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Properties of Thermial Staircases otf the Northeast CoaSt Of' South Amerli.
Spring and Fall 1985

111 11111'- 1a li ii 1 P)SN :I c \ eli le It h \ 1 tIlierI ilogtI atphf 11 itv c o, at k [ic ztIca ol' lie ilt tihe;cIS

till, I I( I tliet 111N Itx piieills\ .il t'Ich 1w ,isc cois td ol' 10t i -i,,ied lat ei~ st illo.c Is ige thiekiiess
OfI ll tlid is c iteIttLIs Ci iciiipctitiic chanie ci tt'O.2 I Iiicker Its er, xeeiiicd toi he ;it~iiciaited

a 0 tiltc lCdtilipcetll titire ctiiie. Not .. Cstlmd \,iiiiticiii ill these paiaiieei st;iN olbseis ed. ile
tiiitt~e -. pi iiacthe liscis l It i iiictdkiI ibicknessN oii 21ll. t\ fill intielfces ill [lie Pi ing~ leindiing it)

he itiiiiiiei bth illiflie 1illW I lie iecitii hounttded 1h\ lM --14 N. -;2 -57 W Itended 1 ii ttilcases %N [Ill
I I ,t\ic I,, ttee ~t I IletI ,\cI, J II ! iltl l Ia\ e I t IltipeIriItic chanlges. I hie -bun I iil et t 'cIi

sijii-,. tli bit oinai 5 ttd iii j[ itfte :oltltlijeile 11 file Siibt(rtpicit 1idestICi01 ,incl tht -\ntlii(IC

I iii( I]()-, both cc the 1985 ,pringo~ and ail field phases, to investigate the

[lie ( itibbeati Sheets and l ia ers Iransects W-SAll) eCtent Mnd chiracteristies, oh the ,taircase tield and to deter-
piticritil St is etidliteted til the nlortheast eoalst ol, South []line tile iioscille flcit patterns. Ihals paper present,,
-\iiiei icai iii spiln cund a'lll 1985 I.SiIuti~i. 19871 as, at ttitii findingus oil the hori/ontall and \ertical e\teilt oh' the stair-
scalle ins estigatioan of' Cie e\Iterlsj\e theriohiahine sticae eases durling C-SAl 1. their ,tatistical properties, and thecir

that arc at commotucn feature o1' the stibitheriocline inl the relationship si th the niesoseale hlow.
region 10lc~twicidi t 1t 1Ah- ,iu'I. 1972: Ia:citdca. 1974: I'i-kjn,\Di\A i sio,.N)PO S'(
iiiid Siaiitcurs. 1982: /Iiimliit and O-mnidoii. 1983: Bronit 1) cI iQ 5 hi M R(I5i
01.. 11984: Bm-dcid P-idos. 198/!. 'lie staircase plienomei- A stint e of the hi storical reports of' staircases in this area
lion is characteii,'ed h.\ aI Nertical temperattire. sliltit\ antd sltok~d that the most likely region in w~hich to find the
delusiI stritettire fin \\iicih S- ito 5-n-thick 'A ell-mli\edI eon- therniohialine liein %its -18 N, 46 -60 W. argo
sectlitit e lilveis are seprlated b\ sce eal-iitr-thiek inter- covering nearly 1.2 It10" kml tigr 1). The large estent

lacs aios 5 liu tiliettite. iliit . nd enitChange ovecr xi hieh the features might he I'Ound meant that the only
aplv\:. Double diflutsicin of" the salt-lincring ltinl k Coln- feasible w~a\ of' obtaining eotmplete synoptic coverage wais

Monk thoiught t) tic the causative tileehiiisi. it ith tile silt wiith large-area ait-erilt survex s. The flights covered at region
IilgerIS presume11d to lie %\tith[in thle liieh -,cradLient ilterhiees. 1 9001 kmi by 1 400 km in e \teitt and were designed to incluide

It is h~ pot liesied( that shell staircases. t Ilich have also the historical composite region pluis at generous margin
beenl cibsersed tinder thle Mediterirancail (hit how Ie.g.. - t 1igur e I). Because of' an ai-craft nmechanical problem. the

hot tta. 94.i ieIrhninSal~. otnesl irst phakse of the work took place ov-er two pcr-iods in spring
tOt/ ii- 19741. and it the iltit l'A st ('arillhcar I11/1h 1985. inceluding 2 weeks in late March and I week in early
(Old/ot.i 19771. represent sites, itt doubleC-dihluLsiVClv Nla\. [he second phase occurr-ed dutring the main C-SALT
enhaniCedI eHicalli iiig betweenI rlCit ivel\ isarm. salt field operations in October 1985. Both shallow (nominally

\%iit~~~~~~~~~f' ~ ~ 3(N Ie1ti-i~e idCoe.f_,,C1 ~tfhI% 15 ml) and deep (nominally 760 nit AXBTs were dropped

In this region oll Sotit h A-merica the Nvarm., salty wNater is the between 55 aind 1101 km apart to provide a grid of subsurface
subtiracesalnit nl~inuttl f te Sbtrpicl Udera- temperature data to at maximum depth of' nearly S(8 m. Thestistil' ic saint na~nikrn ll'th Sutroica Unera-naviugation equipment included at Litton 72 inertial navigationter'. or 5I 1l)vtf'ml. [9611 tterminology fromi Wtwi 119641) v1 madi itn21V./MG ytm iha

centered around IW 1(4 ii nd the cooler, f'resher xi ater is the sytmadaLto 21VFiMEAssem wthn
Antairctic I nternmed ate Water, ori A -\ W I Wui-A r. 197811 ter- accuracy of 1-2 ni. nii 11.8-3.7 kmt. The drop positions are
miinology f'rom PitAa-u tmtd I-mi'i-v 1198211 wsith its core at considered accurate to I1.5 times the navigational accuracy.

abou 75 il. B%-daml ci-i.- 11871haveNumiar/edthe about 3 ni. mni or 5.5 kmi.
aboutng 75th i 196 l t hro/ u gh 183.A 11 87 h ve ( tnim r iied the87 [he data is e- collected using at m icrocom puter based data

andingsc t i ci i9 throug s 983e i e of' ttu Pev -c R. 11987 collection system at at icsolution of I5 (f'all) to 2(0 (spring) cm .
iid it h e arice s in thle same i-ssue o ec a~m Snd soi c of'- 'he so-called spatial resolution of the AXBT (time constant

gihe ina ovr e ol tet,5,.-\L p oet n ort times fll rate)I is com parable, about I5 cm . ( The vertical

As prt o' U-ALT twoIarg-ara ai c~pnda i- esolution for the air-deployed probe is hetter than for the

bathytberinograph tAXBT) surveys were conducted during shpor BbeaeteAXTrbehsaluerne
- than the shipboard version and the fill rate is slower.

t his piper is nor sibtect to I - S. c opN right, - 'itbtishcd inl t989 h% approsimately I1.5 m s i.) Editing of the data involved
he \rnerjcan (;eophysicitl Lion. discarding beginning and ending transients, linear interprola-

IP;aper nuih e i 9 ( -t Xt5 7. lion across regions of noise from radio frequency interfer-

0t 0.9 28 0'29
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Temperature Offset is 5 deg C

Vi-g. 2. Offset lemnpeialmre prolikes iliuistiating strongly developed staircases (431. weakly developed staircases (58)
and it profile fromn the region showing no stlaircases ( 181. The points taken as, the beginning (. 1) and ending 1z2) depths
of t he si airca ses are Indicated.-
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230N .irx\ ol tile stroni.~I de\ eloped stepls. especialx to the nortt-
SPRING east arid soIith\mest. Ihei tranisition I'ron no therimal steps to

200 - -1101rote0\ dcx loped sicpis xx as \erx abrii pt it thle Centrali
*northernl aind souat ern boundariesl111,111,6. [Ihe xx el-dex elopeCd

15{~.. * ' * aves cox ied an area oft sonic .S , 10" ki'. %xiii \xcaker
staircasess occuilTng overl in[ additinl 0.41 It1)" kmi'.

4~~B ('11 tilte field \% as c~onstricted hetxxcci 48 and 54 W ito
BARBADO *,** * . lie b1cixecu 8 and 12 N. andlk then e \teridedL Ilfate x Is aI

V 0 n. *lorthI th ill lthle sprinrg. Agaiti thle si rongix developed steps
10 *4 tecll predonuinauil xx ithin at xx el-detitted areaC. althou01ghl sonic

1 hols ad xx eak Steps xxCI cr oind amone1) tilie ot 1lixie

~ *~ xx lI dex eloped NItaircases . A( Iiiu ci ol. 1 19871 founid that(
50 GUYANA lxescul, atIL t Iies. ble tra ced I it Ilu.hIgIOiisl\ tluiotuch

FRENCH imeddICISO' nIo Or psm LCIJI stide xelcs
GUIANAiieddrein Apdstice.

BRAZIL Regionis of' xx ear steps, e\tended out to the northieast and
00l southeast aiid ito the ior-ixxest arlid sotuthxxet. [lie trailsi-

230N tionl f1romi no steps to stronlgl\ dcx elopecd steps along mlost oh'
FA L L] the northerti1-1 honi ndarx I Nx as aga Ii1i abrup11)t. I hie mali1 NI stIIirase

200 fiheld coxcred about (0.6 Itt0 kmll. and less x\tell dcx elopd
.0 lCINr iluded(C another (0.41 Il1l' kml'.

H ~The depth of octcrce of the staircases Nhox ed I sivone
I ~geographical depe)ndenC (I :igtice 41 xx lieIihl *loxx s til lei-

150 [ -c.' ioa ephted oftheli isotherms. staircases ill thle south-
BARBADOg,-~ east Coriier xxcrc thle shlimc x speciall \ inifthe sr e

0 0in 1\ iil thle ax 0 I crg bi naot I 180 iid 16(1 Ill. 11he field
100 ( deepened to the nort i xx st to roiuglil 4201 to 65(1 in. Wide

.. ~. .. i xrliitions' ill begiti ing anid ending depths occuied C\ cci
~ betxxcenl stations oiil 601 or- No kilometers aipart. 0\) erall.

50 G URNA M stircase depths, depen~ded more onl latitutde than onl loiiui-
FRENCH tiude. Twxo-dimensional linear iregressions indicated thitt thle
GUIANA hegiinninc. depth of'11 thestir-cases incr-eased to thle north at ai

BRAZILti-cof atu itiesrn
0;1 rte of, ;. an d 29.4 Ill Per dgre flttd iitlesrn
630W 600 550 500 450 420 and 1 ill. respcctiv cli, , but increased to the cast at ai rate of'

II. I ocajIlon of, tile tirec-c:ale (ie] til Nu cac.NIil olk 2.9 ittd (). Il Per pci-deree of' longitulde. 'ILbe termination
.iiid I Ill ti)X;. I g ,irIII0e d Iiiinit dicate sion I\erillu. slitalt d i.- depth of' (le step,, inicreased northwa rd at ai rate of' 32.6 anld
ulioudks xx cak liC eilli_. a0rid dJOIt no Cl Ieng. thle uilaili siilircasi2field 39.5 Ill per_ degreeC of latitudeI butl increaseNd xx esIxard atl Onlv

V.5cndlclsd x tili the solidtile. xx hue iep'on",ti ofN l esll I1.8 and 3.4 iii per degree of' lotigitude.
detclopcd sItllcases hell xx illliu tile dasI'ed lines.I tlie tiisioi cai
ciiiiipoi'.Ii. lieatiomi tiii I-igiuie I Is, i nkticaied lh tilie dasti-do iii hu

.Stilox - Shufixljin

l'cxx profile,, from each period might be considered equivocal. D~etailed analxsi s oft the spring anid fa'll pr-otiles allowe~d
anid chiaiiingz their classifications xxotld not change the cotistruction of relative frequencN distributions For at numiber
ciiclusions. III additionti sually thie depths atl Mx ich tile of' important statisticall properties of' the staircases I igures,
staircases bcian (,-I) and ended (,-2) xx el-c x eli delined to 5-114). Kolmogorov-Smirnov tests ofl the various distrib--
xx ithin ttt in or less I [icue 21. tions showed most to be statistically identical tat ai signifi-

[he resultant pict ures of' the e 'ent of' the spring and fill canee level of' Or 0.(05) in both the spring and Fill. thie sole
st ,ircase fields I [ii,!ire 31 are somexx khat dillerent11 butl both eseepi ion being the f1requenrcy distribution of initerfice thick-
field', Lcearly fell hiargely withiti the historical conmposite nesses. Willh that one e\ception, the data are presented ats
region. However, rather emtcisive areas, of' xx ak laxeri hg pooled distributtions. None of the distributions xx crc f'ound to
occurred east of' the composite region bouindary betkkxccii 8 bie ( atissian \%hlen tested xx ith at Iillief'ors test at am -- 01.05.
and 12 N during hoth i t tle periods. Wit hin this lat ituudinail The hori/ontal coherencx of' some lax ers noted above im-
range. tilie composite location boundary probably, should be plies t hat at certain unkii ni percentage of' the observations
revised to menmd sonmcw hat IlaIt her to the east (han Ii i used tin calIcul Iat inrg the [lltxi ng statistical ptropelrties are not
Indicated iii Figutres I and 3. independent. Ifowever. tile estensive geographic alrea over

In spring 1985. the main body of' the Step field estended w,\hich the obscri ations i, crc draxx n and the large number of'
northix estward fr-om 7 N. 49 W ito at least 16 N. 601.5 W. thle observations (anid hence degrees, oft freedon Imo the statis-
xxestwkauu limlit of' the flights. lBy and large tile strongly fieal calculations. ianging From 1101 to 946. nicans that the
develCopedI steps tell wkithin at very "e ll defined area, and no findings, arc tilikclv to be much all'ected b\ lack oh' indepen-
'-holes'" (regions, with not staircases I were observed vxithit dfence of' somne of' the obscrNxatlions. This topic is, addressed
this area wvith the aircraft dataj although datia f1rom thle Fuirther iii the last section.
concu rre nt ship operations shox e occasional small The staircases tended to begin atl about I13V( (miean of,
"holes'' R. Schmiitt personal communication. 1985). Weak 12.9 . standard deviation of' 11.2 Ct and to end at about 8' or

bitt identifiable steps occurred outside portions of' the bound- 91t' (mnean of 8.6'. standard deviation of 01.96'C) IIFigure 5).
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[hIiis inmplics that the hulk of thec stair'case field kli between The most requenit Iv observed number of well-mixed lay-
thie 26.8 and 27.1 isopvenals. if the 0l-S relationship Ior legion ers in at staircase was 9 or 10t. with 11-12 and 7-8 also being
4 of, Lou'rv (lul/,l ~ill- 119821 is, used to estimlate salinities. common t Figure 6). The average nUm1her- was 9.6 4 2.9. The
I hie dist ribuition's arc posit i el skew ed aind aic leptokurt ie distribution is well described hy at Poisson distribtion with
(i.e.. reIit i el\ peaked in thle Center', comIpare'd with al a1 mean of' about 101 layers per profile (verified using at
Gauissian distrilbution). Kolmrogorov-Smirnov test with a - 0.05). The largest nuim-

her of layers per profile tended to occur- between 10"'-14'N.
52 -57 W. which will be refecrred to as the core of' the

35,
30a st ailease legion (igure 7).

30 The f'requency distribution for the thicknesses of the
U 25 well-mixed layers tended to be bimodal (Figure 8). One

25
20. common range of' sizes was about 2-6 mi and another was

W !i perhaips 14-19 Ill, although the larger steps wvere broadly
15 1 'distributed over aI wide range of' sizes. The mean layer size

> 10 was 16.0) 9.5 m, and the largest layer encountered tin the

~ - fill) was 48 nn thick. The distribution was strongly non-
0r -i -Gusinadws positively skewed and platykurtic (i.e..

8 9 10 11 12 13 14 15 16 relatively flat, compared with a GJaussian distribution).
TEMPERATURE (V0)

35 35;

30 b0 1

z 25 iz 25~

020; -
LL 15 1 ILL 15

rI W?10 i.L 10_
wj 5 5J _

6 7 a 9 10 11 12 13 2 4 68 0 214 1618 2022
TEMPERATURE (CQ NUMBER OF LAYERS

Fig. DI istribuitions for the tem~periatuires at \ hich the well- H-g. 6. lDi~trihution for the number of laiyers within the well-
dIcycloped stuin-caes Ill) begain aind t00 ended. developed staircases.



20 SPRING 20 SPRING 40 SPRING 40 SPRING

.15 15' 30

*. . . . " " . :

2, FAL . FAL 0 .', . *rA'" 4t, AL

* . % '

0 10.... 10 ............ 20 .," .. 'M .*C
2 jsr~~~ 20- r*

"5 5 1 •A• 10

O . . . . 0
7 9 i 13 15 17 61 58 55 52 49 7 9 11 13 15 17 61 58 55 52 49

20 FALL 20' FALL 40 FAL 401 AL
FLL, FALL.

In .TTD ,N LNITD (W) LTITD N)LNITDwW

15lS 15' 30' 30. S

a.......................H. , , llll .",~iu'.. '.. I N ',.'i.1tt' |r. . Nie I t Thl.l sa ln'lo o"l $*j ,r an Olgl~d,'

10. * n 1h , h 'fhr 20-LLI L I
m i ,, 745 10 1

7 9 11 13 15 17 61 58 55 52 49 7 9 11 13 15 17 61 58 55 52 49
I ATITUDE Nt LONGITUDE (WI LATITUDE (N) LONGITUDE (W)

1 19 1 lh iliC L ll[% 1111C (1 II IIIIi liff eiti it'i i IIII1III01 11-g. 1). Si/c of tile lasers i it funrction of, lillilde and lonlg~ide.
laildc tild I&'itilde. Slimcolwe helio~enr 1II -14 N, 52 57 "1 tie largest1 laisI' tended( It) lie helC enCI I I) - 14 N. 52 7
fend~ed t , hjI' lI [lie SIr,-cIc IiIlIcI) at I'ii ers.

seemed to lie iii Ihe smaller percentage of' thinner interlatces
Ihece \as a icndci, For tlie stailreases .ilhilt lie Core (2.5-5 ml) and the larger perccrtagc ol'hick interlae, (1( .5
luilon it, Ih 1,. thicker lerNs as we lla, a i larger nuniher o1' In and larger) in tile Fall.
lls rls I l'Iti21)1r . The most comimon leli)eC-llp t nC change across the inter-

Ilie rc;,,ise frcq icne. di,,iribulion I'Hr inlerlacc thick- acc,, wab,,louIti .4('.\ith amcan (ol'1.52' ' ±0.25'C)Figurc

icsses wa,s tile one distribution nol staitistically identieal ill II ). [hc l'rcqucncy distribution wa, positively skcwed and
the ,pring and fall I hFigure 1011 I-or hoth the pooled and the lcptokurtic. Actual \a11le,, ranged From 01.1 (or less) tip to
seasonal distriittions. how cscr. the most coninlon interlace 1.5'. A wcak tendency existed for the larger temperature
thickness w 11 aboit 2 il (I 1.7i 2.25 i). Ihe mean changes to lie within the core region IFigure 12. L.arger
I hickless for the poole data Sas ,. I ' 4.5 In (4.2 ± 3.0 , Icmperattt, c' -nge,, appear to he asociated with thicker
for spring and 5.6 I ,.2 I fal). owcvcr. Iron compiling incrl'aces (Figure 13): however, the relationship may be
thesc data it was clear Ihat most interlaces thicker than spurious. As mentioned earlier, many thick interlaces had
scveral incters had intcrior sIrUturs \within them which interior fcatures that. with better resolution. probably would
suggcested the prCsncC o1 Unresolved smailer scale layers have been tabulated a, multiple layers and interfaces.
and inlcrl'a cc s. 'I hcl e flie ll ode is probably illore itpre- The tendency Ior larger temperature changes to be corre-
scnialivc of the typical interli.ic thicknes, than the mean. hled with larger mean layer Sizes (Figure 14) is less equiv-
(,md and I'I'rIAin I 19871. (irltve tind Smoolrd 119871. and ocal than the rclationship with the interface thicknesses
.
t IIrmI riI cl iI. I 19871 made similar observations of inter- because less ambiguity existed in measuring layer sizes. Up
nal inierfalcial strurctre). No particular relationship hctween to ahout 0.8' or 0.9"'. larger temperature changes are
interlace thickness and lititLudC or longitude \w, ob,,erved, associated with larger step sizes. Laboratory experiments
lhe differenccs bct"cen the spring and fil distributions suggest that larger temperature changes across interfaces

correlate with large; vertical heat and salt fluxes ISlmcin,

35 19791,: AlI)otgall anl Tl/or. 19841, although the evidence
a o, is complicated by differences between the open ocean and

laboratory situations lloyd and l'rlinx. 19871. However, if'
Z25

12 Irle even to some extent, the larger step sizes associated
20 with ;.c core of' the staircase region. 10"-14 N, 52 0-57W,

c 151 suggest a regional maximum in vertical fluxes there.

w 10
~ F] Rii I SItONSIII' 10 1 tilL M ISOS( AIK FH ow

0E T iiLriIIritu v'he mesoscale flow was investigated ait three crticial
0 5 10 15 20 25 30 35 40 45 5o levels: at the level of the 'alinity maximum of the Subtrop-

LAYER SiZE Im) ical Underwater at the staircase level, and near the level of

ig. K. IOlminhlton for he thicknesses of the w ell-mi\ed layers, the salinity minimum of the Antarctic Intermediate Water.
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I I I l l 1CIe ,Iu~ )INI. (Icpitll C ) IIIIIlItteI oif I IIIll I Nt I ll iIiit th11 (m)8 d".ii. Figure 10) dx 11 ciii cuiltmuil'.s in thc figures.
\IlicN'.iil h'IiliQ N\lI)I)0tItc(l h\ ciuicluiollsn' tiiam'i ho 1111 >titi iand V c.t'i 201 N. 45 W. tiic ".ilii(i\ fliakiilmf ol

c,\;IIIIiI.:~- ictIli of i'.hiilLIi plot'. (lie suibtropical U lici'.l cr ciitcr. filec alcau Iloiii thc nolth-
l ife ItII-di l' lci, licIl filc Cole oi) file sIIhIitliai eipt cic tltn;z'oit opehp I" N I0lali.i i981I.lilt

lliudi\\ atcl Muic.I1ii.Iltu 1111tiiiolic AIicli ill thle[) Ilmingli souit and1 'AC. thriougih the pa'.'agc'. of* the
thec I k iIhI1 l Ii', 1' \i1lngc'. glidiciit'. hctmccii ahotit X) andt ILcsserc Antilices II io,. 19041 andI north anit \%cNI a'., fie

'00 Illii. f ile cillit' ITI hill l pit I)I imuc arc N-Ittcr knox' n Anllc'. C'urrent to th niortih of thli 'laniid ( 14i-e. 1964:
dIIP~cl totc1.'tftSoli \iciI I)it ia 1lcciI L II',,' Almno 198 II. 'h1 fiepringaiid ta il pictures. oh the IhelImlocline
fiie '.ii'.italcc palt o' file not Ii\%tcNIt'A irtitd iukig Noriih (lox.I, IFiciic. IS and 10) confiri th'.c\\. Ftie suti opical
lii;i/il ( (iril I el N Mt I. PoniI low,' oh ttic N IW loop hack toI [li l1Ii'.cixxai culci. [lie atea I'run north ul* 14 N. pass.'es
cjN' Ii life NuIJIII: section,'111 l iI \iI/01n MIid I)cilIicl.ia thirough fle region. and

1 c\it'. eitheri through file I .N.ei

,I:,,itICcoiic' I t all~ well. Steil( up, 19(u7: ( .I imic. 1975: S

o4 hiff(ic rt Il1. 1979: 16uu I' (111(1 iitL!~. 19841. ()ill\ thle 22SRN
Illoic normt il'. 1 c. . fice I)ciicrIi:I .\iicxclonlc. fail'. i SPRING 2SRN

[lic ( -S;\l- I IILI ( inl 1)l patoh if canl Ie Wlcl iiiitlinedL h% 1i1C
7(0 dix Hi cOff Coit0oi' inl [Igiic 10. (ti Ieihh CVII' not0 oh'.eix et

ili '.piing if liaic I" t. nor xx a'. Ilcac aiI\ .i gn ol'hfile NBC I ...
G. .. . I.

c\)ciicui ciim'c cniigii to thc coas.t to '.ec thc Ni('
I III. t Iliil iilile .01rclt av-lv. ix, I -oi the coas.t I,, **0* 0

IcNN' ,L'cIi knio\\ i. Cm Ilfffi( 1 I')7Sj. ( m hroi,i ct al. 11I9791,.

111h /B) el c mid1( Acilii' I 19841 all '.hox' cxk iticce ill tis' dcpth
iliec ol life '.owiiirn portion ol'Itic x'.csmtxxrd flout ing North
ltiiioi ia ('fiiilent loopiing ;. o Ittulthhck to fice cast neat 9 NJ. 7 9 11 13 15 17 61 58 55 52 49
40 W. toI Join ilic ci'. xxaid (1lox. n North E~qutorial (nunl- 2FAL 2AL
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Antilles or hCeads mlore iiotttI\ s est, aspIl t ofthle An\tilles 40 SPRING
(tirent. South oft 14 N [lie Hlimx conlies tuille ni the eat oi
southeast tromi tile NJorth IquI;ilorlal CillIirrei ilt iiill sub-

stantial poilil of thle loxm etiteiiug the Noibh lItiiaoitil 30 T '-

('1. u C11t I <up ilii reCt lrn1i 1I to I ie Cast.IW Ii 'M 1112li ICIIIC 2
has at ljuiur soul heil eomliit thanl tile tall icilie. 2 h

a \ little inirnatiuoasi oil the cuiricnts inl the depth
anelie of, tile staircases". ibiuiit tlt-S(iO Ill Ithc sIilhtheriilio- 15-**4 +

Chilie). I itdrouzraphne studies lliuxe shioss n. htiosseer thilt 10+
North A\tlaintic Central Wildi lies, north of'ithoiit 18 N. South
.\iltic Cenitrall Waiter lies, south of l1t N, and transitional
xx iters fill thle 1 Ilcl-ulif'iregio anl ()x'/uil. (1) 0

Cr -1 0 1 2
19)791, the latliltude range of thie best des elopedI stalie~aNSs. w.
I I-oi1) l-iures I s arid I 6iti appears ,that theflow elite ritlz tilli 40 FALL
thle Cast separatiles atrouind 14 N into aI northerlN component z
coiiw trom file north-niorithteais t and at soutiii k conmponien il< 35 ~ ,

troml the east-southecast. One could concllude fi0111 these dalta 30
that thle main staircase field is aissociaited solewhat 11101e 255
kxt li te xx aters from the east-southeast Mx ich might bie

\peetedI ito haC el a reater aldnii1ture of' South1 Atli"tie 201
Central Watter. but if truec the significance of this is uinclear. 151.

I Hie tinal tloxx reginme. betxscen about 5(1( and 1000( fit, is fg
that associated xx ill thle Antarctie Intermlediate Watter.10+t

Vtics )1781 called it tile Sutibklaretie Intermediate Current5

SAIC). lie deserihed thle loell SaIlility mlinlimumll of' this0
lloss, tile Antatretie Intermediate Watter itself., as mloving -1 0AT (00)1
liur!tixx est parallel to thle coast and not Iiir ollthe continental
slope uip to around 60'lW. atl xxhieh point hie tentativel\ Fi1g. 14. Size ot' AL the teniperailire change icioss tile iter-
i dentitfi ed see ond a rv bra ne ties birea kill oil' iro in the ma in fucc bet mccii tie sx elI in iixed latsrs. as, it I'nction of* mean txer

loss. [e 11m Ioxxhe tougt eot iuie (Innorh an wet tickness ua erage of' the laver abhove and the ta\,er hetuns tile

of' the I esser Aintilles. \x ithi another signitiCanlt Lotnponent
headng tiouihtie islands intol the ('aribbean and still

lesser branches heading oil' to the north-northeast I Wuuu'.
+ 1 1964. 19781. Aside f-rm his work. little else is knowAn about

15 +SPRING these eurrent patternh.

T[he 9 d~ n cmn conitouir inl the 600/700) dynamic topography

maps of' Figures 15 and 16 lies in the center of at well-
10 + ... demarcated flow regimle which may be identified ats the

... I.to pass into the Caribbean through the southern Lesser

I ...... IAntilles. with this trend being more marked in the spring. A
5-1..... very similar impression is given f'rom examinations of depthI*...... I con'tours of' the 5' and 6"C isotherms ( not shown). and it is
) ..... not tIdi that ihe proximity, of' the 7WN-dbar rekerence level

Z leads to _-rroneous Conclusions.
~ 1 1 2 If' these interpretations (If the flow fields from Figures 15

+ I and 16 aire accepted, then on may conclude that the stair-
Lij15, FALL cases arise at and shortly aller the confluence (at diflerent

U depths. admittedlyt of' the Subtropical Underwater and the
-. '+ Subantarctic Intermediate Current. T[he northern and cast-

S10- ern boundary of the field (between 500 and 55'W) wats very
sharp. consistent with the hypothesis that the staircases

+ + arise only when the superposition (If these two water masses
+ produces the suitable vertical salinity and temperature gra-

5 +44",+dients that give rise to vigorous salt fingering and the
++* creatioln of' the large-scale staircases.

4 4U04e1No * +

* miNlm .. I I IF+ecause of* the proximity of' the rek'rence level to the
+40014* +600-dlbar level of' the third panels in Figures 15 and 16. it

0 . 1 .
-1 0 1 2might be argued that only in the broadest sense do the

AT (-0) contours approximate streamlines, and details of the differ-
Fig. 11. Size of* A]. the temperature change atcross the inier- ences between the two time periods should be ignored.

liaces between the weil-iied layers, as a funciion of interface Nevertheless, these differences are supported by the pat-
tic~kness. terns deduced from depths of the 5' and 6'C isotherms. and
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ili eIwis the u C;noiiI to15iibl I enI Ii[ age ill Ili pill. f In enug -SA 0l t ii oprilons I acig of il.ki Ib)j and. Ii lt%,
Slipr ill mniclo hle[mae \ ( '11cin idsoiot ape 14 N crelaept, itr some orthem ohe\ tbtc th \I lul (hdtil ol the man stil rcs

at noliilixad protrulsion 'irotund S5 W. fihe mainm sl Iirc:isvs hld, it distance oh, sonic X1;00 kml tIl. Perkins. ulnpubhlishied
lki\ southi of 14 N. e\cepl to0i iioittix(ld prlrultsioils bet,,\ccii datal. 198s),
' And 7 W. xxld tC IIrispllbtebt \5_ ersCI 10ie tl te polst- I )etiled stiatist Ical alllSis Of thle xx Cil1-btlCIOpCL step"

lion ofl the S.\t( . Ill tile tall thle stircase ijelbi \" s sliitied0\,C stbei bltiliet liltit tide-lenititide relationlshiips. preferred
noti hiss tid spcbi/ills iss\\CI 55 and~ SS W. peitiaps 1155 hg lax er and intertaec thick nesses, and preferied tell) perat ure
to the imcrt ilele iiiiitti~m id tetiblelic\ cir the SAW ill tile cthanges across tile interfaces. the1 staireases \IcieC shlatto\
filt] or peri;ps lellisetlititle ;111 C',0i11itii01i thieitttix111%ilbi eIt inl (le southeast I 18f1-36 11) iltad icepeSt ill tile northx e ,st
pleillsionl iiftie fieldt in this leinbpitlibe triiibc that \%its seen 6 142(1-651 ill). P~referred si/es ot* thle avers-, x ele 2-6 ili and
Ililoillis biIc.14-i19mi. while thle preferred sue eioff tie" separlat h g iifit effaces

xas2 nli. iltiiobtgi thle tciiiti6c feqnenc\ distlii'iltibon5 "C l-C
St NINM1\H4N NI) 1)ist I ss IN not stronigly peaked. t'he pteIiTedI teIllpipertIire chanllC

t ie t tier iiiit;i Itilie st;Iilrcases ill this pbiltli iiif' te n(01(11- acroiss ili itteilace xxas athotf 0.4 C'. hnt akgain tile bliitrihitl-
%Ixesl tiipicil WaIicCl i 55(1 -cnikti teprladiin a ad. Iheisi: properties at-c virtniiv identical
spaiial pebisiutice. In splitg III o'lbl 1981S tile\ OCIiied in xx ith those I0l0111 cattier rc-ports sunilillri/ed by Il')5i and/
esselil t tilie sillie posiLll as biulring the preeebing 16 /'ii.xII 19871. No statistia diffierences bcetx en the spring

eas liex. oicCIIILebt in one connttected fild or \Icii- and I'all iretictncy, distribultionls were~ noited e\cept that in
dIte etiiped aio cis\\ it 11 111 ecikci . tess w,,ell delintcd a1%ers to Itlie hAI. I,le e chiiel thin and mote relat i', thick interhicecs
liuilttiist andt souitheaist . I ax'e r tcrnlperatres anib sailinities "xere fiubi.

tendbed (io ciige suleSS ill iiort/olntli'/ Ni I8(ieiii vi (.. ile core ol theC staircase regzion (the area ol largest numnber
9X71. ,oulie \X3 HI spacing ofi 55-li1t kml was, not1 close bof lavers. thickest layers,. atnd largest temperatutre changes
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b1cm'ccuii lici'./ lit\ it li0 -14 N. 1 5 ; 5 \. Nonel of tlie sc..ipji 958) 11c iiiiiicr I iiodcl of,;it lt tiil'aI Il iii a lic,ii held,
Icliii' c IfI Cr(ii]c dlist ribtilonl' \\ cr c ( iKiii'.'ilii. ;Ind \\xiii thle mIll'11\. 11,o,',ii o (.1 14 987 1 iepoIt cx denc of coil' cc,-
C\cptionl of tile di'.t iftiiixin for li\ ci thicknc'.'c'. thL'\ \xci c tixe pliiiic'. %tithinl thle xtcl-iii\cd Ilix~crv
p''.itk\clx 'kc% cd aind Icptoktiitic. F 1,.'..c i. fora iiit tb1cr of reason'. file mlechanism cne

Soie lax ci'. ha'.c C ccii icpoiitcd ito he .pitilillk cohi)i)CC ;Itili-- tile oceaici. '.tl;~I'c' C,;liiiot be a .tiigtox~
ox ci C\Icn'.ixc distilic'.. this. I, perlip' It okds V %iith. - c\tcili'.oll oh s.illt liiiigcliiii Il in e 1 lihorit..t'. I li' '.CAiC' of
hiiirliiic that tile nIIIInbci of 1:1'.l cill in a'tiirlc;i'.c folloVtcd aI both ttic con'.cclxc lix cr'. and of the intcrliics' illtile ot.ccaii
P'oi s son d istIbuI I on. I lie Pt oio I\ pIiaIxI okcIurIs \\ Ici 11li ,I c 2 oidlci'. of ili-en1Itid c too I ir Igc I B,d./0 /'i. 11c.,i / 198 7.

* iunmb1ci of obscx % itionls '11 one point i,, indtcp)cnd(Cnt of' tile \icro'.ructnrc hicitt anld iiox tic'lioII\ iiic;isirilcri ts illildc
itiiub a iti nx otlicy point. Ihilltil a1 mihro i r t otic dtiline (-SA .I..r ste cx crafi orkici'. of(iet itgiirfc less' lihin

s.~tiliin is, IkicpMLcndcn of it c niintbcr A.t 0tl110 stion'. xx hilt xx OltI he C\p)CCICJ 10 Ii lhii i ltl Ilii\ c\pcriiiicIIn
'.icct Cix little '.p;Iliam oI c~Ilcii'.. It ixt bc. luoxxcxcr. 1 Iuc I.. 1987: (Gici'.'mi ttrianjod. ON98j. 1x~scI19871

It; olx ai Iiniitcd nimni1hcr oft thle ctr[Ill liavcrs inl (lie iee'.' this ixI he b1ccammi'c tile ic .ft finucrs inl (tit: (-SAIl
'tmmrck,m'.cs xx crc ;itIiif'. Conlitinilmi 111(d thalt lix ci'. ibox mc intcmf';ices xxcr-c nlot tile li't"cst tao'o\\t1 ritc finucrs Muhid
iiid hclox xx crc coficmcntl oxcr oiifx short distliiicc'.: this' is. ippcirl to doina~te Iiboratorx c\1ciiiciils. Ilic sfilmdfi\.-
not mii:ollil.cuit xx ith thc titirinu'.of A, iimaiicial 1 19871. (l )n rilph pictiirc, of1 kon t ci /. 11 9871 dlid njot sliox tile

Ilic oth1ci h Ind t 11a;1 iI'.O he that tile long Coh)ccc ..,mc' x crticimf strliation'. x'.hich x otild he dharaictcostic: of lalhomit-
\\xI crc iilHic 1 t l tfi Iiiicd .hiiphodmr ' iiix cx ar[ci. Mxicli la\ torx '.aft finecrms. if though '.umch x Crticall striation'. lii c h)ccii

xti e t1w c r-ce'on. 'Id that thc lix crs" do not gcncra lk iiotcdI Inl 'tamrc~m'cs IOCatcdI Ibclx tile \lCdIitcI;Iinc;mn )mmttloxx
culd to ble Cccuu oxci s.ilcs of' 10- kt ill or gecatcr andlt ill tle I x rhcii Scal I Ull/iouo. 197S1. And Iilliall\ . tile

tfiuoluuehout tilc fkr-c-scallc '.tcppcd legion a'., at xx hoic Souiic r-cpori h\ ~Iou'uairioio ci oi. !9871I onl hoi'ontaml xx;i'c
c ixfcuICC sHuppout'. this. Ill 1982. /u/111/41 1111d 0):o1110oi iunubcu spcctra of tcinlpcratitirc nicuk~ostrncuce xx thin thw
I 9831 xx crc abf)c to tuaiCc fix ers ox cr onf' sonic 35 kml near intcrfaIccs xx '. ulorc Coins.istcnt \\ itf rcalrI\ hor-iolafi sithic-

1t) N. 54 W,* and inl 193. Boxd u/hi I'cikiti\ 119871 sax' no tnircs than xxitf tilc ppo\imiacfx \ crticail sift fingcrs Nx\ hicli
Cx idcnlcc of lax cr. coficucncx\ bctxccii lxxo station'. 124 kill arc oh'.crx cd iniItic laborator'
atpart loctcd at If) N.51 Wandl f1.7 N. 52.5 W. I jijff. (lie c.cthf's tilc cx idcicc Is. strong that inl somc poorlx
lin mblcl of, ai~ ci'. at djiacntl stations . max. indccd Ic nlonl- umnr'iCSood xm tilc '.;fl fing r~ om Of doilifc dliff'm.ix c
indLCp-cndcn"t . %kl itfil fic t '. hcis7121g1 g'cnIcratcd M soIlc Umi- con'. cction i'. pt'obamb tilc miajor fal-ctor inl (lic 11,0rmatiot i d
kioxil piocc'.' \N,11 it l) an underIiing Pois'onl rfi'trihmmtioui. mnaitcnmicc of' lirgc-scailc thcriolialinic stalirca'.e'. '.ic i a'.

fo iccolm to '.onic c\teilt f'or tilc Sibstiili hori/ontiaf arc pcr-si'.tcnltlx Ionnd ill tilc norti'm.c'.t tropical Atlantic. No
siflinit u'uici' in (tic aria. at nnutib1ci of, location- othic- cspjlnatiOn hat'. bect proposecd Vhich inlcorpora'.C tle
dIcp)cndcnlt hi'.toriic I poItcnil tenIpcra;ttmrc-sa;linlit\ relationu- circums.tantial c\ idcnce. nti-tumatelx. not satis.factotx thc-
s.hips xx crc use.d ito a'.'.ign smlinitv to thc tcmlpcrmtnrc xiliics. orcticall I'rimnwwork \et cs~i'.ts to cspltuinti ni m phcnon-
anld tice nic..scamc llox' field \tas cstinlimted fiorn dx nanuic cilii doctunieiitcd durinig (-SAL]T. Thc datai reportcd herc
hc1ight infom~lillic' cafimfacd~II iclatixc to 700f) dbar. A\ ciurrcli- givc at 'erx good climractcri/ation of' important Feature" of'
lion b~ctxxccn fic llox'. field and filc location of, thle 'tair-cascs thle staircases anid s.hould bc valuable For test ing theorics, of'
xxa'kcii ee lihich '.n ppor-tcd tile content ion that I hc stamircase.s staircase format ion and nmaintnriancc xx hcn tihe\ beconie
aric cmciutcd itl thc confluience of tlic Subhtropical tinder.'.atet availablec.
and file Antarctic 11lnedimtc Waiter'. pre.umlmbfx at'. a
rcesult of douiblc ditIl'mu'.i %c ' ticall mlisinlg. A(ioi m, m'mo'. I Ihank Iter-\ f'crkin. for hi'. man%. vIlahlc

What cx idlcncc stnpport'. the contention that salt tinering 'ti'.cum'.sionis aind s.uggcstions.. ftc and Roberit A. Hi,.'.. i aidcd In tile
fiefrf \xork anif Neter'Ik11 fix il d Michael Wilcox ms'IN'.ted Inl thle dataa
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