.0 9.5 5.0 14.5
GLA77-32 9.0 7.0 2.8 14.0
GLA77-40 13.0 12.5 5.5 18.5
Averages:
Deep-Sea (> 1000 m) 21.1 21.9 4.4 64,5
Continental Slope

(64-1000 m) 13.3 10.1 4.9 22.5
Continental Shelf

(< 64 m) 10.8 9.2 3.4 14.5
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TABLE IX

CONCENTRATIONS (ug/g, except Fe which is in lOa ug/fg) OF SOME HEAVY METALS IN THE TOTAL (T} AND THE ACETIC ACID-HYDROKYLAMINE
HYDROCHLORIDE EXTRACTS (E), WITH CALCULATED PERCENT EXTRACTABLE QUANTITIES (ZE)* FROM STMPSON LAGOON SEDIMENTS

A%

Values rounded to whole digit numbers.

Chromium Manganese Iron Cobalt
Sample T XE T E XE T E %E E XE T E T *E
SL877-1A 43 1.9 5 23 0.22 1 118 48 41 0.112 10 4,3 0.72 1.9 34 16
1B 36 1.8 5 19 0.27 1 114 41 36 0.094 9 3.1 0.44 1.7 - -
ic 41 2.4 ] 21 0.565 3 155 90 58 g.1542 13 4,1 0.88 1.6 - -
10 42 1.9 5 21 0. Z 126 44 35 0,078 7 4.4 0,55 1.2 45 10
1E 42 2.3 ] 24 0.9%0 & 139 54 39 0.125 10 4.4 0,85 1.8 45 12
2 16 2,0 6 21 0.44 2 146 BG 55 0.110 12 3.6 0.66 1.1 28 11
3 84 5.2 ] 59 1.8 3 419 240 57 0.332 13 7.6 2.7 2.6 94 16
4 101 1.3 7 70 L0 3 554 365 66 0.465 16 8.2 1.5 4.8 120 18
54 69 3.6 5 39 1.5 4 273 155 57 0.228 13 6.2 1.9 2.4 78 14
58 62 3.6 6 38 1.4 4 235 128 55 0,207 12 5.8 1.9 8.4 73 26
SC 69 4.1 8 46 1.4 3 344 208 61 0.271 13 8.0 2.6 2,9 82 i6
5D Fit) 3.6 5 46 1.0 2 316 169 54 0.225 10 8.6 1.9 2.9 80 16
6 75 4.9 7 54 1.7 3 369 218 59 0,307 13 7.9 2.3 2.8 84 19
7 45 1.6 4 26 0.5 2 150 45 30 0.039 3 5.5 0.63 2.6 33 12
8 61 2.7 & 32 0.98 3 200 125 63 2.120 9 6.8 1.0 1.5 52 12
9 80 5.2 7 55 2.1 4 514 340 66 0,301 12 9.2 2.% 3.7 91 20
11 84 5.9 7 56 1.7 3 268 122 46 2.3 0.262 11 8.5 2.1 3.1 87 20
12 g1 4.7 6 54 0.9 2 278 136 4% 2,39 0,250 11 %.8 2.5 3.0 83 12
13 79 5.1 7 60 1.8 3 467 300 64 2,64 0.370 14 9.2 3.0 3.5 88 20
14 3 4,2 b 47 1.3 3 3l 208 58 2.26 0,270 12 8.9 2.6 2.6 78 15
15 61 3.4 6 38 0.65 2 226 137 61 i1.67 0.095 & 9.0 1.9 3.6 61 11
17 49 3.3 7 33 1.2 4 176 110 63 1.31 0.140 11 5.6 2.7 2.3 43 26
18 4 6.7 9 54 1.7 3 163 60 37 1.93 0.410 21 B.7 3.1 2.3 78 28
19 61 2.0 3 36 0.35 1 185 64 35 1.75 0.147 8 5.7 1.0 3.5 87 13
20 43 2.5 & 22  0.38 2 159 80 50 1.31 0.156 12 4.8 1.3 1.9 42 13
21A 100 6.5 7 66 1.2 2 370 193 52 2.81 0,355 13 9.6 3.3 3.5 1C0 19
21B 96 6,0 6 66 1.4 2 344 165 48 2,76 0,301 11 9.8 3.4 .0 - -
21C 86 6.4 7 61 1.6 3 257 108 42 2,46 0,236 10 8.5 2.5 1.7 103 17
21D 91 5.3 6 65 1.6 3 324 136 42 2,71 0,280 10 9.6 2.5 3.6 91 17
22 85 4.0 5 55 1.4 3 302 138 a6 2,59 0,263 10 9.6 2.6 2.5 89 16
23 70 4.4 ] 5 1.2 2 378 215 57 2.09 0,248 12 B.4 2.7 2.7 93 i6
24 58 z.8 5 33 0.3 1 154 62 40 1,36 0,085 6 6.1 0.87 2.3 51 20
25A 57 3.1 5 Y k! 188 18 41 1.72 0,172 10 6,7 1.8 2.3 64 17
258 57 2,5 4 33  0.95 3 165 64 39 1.59 0.149 9 6,0 2.2 2.3 86 1i
25¢C 65 3.1 5 39 1.2 3 159 77 39 1,83 0.182 10 8.4 2.0 2.4 75 15
26 87 4.3 5 57 1.2 2 375 198 53 2,69 0,285 11 9,3 3.1 .0 88 17
27 83 4.8 6 57 1.5 3 295 136 46 Z.47 0,256 10 .8 2.5 2.8 79 19
28 93 5.1 -] 62 1.8 3 91 114 33 2.67 0.274 10 9.3 1.3 2.8 100 16
29 85 5.6 7 63 1.5 2 291 123 42 2,59 0.326 13 10 2.3 4.0 98 18
ks 29 1.2 4 24 0 0 127 66 52 0,88 0.086 10 3.6 0,53 1.7 33 10
31 87 6.2 [ 67 1.5 2 313 168 51 2,63 0,300 1I 9.5 2.6 3.2 100 22
32A 97 5.0 5 52 1.5 3 299 198 66 2.25 0,269 12 8.4 2.7 3.1 93 25
32B 109 4.5 4 63 1.7 3 366 203 55 2,51 0,263 11 9.3 2.8 3.1 103 20
32C 97 4.2 4 56 1.4 3 aar 148 49 2,39 0.234 16 9.3 2.5 2.9 98 18
32D 33 4.0 5 45 1.1 2 233 146 53 2,12 0,223 11 1.6 2.2 3.2 0 19
33 63 3.5 [ 45 1.4 3 323 182 56 1,65 0,179 11 7.6 2.3 2.3 74 19
34 35 1.1 3 e 0 0 115 46 40 0.85 0.032 4 3.3 0.25 1.4 31 8
35 85 4.3 5 54 0.9 2 247 110 45 2,06 0.1%9 10 7.4 1.8 2.8 85 19
36 a8 4.7 5 54 1.1 2 256 112 44 2.32 0.253 11 8.4 2.3 2.7 92 17
37 a2 3.2 4 50 1.0 2 226 89 139 2.16 0.206 10 8.4 1.7 2.3 81 16
38 g5 5.1 5 60 1.1 2 217 82 38 2.26 0,196 9 8.8 2.2 2.7 - -
39 85 5.2 [ 63 L.0 2 225 80 3% 2,20 0,248 11 8.8 1.9 3.9 84 21
40 63 2.1 3 38 0.07 a 174 73 42 1.80 0.084 5 6.6 0.95 2.5 - -
56 3.5 6 46 0.70 2 211, 90 43 1.65 0.150 ¢ 6.0 2.1 .40 65 19
AVERAGE 71 6 46 2 260 49 2.0 11 7.4 76 17




TABLE X

AVERAGES FOR THE PERCENTAGE OF THE TOTAL IRON AND MANGANESE
IN SIMPSON LAGOON SEDIMENTS DISTRIBUTED AMONG
ARBITRARY CHEMICAIL FRACTIONS

Chemical Fraction Fe Mn
Exchangeable1 0.1 5
Carbonate? 1 15
Manganese Oxides?® 1 5
Amorphous Iron Oxides" 17 5
Crystalline Iron Oxides® 18 10
Organic Complex® 3 10
Residual Components 60 50
Fe~Mn Oxidate-Carbonate- 13 49
~Exchangeable - adsorbed

component7

ljackson, 1958

23ibbesen, 1977

3Chao, 1972

*Schwertmann, 1973
SCoffin, 1963

®Giovannini & Sequi, 1976
’Chester & Hughes, 1967
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TABLE XI

STRATIGRAPHIC VARIATIONS IN Po2!9 (d/m/g) IN THREE CORE SAMPLES
FROM THE COASTAL AREA OF NORTH ARCTIC ALASKA.

(REFER TO TABLE III FOR CORE LOCATIONS)

Depth Po210 Depth Po?10
(cm) d/m/g (cm) d/m/g
Core # 8979-1
0-1 1.87+.1 18-19 -
1- 2 1.69+.18 19-20 1.36%,09
2- 3 1.81%.15 20-21 1.17+£,08
3~ 4 1.70=.1 21-22 1.24+,08
4- 5 2.16%,1 22-23 1.23%.07
5- 6 1.43%.1 23=-24 1.02+.1
6- 7 1.70%.09 24-25 1.26%.16
7- 8 1.04+£,.09 25-26 ——
8~ 9 1.36%.07 26-27 1.32+.1
9-10 1.25x.09 27-28 1.31+,07
10~11 — 28-29 1.27%.13
11-12 1.82%,1 29-30 1.10+.08
12-13 1.33%.1 30-31 1.0 £,08
13-14 1.0 +.1 31-32 0.85%,06
14-15 1.1 .06 3233 0.83+,06
15=16 1.3 £.1 33-34 0.63%£.08
16-17 1.35£.07
17-18 1.34%.09
Core # 8979-2
0-1 1.51+,.15 7- 8 1.09%.09
1- 2 2,20£.13 8- 9 1.22+,09
2- 3 1.77+.13 9-10 1.44%,1
3- 4 1.43%.1 10-11 0.98%.08
4= 5 1.80x.1 11-12 1.44%.1
5- 6 1.55+,1 12-13 1.15+,08
6- 7 1.27+.1 13-14 1.12+.08
Core # 8979-3
0o- 1 1.51+.08 6- 7 1.10+,07
1- 2 1.40+.07 7- 8 1.11+.09
2- 3 1.13+.08 8- 9 1.13+.04
3~ 4 1.05+.06 9-10 0.92+.05
4- 5 1.12+.09 10-11 0.73x.05
5- 6 1.10+.07 11-12 0.67+,05




TABLE XI

CONTINUED
Depth po210 Depth Po210
(cm) d/m/g (cm) d/m/g
Core # 8979-3
(Cont'd)
12-13 0.63x.06 19-20 0.34+.02
13-14 0.61+.02 20-21 0.71+.07
14-15 0.61+.04 21-22 0.78%£.05
15~-16 0.58+.04 22-23 0.85+.06
16-17 0.50x.04 23=-24 0.69+.04
17-18 0.49+.04 24-25 0.71%.05
18-19 0.49%.04
Core # 8979-4
0- 1 1.39+.09 6- 7 0.81+.1
1- 2 0.91+.08 7- 8 0.91%,07
2- 3 1.21+.09 8- 9 1.31+.09
3~ 4 0.85%.07 9-10 0.77+.07
4- 5 0.96+,07 10-11 1.08+,09
5- 6 1.18+.06
Coxe # 8979-5
0- 1 1.47x.1 10-11 0.90+,06
1- 2 1.76+.1 11-12 0.92+.07
2- 3 1.48%.1 12-13 0.91+.07
3~ 4 1.55+.1 13-14 0.94+,07
4-— 5 1.55+.1 14-15 0.92+.07
5- 6 1.29+,09 15-16 0.66+.09
6- 7 1.42%.09 16-17 0.07+£.09
7- 8 1.62+,01 17-18 0.79+.06
8- 9 1.15+.08 18-19 {l.l +.1
9-10 1.07x.09 1.14+.1 Recount
Core # 8979-6
0-1 1.19x,1 9-10 0.76+.07
1- 2 1.18+.07 10-11 0.77+.05
2- 3 1.44+.09 11-12 0.79+.04
3- 4 1.0 +.09 12-13 0.70+.06
4- 5 1.05%.07 13-14 0.82+.05
5- 6 0.87+.07 14-15 0.69+.05
6- 7 0.85%,07 15-16 0.82+.05
7- 8 0.,99+,07 16-17 1.13+.04
8- 9 0.74+.05 17-18 1.02+.07

W
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TABLE XI

CONTINUED
Depth po?10 Depth Po210
(cm) d/m/g (cm) d/m/g
Core {# 8979-7
0-1 1.37x.09 10-11 0.88+.07
1- 2 1.31+.08 11-12 1.02+.1
2- 3 1.66+.1 12~13 0,78%+.06
3- 4 1.28+,08 13-14 0.73.08
4= 5 1.19+,07 14-~15 0.51%.05
5- 6 1.06+.08 15-16 1.12+,08
6- 7 1.12+,08 16-17 1.0 £,07
7- 8 1.04+,1 17-18 0.88+,08
8~ 9 0.77+.06 18-19 0.88+.08
9-10 0.87+.06 19~bottom 0.91%.08
Core # PWB 75-1
0-1 1.15.08 6- 7 1.32+.07
1- 2 1.17+.07 7- 8 1.42%,08
2= 3 1.18+.08 8- 9 1.36%.08
3- 4 - 9-10 1.31+.08
4= 5 0.92+.06 10-11 1.33%.08
5- 6 1.25+,08
Core # 8579-1
0-1 1.,20x,08 9-10 0.72+.05
1- 2 1.5 £.15 10-11 0.75%.04
2- 3 {0.8 i.06} 11-12 0.70£.05
0.6 +.05 12-13 0,75%.05
3- 4 {1.0 i.07} 13-14 0.6 +,05
0.9 .05 14-15 0,85%.06
4- 5 {l.l t.09} 15-16 1.2 .07
0.94%.06 16-17 1.2 +.06
5- 6 0.55+,06 17-18 0.9 +.05
6— 7 0.40+,03 18-19 -
7- 8 0,41+.03 19-20 -
8- 9 0.29+.03 20-21 —-—
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TABLE XI

37

CONTINUED
Depth Po210 Depth Po210
(cm) d/m/g (cm) d/m/g
Deline Lake /
0- 1 5.1 £.43 10-11 3.5 £.16
1- 2 3.13%.19 11-12 4.14%.19
2= 3 4,7 +,22 12-13 5.44%.5
3- 4 4.9 £,41 13-14 4.4 £,17
4= 5 4,93+.5 14-15 5.3 .04
5- 6 {3.0 i.14} 15~16 2,9 +,15
2.93%.14 16-17 2.0 £,06
6- 7 3.7 .1 17-18 2.6 £,12
7- 8 2.6 .15 18-19 1.74£.06
8- 9 {4.2 +.2 } 19-20 2.17+.09
4.3 .2 20-21 1.84+,09
9-10 2.5 .19




TABLE XI

CONTINUED

Po210 Depth (em) Po210

Depth (cm)

Core # 878-2

o)
Lo e e e |
&= + & 2 @
OO O COCC
o+ L+ FH
DO WN
T O

L L I -
o

6- 7
7- 8
8~ 9
10-11
12-13

~ O
N
. * @ - L]
oOCcCOoOCoO
+i H H O+ H

o~ 0w
S O O T

- * ® * ®
o~

0-1
0-1
1- 2
3- 4
5- 6

VN ®
Q-H~C
T
COoOO0OoOOC
+H o+ OH H H

R r=HON MO
[ BN o B ap B

. & = & %
~ -

. & = = >
OO OO0
4+ H +HH

M~ o
O N ~F N

. = & & ¥
L e B B |

[S il Ta IXo3R. v o))
TTYT
[Sa30S RTa T - o)
e B IR e e B |

O o

oo
+ H

o0 O
o N

24=25
24-25

Core # NW 78-1

L B e B |
L. L .
OO CO
H o+ o+ H

(= S it
SN O Oy

HoH H O

OO N
SN

*« & = = 2
==

0~ 1
1- 2
2= 3
3- 4
4= 5

~F Lo

OO 1O
L I ] L -
OO CoOC
+HoH
(Nl o Rl Ble vl
- S o

s = &

L . ]
o B B B |

N D 1~ N
TITTT
NN O M
NN

o
s e s e s
[l e e Jlen]
+ o+ H O

NS M
N

« & 5 & 8
L B e B B |

o~
TTTT A
™Mo ~NO
N~ N

38




P0210 activities of all the sediment cores from north arctic Alaska are

almost a magnitude lower than values generally reported for coastal sediments
of other parts of the world. For purposes of sedimentation rate estimation
the P0210 values can be directly used on a 1:1 basis to determine the Pb210
activity, based on the assumption that secular equilibrium between the two
isotopes exists., Therefore, further discussion will be in terms of the

Pb210 rather than the Po210 activities.

A report has been received from Dr. L. H. Larsen summarizing results
of the summer 1979 tripod experiment. Since the above work constituted a
discrete task of the present overall study (RU 529), results and discussions
pertaining to it have been incorporated in this Annual Report as Appendix B.
Likewise all phases of the tripod experiment relative to the 1979 Winter
Study have been included as Appendix A. As mentioned earlier, the tripod
was damaged during the winter 1979 experiments. Dr. Larsen is in correspon-—
dence with the insurance company to recover the cost of the damage to the
SDS System (Appendix C).

The K-Ar date and other relevant data on muscovites of a pink granite
boulder sample (FLX1), which was collected by Najidu from the Flaxman Island,
north arctic Alaska, are shown in Table XII. As indicated the granitic
boulder is of Archaean age. A separate granitic boulder sample (F79SRO1)
having a composition similar to the above sample and also collected from the
the Flaxman Island area was simultaneously submitted by S. Rawlinson to Dr.
Turner for a K-Ar date on the muscovites of that boulder sample. Result
of the geochronologic analysis on the latter boulder sample is also
included in Table XII for comparison purpose*. It is notable that results

of the two analyses are almost identical.

Analyses of the grain size distributions, clay mineralogy and trace-
metal concentrations on the Beaufort Lagoon sediments (Fig. 3) are in
progress. Preliminary data obtained thus far on some textural attributes
(gravel, sand, silt, etc.), clay mineralogy on the < 2 um size fraction,
and trace-metal concentrations on gross sediments, are listed in Tables XIII,

XIV, XV and XVI respectively.

* §, Rawlinson kindly permitted us to use his unpublished data.
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TABLE XII

K-Ar DATES AND RELATED ANALYSIS ON MUSCORITES COF
GRANITE BOULDERS FROM ARCTIC COAST OF ALASKA

40 40 40
K,0 Sample Arrad Arrad Arrad
Sample No. Rock Type Mineral {weight Weight {moles/gm) 40K ﬁﬂAr Age 2 1 ¢
Dated percent) (grams) x 10°8 x 1071 total {b.v.)
FLX1 Granite Muscovite 10.753 0.0999 6.05 2,27 0.981 2,08 + 0,06
(80013) 10.760
_ 10.760
x = 10,758
*FLYL Granite Muscovite 10,753 0.0371 6.79 2.55 0.966 2.22 + 0.07
{80035) 10.760
_ lo.76C
x = 10,758
F 79 SROL Granite Muscovite 10.743 0.0333 7.97 2,99 0.992 2.43 £ 0.07
(80032) 10,757
_ 10.743
x = 10,748

* Duplicate




TABLE XIII

GRAVEL, SAND, SILT AND CLAY PERCENTS IN
BEAUFORT LAGOON SEDIMENTS

REFER TO FIGURE 3 FOR SAMPLE LOCATIONS

Sample # Gravel % Sand % 511t % Clay %
BL~-1 15.52 61.47 23.01
BL-2 26,00 53.05 20,95
BL-3 98.18 1.19 0.63
BL-4 7.53 66,42 26.05
BL~5 | 53.94 28.45 17.61
BL-6 77.76 15.52 6.72
BL~7 97.10 1.68 1.22
BL-8 93.23 0.66 1.11
BL-9 32.86 52.23 14.91
BL-10 1.40 64,08 34,53
BL-11 1,61 59.73 39,66
BL-12 60.41 39.59

BL~-14 15.74 60.59 23.67
BL~-15 3.36 44.76 51.87
BL-16 9.07 68,08 22.85
BL-17 27.03 51.63 21. 34
BL-18 0.37 44,34 18.84 36.45
BL-19 55.70 44,30

BL-20 87.33 9.55 3.12
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TABLE XIV

WEIGHTED PEAK ARFA PERCENTAGES (after Biscaye, 1965)
OF CLAY MINERALS IN THE LESS THAN 2 MICRON FRACTION
OF BEAUFORT LAGOON SEDIMENTS, ARCTIC ALASKA

Sample No. Expandable Illite Kaolinite Chlorite Illite Kaolinite
Expandable Chlorite

BL~-1 2 71 4 23 6 0.17
BL~2 5 72 4 19 5 0.21
BL-3 2 74 1 23 23 0.04
BL~4 2 70 3 25 8 0.12
BL-5 2 77 4 17 4 0.24
BL-9 2 73 3 23 8 0,13
BL-11 1 83 2 15 8 0.13
BL-14 2 76 2 20 10 0.10
BL~-15 1 76 1 21 21 0.05
BL-16 1 74 2 22 11 . 0.09
BL-17 4 70 2 24 12 0.08
BL-18 2 73 1 24 24 0.04
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TABLE XV

CONCENTRATIONS OF Zn, Co, Ni and Cu IN GROSS SEDIMENTS
OF THE BEAUFORT LAGOON, NORTH ARCTIC ALASKA
REFER TO FIGURE 3 FOR SAMPLE LOCATIONS

Sample No. Zn Co Ni Cu
BL-1 71 23 43 24
BL-2 71 13 40 23
BL-3 32 28 20 8
BL-4 78 30 48 21
BL-40%* 71 25 43 17
BL-5 58 20 33 16
BL-6 62 22 35 20
BL~7 65 22 40 19
BL-8 32 10 18 13
BL-9 72 26 40 28
BL-10 88 32 53 23
BL-11 102 35 58 28
BL-14 70 30 48 25
BL-14D* 65 28 49 20
BL-15 90 32 53 21
BL-16 88 28 48 13
BL-17 75 25 45 21
BL-18 82 29 52 23
BL~-20 42 15 30 10

* Duplicate analysis
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TABLE XVI

CONCENTRATION OF SEDIMENTS IN VARIOUS SECTIONS OF FQUR SEA-ICE
CORE SAMPLES TAKEN FROM DIVE SITE 11 IN STEFANSSON SOUND
ON NOVEMBER 11, 1979

SEA-ICE SAMPLES KINDLY SUPPLIED BY DR. T. OSTERKAMP

Core Depth (cm) mg/ L
AV 0-7 209
8-15 123
17-15 92
26-33 98
35-42 221
43=50 110
BV 1-7 37
9-15 66
17-24 IAA
26-33 43
34-40 281
41-49 127
51-59 192
cvV 2-8 260
10-16 352
19-24 52
26-32 42
34-40 41
42-bottom 57
v 2-8 142
10-17 732
19-25 596
28-~35 87
37-42 ' 53
43-bottom 96
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Investigations on sea-ice sediments, complimenting our winter
sediment dynamic studies, have been initiated. Preliminary data are
available. 1In Table XVI are included concentrations (mg/%) of sediments
in various sections of four ice core samples supplied by Dr. T. Osterkamp
(RU 253). These core samples were retrieved on November 11, 1979 from
Dive Site 11 from the Stefansson Sound. It is notable that the sea-ice
sediment concentrations are at least two orders of magnitude higher
than those generally observed in open waters of north Alaskan lagoons

or adjacent continental shelf regions (Naidu, 1974, 1979).

The above sea-ice sediments are constituted of clean silt and clay,
or all plant debris, or various admixtures of silt, clay and plant debris.
A few sand grains was observed in one section. The clay mineral assem-
blage consisted of illite (micas) and chlorite; quartz was the predomi-

nant nonclay mineral.

Stratigraphic variations in lithology of 6 short sediment core samples
which were retrieved from the Simpson Lagoon were analysed and the gravel,

sand, silt and clay percents are listed in Table XVII.

- In attempting to characterize grain size distributions of sediments
from various depositional enviromments in arctic Alaska, samples of deposits
from three coastal dunes were analyzed for their texture, The statistical

grain size parameters for the three samples are included in Table XVIII.

Contents of heavy minerals have been analyzed in two size fractions
of sand samples collected from a number of barriers in north arctic.

Results of the analysis are presented in Table XIX.
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TABLE XVII

STRATIGRAPHIC VARIATIONS IN GRAVEL, SAND, SILT AND CLAY
CONTENTS IN SHORT CORE SAMPLES COLLECTED FROM THE
HARRISON BAY AND SIMPSON LAGOON IN SUMMER 1979

FOR LOCATION OF THE CORES REFER TO TABLE III

% Gravel % Sand % S8ilt % Clay Core Intervals
(cm)

Core # 8979-1

3.33 14.85 81.82 0-1
2.93 16.43 80. 65 1-2
7.41 1.01 91.58 23
9.61 3.63 86.76 3-4
6.99 11.28 81.73 4=5
5.85 17.46 76.69 5-6
9.02 27.74 63.24 6-7

11.91 36.63 51.45 8-9
3.90 21.78 74,32 9-10
2.55 10.78 86.67 10-11
7.91 16.21 75.89 11-12
9,83 12,00 78.17 12-13

15.79 23.92 60.29 13~14

17.25 14.88 67.87 14-15
3.19 18.47 78.34 17-18
9.12 12.04 78.83 19-20
3.24 69.73 27.03 21-22
2,63 79.45 17.92 22-23
1.85 45.55 52.60 23=24
1.92 44,24 53.84 24-25
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TABLE XVII

CONTINUED
% Gravel % Sand % Silt % Clay Core Intervals
(cm)
Core # 8979-1 Continued

3.57 70.76 25.67 25-26

3.88 57.12 39.01 26-27

2,93 34.70 62,67 27-28

1.05 18.95 49.30 30.70 28~29
18.03 44.61 37.37 29-30
0.40 13.90 61.41 24,29 30-31
0.75 25.16 32.22 41,88 31-32
7.92 24,57 32.86 34. 64 32-33
0.65 24,68 38.68 36.00 3334

Core # 8979-2

32.50 28.38 39.12 0-1

21.83 55.33 22.87 1-2

25,97 51.01 23.02 2-3

35.36 31.53 33.11 3-4

27.57 48.81 23.62 4-5

18.65 54,82 26.53 5-6

17.83 72.42 9.74 6-7

45,47 44,40 10,13 7-8

27.01 45.41 27.58 8-9

45.32 44,75 9.93 9-10
32.10 43.33 25.57 10-11

7.81 68.55 23.64 11-12

18.35 69.19 12,46 12-13

26,39 58.85 14.76 13-14
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TABLE XVII

CONTINUED
% Gravel % Sand % Silt % Clay Core Intervals
(cm)
Core # 8979-4
31.35 56.63 12,02 0-1
46,21 40,67 13.12 1-2
33,82 40,71 25.47 2-3
49,36 33.73 16.91 3~4
31.81 51.18 15.01 4-5
20,34 67.84 11.82 5-6
24.48 66.31 9.21 6-7
72,32 8.37 19.31 7-8
47.30 43,33 9.37 8-9
40,57 42.82 16.61 9-10
42.76 38.14 19.10 10.11
Core # 8979-5
50.86 26.33 22,81 0-1
38.12 34,59 27.28 1-2
33.31 36,08 30.61 2=-3
36.21 53.05 10.69 3=4
35.49 49.05 15.45 4-=5
35.23 51,59 13.18 5-6
27.02 55.15 17.83 6~-7
34.90 48.35 16.75 7-8
29,07 53.23 17.70 8-9
36.53 50.00 13.47 9-10
28.63 55.27 16.10 10-11
42.94 39.69 17.37 11-12
24.23 56.84 - 18.93 12.13
31.63 41,74 26.63 13-14
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TABLE XVII

CONTINUED
% Gravel % Sand % 8ilt % Clay Core Intervals
(cm)
Core # 8979-5 Continued
24,89 60,03 15.08 14-15
31.27 57.52 11.21 15-16
30,07 56,51 13.42 16-17
Core # 8979-6
42,95 31.58 25.47 0-1
35.10 41.05 23.85 1-2
34,63 63.16 12,21 2-3
32.85 57.63 9.52 3-4
36.92 53.77 9.32 4-5
27.15 60.24 12.61 5-6
30.91 51.03 18.06 6-7
35.66 50.53 13.81 7-8
27.39 45.94 26.67 8-9
31.66 54.51 13.82 9-10
30.82 59.29 9.89. 10-11
23.71 69,38 6.92 11-12
29,03 63.65 7.32 12-13
30.30 61.08 8.63 13-14
29.60 54,53 15.87 14-15
21,62 53.05 25.33 15~16
13.44 78.32 8,24 16~17
12.96 67.74 19.31 17~18
Core # 8979-7
36.33 27.71 41,96 0-1
33.39 34.58 32.04 1-2
27.98 23,20 48,83 2-3
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TABLE XVII

CONTINUED
% Gravel % Sand % Silt % Clay Core Intervals
(em)
Core # 8979-7 Continued

36.46 35.19 28.36 3-4
30.20 29.67 40,12 45
27.26 33.99 38.74 5-6
25,45 42,15 32.40 6-7
7.39 22,48 58,55 11.58 7-8
21.82 61.25 16.94 8-9
25.57 47.30 27.13 9-10
26.40 54.64 18.97 10-11
32.67 52.99 14.34 11-12
35.86 50.34 13.80 12-13
37.91 35.91 26,18 13-14
21,01 57.03 21.95 14-15
17.72 60.79 21.49 15-16
16.50 52,02 31.48 16~17
29,24 52.69 18.08 17-18
43.01 39.30 17.69 18-19
33.03 19.91 47.06 19-20
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TABLE XVIII

GRAIN SIZE STATISTICAL PARAMETERS (after Folk and Ward, 1957)
OF THREE COASTAL DUNE SEDIMENTS, NORTH ARCTIC ALASKA

Sample Location Md Mz cSI SkI KG

Bodfish Island 1.77 1.81 0.35 0.17 0.95
Cottle Island 1.75 1.74 0.36 -0.03 : 1.09
Pingok Island 1.55 1.56 0.36 0.04 1.03
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TABLE XIX

PERCENTAGES OF HEAVY MINERALS (by wt.) IN BARRIER ISLAND
SEAWARD BEACH SANDS, NORTH ARCTIC ALASKA

Sample -60 to +120 Mesh -120 to +230 Mesh
Number % Heavies % Heavies
Thetis Island # 1 0.24 1.69
Spy Island # 2 0.71 5.93
Leavitt Island # 4 4.39 5.26
Bertoncini # 6 3.77 10.82
Bodfish Island # 7 0.68 5.22
Cottle Island # 9 5.57 28.82
Long Island # 10 2.33 16.18
Egg Island # 11 1.06 3.76
Stump Island # 12 0.10 12.43
Stump Island # 13 1.97 5.01
Gull Island # 15 1.61 2,64
Narwhal Island # 22 5.58 11,59
Reindeer Island # 28 10.86 60,40
Flaxman Island 6.20 9.20
Pingok Island # 1 7.39 4,00
Pingok Island # 2 2.67 6.56
Pingok Island # 5 1.97 4.46
Pingok Island # 6 20,12 72.69

52




IX, DISCUSSION

Status on Sediment Maps of Beaufort Sea

All available published and unpublished data on texture, clay
mineralogy and heavy-metal contents of surficial sediments of Alaskan
Beaufort Sea have been compiled and stored on computer discs. Currently,
we are in the process of digitally transfering each of the grain size
parameters (e.g., gravel, sand, silt percents, mean size, sorting, etc.),
clay mineral abundances (e.g., kaolinite, illite percents, etc.), and
the individual heavy-metal contents (e.g. Zn, Cr, Cu, etc. concentrations)
onto standard maps of the Alaskan Beaufort Sea (scale 1:750,000).

Several such maps are already available with us. We are also in the
process of statistically testing the distribution of the data before
isopleths of statistically acceptable intervals can be digitally/
manually drawn for a given sediment parameter for the Beaufort Sea. The
final objective of this effort is to show the areal variations in all
available sedimentological data and discuss the observed variations
within the framework of contemporary processes and the Holocene deposi-
tional history. The maps would also show the baseline values of various

sediment attributes for the above marine region.

Origin of Exotic Boulders on North Arctic Coast of Alaska

The presence of boulders on the beaches of mainland coast and
barriers, and the adjacent littoral and coastal hinterland areas of

North Alaskan Arctic has been known from the early part of this century.

These boulders generally occur scattered along the coast, except in a
few areas such as the Flaxman Island where unusual concentrations are
noticed. The origin of these boulders, specially their sources and
mode of transport to the present area, has been a subject of debate
among geologists working in the Alaskan Arctic.

Our contention is that the arctic Alaskan hinterland - constituted
of the Brooks Range, Davidson, British and Romanzov Mountains - and the
adjacent Mackenzie River drainage basin were not source areas for the
North Slope boulders. This conclusion has been reached after detailed

petrographic studies of boulder samples, examination of rock types
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collected from the above Alaskan-Canadian area,* and survey of gravel
compositions along the major North Slope fluvial systems. Admittedly,
composition of several coastal boulders are quite close to some rock
types outcropping in the Brooks Range (Naidu, 1979), implying a

possible source in the Alaskan arctic hinterland for at least some of

the coastal boulders. However, this proposition seems untenable,
considering a lack of adequate mode of tramsport of the boulders in

the recent geological past from the Alaskan arctic highlands to the

north coastal area. Glacial transport of the boulders seems unprobable,
because the North Slope presumably was not glaciated during the
Quaternary (Coulter and others, 1965; Hopkins, 1967). Moreover, there
could be other regions (i.e. the Canadian Archipelago, the Canadian
Shield, etc.) having a geology similar to the north Alaskan arctic and
the Mackenzie Valley which could have served as alternate source for

some of the coastal boulders. Perhaps the key to the elucidation of

the erratics' source is in finding the source of the pink to brick-red,
coarse-grained granites which are the common boulder types. These latter
boulders have a petrography quite in contrast to the granites of the
Brooks Range and the adjacent Alaskan-Canadian areas. Substantiating

the latter fact are the K-Ar dates on muscovites of the granitic boulders,
which suggest an Archaean age (Table XII). All known granitic rock types
in the Brooks Range and the Mackenzie Valley are much younger geologically
(Geological Society of Canada, 1970; personal communications, Mr. John
Dillon, and Dr. T. Mowatt). Study of the geologic and geochromologic data
of the Canadian Archipelago and adjacent mainland (Geological Society

of Canada, 1970) suggests that the Slave and the Great Bear Provinces of
Canada, due south of the Coronation Gulf, could have offered as most
probable sources of the granitic boulders. Perhaps such a conclusion also
holds true for several other boulders, such as those constituted of
diabases and those of acidic, basic and ultrabasic plutomnic derivatives.
However, the associated varieties of siliceous and calcareous sedimentary

boulders could have been derived from anywhere from the Canadian Archipelago

* This examination included archived collections at the U.S. Geological
Survey (Menlo Park), and at the State of Alaska Division of Geological
and Geophysical Survey, (Fairbanks).




and/or the Coronation Gulf region. Additional studies on the origin
of the boulders are in progress. It will suffice to say that some
of our earlier views (Mowatt and Naidu, 1974; Naidu and Mowatt, 1974)
seem to have been well substantiated by the recently acquired K-Ar
dates on granitic boulders. We believe that a more intensive dating
program coupled with detailed petrographic studies, and consultation
with Canadian geologists, will help to trace more conclusively the
source of the coastal boulders in question.

The probable mode of transport of the boulders to the present sites
in coastal arctic, and the related paleogeographic implications, have
been discussed elsewhere (Naidu and Mowatt, 1974; Naidu, 1974; Hopkins
et al., 1978). It is surmised that the boulders were transported by
ice-rafting and finally emplaced on the North Slope coasts as dropstones

by melting ice—bergs during the Pelukian transgressiom.

Sediment Geochemistry

The averages of the C/N ratios for suspensate samples (Table V) and
bottom grab sediment samples (Naidu, 1978) of the Simpson Lagoon are 18
and 10, respectively. The observed differences in the C/N ratios are
attributable either to (i) the method of sampling utilized, or (ii) to
the possibility that the suspensates represent sediments that have been
eroded and resuspended in eitu from lagoon substrate layers that have
different C/N ratios or, (3) to the possibility that the suspensates do
not represent in situ resuspended particles and that they were transported
to the Simpson Lagoon by lateral littoral currents from adjacent coastal
area. There are strong evidences to suggest that in place entrainment of
sediments in the Simpson Lagoon does occur during intensified wave action
(Naidu, 1979). However, the depth to which the lagoon substrate is eroded
is not known. Careful studies relative to stratigraphic variations in
the C/N ratios in the Simpson Lagoon presumably will help to resolve the
differences observed in the C/N ratios of the suspensates and the substrate
sediments. Such a study has been initiated on cm—sections of core samples
collected from the lagoon (Table III).

Examination of the stratigraphic variations of the chemical data on

interstitial waters (Table VI) adequately substantiates our earlier
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conclusions (Naidu, 1979) that there is post-depositional dissolution

of Mn and Fe in the subsurface reduced sediment layers of the Simpson
Lagoon. This observation strengthens the earlier conclusion that
dissolved metals can be remobilized into overlying lagoon waters by
natural and/or anthropogenic turbation of subsurface sediments. Because
oxides and hydroxides of Mn and Fe can serve as very efficient scavengers
of heavy metal pollutants, it is implied that dissolution and subsequent
mobilization of Mn and Fe into the overlying lagoon waters by occasional
turbation could very well be accompanied by a simultaneous release of
associated heavy metal pollutants. This observation should be borne

in mind when setting guidelines for dredging operations in the north
arctic coastal regiom.

In Table VIII are included the concentrations (ug/g) of Ni, Co, Cr,
and V in acetic acid hydroxylamine-hydrochloride extracts (Chester and
Hughes, 1967) of a suite of sediment samples from Beaufort Sea. Comparison
of the data in Table VIII and those presented in Table VII and earlier
(Naidu, 1978) on gross sediments suggests that there is a fractionation of
most of the Ni, Co, Cr, and V in the crystal lattice of sedimentary
particles. Additionally, with the exception of Cr, the concentrations of
all metals associated with the oxides/hydroxides, carbonates and exchange-
able/adsorbed phases (e.g., readily mobilized fractions) increase notably
in the deep-sea sediments. Presumable, this is related to the muddy
nature of all deep-sea sediments and to the relatively low rates of their
sedimentation as compared to the continental slope and shelf sediments.
Conceivably lower sedimentation rates would promote higher metal
adsorption and less dilution by terrigenous particles of metals mobilized
and precipitated at the surface from interstitial waters.

As shown in Table IX the concentration of Fe in the gross sediments
of Simpson Lagoon, not unexpectedly, dwarfs the quantities of the other
metals analyzed. There are two orders of magnitude separating the
concentrations of Fe and the second most abundant metal, Mn. In turn,
there is slightly more Mn than the combined abundances of the remaining
six metals. Similarly, although the extractable Fe 1s only 11 percent of
the total Fe, the absolute quantity of Fe extracted is over an order of

magnitude greater than that of Mn.
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This complete dominance of Fe over the other metals studied in the
extractable phases of Simpson Lagoon sediments provides evidence for the
hypothesis that in general the extractable heavy metal distributions are
strongly associated with the extractable Fe distributions. A correlation
matrix including the heavy metal chemistry for Simpson Lagoon sediments
(Table XX) seems to support this proposition.

In summary for Table IX the relative total (T) concentrations
(averages) of the heavy metals in Simpson Lagoon sediments in decreasing

order are:
Fe »>Mn > Zn =V > Cr > Ni » Cu » Co

The relative portions of the total metal contents extractable by the

Chester and Hughes reagent (%E) follow the decreasing order (averages):
Mpn »>»> Co > Cu = Zn > NI > Fe »>> V > Cr

Except for Mn (50 percent) the greatest portion of the total content
of the heavy metals in Simpson Lagoon sediments occur in the nonextractable
phases.

The Fe-Mn oxidate-carbonate-exchangeable~adsorbed component in
Table X corresponds to the acetic acid-hydroxylamine hydrochloride
(AAHH) extracts (E, from Table IX). The results of the AAHH treatment
have been compared in Table X to the portions of the Total Fe and Mn
extracted by each successive chemical treatment in a sequential
analysis. The sum of the nonresidual fractions (exchangeable through
organic complex) if compared to the AAHH results reveals a contrast
between Fe and Mn in extractability. Whereas the AAHH technique
removes practically the same quantity of Mn as the sum of the nonresidual
components (50 percent) the same technique only removes less than half of
the nonresidual Fe (13/40). This indicates that the Chester and Hughes
(1967) reagent is suitable to estimate the nonlithogenous Mn in the
sediment but is not strong enough to extract some relatively more refractory
nonlithogenous Fe phases. It may be interesting to compare the trace
metal contents of the more stable Fe oxide phases with those extracted by

the AAHH technique.
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TABLE KX

8S

CORRELATION COEFFIGIENTSa FOR CHEMICAL AND TEXTURAL COHPOSlTlONSb
OF 54 SIMPSON LAGOON SEDIMENTS, ARCTIC COAST OF NORTHEK. ALASKA

L] 5d cl Mu 803 oC ME Fe E Fe NE Mn E Mn ME Zn  E Zn NE ¥ EV NE Cr E u- HE i E N1 ¥E Cu ECu RE Co E Co
D
Sd -0.630
5t 0.638 -0.987
cl 0.465 -0.829 0.762
Mu 0.630 -1.000 0,987 . 0.829
003 0.490 -0.843 0.829 0.712 0.5843
oc 0.269% -0.566 0.520 0.587 0.546  0.413

NE Fe 0.676 -0.944  0.917F 0,841 0.944 0,776 0.520

E Fe 0.513 -0.841 0.820 0.767 0.841 0.687 0.600 0.844

NE Mn  0.647 -0.887 0.874 0.793 0.887 0.70% 0.546 0.934  0.839

E ¥n 0.353* -0G.696 0.682 0.613 0.696 0.671L 0.499  0.680 0. 744  0.709

ME Zn 0.655 -0.817 ©0.783 0.771 0.817 0.705 0.473  0.847 0.720 0.817 0.580

E Zn 0.405 -0.813 0.761 0.886 0.813 0.745 0.603 0.776 0.814 0.692 0.598 0.704

NE V 0.585 -0.B76 0.835 0.897 0.876 0.785 0.569 0,916 0.771 0.Bl15 ©.608 0,846 0.852

EV g.465 -0.853 0.816 0.882 0.833 0.570 0.575 0.846 0.899 0.794 0.631 0,726 0.892 0.832

NE Cr ©0.596 -0.924 0.889 0.908 0,924 0.727 0.568 0.937 ©0.829 0.89%98 0.617 0.827 0.843 0.918 0.914

E Cr 0.399 -0.796 0.774 0.724 0.796 0.716 0.531 0.737 0.863 0.744 0.717 0.661 0.764 0.683 0.825 0.726

NE Ni ©.587 -0.929 0.894 0.B98 0.929 0.788 0.552 0.933 0.817 0.888 0.659 0.821 0.824 0.%08 0.882 0.950 0.756

E Ni 0.313* -0.755 0.726 = 0.750 0.755 0.656 0.667 0.709 0.792 0.664 0.732 0.589 0.806 0,729 0.798 0.746 g.811 0,732

NE Cu  ©.301% -0.680 0.853 0.721 0.680 D0.585 0.61B 0.6746 0.769 0.7i8 0.574 0.635 0.764 0.693 0.?0? 0.723 0.616 0.701 0.684

E Cu 0.482 -0.6%4 0.652 0.701 0.694 0.659 0.284% 0.749 0.634 0.673 0.567 0.660 0.754 0.698 ©0.704 0,724 0.579 0.736 0.493 0B.579
NE Co 0.453 -0.717 0.692 0.675 0,717 0.623  0.439 0.757 0.548 0.676 0.433 0.557 0.585 0.730 0.628 0.736  0.473  0.728 0.474 0.588  (.607

E Co 0,468 -0.778 0.739 0.709 0.778 0.626 0.635 0.777 0,866 ©.753 0.772 0.671 9.763 0.72% 0.815 0.770 0,797 G754 0.903 0.649 0.565 0.473

a Spearman nonparametric correlation problem. All coefficients are significant at or above the 99.9% confidence level.

*
These coefficients are significant only at the 35% confidence level.

b

The prefix "E" to the heavy metals connotes the amouat of the metal extractable by am hydroxylamine hydrochloride-acetic acid leaching
procedure (Chester & Hughes, 1967). The prefix "NE" connctes the amount of the metal not extracted by the same reagent.

D, 54, St, €1, Mu, CO3, and OC are abbreviations for depth, sand + gravel, silt, clay, mud, carbonate, and organic carbon, respectively.




In summary (Table X) 95 percent of the total Fe in Simpson Lagoon
sediments is either in the residual components and/or in an oxide phase.
Manganese has a more complex distribution with 25 percent extractable by

very mild treatments and 50 percent being residual.

Stratigraphic Variations in Pb2l0 Activities: Sedimentation Rates and
Depositional Processes

The observed stratigraphic variations in the Pb210 activities for
the eleven sediment cores (Table XI) provide some insight into sediment
accumulation processes in the Simpson Lagoon, Harrison and Prudhoe Bays,
Beaufort Sea shelf, and the Deline Lake. It would seem that any sediment
sequences resulting from steady state particle by particle deposition in
the shallow portions of the Bays, Lagoon and the Lake are prone to
occasional reworking. Ice gouging, biological activities and intensified
wave—current churning action during storms are possible factors contributing
to the turbation of sediment sequences. As alluded to earlier this fact is
notable as it implies that pollutants initially scavenged by solid sediment
phases can be subsequently remobilized - in dissolved phases - by natural
processes into the overlying water columns of the nearshore. As also
mentioned earlier segments within most of the cores investigated do show
a net logarithmic linear decrease in Pb21l0 activity. Least square test
indicates the decreasing trend to be statistically significant (Table XXI)
in all but cores PWS75-1, NW78~1 and 8979~4., Considering the above sediment
segments the accumulation rates relative to each of the nine cores have
been tentatively estimated (Table XXI).

Considering the 12-21 cm section of the Deline Lake, the sedimentation
rate for the lake appears to be 2.1 mm/yr. Likewise taking into account
the undisturbed segments of the various cores of the Simpson Lagoom it is
tentatively estimated that the sedimentation rates in the lagoon ranges
from 1.7 to 10.7 mm/yr. The Prudhoe Bay and Colville 'Prodelta'’ cores
appeared significantly reworked as a result of which no meaningful

depositional rate could be estimated for those two areas.

Status of LANDSAT Image Studies
In Table I are included the temperature and salinity values and
concentrations of suspensates in Simpson Lagoon and Prudhoe Bay waters

for the periods of the passage overhead of the LANDSAT II and TII
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TABLE XXI

TENTATIVE RESOLUTION OF PoZl10 ACTIVITIES IN CORE SAMPLES AND RATES

OF SEDIMENTATION FOR COASTAL AREA OF NORTH ARCTIC ALASKA
FOR SAMPLE LOCATIONS REFER TO TABLE III

Core # Core Section Constants Correlation Test Values Sedimentation
{cm) a b Coefficient 997 99.9% Rates (mm/yr)
(r)
8979-1 0-24 1.28 -0.017 0.60 0.53 0.64 18.3
28-34 50.20 -0.129 0.98 0.92 0.97 2.4
8979-2 0-14 1.82 -0.038 0.72 0.66 0.78 8.2
8979-3 0-20 1.56 ~0.067 0.96 0.56 0.68 4.6
8979-4% 0-11 1.11 -0.016 0.27 0.74 0.85 19.4
8979-5 0-19 1.68 -0.040 0.81 0.58 0.69 7.8
8979-6 0-15 1.24 -0.042 0.87 0.64 0.76 7.4
8979-7 0-15 1.57 ~0.060 0.89 0.64 0.76 5.2
8579-1 0-9 1.58 -0.187 0.92 0.80 0.90 1.7
878 -2 0-16 1.82 -0.029 0.82 0.68 0.80 10.7
779 -1 12-21 32.2 ~0.147 0.89 0.80 0.90 2.1
NW 78-1#%% 0-17 1.46 -0.011 0.50 0.41 0.61 28.3
* Not Significant; too much scatter in Po21l0 activities

*%  Significance unlikely

In calculation of the sedimentation rate it is assumed that the half-life of Pb210 has been 22.34 years




satellites. As noted earlier, these data were collected to serve
as 'sea truth' for developing criteria to quantify surficial suspended
loads of nearhsore waters, using LANDSAT density sliced images. However,
for reasons not definately known as yet LANDSAT images as well as digital
data, for the field period covered by us (24 July to 12 August 1979) are
not available from NASA and therefore the above criteria could not be
developed. 1In any case, it is of interest to note that there are significant
regional differences in the temperatures, salinities, and suspensates of
waters (Table I). It would seem that during the period of collection the
water masses in Prudhoe Bay and vicinity were more strongly impacted by
the fluvial outflows than the Simpson Lagoon region. This is obvious from
the relatively warmer and less saline waters that were observed in the
bay as compared to the lagoon (Table 1). Sample 81179-1 was collected
from the very well delineated Colville River turbid plume. It is of
further interest to note that the water west of the new ARCO dock
(8. #72479~-4) was relatively more saline and cooler than samples from
Prudhoe Bay. Obviously, the ARCO dock serves as a partial barrier for
the lateral movement westward of Sagavanirktok River outflow.

Plans for summer 1980 call for continuing our efforts to develop
criteria to estimate turbidities of North Slope coastal waters from
LANDSAT images. 'Sea truth' will be obtained while working in the

Harrison Bay region.,

Sediment Dynamics Studies

As indicated earlier preliminary results of our summer and winter
studies relative to sediment dynamics, as reported by Dr. Larsen, are
appended with this report (Appendix A and B). Additionally, it would
seem that the processes of sediment entrainment, transport and deposition
in summer 1979 in the Simpson Lagoon were not the same as those which
prevailed in summer 1978. Plotting of the summer 1978 time-series data
exhibited apparent correlations between wind strengths and suspensate
concentrations at the Milne Pt. tripod station. On the basis of those
correlations, Naidu (1979) suggested that the threshold of wind to

induce wave-current sediment resuspension in Simpson Lagoon at the
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tripod station was about 8§ m/sec. That conclusion does not seem to

be well substantiated by the summer 1979 data which indicate quite
suspension-free waters at 10,5 to 13 m/sec winds at the tripod station
(about 2,9 m water depth) in the Simpson Lagoon. It is to be noted
that in 1979 the spring break-up was unusually earlier, and in middle
and late summer (August-September) abnormally high sediment-laden
fluvial discharge was observed. Implication of these unusual events,
if any, on summer 1979 suspended load budgets could not be assessed

because of lack of LANDSAT images for the period.

Conceptual Model For Sediment Concentration in Frazile Sea-ice of North
Arctic Alaska

The presence of sediments in frazile sea-ice, in concentrations 2 to 3
orders of magnitude higher than in ambient coastal waters, has been an
enigma to investigators working on sea-ice problems in the nearshore of
Beaufort Sea. The question that has been time and again raised refers
to the mechanism which leads t¢ the entrapment of sediments in unusaul
concentrations in the ice. Many ideas have been presented, but none
seem to have offered a satisfactory answer. A commonly held notion has
been that occurrence of storms during the incipient freeze~up period is
critical to entrain large quantities of sediments into the water column,
and that the subsequent freezing up of the suspension-charged water could
account for the unusual particle concentration in the sea-ice. Although
this idea may be acceptable in a few cases, it would seem untenable in
most cases. It is hard to believe that in the Beaufort Sea nearshore
intensified wave action during occasional storms is capable of suspending
fine sediments in concentrations as much as 200 to 750 mg/% - the levels
generally observed in sea-ice (Table XIV)®*., Alternate ideas for the
unusual sediment accumulation in sea~ice refer to possible anchor ice

sediment entrainment, or to occasional 'ducking' and sediment scraping

* The extremely turbid water debouching from the North Slope rivers
generally has between 70-100 mg/% of suspended particles, and this
fluvial plume stands out in LANDSAT images. None of the LANDSAT
images during freeze-up time (or storms) show such turbid waters
offshore.

62




by highly fragmented frazile ice by storm surge wave action. The

lack of any textural correlation between sediments of substrate and
overlying sea-ice for any specific inshore region, does not seem to

add much credence to the thesis of sea—ice scraping bottom sediments.
Additionally, the occasional scrapping process would tend to be mani-
fested in sediments occurring as streaks, blebs, and bands in an other-
wise clean sea-ice, which is definitely not observed.

In the followiﬁg is presented a hypothesis that might explain the
processes leading to the unusual sediment concentrations in sea-ice.
During freeze-up period* when continuous fluxes of suspended particles,
borme in laterally moving currents of water impinge on highly porous,
undulating slushy** sea-ice the particles are assumed to adhere to the
rough ice surface. It is further contended that as the sea-ice grows,
fresh surfaces are successively exposed for continuous accumulation of
suspended sediment particles. Moreover, ocurrence of storms during
freeze-up time would seem to be a critical factor for the sediment
accumulation at the sea-ice/water interface, because higher water
turbulence will maintain the slushy nature of the accreting sea-ice
surface in addition to providing larger fluxes of suspended particles
for potential accumulation at the surface. For particles to accumulate
at concentration levels equivalent to those generally observed in the
ice (i.e., 200 to 750 mg/%; Table XVI) it would be crucial that the
concentrations, supply and accumulation rates of particles at the
sea-ice/water interface are sustained at a certain optimum level and
are commensurate with the sea-ice growth rate. It would seem that in
the Beaufort Sea nearshore the critical particle supply and accumulation
rates are adequately carried, as suggested by the followup computations.
Assuming that during freeze up period the mean suspensate concentration
in the nearshore waters is about 1 mg/%, mean current strength is at
10 cm/sec, and the slush-ice accretion rate is about 1 cm/day, it is
estimated that the maximum possible sediment accumulation on sea-ice
will amount to about 850 mg/f%. However, it is most likely that the

suggested sediment accumulation process is less than 100 percent efficient.

* After the formation of pan-cake ice

*% Slushy and rough nature of sea-ice seems critical for particle
adherence 63




Assuming that the process is only 25 percent efficient it would still
be possible to adequately explain, within the said process framework,
the nearly 200 mg/% sediment concentrations generally observed in
frazile sea-ice (Table XVI).
The general lack of sediment concentrations in the lower segments
of sea-ice is perhaps attributable to the process by which those segments
are formed. Accretion of sea-ice in the lower portions presumably occurs
as relatively smooth, horizontal, and consolidated sheets rather than as
porous, undulating slush., The lack of slushiness seems to be promoted by
relatively tranquil waters, which in turn obviously results from the
lack of fetch sometime after the initial frazile ice formation. It is
surmised that the horizontal consolidated sheets do not offer as effective
a surface as the rough surface of slush ice for sediment accumulation.
The hypothesis presented above is of course conceptual in nature,
and must be verified by laboratory experiments conducted in freezing

tanks.

Beaufort Lagoon Sediments

Textural analysis of grain size distributions on Beaufort Lagoon
sediments has been completed. Although gross textural attributes
(e.g., sand, silt, clay, etc. percents) are available (Table XIII) the
conventional statistical grain size parameters (Folk and Ward, 1957)
have yet to be computed. The clay mineral assemblages in the < 2 ym size
fraction, and a few heavy metal concentrations have been analyzed on
gross sediments (Tables XIV and XV). On basis of the limited data
available it would seem that the Beaufort Lagoon sediments are
significantly different in several aspects than the Simpson Lagoon
deposits. The latter sediments are relatively finer grained, have higher
amounts of expandable clay minerals, and the concentrations of Co and Ni
in them are much lower than those in the Beaufort Lagoon. These differences
are attributable primarily to variatioms in the terrigenous sources of
the two lagoon sediments., This suggests that all lagoons in north arctic
Alaska may not have a similar depositional regime. Further work calls
for completing data collection on the Beaufort Lagoon sediments, and
testing the sediment variability of the Beaufort and Simpson Lagoons

through conventional statistical analysis.
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I. SUMMARY OF OBJECTIVES

As a result of field studies conducted over the past few years it
has become evident that nearshore arctic ice can contain a large sediment
load. The sediment content in the ice is variable year to year and in any
given year is rather patchy. Sediment-laden ice may be found at least out
as far as the stamukhi zone. The available evidence suggests that windy
conditions during freeze—up are important in incorporating sediment into
the ice. Alternative mechanisms that can operate after freeze-up have
also been proposed. The objective of this study is to determine the mecha-

nisms by which sediment is concentrated within the ice cover.

Conclusions

Observations that nearshore ice often contains sediments date back to
the earliest days of exploration (Kindle, 1924). To answer the question
of why should we now be interested in pursuing a program of studies of
sediment-laden ice, we held a conference in Seattle in February 1980.
Approximately 20 people from government, industry, and universities actively
participated in the discussion. A report of this meeting has been submitted
to the OCSEAP Arctic Project Office. Briefly, the major conclusions are:
1. Sediments transported when the ice canopy is in motion can comprise a
gsignificant portion of the total near-shore sediment flux.

2. Unique biological communities exist in the dirty frazil ice and the
reduction of light penetration through the ice cover is significant.

3. The mechanisms that apply to cause the sediment-laden ice may be equally
efficient at including industrial discharge material into the ice canopy.

4. The source of the sediment that is found in the ice canopy is not known.

In addition to the conference we undertook a pilot field program de-
ploying the SDS tripod near to dive site 11 in Stefansson Sound. A most
significant observation is that it does not appear that near bottom water
temperature equaled the freezing point during the experimental period. The
closest approach to freezing occurred on October 18 at the time when the
tripod was toppled over. The water was .05°C above freezing. A figure close
to but above the instrument's accuracy. The puzzle however is complicated by

the observations of rocks and shells in the ice canopy at the dive site.
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Physical measurements argue against anchor ice, yet how else could the massive

material get into the ice cover?

Implications with Respect to OCS 0il and Gas Development

The very mechanisms that concentrate sediments within the ice cover
would also tend to concentrate materials like drilling muds. Thus, ice
could act as a valuable disperser for such material preventing locally
excessive concentrations. However, if one desires to leave such material
in a local area, its incorporation into ice would pose a serious problem.
If sediment-laden frazil ice were drawn into a pump the sediment as well
as the ice could have a detrimental effect on the machinery through abra-

sive action and flow restriction.

The above are rather obvious consequences of sediment laden ice, less
concrete but perhaps more fundamental is the lack of understanding about
the conditions that form dirty ice. Would small increases in turbidity by
man's activity snowball to major fluctuations in arctic sediment transport
and light penetration through the ice? Sediment concentrations in the ice
far exceed that in the normal water column pointing to the need for a con-

centrating mechanism. How is this triggered?

Sediments within the ice affect light transmission and most probably
ice strength. Again the implications and consequences to operations are

speculative. Both early and late winter operations could be affected.

An interesting question is that if frazil ice sweeps up sediments to

high concentrations, could it do the same with 0il?

A mechanism that satisfies the known facts is proposed in the discus-
sion section. If this is the real mechanism then great difficulties exist

in constructing and maintaining offshore islands.

IT, INTRODUCTION

Instruments whose records will be discussed in this document were de-
ployed in Stefansson Sound during the 1979 freeze-up period. 1In addition
to the field work we have tried to bring together knowledgable scientists

to discuss the problems and consequences of sediment-laden ice. The
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problem is interdisciplinary with geological, biological, and pollutant
transport implications. Entire communities of fauna exist within the
sediment-laden slush ice that have no alternate habitat. The way in which
ice freezes may have impact on estimates of the heat budget of arctic
regions since freezing occurring during storms when frazil ice forms may

require less latent heat than under calm conditions.

There are many aspects to the sediment in ice problem. Some involve
the crystallography of ice, some aspects are best addressed by wide spread
core sampling. This program of studies was designed to test some ideas on
the causes of sediment-laden ice. Ice within the nearshore environment of
Prudhoe Bay and other nearshore areas of the Beaufort Sea is often observed
to contain sediment layers in the solid ice and