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ABSTRACT

Currents and complex temperature inversions observed in

the Chukchi Sea during MIZPAC 75 were investigated in a fur-

ther effort to define the mechanisms for the formation of

mesos true tur e . Data was collected using a conductivity- tem-

per atur e-depth (CTD) recorder and a Savonius rotor current

meter. Whereas in previous MIZPAC cruises mesos true ture was

typically observed in the vicinity of ice margins, during

MIZPAC 75 it was primarily found in regions of diffuse ice

floes and in the open water ice-melt region up to 96 km south

of the ice margin. The nature of the mesos true ture varied

fairly systematically with ice diffuseness and distance from

the ice margin. There was little correlation of mesos true tur

e

with current direction but a possible correlation with current

Strength. Mesos true tur e existed in the same spot for as much

as two days with little change, a finding of possible signi-

ficance to theories of double diffusion. A highly unusual

warm bottom water on the Chukchi shelf is presumed to have

originated in the Atlantic Layer of the Arctic Ocean.
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FOREWORD

This joint thesis had its beginning as two separate stud-

ies: one concerning the effects of temperature, salinity, and

density on the formation of mesostructure ; the other on the

effect of the current regime on mesostructure formation. As

analysis proceeded, it became more apparent that these vari-

ables could not be treated separately. A complete picture of

the dynamic processes at and near the ice margin could only

be done by combining the results of the previous individual

efforts

.

The paper is joint in writing only. Each author contri-

buted his own sections and the ideas of these sections are

his own. The only common section is the Conclusions section.

The order of the authors on the cover sheet is meant to imply

neither seniority nor the major contributor. It is felt the

resultant product is more concise, and presents a more com-

plete study, than had it remained as two separate papers.
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I. INTRODUCTION

A. OVERVIEW

This investigation had its origin in reports of signifi-

cant deterioration of underwater sound propagation in the

marginal sea-ice zone (MIZ) of the Chukchi and Beaufor^ Seas.

The effects were presumably due to the violent fluctuations

in temperature which were observed in the vicinity of the ice

margin, producing corresponding fluctuations in sound speed,

These violent perturbations have been defined as mesostrucr

ture (Corse, 1974). It is interesting to note that these

phenomena were observed as early as 1947 (LaFond and Pritchard,

1952), but that extensive study began over 20 years later when

the Arctic Submarine Laboratory, Naval Undersea Center, San

Diego, California established Project MIZPAC. The overall

purpose of this project is to develop arctic submarine tech-

nology and enhance understanding of the complex sound speed

profiles and rapid changes in propagation conditions with dis-

tance in the vicinity of the MIZ.

Personnel at the Naval Postgraduate School have been asso-

ciated with Project MIZPAC since 1971. They have participated

in the MIZPAC 71, MIZPAC 72, MIZPAC 74, and MIZPAC 75 mid-

summer cruises to the Chukchi Sea. The four MIZPAC cruises

have resulted in a data bank of 350 salinity-temperature-

depth recorder (STD), 200 conductivity-temperature-depth re-

corder (CTD), and 44 current meter measurements.

Paquette and Bourke (1973, 1974) described the MIZPAC 71

and MIZPAC 7 2 results demonstrating some of the characteristic

13



temperature structures near the ice margin, the two-layered

structure south of the ice, the coastal current of northwest-

ern Alaska, and the descent of that warm current into mid-

depth along the continental slope and its intrusion into the

Beaufort Sea.

Corse (1974) examined MIZPAC 71 data for evidence of meso-

structure formation and its space-time distribution. He de-

fined a mesostructure element as extending from the depth

where the temperature gradient becomes positive to the depth

at which the temperature is the same value as it had when the

the gradient became positive. Two different types of meso-

structure, "shallow" and "deep", were identified. These were

regarded as separated by the 2 5.5 sigma-t surface with "deep"

elements having greater sigma-t values. He found correlation

between mesostructure elements in a time series over a period

of several hours, but poor spatial correlation over distances

as short as 1 km. He postulated that mesostructure elements

were formed by the interaction of the northward flow with ice

keels causing a mixing downward of warm surficial water. He

suggested a correlation between internal waves and the type

of mesostructure.

Karrer (1975) examined MIZPAC 74 data, made heat and ice-

melt evaluations in the vicinity of the ice margin, and hypo-

thesized that the local dynamic height gradient near the ice

margin was a possible driving force for downward mixing. He

also modified Corse's definition of shallow and deep meso-

structure by utilizing the 26.0 sigma-t surface as the divi-

sion between them.

14



Paquette and Bourke (1976) re-evaluated Karrer's analysis

and expanded his findings. They showed in one case that meso-

structure appeared to be formed by lateral mixing of souther-

ly and northerly waters having nearly the same densities but

different temperatures. Uneven mixing and interleaving of

water types were hypothesized to be due to complex lateral

pressures near the ice. They noted an apparent southward cir-

culation in mid-depth under the ice and found evidence that

strong mesostructure was associated with rapid melting pro-

cesses and probably with rapid flow of warm water toward the

ice
T

They also noted the relatively small fraction of ice-

margin crossings which showed strong mesostructure and sug-

gested that the difficulty in demonstrating spatial correla-

tion of mesostructure elements might be because the ice-margin

crossings were not oriented in the direction of propagation

of the mesostructure forming process.

The MIZPAC 7 5 cruise was intended to overcome some of the

previous difficulties, Wherever mesostructure was found, ice

margin crossings were planned to explore it along two direc-

tions, including the direction of the current, and to look for

a complex flow structure in these areas using direct current

measurements. Less time was to be spent in routine ice-margin

crossings than in the past. The cruise was conducted sub-

stantially in accordance with the cruise plan. Table 1 pre-

sents a summary of significant information pertaining to the

cruise, and Figure 1 indicates stations taken during MIZPAC 7 5

15
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TABLE 1

MIZPAC 7 5 SUMMARY

EMBARKATION:

DEBARKATION:

SHIP:

OCEANOGRAPHIC EQUIPMENT;

NAVIGATION SYSTEMS

STATIONS OCCUPIED:

30 July 1975 Nome, Alaska

14 August 1975 Pt. Barrow, Alaska

USCGC GLACIER (WAGB-4)

1. Applied Physics Laboratory
University of Washington
Lightweight CTD System.

2. Hydro Products 400 Series
Current Measuring System.

3. Nansen Bottles and reversing
thermometers

.

NAVSAT/ OMEGA/ LORAN/ RADAR

194

STATIONS WITH CTD DIGITAL
DIGITAL OUTPUT: 183

CURRENT MEASUREMENTS: 4 4

NOTE: All measurements were made from a drifting ship.

ICE MARGIN CROSSINGS

SCIENTIFIC PARTY: Dr. M. A. Beal, Chief Scientist (NUC)

Dr. R. G. Paquette, Naval Post-
graduate School

Dr. R. H. Bourke , Naval Postgraduate
School

LCDR W. J. Zuberbuhler, Naval Post-
graduate School

LT J. A. Roeder, Naval Postgraduate
School

Mr. P. Becker, Applied Physics
Laboratory-University of Washington
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The ice margin was approached from Nome via Bering Strait,

making only enough measurements enroute to give some idea of

the change of water properties from south to north. Two cross-

ings were made of the coastal current region because this fea-

ture in the past seemed to be associated with mesostructure.

Mesostructure was not found where it was expected. It was

first found 96 km from the ice and was then regarded as atypi-

cal in this location. Therefore, a number of explorations

were made along the ice margin before returning to the origi-

nal mesostructure patch for time series measurements.

The most serious problem encountered during the cruise

was recognition of the ice margin. This difficulty was caused

either by fog or the failure to recognize the difference be-

tween an ice margin and a long line of large ice floes. • The

possibility exists that measurements were sometimes conducted

in isolated patches of ice instead of in the ice margin. This

problem was encountered in all previous MIZPAC cruises. Equip-

ment problems during MIZPAC 7 5 were minimal.

This was the worst ice year in many years. When the time

arrived to disembark, GLACIER had been unable to reach Barrow

and the scientific group disembarked via helo at Wainwright

and were flown to Barrow by courtesy of the Naval Arctic Re-

search Laboratory.

B. BACKGROUND

1 . General Oceanography

The Chukchi Sea is a shallow continental-shelf sea

with an average depth of 45 m. In any sea as shallow as this

18



it becomes difficult to trace water types by their tempera-

ture and salinity properties because some degree of modifica-

tion goes on all the time. However, several kinds of water

have been identified in the Chukchi Sea:

• Two kinds of surficial water, one of them relative-

ly low salinity, 28 /oo, and formed by extensive

dilution of existing water by the melting of ice.

This water is subsequently warmed by the sun to

about 8 C. South of this water is another more

saline surficial water which is similar to the water

coming northward through the eastern side of Bering

Strait. The temperature of this water is about 8

to 10 C and salinity of 31.5 /oo.

• Bottom water of two or three kinds , one of them at

-1.5° to -1.8°C with salinity from 32.5 to 33.8 °/oo

which can have had its origin in the convective over-

turn of the previous winter, either in the Bering

Sea or the Chukchi Sea. South of the ice margin

this bottom water is somewhat warmer and less saline.

•A third type of water, rarely found, is an anoma-

lously warm and saline water of Atlantic origin which

v/as observed during this cruise with temperatures of

-1° to 1°C and salinities of about 32.9 to 33.6 °/oo.

•Various transition waters: the waters between layers

and the waters between distinct types.

Ice completely covers the Chukchi Sea from November

to June. Commencing in June, the ice melts back rapidly in

19



an irregular fashion to a northerly extent of about 7 3 N,

achieved in mid-September. During this phase the melting pro-

ceeds most rapidly along the Alaskan coast, but large areas

extending northwestward to Herald Shoal are melted as well.

There has been in the past no objective definition of ice mar-

gin diffuseness. We make a definition in Section C-2 which

concentrates on the diffuseness within the one-okta contour

and ignores scattered ice. By this definition the ice margin

in MIZPAC 7 5 was more diffuse than during other MIZPAC cruises.

2 . Circulation in the Chukchi Sea

An overview of circulation based upon historical mea-

surements will be presented in this section in order to con-

trast these measurements with MIZPAC 7 5 current meter measure-

ments .

Bering Strait is a narrow, shallow (30r-50m deep) pas-

sage between Alaska and Siberia which connects the Bering and

Chukchi Seas . The dominant feature of the mean flow through

Bering Strait during summer is its generally northward direc-

tion. Coachman and Aagaard (1965) show the major driving force

for this northward flow to be the sea surface sloping downward

to the north due to regional winds. Normally, sea level in

the southern Chukchi Sea is 0.5 m lower than in the Bering

Sea. The winds drive water north from the Chukchi Sea and/or

drive water from the south into the region north of St. Law-

rence Island. The flow speeds in Bering Strait are always

swiftest in the eastern channel (150 cm sec ). Coachman et

al . (197 6) computed the average transport through Bering'

20



Strait during summer as 1.7 Sv. Transport during winter is

in considerable doubt. After passing through Bering Strait

the water masses transverse the Chukchi Sea enroute to the

Arctic Ocean.

There are few current measurements from the Chukchi

Sea. Three previous surveys covered portions of the MIZPAC

75 region: August 1960 BROWN BEAR, east of 170°W; September

1970 WEBSEC-70, coastal current from Cape Lisburne to Icy

Cape^ and July 1972 0SH0R0 MARU, sections from Cape Lisburne

to Siberia and from Pt. Barrow to Herald Shoal. In all in-

stances measurements were made while the ship was at anchor

with a current meter reading out on deck. These measurements

were made in open water, safely south of the ice margin, with

a station time of less than one hour. These data are pre-

sented in Figures 2, 3, and 4.

Coachman, et al. (1976) have combined the above data

to produce an integrated flow pattern for the Chukchi Sea

(Figures 5 and 6). The current flows more rapidly (20-30 cm

sec' ) on the east side of the Chukchi Sea as it proceeds

northward from Bering Strait. Over the south-central Chukchi

Sea the average speed is 15-25 cm sec" . This current bifur-

cates in the vicinity of Cape Lisburne with a northeast branch

flowing toward Barrow Canyon, closely following the Alaskan

coast, The northeast branch appears to accelerate to 3 cm

sec' as it approaches the Alaskan coast near Icy Cape.

Garrison, Pence, and Feldman (1973) noted speeds of 100 cm

sec™ along the coast northeast of Pt. Franklin. The Alaskan,

21



- 70°N

162° W

Figure 2. BROWN BEAR current measurements, August 1960.
(Adapted from Coachman, et al., 1976) The
rectangle shows the area where current measure-
ments were made in 197 5.
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72°N

Figure 4 OSHORO MARU current measurements, July 1972

(Adapted from Coachman, et al., 1976)
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'P II '

I I I" II

1 1
r t r

72°N

174* 170° I66< 162° W

Figure 5, Upper level flow patterns
Coachman, et al

.
, 1976)

(Adapted from
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72°N

162°W

Figure 6. Lower level flow patterns
Coachman, et al . , 19 7 6.)

(Adapted from'
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Coastal Current, as this branch is known, follows the Barrow

Sea Valley as it flows toward Barrow Canyon. Mountain (197U)

estimated that the mean transport of flow through Barrow Can-

yon during summer is 0.7 5 Sv. This suggests that the flow

through Barrow Canyon consists of almost the entire northeast

branch of the flow through the Chukchi Sea. The relation be-r

tween currents in Barrow Canyon and the local winds is simi-

lar to that found in Bering Strait. Mountain (1974) suggests

that, between Bering Strait and Barrow Canyon, the oceanic

system responds nearly simultaneously to the changing atmosr

pheric pressure.

The existence of large gyres in the Chukchi Sea is

evident in Figures 3 and 5. The anti-cyclonic gyre in the

lee off the Cape Lisburne peninsula is pertinent to the analy-

sis of mesostructure discussed in a later section.

C, OBJECTIVES

The objectives of this report are twofold:

1, To present the MIZPAC 7 5 cruise results;

2, To ascertain the dynamics involved in mesostructure

formation using MIZPAC 7 5 data in conjunction with previous

findings* Specifically this includes:

• Defining the classes and intensities of mesostructure

^

• Establishing the relationship of mesostructure with

ice character and currents.

• Investigating the time and space scales of mesostruc-r.

ture.

27



Additionally, it is desired to relate MIZPAC 7 5 current

measurements to previous measurements in the east-central

Chukchi Sea and to amplify previous findings concerning the

general oceanography of the Chukchi Sea.

28



II. EQUIPMENT AND TECHNIQUES

A, QONDUCTIVITY-TEMPERATURE-DEPTH RECORDER (CTD)

The CTD is a portable, hand lowered system developed by

the Applied Physics Laboratory, University of Washington (APLr-

UW)
t

The unit is built around a small hand-powered winch; the

power supply and data cassette recorder are mounted within

the winch drum itself thus avoiding the need for slip rings.

The sensor group consists of a conductivity cell with plati-

nized electrodes excited with a Wien-bridge oscillator, a

thermistor, and a vibratron pressure sensor. The lowering rate

of the CTD was about 1 m sec in order to obtain a data rate

of approximately three points per meter. The outputs were

recorded digitally on 1/4 inch magnetic tape in serial order

as groups of four-digit four-bit numerals.

Salinity spiking was observed in some of the profiles.

However, it was considerably less than that recorded with the

Bissett-Berman STD used on previous cruises. The possibility

of encountering a density inversion was considered remote.

Therefore, it was convenient to hand smooth the salinity

traces where necessary.

The CTD was standardized by means of a Nansen bottle situ-

ated just above the instrument, which was tripped as the CTD

sensor probe approached bottom. With the Nansen bottles as

a standard, the salinity error averaged -0.03 /oo and the

temperature error -0.04 C. These errors were relatively con-

stant for all samples taken.

29



Data obtained from each station lowering were immediate-

ly plotted, utilizing a Hewlett-Packard 9100 series computer/

plotter system. These rough plots were used to make imme-

diate assessments of the presence of mesostructure prior to

departing from a station.

The data on the cassettes were eventually transferred to

a single nine-track tape by the APL-UW. The tape, along with

a computer printout of all the data, was sent to the Naval

Postgraduate School for analysis. After editing the data for

erroneous heading input and data sequencing errors, the tape

was corrected for the instrument errors.

Plotting routines were utilized which presented a compact

display of property profiles for each station: temperature,

sound speed, salinity, and density (sigma-t). These profiles,

plotted four per page, along with the heading data printouts,

are listed in Appendices B and C. The temperature trace is

marked with crosses and the salinity trace with dots every 20

depth increments. Symbols (T,SV,S,ST) have been introduced

to help distinguish curves of each property.

B. CURRENT METER

The current measurements attained during MIZPAC 7 5 were

made using the Hydro-Products Series 400, self contained cur-

rent-measuring system. The speed sensor of the underwater

unit was a Savonius rotor and the direction sensor was a vane

magnetically coupled to a micro-torque potentiometer oriented

by a magnetic compass. The rotation rate of the rotor and

the magnetic direction of the vane were telemetered to the
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surface on four-conductor rubber- jacketed cable which read

out on dial indicators located on deck. The cable was mar-

ried to a weighted wire line by means of modified boat

snaps

.

The meter was suspended inside a weighted aluminum tetra-

pod, which permitted setting the assembly on the bottom, a

procedure required to obtain absolute current velocities.

With the tetrapod on the bottom the speed sensor was 48 cm

above bottom and the direction vane 85 cm above bottom. Since

the measurements were made from a drifting ship, the resulting

relative currents were converted to absolute currents by means

of comparison of the current measured with the meter just above

bottom and a current measured with the tetrapod resting on the

bottom, assuming the earth-referenced current vector to be

the same at the two levels.

The manufacturer's claims for instrument accuracy were

+ 3% of the reading for the Savonius rotor, above a nominal

threshold of 1 cm sec , and + 10 for the direction vane.

During calibration tests, the vane exhibited a stiction cor-

responding to a 10 lag. However, very small vibrations suf-

ficed to reduce the lag considerably. It is believed that

conditions in the field left this error smaller than 5 .

Current meter data are presented in Appendix D as follows:

north and east components (cm sec ) at each measured depth;

and the heading (°T) and speed (cm sec" ) averaged over 0-10m,

10i-30m, and 30m-bottom.
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III. RESULTS

A. MESOSTRUCTURE CLASS AND INTENSITY

This section is intended to define the various classes

and intensities of mesostructure which will be referred to

throughout the analysis of MIZPAC 75 temperature profiles.

Corse (1974) and Karrer (1975) described mesostructure as

being divided into three classes: the nose feature, and shal-

low and deep structure. Corse (1974) defined the nose as

any region of warmer water extending over more than 5m in

depth. The authors feel that the nose feature, of itself, is

not a class of mesostructure since it is not necessarily

formed by the same dynamic processes that produce mesostruc-

ture. However, it is possible the nose feature can be asso-

ciated with shallow mesostructure if the shallow elements

are an integral part of the nose.

Corse (1974) and Karrer (1975) separated shallow mesostru-

ture from deep mesostructure by means of a specified density

surface. Corse placed the boundary between these mesostruc-

ture classes at a sigma-t value of 25.5 while Karrer chose

26.0. The authors believe that a more realistic criterion, is

not a specific density surface but the relation of the meso-

structure element to the thermocline. Therefore mesostructure

is divided into two classes: shallow mesostructure, found

above or in the main thermocline; and deep mesostructure,

found below the main thermocline.
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As will be seen, the lateral temperature excursion of any

single mesostructure element varies from station to station

and also within each station. The magnitude of this tempera-

ture excursion is defined as the mesostructure intensity.

Paquette , Bourke , and Corse (1974) stated the minimal extent

of this lateral temperature excursion, for it to be considered

mesostructure, was 0.1 C. For analysis purposes it was con-

venient to define the intensity of mesostructure in three

regimes: strong, moderate, and weak. The thermal excursion

for these intensities is indicated in Table II. This excur-

sion is measured from an estimated mean temperature curve to

the extreme of the mesostructure element.

TABLE II. Mesostructure Intensity.

Intensity Temperature Excursion

Weak 0.1° - 0.5°C

Moderate 0.5° - 1.0°C

Strong > 1.0°C

B. GENERAL OCEANOGRAPHY

1 . Temperature/ Salinity Characteristics

This section describes the general oceanography ob-

served during MIZPAC 7 5 and emphasizes the salient features

that differentiate it from the four previous MIZPAC cruises.

The order of presentation of data is from south to north:

south of Bering Strait, in the strait, north of the strait

into the Chukchi Sea, and into the ice margin region.
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The temperature of the surface waters south of Bering

Strait were 10 -12 C. These temperatures were slightly higher

than those observed in previous MIZPAC cruises, although data

from other cruises show temperatures of this magnitude. Sur-

face salinities were about 31.5 to 32.0 /oo. The salinity

has been shown to be lower toward the east side of the Bering

Sea north of Norton Sound due to a concentration along the

coast of warm relatively fresh water from Norton Sound (LaFond

and Pritchard, 1952). These authors found the water column

was highly stratified with a sharp temperature and salinity

gradient at 10-12 m. The lower layer was fairly cold, to

3°C, and had salinity values of 32.5 to 32.8 °/oo. The MIZPAC

75 results are in agreement with these observations. Station

property profiles for the stations south of Bering Strait,

Stations 1-8, are presented in Appendix C.

Figure 7 shows the beginning of a decrease in tempera-

ture in the upper layers north of Station 10, which is in the

throat of the strait. However, at Station 10 there is a

pocket of warm water which will be seen to be also of low

salinity in Figure 8. This is evidence of the large
.
scale *

horizontal macro-turbulence which must exist in the Strait.

Cooling was observed to continue toward the north. To show

this, Figure 9, a plot of maximum temperatures in the water

column, is presented. The concept of maximum temperatures

will be useful later, but for the present purpose these tem-

peratures may be regarded as surface temperatures south of

Cape Lisburne. This cooling probably is due to the increasing
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STATION NUMBER

Figure 7. Temperature cross section through
Bering Strait (South to North).
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STATION NUMBER
9 10 II

Figure 8. Salinity cross section through Bering
Strait (South to North).
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importance of the effects of melting ice over those of insola-

tion as the ice is approached, but admixtures of cold water

from the East Siberian Current (Coachman, et al., 1976) may

be a factor.

Proceeding north into the Chukchi Sea, the water struc-

ture was observed to be basically of two types. Most water

columns north of Bering Strait were two-layered both in tem-

perature and salinity, but at a point about 9 6 km south of the

ice, near Cape Lisburne, the salinity of the upper layer de-

creased abruptly. This distinctive change in the surficial

salinities may be seen by comparing Station 26 with the sec-

tion off Cape Lisburne (Stations 27 to 35), where the stations

exhibited reduced surficial salinities in the upper 2 to 8 m

of the water column. The salinities ranged from 28.5-29.0

/oo, while just south of this section at Station 26, the sur-

face salinity was 31.5 /oo. This area, to be designated as

the ice-melt water zone after Paquette and Bourke (1976), will

be described in greater detail in a later section. The ice

melt-water boundary is at approximately 69 N latitude. This

is nearly the same position it was found during MIZPAC 74

(Paquette and Bourke, 1976). However, 1975 was different in

that mesostructure was observed throughout the ice-melt region,

wherever it was sampled. It is also interesting that at this

boundary the warm core of the coastal current was found

covered from here northward by cooler, fresher water to a

depth of about 10 m.
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There are two other areas in which mesostructure was

found; one is immediately outside the ice in a region of

patchy ice floes (the areas < 1 okta in Figure 10) and the

other is the ice-free ice-melt zone. As in past years, meso-

structure was found in this zone near the ice. However, in

1975, mesostructure was found as far south as the southern

limit of the zone.

In view of its importance to the formation of the meso-

structure, a brief description of the ice margin in MIZPAC 75

follows. Mechanisms associated with mesostructure formation

will be treated in a later section. The ice margin as ob-

served from shipboard was, in general, diffuse by our defini-

tion, compared to 1971 or 1972. There was one segment of the

ice margin which was compact for about 16 km, but the remain-

der was quite diffuse. The ice margin was generally coinci-

dent with the -1.6°C bottom isotherm. This suggests that the

bottom water to the south has been modified by processes at

the retreating ice edge (Paquette and Bourke , 1976).

An unusual water type was observed frequently near

the ice. A relatively warm (near C) but salty (> 33 /oo)

bottom water was found underlying much colder water (-1.7 C).

Figures II and 12 show the distribution and size of this

anomolously dense water (a = 26.5 to 26.9). It occurred in

a lens near the coast near latitude 70 and also farther west

near 70 N, 168 W. Water this salty is commonly found in the

Chukchi as a result of brine release during ice formation in

winter. However, such water is associated with cold
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temperatures near the equilibrium freezing point (-1.7 to

1.8 C) and hence cannot be the origin of this anomalous bot-

tom water. This water is most likely Atlantic water from

the Arctic Ocean which has entered the Chukchi Sea via de-

pressions or valleys in the sea floor, i.e., Barrow Canyon

an,d the valley east of Herald Shoal (Bourke and Paquette

,

1976).

2 , Currents

Current measurements were taken at 44 stations during

MIZPAC 75. Measurements were made in the vicinity of the ice

to observe the local flow regime in areas where mesostructure

existed. Depths of observation were every 5m from the sur-

face to the bottom. The current measurements, averaged over

0-10m, 10-30m, and 30m-bottom, are shown as vectors in Fig-

ures 13 and 14

.

These measurements were not designed to define the

general circulation of the east-central Chukchi Sea. However,

they do demonstrate a general northward flow of water which

is in agreement with the few previous summer current measure-

ments in this region of the Chukchi Sea. For a comparison

with previous measurements the reader should refer back to

Figures 2, 3 and 4. Figure 2 presents BROWN BEAR (1960)

current vectors at 5m and 20m; Figure 3 presents the WEBSEC-

70 current vectors at 10m and near bottom; and Figure 4 pre-

sents the 0SH0R0 MARU (1972) averaged current vectors in the

upper (0-10m), intermediate (10-30m), and bottom (> 30m)

layers (Coachman, et al., 1976). The turning with depth of

MIZPAC 7 5 current measurements was for the most part within
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a 60 sector which is consistent with the findings of the

above authors. The turning was not generally clockwise, hence

Ekman rotations are not important.

However, the rotation of direction between adjacent

stations, demonstrated by MIZPAC 75 current measurements, was

considerably greater than in previous measurements. These

earlier measurements, which were made well south of the ice

margin in open water, demonstrated rotations of less than

30 between adjacent stations. MIZPAC 75 measurements, made

in the vicinity of ice, experienced rotations of up to 170 .

This variability in direction between adjacent stations was

greatest between closely spaced stations (10 km) taken dur-

ing ice margin crossings. It is believed that this increased

variability in direction was due to some dynamic effect of

the ice margin.

The current measurements have been examined for evi-

dence of large gyres. Coachman, et al. (1976) reported a

gyre in the bight north of Cape Lisburne (Figures 3 and 5).

Vectors somewhat consistent with such a gyre exist in the

present data, but it is evident that the high degree of direc-

tional variability prevent an unequivocal support of the

earlier data. During a 24-hour time series conducted in the

vicinity of the reported gyre, GLACIER drifted to the east

and south, as shown in Figure 14. The seven current meter

measurements made during this drift shifted gradually from

northward to southward flow. While a well defined rotation

is clearly demonstrated, it is not clear whether it is a

temporal or a spatial phenomenon.
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The split in the northward flow of Bering Sea Water

described by Coachman et al., (1976) is easily visible in

the diagram of maximum temperatures (Figure 9). The

westerly branch undoubtedly is the cause for the deep bight

in the ice north of Cape Lisburne at longitude 166 W in

Figure 10. The same kind of split may be seen at the same

longitude in the current measurements (Figure 13).

The northeasterly branch, the Alaskan Coastal Current,

was identified during MIZPAC 75 by the large finger of rela-

tively warm water directed northeastward and the swift (15.4

cm/ sec) northeastward flow demonstrated by the current mea-

surements (Stations 63, 65, 68, 114, 115). The core of this

current appears to be 7 4 km from the Alaskan Coast. Paquette

and Bourke (1974), in their analysis of the coastal current

during MIZPAC 71, show closely packed isotherms about 30 km

off the Alaskan Coast in the vicinity of latitude 70-30' N

which appeared to be the core of the coastal current. Later,

utilizing MIZPAC 74 data, Paquette and Bourke (1976) observed

the core 6 5 km off the Alaskan Coast. The implication from

MIZPAC data is that the position and relative strength of

the core of the coastal current varies from year to year and

possibly varies during the course of the summer season in

response to the retreat of the ice.

C. REGIONAL MESOSTRUCTURE

1 . Margin Crossings

Current measurements and CTD lowerings were made dur-

ing six ice-margin crossings in MIZPAC 7 5. Mesostructure was
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observed during each of the margin crossings and was examined

in relation to the flow regime ascertained from current mea-

surements. For convenience these crossings are numbered 1

through 6. The corresponding station sequences are 42-46,

47-51, 61-69, 82-85, 85-88, and 92-96 as shown in Figures 15

and 16. These ice-margin crossings do not extend on either

side of the margin to the distances which were standard in

previous cruises. They were not indeed intended as standard

margin crossings but as explorations for mesostructure near

the ice edge. Therefore, five of the six crossings cannot

be expected to compare well with the ice crossings of pre-

vious years. Crossing 3 is the exception, being longer than

the others and extending farther into open water.

The nested temperature profiles for each margin cross-

ing are shown in Figures 17 through 22. The bottom tempera-

ture ( C), position of the ice margin^, and station number

are displayed at the bottom of each trace, and the ice con-

centration, in oktas (eighths) or in exponential form, is

indicated at the top. The figures present margin crossings

from outside the ice (left) to inside the ice margin (right).

Outside the ice margins the temperature profiles displayed a

relatively warm surface layer with a maximum temperature of

2 to 5 . 5 C . This warm surface layer cooled rapidly in the

immediate vicinity of the ice margin and disappeared or was

greatly diminished well inside the ice margin. This is con-

sistent with previous MIZPAC observations (Corse, 1974;

Karrer, 1975).
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Two forms of mesostructure were observed during the

six crossings. Crossings 1 and 3 demonstrated shallow and

deep mesostructure elements while Crossings 2, 4, 5, and 6

were dominated by a warm shallow nose with weak, shallow

mesostructure elements in and near it. However, in Crossing

1 shallow and deep mesostructure was observed only at Sta-

tion 46. The remaining stations in the crossing exhibited

only a very weak deep mesostructure or none at all. Two

conclusions may be drawn from these results. First, there is

a tendency for the strongest mesostructure to appear toward

the open-water end of the section, with the possible excep-

tion of Crossing 3. This seems to be true of results from

previous cruises but has not been noted previously. Secondly,

where there are adjacent stations with mesostructure, there

is little station-to-station correlation between mesostructure

elements, very likely due to the sections not being oriented

along the direction of propagation, again possibly excepting

Crossing 3.

Figures 2 3 through 2 8 are the temperature cross-sec-

tions for Crossings 1 through 6. Mesostructure is relatively

weak except in Crossing 1 and 3. It appears that Crossing 1

missed all but the edge of the mesostructure which shows up

only at Station 46. Situated south of the margin, this sta-

tion has several warm tongues at mid-depth levels. There is

a relatively weak thermocline at about 10 m. Crossing 3, on

the other hand, has a very strong thermocline but at a deeper

level (20 m) . It is believed that the complexity of this
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section indicates that this crossing is not in line with the

direction of flow. Evidence for this will be shown in the

section on spatial and temporal variance of mesostructure.

Density cross-sections for Crossings 1 through 6 are

shown in Figures 29 to 34. The remarkable difference in

lateral density gradients in Crossings 1 and 3 is obvious,

especially just outside the ice margin. The lateral density
i

gradients of Crossing 3 were remarkably strong whereas Cross-

ing 1 exhibited moderate to strong gradients. The mesostruc-

ture exhibited in both crossings is both shallow and deep.

The mesostructure for Station 46, which is the only station

in Crossing 1 with mesostructure, was strong in the 10-30 m

level and relatively weak in the upper 10 m. This compares

with Crossing 3 which also had weak structure in the upper

level and strong structure at the deeper level. Also it can

be seen that the intensity of the lateral density gradient

does not necessarily correlate locally with the intensity of

a mesostructure element.

As mentioned above the only crossing which can valid-

ly be compared with crossings in previous years is Crossing 3

(Figure 31). This is examined in comparison with Crossing 1
'

in 1974 (Karrer, 1975). In particular Karrer showed bottom

isopycnals sloping up to the right, inside the ice margin.

Crossing 3 shows this also if one ignores the lens of high-

density water at the left of the diagram.

The high-density lens in Crossing 3 is part of the

anomalous intrusion of dense Atlantic Water, a feature not

64



en

•H

U
<D

-P
rd

C
CD

ft
o

bO
C
•H
W
to

o

c
o
•H
H
O
Q) •

W +->

w cu

CO rH
o

+->

6 nJ

bO 5
•H O
00 -P

CD
OJ

CU

&

bfl

•H
pM

(Sd313W) H±d3Q

65



or
UJ
CD

g

(SU313W) Hld3Q

66



CM
<0

o p o O CSJ *
10 «• to <0 <0 <0
CM CM CM CM CM CM

o
on<
2
UJ

1 1 1
O
CM

O
ro

O O
m

0)
4->

td

C
CD

o

ro

bO
C
•H
CO

CO

o

O

C
O
•H •

+-> +->

O Mh
CD CD

CO r-\

CO CD

CO rC
-P

4-> rd

I 2=

rd O
£ -H
bO
•H CO

CO -H

CO

bO
•H
P-,

(SU313W) Hld3Q

67



u
CD

-P
IXJ

C
CD

a,
o

cH
en

CO

O

e
o
•H •

H +->

cd cd

CO H
co cd

co ^
O -M

U
T3

4-> tti

1 5
rtf O
6 -P
bO
•H CO

go -h

CM
co

CD

U)
•H
Ian

8 8?
(SU313W) Hld3Q

8

68



(SU313IAI) Hld3Q

69



<0

in

o o o»o

CM CVJ CMCM

O
<0
CM

CM IO «•

CO (0 <0
CM CM CM

in <p

CO

to
0)

s

CM
0>

P.

d)

P
rd

cu

ft
o

en

bO
C
•H
en

CO

o

O

c
o
•H •

P -P
O 4h
(L) 0)

CO rH

0)

P

CO

CO

o
p.

T3
Sh

P rd

1 5
rtf O
6 P
bO
•H CO

00 «H

00

8 O o

(SH313W) Hld3G

CD

bO
•H
Ph

70



observed during the previous MIZPAC cruises. It is not clear

why this water type should be trapped in these areas on the

Chukchi Sea shelf, but perhaps they are remnants of earlier

surges of Atlantic Water up the Barrow Canyon.

Another interesting feature seen in MIZPAC 7 5 data

is the presence of well-defined fronts at the ice margin in

Crossings 4 and 6. These fronts appear in the temperature

cross-sections (Figures 2 6 and 28) and less markedly in the

density cross-sections (Figures 32 and 34). The crossings

are within 20 km of each other, and it is probable that

these fronts are portions of the same front. This can be

further supported by noting that the temperature on respective

sides of each front are almost the same for both crossings

and have the same depth distribution. Density patterns, like-

wise, exhibit the same distribution and the isopycnals are

matched closely with depth.

More data would be required to thoroughly analyze

these frontal phenomena; however, the following interesting

points may be made:

• This dramatically illustrates the idea of two water

types of different temperatures existing near each

other along a density surface with consequent poten-

tiality for interleaving to form mesostructures

.

• This may be a region of horizontal shear in the

flow.

• There are two different water masses lying side by

side, and not mixing with one another.
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Paquette and Bourke (1976) suggest the relation of

the flow regime to mesostructure in their analysis of MIZPAC

74 data. Crossings having deep mesostructure were thought

to be associated with a strong flow of warm southerly water

toward the ice. Crossings dominated by a warm shallow nose

were thought to be related to a weaker flow toward the ice.

To test this hypothesis an analysis was made of the rate of

flow in the vicinity of the ice margin in relation to the
«

class of mesostructure observed.

Specifically, it was desired to correlate the rate

of flow with the orientation of the margin to test the idea

that flow toward the margin was related to the class of meso-

structure existing. Figures 3 5 through 40 display the rate

of flow (cm sec ) relative to the orientation ( T) of the

ice margin for each of the six ice-margin crossings. Margin

orientation, which varied considerably over distances as

small as 16 km, is indicated for each station. In 70% of

the current measurements there was a flow toward the margin.

The shears in the relative flow rates were compared to tempera-

ture changes in the water column, displayed in the vertical

cross-sections of temperature for the six margin crossings

(Figures 23 through 28). However, throughout the water column,

shear in the flow did not correlate with changes in tempera-

ture. Hence, it did not appear that there was a direct rela-

tionship between the class of mesostructure and flow relative

to margin orientation. However, during this analysis it

became apparent there was a relationship between the class of
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mesostructure and the northward component of flow, irrespec-

tive of margin orientation.

2 . Diffuse Ice Floe Region

As mentioned in Section I, an unusual feature of

MIZPAC 75 was the existence of mesostructure in the vicinity

of scattered ice floes which were located as far as 40 km

south of the ice margin. For the purpose of this analysis,

a diffuse ice floe region is defined as a patch of scattered

ice with a concentration of less than 1 okta and is described

in exponential terms, e.g., 10~ ice coverage. The location

of these diffuse ice floe regions is shown in Figure 10.

Two extensive diffuse ice floe regions were observed

south of the ice margin east of 16 6 W. The open area between

these two regions coincided with the warm core of the coastal

current described previously. As a result of finding meso-

structure in these unexpected places, six stations were

occupied, stations 69, 70, 72, 111, 114, and 115 (Appendix C)

.

Shallow and deep mesostructure elements were observed at

these stations.

Well defined deep mesostructure was noted at Station

110, just south of the westerly diffuse ice floe region. This

led to the decision to return to the vicinity of this area

and conduct a 24-hour time series. It commenced at Station

129-^A, 48 hours after Station 110 was made and consisted of

Stations 129A-129Z and 130A-130Z (See Appendix C) taken about

30 minutes apart except for a group of six at Station 129-0

which were 5 minutes apart. These stations were characterized
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by an isothermal layer with deep mesostructure below it.

During the time series the ship drifted eastward for 12 hours

under the influence of an eastward current and westerly winds.

The winds were practically calm during the last 12 hours and

GLACIER drifted south under the influence of a southerly cur-

rent. Throughout the time series the surface current direc-

tions agreed well with the drift of the ship.

Temperature profiles, nested in sequence, for the

time series are shown in Figures 41a through 4 Id. These pro-

files displayed several common characteristics. An isothermal

layer (3.2 to 3.9 C) extended from the surface to 10-15 m and

deep mesostructure existed below this layer in all cases.

The upper layer was also isohaline in the same depth range.

During the first 12 hours of the time series, the deep meso-

structure elements were strong and located between 20-25 m

depth. However, during the last 12 hours, beginning with

Station 130C and coincident with the change in ship's drift,

the deep mesostructure was weak and higher in the water

column (15-20 m) . Additionally, fewer mesostructure elements

were observed during this period.

The density cross-section for the entire time series

is shown in Figure 42. Stations 129A-130Z are equally spaced

across the field from left to right. Superimposed on the

isopycnals are bars showing the depths of the large and small

deep mesostructure elements. The lengths of the bars cover

the vertical extent of mesostructure in the water column. The

large mesostructure elements (i.e., those previously defined
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as strong) approximately follow the contour of the 26.0 sigma-

t surface during the first half of the series. For the second

half of the series, these elements are nearer the 25.5 sigma-t

surface. Thus, they undulate more or less with the density

surfaces as Corse found. The extremely complex nature of the

density surfaces in Figure 42 is noteworthy.

Current measurements during the time series are shown

in Figure 14, presented earlier. The seven measurements

suggest the possible presence of an anti-cyclonic gyre situ-

ated in the region of Stations 129-130. The first 12 hours of

the time series were conducted in waters flowing with an inte-

grated average northward component from surface to bottom of

4.7 cm sec" . Conversely, the second 12-hour period was con-

ducted in a region with a southward component of 3.65 cm sec

Mesostructure intensity weakened considerably during

the last 12 hours of the time series. Due to the drifting of

GLACIER during the time series, it is difficult to determine

whether this was a temporal or a spatial effect. However the

following points are pertinent:

• GLACIER drifted from 3 km south of the diffuse ice

flow region to 19 km south at end of the time series.

• It is possible the ship drifted out of the area of

mesostructure formation.

• The average flow direction shifted from a northward

to a southward component as strong mesostructure dis-

appeared .

•During the time series, conducted in the vicinity of

scattered ice floes, deep mesostructure existed with
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a moderate northward component of flow. This con-

trasts to those observations made during margin

crossings where deep mesostructure was observed

only with a strong northward component of flow.

3. Ice-Melt Zone

The previously mentioned region of ice melt-water,

first noted by Paquette and Bourke (1976), assumes its im-

portance due to the presence of mesostructure. The extent

of this ice melt region can be seen in Figure 10. Meso-

structure in this region was observed at Stations 26-36, 75-

81, and 101-109. The mesostructure found in this open water

region was exclusively deep structure, except where the

average current flow in the water column was southerly, for

which cases shallow as well as deep mesostructure may exist.

The observance of mesostructure in this region was not re-

ported in other MIZPAC cruises.

The station property profiles in the above stations

(Appendix C) show that the deep mesostructure elements form

in a band at depths from about 10 to 20 m. This occurs imme-

diately below the main pycnocline which is typically strong

in the ice-melt zone. The mesostructure of this region is

fairly weak. This may be seen by examining the station pro-

files for Stations 31 and 33 in Appendix C.

This discovery of mesostructure in the melt-water area

greatly expands the area where one may expect to find meso-

structure. It also makes the categorization of mesostructure

by class, formation process, or current pattern more difficult
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D. TIME AND SPACE VARIATIONS OF MESOSTRUCTURE

It is important to ascertain how mesostructure changes

with time at a particular location because this can give an

insight into the processes involved in its formation. An

analysis of mesostructure variation, dependent strictly on

time, is difficult because all oceanographic stations in

MIZPAC 75 were conducted from a drifting ship. However, it

was possible to revisit certain stations after a period of

time and ascertain the time dependent changes, if any.

Variations in a strictly spatial sense also are important

in order to determine the horizontal extent of the individual

elements and to investigate the propagation of mesostructure

from one station to another. This analysis met with limited

success primarily because of the need of ice-margin crossings

to be oriented along the line of mesostructure propagation

to adequately prove either of the above characteristics and

the ice-margin crossings probably were not so oriented.

We proceed first with an analysis of temporal variations.

Three stations, 77, 78, and 111 (Appendix C), were revisited

to determine if the mesostructure previously seen there had

been altered or had disappeared. The revisited stations were

then numbered 107, 101, and 129A, respectively. The paired

station temperature profiles , along with their respective den-

sity profiles, are shown in Figure 43. The elapsed time be-

tween each pair was approximately two days. The reader will

note that the class of mesostructure and the intensity over

periods of time of up to 2 days had not changed notably. The
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density gradients and density maximums remained closely

similar.

It is remarkable that so little change occurred in two

days in a region having appreciable currents of varying direc-

tion and in a region which is also influenced by the complex

lateral pressures often existing near the ice. It is remark-

able also in comparison with past results where coherence of

mesostructure in space has seriously deteriorated within 1 or

2 km and in time within 4 hours. Still further, it is sur-

prising that, even if the water were assumed quiescent in

this area, the temperature structure had not been destroyed

by double diffusion which usually is assumed to progress fast

enough to essentially destroy the observed mesostructure '

within a few hours.

There are some possible explanations of these apparent

anomalies. Never in previous MIZPAC cruises had stations been

revisited after so short a time; perhaps properties are more

constant at a point then has been assumed. Alternatively,

there may be rapid spatial variation but slow temporal varia-

tion. In this connection, it must be remembered that all pre-

vious time series have been done from a drifting ship whose

drift has been appreciable. Our speculations about double .

diffusion are qualitative; further analysis could show; that- 1

the density gradients are so large as to prevent rapid double

diffusion. Nevertheless, these observations strike at funda-

mental concepts which need further investigation.
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For an analysis of spatial variation we find it appro-

priate to turn to the time series. Because of the drift of

the ship, the changes which are observed during the time

series are more spatial than temporal. Yet, it will be seen

that, in common with earlier time series, there is a better

station-to-station coherence in the temperature structure

than in stations arbitrarily oriented along a line. This

could result if the ship drifts more or less with the struc-

ture. The current-meter lowerings made during the time

series (Figure 14) only partially support this view, but

there seems to be no other explanation.

Figure 44 shows the isotherms of the time series plotted

spatially along the line of drift which changed from easterly

to southerly mid-way during the observations. This figure

shows little or no correlation between most individual ele-

ments over periods greater than about 4 hours. The larger

patches of warm water shown contain water of nearly constant

density. These patches follow the depth fluctions of the

25,5-26.0 sigma-t band.

We now look further into the idea of correlating meso-

structure along density surfaces using the method of Howe and

Tait (1972) working first with Crossing 3, and then with the

time series. A description of this method follows.

Crossing 3 was chosen as it had the best developed meso-

structure of all the crossings (Figure 19). The major tem-

perature minima were numbered 1-4, starting at the bottom,

and the major temperature maxima were labeled 5-7 starting
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from the shallowest. After plotting each numbered point

with the appropriate salinity on a temperature-salinity dia-

gram, lines were drawn connecting adjacent cold points and

warm points. The resulting diagram is shown in Figure 45.

There appears to be only marginal correlation of the posi-

tion of peaks and troughs along the line of stations between

paired stations. This is not surprising if one realizes

that the stations of this crossing are not aligned along the

line of mesostructure propagation as shown by the current

measurements. Analysis of current data shows at least two

major current directions in evidence in the area of this

margin crossing. Station 65 exhibited mainly west-northwest-

erly flow, while at Station 68 northeasterly flow predominated.

Stations 64 and 66 are lacking current data, and Station 67

data was lost thus preventing definitive statements concerning

mesostructure propagation along constant density surfaces.

It appears, however, that Stations 64 and 65 and Stations 6 6

and 6 8 can be paired as being in the same flow regime. In

this way, there is peak to peak and trough to trough correla-

tion for these stations (Figure 45).

In spite of the lack of success of this analytical tech-

nique when applied to Crossing 3, it was decided to try this

method on the 24 hour time series where the flow vectors were

essentially constant for the first half of the series. It

was hoped that this type of analysis would support the concept

of tracing individual elements along constant density lines.

Figure 46 presents the T-S diagram for the plotted mesostructure
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maxima and minima for Stations 129-K, 129-L, and 129-M.

These stations were chosen as they correspond to a warm lens

of water following the 2 6.0 sigma-t surface. The flow pattern

from current meter measurements made at each of these stations

was essentially northeastward, with a spread of no more than

60 degrees. In contrast to the previous example, it is much

easier to trace each elemental point along a constant density

surface. The variability between points is higher (up to 0.5

sigma-t units) but, since this is a very high flow region

(coastal current) and very dynamically active, one should ex-

pect some degree of turbulent mixing to be present which can

account for this variation. This analysis enables us to con-

clude that individual mesostructure elements can be traced^)

along the line of propagation for distances of about 4 km.

E. MESOSTRUCTURE-CURRENT CORRELATION

During MIZPAC 75 mesostructure was observed in three kinds

of regions differing markedly with respect to ice cover: at

six crossings of diffuse ice margins; during a 24 hour time

series in the vicinity of a very diffuse ice flow (< 1 okta)

;

and at several stations as far south as 96 km from the ice

margin in the melt-water region. The class and intensity of

the mesostructure varied considerably both from region to

region, and within each region.

During analysis of the flow regime in the vicinity of the

ice margin, it was determined that flow in relation to the

local ice margin orientation was not related to the class of

mesostructure observed. Further investigation of flow in
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the vicinity of margin crossings suggested the possibility

of an association between the northward component of flow

and the existing class of mesostructure . This association

was also suggested by Paquette and Bourke (1976).

After thorough analysis of all known variables, it ap-

peared that the northward component of flow and ice charac-

ter were the primary variables having a direct influence on

the formation of various classes of mesostructure. The

existence of various classes of mesostructure under such

differing conditions of ice character led to an investiga-

tion of ice character and the northward component of flow in

relation to the class of mesostructure observed.

As mentioned in an earlier section, the ice character

encountered in MIZPAC 7 5 varied from a diffuse ice margin to

an ice-free ice-melt region. Additionally, the diffuseness

of the ice margin varied considerably from crossing to cross-

ing. Table III presents a classification system for ice

character utilized in this analysis. Ice margins were sepa-

rated into six categories based on the distance from open

water to the point where the ice concentration was four oktas

Four oktas was selected as the reference as it was the maxi-

mum concentration observed during margin crossings in MIZPAC

75. Several stations were made in areas where the ice con-

centration was 5 or 6 oktas, but these were not part of an

ice margin crossing. Diffuse ice floe areas (< 1 okta) are

classified as Diffuse 5, one step more diffuse than the most

diffuse in the previous group. Gradations within this

97



category (Diffuse 5) are based on the amount of ice observed

at a station. No gradient measurement was practicable due to

— 1 — R
the exceedingly low ice concentrations involved, 10 to 10

The ice melt region is ice-free and is divided into three

zones based upon distance from the ice margin. These are

called Melt 1, Melt 2, and Melt 3.

TABLE III. ICE CHARACTER

Ice Margin
Distance (km) from

Ice Character 0-4 oktas
Compact 1 0-1.5
Compact 2 1.5-3
Diffuse 1 3-9
Diffuse 2 9-15
Diffuse 3 15-21
Diffuse 4 21-27

Diffuse Ice Floe Region

Ice Character Ice Concentration
Diffuse 5 10 _1 - 10~ 6

Distance (km) from
Ice Character margin

Melt 1 0-30
Melt 2 30-60
Melt 3 60-90

An attempt to correlate graphically the class and strength

of mesostructure with the flow regime is shown in the meso-

structure-current correlation chart, Figure 47. The speed

indicated is the integrated northward component averaged from

surface to bottom. The symbol which indicates shallow and deep

mesostructure does not specifically indicate a nose, although

a nose is usually present in these instances. The line
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thickness in the mesostructure symbols denotes the mesostruc-

ture intensity, the thickest symbol indicating strong meso-

structure (temperature excursion > 1.0 C). The next grada-

tion in thickness indicates intermediate mesostructure (tem-

perature excusion between 0.5 - 1.0 C) and the thinnest

symbol indicates weak mesostructure (temperature excursion

between 0.1 - 0.5 C). This chart includes all 44 stations

in which current measurements were taken during MIZPAC 7 5.

Two stations (51 and 121) did not exhibit mesostructure and

are represented by short vertical lines.

In the vicinity of the diffuse ice margin (Dl through D4)

shallow mesostructure strongly predominates and it is asso-

ciated with a weak northward or weak southward component of

flow. The average intensity of this shallow mesostructure

is strong. As stations become more distant from the ice mar-

gin (D5-M3), shallow and deep mesostructure or deep mesostruc-

ture only were observed; flow at these stations was equally

distributed between northward and southward components, show-

ing no preference for either. This occurrence of deep meso-

structure up to 96 km south of the ice margin contradicts

past reasoning which concluded that deep mesostructure was

closely related to the presence of the ice margin. It is

evident that there is little correlation of mesostructure

class with the north or south flow component. The observa-

tion that weaker north-south components are present near the

ice may not be statistically valid.
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The salient conclusions which can be reached from this

analysis are summarized below:

• There appears to be no correlation of mesostructure

class or intensity with a northward direction of

flow. However, there is some correlation of combined

shallow and deep mesostructure of moderate strength

with high speed. This correlation might have been

improved if time had allowed further analysis to in-

vestigate absolute speed instead of the northward

component. The previous conclusion that strong meso-

structure is correlated with strong flow toward the

ice (north in a general sense) is not weakened by

this finding because the short-term current measure-

ment may not be a good indication of mean direction.

The previous conclusion may even be regarded to be

strengthened because one expects generally stronger

interactions of water with the ice in those areas

where the water speeds, even though rotary or random,

are large.

•It is surprising, in view of previous theory, that

there is a preponderance of moderate to strong deep

and shallow mesostructure in the highly diffuse ice

region (D5). This may be a correlation with ice con-

centration rather than distance. However, there

seems no particular correlation of mesostructure with

the diffuseness in the immediate vicinity of the mar-

gin, descriptions CI to D4 . A distance scale would

have yielded similar results in this region.
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• Mesostructure was found even in the melt-water zone,

south of all ice. Deep mesostructure predominated

but became weak toward the southern limit of the

melt-water zone, 96 km from the ice. This mesostruc-

ture was less sharply layered than in the other areas

This is the first time that mesostructure has been

recognized so far from the ice.
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IV. CONCLUSIONS

The following conclusions resulted from analysis of MIZPAC

7 5 data:

• The existence of a two-layered region of ice-melt water,

discovered in MIZPAC 74- data, was verified.

• The core of the warm northerly flowing coastal current

was found 74 km off shore at latitude 71°N, much farther

seaward than in previous years.

• The separation of the current flow with the appearance

of northwest and northeast branches north of latitude

69-45' N was supported by direct current measurements

and temperatures.

• A new definition of shallow and deep mesostructure based

upon their position relative to the thermocline was de-

veloped. The previous technique of separating these

classes by an arbitrary density is believed to be unsuit-

able .

#A scale of mesostructure intensity was devised based on

the extent of the lateral excursion of temperature.

• Mesostructure was found to exist in regions having three

distinct ice characters: ice margins, diffuse ice floe

region, and the ice melt-water region.

• Mesostructure was much more prevalent in highly diffuse

ice areas rather than close to the ice margin. This

had been observed before but was not regarded as typical
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• Mesostructure was found far out in the region of ice-

melt water, which was not observed before. Mesostruc-

ture in this region was weak and the elements were

thick and rounded.

• Shallow and deep mesostructure existed only during two'

margin crossings at isolated stations outside the ice

margin. This was probably due to margin crossings not

being made along the axis of mesostructure propagation.

A strong northward component of flow seemed to be asso-

ciated with the presence of shallow and deep meso-

structure.

•During the remaining four margin crossings, only shallow

mesostructure existed and was associated with a weak

northerly or weak southerly flow.

• Mesostructure was observed in the same area south of

the ice for at least two days. This lifetime was sur-

prisingly long in view of rates suggested by others for

the diffusion of heat.

• Mesostructure during a time series, conducted just south

of the diffuse ice floe region, was typically better

correlated station-to-station than in spatial arrays of

stations . The correlations were found along constant

density surfaces. Similar correlations were made in two

other stations in the ice melt-water region.

• Currents were consistent with a mean northerly transport

but were rather variable. Some evidence of a large

gyre north of Cape Lisburne was evident.
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• The bottom water was warmer this year and salinities

were lower than in the past.

• Two patches of relatively warm Atlantic water were dis-

covered on the bottom of the Chukchi Shelf. Why this

water persisted on the shelf and did not return to

the Arctic Ocean is unknown.

• Strong fronts were found at the ice margin in two loca-

tions .
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APPENDIX A

EXPLANATION OF HEADING CODES

The heading of the printed output uses the coding and

format from NODC Publication M-2, August 19 64, with a few

exceptions. Heading entries which are not self-explanatory

are as follows: MSQ is the Marsden Square, and DPTH is the

water depth in meters. Wave source direction is in tens of

degrees, but the direction 99 indicates no observation. The

significant wave height is coded by Table 10 (Code v 2 ~

height in meters) and the wave period coded by Table 11

(Code -r 2 ~ period in sec); in each case X indicates no ob-

servation. Wind speed, V, is coded as Beaufort force, Table

17. The barometer is in millibars, less 1000 if more than 3

digits; wet and dry bulb temperatures are in degrees C. The

present weather is from Table 21 with cloud type and amount

from Tables 25 and 26, respectively. The combination 4X9
indicates that clouds cannot be observed usually because of

fog conditions. The visibility is from Table 2 7 which is

roughly in powers of two with Code 4 = 1-2 km. The ice con-

centration, IC, is in oktas ; amounts less than 1 okta are pre-

ceded by a minus sign and indicate concentrations in powers

-4
of ten, e

.
g. , 10 = -4

.

The entry, COD, is a code to identify the accuracy of

each station position based upon the navigation system used.

Code 1 indicates a position determined by visual sightings

or radar, Code 2 a position determined by navigation
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satellite, and Code 3 a position determined by DR. SORD is

a literal addendum to the 3-digit station number used, for

example, in sequential stations listed in the time series.
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APPENDIX B

HEADING DATA FOR MIZPAC 7 5 STATIONS

Heading data are listed on the following pages for

MIZPAC 75. The coding conventions are those described in

Appendix A.
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APPENDIX C

CTD DATA FOR MIZPAC 7 5 STATIONS

The data for each station of MIZPAC 75 is presented in

graphical format. Four stations appear on each page; the

respective station number appears in the lower power of

each plot. The scales for the horizontal axis are located

at the top of each column and the symbols used are as

follows: ST, Sigma-t

SV, sound velocity (m sec )

S, salinity ( /oo)

T, temperature ( C)

The symbol for each of the above parameters is at the bottom

of each trace and an S, T, or V (salinity, temperature, or

sound velocity) appears at the top to help distinguish in-

dividual traces. traces are further distin-

guished by a cross about every 5 meters and salinity traces

by similar tiny dots. Stations which were missing from the

sequence were mostly those which were not recoverable when

the data were reprocessed ashore. Nearly all of these even-

tually were recovered by tracing the original records with

the Calma digitizer as was done in the past. The corrected

temperature and salinity traces for these missing stations

are included in the body of this appendix in their proper

sequence. It will be noted that seven lowerings about 5

minutes apart were made at Station 12 9-0 during the time

series. These are labelled 129-0-1, 129-0-2, etc. There is
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a short time series at Station 37 and occasional duplicate

lowerings at a station, also indicated by a literal suffix

to the station number.
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APPENDIX D

MIZPAC 7 5 CURRENT DATA

The data for the 44 current measurements follows. Two

stations appear on each page. Data are presented at each

depth measured and as averaged over 0-10m, 10-30m, and 30m-

bottom.
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MIZPAC 75 CURRENT DATA

Station: 16 Date: 1 Aug 75
Tijne: 1835Z

Latitude . 68^-24 .5'
Longitude: 168-40.5' W

Depth

(m)

N-Comp
(cm sec

•1,
E-Comp Depth Direction Speed

) (cm sec ) (M) (°T) (cm sec )

-0.16 8.81 0-10 103 8 . 2
5 0. 52 6.81

10 -5.85 8.28 10-30 112 12.
15 -6.31 9.35
19 -7.85 9.49 >30 068 12. 4
24 -5.67 10.33
29 1.63 15.26
34 5.69 17.02
39 • 5.9 9 17.54
44 13.17 7.65
49 -0.67 7.69
54 -0.67 7.69

Station

:

. 37

MIZPAC 75 CURRENT DATA

Date: 2 Aug 7 5 Time: 2215Z

Latitude: 6 9^5 9'N Longitude

:

167^37'W

Depth N-Comp , E-Comp -. Depth Direction Speed ,

(cm sec )Cm) (cm sec ) (cm sec ) CM) (°T)

-2.10 -36.52 0-10 274 29.1
5 2.07 -33.50

10 6.21 -17.04 10-30 203 18.6
15 -18.99 -6.39
20 -19.18 -5.91 >30 222 22.8
25 -16.62 -3.42
30 -13.93 -12.83
35 -8.95 -13.95
40 -15.48 -12.78
45 -14.14 -16.67
50 -22.91 -16.64
51 -22.91 -16.64
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MIZPAC 75 CURRENT DATA

Station

:

4 2 Date : 3 Aug 7 5 Time: 0804Z

Latitude : 70-18 .8' N Longitude

:

167-43' W

Depth N-Comp
-l

E-Comp Depth Direction Speed ,

(cm sec )
On) (cm sec ) (cm sec ]

\
(M) (°T)

-4.54 -18.57 0-10 278 16.2
5 -0. 38 -15.54

10 11.78 -13.86 10-30 256 4.5
15 -0.95 -4.08
20 -0.87 -7.86 >30 246 6.4
25 0.80 -2.99
30 -3.45 -2.65
35 -1.07 -4.58
40 -1.78 -5.48
45 -3.73 -6.76
48 -3.73 -6.76

MIZPAC 75 CURRENT DATA

Station: 46 Date: 3 Aug 7 5 Time: 1650 Z

Latitude: 7 Og 2 . l' N Longitude: 167-02' W

Depth N-Comp
(m)

5

10
15
20
25
30
35
40
45
47
50

-1,
(cm sec )

46
25
21
23
23
19
19
18,

25,

21,

6,

6,

97
67
14
29
78
80
80
25
49
82
06
06

E-Comp
(cm sec )

18
-7
-5

10
10
11
-5
-3
-4
-4

76
78
34
12
28
06
06
09
41
37
79
79

Depth
CM)

Direction
(°T)

Speed ,

(cm sec" )

0-10 003 31.3

10-30 337 23.5

>30 339 16.6
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MIZPAC 75 CURRENT DATA

Station: 47 Date: 3 Aug 7 5 Time: 2015Z

Latitude: 7 0-43.

O

'N Longitude: 167^03.0' W

Depth
(m)

5

10
15
20
25
30
35
40 '

45
50
55
60

N-Comp
(cm sec )

5

4

4

1

2

2

3

4

-0
-7
•12

•12

•12

07
48
21
03
35
15
37
58
14
22
89

14
14

E-Comp
(cm sec" )

35
17
25
36
34
33
32
34
40

19
14
13
36
21
74
02
28
43

41.14
45.11
9.55
9.55

Depth
(M)

Direction
(°T)

Speed _

(cm sec )

0-10 080 26.2

10-30 086 34.2

>30 103 30.7

MIZPAC 75 CURRENT DATA

Station

:

48 Date: 3 Aug 7 5 Time: 2140Z

Latitude : 70-40,.5' N Longitude

:

167°- 11. 0' W

Depth N-Comp _1 E-Comp .,

(cm sec
Depth Direction Speed ,

(cm sec )(m) (cm sec :

±
) ) CM) (°T)

22. -25.96
0-10 318 31.7

5

8

24.
22.

-25.00
-18.76

10-30 298 9.3

10
14

24.
12.

-15.36
-2.18

>30 298 8.1

16 1. . -8.75
18 2. -10.84
20 5. -11.57
20 3. -9.49
24 3. -7.56
27 3. -7.56
30 3. -7.56
35 3. -7.56
40 2. -6.93
45 4. -8.84
50 4. -6.57
54 4. -6.57
55 4. -6.57
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MIZPAC 75 CURRENT DATA

Station: 51 Date: 4 Aug 7 5 Time: Q200Z

Latitude
: 70-43. 5' n Longitude : 1 6 8 - 2 .

5 ' W
•

Depth N-Comp
(m) (cm sei

35.20
5 27.11

10 25.61
15 21.02
20 15.64
25 15.64
30 12.23
35 14.94
40 14.34
44 3.70
45 3.70

-1
)

E-Comp
(cm sec )

-0
-0
13
12
13
13
14
11
9

-3,
-3,

22
38
42
07
89
89
46
01
80
58
58

Depth
(M)

Direction
(°T)

Speed ,

(cm sec )

0-10 008 29.6

10-30 040 21.1

>30 020 9.8

MIZPAC 75 .. CURRENT DATA

Station: 63 Date: 5 Aug 7 5 Time: 1230Z

Latitude'1 70-40 .5 N Longitude

:

164°- 11. 7' W

Depth N-Comp _1 E-Comp .. Depth Direction Speed -.

(cm sec )
(m) (cm sec ) (cm sec ) (M) (°T)

3.92 12.22 0-10 062 11.8
2 3.38 13.43
4 6.91 5.86 10-30 047 4.9
6 8.27 9.79
8 5.22 10.72 >30 074 4.4

10 5.22 10.72
12 4.9 5 12.30
14 2.81 -2.21
16 3.33 2.91
18 4.21 1.83
20 3.33 2.91
25 7.15 2.17
30 -2.36 5.36
35 0.27 7.86
40 1.43 2.75
44 1.57 3.24
45 1.57 3.24
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MIZPAC 75 CURRENT DATA

Station: 65 Date: 5 Aug 7 5 Time: 15 0Z

Latitude: 70-36. o'n Longitude: 164-09. p'w

Depth
fir)

5

10
15
20
25
30
35
40 •

44
45

N-Comp
(cm sec )

-4.61
12.83
6.64
3.01

-5.17
9.76

10.77
10.29
13.01
2.74
2.74

E-Comp
(cm sec )

-3.04
-4.43
3.85

-5.46
5.52
8.67
7.18
7.95
8.44
7.22
7.22

Depth
(M)

0-10

10-30

>30

Direction
(°T)

346

041

047

Speed ,

(cm sec )

5.1

6.1

10.5

MIZPAC 75 CURRENT DATA

Station: 68 Date •'5 Aug 7 5 Tijne: 181 57

Latitude :70-24. o'n Longitude

:

164-00.0' W

Depth N-Comp _1 E-Comp , Depth Direction Speed ,

(cm sec )fin) (cm sec :

X
) (cm sec ) (M) (°T)

25.16 7.07 0-10 012 25.4
5

10
24.63
24.64

2.77
5.71 10-30 034 24.6

15
20

23.51
16.11

12.43
7.59 >30 028 12.7

25 19.41 18.34
30 22.50 16.49
35 25.17 18.18
32 4.12 -0.07
37 4.12 -0.07
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MIZPAC 75

Date: 5 Aug 7 5 Time: 2025 Z

Latitude: 70-21.5* N Longitude: 163-19 .
5

' W

CURRENT DATA

Station : 6 9

Depth
(n)

5

10
15
20
25
30
33

N-Comp ,

(cm sec )

4.97
-4.72
-1.38
-3.14
-4.60
-5.14
0.89
0.89

E-Comp _

(cm sec )

-0.81
-4.16
-3.97
-8.84
-5.70
0.97
1.26
1.26

Depth
(M)

0-10

10-30

>30

Direction
(°T)

263

226

055

Speed _,

(cm sec" )

3.0

4.3

1.5

MIZPAC 75 CURREOT DATA

Station: 7 Date

:

5 Aug 7 5 Time: 2 2157

Latitude : 7 - 2 8 .
' N Longitude

:

163-05.0' W

Depth N-Comp -, E-Comp -. Depth Direction Speed -.

(cm sec )
(m) (cm sec ) (cm sec ) (M) (°T)

-15.43 2.62 0-10 035 5.4
5

10
23.94
4.68

1.24
5.29 10-30 024 1.1

15
20

-0.03
1.72

2.83
0.64 >30 036 0.5

25 1.75 -2.05
30 0.42 0.30
33 0.42 0.30
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Station

MIZPAC 75

Date: 6 Aug 7 5 Time: 02Q0Z

CURRENT DATA

Latitude: 7 - 1 8 . 5 ' N Longitude : 162-54. O'w

Depth
Cm)

5

10
15
20
24
26
29

N-Comp
(cm sec )

-24.85
-3.99
-2.55
2.38
0.63
1.80
0.97
0.97

E-Comp
(cm sec )

-3.55
-7.09
-4.06
-4.22
-0.47
-0.01
-0.35
-0.35

Depth
(M)

0-10

10-29

Direction
(°T)

205

321

Speed
1

(cm sec )

11.6

1.7

MIZPAC 75

Date: 6 Aug 7 5 Time: 0430Z

Latitude: 70-12.3' N Longitude: 163-46. 5' W

CURRENT DATA

Station: 7 4

Depth
Cm)

5

10
15
20
25
30
31

N-Comp ,

(cm sec )

-0. 50
2.22

-3.71
-6.41

-10.75
-13.18
-12.67
-12.67

E-Comp _,

(cm sec )

14.90
13.33

-13.52
-20.92
-8.69
-2.32
-2.23
-2.23

Depth
CM)

0-10

10-30

>30

Direction
(°T)

098

218

190

Speed ,

(cm sec' )

5.0

13.7

12.9
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Station : 7 7

MIZPAC 75

Date: 6 Aug 7 5 Time: 0845Z

CURRENT DATA

Latitude: 6 9 - 5 9 . 2
'

N Longitude: 165-06' W

Depth
(m)

5

10
15
20
25
30
37

39

N-Comp
(cm sec )

-8.41
0.68

-6.61
0.08

-0.42
-0.22
2.11
3.44

- 3.44

E-Comp
(cm sec )

20.49
9.79
5.05
7.82
8.48
6.83
5.52
3.83
3.83

Depth
CM)

0-10

10-30

>30

Direction
(°T)

112

087

048

Speed _,

(cm sec )

12.7

7.2

5.2

MIZPAC 75 CURRENT DATA

Station: 79 Date: 6 Aug 7 5 Time: 12 3 0Z

Latitude : 6 9-56 .6''N Longitude

:

166-06.1' W

Depth
<m)

N-Comp
(cm sec

-1,
I

E-Cornp ,

(cm sec
Depth Direction Speed

) (M) (°T) (cm sec
l

)

5

15.08
11.71

-6.76
-4.82

0-10 3 51 9.9

10
15

2.66
3.57

6.83
6.36

10-30 058 6.3

20
25

4.94
2.18

5.65
5.82

>30 337 3.9

30 2.51 3.45
35 -0.22 -0.99
40 4.56 -3.05
42 5.03 -1.11
44 5.03 -1.11
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MIZPAC 75

Station: __8l Date: 6 Aug 7 5 TijTie: 1500Z

Latitude :
69-58.

1

* N Longitude : 1 6 7 - 4 .
7

' W

CURRENT DATA

Depth
Cm)

5

10
15
20
25
30
35
HO
44
1+5

N-Comp
n

(cm sec" )

•30

-8
22
15
-3
-3
-0
1.50

-0.21
1.62
1.62

71
47
62
49
26
76
77

E-Comp
(cm sec )

3.16
-1.62
16.68
17.41
10.89

Depth
CM)

Direction Speed
(°T) (cm sec" )

19
94
43
22

0-10 164

10-30 12 3

>30 079

21.5

10.8

5.7

MIZPAC 75 CURRENT DATA

Station: 8 3 Date

:

6 Aug 7 5 Time: 18 2 0Z

Latitude : 69-58 .2' N Longitude

:

16 8-03.5' W

Depth
(m)

N-Comp
(cm sec

- 1
)

E-Comp ..

(cm sec
Depth

) (M)

Direction Speed ,

(°T) (cm sec)

5

2.69
7.05

5.62
0.50

0-10 038 6.8

10
15

6.27
7.05

6.27
0.50

10-30 031 6.2

20
25

6.05
3.20

4.67
4.00

>30 024 6.3

30 5.00 3.46
35 6.97 4.12
40 4.08 2.72
44 5.95 1.67
45 5.95 1.67
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Station : 8 6

MIZPAC 75

Date : 6 Aug 7 5 Time: 220 OZ

CURRENT DATA

Latitude: 7 - 1 .
' N Longitude: 16 8-2 0. dw

Depth
<m>

0.

10
15
20
25
30
35
40
43
44

N-Comp _,

(cm sec )

4.21
6.45
1.41
4.35
4.51
7.28
5.19
5.87
4.56
3.67
3.67

E-Comp
(cm sec" )

-11.01
-11.05
-8.32
-7.21

-10.36
-3.30
-0.92
-2.63
-4.22
-3.61
-3.61

Depth
(M)

0-10

10-30

>30

Direction
(°T)

292

314

322

Speed ,

(cm sec )

10

7

5

MIZPAC 75 CURRENT DATA

Station: 88 Date: 7 Aug 7 5 Time: 0001Z

Latitude : 6 9-59 .0' N Longitude

:

168-16.6' W

Depth N-Comp
-1

E-Comp ,

(cm sec
Depth Direction Speed .,

(cm sec )(n) (cm sec )
i

) (M) (°T)

-4.65 21.79 0-10 090 20.5
5 0.98 17.32

10 3.50 22.31 10-30 113 13. 3
15 10.89 11.82
20 -3.54 14.91 >30 106 8.4
25 -3.15 10.81
30 -3.20 11.33
35 -1.84 3.92
40 -7.15 10.11
44 -0.06 6.69
45 -0.06 6.69
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MIZPAC 75 CURRENT DATA

Station

:

q n Date

:

7 Aug, 7 5 Time: 0400Z

Latitude : 59-46 ,o'n Longitude

:

168-40.0 W

Depth

(m)

N-Comp
(cm sec *)

E-Comp
(cm sec )

Depth
CM)

Direction
(°T)

Speed .

(cm sec )

5

-2.77
4.79

13.40
-3.08

0-10 029 3.8

10
15

7.92
10.15

-4.88
-6.15

10-30 328 7.6

20
25

7.92
4.34

-4.88
-2.83

>30 047 3.1

30 . 3.45 -2.32
35 3.9 9 1.29
40 1.08 2.34
45 3.50 3.18
48 1.08 2.34
50 1.08 2.34

MIZPAC 75 CURRENT DATA

Station: 91 Date : 7 Aug 7 5 Time: 0645Z

Latitude . 6 9-4

N-Comp

.5'

1

N Longitude:

E-Comp ,

169-07.5' W

DirectionDepth Depth Speed
-J

(cm sec )<m) (cm sec
l

) (cm sec ) (M) (°T)

5

-12.58
4.04

9.24
-1.07

0-10 111 5.0

10
15

3.07
3.94

5.75
7.83

10-30 016 6.6

20
25

8.44
7.19

-2.02
0.67

>30 014 4.9

30 6.01 0.73
35 6.47 -0.36
40 5.17 1.32
45 5.41 1.70
5Q 3.27 1.52
53 3.27 1.52
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MIZPAC 75 CURRENT DATA

Station: 92 Date: 7 Aug 75 Time: 915Z

Latitude : 6 9-47 .8'
i

N Longitude

:

169-29.8''W

Depth

(m)

N-Comp
(cm sec h

E-Comp
(cm sec )

Depth
(M)

Direction
(°T)

Speed ,

(cm sec )

5

5.79
-0.32

-11.39
4.01

0-10 329 3.7

10
15

3.97
-4.16

1.71
-2.73

10-30 243 3.8

20
25

-0.57
-1.32

-4.25
-4.38

>30 320 1.2

30 -0.74 -2.18
35 -0.12 -0.45
40 -0.37 -1.82
44 2.02 -0.38
45 2.02 -0.38

MIZPAC 75 CURRENT DATA

Station: 94 Date: 7 Aug 7 5 Time: 1110Z

Latitude : 6 9-50 .5' N Longitude: 169-05.0' W

Depth N-Comp
-1

E-Comp ,

(cm sec
Depth Direction Speed -.

(cm sec )fri) (cm sec
X

) ) (M) (°T)

-5.89 1.08 0-10 130 2.5
2 -2.90 0.74
4 0.06 2.85 10-30 239 5.6
6 -0.31 4.95
8 -1.18 3.26 >30 120 3.

10 0.44 -1.20
12 1.7-8 -2.87
15 0.43 -4.60
18 -4.59 -6.60
20 -4.59 -6.50
25 -4.59 -6.50
30 -5.72 -1.56
35 -2.67 2.87
40 -0.88 2.42
41 -0.88 2.42
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MIZPAC 75 CURRENT DATA

Station: 9 8 Date: 7 Au? 7 5 Tim<=: uu;7

Latitude : 69-44. S'N Longitude

:

169-00.0' W

Depth
Cm)

N-Comp ,

(cm sec~ )

E-Comp .

(cm sec" )

Depth
(M)

Direction
(°T)

Speed ..

(cm sec )

5

-15.62
-10.17

17.82
11.19

0-10 134 18.3

10
15

-12.29
-13.63

10.54
12.99

10-30 127 16.8

20
25

-10.50
-8.59

15.53
13.32

>30 099 7.6

30 -7.56 12.14
35 -7.27 12.56
40 • -4.01 15.25
46 3.32 14.40
48 1.09 -2.33
52 1.09 -2.33

MIZPAC 75 CURRENT DATA

Station

:

101 Date:

, 69-55.5' N

8 Aug 7 5 Time: 0232Z

165-46.5' WLatitude Longitude

:

Depth N-Comp
-1,

E-Comp _, Depth Direction Speed ,

(cm sec )(m) (cm sec ) (cm sec > CM) (°T)

2.05 -13.03 0-10 309 6.7
5 5.70 0.92

10 4.80 -3.60 10-30 309 4.4
15 2.94 -4.83
20 3. 85 -2.37 >30 279 1.8
25 2.82 -3.09
30 1.50 -3.27
35 0.20 -3.30
40 0.31 -0.98
43 0.31 -0.98
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Station: 10 2

MIZPAC 75

Date: 8 Aug 7 5 Time: 042 0Z

CURRENT DATA

Latitude: 69-57. 7N Longitude: 16 5-21.

Q

1

W

Depth

fa)

5

10
15
20
25
30
35
39

N-Comp
(cm sec )

-3.19
-0.38
-8.20
-4.55
-6.48
-6.29
-6.09
-6.09
-6.09

Lonj^itude

:

E-Comp
(cm sec )

-1..41
-2,.01
-4,.91
-5,.84
-5,.70
-5,.22
-4,,74
-4.,74
-4.,74

Depth
(M)

0-10

10-30

>30

Direction
(°T)

215

223

218

Speed -

(cm sec )

4.8

8.0

7.7

MIZPAC 75 CURRENT DATA

Station: 103
i

. 7 0-02

)ate: 8 Aug 7 5 Tiine: 0615Z

16 4-43.2' W

Direction

Latitude • ^ N Longitude

:

Depth N-Comp -, E-Comp , Depth Speed ,

(cm sec )
Cm) (cm sec ) (cm sec ) (M) (°T)

5

18.43
5.52

6.86
-2.78

0-10 010 13.9

10
15

17.06
13.87

2.93
5.15

10-30 057 6.0

20
25

6.46
-2.30

6.75
5. 82

>30 153 5.7

30 -5.06 2.54
39 -5.06 2.54
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MIZPAC 75 CURRENT DATA

Station; _^ Date: 8 Au§ 7 5
Tiine:

0900Z

Latitude: 7 ° 2 0? 5' N^.^.. 164°-17"77^
Longitude

:

Depth N-Comp E-Comp Depth Direction Speed ,Cm) (cm sec ) (cm sec
x

) (M) (°T) (cm sec )

-0.66 -1.45 0-10 196 3.0
5 -5.51 -0,01

10 -2.55 -1.04 10-30 H7 0.7
15 1.89 4.13
20 -0.86 -0.98 >30 163 1.5
25 -0.86 -0.98
30 -1.48 0.44
35 -1.48 0.44

1 " "

MIZPAC 75 CURRENT DATA

Station

:

10 5 Date : 8 Aug 75 Time: H59Z

Latitude : 69-51 .5' N Longitude: 164°-48.5' W

Depth
(ir.)

N-Comp
(cm sec

X
)

E-Comp -

(cm sec )

Depth
(M)

Direction
(°T)

Speed ,

(cm sec" )

-0.85 -12.83 0-10 249 17.6
5 -8.97 -19.11

10 -8.96 -17.40 10-30 254 5.8
15 -9.05 -16.29
20 2.00 -9.35 >30 123 3.1
25 -4.71 0.62
30 5.26 2.64
33 -1.69 2.59
35 -1.69 2.59

189



CURRENT DATA

1412Z

MIZPAC 75

Station: 107 Date: 8 Aug 7 5 Time:

Latitude: 70-01.
p'

N Longitude: 164-52.
p'
W

Depth N-Comp
_±

E-Comp _ . Depth Direction
(m) (cm sec ) (cm sec ) (M) (°T)

-15.76 -11.98 0-10 315
5 14.26 8.69

10 14.72 -10.17 10-30 002
15 24.69 -2.68
20 17.54 -0.81 >30 304
25 6.34 0.74
30 9.90 4.50
35 2.19 -1.36
37 ' 2.19 -1.36

Speed ,

(cm sec" )

19.1

14.6

3.0

MIZPAC 75 CURRENT DATA

Station: 10 9 Date: 8 Aug 7 5 Time: 1630Z

Latitude>'. 70-11 .
8

' N Longitude

:

16 4-56.0' W

Depth N-Comp 1 E-Comp -. Depth Direction Speed „

(cm sec )Cn) (cm sec ) (cm sec ) (M) (°T)

5

17.13
14.53

-3.87
2.15

0-10 322 3.3

10
15

5.18
8.44

-4.46
-14.82

10-30 292 16. 2

20
25

5.95
5.75

-18.33
-14.7 4

>30 280 7.7

30 4.04 -12.32
35 2.50 -12.61
40 0.73 -5.10
43 0.73 -5.10
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MIZPAC 75 CURRENT DATA

Station; 111 Date: 8 Aug 7 5 Time: 1830

Z

Latitude: 7 0-21
i

,0 N Longitude: 164-50. 0* w

Depth

<m>

N-Comp
(cm sec

-1
)

E-Comp _

(cm sec" ]

Depth
• (M)

Direction
(°T)

Speed „

(cm sec )

5

10
49.83
30.67

16.57
45.33

0-10 038 50.8

15
20

26.09
-11.27

68.36
42.29

10-30 099 29.5

25
30

-17.15
t16.13

5.60
0.31

>30 179 8.6

35 -6.12 2.69
40 -11.12 1.50
45 -6.12 2.69
50 -9.77 -3.25
55 -9.77 -3.25

MIZPAC 75 CURRENT DATA

Station: 114 Date: 8 Aug 7 5 Time: 22157,

Latitude: 7 0-4 3.6* N Longitude: 164-45. 3' W

Depth

5

10
15
20
25
30

35
40
44
45

N-Comp . E-Comp ,

(cm sec ) (cm sec )

7

57
8

26
11
12
17
19,

19,

20,

20,

89
79
84
29
81
56
27
37
37
18
18

32.63
-27.68
12.52

-12.04
10.39
8.57

11
75
75
11
11

-0
-4
-4
-4
-4

Depth
(M)

Direction
(°T)

Speed ,

(cm sec )

0-10 013 25.5

10-30 006 17.1

>30 347 20.3
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MIZPAC 75

Station: j^ Date: 9 Aug 75 Time: M13Z

CURRENT DATA

Latitude : 7 0-43
1

.5 N Longitude: 164-15.0' ' w

Depth
(m)

N-Comp
•"U

E-Comp Depth Direction Speed
(cm sec ) (cm sec ) (M) (°T) (cm sec )

5

40.23
16.33

38.67
28.77

0-10 049 36.7

10
15

19.93
18.51

2 0.53
23.72

10-30 055 27.1

20
25

14.65
17.96

20.91
22.27

>30 053 21.8

30 13.15 23.48
35 .15.32 22.30
40 14.19 19.98
45 10.13 11.66
48 10.13 11.66

MIZPAC 75 CURRENT DATA

Station: 120 Date: 9 Aug 7 5 Time: 0930Z

Latitude : 70-39 .0' ' N Longitude

:

161-45.
0'
W

Depth N-Comp
-1 E-Comp , Depth Direction Speed ,

(cm sec )Cm) (cm sec )
1 (cm sec ) (M) (°T)

5

-32.31
-39.42

-11.30
-17.99

0-10 203 34.5

10
15

-23.70
-20.51

-10.36
-19.60

10-30 213 25.9

20
25

-20.75
-20.37

-13.14
-11.64

>30 178 16. 5

30 -24.87 -12.24
35 -27.57 -3.63
38 -10.98 2.76
41 -10.98 2.76
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Station: 121

MIZPAC 75

Date: 9 Aug 7 5 Tijne: 1350Z

Latitude: 70-39. o' n Longitude: 161^05. p'

W

Depth
(m)

5

10
15
20
25
30
35
40
41*

N-Comp E-Comp
(cm sec ) (cm sec )

-2
-5
-1
10
-4
5

31
37
81
85
71
40

6.61
2.30
2.06
2.06

8.00
6.64
5.48
8.46

13.76
14.58
13.99
7.51
4.72
4.72

Depth
(M)

0-10

10-30

>30

CURRENT DATA

Direction Speed
(°T) (cm sec" )

115

094

069

7.4

12.7

6.0

MIZPAC 75 CURRENT DATA

Station: 129R Date: 10 Aug 75 Time: 1finn7

Latitude: 70-20.6* N Longitude: 164-50. p' w

Depth N-Comp - E-Comp _-. Depth Direction
(m) (cm sec ) (cm sec ) (M) (°T)

6.79
5 5.64

10 5.70
15 -0.68
20 7.25
25 6.91
30 6.0 6

35 3.59
40 1.89
42 1.89

10.94
11.97
9

4

-2
2,

3

3,

3,

3,

81
84
91
27
56
89
07
07

0-10 061

10-30 022

>30 054

Speed
-1,

(cm sec )

12.5

5.3

4.2
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MIZPAC 75

Station: 129D Date: lOAug 7 5 Time: 1700Z

Latitude: 7 0-20.5 'n Longitude: 164-47.5' W

CURRENT DATA

Depth
(m)

5

10
15
20
25
30
35
40
42

N-Comp _

(cm sec )

16.34
8.33
7.57
1.91
7.45
5.45
5.57
8.26

-1.62
-1.62

E-Comp _,

(cm sec )

14.66
7.77
4. 59
8.81
6.64
7.22
8. 24

8.28
4.89
4.89

Depth
(M)

0-10

10-30

>30

Direction
(,°T)

040

057

074

Speed
-1.

(cm sec )

14.0

9.3

6.3

MIZPAC 75 CURRENT DATA

Station: 129J Date:i QAug 75 Time: 2000Z

Latitude : 70-19. 6' N Longitude : 16 4- 3 7 .
' W

Depth N-Comp -, E-Comp .. Depth Direction Speed .,

(cm sec )
On) (cm sec ) (cm sec ) (M) (°T)

5

-0.90,
1.09

24.41
23.13

0-10 087 23.5

10
15

9.92
15.99

22.82
12.11

10-30 034 12.6

20
25

13.89
8.16

4. 32
5.47

>30 040 5.6

30 3.45 6.49
35 4.87 4.35
40 4.03 3.20
44 4.03 3.20
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MIZPAC 75

Station: J2 9P Date: mAn g 75 Time: 2330 Z

Latitude: 70-17.

7

'

n Longitude: 164-37. 5' W

CURRENT data

Depth N-Comp
Cm)

5

10
15
20
25
30
35
40
41
42

(cm sec )

-3.27
-14.60
-13.66
-10.89
-5.36
-3.56
-5.61
-3.67
-2.79
-2.12
-2.12

E-Comp ..

(cm sec~ )

22
17
12
5

6

10
12
9

7

6

6

23
30
08
49
15
23
11
60
74
35
35

Depth
(M)

Direction
(°T)

Speed ,

(cm sec )

0-10 121 20.2

10-30 127 10.6

>30 110 8.0

MIZPAC 75 CURRENT DATA

Station: 130G Date: HAug7 5 Time: 800Z

Latitude :
70°-14 .l'N Longitude

:

164-41.4' W '

Depth N-Comp
-1

E-Comp
1

Depth Direction Speed ..

(cm sec )(m) (cm sec
X

) (cm sec ) (M) (°T)

5

1.49
-5.58

10.94
7.88

0-10 103 11.1

10
15

-3.20
-6.10

13.65
-0.47 10-30 180 4.8

20
25

-5.36
-5.28

-0.61
-0.10 >30 146 2.1

30 -2. .30 1.15
35 -0.60 1.18
37 -2.30 1.15
40 -2.30 1.15
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MIZPAC 75

Station: i ^n NT Date: HAug75 Time: 1130 Z

Latitude: 70-12.2 ' N Longitude: 16 4-3 7.3' W

CURRENT DATA

Depth

Cm)

5

10
15
20
25
30
35
40
45

N-Comp ,

(cm sec )

-6.20
-6.53
-7.77
-4.75
-4.27
-1.88
-1.47
-1.26
-1.47
-1.47

E-Comp
(cm sec )

13.44
11.62
8.74
9.00
3.16
2.39
1.44
0.97
1.44
1.44

Depth
CM)

0-10

10-30

>30

Direction
(°T)

121

128

137

Speed _-.
,

(cm sec )

13. 2

5.1

1.9

MIZPAC 75 CURRENT DATA

Station: 13 0W Date : HAug7 5' Time: 1600Z

Latitude : 70-10 .8' N Longitude: 164°-40.0' w

Depth N-Comp
.1

E-Comp ., Depth Direction Speed -,

(cm sec )Cm) (cm sec
X

) (cm sec ) (M) (°n

5

-1.02
-4.95

-1.12
-0.84

0-10 199 3;4

10
15

-3.68
-0.73

-1.28
2.06

10-30 170 0.5

20
25

-1.22
-1.02

0.46
-1.12

>30 114 1.0

30 1.19 -1.07
35 -0.41 0.94
39 -0.41 0.94
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