U.8.Geological Survey
Open File Report No. 77-416

This report is preliminary
and has not been edited ox
reviewed for conformity with
Geological Survey standards.

Some physical properties of shelf surface sediments,
Beaufort Sea, Rlaska

by

Erk Reimnitz
Doug Maurxrer

Peter Barnes
Larry Toimil

PROPERTY OF DGGS LIBRARY -



LAYMAN'S SUMMARY

Some physical properties of shelf surface sediments, Beaufort Sea, Alaska
by

Erk Reimﬁitz, Douglas Maurer, Peter Barnes, and Larry Toimil

The physical properties of sediments presente& in this report include
their resistance to deformation (shear strength) and penetration (pene-
tration rate), and values of salinity within their pore water. This data,
covering largas are&s of the Beaufort Sea shelf off Alaska, has been
_gnthared over the years, but especially during the 1976 field season.

Shear strength and penetration rate, occasionallykdetermined at the
same station, are of value to the designer of offshore structures, in

" evaluating feasibility of dredging operations, the potential for slumping

of gediments, and in studies of ice forceslinvolved_in producing the

gouges found on the high latitude shelf areas. Shear strengths of sur-
ficial sedimeﬂts were measured with a simple, hand-held shear vane, either '
on board ship from samples that appeared to be relatively undisturbed,

or directly on the bottom by divers. ,The penetration rates were obtained

during sediment sampling operations using a vibratory coring device with

2-m long.core barrels. The resistance of sediments to shearing and pene;
~tration are not interpreted in this report, except by noting that ice-
cemented sediments may occur at two shallow water st#tions.

Since the average annual water temperatures in the study area are

below the freezing point of fresh water, the absence of ice-cemented

surficial sediments may be explained by the presence of antifreeze in the
form of sea salts within the sediments. .Qur study of the salinity of pore £
_vaiers within tﬁe sediments was done to learn.at.whag temperagure; the ":
. sediments should freeze,and to evaluate in wﬁat environments and at whné!
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times of the year this may occur. This problem is of utmost importance to
many aspects of offshore developments, and to the atudy of related environ-
mental problems. Using the relation between the salinity of sea water

and its freezing point, most of the localities sampled should freeze during
the winter. An equation from the Russian literature, using the salinity
of pore water and moisture content, appears to give reasonable results

on the temperature at which bottom sediments become ice cemented.




by o

‘Brk Beimnitz, Douglas Maurer, Peter W. Barnes, and Larry Toimil

.. -

 So far almost no data on mass physical properties of shelf sediments in
o the Alaskan Beau}ort Sea has been published. This type of data is important
for several reasons, For exanple, Kovacs and Mellor (1974) attempted to
calculate the driving forces on grounded ice producing gouges on the sea floorx.
-Such calculation; require knowledge of the mechanical propexties of surface
. gediments encountered by the ice. 2an understanding'of the mechanical : II AL
. i
’ properties is also valuable in dredging and offshore construction projects.
Fo: theaa reasons we have compiled pertinent information obtained in pre-f;
vioun operations, and made additional measurements on the physical properties ’
. of Bediments_dux}ng the 1976 field season. The data is reported herein with--L
out‘ attemptslto interpret the rxesults. For a general description_of sedi-
ment types foundlon the shelf within the study area the reader is 1:efer:re'acl-t:c>:'E

| Barnes and Reimnitz (1974)., A compilation of mean diameter particle size of

the surlicial sediments i3 shown in Figure 1.

Shear Strength Values from Bottom Samples

During bottom sampling operation in the past, undrained shear strength
oy
values (S ) of relatively undisturbed samples have been measured ‘aboard ship '1

a simple hand held vane shear device (Dill and Moora, 1965). These resulta; ale

with on—site location, water depth, sampler type, and sediment type have heen

" compiled in Table 1, ' The station locations are shown in Figure 2.

'flIn Situ Shear Strength values Obtained by;pivers

A few in situ vane shear measurements, using the same hand held 1nst:ument,
were obtained during dlvxng operations in 1972. A number of additional

measurements were made in the same way during summer 1976 diving operations,
| P R
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TABLE 1

SHEAR STRENGTH VALUES FROM SAMPLES

Shear Strength

PSI - pounds per sguare inch

mﬂlz - kilo newtons per sgquare meter )

Depth of Measure-

3 Station Water Peak Residual  ment, cm below
: Wumber Location Depth(m) PSI(KN/M’) PSI(KN/K’)sediment surface Sample type Sediment Dascription
a
1 1 71%10.9°N (307 0 - 2 van Veen Grab ° Soft mud
148°34,0'W 0.32{2.21} - 5 Stiff mud
2 71°6,2'N 43 0,21 (1.45) - 2 van Veen Grab Pebbly, sandy, mud
148°42,0'W 1.33(9.17) - 5 Gravelly Mud
3 70°49.6'N 33 0.21(1.45) - 2 Van Veen Grab soft, fine-grained sandy mud
; . 148°31.0'% 2.01(13.79) - 5 Stiff, fine-grained sandy mud
% 4 70°41.6'N | 27 0.01(0.69) - 2 van Vean Grab Soft, Fine-grained Mud
: 148°30,0'W 1.11(7.05) - 5 sraveily mud
N 5 70°26.05'n|] 7 | 1.11-1.33 0.1 - 0.21 6 Undisrupted snapper sample | Brown/grey, medium-grained silty sand
i 148°29,26'W {7.65-9.171 (0.89-1,45) w/Worm tubes ‘
1 6 ?0’25.25'? " 6,5 1.11{7.65} 0.1 - .21 2 Undisrupted snapper sample Brown/grey medium-grained silty sand
i 148°30.15" (0.69-1,45) : w/worm tubes
! 7 70°18.92'N| 3.3 |>2.67{>18.39)0.88-1,11 8 Gravity core Dark grey silty clay
148°20.3'% (6.07-7,65)
8 TO°3L 4N | 26 <0.10(<0.69) - 2 Van Veen Grab Fine~grained candy mud
_ 147°33.0'w L 0.71(4.90) - 5 Stiff medium to coarse-grained sandy mud
i ko) 70°58, 3N | 364 0 - 2 Van VeenGrab Snfr, brown magd
B rage3o.1'w 0.38{2.62) - 5 Stiff, grey mud
0.66{4.55} - 5~ 10 Stiff, grey mad
10 70°40,0'8 | 47 | ©0.44(3.03) - 2 van Veen Grab Muddy sand
i ‘146°40,0'wW
: 1 70°21.4'% | 26 0 - 2 Van Veen Grab Soft, fine-grained sandy mud
i ' i46°36,0'W >2,67(>18,39) - 5 Stiff, coarse-grained sandy mud
i 12 70°19.6'8W | 17 2.0 (13.79) - 2 van Vean Grab Stiff, grey clay
{ 146°30.0'W 2.0 (13.79)° - 5
5 13 70°13.2'N | 25 0.88 (6.07) - 2 Van Vean Grab Soft, suddy sand
f 1453t ,0'w 1.33 (9.17} .5 Stiff, gravelly mud
i L2,0 {13.79) - 5 = 10 - Muddy sand .
14 70°23.4'N | 37 0.10(0.69) - 2 Van Vean Grab Sapdy, 'gravelly, mud w/coarse, 20 cm
145%34,0'% diameter rocks :
2,22{15.231) - 5 stiff, sandy, gravelly, mud
15 70°44.8'0 | &7 0.21(1,45) - 2. Van Vearn Grab Pebbly mud
145%31.0'W 0.76(5,24) - 5 Mud
16 70*54.1'M | 300 0,44 (3.03) - b4 . ¥an Yeen Grab soft mad
145°20,0'w 0.76(5,24) - L]
|17 | 70*0a.3'mBosz . o - 2 ;- yan Vesn Grab Pebbly mud
bl =] 145*32.0'w 1,33¢9.17) - T8 Fees el Grey mud
»1.67{>18.3%) - 5 - 10 Stiff Clay




On a number of dives more than one reading was taken.- This was done farticu-
_ larly in ice gouged areas, where differences are to be expected between flat,
undistu:béd bottom, gouge flanks, and gouge floors. At each site the maximum
reading (peak) and the. reading obtained during the shearing event (residual)
were recorded by the diver. See Table I1I. « All these values glong
with information on station location, water depth, depth below sea flgor,
"bottom type, sediment type, etc. are presented in Table II, Station
locations are shown in Figure 2,
Although care was tﬁken by fhe divers to increase torque slowly 4nd
evenly to obtain reliable readings (Fig. 3), currents and other factors did

not allow them to do so in all cases, These in situ shear strength values

stiil are considered to be more accurate than tﬁo;e obtained from parély
drained ang possibly disturbed bottom éamples aboard ship. It should|be noted
that vane shear readings obtained in sandy and gravelly sediments wi liftle
or no plasticity are not considered to be good tests due to particle inter-
locking and other factors. |

Penetration Rates of Vibrocore Barrels

Twentyfour vibrocore samples were obtained during the summer of 1976
(Fig. 4), with core length of up to 1.80 m. The rates of penetration| were
recorded for most stations. These rates provide a qualitative measurL of the
soil properties in different environments of the inner shelf. In several
instances divers using’'a vane shear measured in situ shear strength of sur-
face sediments near vibrocore stations (Fig. 2).

The vibrocorer is driven by two electric motors producing a combined
driving force of 700 kg at a rate of 2,840 impulses/min., Square steel barrels
and tubular fiberglass barrels were used in all instances. The steel barrels
progagatedkfhevibratory impulse more efficiently to the core nose‘tth the

. fiberglass barrels, because of the greater damping characteristics associated

2




TABLE 1I IN SITU SIEAR STRENGTH VALUES
4 - average of severail readinga
PSI - pounds per sguaxe inch
)0|/M2- Ki{)o Newtons per sguare wetar
_SHEAR_STRENGIH .
Dive Water Peak 2 Residua) cm below zed{- Bottom description at point
Eite tocation Depth(m) PSI(XN/M ) PSI(KN/M) ment Rurface of mesaurement Sediment descxiptice Commenta
1 70°35.6'M 1,55(10.69) 0.34(2.34‘) 5 S8oft to 10 cm
1a9027.0w | 12 | 2,85007.58) 0.55¢3.79) | 10 Bloturbated flat bottom Bioturbated wmd stiffar balow
3 | 70°33.2'N | 1.5 | 1.38(9.52) 0,69(4.76) Seaward foot of major shoal,
149¢11.0'w 2 between gougea huddy Band
h} 70°33.12'NM Clean, medium-grained
149°11.5 ' 5 0.23(1.59) 0.11{0.76) a Flat bottom on major shoal sand w/clan fragments Intensely gouged
4 70°28.4°'0 L5 0.34(2.34) 0.34(2,34) 2 Undisturbed sediment near gouge| Muddy sand Trough of gouga
148%47.2'm ‘ 0.69¢4.76] 0,46(3.17) 15 Plat bottom near gouga flank Sandy, wmuddy gravel {mpanetrable
i with veins
5 70%26.9'X >1,308(>9.52) 1,03(7.10) 2 Gray, cohesive sl
208%27.8'w | &% |51,384>9.52)>2.38(>0:52)| 18 Flat bottoa Very stiff, muddy,
. sandy gravel w/scema
shells
1 20°28.9'% 8.5 | 0-0,34 0-0.34 vary soft surficial
148°20,5'W {0-2,34) __ {0-. 34) 2 Floor of gouge sodiment underlain
»1.398¢(>9.52) D.69(4.76) ] Flat bottom by fairly wseiff
1.03{/.10) 0©0.57(3.93) 2 rlat bottom layer
1 70%28,1'n a.s 1.03(7.10) 0.461(3.17) 2 Floor of gouge tiff »oundaxy at
148°2¢.0'W * (69(4.76) 0.,34(2.34) 2 Gouge trough 2.5 om depth
0.659(4.76) 0.46(3.17) 2 Gouge flank "l vered by faixly
0=0.34¢ 0-0.34* 2 Gouge £lank moft mad w/numezous
(0-2.34)  (0-2.34) ug &=
A 0.69(4.76) 0.23(1.59) 2 Flat bottom
>1.38(29.52)>1,138(>9.52) 5 Plat bottom
e 70°24.2'N% 1,03(7.10) 0.86(5.93) 2
e s | 0| oiesie.76) 0.46(3.27) | 18 Flat bottoa Fine, muddy sand
9 70%19.8°'x
148°23.5'w 2,5 0.5413.72) 0.44(3.03) 8 Flat bottom Pine, muddy sand
10 | 70°24,0'N 1.15(7.93) 1,03(7.10) 2 8S1ightly muddy medium—
rac17.30w | b 5138005250038 09.52) | 15 Flat bottom fine grained sand
11 | 70%24.9'xn . Ripples of 18 om
148°01.0 M 7.0 [>1.38(>9.52)>1,38(>9.52) 2 Rippled flat bottoa Mady mand vavelength «
12 70%15.5'W 2.5 >1.38{»9.52 >1,36(»9,52} 2 flat bottom with ripples Muddy sand Ripples of 185-20 m
147¢51.5'w ‘ >1,38(>9.52)>1,38(>9.52) 3 Flat bottom with ripples Very stiff mod wavelangth, 1-2 ca high
3 70*17.2'N 1,09(7.52) 0.69(4.76) 2 Ripples of 20 cm wave~
1rvaz.atw | 2 |>1.38(59,52) 51.38(55.52) | 18 Ripple field-flat pottom Muady aand Jength. 2-3 cm haight.
“0.8391(4.76) O0.48(3.1I7Y Z Exposéd underlylng Angulax, pea=-size dla, weatharad gowges
gravel on fiat bottom graval dreating broad bottoa
Y4 | 70°1z.8'W Highly soddy, medium
147°€1.0°'W 1.6 1.,15(7.93) 0.92(6.34) 6.5 Flat bottom q:m“ sand
15 | 70*23.8'% | 1.5 ,69(4,76) 0,46(3.17) 2 Flat bottom Sand r
147%28.7'w 0.34(<2.34)<0,34(<2.34)| - 2 Gouged flank and floor sand
1,38(9.53) = 2 Plat bottom ady s
- . a, .90) 2 Flat bottom Y 8&
1.03(2.10) 71(4.90) 1, Nudd nd
1.03(7.10) 0,71(4.90) 10 Paa-size grawvel
16 | 70%18.2'M 6 0.34(2.34) O 2 High ground covered by Sofe md Xy reiisf rela-
147°18.7'w WOrm tubes and to distridatioa
»1.38({>9,52}>1.38(>9,52) 2 Dapression batween worm Ady 3 of worm tuwbe patches
tube patches .
17 | 70°14.7'H Dive aite is mmried
147930, 5'% 5.5 [»1.38(>9.52) 1,09(7.52) 2 Plat battom sandy mud by sxpoeurs of tirm
gravel ia depressions
p1: ] 70°10.3‘N Flac boteom with decayed
147°01.0'W 4,8 [>1.38(>9.52)>1,38(>9.5%2) 2 ripple train sandy mud Suxrowing uuvn:y
19 | 70m10.8'n Slightly undulating Spall scale reliaf
14603 41w | 2¢5 [>2.380>9.52) 2.15(7.51) 2 pottom Sandy mad fiom bioturbatioa . ;

P

.*ﬁhén-}-ﬁéqu_. N




" Floure 3. Diver taking (n ¥ity thear Vhhe Beasurements, e

T T T I S S P R LR TR U | DERCEE L




,,shalt.

" are 1istedl in Table 3.

_ by compazring sediment characteristics in the penetreted'section with panetra-
. were stopped at the top of the underlying ice bonded sediments, . ;

Points

etc., we apparently have never encountered ice bonded sediments, (except

herein was obtained, penetration was not prevented or retarded by 1ceA

with the fiberglass barrels. Alongwith the penetration rates, the barrel type

used at each station is shown in Figure 5. Station locations and water depths

" Only praliminary core studies have been performed so far and we therefore uf“f*“

did not include sediment descriptions with the penetration rates. However, . i

tion rates, we feel fairly certain that cores 19 and 20 from the Colville Delta

' J
Salinity of Insterstitial Water, Sea Floor .Temperatures, and Sediment Freezing

= N - S

||" {
Yy [
! AN | .
I H

A vaxiety of data pertinent to offshore permafrost problems has been .

gathered by our Beaufort Sea project over the years, During the 1976 summer
) |
field seasonon the R/V KARLUK we made a special effort to obtain reliable’

data on the salinity of interstitial waters in surficial sediments on the 'inner " :

Our main objectives in this study are to gain an understandzng of th%

sedimentary environment on the arctic shelf. The shelf surface is affected
' ; [

and modified by waves, currents, strudel scour, ice gouging, small critters,

and maay other factors, Our thinking about bottom processes has been hasTd

on the assumption that the sediment surface is unfrozen (Reimnitz and Barﬁes,
| |

1974). There is some justlfication for this assumptxbn, at least for summer

bly at several vibrocoring stations in very shallow water near the Colville

River, as Stated

within the sediment, as far as we can determine. _ |

3 | ;
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4 TABLE I1I ' TVIBRO CORE STATIONS]
> Stati'on"'i . . - Water
Numbexr Location . Depth(m)
1 70°19.0'N 3
L ) 148°22.0'W .
4 2 70022.3°N 1.7
148928.4'W
- 3 70°24.0°N 1.5
34! 148°33.2'w
HE -4 | 70°27.3'N 6.5
Pogli . '1:148028.2'W
il B8 |1 70020.8'N '8
ol . |,148%20.8'W
3 70920.1'N 6.5
‘ 147931.1'W
10 . 70°17.1'N . 2.7
] 147°44.3'w
11 70017.7°'N 1
147°%47.0'w
12 70°24.1°'% 3
148°918.5'W ‘
; 13 70°44.8'N 19
c ; 150928.1'W
S 14 '20°%41.5°'N 15
[l ‘ 150°27.2'w

i

Station ‘
Numib)er Location
| —
15 70037.0°N
| 150°27.0'W
16 70036.3'N
150028.2'W
17 70°34.0'N
j 150928.2'W
|
18 70°33.3'N
: 150927.9'W
19 70°33.6'N
% 150028.1'W
20 20932.7"N.
' 1 150°27.5'W
21 70°33.8'N
| 151°01.0'W
'22 70°32.5'N
150°59.6'w
23 70%29.5'N
| 150°55.9'W
| 24 70°33.2'N
| 149°11.2'W
; S ‘ - 1"
|
|
! (




‘for offshore construction projects. For example, high flow velocitles recorded

'impact may be envisioned by considering the influence of a cold pipe line
+ Sediment Salinity

e
. divers, and stored at 0°C until processing. Slnce these inner shelf s?mples'w

i
|
fa
't
! yolume for titration. A portion of the subsample was oven-dried at ll§
|

If the surficial sediments did become ice bonded in certain environ-
ments during the peak of the winter, this would be vexy important for studies

of bottom processes, for biological studies of bottom dwelling organisms, and

by current meters could indicate that sediment transport is taking place, whild i

o

in fact the seabed may actually be frozen. An example of potential environmental s

carrying natural gas buried on the shelf. If the shelf sediments are close;"
» | e

to the freezing point, the cooling effect of such a pipe line may result in

the freezing of overburden. Bedload transport of sediment might bs affected

such that individual grains in transit, temporarily contacting the bottom, méyg

' | R
become adfrozen., This in turn could result in the formation of a sediment dike'

along the pipeline corridor.

. . ) A S :
extraction and salinity determination. Some of thé samples were centri

2

for 15 minutes at 15,000 rpm. 20 ul of interstitial water were titiatéd

Automatic Chloride Titrator. Values obtained by this method are given in Tabl
Iv.

\

The remainder of the samples required a dilution method to obtain

>
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1. Wolochushin & Gauvliev {1970)

h NI - ' ' = Conductivity Msthod b
v ITARLE IV - ty 2. Doherty & Xastor (1574) .
= pilution Method 8-Assused Holsture Contant
prxzNG TRPERATURE BOTTOM SEDIMENTS - s
L] 4 Sep s - centrifuge Method = 508 Ary weight.
. TREER G WA~ -
v Natar |ple below Sedi- | Interstitial |Water :
Station #{ Location  |Dapth(N|mant Burface(CM)| .  Balinity(0/00} mg?ant 1, 2(%0) ‘2(%1 Sediment Description
- T.5 - 12.% 36.0° -TIT -1~
° 14.5 = 12.5 37.7¢ §-~4.34 -4.97
1 151700.0'0 | 33 |[ILE - ILE T =3.54 | -1. sandy Mud
: 711°12.2'n 3.5 = 4.5 I2.57 -3.8 1.7
.S =57.5 1T =3.30 T ~L.]¢
7I.5 - 825 1. B¢ 7-3.87 | -1.80 |
o . : - ' | "'\;‘.?‘;'""
U ¥ 150 38.0°% | 19 . (12.5 - 22.5 4.4 $-2.80 | -1.92 | ULEf clay vith Gand Pockets 1 S3he i :
T 70°58.8'8 i lﬁ’ L
- o . .| 0=-10 33.8° ¥-3.92 | ~1.08 T W
i3 4937w | 4 TE R0 39.9" r 7-4.87 | =2.21 | Wud with Pine Gand Patches - Scattared
T 711°%07. 0% 20 - 16 3T.57 F-378 | 1| ] , i s R A &
N L, . o g @ %
A o | 0 - 10 z,9' -3,06 | -1.4) | cozey msd ! k. v lml &
4. 130,00.0°W | 28 yF—_—5 3.0° —3.84 | _-1.01 - :
o n0.0m | - |35=55 =3 =W TR Vary" eiff - fine-grained sandy qu'ﬂ
' ! 0 - 10 33.1 §-3.8S% -1.81 »ine mnd hm very m -d .1“ m
s | 1s%o0.0'w | 24 [0 20 33.3° 3,07 | -i.8% iy xfiyer
71782.8'1 20 - 30 33.37 -3.87 | -1.B2 ) ,“ﬁy.\.ﬂ\’, .
6 49°11.0'w | 118 13 25.5¢ 21.99 -6.61 | ~1.44
70°33.2'% ’ ) 3 !
- T "W _RW‘
X 150,22 | a5 | 10 20,80 2.35 | 4501 LA iay, gravelty sand wies m’m‘ SR
70%24.4'n -wm%d’;‘ﬂ%ﬂi K
N H 21.3¢ 74.83 -1.68 | =1.13 . I wm@m
(1 i 144037.8'w €.4 15 26.67 35,93 19 L4 ;|
70°26.5'n - 24,3° . 3.8 ~31.3:
9 18230.5'w | . 8.8 6.5 24.70 33.27 ~.06 | | ~1.34
, 70°26.9'n | ° .
2 ' o ]
ORI .".‘,go;‘g;g .5 - 22.1¢ 40.59 [-3.21 | -1.20
T - ° | ]
LS us®au.s'w |! 3.0 15 7.9 _ N _ ¥
! 26°24.2'n 0-3.29 1,52 , IR A L
12 1“022.5'. 2.0|. = 24.0°* #-2.680 =1,30 -%‘m%_w RERAERROT A & o
70°20.2'R ~ - 8.9 40.79 =€.B5> ~1.0% ght grey very fine sand '--'ﬁhm&’-‘i‘?-"
‘1 246025,3'w 20| - . 3,8 it | g | e
70°19.0'M - ] 24.40 74.45 -1.98 [ :-1.20
4 147°51.5'n 2.8 14 18.9¢
! 20°19.5°4 .36 | 446]| -1.03 ;
15 1U7042.8'W 2.0 16 . 28,8% 3.0 | -1.19| medim grained ruady ssnd wieh' ..;ﬂ!" A
26°17,2°n e - .wmmm“
16 141:41.o~u L6 s 18.6" $-2.25 | -1.02 i 3
. 70°13.8'R ¢ 20 j FY L $-3.22 | L4y
17, U7%m.71'w 1.8 1o , a2 . | #2885 | |an2
AN "10°2).0'% D . i
pRY S 10w [ e e ! 2.3° 9-3.83 | i-1.68
o 1e%weaw | '
‘19 141"1.0.3 ‘w 2.8 5 24.90 25.66 -5.46 | :-L.38
: 70°14.7'% .
| 4olonw as| 1 29.¢° -3.45 | -1.60
70%10.1'% . |
) T ‘
3 L«no:.d' 2.5 14 2.7 0-2.81 i-l.n
X 20%10.8°% I
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i 1 Molochushkin and Gavuliev (1970) show that:

- whereé T, is the freezing temperature in degrees Centigrade, S is the 5alinity
I

of 3_1.5 C for the most saline samples to + 1.0° C for the least saliné*

" samples. ' : N

determine moisture content. The remainder was diluted with 2 ml of distilled
water, shaken on a wrist action shaker for 20 minutes, and centrifnged'

for 15 minutes at 2,000 rpm. RAgain, 20 ul were titrated using the automat167

titrator. The values obta;ned by this technique are identified in Table v
by asterisks (*). Chlofinities'were converted to salinities using the |
relation ’
salinity(°/oo) = 0.03 + 1.805 x Chlorinity (°/oo).
Using the salinity values of interstitial water, we calculated thé
hypothetical freezing temperatures of the sediment from two different

relationshipa‘
T

: "1‘f==284x(022xs/W

5 W - 0.035
-1) —5e"35 X ( 0.0 )'

—— e~y T — A"

3

of pore water in parts per hundred, and W is the moisture content in "rela

H |
l EE

tive units" (from our transglation), and e = 2,7. For the simple-minded
geologist this relation has only one minor problem: it gives positive

freezing temperatures. Changing the term
|- | 1. |
e0.0I22 X S/W to e 0.022 x S/W . .

we obtain- what appear to be reasonable values for freezing teﬁperaturas,

and therefore assume a printing error was made. The equation now reads:

v, = 28,4 x (70022 X /W, | g <35 x (¥ - 0.035) |
|- l"

"+ Only for the samples processed by the dilution method did we obtain vai 2

value was slightly greater than the measured, which averaged batween 35
| ' ' } =
and 40% 1n moisture contant. P0551b1e dev1atlon of hd 20% in moisture

content from the assumed 50% value would result in freezing point erro s
~a

!
)




2) Osterkamp and Harrison (1976), working on offshore permafrost
'ﬁ,;, ' problems in the Prudhoe Bay area, calculated the'freezing temperature

of sediments using an equation that applies to seawater alone (Doherty and

. ) -
Kester, 1974), and disregards the fact that the deposit is a mixture of water
.’ ﬁg and sediment:

-rfnl.a'/xlo'-5199x1023-7225x10552 :

> “« R
b

Where § is salinity in’ parts per thousand. For the s0il samplls they'

R obtained the error in this ptocedura was estlmated to be less than 20t.

A two-meter long thermoprobe, with therm;stdrs, coupled to a Wheatstone

t] ; |

Bridge, was used in two different field operations to measure sea floor tem-_

,ﬂ‘

peratures. Nine measuring stations occupxed by the R/V LOON du:ing the middl

of September in 1976 are shown in Figure 6 (1nset, black dots). The values

when the Eea floor is the warmest. The measurements around the moﬁth'of Ehé
: : H
P Kuparuk River were made in late May, 1972, using the sea ice as a base of

oberations. These values represent temperature conditlons just priorltg rive

L

flooding of the sea ice, shortly after the temperature-low of the winger.
l:~: o
Thus, the temperature data shown in Figure 7 does not represent the extremes

encountered from winter's low to summer's peak. The sediment surface tempe:atuxear?_
40 e 4

were extrapolated and the results are shown in Table V. These extrapolated

| : |
, I . 6':| ! R

mwmmmawwwww&mmmWemmw':m>~mmww‘" o vade



mum fast ice thickness (approx. 2 m), and into the open ocean (Fig. 8).

Winter énd summer bottom temperatures (Fig. 8) measured in the very shallow ﬁ
|

S Lj4 1

lagoon, in the deepest part of the lagoon, at the shallow sill, and at several ‘

I

water depths offshore are shown. Note that no values are available ?or the

e
1

i

shallow 8ill during winter conditions. 1In the deepest part of Prudhbe Bay '~

and near the sill, the summer temperatures show a consgiderable range'of values.».'f“
| ;
These are shown as vertical bars in Figure 8, Also shown in Figure T

the freezing temperatures for the seabed calculated from our data on salinity
L J'E J-"’-'

Iof lntefstitial waters and mo;stuxe content, using the two different equationa

' Fréezing temperatures calculated from the equation applying to pure seé :

water suggest that the seabed from shore to a water depth of about 7

become ice-bonded during the winter. This equation therefore probably should

m would

not be used. The equation from Molochushkin and Gavuliev (1970) shows that-

field season.
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o TABLEV

‘{Thermoprobe Stations:|

*May, 1972
'Sept., 1971

- Ptation|Location 'kM}Water1(°C)Sea Floor
| Depth Temperature
0* ' | 70°25.0'N] 5.5 -1.5
" [148°30.8'w
1* 70°23.8'N 1.0 -6.6
148°41.0'W
4+ 70°24.4'N| 1.4 -5.4
' 148°40.5'W
14+ 70:25.9'N 3.2 -1.7
P 148 45.3'W
18* | 70°27.4'N| 5.1 -1.5
. 1148°34.0'W
23« | 70°26.6'N| 1.8 -1.7
147 1148°50.2'w; )
16t | 70°18.2'N 3.2 +1.5
. 1148°19.0'wW,
17 70°19,2'N| 3.2 -0.65
148°20.5'W
18¢ 70°19.9'N| 2.7 +1.1
148°23.0'W
19* 70°20.6'N| 1.5 +1.35
148°26.0'W
20! 70°21.6'N 1.7 +0.75
148°28.5'W,
21! 7o°22.4'N§ 2.6 -0.7
148°27.6'W
227 70°24.7'N, 4.1 +0.7
.| 148°26.0'W :
231 70°25.0'N| 5.5 +0.4
148°25.1'W -
241 70°26.1'w 6.8 -0.05
148°25.1°
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