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ABSTRACT

We present in figure form some of the hydrographic data collected on the

Scotian Rise in September - October, 1980 as part of the HEBBLE program. Two

full water column n and S cross slope transects are presented together with

two O transects for comparison. Selected surface to bottom computed

geostrophic velocity profiles are also presented.

To focus further on conditions near the ocean bottom, two near bottom,

cross slope e and transmissivity transects are shown. Additionally, in the

lowest 350 m for each station, there is shown a plot of e, salinity, 05, and

transmissivity (where available).
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INTRODUCTION

An extensive hydrographic survey was made in the HEBBLE area in

September-October, 1979 (e.g. Weatherly and Kelley, 1980). The basic reason

for making a similar but less extensive survey a year later in October 1980

was to see if a feature seen in the 1979 data -a distinct cold body of water

above the bottom near the base of the Scotian Rise -was again present. This

feature hereafter referred as the Cold Filament (CF), discussed in Weatherly

et al (1980) and Weatherly and Kelley (1981), is about 50 m thick, 100 km

wide, 20-40 m*C colder than the surroundir' water (upslope, above and

downslope) and is found upslope of the base of the Scotian Rise. The data

presented in this report show the CF was again present and essentially the

same in structure and location as in the previous year.

Another reason for making an additional survey was to obtain better

salinity data to determine whether the potential temperature-salinity (6-S)

values for the CF were anomalous or not. The 1980 data show that although the

CF is a distinct body of cold, fresh water, it is not anomalous in its 6-S

properties.

DATA COLLECTION AND REDUCTION

The hydrographic data presented here were collected in the HEBBLE

area (Figure 1) between September 21, 1980 and October 7, 1980 from the R/V

KNORR (KNORR 83 cruise) by the Graduate School of Oceanography of the

University of Rhode Island using a Neil Brown Instrument System CTD. A

one-meter transmlssometer was attached to the CTD for stations 1-7. It

malfunctioned during CTD Station 7 and was replaced for the remaining stations

by a 25-cm transmissometer. No data was recorded on the CTD magnetic tape
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during CTD Station 1; therefore no transmissometer data is available for CTD

Stations 1 and 7. These transmissometers were provided by the Optical

Oceanography Group of Oregon State University. Full water column continuous

profiles of temperature, conductivity, oxygen, and transmissivity were made at

the 22 CTD stations indicated in Figure 1 (CTD station 2 was aborted and is

not shown). Personnel from the Woods Hole Oceanographic Institution made

on-board salinity measurements of water samples taken at specified depths

during each cast. The authors analyzed reports of the CTO calibrations (both

pre-cruise and post-cruise), on-board thermometer and salinity measurements,

and the CTO measurements. As a result of this analysis, the necessary

corrections for temperature and salinity to bring the CTD measurements into

agreement with the so-called Worthington-Metcalf line for the Western North

Atlantic were provided to the CTD Group, Woods Hole Oceanographic Institution.

The CTD Group processed the magnetic tapes provided by the University of Rhode

Island, applying these corrections, and provided the Department of

Oceanography, Florida State University, with the following data at 2.0 decibar

intervals for each station: temperature, salinity, oxygen and transmissivity.

These data were processed to obtain the derived quantities shown for example

in Table 1. No information was recorded on the magnetic tape from the surface

to 578 m for CTD Station 8. Figures 2 and 3 contain the T-S curves for

selected deep-water stations using these corrected data.

ANALYSIS AND DISCUSSION

Our basic objective for making hydrographic observations in the HEBBLE

area in October 1980 during the R/V KNORR 83 cruise and for analyzing these

data was to see if the CF was again present. The CF is evident in the

-2-



Weatherly and Kelley (1981) (WK) and, for comparison with WK, the figures in

this report are similar in format to those in WK. Although available, no

transmissivity data was shown in WK; in this report we do show transmissivity

data. Transmissivity data obtained during the R/V KNORR 74 cruise are

discussed in Pak and Zaneveld (1981).

The location of the CTD stations made during the R/V KNORR 83 cruise are

shown in Figure 1. From these stations two cross-isobath transects were

examined: Section 1 - CTD Stations 5-10 and Section 2 - CTD Stations 15-22.

The total elapsed time for Section 1 was 66 hours and for Section 2, 87 hours.

Full water column e, S and 05 transects for Sections 1 and 2 are shown in

Figures 4-9.

Near-bottom e transects along the two sections are shown in Figures 10

and 11. The CF is evident. As in WK its width is about 100 km; its thickness

about 50 m; it is several tens of m°C colder than the surrounding water; and

it is found on the continental rise near its base. The corresponding

near-bottom transmission transects Figures 12 and 13 (lower transmission

values indicate more opaque water) show that the CF is murkier than the

surrounding water. The double maxima in the CF in Figure 13 may be an

artifact of the manner in which the section was made: the northern part of

this section was made first starting from the center part preceding upslope

(Stations 15-19); the southern part was then sampled (Stations 20-22). The CF

may have moving downslope while this section was made. In Figures 2 and 3 all

e-S values for e < 1.80 are from the Filament. The CF e-S values from KNORR

83 fall within the Worthington-Metcalf line (indicated by "( )" in these

figures) and we conclude that the CF is not anomalous in its 9-S

characteristics for waters in the North American basin.

-3-
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Figures 14 through 35 are profiles of e, S, transmissivity and O in the

lowest 350 m at each station. In each figure the latitude and longitude of

the station, and the date and time the CTD reached the bottom, are listed.

Comparing the latitudes and longitudes of each station (also see Figure 1)

shows that some stations are repeated: Stations (12,13,15 "23"), (5,19),

(6,18), (7,16), (8,11,"14",20), (9,21), and (10,22). Stations with

denote nearby but more than 6 km away from separated stations.

The near-bottom e transects Figures 10 and 11 indicate that CTD casts

8,9,15-18,20,21 extended down into the CF. Some features become apparent when

the 0-350 meters above bottom (mab) profiles of these casts (Figures 20,21,

27-30,32,33) are compared to profiles for stations not in the CF in Figures 10

and 11, Stations 1,3-7,10,19,22 (Figures 14,15-19,22,31,34). The bottom mixed

layers (BML's) in the Filament are "too cold" to be formed by mixing of a

uniform temperature gradient. Thus the temperature change of 20-40 m°C in the

"thermocline" capping these BML's is clearly too large to be attributed to

mixing of a uniform temperature gradient; this is generally not the case for

the BML's outside the CF. Generally, the "thermocline" capping BML's in the

CF are about 100 m thick while those capping the BML's outside the CF are a

few tens of meters thick. The thickest "thermocline" observed in this data

set, as well as all other CTD profiles we have inspected from the HEBBLE area,

is for Station 16; it extends to about 270 mab.

The BML's and their capping thermoclines for Stations 12-14,23 (Figures

24-26,35) have the same features noted above for CF Stations. We conclude

that these casts extended into the CF.

As noted above, the BML's in the CF are "too cold" (Figures 20,21,24-30,

32,33,35). The S profiles and Os profiles for these stations indicate that

these layers are also "too fresh" and "too dense".

-4-



Qualitatively, the transmissivity profiles are, in general, quite similar

to the e profiles. The BML in general corresponds to a homogeneous nepheloid

layer. The transition region capping the homogeneous nepheloid layer,

"nephelcline", in general, corresponds to the "thermocline". These are two

notable exceptions: (1) Station 11 (Figure 23) shows no apparent BML or

thermocline while there appears to be a quasi-homogeneous nepheloid layer

capped by a "nephelcline"; (2) Station 13 (Figure 25) shows a thin

"thermocline" and a thick "nephelcline". Station 13 had the murkiest BML.

Full water column geostrophic velocity profiles were calculated for

selected stations. These are shown in Figure 36. The level of no motion was

selected arbitrarily as 1200 m.

ACKNOWLEDGEMENTS

The work of Jan Szelag, University of Rhode Island, in deploying the

CTD and Robert Millard, Jr. and Nan Galbraith, Woods Hole Oceanographic

Institution, in processing the CTD data is gratefully acknowledged. J.R.V.

Zaneveld and H. Pak of Oregon State University graciously provided

transmissometers. M. Wimbush was most helpful in interfacing the

transmissometer to the CTD. Elizabeth Howard is thanked for making salinity

measurements of water samples. Finally, we thank Charles Hollister for his

support during all phases of this work.

Prepared under a grant of the Office of Naval Research (contract

N00014-75-C0201).

-5-



REFERENCES

Pak H. and J.R.V. Zaneveld, 1981. Observations of bottom mixed layers and

nepheloid layers on the continental rise off Nova Scotia. Submitted.

Weatherly G.L. and E.A. Kelley, Jr. 1981. An analysis of hydrographic data

from KNORR Cruise 74 in HEBBLE Aarea, September-October, 1979. Technical

Report, The Florida State University, Tallahassee, FL. 38 pp.

Weatherly, G.L., E.A. Kelley, Jr., J.R.V. Zaneveld, H. Pak, M.J. Richardson,

and M. Wimbush, 1980. A deep, narrow, thin filament of the Western

Boundary Undercurrent. Abstract, Trans. Amer. Geophys. U., 61 (11),

p. 1017.

-6-



0 z

LO
0 00 0 0 ot
0 00 0 0 0.0

1, (D 1,- 00) 0Y) 0')

0

0 0 0

0

0 0

(0 ) (0

- 0-

C\Jj

(0 0 \

0 0-
too

(0

0

(0 N-0*

QD000 0 0
r~fo 0~ 0 0'



'4

7 1

.

. o . ..... .... . .... o . ~ * ,o , , . o o e ~ oo o . , o , ~ , + . o +

**o. ,o,. oo oo oo ~ o~o. o.. oeoo + .. .oo..... ...... ... o...,o o o. o

.4z

3.474
3. t o4. onflnfl o o34. o.44431,. 4ooo . .4OO0f4 o

0
44flo3o4'o'..0.o0.o.1.03oo,090 .,44oo "o '3,o. .34o.o1o,)f

+.4.33 . . . . . . .o. .4. .. . . . . ..4.3... o ... . .......... . . . ... o 1o ,4o. .3o3... o.4... . o..0

......... . ... . .... . .. .....%C0C.4S 3'44L413'..43-a.4.3..4.4. V . ........... ... .....0I0. . . ..

"'344 1333 4444.40 l.3O,0.4 4 4 '04 -,30 0 * 44.4 t41 .. 3 4 430,-'4,-t 4.)~ -' ,0r..'3-q'00.2

* **oo. ".o Io .. o . o. . o ..34 . ooo ..4o. oo4o 73. .. +oo. .o ro, 43...444

o I -4'., No f+l-'+ 90.04'4 4..70'30 4.09 .O 3
' P

0 *441,44'4443 
3
' +'44%mj 0 3 r47lm+'. I .4.,.% *.73440

m g 
'4 .- 404.

4-4 4 . .

5 Z 400 J00 0 0 I0. t0 0#

035



9 .8 348 4.034.9 '+ 34 .9 . 42 3t. 98 35.00 .0~.2 3S;3D4

± o Legend .1

+ Stationuatv 7
V Station a

Station 9o(c

0 Staton 70
I *''M

Ii3

.119

NN

o lii0
CD.9 *1 4.2 .4 349 499 3 .0 1 .0 5 l

Figure

9I ac



Salinity ( /

934f.86 34.88 34.90 Z1. 92 34*.94 34 9 34.98 35.00 .02 35q324

0Legend l

+ Station 17 :, 31
Station 15 4 lip

V Station 20

0 Stsation 22 (C

LO 0

Oo 0

o
C3'

0

(0 CV

o 0

10 N



0ooq 00OO0L 0 LO 0

* 0

-~ c
C)0
00

00

0 (\j4-

(WM) qlda)



000000 LO L 0 1O 0 0' O

0

(-)

00

0
4-

) 0

E

0 )

0 0 0 0 0 0
6 10 N~

0 - N 1
(WM) qldaog

-12-



0 00 0 0) COD r 0 Lo ro C\J 0LO 0 Lo) 0 0 CT)0)0) 0) 03)

rr r r o r o tor rr,(r to to

/ 0')

ON CO

-
E

0 )

0f 00

oj ro tO 0

(Wj) qtda]

-13 -



C) cc)r- Q LOC) -f 0
Lo 0 o 06) (0- 0  )))) 0) 0)

C\J

co

0 / 0

(I)) E)

0l( to 0 o

0 N

(wI) ql@C

-14 -



C) 0 O r-I-O 0 Y )C

1 (0

E Lo

IIO 0

II ~I N-

o~ 0o L( O

-15-



00 01C)c)Lo0 Lo 0 Lo 0 Lo 0c 'tj Lo0r
0 QD U) r-j 0- 0D OD 0)0 0 -)

~~t Lt~ o ttoo n o no n0n

0
CMj

10

E 0-)

0 0 0 0 LO -,.<

0 0-) LO 0

16 1

IW I



co CD

000

II
C/ OD-

( O r?)-:: - O

CC OD ~ iC i

cDj \\\D' OD

wM) q~da-

1-7



co OD 00

eN

0-

Cj

UL-

LO rW) -
co 00 0

00 0 08 08
LO)

-18 -



CMj 0 OD
(0 (D 0O

0-0-

U) 0

F- U)\

/~ 0 0
((D 0

0 00O 0

o 0 0 0 0
O~ 0 0w 0

CMM qjda0

-19 -

IL.



C\JO~C;j

00

4-cl

0

Ll

Je 4-

LO 0

o 0 0 0 0
o 0 0 0 0

'4- '- '4 '4-LO

(v) qjdaai

-20 -



co

II
rk

IA.

C)C

Ln 0
cn -



"Row~

.... .... ..... ....... .....

.. .. ..
U

o
L)0

0 a.-

CVrN LCOO
-~.I--. IJ

, ,., C'.

........ 
. .... ...

............

NN

- 6
E. D LCa

.................. cm

22.



i  
... .. ......

'.-4

0
C -

•. 0

4.,

~I

F.... .. .- &. w

..... U

zo' °o' ..

WE-.-

'-.# I .

....... 
............

232



0~

co r- an
0l C: I-

.1i LO 0
-..c C)

El 
-l

000

.0

01

-24-



-,- ,

It
1C

Z al

00

C~CD

'Mtn

cc'J

".4 ~20



0

C>C.'-lq1

ze
-. S T

ene

260



- sin

0 .

00, r-4 0

0) %CY 0

I- .0C.

0)

CD
OD

* .-. rw~CD

a--.

n en

275



o co
u.,oe'A

CNJ ~ C.

L.~O~

CDJ

00 r-4

- :d

--j I:* C,

0 C~0

LP IF-

-28-



ODr-
1OCiC

-4 ON
m CIj

S.. V)
41 Ul

Z4 1
0 it-

.L0
4:0* J

IT)n
(n I A

a].

CT

;INK

L17 0 3 0

-29-



0 -4

0c

C34

')

- ----. '-.--.. S

1* .

30~



0 C
I~

C\I

U')

c.'.J c.'J
CN~

44~

W aj
0 a I-

cn.

31i



044

0

c..JC0 C)1I*

00 LL.

U))

14 -.32



C1
01Z-
C)P

__ _ _ _ __MO_ __ _ _ _ __ _ _ _

In M



0

IA Lf 0

o c 0ow
Nlet

-- 34

min~



O -D .4 ..... i.

I-

O 1

OC) C

...... ...... I

nL

I-' U- "'

.... 1 a

35.

4.AA

S n rl -

N

i I _ N



..... ." .. ....... Lo°° ,'°

C).

-1,4-

- ... . ....-... ...

.C..---- ala--
- C)

) C

° . . . .

0!

co •

CLC)4

CID o s.'

*A -

L . ..... ..

* r

- 3co-

I n en

CI)..36



0_0

c'J C)I

4 (

*1 ->
o M

5.L

adO

C=

an 0

S... 

I



00

co

-a-

*1O

..... ....... 4



co~

1-4 -

II

IIs

S --. C!

0 CD 2
L..eCD... D

enU

390~



LOl
0

-4

-4Oe

C) -tzr

ml-

o S-

,4 ~ ~ 40 40-

Ln1



ClU)

0
-4

0

IC I.) (D
. C~j 0

(N

10 1

. .......-.....

E~sW D

(I)3
Ln 0U0

S4



C)

O~ (O

cin

a

mUu)

0 0 0
m n C- oi

Mw

cn.. .42



LI0 -

4- N~
_ N

C~ 0-
0 N )C\

0

3: 0-

~ 0-

o 3::O

oc 2 0
0- 0z Wa

0 z cm

w00

0L

%.* 0 -
00

-43 -



MANDATORY DISTRIBUTION LIST

FOR UNCLASSIFIED TECHNICAL REPORTS, REPRINTS, AND FINAL REPORTS
PUBLISHED BY OCEANOGRAPHIC CONTRACTORS

OF THE OCEAN SCIENCE AND TECHNOLOGY DIVISION
OF THE OFFICE OF NAVAL RESEARCH

(REVISED NOVEMBER 1978)

1Deputy Under Secretary of Defense
(Research and Advanced Technology)
Military Assistant for Environmental Science
Room 3D129
Washington, D. C. 20301

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217

3 ATTN: Code 483
IATTN: Code 460

2 ATTN: 102B

Commanding Officer
Naval Research Laboratory
Washington, 0. C. 20375

6 ATTN: Library, Code 2627

12 Defense Documentation Center
Camron Station
Alexandria, VA 22314
ATTN: DCA

Commnander
Naval Oceanographic Office
NSTL Station
Bay St. Louis, MS 39522

1 ATTN: Code 8100
1 ATTN: Code 6000
1 ATTN: Code 3300

1 NODC/NOAA
Code D781
Wisconsin Avenue, N.W.
Washington, D.C. 20235




