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Executive summary

In March and May 1985, 219 air-deployed expendable bathythermograph
(AXBT) profiles were taken off the northeast coast of South America in a
region of large scale thermohaline steps. Presented in this report are a map
of the location of the staircase field during this time, contours of the depths
of the 6-221C isotherms, and individual profile plots. The main body of the
steps was found to lie on either side of a line from 80N 50W to 16"N 61 W,
with weaker and more poorly defined steps occurring outside the main field.
The mesoscale flow patterns inferred from the isotherm plots indicated that
during this time period the North Equatorial Current entered the region
over a broad area north of 10')N. Much of the flow proceeded westward
toward the lesser Antilles, but the upper several hundred meters of the
southern part of the flow (between about 10-141N) turned southward be- L

tween 50'-540 W and flowed back to the east, forming a tight loop. The cd-
dy field on the southern edge of the survey, between 3-1()N. 4-10 50\\,
appeared to be either poorly developed or shifted to the south and east out-
side most of the survey range.
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AXBT measurements off the northeast coast of
South America, spring 1985

1. Introduction necessitated premature termination of operations. The first

Between 20-31 March and 6-13 May 1985, the U.S. four flights occurred 22-29 March 1985. The remaining
Naval Research Laboratory P-3A aircraft 150007 flew a three flights were then completed 8-13 May 1985. The
series of oceanographic survey flights off the northeast drop positions for the two partial surveys are given in Figure

coast of South America. The flights were part of a multi- 1 and Table 1. Locations where AXBTs were dropped
institutional program to investigate the large scale ther- in both March and May are circled.
mohaline steps (staircases) found in the main thermocline. During the flights, the aircraft dropped both shallow
Such staircases have been reported in the area for at least (nominally 305 m) and deep (nominally 7() mi) air-deployed
the past 15 years (Delnore and McHugh, 1972: Mazeika, expendable bathythermographs (AXBTs) approximately
1974: Perkins and Saunders. 1982: Bruce et al., 1984: every 111 km to provide a grid of subsurface temperature
Boyd and Perkins, 1986). They are similar to those data to a maximum depth of nearly 8(X) m. Normally the
observed in the Tvrrhenian Sea and tinder the Mediter- aircraft flew between 12,0(X)- 14,(X) feet at between
ranean Outflow (e.g., Johannessen and Lee, 1974: Elliott 280- 3(X) knots. A combination of a Litton 72 inertial
et al., 1974), and occur under the same conditions of a navigation system and a Litton 211 VLF/OMEGA naviga
relatively warm, salty water mass overlying a cooler, tion system was used for navigation, giving an accuracy
fresher one. Double diffusion of the salt fingering type of I to 2 nmi. Because of the potential but unknown et-
is presumed to be the causative process. In the case of fects of wind upon the falling probe, the drop positions
the region off the northeast coast of South America, the are considered accurate to about 1.5 times the navigational
two water masses are the warmer, saltier Subtropical accuracy, or to about 3 nmi or 5.5 kin. Weathcr was
Underwater (SUW) (Defant. 1981, terminology from generally good, with scattered cumulus clouds between
Wiist, 1904) lying between about IX) and 2(X) m (Wist, 2,000-7,(XX) feet, and occasional haze. More hate and
1978) and the cxler, fresher Antarctic Intermediate Water clouds, including some cumulonimbus. were encountered
(AAIW) centered in this area between 7(X)-8(X) m (Wiist, during the May operations. The maximum sea state, as
1978: terminology from Pickard and Emery, 1982). observed from the aircratt, appeared to hc 2 or i .scat

The airlxwne operations had three objectives: to aid con- tered to numcrois whitecaps).
current shipboard operations. to map the horizontal and During the fourth flight a rcnde/vou,, took plLe' bV
vertical extent and characteristics of the thermal field, and tween the aircraft and the research v stl in olvcd in the
to determine the mesoscalc flow. This report presents a project, the RA' NI)EA\'OR from the 1_nie\rsit\ ot
map ot staircase locations. contours of the -22"C Rhode Island, with Dr. Ray Schmitt ot thc \Voods 11olc
isotherms. and plots of individual edited and filtered sta Oceanographic Institution as chic ,cicntit. litrc deep
tion temperature profiles. AXBTs wer,' dropped within a ft, htundred , .,rd, ot the

ship durint a tirne when tihe ship was 1ukun .t a (1T)
condtietivit\ tenlcriturc dcpthl east, and this d.at, wasI

2. Operations Description tscd to dc.cl tp mpro ed t.ttions tit reahulo 'n i A

The aircraft staged from Grantlev Adams International depth and tcmpcraturc.
Airport. Barbados. West Indies. A total of seven fligahts l'h 8 May li ht passed within the Fxh'liusisc l'.Leonotic
took place, tour in March and three in May. The surve% /tolet ot ,i number of toutit si-tiditi . (1u\ ll,. which . .

had to be executed during two tini periods becastic an rc(qucst(d -t that t\i ohscrvcr be allm% cd t,, pir it Iipat'.
aircratt mechanical problem during the first period Their nuits, are gcni in Section .
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3. Scientific Party where F is frequency in hem. and T is temperature in

"C. The Navy standard requires the temperature accuracy
a. 20-31 March 1985 to he about ± 0.56"C within the range - 2" to 35"C. but

Janice D. Boyd, Chief Scientist (NORDA) the probe is known to be much more accurate than this

Henry T. Perkins, Scientist (NORDA) (e.g.. Bane and Sessions, 1984). The specified depth equa-

Robert A. Brown, Electronics Technician (NORI)A) tion is

b. 6-13 May 1985 1 = .521

Henry T. Perkins. Chief Scientist (NORDA) where z is depth in meters and f is elapsed time after 0
Robert A, Brown. Electronics Technician (NORDA) probe release in seconds. Sippican. however, publishes

the slightly modified formula (still within the Navy
8 May 1985 specification)
Mr. Theo A. Earle. Observer (Guyana)
Maj. E. W. Adams, Observer (Guvana) z = 1 592 1 - (.U0()1,HIt

The same equations are assumed to apply to both shallow
4. Data Collection and Processing and deep AXBTs.

lor inanv research ptrpoises more accuratc ce rsion
" The AXBT data Was clletcd using a version of the equations are desirable. To devise better equations for this
*NORL)Adesigned EPDAS "'Expendable Probe l)ata Ac- study, three deep AXBTs were dropped near the R/V

tluistion Svstem"'(data coliection system. The system con- ENDEAVOR during one of the ship's CTD casts and the
sisted of a data interface unit. two I iewlett Packard 9825T CTL) data was used to calculate improved equations. Three
microcomputers and a I Icwlett Packard 724i 5 printer/plot- AXBT profiles and one CTI) protile are admittedly a small

. tCr. The variable frequency analog signals from the three number. but no more were available. The resulting cor-
aircraft sonobuov receiver channels were received, rected AXBT profiles are clearly so much closer to the
amplified and filtercd, and converted to digital form at CTL) profile that we think the modified temperature and
a sampling rate of 8 samples per second (corresponding depth equations developed from this data set. while not
to about every 20 cm in depth). The data was stored on the last word on the topic. nevertheless represent genuine
data cassettes for later analysis and was plotted in near improvements over the above formulas.
real-time. Total time required for data acquisition and The difference A: = - was pht ted ser
storage was about 0+ minutes for shallow probes and 12 sr• " sLs I tor it nurn cr ot teattures identitIalblC oil broth the
minutes for deep. CTD) and AXBT protiles. lht curve uas well tit " =R

A few clearly bad or irretrievably noisy profiles were 0)1) by the quadrati,
discarded. Further editing of the raw data was performed
at the Johns Hopkins Applied Physics Laboratory using A 0559/ - ii iiOcij(,!-

.in interactive editor. Any iiad data at the beginning and (oniming this with the Sippican forntla cives tIl. cor
end of each profile was deleted, and a linear interpolation rected CtLiation
V-as applIed across any; reions oi bad data within a pro
tile. It i linear interpolation was not reasonable for ex 1 51 ., - 1(0>. -

it rpc. if the dcptlh ranLt' wa0s to i!rdat then the bad \ htl 11, tilsh r lM a Xvi,, uWtLd, t',Itur(.,, o~il tlhc ('11) ,ind ,-
,lti ,id , p oin t,, belo w w cre discarded. A total of 1 S I A X BT protilhs, diftered in dLpth b\ at 111st 0' 11 and1 iual

d ip ind '5 Qllohw -\ AXBI tenperaturc Thliles were I-"e

,tamcti d lrnni thit' ipcratiOn. I\ I'\ tLt1 ICY,.

\ ft e r c -lit i t ti !. iw i p r i i\ t d eq i .i t i i n , t ir ( a L Lk l a t i nI ! :\ 1 i 1i laM t ni l tmii( tu \ \ , C t s ed 0 I d e e u .11 0 1 i lP i t\ td 4 0

tiClipt'r,it-rt antI dtCpth %et- ,ipplied. A:ll .\XlI ', %eUrC t l- ile iaii ' A plot of A F I ' 1 - I
tpnT'.s sl' I as sveil des C ribed b cither <1 Iit,.r fit R -

niai, .iatiit-,,lSippiti Oc an Systeitii .. o i Marion. r al t
i tt , Na's spcfitI ioIIs fir t ti til'- t wi' , \t ,, ,,,imall iti th iitincir rc-l,itii n

tcirlier.ittir- ind -l ipcd fill ti e to ( depth ito nt'r,,ions,,1
['hit- ,pit-ihd iinliersimlo ctlt in fir teniperattrt is, sl i s elcted. I'hi fit was

F 0 0 ,,. 0

4,m



Assuming TcTD to be the "best guess" for the true 5. Discussion %
temperature 1', this gives A primary goal of the survey was to delineate the region

1.031 7T = 0.5753 + TAXBT of large scale thermohaline steps. This tinding is shown
1 in Figure 2. The main txxi of the step field extends north

Using the Sippican formula for TAXBT yields the im- westward from 7N -9V to at least ION ( 1 .5". the
proved equation westward limit of the survey. By and large the well-

developed steps fell within a very well-defined area. and

T = -38.2133 + 0.0269F . no "'holes" were observed within this area with the air-
craft data, although data from the concurrent ship opera-

Using this equation, the ENDEAVOR CTI) and our tions showed occasional small "holes." Weak but iden
AXBT profiles differed by at most 0.15")C and usually tifiable steps occurred outside portions ot tile boundary
bV much less. of the well-defined steps. However, the transition from

After the improved temperature and depth equations no thermal steps to well-defined steps was very abrupt

were applied to the data. the profiles were filtered and at the central northern and southeastern boundaries. More
resampled at a 2 m interval. The filtering was a com- details may he seen in the individual profile plots in Figures

promise between that suitable for the low noise profiles 13-231. which also include plots of the temperature gra
or portions ot profiles and that required for the high noise dients as estimated using centered differences.

portions. Spectral analysis of several of the particularly Another goal of the survey was to determine the
low noise profiles indicated a noise level beginning at a mesoscale flow field and to relate it to the occurrence of
waventmber of about 0.0 cycles m - 1. corresponding to the staircase>. Figures 3-12 present depths ot the 22 (C
a wavelength of 1.07 m. I iowever. a large proportion of isotherms. If density is primarily determined by
the profiles had elevated noise levels below 61XO m. This temperature, these contours approximate streamlines.
was later found to lie due to sonobuov receiver problems Kawase and Sarmiento (1985) have shown that a strong
and probably aggravated by hal atmospheric temperature salinity front exists in this region. so this assumption may
inversions which reduced the signal strength ieyond a n,;: le completely true. However. the magnitude of the
certain distance. Lo remove this noise a consideraily dominant thermal features of Figures 3-12 makes it unlikely
shorter wavenumlber cutoff was needed. It would have been that conclusions drawn solely from the temperature con-
poissible to filter the shallower portion o the proiiles with totrs would be made invalid by salinity variations.

one filter and the deeper with another and then tol patch The figures suggest that from the 12< isotherm and up
the two parts together. However. some experimentation in the water column, the flow field north of I -iN is
showed this to be unnecessary. A Bartlett filter with a characterized bw a broad entry of water into the area from

hal power point at 0 .2 cycles in was found to reduce the northeast. The flow i)etween I) 1 I"N andl tast t
the noise in the deeper portions ot the protiles satistac 51'"W is dominated by flow fro1m the east-southeast
torilv while still preserving the characteristics of tile (presuLably the North Equatorial (urrcn. NtC)which
Shallower portions. All profiles were soi filtered and then turns so1uthward betwee 5t 5 'i"W and turns back to the
sublsampled at 2 Ill intervals, east. forming a tight loop. The loop penetrates to a l ax

Alter the ,.'\NXT hits the water. about 30 secifnds elapse imuni ot about 250 iin. but clearl i hiegins to \wCkentl below
bhetre tile proel is released. l)uring this ililne a carrier 1I I. Althlh i l li t t lining \ \cakt'r le t eatilre' is still

treqiiency is tr,ulsmittel lTo prc\eni intcrtertnce or other visiblc in the phts ,ot the I I" and 1 2" lsot liertins. but has
nolise rom startig tile data collectiiiin s\ste atrl\, the disappeared in Itl I phI Of the deIpth ot thc 1I1" isotherm.
1'1l),S stenl reqlires the perathr lilt a key oti the nl lrtlc aid K( iliii lU 9 lmav disc ussed the rcht' lts (it

puter kevboard whcn it is certain that i itod cirrier is t\ KY oA\l r It ot\s'rh ir ld ii 1eptto11. hi't
bnig rt cive'd. ( d dsintlallV noise or , late Start b%\ it' (5 crlappcd the solttieii .101 c'sttril pitt1 )It l t'l1 l.

oiptratoir Still resulted in an erroneous Start. When this Il MAICIll(A te Srs ed a it ltth s\taker I,,op ,ilk i te\-
hippened t dthplhs were'ttotl b an 11lukllkll but usiul degrees '.ist and soith i t our loop, hilt It-\ ,1[s' toi tld
1s cthliiauhile arotiit. The dropts which li,id suth Ii taNe i large nitt herti ,(it lotitc t'dd\ ,it - I( '\ t A t\0th-
starts are notettd ill [ale I and i tile dis idual pritllc w see ( ' e\,t'nitc [h1 lh ,k (t esicutkc lhi' e 'c \ ,ith,

ploits. e'rti [dth is ot pattit ilir tit'rc'st. t c Ilitc I '), i' tiuiild

* - * --'.-.. . ' - . '-.-+"
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this eddy repeatedly in his ships of opportunity XBT coming into the area from the northeast and the cool.
temperature sections through this area. fresh Antarctic Intermediate Water (AAIW) coming tip

The well-developed loop is also ot interest hecause its from the southeast. The 18" or 20" isotherms can be taken
location corresponds nicely to the origin of the North as indicative of the SUW. The 0-8" isotherms indicate
Equatorial Countercurrent tNECC) during summer and the AAIW. with the 0' isotherm lying within 100 m or
tall (t most years. Richardson and McKee (1981) reported less of the actual low salinity core. If we superimpose the
that the NECC begins earlier and continues later on the flow fields inferred from Figures 5 (or 1) and 12 upon
wcstern side of the Atlantic compared to the central or Figure 2. the locations of the thermal steps, we see that
eastern parts. but they found that between 35-15"W it the steps in spring 1985 occurred in the region where
typically originates in May and near 2- 3"N. rather to the water parcels following the pi csumed streamlines of the
south of our loop. Our loop must have originated earlier SUW and AAIW first encountered one another. Much
than this, in March at the latest, because it was spanned of the field lies below 11"N which, at the depth ot the
h both partial surveys and the northern half was clearly water mass associated with the AAIW, seems to be the
well developed by the end of March. Furthermore. the boundarv between water derived from the north and water
origin of the NECC usually appears to le South Atlantic derived from the south.
water from the North Brazil Coastal Current which turns Because the two partial surveys toxk place 5 weeks apart,
back to the east in this area (Richardson and McKee, 198-1). a question exists as to how synoptic the combined obser
Instead, our data suggest a considerable transport into an vations are. In one sense the question is a moot one.: the
early NECC which originates from the North Atlantic. survey had to be completed in two parts and the combined
The absence o! Bruce's Northern Eddy and the presence observations arc the best we have. I low(wever. examining
of the early loop certainly suggest anomalous meteorolog- the 21 locations at which drops were made in both March
ical conditions during winter and spring 1985. and May (see Fig. 1) gives a qualitative sense of how ira-

In Figure 10, the depth of the 8" isotherm. a change in portant the delay was. Minimum variation between paired
the flow becomes apparent. The flow entering from the east profiles is seen in those east ot 5 V'W" i. e., in those lvIn.
appears to separate at about I1"N intoi a northerly compo- in the region of the current loop. Somewhat greater
nent which enters from the north-northeast and a southerly %ariability occurs west of 5 1". Two extreme examples arc
component from the east-southeast. The two flows become drops 15 and 2 1I and drops 85. 88. and 2iS. Never
parallel after 50"W. This impression is intensitid in Figures theless. two nearby locations show minimal chau er

I I and 12. with the southerly component coming more the 5 or so weeks: compare drops 155 and 2 i3 and drops
.10(d more from the south. The southern flow corresponds 125 and 2 1i). Examination of the BOMEX timhe series
in icelv to what Wi'ist I).H has (ailed the "'Subantarctic in )el-norc and Mcliugh (1972) shows that the thcrnal
Intcrtnedliatc Current'" lIving betwen Si) and I()t)) 1. ste p CL.iimll CoIOnv cxhibits vairiability over t, .sC',lcs
This water ll,iss contains the Antarctic IntermCdiatC of 0l V a fetw hours to a few days that cOlpares ill
\Watcr. with its core iettwcn abOu~t '0 Sill) 111, magnittUde to the variabilitv observel at our 2 paired '-

VWc tcl thi, interpretation of the flow field strongly sup positions. Thus. \we think it is (Jiite lCgitimie, to t-e,,it

priS the tntOltiOll that the staircases arc related to mix Our t\o partial s 1rys as oec rcasnO.tIblv s'Vtio(ptlc s1t4l.

inU IbXccn the warn, salt\ sulitr uliical underwatcr i S\\i surve.
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Table 1. AXBT drop positions, March and May 1985

AXBT Station Date Latitude Longitude Flight Comments*
(Julian Day) (N) [W)

5 93 81 534 15 007 -60 527 1

8 76 81 543 16 000 -60 528 1

11 59 81 553 17002 -60527 1

13 42 81 565 18313 -60420

14 19 81 618 18 513 -55 000 1

15 8 81 629 19 178 -54 000 1
16 9 81 639 18858 -53000 1

17 10 81 648 18 517 -52 000 1

18 11 81 657 18 178 -51 000 1
19 12 81 667 17 833 -50000 1

20 24 81 676 16821 -49 985 1
21 23 81 686 17 107 -51 032 1

22 22 81 694 17 510 -52 000 1

24 20 81 712 18 178 -54000 1

25 7 81 726 19500 -55000 1

26 18 81 736 18817 -56 000 1

29 17 81 758 19 115 -56 997 1

30 5 81 766 20 120 -57 032 1

31 16 81 776 19 415 -58 000 1

32 4 81 786 20 430 -58 012 1

33 15 81 796 19 733 -59 013 1

34 3 81 806 20 802 -59055 1

35 2 81 815 20 992 -60000 1 S
36 1 81 819 20 995 -60 500 1

38 14 81 832 20 012 -59998 1

39 25 81 840 18 990 -60525 1 S

41 26 81 852 19000 -60015 1

42 43 81 861 18002 -60022 1

43 60 81 870 16 985 -59983 1

44 77 81 878 15 985 -59 970 1

45 94 81 887 14 998 -60 005 1

47 112 84 495 13 698 -59015 2 S

48 95 84 503 14 700 -59.008 2

49 78 84512 15 702 -59 015 2

50 61 84 521 16 705 -59015 2

51 44 84 530 17 712 -59003 2

52 27 84 539 18 710 -58 997 2

53 28 84 548 18420 -58000 2 . _

54 29 84 557 18 108 -57 002 2

55 30 84 566 17 805 -56000 2

56 31 84 575 17 500 -54 990 2
58 33 84 592 16 822 -53 002 2
59 34 84 601 16 478 -52 000 2
60 35 84 610 16 150 -51 000 2
61 36 84 619 15 820 -50 000 2
62 37 84 628 15 478 -49 002 2
63 38 84 637 15 108 -48 000 2
65 40 84 654 14 385 -46 0006no

67 58 84 671 13 000 -45 022 Vpry n1,'"y

68 57 84 680 13 362 -46 000 2 F
69 56 84 689 13 745 -47 002 2

70 55 84 697 14 05 -48 010 2
71 54 84 706 14 40. 5 - 49 002 2

72 53 84 714 14 792 -50 000 2

73 52 84 7 23 IS 147 -."1 000 S
74 51 84 731 15 )08 -5.2 008 2

' Shallow AXBT F False Start Depll Im fi t"-"A

0i:.

j -;. v** *. .--. *."- .-
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Table 1. (Cont'd).

AXBT Station Date Latitude Longitude Flight Comments*
(Julian Day) (N) (W)

75 50 84 740 15823 -53002 2 S
77 48 84 756 16 497 -55030 2 S

78 47 84 765 16803 -56000 2
79 46 84 773 17 118 -57 000 2
81 45 84 789 17 408 -58005 2
82 62 84 799 16 403 -58 002 2
83 79 84 807 15402 -57988 2
85 112 84 818 14 395 -57985 2
86 112 84 827 13 708 -59000 2

87 112 86 496 13685 -59 003 3 "

88 96 86 507 14 410 -57993 3
89 80 86 518 15 100 -56998 3
90 63 86 526 16 100 -57 003 3
91 64 86 534 15 828 -56000 3

92 65 86543 15503 -55000 3
93 66 86 551 15 155 -54000 3
94 67 86 560 14 807 -53000 3
95 68 86 568 14 495 -51 997 3
96 69 86 577 14 167 --51 000 3
97 70 86 585 13 731 -50 000 3 F
98 71 86 593 13 438 -48 996 3
99 72 86 602 13 093 -47 983 3 S
100 73 86 610 12 745 -47 002 3
101 74 86 619 12 367 -46 000 3
102 75 86 628 11 983 -44 987 3
103 92 86636 11 000 -44 997 3
104 109 86 644 10000 -45005 3

105 126 86 652 9001 -45 013 3
106 125 86 662 9 378 -46010 3
107 124 86 671 9 730 -46 996 3 S
108 123 86 680 10095 -47 998 3
109 106 86 688 1 1080 -48023 3
110 107 86 697 10 756 -47 001 3
112 108 86 708 10 342 -46 000 3
113 91 86 716 1 1365 -45,990 3
114 90 86 725 1 1720 47 002 3 S

S115 89 86 734 12 100 -48002 3
116 88 86 743 12 455 -49000 3
117 71 86 751 13 438 -59.997 3 S
118 87 86 763 12 775 -49 993 3
1 19 86 86 772 13 137 -51 000 3
120 85 86 781 13 488 -52 000 3
121 84 86 789 13 802 -52 998 3
123 82 86 807 14 460 -55003 3
124 81 86 815 14 765 --56 007 3
125 37 86 825 14 082 -'6 998 3

1 11 3 338 , .3 -58 002 4
127 98 85 73 1.3 7s5 -6 000 4

128 9 8H,582 I.I -54 967 4 F
1 29 100 1 1j 2 -. 3 970 4

-30 10 8 ' 515 1 .'-, -52 97 4
131 102 8807 12475 -52 000 4
i i2 11)3 il1l5 132 -- 51 002 4

1 34 1j)4 r8 "'-I 11'I l -- i) 0(02 4
1 3S 10)S 6 ,33 1 1 44 43 00 4

• Shall)w AXBT F = False Start Dept' incorrocl 1
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Table 1. (Cont'd).

AXBT Statior Date Latitude Longitude Flight Comments*(Julian Day) (N) (W)

136 122 88.642 10.425 -48990 4
137 139 88650 9.443 -49.000 4
138 140 88660 9.071 -48.001 4
140 142 88.678 8.366 -46,000 4
141 143 88.687 8.010 -45001 4

144 159 88.706 7.313 -46.000 4

145 158 88 715 7713 -47000 4

146 157 88724 8072 -48000 4

147 156 88.733 8415 -49.015 4

14e 155 88742 8 765 -50.000 4 F

149 138 88 751 9 761 -50014 4
150 121 88759 10770 -50.000 4

151 120 88768 11 115 -51 015 4

152 119 88776 11.463 -52 000 4

153 118 88,785 11.785 -53.000 4

154 117 88795 12.122 -54.000 4

155 116 88.804 12458 -55005 4

156 991 88.816 11.333 -55.005 4

157 992 88823 11 330 -55.005 4

158 993 88.832 11.333 -55.005 4 F

159 115 88849 12.762 -55.995 4

160 114 88858 13.088 -57.000 4

161 113 88.867 13.387 -57.998 4

163 147 128.524 11380 -58000 5

164 148 128532 11 082 -56998 5

165 165 128 541 10067 -57.018 5

166 166 128.550 9 753 -56007 5

167 167 128559 9.408 -55000 5

168 168 128567 9067 -53998 5

169 169 128 576 8,750 -53007 5
170 170 128585 8.435 -52 000 5

171 187 128.594 7430 -52 015 5

172 201 128600 6747 -52 028 5
173 202 128.609 6355 -51 025 5
174 203 128618 6.075 -50000 5

175 204 128628 5 733 -49000 5

176 205 128637 5 372 -48000 5

177 206 128 647 5030 -47000 5 S

178 207 128656 4697 -46000 5 S

179 193 128662 5 352 -46012 5 S

180 194 128672 5008 -45000 5 S

181 208 128678 4.337 -44990 5 S

182 222 128683 3667 -45005 5

183 221 128692 3912 -46002 5 S

184 220 128700 4320 -47 002 5 S

186 219 128 711 4 740 -48000 5
187 218 128 717 5092 -49 010 5 S

188 217 128725 5 385 -49 998 5

190 215 128 741 6 053 -52 000 5 S Very little data
191 214 128 749 6 390 -53 000 5 S. Very little data

192 200 128 755 7 117 -53 000 5 S -

193 186 128 760 7 733 -53032 5

194 182 128 793 9058 -57 003 5

195 196 128802 8408 -57 010 5

200 195 128824 8 738 -58 025 5

202 164 128837 10 372 -57 977 5

S = Shallow AXBT. F = False Start Depth Incorrect

Z".o%



Table 1. (Cont'd). .%

SainDate LatitudeLo itd
AXBT Station Dae (N) Flight Comments 1%

(Julian Day) (N) (W)

204 146 128854 11.690 -58.943 5

205 129 130.506 12.695 -59.000 6 F

206 130 130514 12.370 -58.000 6

208 132 130.532 11.767 -55998 6

209 149 130540 10760 -56.000 6

210 150 130.549 10430 -55000 6

211 151 130.558 10053 -53855 6

212 152 130 565 9.772 -53.002 6

213 153 130574 9 435 -52.002 6

214 154 130582 9 115 -51 000 6

215 171 130591 8083 -50988 6

216 188 130600 7075 -50997 6

217 189 130608 6 733 -49.000 6

218 190 130.617 6380 -49000 6

219 191 130.625 6047 -48000 6

220 192 130.634 5698 -47 000 6 S

221 176 130.645 6347 -46.000 6 S

222 177 130.654 6000 -45.000 6 S

223 160 130.663 7.000 -45.003 6

224 143 130672 8.000 -44987 6 S

225 159 130683 7 365 -46.000 6 S

226 175 130693 6 708 -47000 6 S

227 174 130702 6993 -48.005 6 -

228 173 130711 7 402 -48.997 6

229 172 130 721 7 780 -48997 6
230 155 130730 8 750 -50000 6
231 138 130 739 9.750 -49990 6

232 121 130 748 10 767 -49983 6
233 137 130759 10093 -50997 6
234 120 130769 11.100 -51 000 6
235 136 130780 10 437 -51 978 6
236 119 130.790 11 450 -51,997 6
237 135 130801 10 708 -52860 6
238 118 130811 11 817 -52 993 6

241 117 130831 12 103 -54057 6
242 133 130842 11 478 -55003 6 5
243 116 130851 12 437 -55027 6
244 115 130 860 12 755 -55 977 6
245 114 130 869 13073 -57003 6

246 113 130878 13390 -58.002 6

247 112 133545 13.543 -59005 7
248 96 133 557 14423 -58000 7 S .

249 97 133 565 14.122 -56 983 7
251 98 133 574 13 770 -56 005 7 S
252 99 133 582 13.458 -55 005 7

253 100 133591 13 140 -54 000 7 S

254 101 133 599 12 785 -53 000 7

255 102 133608 12 457 -52 000 7 S

256 84 133622 13812 -52 998 7
257 83 133 631 14 130 -54 007 7 S
258 82 133 639 14 440 -54 967 7

259 81 133 649 14 845 -56 000 7 S

= Shallow AXBT F = False Start Depth Incorrect
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Figures 13-231, Temperature versus depth and temperature gradient versus depth profiles, AXBT drops 5-259.
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