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ABSTRACT 

Temperature and s a l i n i t y  observat ions were  made f r o m  the sur face down t o  
1500 m, i n  the  cen t ra l  nor thwestern  Weddell Sea, d u r i n g  March  1986- These 
observat ions sampled the th ree  water masses charac ter iz ing  the  region. The 
uppermost,  Surface Water ,  l a y e r  extended down to  3 0 - 5 0 m 1  had temperatures 
f r o m  near f reez ing  (-1.8C) up t o  about OC and s a l i n i t i e s  o f  33-34 ppt.  A 
l a y e r  o f  Weddell W i n t e r  Water under lay the  Surface Water,  extending down t o  
about 1 OOm, and had temperatures o f  - 1.5 t o  - 1.7C and a s a l i n i t y  o f  about 
34.46 ppt. The Weddell Warm Deep Water  extended f rom the  bottom o f  the  
W i n t e r  Water  down to  more  than 1500m,  d isp lay ing  tempera ture  inc reas ing  
w i t h  depth t o  a maximum of  about 0.5C near 5 0 0 m  then decreasing down t o  
1500m.  S a l i n i t y  increased w i t h  depth i n  t h i s  l a y e r  to  about 34.67 p p t  near 
5 0 0 m ,  then decreased s l i g h t l y  a t  greater  depths. A warm core  hav ing 
tempera tures  greater  than 0.5C was present  near 5 0 0 m  depth i n  the 
westernmost p a r t  o f  the  s tudy region. The tempera ture  maximum region 
w i t h i n  the  Warm Deep Water  decreased i n  depth eastward, toward  the  center o f  
the  gyre,  w i th in  th is  core. The ba roc l i n i c  c i r cu la t i on ,  expressed as dynamic 
topography o f  the  sur face r e l a t i v e  to  the  1500 db leve l ,  was i ns ign i f i can t  
throughout  the region. 

INTRODUCTION 

Temperature and s a l i n i t y  observat ions were  c a r r i e d  out  i n  the 
nor thwestern  Weddell Sea marg ina l  i ce  zone (MIZ)  d u r i n g  March  1986 as p a r t  
o f  the  An ta rc t i c  M a r i n e  Ecosystem Research a t  the Ice Edge Zone (AMERIEZ) 
program. The purpose o f  these observat ions was t o  def ine the  oceanic 
temperature,  s a l i n i t y  and densi ty  f i e lds  associated w i t h  the  MIZ. P a r t i c u l a r  
emphasis was placed on features,  such as v e r t i c a l  s t r a t i f i c a t i o n  i n  the  upper  
oceanic layers ,  wh ich  were  expected t o  impact  local  b io log ica l  processes. The 
observat ion reg ion  encompassed a zonal band extending f r o m  the  nor thwestern  
Weddell Sea cont inenta l  r i s e  out t o  the deep bas in (F igu re  1). The western 
p o r t i o n  of the  reg ion  l a y  under the la te  summer ice  cover ,  wh ich  consisted 
p r i m a r i l y  of m u l t i - y e a r  pack i ce  remain ing  f r o m  prev ious  w in te rs .  The 
eastern p o r t i o n  o f  the  s tudy reg ion  encompassed open water.  
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The program took place du r ing  the la te  summer -ea r l y  autumn season, 
p r i o r  t o  the  s t a r t  o f  the w i n t e r  i ce  advance. The condi t ions sampled were 
the re fo re  representa t ive  o f  an MIZ j u s t  as e a r l y  season cool ing has commenced 
bu t  p r i o r  t o  s ign i f i can t  i ce  format ion.  W h i l e  a i r  temperatures were usua l l y  
below f reez ing,  water temperatures were i n  most instances too f a r  above 
f reez ing  f o r  i ce  fo rmat ion  t o  occur. Advection o f  ex i s t i ng  ice  b y  o f f - i ce  winds 
i n t o  water  warmer  than the me l t i ng  po in t  (about 1C) resul ted,  i n  several  
instances, i n  i ce  me l t i ng  along the edge and con t r i bu t i ng  to  upper  l aye r  
me l twater  accumulat ion wh ich  w i l l  be evident i n  the fo l l ow ing  discussion. 
Only d u r i n g  the westernmost penetrat ion i n t o  the ice  and d u r i n g  a few 
p a r t i c u l a r l y  cold days w i t h i n  the ice  was act ive ice  fo rmat ion  observed. 
Hence, the  c r u i s e  t i m i n g  occupied the t rans i t i ona l  per iod  between summer net 
i ce  me l t i ng  and w i n t e r  freezing. 

The observat ions were c a r r i e d  out f r o m  two vessels. One, the icebreaker 
Glac ier ,  operated w i t h i n  the  sea ice  out  t o  the v i c i n i t y  o f  the ice  edge. The 
second vessel, R/V M e l v i l l e ,  operated i n  the open water  seaward o f  the ice  
edge. Temperature and s a l i n i t y  (as conduct iv i ty )  observat ions were  made f r o m  
both vessels us ing Ne i l  B rown  Mark  IV CTD (conductivity/temperature/depth) 
p r o f i l i n g  systems. S i x t y -s i x  CTD casts were made f r o m  the Glacier and 49 
f r o m  the M e l v i l l e  . Geographical locat ions f o r  these casts a r e  indicated on 
F igu re  2, and exact coordinates and other i n fo rma t ion  a r e  prov ided i n  
Appendix 1. Most of the casts extended to  depths greater  than 500 m, and more 
than h a l f  extended t o  1500 m. 

CTD data qua l i t y  was o f  p r i m a r y  concern. The data were p r i n t e d  out and 
p lo t ted d u r i n g  the f i e l d  program, a l low ing  a near r e a l - t i m e  check on 
i n s t r u m e n t  performance and data qual i ty .  The data were also recorded d i g i t a l l y  
f o r  l a t e r  processing. The CTD used on the Glacier was ca l ib ra ted  p r i o r  t o  and 
fo l l ow ing  the c r u i s e  a t  the Northwest Regional Ca l ib ra t ion  Center i n  Bel levue, 
Washington. The CTD's on both vessels were ca l ib ra ted  r e g u l a r l y  ( t y p i c a l l y  
e v e r y  t h i r d  o r  f o u r t h  cast) du r ing  the  f i e l d  program against tempera ture  and 
s a l i n i t y  values obtained us ing roset te  o f  Nansen sample bo t t les  and deep-sea 
r e v e r s i n g  thermometers.  The ca l i b ra t i on  data revealed a s l i g h t  conduct iv i t y  
d r i f t  p rob lem w i t h  the Glacier CTD system. and al lowed development o f  an 
a lgo r i t hm w h i c h  was successful ly used to  co r rec t  the problem. The f i n a l  data 
a r e  accurate t o  w i t h i n  0.016 i n  temperature and 0.01 W o o  i n  sa l i n i t y .  
Resolut ion was be t te r  than 0.005C and 0.005 o/oo i n  these var iab les.  

Th is  r e p o r t  presents  the CTD data as a ser ies  of  v e r t i c a l  t ransects  wh ich  
show the d i s t r i b u t i o n  o f  T,S and densi ty ( as s igma-t) .  Secondly, the 
hor izon ta l  d i s t r i b u t i o n s  a re  shown f o r  parameters such as T,S, and dynamic 
height  o f  the  sea sur face r e l a t i v e  t a  f i xed  reference levels.  F ina l l y ,  the  data 
a r e  discussed b r i e f l y  w i t h i n  t h e  context  o f  past research i n  the region. 
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VERTICAL DISTRIBUTION OF PROPERTIES 

To descr ibe the v e r t i c a l  d i s t r i b u t i o n  o f  the water  masses i n  the s u r v e y  area 
we present  v e r t i c a l  cross sections o f  T.S and sigma-t  along f o u r  sections 
across the  MIZ and one p a r a l l e l l i n g  the edge just ins ide  the  i c e  (Table 1). 
Section 1 and 4 a r e  r a p i d  ( l ess  than 40 hr. f o r  1 and 4) t ransects  across the 
i ce  edge along the southern and n o r t h e r n  t ransects,  respec j i ve ly .  These two  
t ransects  were  separated b y  about 48 k m  (F igu re  1) .  Sections 2,3 and 5 a r e  
s lower  t ransects  (3-5 days). We w i l l  f i r s t  descr ibe the d i s t r i b u t i o n  o f  
p roper t i es  i n  the  upper  300 m of the water  column where the  most s ign i f i can t  
s t r a t i f i c a t i o n  occur red  (F igures  3-6). Then we w i l l  discuss the  water  masses 
i n  the  v e r y  u n i f o r m  reg ion  below 300 m (F igures  7- 1 1 ) .  The near-sur face 
d i s t r i b u t i o n  i s  not presented f o r  section 5, because condi t ions near the 
surface d i d  not  v a r y  apprec iab ly  along t h i s  section. The heavy b lack l i n e  a t  the  
sur face o f  each v e r t i c a l  section denotes the approx imate extent  o f  the  pack ice. 

Upper Layer  P roper t i es  ( F igures  3-6) 

Section 1 : 

D u r i n g  the  f i r s t  r a p i d  t ransect  (F igu re  3) on the southern l i n e  the upper  
2 0 - 3 0 m  beneath the ice-covered area was near the  f reez ing  po in t  ( -  1.7 t o  - 
1.8C) . The upper  l aye r  s t r a t i f i c a t i o n  was p r i m a r i l y  con t ro l led  by the  
s a l i n i t y  f ie ld .  The 2 0 - 3 0 m  sur face l aye r  w i t h  r e l a t i v e l y  low s a l i n i t y  Weddell 
Sea Sur face Water  (33.6-33.8 o/oo) was under la in  b y  a sharp  haloc l ine (and 
associated pycnocline). Only seaward o f  the  MIZ was the re  a tempera ture  and 
s a l i n i t y  s t r u c t u r e  r e f l e c t i n g  the upper  l a y e r  s a l i n i t y  and densi ty  s t ruc tu re .  
Mixed l a y e r  temperatures increased away f r o m  the ice  edge zone t o  a 
maximum o f  about - 0 . X  at  a distance o f  200 km f r o m  the  ice  edge. The lense 
of  l ow  s a l i n i t y  water  ( S  < 33.6 0100) beneath the ice  edge represents  
me l twater  f r o m  some recent  i ce  me l t i ng  episodes. 

Below the  halocl ine1pycnocl ine a t  approx imate ly  50- 1 OOm the re  was a 
tempera ture  m in imum laye r  ( -  1.5 to  - 1.7C) w i t h  a r e l a t i v e l y  constant 
s a l i n i t y  o f  34.46 o/oo which  was a remnant  o f  the prev ious  w in te r ' s  
thermoha l ine  convection and i s  ident i f ied  as Weddell W i n t e r  Water  
(Carmack ~ 1977) .  Below the  W i n t e r  Water the tempera ture  and s a l i n i t y  
increased gradua l ly  w i t h  depth w i t h  the tempera ture  inc reas ing  more  r a p i d l y  
t o  T>OC deeper than 200 m. 

The densi ty  (s igma-t )  d i s t r i b u t i o n  reveals  the c o n t r o l l i n g  in f luence o f  the  
s a l i n i t y  s t r a t i f i c a t i o n  w i t h  the low densi ty  contours i n  the  sur face l a y e r  
corresponding to  the lenses of l ow s a l i n i t y  water.  The s t rong pycnocl ine 
between 2 0 - 3 0 m  was determined b y  the halocl ine.  The t r e n d  o f  the  27.8 
isopycnal  suggests the  existence o f  h igher  densi ty  water  below 100m i n  the  
reg ion  covered b y  ice, i n  contrast  t o  the open water  region. 
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Table 1. 
Ve r t i ca l  cross sections occupied du r ing  AMERIEZ 1 9 8 6  

Section type  dates Glacier M e l v i l l e  
sta.* sta." 

1 r a p i d  3/8-319 1-7 2-10 

2 slow 3 / 1 3 - 3 1  16 1 2 - 1 4  1 7 - 2 4  

3 slow 3 / 1 8 - 3 1 2 3  21-23 28-38 

4 r a p i d  3/25-3/27 24-28 43-53 

5 slow 3/27-3/3 1 5 5 - 6 6  

Section 2: 

The southern l i n e  was re-occupied 4 days l a t e r  i n  the  s low t ransect  mode. 
There was v i r t u a l l y  no change i n  the d i s t r i b u t i o n  o f  p roper t i es  i n  the upper 
3 0 0 m  ( F i g u r e  4) since the occupation of  Section 1. The upper  l aye r  was 
s l i g h t l y  colder and more sa l ine  i n  the reg ion d is tant  f r o m  the ice  edge zone. 
Th is  sect ion d id  not penetrate as f a r  i n t o  the ice  edge zone as Section 1. 

Section 3: 

Th is  sect ion was the f i r s t  occupation o f  the n o r t h e r n  t ransect  and the data 
cover a per iod  o f  nea r l y  5 days. The ice  cover was advancing and the M e l v i l l e  
s ta t ion nearest  the ice  edge was ac tua l l y  occupied i n  pancake ice. The surface 
l aye r  w i t h  temperatures less than -1.5C was seen t o  be extending 50 km 
beyond the  nominal  i ce  edge ( F i g u r e  5 ) .  Near the  edge o f  the  marg ina l  i ce  edge 
zone a lense of low s a l i n i t y  ( S  < 33.2 o/oo) reached a depth of about 25m. The 
mixed laye r  beneath the ice  cover had temperatures near the f reez ing  po in t  ( 
about -1.8C) i n  a layer  2 0 - 3 0 m  th ick .  Weddell W i n t e r  Water was also 
present  i n  the 40- 1 O O m  depth i n t e r v a l  beneath the mixed laye r .  There was an 
ind ica t ion  o f  some mesoscale features i n  the reg ion of  s t rong  tempera ture  and 
s a l i n i t y  gradients between 1 0 0  and 200 m, bu t  the lack o f  synop t i c i t y  i o  t h i s  
sect ion precludes any speculat ion as t o  the na ture  o f  o f  these features. 

Section 4: 

Th is  r a p i d  t ransect  along the no r the rn  section reveals  tha t  the p r i n c i p a l  
change i n  the  upper layer  was a s l i g h t  deepening of  the upper  mixed laye r  i n  
the open water  reg ion to  depths o f  40-50 meters (F igu re  6). Th is  may r e f l e c t  
the onset o f  seasonal cool ing combined w i t h  w i n d  mix ing.  The upwarp ing  o f  the 
isopleths o f  a l l  p rope r t i es  a t  the f i r s t  s ta t ion seaward o f  the i ce  edge i s  of  
uncer ta in  o r i g i n .  
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Deep Water  P roper t i es  ( F igures 7- 1 1 ): 

Below 200 m the  water  p roper t i es  va r ied  f a r  less than near the surface. 
Temperatures increased f rom near OC a t  200 m t o  a maximum o f  0.4-0.5C at  
about 500 m, then decreased to  values near OC a t  1 5 0 0  m. Beneath t h i s  
tempera ture  maximum a broad s a l i n i t y  maximum (34.68-34.7 1 o/oo) was 
found i n  the 500- 1000 m depth range, w i t h  the  core  o f  the  Ga l i n i t y  maximum 
beneath the  tempera ture  maximum ( T > 0.5C). The Warm Deep Water  o f  the  
Weddell Sea is i den t i f ied  b y  T > OC and S > 34.65 o/oo and i s  found over  the 
oceanic domain o f  the  Weddell Sea centered a t  about 500 m (Carmack and 
Fos te r , l 975 ) .  The p r i n c i p a l  feature evident i n  these deep sect ions was the  the 
increase i n  depth o f  the core o f  the  Warm Deep Water  f r o m  near 300 m i n  the  
d is tant  open water  s ta t ions to  near 500 m beneath the marg ina l  i ce  zone. The 
v e r t i c a l  s t a b i l i t y  was v e r y  weak throughout the Warm Deep Water ,  and the 
major  densi ty  gradient  was i n  the hor izonta l ,  between the  denser deep water  
beneath the  marg ina l  i ce  zone and the less dense deep water  i n  the cen t ra l  
Weddell Sea. 

A f i n a l  CTD t ransec t  (Sect ion 5, Table 1 was occupied, ins ide  the ice  edge, 
just p r i o r  t o  te rm ina t ion  o f  the  f i e l d  work  (F igu re  2). The upper  l a y e r  
cha rac te r i s t i cs  were  ef fect ive ly  the same as those shown f o r  the reg ions 
beneath the  i c e  on F igures  3-6 .  The water charac ter is t i cs  below this upper  
l a y e r  a r e  shown on f i g u r e  1 1 .  The warm (>0.5C),  sa l ine  (34.70 o/oo) Warm 
Water  l a y e r  a t  about 500-600 m depths i s  apparent on the nor th-south 
p o r t i o n  o f  the  the t ransect.  A feature wh ich  resembles a weak meander o r  
an t icyc lon ic  eddy hav ing a diameter o f  about 100 km was rough ly  centered i n  
this nor th-south por t ion .  A co ld ( ~ 0 . 2 C )  lens  l a y  a t  t he  center o f  this fea ture  
a t  about 2 5 0 m  depth, and a warm (>0.48C), sa l ine  (>34.69 o/oo) band 
appeared t o  c i r c u l a t e  around the  feature a t  about 500-600 m. The east-west 
p o r t i o n  o f  the  t ransect  shows lower  core  temperatures ( 0 . 4 C )  i n  the  warm 
laye r ,  and both the OC iso therm and the  34.60 o/oo i sohal ine were  somewhat 
deeper than along the  nor th-south p o r t i o n  because o f  a downward s lop ing  o f  
the  iso l ines  toward  the  west i n  the reg ion  j u s t  west of the  r igh t -ang le  bend i n  
the  transect.  Th i s  downward slope re f lec ted  a nor th -nor theas tward  f l ow  o f  
water  f r o m  the western l i m b  o f  the  Weddell Gyre, and was located over  the  
cont inenta l  r i s e  and outer  cont inenta l  slope region. Father  west, a reg ion  o f  
l i t l e  apparent  s t r u c t u r e  was s i tuated o f f  t he  end o f  t he  r i dge  extending east 
f rom the  An ta rc t i c  Peninsula. A t  the western end o f  t he  t ransect,  a deeper 
(700-800 m )  core o f  s l i g h t l y  more  sa l ine water  ( >  34 .71  o/oo) than was 
observed fa r the r  east was found over  the cont inenta l  r i se .  The cont inenta l  
s lope a t  the eastern end o f  B rans f i e ld  S t r a i t  was ove r la in  b y  a mass o f  cold 
(<-0.X) water  hav ing s l i g h t l y  lower  s a l i n i t i e s  than observed f a r t h e r  east a t  
the  same depths (34.67 o/oo as compared to  34.71 o/oo). The slopes o f  the  
isopycnals i n  th is  co ld water  suggest t ha t  i t  was f l ow ing  v e r y  weakly  
nor thward.  

The p r i n c i p a l  water  masses observed i n  the  marg ina l  i ce  edge zone i n  the  
nor thwestern  Weddell Sea a r e  displayed i n  F igure  12 wh ich  i s  a T/S diagram 
f o r  the  USCGC Glacier s ta t ions 20-55. The h i g h l y  va r iab le  Weddell Surace 
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Water,  character ized b y  low sa l in i t ies ,  l i e s  above t h e  W i n t e r  Water ident i f ied  
b y  the  tempera ture  m in imum a t  a s a l i n i t y  o f  34.45-34.50 o/oo. The Warm 
Deep Water  i s  ident i f ied  b y  the temperature maximum a t  0 .5C w i t h  a s a l i n i t y  
o f  34.65-34.68 o/oo and i s  seen as the i n f l e c t i o n  p o i n t  i n  the T/S curves  j u s t  
below the 27.8 isopycnal. 

HORIZONTAL DISTRIBUTIONS OF VARIABLES 

Hor izon ta l  d i s t r i b u t i o n s  o f  T and S f o r  the upper mixed l a y e r  a r e  shown i n  
F igures 1 3  and 14 .  Since this l a y e r  was genera l ly  u n i f o r m  i n  t h e  v e r t i c a l ,  i t  
has been assumed tha t  the  10 m deep d i s t r i b u t i o n s  represent  the  e n t i r e  layer .  

Upper l a y e r  lenses o f  low s a l i n i t y  water  ( as low as 33.1 o l o o )  under lay 
the ice  i n  t h e  v i c i n i t y  o f  the  i c e  edge, and represent  me l twater  r e m a i n i n g  
f r o m  recent  i c e  m e l t i n g  episodes ( F i g u r e  13). In contrast ,  s a l i n i t i e s  h igher  
than 33.8 o/oo were  present  beneath t h e  i c e  and i n  t h e  open water  seaward o f  
the  ice  edge. Upper l a y e r  tempeatures were  h o r i z o n t a l l y  qu i te  u n i f o r m  i n  the  
reg ion u n d e r l y i n g  the  ice,  and i n  t h e  reg ion w e l l  t o  seaward of  t h e  i c e  edge 
( F i g u r e  14). A temperature f r o n t  coincided approx imate ly  w i t h ,  o r  l a y  
somewhat seaward o f  I t h e  i c e  edge. Temperatures increased f r o m  beneath the 
i c e  to  seaward across t h i s  f ron t .  The highest observed upper  l a y e r  
temperatures w e r e  above 0 C  and occurred more  than 200 k m  seaward f r o m  the 
i c e  edge. 

The p r i m a r y  mid-depth T feature was the  maximum located w i t h i n  the 
Weddell Warm Deep Water ( F i g u r e  15). Temperatures a t  the  maximum were  
highest 00.56) i n  the  reg ion n e a r l y  coincident w i t h  t h e  i c e  edge, and values 
decreased seaward t o  less than 0 . 3 C  a t  t h e  eastern ext remes of  the study 
region. The tempera ture  maximum was a t  i t s  greatest depth ( > 5 0 0 m )  i n  the  
area w i t h i n  100 k m  seaward o f  the  i c e  edge, then shoaled t o  depths o f  less than 
3 0 0 m  f a r t h e r  east ( F i g u r e  16).  Th is  warm core also shoaled s l i g h t l y  ( t o  less 
than 5 0 0 m )  beneath t h e  i c e  edge, and t h e r e  i s  some ind icat ion i n  the  data tha t  
i t  may have again deepened toward the  west f a r t h e r  under the ice. The warm 
core  was deeper than 6OOm i n  Brans f ie ld  S t r a i t .  Stat ion densi ty  east o f  the  
A n t a r c t i c  Peninsula was, i n  general, inadequate to  define t h e  depth v a r i a t i o n  
there.  

F i n a l l y ,  dynamic heights o f  t h e  sea sur face r e l a t i v e  t o  t h e  500 db and 1500 
db pressure  leve ls  a r e  shown (F igures  17 and 18).  These dynamic 
topographies, r e l a t i v e  to e i t h e r  depth, suggest a v e r y  weak n o r t h w a r d  
b a r o c l i n i c  sur face f l o w  along the i c e  edge. The v a r i a t i o n s  were, however, on 
t h e  order  o f  1-2 dynamic cent imeters,  o r  b a r e l y  above the reso lu t ion  o f  the 
data. It i s  concluded tha t  the b a r o c l i n i c  upper  l a y e r  c u r r e n t s  a r e  negl ig ib le .  
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D I SCUSSI ON 

Conditions observed du r ing  the March 1986 AMERIEZ program were 
consistent w i t h  prev ious observations i n  the same region, notably those o f  
Foster and Middleton ( 1 9 8 0 )  who sampled temperature and s a l i n i t y  du r ing  
February  1 9 7 6  along a t ransect or iented s i m i l a r l y  t o  tha t  shown here  i n  
F igure  11. The Surface Water, Win ter  Water and Weddell Warm Deep Water 
have been documented, i f  not exhaust ively so, i n  the region (see,e.g., 
Carmack. 1977) .  The ex t remely  weak baroc l in ic  c i r cu la t i on  r e l a t i v e  to  both 
500 and the 1500 db pressure leve ls  i s  typ ica l  o f  the Weddell G y r e  i n  
general as evidenced i n  the dynamic topography re la t i ve  to  1000 db presented 
b y  Gordon, e t  al. (1978). The westward deepening o f  the temperature 
maximum i n  the Warm Deep Water has been noted prev ious ly  (e.9.. Deacon, 
19791,  and ou r  data prov ide a bet ter  de f in i t ion  o f  this deepening than has 
been heretofore possible. In  pa r t i cu la r ,  t h i s  maximum attained i t s  greatest 
depths ( > 5 0 0 m )  i n  the v i c i n i t y  of the observed la te  summer ice  edge i n  1986, 
shoaling toward the west as w e l l  as eastward. 

Oceanic conditions were approx imate ly  steady-state du r ing  the near 30-day 
durat ion o f  the March 1986 f i e l d  program. This  i s  evident on inspect ion of the 
v e r t i c a l  d i s t r i bu t i ons  of temperature, s a l i n i t y  and density obtained f r o m  the 
same area throughout t h i s  t ime  i n t e r v a l  (F igures 3- 10). Wh i le  a i r  
temperatures measured f rom the USCGC Glacier a t  or near the ice edge were 
below OC f o r  a l l  except 4 days out of t h i s  period, the upper layer  water 
temperatures seaward o f  the ice  edge were s t i l l  su f f i c i en t l y  h igh  t o  prevent  
s ign i f i can t  i ce  format ion.  A comparison between the i n i t i a l  and f i n a l  zonal 
sections (F igures 3 and 6) indicates, i n  fact, that  substant ia l  cool ing o f  the 
upper l aye r  d id  not occur du r ing  March. A t  the onset of f reez ing along an ice 
edge, combined b r i n e  introduced to  the water column and w ind  m i x i n g  deepen 
the upper mixed layer.  No substantive new ice format ion occurred du r ing  
March 1986, as c l e a r l y  shown on the ice d i s t r i b u t i o n i i c e  edge char ts  (F igure  
19). In the absence of  ice format ion no b r i n e  was introduced in to the water 
column. 

Between the Win te r  Water and Warm Deep Water layers,  a t  100 -500m 
depths, t he re  was a reg ion o f  ve r t i ca l  s tep- l ike s t ruc tu res  i n  temperature, 
s a l i n i t y  and densi ty (F igure  20). I n  the upper por t ion  o f  t h i s  zone, f r o m  
about 1 0 0  to  180m, the steps were smal l  (o f  order  1 meter)  i n  ve r t i ca l  
extent. A t  about 180m there  was a sudden t rans i t i on  to  much la rger  ve r t i ca l  
steps, w i t h  v e r t i c a l  scales f requent ly  exceeding 100m. A s i m i l a r  pa t te rn  o f  
steps was observed near the center o f  the Weddell Gyre b y  Foster and Carmack 
(1976) .  The e n t i r e  region o f  steps had t h e  p roper  gradients o f  temperature 
and s a l i n i t y  t o  undergo double-di f fusive convection o f  the s o r t  that  would lead 
t o  steps. The smal l  steps between 1 0 0  and 180m resembled those wh ich  have 
been observed i n  other regions where act ive double d i f fus ion was occurr ing.  
The much la rger ,  deeper steps are, however, o f  uncer ta in  o r ig in .  They 
probably  represent  a combination of the resu l t s  of  double d i f fus ion  and 
ve r t i ca l  ove r tu rn ing  made possible b y  the ext remely smal l  v e r t i c a l  densi ty 
gradients. T h e i r  hor izonta l  d i s t r i bu t i on  shows that  they were most prevalent  
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i n  the areas under la in  b y  the highest maximum temperatures (genera l ly  
>0.5C) i n  the Warm Deep Water l aye r  (F igure  21) .  Th is  i s  consistent w i t h  
phys ica l  reasoning, which dictates that  temperature increasing w i t h  depth 
w i l l  destabi l ize the water column, leading to  such mechanisms as ( i n  the case 
o f  s u f f i c i e n t l y  smal l  s tab i l i z i ng  s a l i n i t y  gradient)  double d i f fus ion  and 
v e r t i c a l  over turn ing.  The in te r re la t ionsh ips  between v e r t i c a l  m i x i n g  and 
d i s t r i bu t i ons  o f  temperature and s a l i n i t y  a re  discussed i n  deta i l  b y  Turner  
( 1973). The prac t ica l  s igni f icance o f  these mechanisms res ts  i n  t h e i r  a b i l i t y  
t o  t ranspor t  heat upward f r o m  the Warm Deep Water layer .  Given su f f i c ien t  
b r i n e  i n p u t  through surface ice format ion.  the upper l aye r  s a l i n i t y  might, 
under the  proper  circumstances, be increased su f f i c i en t l y  t o  destabi l ize the 
e n t i r e  water  column above the temperature maximum, a l low ing  t ranspor t  o f  
heat upward and re ta rd ing  f u r t h e r  ice formation. A s i m i l a r  upward t rans fe r  o f  
heat has been postulated b y  Mart inson et  al. ( 1 9 8 1  ) to  have been responsible 
f o r  a la rge  polynya wh ich  occurred repeatedly, i f  i r r e g u l a r l y ,  i n  the eastern 
Weddell Sea du r ing  the w i n t e r s  of 1973-77. 

SUMMARY 

Our s ign i f icant  resu l t s  can be summarized as fo l lows: 

1. The study region was ef fect ive ly  i n  a steady-state s i tua t ion  du r ing  the 
dura t ion  o f  March 1 9 8 6  f i e l d  program, w i t h  no s ign i f i can t  change i n  the  
phys ica l  water  column parameters o r  i n  the sea ice  cover. 

2. The reg ion was character ized b y  cold Surface Water and W i n t e r  Water 
l aye rs  under la in  b y  a warmer  Weddell Warm Deep Water,  consistent w i t h  
past research. The temperature maximum laye r  reached i t s  maximum depth 
o f  greater  than 500 m near the ice edge, shoaling to  the east and west. 

3. Baroc l in ic  surface c i r cu la t i on  r e l a t i v e  to the 500 and 1 5 0 0  db pressure 
surfaces was neg l ig ib ly  smal l ,  consistent w i t h  past research. 

4. A v e r y  weak, cold core, ant icyc lon ic  eddy o r  meander about 100 km i n  
l a te ra l  scale and extending to  depths greater than 1 5 0 0 m  was observed 
along the ice  edge i n  the no r the rn  p a r t  o f  the study region. This  feature was 
o f  uncer ta in  o r ig in .  

5. The upper  po r t i on  o f  the Warm Deep Water l aye r  exhib i ted v e r t i c a l  
temperature,  s a l i n i t y  and densi ty steps ranging i n  v e r t i c a l  scale f r o m  less 
than a meter to  more than 100m. The smal le r  steps probab ly  or ig inated 
through double d i f f us i ve  processes, w h i l e  the la rge  steps probab ly  re f l ec t  a 
combinat ion o f  double d i f fus ion  and over turn ing.  The processes responsible 
f o r  these steps probab ly  p lay  an impor tan t  r o l e  i n  upward t rans fe r  o f  heat 
f rom the  Warm Deep Water layer.  Under the proper  conditions, t h i s  upward 
heat t rans fe r  migh t  be adequate to  delay o r  prevent  i ce  format ion.  
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Figure 2. Locations of stations during AMERIEZ 86 and the approximate 
location of the ice edge. 

C-L 
P 



km 
I I 

400 

300 

0 

- 

34.5 - 
I- 

S(o/oo) 

3001 km 
I I I I I 

0 400 

0 

m 

3 OC 

27.8 

SIGMA-T 

km 
I I I I 

0 400 
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APPENDIX 1 

USCGC GLACIER 1986 Station Numbers and Positions 

Station Latitude Longitude Date T ime CT D 
# (deg S )  (deg W )  ( Z I  CZ) # 

66-06.0 
66-02.0 
66-04.0 
65-59.7 
65-59.7 
65-59.3 
65-57.6 
65-58.0 
65-57.8 
65-57.8 
65-59.2 
65-56.6 
65-57.2 
65-54.1 
65-50.0 
65-47.4 
65-45.2 
65-35.8 
65-30.7 
65-23.0 
65-26.0 
65-30.4 
65-36.8 
65-37.8 
65-44.9 
65-47.4 
65-49.0 
65-48.6 
65-5 1.5 
65-50.7 
65-32.6 
65-33.0 
65-34.5 
65-34.8 
65-34.7 
65-32.9 
65-33.4 
65- 24.1 
65-24.5 
65- 16.3 
65- 17.6 
65-06.5 
65-02.0 
64- 56.6 
64-53.9 
64-59.9 

48- 29.6 
48-05.0 
48-57.4 
49-04.0 
49-28.4 
49-53.9 
50-09.8 
50- 1 1.9 
50- 12.9 
50- 19.5 
50-2 1.0 
50-02.6 
49- 43.6 
49- 19-3 
49-03.6 
48-38.5 
48- 10.4 
47-42.8 
47-59.7 
48-28.1 
48- 29.0 
48- 12.9 
48- 1 1.9 
48- 12.3 
48-07.8 
48-06.3 
48-44.3 
48-50.1 
49- 16.9 
49- 12.6 
49-25.3 
49-25.1 
48-50.6 
48-50.2 
48-56.3 
48-49.8 
48- 15.1 
49-08.3 
49- 16.4 
49- 47.4 
49-44.0 
50-28.3 
50-30.9 
5 1-06.5 
51 -07.6 
50-3 1.9 

3/4 1745 
315 0445 
3/5 0604 
3/5 0743 
3/5 1010 
3/5 1354 
3/5 1951 
3/5 2326 
3/6 1730 
316 2233 
3/7 2100 
3 /8  0350 
3/8 0800 
318 1450 
3/8 2220 
3/9 0430 
3/9 1030 
3/9 1350 
3 i 1 0  1530 
3/11 1109 
3/11 1140 
3/11 2126 
3/12 1120 
3/12 2311 
3/13 1430 
3/13 2222 
3/14 1330 
3/14 2213 
3/15 1300 
3/15 2115 
3/16 1330 
3/16 2031 
3/17 1300 
3/17 1433 
3/17 1819 
3/18 0136 
3/18 1330 
3/19 1400 
3/19 1806 
3/20 1330 
3/20 2103 
3/21 1330 
3/22 0013 
3/22 1630 
3/22 2022 
3/23 1600 

/ 1  
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

I 46 



23 
- 
- 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

64-59.0 
64-55.8 
65-44.0 
65-08.4 
65-04.6 
65-06.7 
65-05.4 
64- 58.4 
64-5 1.3 
64-23.4 
64- 02.5 
63-50.7 
63-28.9 
63- 1 1.5 
63-09.1 
62-58.0 
62-43.1 
62-46.7 
62-31.1 
62-06.9 

32 

50-04.9 
50-07.3 
50-03.4 
49-49.8 
50-09.2 
50-29.9 
50- 44.2 
50-55.3 
50-41.8 
49-29.9 
49-08.1 
48-34.2 
48-28.0 
48-50.8 
49-44.8 
50-33.5 
51 - 17.1 
52- 1 1.7 
52-56.1 
53- 44.6 

3/24 1430 
3/24 2032 
3/25 1147 
3/25 2330 
3/26 0500 
3/26 1100 
3/26 1600 
3/27 0200 
3/27 1813 
3/28 0626 
3/28 1142 
3/29 0527 
3/29 1005 
3/29 2232 
3/30 0340 
3/30 0845 
3/30 1532 
3/31 0100 
3/31 0909 
3/31 1923 
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47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

Station Latitude Longitude Date Time CT D 
# (deg S)  ( deg W )  ( Z )  ( Z )  # 
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12 
13 
15 
16 
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22 
24 
25 
28 
29 
30 
31 

65-20.9 
65- 14.2 
65-22.2 
65-26.2 
65-28.9 
65-33.5 
65-36.1 
65- 39.6 
64-34.6 
65-33.6 
65-3 1.2 
65-32.2 
65-39.8 
65-30.6 
65-26.0 
65-25.4 
65-22.0 
65- 16.8 
65- 12.0 
65-09.7 
65-06.8 
64- 48.0 
64-38.9 
64-43.2 
64- 49.3 
64- 47.4 

44-26.7 
43-40.7 
44-53.0 
45-38.8 
46-08.2 
47-02.7 
47- 19.2 
47- 34.0 
47-46.1 
46-55.0 
46- 54.7 
46- 59.7 
46-49.1 
46-26.0 
46- 17.6 
45- 18.9 
44-53.7 
44- 1 1.5 
43-39.1 
42- 59.3 
42-20.3 
42-44.5 
43-37.3 
44-05.9 
44-41.8 
45- 14.5 

3/7 0041 
3/8 0714 
3/8 1245 
3/8 1840 
3/8 2205 
3/9 0230 
3/9 0530 
3/9 0824 
3/9 1512 
3/10 1745 
3/10 2145 
3/11 0110 
3/12 1030 
3/12 2245 
3/13 1154 
3/13 2249 
3/14 1110 
3/14 2203 
3/15 1040 
3/15 2142 
3/16 1 1 1 1  
3/16 2315 
3/18 1435 
3/18 2304 
3/19 1054 
3/19 2249 
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7 
8 
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10 
1 1  
12 
13 
15 
16 
17 
18 
19 
20 
21 
22 
24 
25 
28 
29 
30 
31 
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32 
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34 
35 
36 
37 
38 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

64-52.8 
64-53.1 
64-56.2 
64-55.0 
64- 57.9 
64-57.7 
64-59.9 
65-04.7 
65-80.2 
64-57.3 
64-57.7 
64-53.4 
64-53.2 
64-5 1.5 
64-50.4 
64-42.9 
64-37.8 
64-35.9 

46-08.1 
46-36.5 
47- 14.3 
47-28.3 
48- 12.1 
48-57.1 
49-52.0 
49-28.3 
49-03.5 
48-26.8 
47-34.3 
47- 13.9 
46-37.4 
45-59.1 
45- 17.7 
44- 24.0 
43-29.3 
42-55.5 

3/20 
3/20 
3/2 1 
3/2 1 
3/22 
3/23 
3/23 
3/25 
3/26 
3/26 
3/26 
3/26 
3/26 
3/26 
3/26 
3/27 
3/27 
3/27 

1120 
2234 
1055 
171 1 
1924 
1115 
1853 
2218 
0131 
0449 
0841 
1135 
1439 
1808 
2147 
042 1 
0800 
1112 
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38 
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45 
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53 
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