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Abstract

In 1967 an effort was made by USCGC
EASTWIND (WAGE 279), CAPT William M.

Benkert, Commanding, in company with USCGC
EDISTO (WAGE 284) to conduct scientific in-

vestigations while circumnavigating the Arctic

Ocean. This cruise was aborted when heavy

ice blocked passage to the north of Severnaya

Zemlya and the Soviet Union refused innocent

passage through the Vilkitskiiy Straits. As an

alternative the 1967 survey of the Kara-Earents

Seas, described in this paper, was conducted.

A total of 125 hydrographic stations were oc-

cupied from 31 August to 22 September 1967.

In addition to Nansen casts conducted at all

stations, bottom samples were obtained at 27

stations and surface plankton tows at 11. Pre-

liminiary results show extensive surface cooling

taking place in the Earents Sea and a water

mass structure unlike those previously re-

ported in the Kara Sea.
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Oceanographic Observations in the Kara and

Eastern Barents Seas

INTRODUCTION

The 1967 Eastwind Arctic Survey was con-

ducted after an attempt to circumnavigate the

Arctic Ocean had to be discontinued. Consoli-

dated pack ice up to thirty feet in thickness

in the area of latitude 81°27' N. and longitude

77°58' E. prevented passage to the north of

Severnaya Zemlya. Consequently an alternative

Survey of the Kara and eastern Barents Seas

was performed.

The Eastwind Arctic Survey is the second

survey conducted in the area of Kara and
Barents Seas aboard a U.S. Coast Guard vessel.

The first was aboard CGC NORTHWIND
(WAGE 282) in 1965. This cruise was con-

ducted by the Naval Oceanographic Office, the

results of which appear in a report by D.

Milligan (in press).

The survey was begun on 31 August and
completed on 22 September 1967. Objectives of

the survey were to gain a greater general

knowledge of the physical, chemical and bio-

logical characteristics of the water masses of

the Kara and eastern Barents Seas, and to

conduct bathymetric and limited geological sur-

veys of the area.

Data acquired includes Nansen casts and

bathythermograph observations at 125 hydro-

grhapic stations; 40 in the Kara Sea, 82 in

the Barents Sea and 3 in the Norwegian Sea.

Station Locations are shown in Figure 1. Also

obtained were 27 bottom samples utilizing a

Phleger corer with a three foot barrel and 11

horizontal surface plankton tows with a 0.5

meter, #20 mesh net. Continuous bathymetric

profiling was conducted throughout the survey

area. Five hundred thirty-two weather observa-

tions were taken at intervals of three hours and

266 at intervals of six hours. Seventy two suc-

cessful radiosonde observations were taken to

obtain information on the upper air. Con-

tinuous observations of carbon dioxide and
ozone content were also made.

DATA ANALYSIS AND PRESENTATION
A portion of the data was processed with

the aid of a Digital Equipment Corporation
PDP-5 computer. This includes correction of
the reversing thermometers, and interpolation

of temperature and salinity at specified depths.

The processed data were checked for accuracy,

coded and forwarded to the National Ocean-
ographic Data Center.

Presented herein are figures displaying the

horizontal isopleths of temperature and salinity.

Figures 2 to 11; the vertical distribution of

temperature, salinity, and oxygen, Figures 12
to 59 ; and the temperature vs. salinity plots at

selected stations, Figures 60 to 81.

PHYSICAL CHARACTERISTICS OF
KARA AND EASTERN BARENTS SEA
The Kara Sea Basin is a relatively closed,

shallow basin with a volume of approximately
1.04xl03km\ The Ob, Yenisy, Pechora and
lesser rivers discharge approximately 1.10 X
lO'^km'* of fresh water into the basin annually
(Milligan, in press). Consequently a large pro-

portion of the water mass in the Kara Sea is of

low salinity.

Surface salinities of slightly less than 9%o
were observed in the proximity of the mouth of

the Yenisy River. At only two stations in the

Kara Sea did the value of surface salinity

exceed 32%o. As might be expected, the ex-

tremely low salinity water is confined to the

surface layers, that is, the upper 25m.

Vertical sections of salinity across the north-

ern boundary of the Kara Sea from the tip of

Novaya Zemlya to Oa Izestig Tsik indicate the

region of mixing of the fresh water outflow

from the rivers is confined to a relatively small



area within the basin. This does not necessarily

mean the mixing is rapid, however. The fresh

water inflow into the Kara Sea, while relatively

large, amounts to less than one-third of one-

percent of the volume of the basin per day.

Quantitatively this means approximately 3km^
per day must mix thoroughly with the sur-

rounding water in order to maintain the aver-

age salinity in the area of mixing. As Sverdrup

has noted the effect of the fresh water runoff

is likely to be much more marked in summer
than in winter (Sverdrup, 1950). The fresh

water runoff when mixed with Arctic water

with salinity of approximately 34.5%o and tem-

perature — 1.7° to —1.8° C. probably forms the

surface water found to the north of Novaya
Zemlya between Franz Josef Land and the

Russian Continent. The formed water mass is

characterized by temperatures of approxi-

mately -1.0 to 0.5° C. and salinities of 25%o

to 30%o (Milligan, in press).

CHARACTERIZATION OF WATER MASS

Figures 60 through 81 are T-S diagrams at

selected stations in the Kara and Barents Seas.

These stations were selected with the intention

that the great variability of water mass charac-

teristics in these areas should be exemplified.

That the water mass characteristics in the Kara

Sea are extremely variable was noted by Nan-

sen from data taken from cruises by Nansen
and Nordenskiold, (Nansen, 1902).

Figures 73 through 81 show a progressive

decrease in surface temperature from 6.75° C.

to 1.15° C. from latitude 72°00' N. to 77°37' N.

in the Barents Sea. The drop in temperature is

probably due to surface cooling as the water

flows northward.

Figures 73, 74, and 75 show at first glance

what appear to be density inversions. However,

for these approximate values of temperature

and salinity, the lines of constant sigma-t are

nearly vertical indicating the density is salinity

controlled. Therefore, the sigma-t values ac-

tually increase with depth. These figures show

evidence of lateral mixing with a different

water mass. Figure 11 shows a core of rela-

tively high salinity water entering through the

eastern boundary of the survey area. The

34.95%o isohaline was chosen as the boundary

of the core. This water is probably Deep Polar

Water described by Nansen (Sverdrup, 1950)

and Zenkevitch (1963) which has broken from
a gyre originating in a southward flow of Deep
Polar Water to the east of Franz Josef Land.

Figures 73, 74, and 75 also show a water type

of unknown origin in association with the

Deep Polar Water. This water type is charac-

terized by temperatures of 0.0° C. to -0.6° C.

and salinities of 34.75%o to 34.90%o.

The oxygen distribution of the Kara Sea was
examined using Wust's core method (Wust,

1964), using the 9.0ml/l isopleth as the bound-

ary. Figure 10 shows the isopleth to be closed

on three sides and bounded on the fourth by
Novaya Zemlya. This may indicate the flow

of water masses with discreet characteristics

into the Kara Sea basin.

A similar analysis was carried out for the

eastern Barents Sea, using the 8.0ml/l isopleth

as the boundary again as shown in Figure 10.

There is a tongue extending northeastward ad-

jacent to Novaya Zemlya.

Figures 68 and 69, drawn from data taken

at stations 30 and 31 only 27.6 miles apart,

illustrate the extreme spatial gradients in water
properties which occur in the region.

CIRCULATION OF BARENTS AND
KARA SEAS

Consideration was given to attempting a

computation of dynamic topography in the

Kara Sea from the data obtained aboard GCG
EASTWIND. Preliminary investigations, how-

ever, indicated the area to be too shallow for

satisfactory application of the usual technique

of referencing each station to a level of no

motion. No further effort was made to compute

the dynamic topography.

Previous studies have shown current speeds

in regions of the Kara and Barents Seas to be

quite low. Nansen's drift measurements aboard

the FRAM (Sverdrup, 1950) indicate that sur-

face currents in the region of the southern

entrance of the Barents Sea move at about 1.5

nautical miles per day. Milligan (in press)

placed current meters in two locations in the

vicinity of the Kara Sea. One of these was
placed thirty miles west of Proliv Vilkitskogo

at a depth of 80m. The average velocity re-

corded was approximately 0.15 knots in a west-

southwest direction.



Sverdrup, et al, 1960 indicates that the cir-

culation in the Barents Sea is predominantly

counterclockwise and wind driven.

Perhaps one of the most detailed discussion

of currents of this region is by Novitskiy

(1961). Preobrozhenskiy and Novitskiy dis-

tinguish twenty-nine separate currents and

their branches as occurring in the Barents Sea.

Of particular interest to this study was a cur-

rent which they labeled as the Pechora Current.

This current originates in the Western Barents

Sea and flows through the Pechora Sea where

a portion of it enters the Kara Sea through

Proliv Karaskiye Varota. This is shown in

Figures 2 and 4 by a tongue of warm water

protruding into the southern Kara Sea at

about station 3.

It has generally been accepted that the pre-

dominant current scheme in the Kara Sea is

cyclonic with water entering from the Barents

Sea, flowing adjacent to the east coast of

Novaya Zemlya, turning northward and exiting

through the northeastern portion of the Kara

Sea. Such a circulation is not evidenced in the

data of this study (Figures 2, 4, 6, and 8).

Rather, there seems to be a general northward

flow through the Kara Sea. It is likely that there

is some entrainment with the outflow from

the Ob and Yenisey Rivers which would con-

tribute to the general pattern of northward

flow.

CONCLUDING REMARKS
The studies done by Nansen (1902) , Sverdrup

(1950), Zenkevitch (1963), Milligan (in press)

and this author suggest that the circulation in

the Kara Sea is not stationery and, in fact, is

characterized by few permanent features. It is

doubtful that such difi'ering conditions could

be observed without some transient phenomena
being present.

Nansen (1902) observed the presence of
" 'dead water' waves" in the area and cited

evidence of oscillations of the boundary between
warm and cold currents. Neumann and Pierson

(1966) state that conditions of strong density

gradients similar to those found in the Kara
Sea are very conducive to the formation of

internal waves. It is indeed very probable that

some of the (temporal) variation of the nor-

mally observed oceanographic parameters is

due to internal oscillations in the Kara Sea.

However, with the present data available, which
do not include extensive time series observa-

tions, it is very difficult to determine the modes
of the oscillations and hence the forces which
govern them.

Future surveys in the area might consider

the possibility of conducting continuous or close

interval serial observations at several stations

in order to determine the modes of these oscilla-

tions if, in fact, they do exist. Such oscillations

would probably be easiest to detect and observe

in the summer months when the ice has melted

and the river outflow is greatest resulting in

a maximum vertical salinity gradient.
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Table of Oceaiiographic Data

The following are the observed and interpolated data taken aboard the

USCGC EDISTO (WAGE 284) and USCGC EASTWIND (WAGE 279)

during the Earents-Kara Seas Survey. Presentation is from National

Oceanographic Data Center Cruise Listing No. 31-1165.

Notes

:

Depth to bottom—uncorrected sounding depth in meters based on a

speed of sound in sea water of 1463.0 m/sec.

Depth (m)—postcript T indicates a depth determined by thermomo-

metric calculation.

Sound velocity—in meters per second to tenths according to Wilson's

formula.
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Figure 1. Chart of Positions of Stations Occupied by USCGC EASTWIND during 1967 Kara-Barents Seas Survey.
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Figure 2. Contours of Surface Isotherms.
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Figure 3. Contours of Surface Isohalines.
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Figure 4. Contours of Isotherms at lOm Depth.
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Figure 6. Contours of Isotherms at 25in Depth.
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Figure 12. Vertical Distribution of Temperature, Stations 1 through 6.
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figure 13. Vertical Distribution of Salinity, Stations 1 through 6.

Figure 14. Vertical Distribution of Oxygen, Stations 1 through 6.
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Figure 15. Vertical Distribution of Temperature, Stations 7 through 13.

Figure 16. Vertical Distribution of Salinity, Stations 7 through 13.

Figure 17. Vertical Distribution of Oxygen, Stations 7 through 13.
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Figure 18. Vertical Distribution of Temperature, Stations 14 through 20.
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Figure 19. Vertical Distribution of Salinity, Stations 14 through 20.
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figure 20, Vertical Distribution of Oxygen, Stations 14 through 20.

19



Figure 21. Vertical Distribution of Temperature, Stations 21 through 26.

Figure 22. Vertical Distribution of Salinity, Stations 21 through 26.

Figure 23. Vertical Distribution of Oxygen, Stations 21 through 26.
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Figure 24. Vertical Distribution of Temperature, Stations 27 through 32.

Figure 25. Vertical Distribution of Salinity, Stations 27 through 32.
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Figure 27. Vertical Distribution of Temperature, Stations 33 through 39.
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Figure 28. Vertical Distribution of Salinity, Stations 33 through 39.

Figure 29. Vertical Distribution of Oxygen, Stations 33 through 39.
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Figure 36. Vertical Distribution of Temperature,
Stations 53 through 58.

Figure 37. Vertical Distribution of Salinity,

Stations 55 through 58.
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Figure 38. Vertical Distribution of Oxygen,
Stations 55 through 58.
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Figure 39. Verlical Distribution of Temperature,

Stations 62 through 68.

Figure 40. Vertical Distribution of Salinity,

Stations 62 through 68.
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Figure 41. Vertical Distribution of Oxygen,

Stations 62 through 68.
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Figure 42. Vertical Distribution of Temperature,
Stations 69 through 75.



Figure 45. Vertical Distribution of Temperature, Stations 76 through 82.
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Figure 46. Vertical Distribution of Salinity, Stations 76 through 82.

Figure 47. Vertical Distribution of Oxygen, Stations 76 through 82.
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Figure 48. Vertical Distribution of Temperature, Stations 83 through 89.



Figure .57. Vertical Distribution of Temperature, Stations 90 through 96.

Figure 52. Vertical Distribution of Salinity, Stations 90 through 96.

!-N : ! >



I ^

*i=*::>^:^ »=^^^-^—

^



Figure 57. Vertical Distribution of Temperature, Stations 104 through 110.

Figure 58. Vertical Distribution of Salinity, Stations 104 through 110.
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Figure 60. T-S Plot, Station 3.
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Figure 61. T-S Plot, Station 7.
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Figure 62. T-S Plot, Station 12.

Figure 63. T-S Plot, Station 15.
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Figure 66. T-S Plot, Station 22.
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Figure 67. T-S Plot, Station 25.
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Figure 68. T-S Plot, Station 30.
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Figure 69. T-S Plot, Station 31.
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Figure 72. T-S Plot, Station 38.
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Figure 73. T-S Plot, Station 42. Figure 74 T_S Plot, Station 57.
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