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Dense data sampling, both horiszontally and vertically, have provided
new insight into the time/space variability of the East Greenland Polar
Front during late autumn. A core of warm Atlantic Intsrmediats Water (AIW)
is frequently found pressed against the eastern edge of the front which
is warmer than previocusly described and is often fragmented and full of
finestructure. There is also finestructure present in the Polar Watar in
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which are formed by the turbulent entrainment of AIW at the front.
There is a proncunced movement of AIW under the front which results in
a warming of the waters found on the Greenland Shelf. This warm water
has as its source AIW which has penetrated the lower portion of the
front either some distance north of Fram Strait or along a part of the

East Greanland Current or both. There is evidence that eddies or other
mechanisms are involved in this process.
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ABSTRAC?T

Dense data sampling, both horizontally and vertically,
have provided nev insight into the time/space variability of
+he Rast Greenland Polar Pront during late autumn. A core
{ of wara Atlantic 1Intermediate Water (AIW) is freguently

found pressed against the eastunrd edge of the front which

is warmer than previously described and is often fragsented

| and full of finestructure. There is also finestructure
present in the Polar Water in the form of lenses of anomsa-
lous water, generally varm in a cold matrix, which are
forsed by the turbulent entrainment of AIi at the fromt.
There is a pronounced movement of AIW under the fromt which
results in a varming of the wvaters found on the Greenland
Shelf. This wvars vater bas as its source AIW which has
penetrated the lower portion of the front either some dis-

tance north of Pram Strait or along a part of the Rast

Greenland Current or both. There is evidence that eddies or

other mechanisas are involved in this process.
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I. INTBODUCTION

This thesis describes and analyzes some of the results
of an oceanographic cruise to the marginal ice zone of the
northwestern Greenland Sea in October to Noveamber of 1981 ian

vhich the author participated. The primary jactives were

to:
e QObserve the characteristics and vari: ‘ty of the
ggogt %long the eastern boundary of the . Greenland
rrent.

e Search for mesoscale eddies in the frontal area.

e Investigate the - recirculation of Atlantic Water into
the Bast Greenland Current.

dagaard and Coachman (1968a) list investigations in the
area of interest for all seasons up to 1965 aaidst a thor-
ough review of the literature on the East Greenland Curreat.
Up to the present, only three previous oceanographic cruises
have occurred in the months of September to Deceaber. The
first two (data vere available from National 0cean0gtaphic~
Data Center archives) are the cruises of the icebreaker

BEDISTO in 1964 and 1965 which sampled wvith reversing bottles

and used station spacings of approxisately 35ka along a

line. Both of these cruises took place ian August and
| 10
- — SRS —




September. The stations which occurred in Septeaber are
indicated in Pigure 15. The third cruise, by the USCGC
WESTWIND in Septeaber to October of 1979, was reported by
Newton and Piper (1981). The data io the 1latter cruise
vere taken by a conductivity-temperature-depth recorder
(CTD) and used station spacings of about 15km along a line.
Additional information is available from the drift of the
ice island Aarlis II in 1964 to 1965 (Tripp and
Kusunoki,1967); also froa several excursions of the British
submarine SOVEREBIGN under the ice carrying a recording sound
velocimeter (Wadhams, Gill and lLinden,1979).

The present cruise was carried out with station spacings
generally less than 10ka in the region of the front. The
Neil Brown CTD wvas progranmmed to sample abov. three times
per meter. Thus it wvas rpossible to demonstrate the struc-
ture of the waters in considerable detail, showing coaplex
and extensive finestructure and features interpretable as
eddies or meanders. There are a nuaber of saaplings of the
sane sections at different <times, thus deaonstrating the
variability with time.

The results presented in this thesis are based on the

analysis of temperature and salinity fields. The analysis

n
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of density, dynamic heights and temperature-salinity curves

are left for later work.
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I1I. GEBERAL OCEANOGRARHY

A. BATHYMETRY

The bathymetry of the Greenland Sea (Pigure 1) is marked
by several major physiographic features. The 600ka wide and
2600m deep Greenland-Spitsbergen passage, known as Pranm

Strait, forms the principal route for water exchange between

the Arctic Ocean and the rest of the vorld oceaa. A broad
continental shelf extends southward along the east coast of

Greenland with the shelf break at approximately the &Q0m

e b s e AN,

isobath. In the region of Belgica Bank, the shelf reaches ;

e

its widest extent of approximately 300km and then narrowvs

rapidly to 1less than 100km at about 759N. The shelf is
marked by several depressions and a systea of banks less
t+han 200s in depth. The largest depression, Belgica Dyb,
has a depth in excess of 4QOm.

A systea of proainent ridges serves to define the liamits

of the Greenland Sea and divide it into two major basins.

Extending froam Greenland eastwvard to Jan HNayea at about
7198, the Jan Mayen Fracture Zone foras a sill of the order

of 1500m in depth and@ =arks the southern extent of the

13




Pigure 1.

Bathynetry of the Greenland Sea.

Adapted from

.
vgo chact of Perry, tlclingi'Cho:k s Peden znd

11900). Bottoa conto
neters.

are

14

100's o




Greenland Sea. Prom Jan HMayen, a portior of the Mid-
Atlantic Ridge known as the Mohn Ridge extends northeastward
toward Spitsbergen. This ridge forms the logical oceano-
graphic boundary between the eastern 1limit of the Greenland
Sea and the Norvegian Sea to the south and east. The third
inportant ridge 1lies northwest/southeast betveen Greenlaad
and the Mohn Ridge from about 77°N, 594 to 749N, SOB and
separates the tvo basins of the Greenland Sea. The southern
basin is the larger and deeper of the two, vith depths of
approximately 3800m. The northern basin is about 3200a in

depth.

B. CIRCULATION

The surface circulation in the Greenland Sea is shown in
Pigure 2. The circulation 4is derived from 2 map given by
Aagaard and Coachman (1968a). Added have been pgssiblo
Toutes for the recirculation westwvard into the BRast Green-
land Current of approximately 30 x 108 g3s~t of <the wvater
from the West Spitabergen Current mentioned Dby the sane
authors. Also added is the vestern branch of the Morvegian-
Atlantic Current along the Iceland-Jan Mayen Ridge inferxred

by Carmack and Aagaard (1973).

15




Pigure 2. Surface circulation in the Greenland Sea.
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C. WATER MASSES

Three vater masses have been recognized historically
vithin the East Greenland Current north of the Densark
S+*rait and in the Greenland Sea. Aagaard and Ccachsarn
(1968a) identified these as the Polar Rater flowing out of
the Arctic Ocean, the Atlantic 1Intermediate Water found in
the eastera limits of the current, and the Deep Water vhich
represents the sajority of the water found in the Greenland
Sea.

More recently, Swift and aagaard (1981) expanded and
modified the wvater mass terminology of the Greenland and
Iceland Seas. In the area cf the present study, their clas-
sification unnecessarily complicates the deséiiptions and
the older nomenclature has been preferred here. Only Pélar
Water and Atlantic Intermediate Water are discussed belov as
Deep Water is generally associated with depths in excess of
800s and vas seldom sampled during this cruise.

1. Polag Water (PW)
Polar Water is prisarily confined to the coantinental
margin of the Greenland coast and extends froa the surface

to a depth of approxisately 150m. Originating in the Arctic

M
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Ocean, PW flows out through the Greenland-Spitsbergen pas-
sage as part of the East Greenland Curreant. P¥ is charac-
terized by 1low temperatures and lov salinities. The
teaperatures vary from near freezing at the surface to 09C
at the bottom of the layer vwhile the salinities fora a
strong halocline with values of 30.0 0/00 or 1leéss near the
surface and a wmaximum value of 34.5 o/00 (Aagaard and
Coachaan, 1968a) . |
2. e te W

Atlantic Interle&iate Water is a relatively wvara,
saline vater wvater mass vhich is found east of the fromt.
As defined by Aagaard and Coachman (1968a), the temperature
of AIW is alvays greater that 0°9C, with a teamperature maxi-
sua noraelly present lying between 200 and 400a. The salin-
ity of AIW has been dJdefined as characteristically greater
than 34.88 0/00 by the same¢ authors.

On the vestern side of the front, there is a vara
vater mass with properties sisilar to AIi. The teaperatures
are greater than 0°C. Hovever, the salinities of 34.5 o/00
€0 34.9 o/00 appear to have somehow been diluted from the
properties given above for AIW. Therefore, this vater rep-

resents AIW which has mixed with cooler, usually less saline

18
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vater such as PW. It is possible that tiis amixing has taken

place in or north of Prams Strait or it may bave occurred

alcng the front.

D. EAST GREENLAND POLAR PRONT

Past studies have frequently referred <o the front

formed by the Bast Greenland Current as the Polar Front.

Another front, alsc teraed the Polar Froant, exists along the
eastern boundary of the Greenland Sea overlying the %chn
Ridge and another to the south and east of Spitsbergen. In
order to distinguish between these fronts and to provide a
nore descriptive name, the ternin&lcqy introduced by Wad-
hass, Gill, and Linden (1979) will be adopted and the more

vesterly of <these fronts will be refered to as the EBast

Greenland Polar Pront.
The Bast Greenland Polar Pront aarks the eastern edge of
the Bast Greenland Current, separating the cold, relatively

fresh polar vater flowing southward out of the Arctic Ocean

j fros the vi:l, saline waters of Atlantic origin to the east.
Tha front forms a boundary im which the isotheras, isoha-
lines and isopycnals slope vestward with depth to depths cf
about 200m or asore. Aagaard and Coachaan (1968d) arbitrar-~

i ily chose the 09C isotherm and 34.5 o/00 ischaline at 50a

19




depth to mark the eastern limit of the front near the sur-
face. In the descriptions below, the surface position of
the front has been found by following the closely packed
isotheras and isohalines as they approach the surface and
extrapolating, if necessary. Where frontal slopes are given
numerical values, it is the slopes of isotheras which are
singled out.

There has been considerable variability in reports of
the slope of the front, Aagaard and Coachman (1968Db)
reported a slope downward to the vest exceeding 1a-ka—% over
120ks or more at latitude 7598. Based upon submarine cross-
ings of the front between depths of 85 and 122m and at lati-
tude 80°~30°'N, Wadhams et al. (1979) calculated a slightly
snaller slope of the order of t in 1200. Values reported by
Newton and Piper (1981) show a auch steeper slopes of
3.3s-%m-! in the region of Belgica Dyb. Such variations in
slcpe is not unexpected and can be due to differences iﬁ
either position or time, as will be seen later. Values for
the slope of <the front froam the present cruise varied froa
1.58=ka=1 to 20m-kma—1,.

A significant feature whici has been associated with the

Bast Greenland Polar Pront is the existence of subaurface

20
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cores of relatively cold water east of the front. Aagaard
and Coachman (1968b) discussed three such cold patches found
near the froat at about 759N, 789N and 799N between 30a and
7Sm in depth. The temperatures were less than 09C and
salinities were between 34.0 o/00 and 34.6 o/00. They d4id
not demonstrate that the apparent density anomaly persisted
in spite of the corresponding salinity charges. Several
explanations for the possible causes of such features were
suggested by *he same aunthors. These included detacked
eddies, quasi-stationary meanders and variations in the
intensity of tha Greenland Sea circulation.

Newton and Piper (1981) found another cold core near
7998 only a few miles from one of the cores discussed by
Aagaard and Coachman (1968b). It is interesting that simi-
lar eddy~like structures have been reported in the same gen-
eral area in the past. Gladfelter (1964) found one by
tclp§ratnre and salinity seasurements; Vinje (1978) fouand
one using buoy drifts and satellite imagery. Vinje (1978)
also {indicated that this eddy might be a semi-peraanernt,
botton steered oddy due <to the presence of a circular
depression (Nolloy Deep) centered at 79915y, 39B. This

deep is about 2000m deeper than the surrounding bottoa

21
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topography and about 60kas in diameter. Wadhans et al.
(1979) suggested that it is not clear wvhether all the eddies
found in this area are really the same eddy, or vhether the
front in this region is simply a fertile generator of
eddies.

Another phenomenon vhich may contribute to the formation
of the cold core structures amay be associated with the local
variability in the position of the BEast Greenland Polar
Front. Aagaard and Coachman (1968b) noted several exaamplas
of apparent lateral movement occurring within relatively
short time periods. One case cited a movement of the order
of 100kam within a fewv days. Although they did not clarify
the mechanisa, they suggested that such a movement could
leave behind cold patches of water <o the east of the front
or contribute to the formation of eddies.

Wars eddies also have been inferred in and west of the
frontal zone by Wadhass et al. (1979). They interpreted
fluctuatuions in sound velccity profiles found during tran-
sects through the front by a submarine at depths of 67 and
85» as vara regions.

One final phenomenon which may have some iaportance in

relation to the Bast Greenland Polar Pront is the indication

22
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of <temporal variation in intensity of the flow of Polar
Water (Aagaard and Coachman,1968d). In previous data, pul-
sations in ice drift velocity of one to two week period have
been noteqd, probably reflecting siailar pulsations in the
vater flow. From current seasurements taken during the
drift of the ice island Arlis II in the EBast Greenland Cur-
rent in 1965, there are indications that relatively large
variations in the flow may cccur over time periods as short
as a day (Tripp and Kusunoki,1967). Pulsations in either
the ice or the wvater velocity might be expected to cause

variations in the nature of the front,

23

S einn 4




III. BRESULTS

The positicn of the froat, both its near-surface and
most deeply submerged manifestations, and the varying pos~
ticns of the ice edge are shown in relation to the station
array in Pigure 3. The ice edge shown in the figure is not
synoptic, having been constructed froa observations of the
position of the ice taken at the time of each ice amargin
crossing and froa helocopter observations near 759N. Addi-
ticnal information concerning ice conditions at the time of
the cruise is provided by weekly southern ice limit charts
produced by the Naval Pclar OQceanographic Center (NPOC)
(dppendix C).

The location of the front depicted in PFigure 3 was
deterained from nine temperature and salinity transects con-
s ructed from data acguired during the cruise. The
transects are numbered in chronological order and indicated
in Pigure 4 and Pigure 5 by the solid 1lines connecting
stations.

The nature of the frontal region varies in coaplexity

according to geographic area. A relatively siaple structure

24
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Pigure S. Distribution of salinity-temperature transects in
the central area. Locations of transects are
indicated by the s0l1id lines connecting stations,
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is seen in the northern transects, becoming somewhat sore
complex in the southern transects and very complex in the
center of the study area. For this reason, the transects
will be presented in that order.

Transect 6 represents a short transect in vhich only a
small portion of the front was crossed. Because of this and
saveral unusual features noted in the region, this transect

will be presented separately.

A. NORTHERN TEMPERATURE-SALINITY TRANSECTS

The northern tempaerature-salinity transects vere
obtained near 789N. These are Transects 4 and S of Pig-
ure 4,

1. ZIzransect d

Transect % (Pigure 6) vas constructed from data

acquired from stations 50 through 62 wvhile inbound onto the
Greenland continental shelf. The stations were occupied
over a 39 hour period and are therefore thought to be rea-
sonably synoptic, XBT profiles 90, 91 and 95 were added to
the transect in the region of <the front in order to provide
a more complete picture of the frontal structure near the

surface.
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The Past Greenland Polar PFront appears as an intense
temperature front coincident with a strong salinity front
lying between Stations 50 and 53. The isopleths of tempera-

ture and salinity slope steeply dovnward (4.8a-~ka=1) froa

near <*he surface ¢to about 200m depth then turn sharply
toward the bottom of the continental slope. The 27.6 kg~-a—3

sigma-t surface, approxismately in the middle of the sharpest

horizontal gradient, slopes slightly less steeply and levels
off at about 160a depth. This general characteristic of the
isopycnals as compared to isotherms holds also in the other ;
frcntal transects described belovw. The lower portion of the
front is close to the shelf break. This relationship is
seen in other *ransects of the present cruise as well as in
the historical data.

To the east of <the front belov 100m lies a large
region of vater which nmeets the definition of Atlantic

Intersediate Water. A vell defined core within the AIW with

saxisus temperature >3.09C is present betveen 100 and 500m §
depth and betveen Stations 50 to 53. This core and associ-

ated vater amay reprasent a portion of the return flow of

Atlantic vaters discussed by Coachman and Aagaard (1974) and

vill be seen in other transects from the present cruise.
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West of <he front, a vedge shaped layar of Polar
Nater can be identified. tending from the surface to
approximately 180m, a strong bhalocline is evident wvwith
salinities increasing from <31.0 o0/00 at tha surface to
about 34.5 o/00 in the region of the 09C isothernm.
Temperaturss vary from 09C at the bottom of the layer to
values near freezing (<-1.7°C) near the surface. Nuaerous
parcels of anomalously warms or ccld water form temperature
inversions and finestructure in the lower part of the PW.

Below the 09C isothern, tesperatures rise slightly
to +0.59C at <the hotton.- These temperatures coupled vith
salinities of 34.6 o/00 to >34.8 o/00, indicate diluted AIW.

The nature of the front onear the surface can be
related to some degree to the advance or retreat of the ice
margin. In this transect, the ice edge 1lies between XBT
profiles 90 and 91, about 15ks seawvard of the shallow por-
+ion of the fronmt. The isopleths of temperature and salian-~
ity appear to have been stretched eastwvard, creating a
gentler slope in the front near the surface. This could be
caused by an advance of the ice edge eastwvard with conse-
quent cooling of near-surface water. That such an extension

of the ice edge 4id occur may be seen from ice~-limit charts
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produced by the Naval Polar Oceanographic Center (Figures 21
and 22, Appendix C). An advance in the ice margin of about
35ks in the two wveek period from 13 to 27 October 1981
occurred near 789N,

2. Izansezt S

Data acquired from stations occupied in the transect
lying just north of Transect 4 were used to construct Tran-
sect 5 (Figure 7). Although the stations vere occupied over
a period of 5 days, the stations in the region of the froat
vere occupied over a 15 hour period and may be regarded as
synoptic. Stations 74 through 78 represent the region of
the front about 10.5 days later than cthat seen in Tran-
sect 4. Again the front appears as an intense and steep
telperatnre-salihity front with isopleths sloping downward
tovard the shelf at about 3.8a-ka-t.

The ice edge in this transect vas located between
Stations 77 and 78, coincident with the shallow portion of
the front. The slope of the front near the surface becoaes
gentler and displays the same eastvard stretching of the
isopleths seen in the previcus transect. The ice margin in
this case had advanced another 35ka froa 27 October to

10 ¥Novesmber.
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A notables contrast between this and the previously
discussed representation of the froant is in the wvara core in
the AIW east of the front. In 10.5 days, the structure of
the core altered considerably- Instead of being a single
vell-definad core, the AIW is distributed among several
cores or parcels extending froa about 50a ina depth to 500m
Or more. The msaxiaum temperature anyvhere in the region of
the AIW is near 2.59C, 0.59C cooler than in the earlier
transect and <the maximus salinity is slightly higher,
35.03 o/00 versus 34.96 o/00. This probably is a region of
turbulent mixing, a condition which seems to be common along
the front. Perhaps included in the same turbulent process
is the parcel of varm water near Station 73 and 200m depth,
to the west of the front. This suggests a tendency for AIW
to mix across the front in large parcels at depths of about
200a. Similar behaviors will be seen in more southerly
transects. ,

The PW in this transect is similar in properties and
thickness to that in Transect 4, The diluted AI# found
below the 09C isotherm also is similar except <for the varas

parcel at Station 73 mentioned above.
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B. SOUTHERN TEMPERATURE-SALINITY TRANSECTS
The southern temperature~-salinity transects represent
«ransects of the front obtained in the region of Belgica
Dyb. These are Transects 1 and 2 of Pigure 4.
1. Irapnsect 1

Transect 1 (Pigure 8) represents the most southerly
transect of <+the BRast Greenland Polar Froat during the
cruise. The stations were occupied over a 62 hour period
vhile inbound on the shelf in the region of Belgica Dyb.
The temperature front in this transect is the most intemnse
seen during the cruise. The isotherms slope very steeply
down from the surface to about 150m with a slope of about
20s~-km—1t, In this case, the disohalines slope such less
steeply. The bottom portion ;f the front appears to overlie
the region of the shelf break as in previous transects.

Again one sees the Atlantic Intermediate Hater bro-
ken up into secondary cores or parcels. The tendency of the
AI¥ to penetrate the lower portion of the front is more pro-
nounced than in Transect S. A large parcel of vara, undi-
luted AI¥ s found at Station 11 and 200a depth near the
base of the front. Additionally, wvara, undiluted AIW can be

seen along the surface of the shelf and a particularly vara,
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essentially unaltered parcel is visible as far as in Station
20. This represents a well-defined intrusion of the AIW
across or below the front. This penetration of AIW¥ landvard
is more pronounced than in Transect 4 possibly because of
the flow of water into Belgica Dyb proposed by Newton and
Piger (1981).

2. Izanssect 2

Cross section 2 (FPigure 9) was constructed froa data
obtained while headed eastward from Belgica Dyb. Again the
data are considered to be approximately synoptic,- having
been acquired over a 24 hour period. This traasect provides
a representation of the East Greenland Polar Froat eight
days after that of Transect 1.

The front remains clearly defined. It is less
intense than in Transect 1 and less steep, with a slope of
approximately 8.Sl-ki-i, as compared tc the slope of
20s-ka~! eight days previously. The bottom of <the froat
extends to about 200m depth, approxinatelj 50 deeper than
Transect 1. Additionally, the lowver portion of the front
overlies the upper continental slope as before. There is
somse evidence of the flattening of the front near the sur-

face vhich has been associated with the advance of the ice
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Pigure 9. Temperature~Salinity Transect 2. Isotheras and
170 alines _are indicated as in Pigure 6. Station
47 was an XBT drop.
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margin in previous discussions. However, the ice edge is
found near Station 30 in this case, which is behind the sur-
face manifestation of the front. A possible explanation for
this may be an advance in the ice margin which subsequently
retreats and leaves a layer of P¥ to the east. From the ice
charts in Appendix C, it appears that such an event may have
occurrad. From 13 to 20 October, the ice edge in the
reqiocn of Transect No. 2 (near 769-30'N) grew about 10km
eastwvard. The chart of 27 October shows the ice margin to

have returned westwzird to the positiom of 13 October.

C. CENTRAL TEMPERATORE-SALINITY TRANSECTS

Transects 3 and 7-9 represent transects through the
cantral part of the study area (Pigure 5) and provide an
interesting view of *he variability of the front over small
scales of time and space.

1. Izansect 3

The transect represented by Transect 3 (Figure 10)

vas completed relatively early in the cruise’ om 26 October
during a 14 hour period. 1Its western end is about 35ka sea-
vard of the shelf break, which prevents seeing the way in
vhich the front approaches the shelf. Station spacings vere
somevhat larger than inp the other tramnsects (15-20km) and

some of tha fine detail seen elsevhere may have been aissed.
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Pigure 10. !ugoratnro-alinity Transect 3. Isotheras and
isohalines are indicated as in Pigure 6.
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There is a relatively sharp slope in the isopleths
of about S.2m-km—! betwveen Stations 37 and 38. The near-
surface portion of the front stretches eastward, similar to
vhat has been seen in other transects. The ice edge vas
located near Station 39 and had advanced about 25km over a
period from 20 to 27 October. As seen from earlier discus~
sicn, this advance nmay be responsible for the apparent
spreading of the front to the east. Additionally, tha front
£lattens out abruptly at 100m depth and extends westward
froa station 37. This may be a breaching of the lower por-
ticn of the front as occurred in Pigures 8 and 9. However,
the unusually shallow depth at which this occurs and the
ganeral downward trend of the deeper isotherms near-.- Sta-
tion 36 suggest that a deeper manifestation of the front may
have existed further to the vest.

Just east of the front, but considerably shallowvar
than before, the characteristic warm core of AIW is seen
vith the maximum <temperature now reduced to adout 29C.
Belov the front, temperatures reamain above 09C, also corre-
sponding to AIN, except for a small region belox 400a
between Stations 38 to 40 which is, Ly definition, Greenland

Sea Deep Water. Salinities in the vestern part of the
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transect are slightly lover than the values defined for Als.
However, one large area in the eastern part with salinities
greater than 34.9 o/0o0 and a smaller area at Station 36
qualify as AIW.

2. Izapsects 7 throygh 9

Transects 7, 8 and 9 (Pigures 11, 12 and 13) repre-
sent three transects of the BEast Greenland Polar Pront
accomplished over a period of less than four days from
11 - 15 Novesber. It is particularly interesting to ncte
the close proximity of Cross Transects 7 and 9 (Figure 5).
Stations 99 and 107, and Stations 94 and 113 should be
superimposed in comparing the two transects.

The slope of the front in 'all three transects is
relatively gentle vith values ranging froa 1.5m-ka~% <o
2. 3a~ka-1, Again, one sees the eastward spreading of the
near surface portion of the front which appears to be asso-
ciated with the 40km advance of the ice margin in this
region from 26 October to 15 November (Pigure 3). The deep
end of the front is not present in any of the three
transacts.

Perhaps the most striking aifferences noted in Tran-

sects 7 through 9 1is in the variability of-the Atlantic
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isohalines are indicated as in PFigure 6.
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Intersediate Water. 1In Transect 7, the varam AIW east of the
frcnt contains much finestructure suggesting turbulent aix-
ing of an intensity not previously seen. In contrast, Tran-
sect 9, only 3.5 days later than Transect 7, has a vell
defined core of wara AIW, scarely fragmented at all. Like-
wise, Transect 8, displaced only a short distance southward,

shows little fragmentation in the AIW.

D. TRANSECT 6

Transect 6 (Pigure 14) represents the most nortLerly
transect accomplished during the.cruise. Dge to the rela-
tively short distance covered by this transect, the crossing
of the East Greenland Polar Pront was not coampleted. Bvi-

dently, the transect is near the eastern (surface) end of

the frunt and a thin layer of Polar Water extends eastward

beyond Station 79, probably as a result of an 80ka advance
in the ice margin froam 3 to 10 Noveaber. AIW is present in
nearly all <the voluse beneath the PN, Thore is also an
intervening thin layer of diluted AIW. AIW extends to 500m
depth and more. Particularly notable is the proiinont doae
in the isotheras at Station 81 suggesting a submerged cold-

core eddy.
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IV. DISCUSSLON

We have seen the northern portion of the East Greenland

Polar Pront as a sharp, steep boundary betveen wvaram, saline
Atlantic 1Intermediate Water on the east and cold, mote
dilute Polar Water underlain by a cooled layer of slightly
diluted AIW on the west. The front consistently lies over
the upper continental slope. Relatively wara AIW is close
against the front in the depth range 200 to 400m. This wara
vater appears to be concentrated here in one core or a nua-
ber of smaller filaments or parcels. Hovever, there may be
a continuity of the wvarm parts of this wvater with similarc
water to the east.

The high temperatures and high salinities found in the
AIW adjacent to the front are indicative of a relatively
direct connection with <the Atlantic waters in the West
Spitsbergen Curreat. There can be little doubt <that this
wvater is part of the recirculating water <£froa the West
Spitsbergen Current mentioned by Coachman and Aagaard
(1974). It would be interesting tc know if the wvarm AIW

observed during this cruise has come more or less directly
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from the east or if it was injected at a aore northerly
point and flowed southward along the fromt. In two tran-
sects (Pigures 6 and 8), there seems to be no wvwell-defized
continuity of the warmest AIN to the east. In other traa-
sacts, the lack of continuity is not demonstrated, particu~-
larly if one conceives of the water arriving in the form of
parcels or filaments which give the appearance of discontin-
uity. However, in all transects of the present cruise, AIW
of intermediate temperature obviously continues eastward, to
vhat distance it cannot be determined. Thus, the question
of the more or less direct flow of wara AIW¥ from the east
cannot be answvered with the present data.

Ssome insight into conditions farther to the east than
the limits of the present survey nmay be had from the EDISTO
data. The positons of two sets of teaperature, salinity and
density transects are indicated by <the solid lines connect-
ing stations in rigure‘15.

In Transect A (FPigures 16) temperatures of greater than
39C are seen at the surface, but they are toco dilute for
AIN. Below approximately 90m, temperatures up to above
1.59C have salinities high enough to be called AIW. The AIW

vith this degree of wvarath is 1located agaiast the front,
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typically like the corresponding waters in 1981. Although
this data is from September, the maximum temperatures ars
lowver than 1981, The lower temperature in this year may be
due to year-to-year variation. The transect extends only as
far eastward as Transects 1 and 2 and therefore, does not
provide much insight into conditions to the east. The maxi-~
maua temperatures lie along isopycnals 27.9-28.0, which rise
rapidly toward the east. This suggests a continuity with
vater farther to the east near or at the surface.

Transect B (Figqures 17-19) axtends approximately 60ks
farther eastvard than Transect 6. Temperatures in the AIW
are similar to the values seen in the present data. Iao con-
trast to Transect 4, the varath in the AIW (salinity
2 34.88 o/00) does not appear to extend to the surgace. but
is held deeper than about 100m by a superficial 1layer of
decreased density. The parcel of v;tet warmer than 2.59C on
the right near 100m depth is approximately on the 35.0 o/00
isohaline. Temperatures decrease with depth to 500a but all
of the deeper water to the east of the 275ka sark pmay be
classified as AINW, This extension of wvara AIW to the east
suggests that there is a continuous supply of this water

from that direction. The previously mentioned parcel of
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vater >2.5°C in the eastern portion of the transect suggests
that <the warmest AIW may arrive as parcels or filamants
carried in the westward flow. Other warm parcels may have
been missed by the large station =spacings, approximately
60km.

In the present data, the finestructure visible in the
Polar Water layer vest of the front is less pronounced than
in the AIW. Wadhams, Gill, and Linden (1979) also observed
that the amplitudes of the fluctuations in sound valocity
transects were greater on the warm side of the frent in the
AIW. The majority of the finestructure in the PW is made up
of warm-in-cold parcels of the ordexr of 15a in thickness and
10ks in diameter, These may be seen in Figures 6, 8 and 9
lying bove approximately 130m depth. The fact that they are
mostly wvara-in-cold suggests that the parcels are propagat-
ing from the warm frontal zone. Since this is a region of
high velocity shear, it is likely that these parcels have at
some point been torn out ¢f the frontal zone by shear-in-
duced turbulence. This same aechanisa may account for some
of the fragmentation seen in the AIW near the froat.

Large concentrated parcels of AIW are found upon the

shelf and propagating shorevard beneath the front
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(Pigures 6-9). These parcels have been associated with the
varm vater seen on the continental shelf.

Any varm water above about 09C an the shelf clearly has
AIW as its source and it must have been injected anot far
upstreanm. The Arctic Ocean Intermediate Water, in its loag
counterclockuwise circuit of the Arctic Ocean has cooled %o a
maximum temperature of abcut 0.49C by the time it reaches
the Beaufort Sea. If it were to continue around to Pras
Strait, it would be cooled further. Thus, this classical
Arctic Ocean Intermediate Water cannot account for the vara
water; the varm intermediate water found on the Greenland
Shelf must have bheen refreshed by AIW, either soame discance
north of Pram Strait or along the East Greesnland Curreat or
both. The tendency of the AIW to cross the front which has
been described in the preceding paragraphs indicates that
the second of these routes is not to be ignored.

It should be noted that the two southerly transects
(Pigures 8 and 9) are to a degree ancmalous in that they are
locatad opposite the wmouth of Belgica Dyb dinto which there
may be a circulation, as suggested by WNewton and Piper
(1981). While this circulation might accentuate the intru-

sicn of AIW onto the shelf, it is evident froa Transects 4§
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and 5 in the north that the <tendency of the wvara water to
find its way up onto the shelf is present.

In the AIW, there is a great deal of inhomogeneity in
both temperature and salinity which way well represent dea-
sity anomalies which could be interpreted as eddies. In the
more extreme cases, the density anopalies may be seer read-
ily. In Transect 6 (Figuxe 14), the proasinent dcame in the
iscterms at Station 81 was mentioned as suggestive of a
cold-core eddy. Clearly, thate is a marked decrease in the
tesperaturas in the area with little compensating change in
salinities, thus indicating a submerged region of elevated
density and probable cyclonic eddy. In Transect 1 (Pig-
ure 8), there is a similar feature with a warm core locataed
at Station 10, again in a region of 1low vertical salinity
gradient; this implies an anti-cyclonic eddy. sStill another
eddy~-like feature is visibie at sStation 3¢ of Cross Tran-
sact 2 (Piqure 9). ‘ Among the many ssaller features, it is
not clear if any of these are also density anosalies or if
there is coapensation by ccncomitant salinity changes. A
thorough discussion of the existeance of eddies cannot be
carried out without a study of densities and dynamic haights
vhich are currently not available. fhis topic is left for

later work.
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V. SUHMARY

Exaaminad in considerable detail with close station spac-

ing and dense vertical sampling, the Bast Greenland Polar
Pront exhibits a wealth of structure and variability. The

following major conclusions were drawn:

darked changes occurred in the fromt in the course of 8
to_10 days. Particularly notable vas the distribution
and fragmentation of the wara AIN¥ core eastward and
feneath the frontal zone.

A core of wara dtlantic Intermsediate Water is fre-
guently found pressed against the eastward edge of the
rgnt. This core is waraer than previcusly describaed

and is often fragmented and full of finestructure.

There is finestructure of the order of 15a in thickness
and 10ks in djameter present in_ _the Polar Water,
lenses o anompalous water generally wara ia a cold
latrzi. are vzdesgread. fha,souzce of these wara par-
cels is AIW turbulently entrained at the front.

ixn is the source of vi:n water on the Greenland Shelf;
t has penetrated the lower portion of the front thei
sone_distance porth of PFraa Stxgﬁt or _along, a Eiﬁt 0
the East Greenland Current Or both. There is evidence
g%gge:gdies or other mechanisas are ianvolved in this

An eastvard extension of the near-surface isopleths of
the front occurs with the prograding of the ice margiun.

The front is consistently associated with the upper
continental slope gossibly due to bathymetric steering
of the along fronm low.
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APPENDIX A

INSTRUNENTATION AND DATA ACQUISITION

Temperature and salinity profiles during the subject
ruise wers obtaired utilizing a Neil Brown Instrument Sys-~
tens (NBIS) Mark III conductivity~-temperature-deptk recorder
(CTD) . The conductivity cell was the standard 3 cm in
length; ¢*he system was provided with a rapid-response ther-
mometer stabilized by a pilatinum resistance thermometer aad
the prassure sensor had a range of 1600 dbar. The digital
data stream was read into a Hewlett-packard 9835-B computer
vhich had enough memory to store about 3500 complete binary
data records. The CTD was lowered at a rate of approxi-
mately 1 a/s; this sloved saapling rate resulted in a gata
record rate of about 3 points/nm. To conserve cassete stor-
age space and to allov flexibilty in cast depth, the coa-
puter was programed to also operate with 2625, 1750 or 875
BRemory records. Operating over the outer shelf and slope,
1750 records wvere most fregquently used to reach depths of
approxisataly 600a. In shallower regions on the shelf, 875
records vere used, reaching about 300m. Before leaving each

station, the dQa*a from both the downvard and the upvard
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profiles of the CTD were plotted on a 28x28 ca digital
flat-bed plotter, Hewlett-Packard Model 9872A. Plot scaling
could easily be changed to accomodate different depths and
to expand scales when desired. This technigue enabled the
vatch team taking the measurements to ensure that good,
reliable data had been obtained. The plotted data also
afforded the sciantists an opporturity to alter the proposed
course of action *¢ investigate a particular area or
phenomenon if desired.

The data wer2 stored in their original binary fora on a
tape cassette, which is part of the computer. During the
early phases of the cruise, only the downward traverse of
the CTD was stored to ensure that no shortage of tape cas-~
sette supplies developed. Later in the cruise, this proce-
dure was no longer necessary and both traverses were stored
on the tape cassettes. Ccmparison of down and up profiles
wvas particularly Qseful in quality control of the data,
Pollowing the cruise, the binary data stored on the cassette
tapes vere transferred to a 9-track coamputer tape at NPS for
further editing and analysis.

Standardization of the CTD data was accoaplished by com~

parison with  tesperature and salinity data taken by
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reversing theraometers and Nansen bottles. A total of 26
casts wore made with a Nansen bottle 3 a above tha CTD on
the oceanographic cable. This placed the bottle in the
largely isothermal and ischaline layer near the bottom of
each cast. In the remaining 16 casts, the bcttle was
positioned near the surface in an isotherasal, isochaline
layer. By attaching the Nansen bottle to the cable and
positioning it in such uniform 1layers, errors due to depth
uncertainties and non-simultaneity between the Nansen bottle
and the CTD vwere avoided. After removal of 10 faulty
values, th2 tesperature ccaparisons showed the CTD reading
high by 0.0049C with a standard deviation of 0.0139C.
Although this error 1is apparently significant, it wvas not
applied. The salifity ccmparisons are based on only 17
sasples (up to Station 51) cospared directly with standard
vater, all but four vials of standard water having brokan in
transit. The mean showed the CTD high by‘0.0056 0/00 w¥ith a
standard deviation of 0.010 o/00, again a significant error,
but one which was not applied. The remaining saaples vers
cospared wvith a substandard which gave abruptly higher
positive differences vwhich drifted from about 0.03 o/00 to

0.103 o/00 by the end of the cruise. Although the direction
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of the drift was opposite to that expected, the substandard
appearing to become more dilute, nc faith was placed in the
cosparisons with substandard.

A total of 123 XBT drops vwere nade. For purposes of
this thesis, omnly 7 of these have been used to suppleaent
CTD data.

Positioning was accomplished primarily by the use of
information obtained from a Magnavox MX 1107 Satellite Navi-
gation Systea. The system worked well throughout the
cruise, providing an average of 28 reliable fixes each day.
NAVSAT fixes often occurred during or c¢lose to the time of
CTD casts, resulting in excellent station position accuracy,

probably within 1/2 nautical mile. .
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APPENDIX B

CTD OPERATIONS UNDER FREEZING CONDITIONS

Bourke and Paquette (1981) have documented the difficul-~
ties involved in the operation of a CTD in ice under freez-~
ing condidtioms. The bepefit of this prior experiance
enabled relatively smooth operations during most of the
present cruise. One problem of significance which was not
satisfactorly solved was related to the on deck stcrage of
the CTD.

Once air temperatures drop below -1.89C, the undervater
unit if left on deck in the cold, would freeze water in the
conductivity cell and ir the port of the pressure trans-
ducer. Since air telpe;atnres during most of the cruise
rarely exceedéd -59C, thls probles required constant aoni-~
toring. a box cosisting of canvas stretched over a wooden
frase vas used to cover the CTD between casts. A hose with
lov pressure steam was placed under the box to help keep the
S9NngOrs varas. As a further precaution, the instruament wvas
soaked and moved up and down in the wvater several times just
prior to each cast to remove any remaining ice f£filnm. These

efforts proved adequate as long as temperatures resained in
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the =-59C range. However, vhen air temperatures dropped to
-159C, the steam supply could no longer maintain enough heat
inside the box and ice foramed on the sensors froa condensing
steam. To aid in the remcval of this fresh water ice, it
was necessary to flush the sensors with wvara salt vater
immediately prior to lowering in addition to the soaking
prccedure. Replacing the steam hose with heat laamps and
adding a additonal layer of canvas to the box helped to
reduce the freezing problem, however it was necessary to
take care that the instrument was not alloved to overheat.
Puture cruises conducted under feezing conditions proba-
bly should employ a seawater bath. Such a systea would be
gquite simple in construction. It would consist of bucket or
tub in vhich the CTD could be immersed in salt water between
casts. The tub could be insulated and provide for a con-
stant supply of wvater, lcw energy electric heat or steasm.
it would also bhe necessary to construct a frame with sone
type of block and tackle systea to aid in hoisting the
instrument in and out of the salt water bath. This systea
should eliminate the need for application of heat directly
to *he instrument, and it should avoid the formation of ice

on the sensors.
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Figure 20.

AFPPENDIX C

CHARTS OPF ARCTIC SOUTHERN ICE LIMIT
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