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1. Iba w4 badE, At sa. ... ,. 'pe" 
!tie pato_ ot Gala. tan:1d .• __ vs.th 1d.&tl 

">-lOad of auapeftlle4 .e4taeftt. .",eaJ'1ft. cl.. to tM .boIe 

&1_ the Keftla oOaBt t!\tftft, the aau ....... , _Ofat 

.edOft. are 'k'non ne mud 'battle. b a1d __ IDIau... 

DOt only lanueme the aGdo.eeoftOlde 11*,- of the ft. .... 

an cQlraUdty of Xuala. by war ot tJftIdd1II, ..... 

tlah1ras po\Dte dudn, the moaaOOll _on, "'*' the 

Ha 18 otbelw1 .. roulh aD! taaaeeedb1e to!' tbdr ha:ll 

Oftfta. 1:nlt a1ao l'ftt.1... the IhON'1lM .~ &3_ 

tM OO&n_ Mtiq .. 4.,. .. to ..... the atd __ 

PJ'Oteet pent .. O'l the beaoh bOIl eroat. and elM 

t.ae1p 11a trapp&q ..u..ta ,... ettMr aide ,.,,11_,-. 

_ ,..". of the IINd badta at 4eftDlte 

l0ea2itt... ~ '111 Jfaft3a .-at .... __ Odl- ... 
C ............... of ... , 210 1nl, Sa all _&1 phetIDII....., ., •• r, la .....-a1. 4DdaI the ..... 
".., _____ , ...... dIIl'!Jaa the pefto4 .,.. .. 

.. pt.....,.. 
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UteftU7 ..."ft8 ...... _et luI. It la a1ao 0&1181 

.~ V.u.' In Mal.,..,. • ...to. 4lrtr or ...". vaWN • 
.......... haft~ ____ re4 t. _ ..... ..,. ... 

'sat flab·. .....sn .. haft oft-. qaalUt .. tbe S4 __ 

.. ·oa1avate ........ •• 

b t .. -ID! belct WiU be ... iD. .. Ift •• t 

....... !he V01'4 ''-It' has it. .. ... .,. ... lA t1dJt 

o_tea, _ tt. eIIa110w .... o-.eI.aUDc fit IIIaUtS.Da tea. 

.t eUt, .... _. 8ftft1. ato .. to __ ... vi .... "'. 

f)1Dc ..... aaoIa _ '.-.4 _tt, ,.,.,.1 ..... no.-
(lUer, .1111. 1_. AUe. 19'1'2). 

!be eeru..at ......... fit tbe ......... fit 

* .. bam ... Kaala 0_'. ad .... tar __ • 

wra, iD _ ..... ,.. O~_ I_Ita' ....... fill 

,lie Beet 1Dai .. _i ........... in JIIp,.... •• 

"Col1eoU_ fit "'- .... baftla-. _~ In .. 

In,..... M1dn1auu* llepon of 1860. .....a ..... 
a.t.lte ___ , ..... plIIM that. % _u.ew. t • .. 

panUel in 1Ibe..u. It 11 ......... of ft. AYIIfta4t. 
, . 

••• , 11 •••• ',_ •• ", n ................ , •••••••• 1 •• din 11 r •• Ill •• S."" 



__ ... bee ..... ial.an4 nor ba* to bnaJr ott the 

.... of tbe1dD_. vtd.oh cGale ",,,", vith ..... t 

~ .. an .... ,... of the oout, sa .. aaath-

..an ~ ... , .. tJd.a __ • ~ tbaase1wtI 111 a 

me •• '. an4 ... lie on 1" .. MC ..... In tile bed 

1aJtMIut. wt. .. ,1IOtlOB .. d1Itm'bdo .. . 

... B:l8t0l'J' of ren:la" ( ............... ,_> 
eClfttal_ ~ta ot _ .... 11 ftOOJIda .. tIl • ..s baDka 

'" .. Dllteh A41dnl ~ (1",,) 8114 CapWa ... 

DNI7 (-......... ..,tIIWloD alOft, the tr ...... 

BM1wa'-". 1e,8)tt Captain DlUI7 4.-r1be4 tile .ad !w* 

in ........ ttUndCllbW1r u. pea" ....... ~ 
~ .. aD emporlua u1aea ,... the dJl&Ul.aI' _tuftl 

baekv._ ft.let iD .. ope ......... , .. whkb oOlWS.ata 

of • 1-.1 atd vide bade ot 181, the eta.t ot v1d.eh b eo 

tICaP1ew, to .. 1iIc tile ton. ot ..... , 1araI waet. 

1D_ ...... ' ........ ~ .... 1Il .. .". 
.... , ... till ft_ 18 .. ala ... 1IU1 pc8P. 

~ ...... 8bOw .... dptlODl or the .A11eppey 

- .uaJ*a1 .. __ '" a. ft41cIw1aI pn'J_ .... 

0-..1 c.,w.a Oope (-, ... Blat017 of .. Jut ~Sae", 

1m>. JIal.,. (1"), c,.,fOJI4 (18t1o) • .T. CaItW (1861). 

3. 3 ..... 1. (1861), ·PraneSe Dv (1.', 1. JI:ltehlU 



(186\,. v. Km. <188.), 'Oha .... (1886), PhUlp Lake 

'"890>, I, .. vs.k1e (1.) alii o ... DawJ (1918, '931). 

the two ~ .t -BlatoJ7 or .. , BanD" ,.31.., bJ' 

a. c. ..... ... sa 1938 oonWll NlArfan' por"" ,.,. all .... ne.... ... ante,.. .. modlJ' qUaUtaUw 

4a.II'1", .. ot tINt ..s "'a __ aft CIS1y ~ bSatorleal 

1 .... ' now. !bey, ..... ..a.t_. __ Ill' ,. .... .

lrlpotbed. about the tort .. Uaa or tile a14 baI*II vtdeb 

m1&b' baw bMa helpful ftJr 1\1 .... s.n...tt_t.tau. ""e 
~luaea 0QIp!1ed __ BlUtow eCNOH.daW an the aw.1lable 

tntoJliaat1Ga1 Oft .the Sl4 badte upto 1938 and thJ'8W ... 

Ufltt an the 01"1aSa. ~ ___ t and dt .. lpa". ~ the aid 

. banka. Bdataw al80 lnttSate4 tbe !Sa' 1Ot.nU.4e StWe

aueauoa 011 tbe £'JObltn of the atd bank tGnaUcD. !be 

"'ill. of tb ••• sa..ucat1aDa aN at ..... iD .. ftPOrt 

", aa Ca1Je. Il al (1938). 

3. BM., DId'. 
__ at 8t»4SAe .. tbe aid benb 1aeWe the 

IIt'dJlOp-apMo ilMn1gnttane condUcted. ,. CJeOr,. (19S3) 

ant al., ..... '....- (19~) In the "IlOft Of tbI 

814 be at Ca1Snt, .. Iwdropapbie .tuU .. of tbl 

ooana1 vaten ott the Malallar eout ., BeN,ut." an4 

JfrIlaJId (19S'f), .. Rd ... tile 1arakb11a14 -- _ 

Dataodanll ani """""tbaa ~1966) .. the n.a.. OD 

.. tetu ... Of .. ~ .ect1-.ta ot tbe .anldre1 tUl 



S 

bailie .. DOJta. Il.ll (1968). _lIappa (1~3a, 19~3'b) Ma 

.. atuUed ... of ... 'u deal aD4 biol.OIieal .. peot. of 
.. bM_ MIlt 01 .. IIUd baIb.. A odtteal Ndw ot 
tIl. aiaUII, JmowJerlae aD the _deal .... u of tile 

814 batik ....... '" ... u.r (llIftP. 1"') aD4 ..... e 
.... .,... eat JUgp (1969) ban ._ lame • .,su • 
Use tomaUon 01 tbI aid baJIk., Bed47 aDd ...... b.arl 

(1911) baft atudled \be waft nfraoUoa m 81aUca te 

'ItU_' .. a.at &1., tile Iftala oout a1IIl Idnp (1911) 

lad ...... ObHnaid.ODI 011 tM ..... , ot .. .a4 

"... DatIOdaft1t (19") act.. .4nailed • ..,. Of tile 

ban ... or U. wad ba*a. 

It.. 'QAcUa\' pt FP' laeN 
.. IMl badca haw bMn reported '0 ... 

apoeand at 41"..... plane alcxaa the ".., .OMt of 

1i11'81a ". ..... C_aDON aat QIi1-. .. ,. ue .. , 
..... p2.-. ....... _ to ddlable sw .... _ 

baDka ...... , ........ u. ,. the otbu iD ... t-

Ot tal .... .n r.. ..... ~ ........ baIIt 

1lOnb .t Coth. 'till WaftI&b1 .. bank) an4 ....... . 

of 02."., C ......... 814 'bede). 'Ill •• two ..... . 
baw a,.,..... aa-t .... ".,..r. B.epoJta aft tIftilab1tt 

......... ,"-u. Of ... balls. at ... to22.eIdBI 
plMeI ..... 193ft cb21t1tc \hi,.... _Ill ..... , .... 
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~ ••• 1<)49, SO ... • •• 19*t9. SO. ~1. 61 

~(XOlJ_) ••• 1938. 49, 50. 61 

catsnt ••• 1931, ~, 5'1 t 61. 612 • 

66. 61. 68 

"pO" ••• 1931 Ye21,..... ••• 1938, 61 

CI»tvat ••• 19'+9. ~ 
I.ttika ••• 19t8,69,~ 

Vad.anappal'~ ••• 19,1. 61 

~ rSWI' tIOUtb) 
' .. 1949. 61, 62 

C~ ••• '8~. ~ 
(aoath ot rtfw IlOOtb) 

19!8'. it9, '0 
BaraJdral ••• 1939. 61 t 62, 65'. 66. 

61, 68. 69. 70, 

"'.12,7'3 
Coobln 
(aouth of eatuaJt1_ IlOUtb) ••• 1966. 11. 11 

8IIIeftal1 at ••• 1938, '*9. 61 m.,_ ••• 1S8S. 90, 
1938, le') 

A7Ibalapuba ••• 1961, 1St 66. 61. 68 

'ftIftltaII ••• 1"". ~. ~. 10. 11, 

72." 
fltlnalmapuba ••• 1898, 

1901. 61 

~ ••• ,"" 
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........... " ••• , ot wa..... A8 earl¥ .. 18do, 

tal ...... , !'aY_ ot tbI Bora1 ..." .,at ••• \be 

eal_ Of _ "'" bank .. clue to -,be .. ,.. aid at 
_ ~ vbSell __ .u.Jft4 "p. bJ' __ .. .., .. n 
ftOII • __ , _ 4 __ .. IOtl..s" Of _we .. to 

IW4V ... 1loftllM tJM tJaI ....... (BeooI\II ot the 

Geo1olieal 8Iot.ety. tbl.· XUl t ,. 11). Dui ... the 

...... 1IOIttba. "... tbI 1dIa4 .... nao_ , Be_ton 

.. rnon .... mud bank NI10111 ... _ .." e.:JII. .. 

pJlClO.. of dpPSal of vaft8 111 tile !US baak rePcIa v111 

be c.Uana ... t1l &'Nater 4etdl ill CDapW ft. 

6. ".,..""., iN _ hilt 

!be .... ot tbeocet4fteMa1 ahe1t .. the .. ten 

eoan of l1d1a la ~ .tntab' _ la be1t.trnl to 

bIN ""11." .. a l"8u1' of taultbc .. .sac late 
P11 .... (It..s.':r •• ''t 19.). !be CtOaIt2SM __ .... qd1 _ 

_ ea. ... la 1011 aD4 • ..,., vi. ___ " 1'Ge. 
outelOp8 (Adtdralty. 1961). !be ¥bole _rIMe Of ... 

oouta1 bel' la .a4ulatlJaa .at UrawllleI ".. .et .., 

VMt 1IJ' . ..,. riWIII v1deh .... the _t. t10w 1lIIO 

,1tNI. eo ••• ' tbeH ,_ .. tea eD4 laaOaM ....... .. 
• , •. u. of __ \ftupo1" ened •• ,. ... , 130 JaI 

be .. _ ~ ..... at. ttda peat • __ .,.. 

la •• 'rlJdrc ,.., .. of thta -" Of \be IfUala o.n. 



, 
... vi4th ot tht8 e.tuariM era--. vhieh .,. pan11e1 

to tbe .... tor aMI, 130 la! 'fId"1e8 f:PQII .. , '5' _ 

to • tw "_IN Mt... Bight rs.WN • ...,:1 •• 
___ oU, ''''' MaId.,., 1118IIII.01dl., ..... ~_, 

1WtJar _ Chal .... 11. .... - JidD. tIQI tbe V ...... 

... t1ew SDto tbe bee __ .,. ...... tM dS8ObU .. 

w __ ..-4ttftIb1,. dun", tll8 .oat .... , ... ooa 

__ • the "llvaten aN "panted. fJQI tM .. ., • 

1IUI'OV .'ftp ~ laat aIlCl opea out 1ftto tile __ , oerWJa 

lOoall'S. (JPJ.c. 2) • 

...... ot ... IIbe4 wt..... .... al1wt.a1 de __ _ 

cons.... '111 I'Gek 18 ...... at ftl711a1 .. ,.. raqS.'aa 

be ••• lteO .... *»0 • (Oa CaDe •• aM 19]8). 

Ott _ la1111nJ1d at.cte of .. 0_', the_ S

a ...... ot latIRtte JIOtka baD ... '" al.11ntal 4epodte 

(nas. 1881, ...... 19"". letert_ la .o1f&r1De. _ft. 0010'd1M .... aDd 1t .<ate_ a1aSlaa, bee, 
, 

_ ....... "...... taterltel ue tba exu,., .. 
P""-_ of ............ .,..~ of 1 ...... _ ~ 
...... an ,. ••• "'1' Oddi ... oOlldltSaal sa aNal 

of law ......... tepopapb1e Nliet ., vi. a Jdld~ 
et erod.. .. .u.te ahculd .. ,....-.- vua 01' 
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""'bop1oal vi. teapent~ abOW asoc and n1atall 

.,814_ ft'aPOft"- (Batoh .ad Raatan. 1913). !bey 

an vS.4al,- dSatdbute4 tUoulbCUt the lUdc1 Uoploe .. _bUG... ~ hRI'Iplea ooour iD Bfta11, JamdAta, 

IndIa aM wed AtrSea (""0IIII, 1970). OD 4 ..... rnUOIl "by 

wte1t, la,",te ,1-. out a '"17 80ft tU11n 1arae 
quaatitt.e. (Du CaM, &l ~ 1938). 

Oft tM acutbefta tip ot Iftdla. the eO'fttd.lwatal 

8be1t b .ban 1«) lea "Me .... _1'J'''' to ... , JO 1aI at 

1'''. r.t. !lie 4.,.." ot tbe 8be1t' .,. aU1rd.a1 ... h •• 
Te,'_ • ." ... Qulloe. _ ...". SIItftUda1 Net- la 

ft410wea '" ..,.,. 8\lbatratua ,., __ low tlMI Udal bel'. 

!be sS it..,., le peeul1ar aid ftOt tan4 .1 ....... 81_ 

tt. _, ..." iJa t!d.a belt. n 11 • WI7 aoft tIUd. 

dUlftCl tI'CII .. latwltee _ btaaIM 401ft br the I'l .... 

_ ...... n u tb1a _4 vhJeb .... cdIanI4 .p ., tbe 

..,1. 4""'" tM -0-.00lIl8 into .... -,..t. 
ill .. .cl 'beIb ( .......... 00le. ",,). a. 
toIWiUon or·. 81 baDte t. 4-"1" s.. 4e\d1 

w ...... :la ttda Cbat.. Dta a_ • .. JIl (1,]8) __ _ 

,bat Upto , fII ... a14 of tile ... beet _ ., Of .. 

1114 badla 'be_ 10 ... _tun aDd oft" MoOldi1tc. 

COgI8 Btoua (DD ea.. d.~ 1938), 'he ehl Ileal OCllpO. 

dtt~ Of the tMl fit tile !lIlCl baflt aDd ot tbe 1&'-'-. 
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Nob an a1Io aSau.·. tbe PI'OpOtU- ot • 0.* Alao,,' 
ftao, la tbe latedte aa4 the - ot .. 1114 __ I aft .. 

tl,.. ,.,. •• 

lateftte 3.a8. 1.GO • O.1tJt 

.... 3.91 t 1.oD • oM 
!be bottoII OClltcMn ta tbtl ,.at- .- a VaYJ' 

pattea at Mallow dIIpU. _ ~ .... otftIhOn .. aN 

..... te. pa1'al1el. .. deptb ...... 8bOw •• ba11 .... 

'as 111 .. ftliOll ot •• aud .... Vbt.U ,.,. ~ ,. 

.. to .. 4epodt&cll ot ... ..s .. ttae cUu:I",\laIa Of .. 

IIld. ""1. .. ... U. ~, ___ •••• __ .. 

... '-* Sa ... w ... "" .. _ ,_ ••• 1IeI1 ... 

...... .. • tdlh1J' ...... -.u • .,.....sOlI ot -.. 

!be JUt Sa 4aJk .-,t.sh .... la oolGrr. _ 

W17 10ft ... p1aatIo '0 tcae11.. !he tJa •• 1 et the ... 

• we it aD 0117 .,.,....... 8ealapl'll (19fJt.t, .. "per". 
ftbJ. of U. _ .... ...-1 ~ tt ••• ld. ....... 
... ........ ,._ .. _.,.,.,. Of the ~ __ 

dDlDi tbI PR ....... l1IICIIIttM. DIIr.Iaa --. __ .. 

bO\tOla .ad le .......... " ....... 1 .... V ..... tUI Of 

,ap'hatel CaftI ......... otbIJt .. us.. ~) to the 

.....,....... !III..,.81 prGferUee Of .. bott. 

814 or ........ vU1 lie c1tacRt .... sa CbIptIe Y. 
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'I. m .. ,.. "' .... , ..... Md. et •• l1li" 
!be olSllate b t1d.a rectoe sa •• volW '" 

.. wo __ , .. eoutbweat .............. 

lfan1a ... ally c1ula. tile flat week ot ZuM ... 

00IItS .... un ear1y 8e~. Dul"tll, thla perlOl, 

tile vial .... ..-1Id7 from t., _taw., ... 101dlr' 

.0000tt. aad ~t 1U.ftI aft • ..,....... .. .... 

_ ...... &lid 3 ... .,. the ....-al vial blow Sa ,.. tba 

1lDI'th._telF dinetloa an4 t ..... aN .. .-10lIl1 ... 

....... Durlaa I'M....,. the "..t'ttR la 4Ile alii 

lluwh, APIU ..- ...,. are the ...... Ni al •• aaa.u .. 
11ft -..1'1_14 la tld.e u.. Oetober .. BONIbe ,... 

• tft1II1t&_ perlo4 be .... U. two _ .... 
, 

MlMI' DeM. JfaNh ... _. the pNdolllldt 

wild cU.NltiOIa 09ft the .. 111 UIla ......... ,1'84ua11,. 

... D to IV .. t_ to V (~t 19fi6,. .. IuM. 

the 1da!. teat to blow r.. dlNIt40118 be"' •• SW .. W 

... iIleftaM ill...... Br 1dF ... vial .... -'-.. , _ftIn J to , .. _. ... At. to _111ft, .... 

...... ot aD vl.sa blow ,... ..... UaM 111._ ., .. 
" wtth ..... _ ""'t Of Bletflft J to ,. DJ" ,Ile end of .,.., • nw_ ........ of -belt_ take p1Me ta .. PftI"'II-_............ ...sat tos •• alIo ....... 

1utB ........ '''-Pt the dtftotloa fit .. wtaIl Sa 

sa .... IV alii... tt. -dat. dud ...... DOftbee8' 
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--- __ aRKata' ... madefttl an4 WIt' ~ ••• b .... -..,. 
!.a .... b ... a. aN alao exper.t.enoed al'!lOllt 

tt.-a1hOd tile ,.... ..-pt dUItfta tu ~t ... t IIOIIIOOD 

.... e.. fte la bI' .... la wen dew1ope4 duI'iaa Dlcfdaer 

8D4 J"anJaJr _ 4eaNal. iD at .. _ mt 4u.,.tt. 4vi1II 

1Iaro1l. 

__ • !bIi li. M. 8. o. "'b11eaU. (19"') aft4 

...,. aad Ia1IIt ('1961) caato1tt .~ :lbtoaat1OB ,. the ~ 

... te. wew.11IIaW ... the ....... _. Id ___ • GIl 

(1968) .. art,. .... -' .,.... (1911) ..... fNpant 

oOtlptlattoBl ot ....... .t ObnnaUoaw _ va ... ~ 

iJa ... Da'17 \IeatlIw RepOftl or the Iadla ~d. 

~ 

b ~ "riab ot tbe _n V&WI 

BPPIO.hi. 'tat ._Wae iD thl 1'8_011 or irl._tt._. 
an tIe ... _ , .. 11 ____ tbe a...,U,. aft ...... . 

..,0 alii ",. vitlt ...... ,",utili, at 2'1t1'. ... M1PU 
ot tM .. ell. __ ...... ,... 0.6 • \0 ....... Durilll 

tbI .. tbIen _al. petto4. tbe dbeottoa or ap~ 
...... -..._ ..... 1l1li _ VDW. 

". pt "10" .,1_ s Iba tS4e8 ..... ad-

4talJM1 ... baW • ....,. ~ tbaa 1.. Bd" 0 .. ... 

.... DOt d_tIoen .. apt Mar d1W ....... _tuart.. 



Ca tM opn _, Of tile .N ...... Pllrakad relice. 
af)pneiab1e tidal ..... ata cto aot _nr. 

tile ._-.1 dNulaU .. of tbe "1'''' •• tIIe la .~ 
..... 41IWt.tat t_ .-t-.at .,.,.ooa _. alii aaUe100. 

a. -'e1 ... 1 •• a1eO .bOW a ........ 1 Of dtftcUoa. 

J10q * _t ot 1'UIa1a. 4urS.1ls ., ... bel'-l'.....,.. the 

-'al ....... t1ewI aonhvar4 _ ,., the enI .t 1_&17', 

........ t1ew le ... blS .... !be ~_tal 
• 

ou ••• , 01" aostllalt _«*a __ Sa JtOt,.". n .... 
.. " ~ NM'* •• ,... Of 1 1nIOt. tM .... the aOlltb

.. , __ ...... the a_tal cuwntll aft .troncer aid 

attatll I"",. ttpto I lmOta. 

8. IIIMS'. It ....... . 

.. _ ..... _ ot te.raUon, ...sat .... , 

..... , alii "' ...... ot the _ hDb ...... e~ 

.... Yul- ,la ...... 118 ...... pat ,.,.,.... to ."._ 

t'hl to_M. et ..... lIak.. Rhode' • .,..111 ... Of 

,.. (NplWtlII '" l1'li." 1938) S. the euUen iJt vIdA 
the ,., .. U_ of tbI ....... \Wt_ ...... _Me7 ... 



ebaa.1 tloIf of -' tIOft tbe __ ten to tbe ... 

tb18 flow W", .s.taiMtt ,. tile ~u. pft ...... , 

iliad .,.lo,*, le tile bMkvaten •• to thti. bl._tie. 1eft1 cltat.DI..... ~ of f .. '1010 ... • 

.. .... ot ead. aat _tu apP8aJUI pi b\tNtIIIc up at 

..... ,.. Of .. atd bade at J11epptJ' ara ooaddeNll 

• GYt4enM ,.. tbft ........ Of .......... dla-

...... Of.ad aid __ ,.. .. bel_a" \0 ,. __ • 

... roota .... , .... ot t ....... ,. tepOritMl to ....... 

wa._., ,., till _4 ~ __ • It w ....... tha' .... 
......... ..s t10wa ... 'be ed.8UaI at Wan1&ka1 alIo, 
bat _ 'f02eaft •• 40 not .,,.. thaft __ ... '" ..... 

ot __ 111 .. Coeh1D b_"_ la 1Ma OB _ont ot • 

flee .... at COOIdII tor tile "...... "- rellald.lltr 

of tblMe ......... aN 40aibtMI the , ...... vnte ... .. 
• e.o ......... teat ... iIt." of 'be IIU4 .... c1udac 
tile ftw ,... Of 1d.a obMra". ". ..,., to 1913. 

!tie _"_ S. ,,.... 4_ to I'1H iD __ 

1 .... b ... ____ ftIU ...... Sa s...tael.' to 

......... ..,. ....... ~ .. ...., ot 1a1II 

....... '_ .............. fI'OrD ,,. .. b a 1ew-1JiB1 .. 
dIl ..... ..s_ powdb1e _ ......... ft_ 2nd t1I .. 

lake U on1F ..... f ft •• , abow Ud.e 1ew1 va_ wU1 
••• t1Ow. .A MId et, It ot __ vw. 11- • ,.._-. 
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ot a W". _11, "bleh 11 .. auttlo1et to ...... 

_ MeUo.:I, ........... an ." " aQUd. la ___ 
. • _. !.be._ 11184 ,.... tbnttaft t lltu. .l' 1lO 

__ 110 .... (IM a.e .... aM 1938>. 

1W. t.atat t •• ____ Of * .. _PleI (Du c_. 
U Ilt 19") fIrGI" IuaJdIa1 .. A11eppey .ad ,.. eat 
.... tJora till bMltvatell ........ tba' .. 101 •• la 

..... di.fa •• tIOIl .. la_... !be aa4 ot .. -.cl 

ba1Ib S. 1N7IIh. olllld_ &at ... 1b1e w$ •• -

"'*' ........ of .. beIInfa ...... 14Iek ""lfdIaa 
bltb pe ...... of ....... td1 otw&ftab1e ........ -
It d __ , lib wn "'. __ • Dr .... _lIIded 

.. ' tall _ ot till -.4 ...... mSctat ........... .. 
,... all o14e ..... -.. the .-4 ot tbI bal': .... . 

ID Cane nporW tbat .,. tbe ., ,. lSH, the .ad ot the 

.. b-. &Id .\ ot .. .ut _ ... IaaW e,uI ••• __ 

aIIIl OIl ..... 

......... • ___ ... at .&Uat..., alii .. NB ~ 

I'U1e _t \be ,.. ... MJt" Of .., --...-..s di ...... of 

......... la tb .... ,so. (Du C_, G alt 19'&' • 

.. fao' u.t Sa ....... ,.... .. 1IaDk ..... ,.,.. • 

... be ....... a' Of •• e. alii s..-- lB .. 
__ ,..1 ill _ ....... a1ao·4_ .. .-bI1Mte 
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Du .... d. al (1938) were the tllw, '0 pcda' 

., the role or ... U olllmiag .p .. bot\oa .." .-

~ ...... it ate .,..... ..,. ....... tba. ''he blab 

".... ~ tile ___ 011 tM4 ..... --1Jr to 

keep the ... ta • .,..... .,. a1aO _~ the J'Q1e 

.t 1'1 ... la b "1'P17 of ~ ••••••• .n of 

u. aid __ aft ra.t w1tb1a • ___ \e u. ..... trora 
It.,. .. _. !be l.owerJ.BI of altld. duiIII __ __ 

..... ne,. ........ la ......-011 .. 1 .... )MtdOda. 

BcIue .... 't .., ,. notal ea., _ .... __ ~ at 

plIna m .., t.ICIa I'1ws- .. __ <_ n.sa. 1 ... a). Ala .. 

till bOt_ ..... till ... 0lIl .... '1 ..... tb.l. an .,.. 
the .u ...... aiM be __ ~ .... l4ail.. ... 

tbIOIr ot nu Cane aid ~ tailed to ap1at ... IO~ 

u.. Of IUS ~ at deftal_ 1Iaoal:L'_ ., .. U. _'-

........., _ IIJrlall4 (19$9.) .. --.. .. , 

"",,'UBI aII4 41 ........... -. ... "' •• 10-30 • 

a10III the ... tJ .... , .... wrUeal ... laatitalll 

naut ... ill taw 11Ni11 Of .. boMom _.... !bU_ter 

.....s.. a:laI wt. it _ a. ... of tbe ...... ... 

,.,.... tile .. ..... 1Nl ___ ...,.,UII, ... lift 

_~""t ............. ~.~ . , 

..... (Ian ..... 0. •• 19dO). "U dCN'bVt4 via" all 

..... t ..... ot .......... __ .. -m.c ale, .. 

r.a1a eo.n _ ... '" ao Juae • ~t&. Of ... ,.... 
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the_'- ... ..,., 1ft 8\18pead. ,.. ".. pP'iId. 

the --' na. et thl ...... 1& ftcf,.On ~ 11a .. , 

at. .......... tbe .s ba*a ot JIna1a • __ .... ta 

Ma periOd 01 ... 3 ...... 

.. all'" Of tbb __ i8 (IMnp, 1969) r-. 
~ tIw 'farioM tMOr1ell CIa tM toI'tiaUoll et .a 
ba*a _ -bowed bow ...... "U -~ kDOw1eI.ae • tile 

~ ..,... of tile tU! _.... HI ....... , 

DI CaM'. _.,..Uoa tbat ....... __ ... ...u. .lItI'D 

., _ tntq intO lhllpena10D a. t1M BM4 ot the bottOIII 

at ahal10w ... vas 8Utfto1eDt to ap1atn one ptaaM of tbI 

p'*'- ani .. , ... of UIe thIOdee _ ..... ill ~ 

.. tbI .... __ ot .. IU4 barb at 4eftdtl lOoall'. 
al __ "-. 

MOre .... , atudiee NperMl! '" ___ .. 

IUJap (19d9) ... _ to ftP'at. Vie 10ta.\S ... "'''on 
of tare tal ........ .., to.md horI waw refNoUOD nuu_ 
alii t1e14 "_""one .t ... NIl- ot .. fur"" .. 
__ .... " a ... of 0 ... .....,. U'toN1 0 ....... _ 

bl" peri.Cd ..... Be •• tw ............. .. 

... , till ,...,.u. ... ot 1'1p non at tbia 1oeaUtr. !!I •• 

lip n..a eanr ftMr Mdment ottallON and PM'.' .. 

or ........ ,11 IIIB' ,._ pl ... at the ftp 11,.1 ... 



ld.ah o ...... tt.. ot !!lid ID 8U8P8111d. c __ ftIoOU 

~ or .... aBet the tor.tun ot .elm.... ".,. 
alii !UNP a180 ~ tba' tbe lit> oune •• any till 
1_ NlW_ ........ __ tow ... otlt __ .... ., 

cUldi1Ic .... teIw 01 __ badt. Bd.a 411uU. 

t.o111ta_ 4etlOaeulaUoa ot ... lMftt 111 -P8IIIdon, 
VIdeIa _oaata tor the •• UaJe4 ~ of .... 'ba*a. vs.. tile l_NaM ill .,1 •• 4una, _ ,......... _on, 
the DUd tlOlOU1a.tu ani ..w... 40WIl an4 .... .act .... 

die81'pean. !be .'.111 Of nOICn4ated _tl •• t of .... 

peled 1IUd b the .... __ • aN ds..u.e.t '" Cbapte JY • 

... and VaradaDbar.l (1912) haW, ham vaw 

...ta.t.toD etuU., tound wid... tor tneh con'.ae". 
aDd otflhOft t10wa at an .. _ 'bank recl" or tbI 

Kea1a --t. .. NtlMUoa ot wawa Sa .. -nka4 .

be,* NI1-,,111 be aan .. ..a la ca.,.. -n. 

9 •• 11., __ , ... 
!be r!Ud 'benk8 exhlbtt GOtte ..... alOft.bOre, 

tbe ,.__ to rear abltt belna more eoaap1cnlcu thaa .. 

_.~ .. vttld.ll .. ,.... ~ all b aa1lab1e 

""--t'DIa CaDIt Il a1 (1938) haft prepared a aeztu ot 
eItarU abodBl tbI locaUon ot the Ian.kka1 _ Pttraka4 IIId 

'banka 4uJtIta 181.1 to 1931. I'1lNp (1912) haa plotW tbI 

aloDpbore etnteh aDI looaUaD or _ JIaJa1dr&1 tU! badI 
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dud1la 1861.'970. JOeotdla. to tt. a'fa11ab1e ...... . 

tile laftklral Md bd hall am_ aaatlwud. at .. ........ 

rate ot ., '111 .. 111 100 ,..... vi •• partial ",UIIl to tha 

..nb lD betIt... .. ....... ftte ot •• taIraIt -,,_, 

or iN N"" tU! beak 1. abOut 11 IIllea sa 100 ,...a. 
wl ... _ ••• B' tow ... DOI"th. !be ._., Of .. 

BankIca1 1JII4 __ Sa swtrio... \0 a .. ae of 12 .1H 

,... the "'r1nr ..... aouth to the _~ IIOUth at 

oonsa _ tbat ot tile Puntad J!II4 bank to a ftdlge Of 

" .lee of ooan1t.Ile tIQI about 2 wd1 •• eouth of AUeppe, 

to Punkad. It Sa NVOrted tbat after '1'&'ftlliIaI to .. 

• aa ..... moat pcdBt, the t!Ild. bade pWtual~ cid 1aPpea'N 

"tdl. anotbIr"" baJWtl out at the oortbem lSId.t. ".. 

fttltabS1Sty of tMee Nf'OJV en tbt mo, ... ' ot the .. 

balk. le dODbttul 8Il4 a1aO NOOl'da are "" aftUab1e 

o ..... t::1w1F to. ell J'88N tll11965' •• -. 1965', .. 
the hnldra1 aDd t'M Purakad aud badte haw IIhOWB .'1114 

".t"" .'2101d. !be ...... pertte" of tile "'nJrat 
.a baDk vu at r....... dul'bc 196f. wtdeh I'8IHIl 

....,.1apa1taa ,,196'_ Duf.nI 1ge8. 1969 aat 197D, the 

8CIUtbaa lSIdt of \be baIIIIl: ".. 1IOrth of .,.... __ . 1971 

l' ha4 NMIIIcl JruoOr. In reo-' ,.... ... faftb4 .. 

'*'* SI looated appJlOdatelF be._ ......... \be 

aorth _ Punbll _ tM aoatb. .. ~ ... 1Jadr 

QP8an applOd_-lF be\W ....... lcta1 aid ........... '_. 
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DD CaM, 11 al ('1938) po1aW out \ba, e1Oeu1 ... 

tlaod.e 4De to Dc ....... ratatall. whSch ill tun .......... 

dUobarce of vater t.- tbe It ...... baokwatnJ lIa7 

be a ..... u.w tao.r iD tbe .,... ... of tb8 IUS ..... tbeJ' 

'beU'" .. , \be ..... 1w tlGOdI ~ '~t tbe a ... earth. 

_aD of 19'" aD1 ... Ulal8Qal1J' b1ch rat.et.1l ot 1931 m1al4 
all !law VOIb4 S. ........ to ... tbe lIardkal 1Dl bat* 

tu "'*' 80 tbat 1_ IOUthem .... 0""" tbI .tu eballael 

et COebta ~ .. 193' aDd oaual .. .., IUtiJIa 1Il .. 

0,...1. !heJ' also .-.S4ue4 \be o_tal _ .... t. to be 

I'I8p01M11b1e tor tM ...... cldft or tbI ... baIb. A1cq 

.... tJlMat __ , of IftLtla. the ooaaW OVl'" .... 

diftOW .. t1atar4 fI'OII MNa17 to Oe\ober ... aft ~1F 

du1'Sq the Ne' Of .. ,... la""'" ,. ... ..., pe tile 
........ ,,_ ... tM. 

M~ to ..... IUnp (1969), ,~ tomatloD 

ot tt.. ... badl la .. ftIUl, ot the ~. ___ •• 

the a.bI)ft _ 0"'" .. _pOrta Of Md ..... la _ 

,... .... 10 •• , br ........ till la"- '" '" n.ewa. .... __ , .. _."011 ot a at balk la 4.UaS ,., .-

loeati. ot ~ 1S.,toI'al 0\111." .... _all .. 
• _ • oftWbo ... -..pOft ot aWI.....- .,a..... .. 
\be Shift III 100 ...... Of t • .ad __ .d be ... S4u1d .. 

be ...... lit' .... ft S1I the 1oo.U_ ot _ ... Of ... __ 

.... Of l1'tDh1 ......... v!doh la 4 ......... _ ... waw 
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fttraettcD ,atten. IraN, (..,11) au,...W that the 

mo .... of .... '-*. boUa ,..,. \0 ,. ... dd wltldD 

• ,.... are tile ...at ot tile ..."... iD the ... N,...u.. pattua d1aI eitMr to the .~ ia the bOt_ 
topoaft. ot thl ..... <.a ... ·", the 4epOdU. Of ... 

on .. a..s.,.ttoIa Of .. ISI4 badt) or to the ..... ill 

tM o'*POlltt.. ot the vaw ., ..... or both. ttd.a ..... . 

tdl1 be dSa .... 1. 4etat1. ChatttU 1'1. 

_fir tot.u. .... 41a~ 1a \be ,..1.11t of a •• rtea 

ot ........ l' woul4 .. cl1tt1ou1' to UoJate .... ... 

r.. .. d4 .... , .. \be .sa ••• aU... ....... !bit 

, ..... , -* as.. ., obW1dla1 • oOllp\ete pt.etun of tile 

___ pbp1oa1 paw_ at ". ta \hi -' ba... _ 
~ ................ , u.a. ......... n.o. 
ooulaU __ ~ bOttom a"'a.", w .... .. 

"" ........ the ..,..t1_ Of ...... 111 \he "et- ot .. 
.ad __ .t ...... haW bee n.t.te&t vlt4l tM .. of 

e1uotdatiel tbe J01e ot tbue ,.... ... ill ... "''' •• 

.u ............... .-1 41a1Spau.. ot tM uu4 --.. 

till ...... atopW \0 It..,. 8Mb ., •• , aN 

at .. ..,..te1F dd.e ~ \be ...,..Uw ..... . 
b ..... !laW __ .... vltb ,.rtSeulu rate .... .. 



.. Ift14 bade at....... !be mad banq at ~ __ .ttna weft alae .sat .. perioUoal1T .. tbI .....-a1 

.... , .. " .. ba'ft bee bpt sa Id.ld "bUe dUo ... ., \bit ...... tto.., ....... 
11. Ba"" " .. Un .... 

.. ........ vater aNa of abCIut 90 Iq km 

&43-"- to tbt 1lN ...... ~ beach bu ~ .... u. 
_\et (ft •• 3). '!lie __ h al._I tbia part ~ the Weftla 

eoaat le ot1.alW sa t11e MI'th !J~ dlNott._ aid .. 

..,1 .. width 1Nl p1aee tI) p1aoe. __ Of "" _ '** 
NIl- tbe '-12. width t.a M.llgiblAt aal tOWUda .pth Of 

Uda poiDt tM wl4th of ~ 1I1.b !De........ !be ... us. 
S. thtek1r' MD_ wt. 0010lIl' .... lI1re ..... JIa .. ka4 

an two ti ••• ..ulaaea at a db ... _ of .-, 5'.S -. A 

• ..,1 tcw, .,.lapa". 111 .1"-.. tIJ.d-var be .... tbIm. 

AJIbalapullba, __ • vt4e beaeh due to tile eoadltet "ftlat101l 

~ ..... baIIr SIt t1da lOcality clUr1JJ. tba peat tw ,.... 

.... UODa1 BI,.., ,.... throqb tld.a .,.11Oft at a..tarn 

ot ......... 1 lCII ,.. ... bON. ., ...... , .. 

Ht.,.,.,. la 0II1F ., • ,.. tbe abOIellDt. At !Mt""~, 

... , 11 1nl .... Of faftka4, tbeN u a oOllUol1ed .Ge' 
ft»Jt U. ____ ialo the ... tIJrOuah a 0.-1 ...... vbteh 

• IpIllvaJ' bel __ .-tNOW. 



!be 1d4tb ot tbe ocatmeetal &belt !la the 

leIlon ot .... " .. uan la aboat '0 km. !be ""ca 
ooataIn aN ..... teJ&nd 1'IF ..... 1'a1 ..u aclulaU .. 

&P~"17 .,to tbe 10 tatbOll 1lM aDd .. d .... 

• .-.. aft ftlaUw17 lION wdtolll. V • .,. .... tbI 

ehOnt ,be bot_ ocubta of __ aD4 .he'~" _
\bUt it Sa __ ... " ot 10ft .... ",to .-, at.. ta .... 

.. ,ODd tb1II sd bel, HD4 la agatlt p ....... 



CBA"S. D 

BYDBOGBAPBY 



1. 11diIsJ4_". 

ldeaetw nudl. bew be .... '" 'fUtau 

authOra OD tbe ~ oODUtlODl Of the oontntmtal 
abelt vaten ot the aoutb-euteftl ArIIdall sea (~ 
&lid ...... 19Itf, ..... 1~'1 Ba ... 19", aa. eaatw. 1959, 

.. SUt17 aid MptlaDd. 19", ~. 1959, Ramamtr\1Iam 

... Z.,. .... n. 19601 ~ aid aalr. '9 •• ~. 

1967 atI4 .... 1968). f· .. t of .... naa... aN band • 

data peftdftiDl to .taU .. __ the 10 taQala 1JM _ 

.,..,. little sa 'Imow1I abod u. ~_ of the .... tal 

... aeanbo,. _ten ot left1&. 8eehaW- (19f]a) ........ 

(1"3) .. Seeba_ aid tT~ (19SI) !JaW NpOrte4 tM 

IIr'dJOpapld.e c.u\taaa of tM illabore v .... a' .,4 .. , 
an4 DIIDOfJaftn ... Bd4a:raDathaa (19'" 8111 DllMda" (1913) 

baw .tu&I1ed ... ot the I!r4J101ftpble tea.,. et tile 

~ -' __ ... ".. .....hOn hrdlOll'GPllr 0 ..... 

vS .. __ ... l' S. iDftu_ed '" fr .... te. 1Dt!Ib ... 

run ott _ ... ~ omd4 ___ 81_ ... _ 

ooaaUSM. 

!Ida aapter .. ,. vital tbt ~ •• tU .. 

ill _ ...... tile .... "'* NJlO8 .t "' ... IfI'dropapbie 



oClltditiOlll . of the s4 'bade ""OB ..,.. pea' tat1u_ 

011 tile ata1dJJ.tr aat 101lP'dtv of the ..s bnDk iMruob 

at the BUlpeMiOD of au4 iD _ water 11 eowraed ...,. tile 

8&11111\7 aIl4 ae.ltr O.u.UOU ot tbe.tu. 

!tie .... or ...." tftt tile loo.u.ona Of .. 1fI'dJO

IftPhSo atatt0D8 aN ahCW Sa Pis. 3. By4ropapblo eulWFa 

vae oODdDlW at tile "'ftb4 ............ rUt z... 3'lI1T, 

Sep\el6u aft4 nee ..... 1911 aII4 ~/MaNb 1973. ~ 

a.pllD. vu doae ,.... • atattota .., ... t.be ahON dudDc 
1911_ llartMe _plea ,.,. oQ11eeW ut .. plaaUo 1:ueke_ 

d _nrt.e .amplee 1Ia1a& ___ a.Uea. !bI -"ratulU 

we. tlOte4 .e4!ately after ooUeetice and aalSa1U .. weN 
"'laW sa the labol-atoJr __ Uta"_. A tellperaw __ ."Id" plObe Vd alIo eaap10red a. bId-..... r,.,. 
dUl'!aI 19,.. All the atUWJ8 v ... -awl .. tal' __ eoatly 

, 

boaw a1I4 DO 8OpId.atteaW _t"'8.". oodd .... op ... " 

bee_ ot .. UIIltaU. .. ot tw. hd1 oNfta. Stau .. 
..... to u. ..... vue It .. br ...... lad. ...... vi • 

.. Mlp Of a ...... IID4 •• db .. ataUOlll .... tSsed .. 

• ........ 1aIttlll. !be ~t4oD. 4tqJth ... dtat_ ,.. ,be 
abON of \be eta".. aN ...... 1'1 1ft -table J. 
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!.lBLB I 

LGCATI. oP 1fi1JROCIRAPBIC S!AUtBI 

• d 

S\aUon iauf.:!- '"l!,\_ T, DlataDoo ,.. ..... ShoN 
I I UlIl 

• 9° at..6'JI 16° 21.S'B -<1.0 • 
22 ,0 23."". ",0 21.6-. ).0 0.' 
13 ,0 23.3'11 7tP 21.""1 S.o 1.0 

at. 9°13 .... 1fI' l1.o t Jl '1.0 1.0 

If ,. 23.0'. '160 2O.61t 9.0 !.o 
16 ,0 -.at. '1fP 20.2'. 10.0 a..f 
21 - ,0 la""'. 1#P 19.1'. 11.0 6.0 
28 ,0 21.9-. 16° 11.1'. 13.0 s.o 

/ 

29 ,. 21."'. 16° 16.3'B 18.0 10.0 

a "If.'" 1tP 19_". 10.0 4., 

'" ,0 a .. '. ,,0 21.3'. 10.0 It.., 



'911 aid the ....... daUT ratntal1 durln, tile ... 

".. at Al1e,.,.,.. 111. S ehOd the .--.1 ftdation 

of aartaee ealS •• dIlliDc AprU 1911 to Ml"lU7/Ma~h 

1913 at ltatie .. 26 ill the .. d back rep_ aDd the 

...... da11J' n1ftta11 repOrW at J1leppey durlDg thta 

pedOll. ID Plc. 6 an abOIm the ._aaal 'ftl"iat1cXa or -..r.e. aall.tJ aid -,.ratu. at e1lb' NU .. 

(21-19) •• u.. perc-d1oular to the .hon11ne iD the 

aacl badr rec1on. ft •• 'I gift. tbe _ooel ftJiaUOD ot 

.rtao •• !li4-dept)l _ bOt_ (1.0 • &bow , ... bott.> 

aa1initiea at 3 -'atioM i1a a u.. puaUe1 to \be 

.bONlSM (8tattaa. a, 16 ..... , IhOwn a n.s. 3) at 

hftke4. 

!be vartat1Oft1 of ~ Ialta1 '" abCIwa a 

eloe. re1at1~p wta tbe. ftl11taU. It tal1e fI'QI 

:r~.S 0/00 duftftl .. 1ut week of Mer to 8 0/00 dan., 
the td.dd1e ot laM (fta. a..,. 1b." .. bl..,. raiDJ'a11 

(at. to '1'J -..'4a7) ,.. Ut. laat .... le of" "" GaIIUC1a 
vbie1l .a....a a c1l1ut1aa _ouat_ to • :to.rw1ItI of 

8a1Sat", _ a,_, 0/00 1D tbe MaNhOle va ...... DuIOdanD 

... ~ .. (19M) baft ftPDl'Mc1 • taU Of ~1.41 0/00 

In __ ManhOle ..., .. t_ at the lankkal .. be 

ftllOb --_ ... alii AIII'IIJt. 1*_ DutIIc 'be 
• 

..... vii-. tile ... ,.,.. vu .. Uw at Pun1qd dUi ... 



19". the aal1ft1t7 ot the 'D8aftJhOIe -- ".. a1va.JI 
'below 18 0/00. 

Iblt,.,. on.bON a' .tau.. Ro. 26, the _ne. 
t1aas ot 8Utaeeta1sattr doea not IbOw eo a1_ 

reaponae to raintnn ea at the ..... bON .tatlOll 

(P1c. g). IMn ttJDuab theN 1fG8 .. .., 101nta11 dudnc 

the .. Old week or ttar. 1912 (22 to 91 -.I.,). tbia 

414 DOt OaD" .~ dUutton ot nrfaae va_ at 

tble ataUon located at .... , kII ott the ebOn. ... 

ehownw ".... tol1owed. _ a perlod Of a'bODt It. ••• _ vi. 
odI' 11ch' ahaVen t111 ... 1dt v" of JUM. 1912, 

vbeNafter the ra1DN1 SmNG88d auddeft1J'. W. till 

¥hUe U. aal1nit1 ot .. _""e __ at .tattca 
_. 26 kept CD t!eoNUmc rradUa'lT. !be 101._ 

ftltrd._ of 13.6 0/00 Vd reaebad dul'1nl ~ • 

.Ifte~ Ud.a .. rdDta11 deonaaed _ tba aalSldty 

lftoreeee4 co ..... ~. 

ftI. 6 .... the a_onal aa4 ape'Sal ftP1a.'10111 

ot avtaee aaU.", a. t.MperatuN 4v1'lac 19711'-3 _, el_ ataUou al_ a .. Uoa .,.. the _4 badr 

~ DlldIIc.ro. the _Utd" u &bOW ~ °/oe_' 
all .. etaU_ wt ••• 1lcbt -. ..... towardI the 

on.bON u.a. !he ...,... te!llpeftture alae SIIo~ 
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statiGa lb. 26 18 lOcatod 1ft tbl nud bank "Cion 
at a tUataac. Of abOut ... ~ b otf8hON .. .tat1oa. 2 

aDd .. , are loo"tea aortb and south reapeotlwq ot tbe 

aid bank re&loa at tbe ... diatance frOm tbe .hOft. 
!be. t-.. .ta\l_ baW deptbe arGUI'I4 10.et..... M 

GaD • __ r.om na. 'I, ~ aaUalty ooldltiCll aid tbtt 

--" .. and of ita ._oaal ftria\1oa at the aul'taH. 

fd&.4eptll all! bOttom at tbGIIe J .tatt ... an ideat4oal. 

Oft oloe .. eamtnaUon, it Oab be ... tbat duJtDc .1\me, 

.r.17 _ September, the _rtao. -' ~ la2:1n:ltiea 

aN 81i1M27 lower at the .t.Uoft Sa the _ baric tbaD 

at tbe ataUonl aataS4e _ uu4 bank. fIW dt~I'" 

la .... dDdD, h1F _ 1-. "'daI ~ .......... 

.0.0, the cU.tteJ... b !ION at the .. .,... otd lea at 

1Id4-41eptlle. BD"- .. lS.td.u.. aN .. tom a' all ... 

thfte .tatiOllll. DurlDB Pebrual7/Malwh. ApP11 .. 

_ear, tbI .. thne ltatiou ,bow u.t\t.oal aa]'Id" 
var1atlOM with depth. Dtlna, Xpd1. a.l11d.\J' slipt2r 

4~. vi. qptb vh11e tbe otIaw ObMIaU .. 4U1'l1ll 

!he tnt!l.uo.. of the mDM0CM8 CD the IJtd!OIftPIIr 

of 'be Jran1a iaAON wat4mJ 18 s.-cslatelJ' reflelW 

WIF __ tM .r .... to • 1eAer ...... ottIlbOl~" D.e 



~ d1atrSbuUOD or a ...... daily ralfttal1 dul'iaa 
1911/13 ___ .. , the ~pIde tJbMrntiCu ot 

Febl"U&l7 .. ApJ'11 .." with 80lIl8· I'CHrftUOM, be 

e0nd4eN4 to be repJIIMIIUnc the oand1t1ona 41lrtllC earlF 

... late .,. I .1', tboM or tTuIJe aD! .l\JlT :reprea-Uns tile 

eCllltbveat ..... a .... r ~P Npr ... td.ft, ,be pwt. 

1IOII800l1 aeuoa aid Dao __ • rep,.._", the .1'tb. ... , 

,.,..ooa aeuoa. Pebl'\alT" ApJU ObMrftUona .. 
depicted sa PlguJU 4 .. S iaU. •• te ..,.teN of re1atl .... __ 

higher aalSn1ty with lIft1fbrra a8MCDa1 Ilea'''. INdia, 

n ..... 1-, tile •• 11111_ of the .teN at __ rtaH, 1dd-

de.,. _ '""'_ NIId. _ftlll "'1' tbe ... v!dle it 

1ao~. eonaiderab1J' fI01I -rtaH \0 ~ a, .. pt. 

dS..,...... hM a1Id h1y ne ... iJII,. ...... al1attr 

t ..... o1'tPOle vbSOb SI a tea'" u.1JIt a1IOd '" \he 

4111lUoa ... '0 1aI ~. 

2baae teatu ... d be __ '" to M UIIl.a.1Ilr 

preen' la .. ."'ore watn8 all al.., th. I'en1a 

OOU' ... " at I'lWI' .. _ .. at plaH8 .... the 

bee .. te.. op.a od 111'0 the... 1'\Inkac! 18 .. open 

00aI' vltb no l1ttlu of tree.ate • .,..." laa4 ~. 

!'be 01117 .anal ...--.. ha_tu tMo the Ha la t1d.8 

Mlton Sa leoateA a' tllfttappallr. alaa' 1,. laB ... Of 
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"nb&l. !tda tNa_.ter 1JIft_ vldeh Sa • ooabOl1e4 

eM tlIJeD&Ia U. ftottaf)palll' ap1U.,. .... to haw DO 

1fttluene. GB tile IIIdroptaptsr or the lnabON wetea at 
hraka4. &tau... 110. \1 dON l'lOt .bOw .., .. _ 

411utton oOllpa.J'ed to tbe natu.. north ot i'. Vad •• 

the tnnu... of the ooeata1 O~nMlt aptem vbSeb ... 

dS ... tect ~ lOath dUriDc the .autllweft ..... 
H •• (Yared.but .... __ • 1961), the tnabl._ .. 

let out at 2bot'appallr probably now, .. tll' soutllwardll. 

!bcJu£h the .... n1 pattu. of diatribuUoa .. 

---.1 ftI'lat1Of1 ot a"uattT .... 1deaUcal both s.,t •• 

eat -~ tbe aad ba,* NIl-, the ....-ratlwll' 1_ 

MlJ'face aid Id.d-deptb .aUnt"" fOund in .. aid .... 

reslOll 4uJ'lfts tbe lCUtb.wlt 1IOUOOD .... de.". 

apeo1a1 00ft81deratton. ObMrftt1oaa dUrlIII J_, ~ 
aid 8ept«;lber 'adioat8 that the avtaee aid _"!"faH 
ate. Of ttle _4 bank aN alllbtl7 lION 411vtec1 t-. 
t •• cutdd. the ..cl baIdr~ !he 411uU.,. _,..... r.ea 
nl'ftltee t. fd.de.4epUII _ dbappean at tall ~ 

Vu. .. "na, (1969) reported r.o..... Ntno'lGII 

ltudiu tha poallbS1StJr of tbe ~ Of rlp ....... 

ill tile "'abd. ... bank NI10D and ........ tIa_ tbe 

ftp new. 0arP/ lOw a'tnt\7 _W ~ ...,. the ... 

tbeftbJ' dS.luUlla .. otllhoN __ Re Beddr'-



~ (19.) baNd 011 wave refncUoa atucl1ea 

haw ro.wl .Oil ... tl .... ev1deDoe tor eueh conwqo ... 

aDd ottahoN t10wa .t all .. .act '** ftct.cna o~ the 

lel'a1a ooan. !be oa." ,att.. Oft CUria. 1ft the aJCl 

ba1tk .,. ... on aN· Nportect 'ft Chapter YI. !be pr...n 
ObMJ"ft&tione • aaltaltr v1 tIda _ outaS4e the 1U! ba1* 

rectClll 8hOw that de., tbe ....... .,..OO8 ..... t 
tbIN la • pOedbtUty ot a t10v diNeW ottahoN i8 

the lUeS baftk ralion vh10h la pJObabtJ' l'U()lCIUib1e 1W 

the oOntparatt ... tr lower aa111d'ly of .. vateN of the 

.et bade. 



C D A 'If B a ID 

8USPEBDBD MAf~BB 



CBAP1'IR ID 

1. lJ'ldQIIliI. 
Dlatrlbuticn ot euapellde4 _t_ la dStf8 .. , 

pafta or the ..... ba$ extenI1wly be-. ataUect _ 

ftdcu autborl (.a---. 8114 AtkW. 195'01 At1d.tle. d.. 19"', ID"', 19S5", Rleld.san. a1J4 1ftCM. 19S8. 
"81'_, 1,,8, Salaki, .d. a1. 1961, BObaOn, 1967. Otto, 

196" 8M1cl_. A .... 1961, 8be1doa .......... 1961., 
10 __ 1, 1968, Sbe14_. 1968, Sbe1401l. 1961, DeuU1et. 

"AM 1910, MaataSa .... aM 1910, V .... , d.M. 1910, 

CaJder ... oIL 1911, ,_ DaIU. 19111 1'aJke. d. alt 1911, 

Dun aIIfl 1l00000, 19111 .Veta aD4 .. ,. 1911. Maftbda. 

I1Al. 19721 BeUwt,. 191a, 8b814on._ at ... 1911, Bornbcdd. 

aIL 1913. lIIathenllav .. ..... "'" GDlMJ. 19"" 
.... ). Hoe' of the •• etucI1u 4ea1 .iDl,. v1 tb the 4t8-
trlbatloa Of __ tm"~ of .. ,.... _,_ • the 

nrfaH " ..... r tbe aM1 t ",,0lIl vbeNSJI .. ~ 

., ...... ot tbI _ .. _ .. "' • ...n .. ,... 10.100 

l1li1 .... hOIe \0 0.1 • 1.0 11111 ... the -tea- 8h81t. 

fblN twn ..... _ ." • .,.. to .twty the .... tnU. 

alii db' ... ,*,,- flit _ .... .ad b at Of .. .s ba.. of tM ... ala • .at. A 1mOw1edae fd the 41aVllN

... ot tile _".,.. 1oa4 iD ... aid bade u __ DUal 



to a!UJta114 the llUfaae 884 _ ... faH Wf.l.d.4P Of 

the baak --' ,tI shape, etruetUft aid ~ !be 

dtat1'lbutlGl of auapende4 attar and ita _anal 

ftJ'la\loe tit .. Purakad IUd 'bade NI10n vbaNiD the 

oano_"t1oM of tba ....... ateda1 an ot tba 

0TdeI' of 103ttr/1,111tn ttleretoN bee .tudie4 iD detaU 

aM tbe re.u1ta aft d18cnutae4 in t!dJI m.pteJt. 

a. _ 
eeao_rat:f.ala of euaptlldecl atter.aD .. 

a .... "" 'ftI'!ou teobnlquu l.1vdS.1II wl\raJdero-

.. opte&1 .",UBI (Pr...atoh. 1922. 8e1Nbel _ 

1014 .... 1969), t11'natiOll (.1albel, 1961, Sbe24Oft, 

1911) and opUeal ........ (Zerlott, 1968, O1over. 

11.alt 19.). otIaer MthOda t,.,11Ide .. of the COtllter 

co.ner ( .. u. aDd Janona, 1961b1 1Ae dd Mkn'ld. 

'98)' .... ,... pbo\Ocftp1l.r (wtMJ4lJit 1961). Ia .. 
, ..... a,- the ooae_taUc.l ot _ ...... ___ 

vas 4etuad.Md ", m-... the " .... ___ ... 

wtlabial -- Ndd-. S_bl dbo obM,.U_ vue 
al80 _. iD .. fte14 _t u.r rat'" to al- "", 
.. paftb~ NllUlta ,~ cl_ to \be ovenan *' 
ot ... ....,ID ........ u. ..,., Id.P ____ ntla_ 

er .. .,.a1ed -"- ... the .. 'baIIk. B_ .. __ 1d 

4bo data _____ , ......... ill tMa write '''P. 
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Optloo1 Obsemattoaa Oft the ~ tU! of the I!U4 

badt aN t)N88ftW in CbQter D. 

!be aNa Of 1mwtlsatloa and. tbe 1ocatd.OD 

d tile ..,.11111 atattona ale _own 18 ft.,_ a. Water' 

__ plea VGN oo11eated ha tbe sur,.., llIld-depth _ 

bottcll (1.0 • abOve tlWl bottora) 't.roIl 8 ttatiOllll (stations 

2a.29) lit • 11M ,.rpend101llal' to the abOIelSM 11l .. 

aa4 ballt ... stoe. !ben earnp1ma. wen dOM ct.rtnl the 

~",_pIde SUI",. eOO'!*ted r.o. AprU. 1912 to 

MaNh, 1913. 1ft order to Glbta11l a 4etaf1e4 "tuft ot 

tile _d bank .... tlOft1. """'., IIIl4-deptb aid bottca 
(1.0 •• bOW bOttolI) __ .omp1ea .... oIl ..... fIQa 

SO .taU .. (Stat*' 1.~O) lit an .... ot abM 90 aq.km 

1ft the tMhON wetaa at Ptlhka4 ~l'l1'l J\Iee, Ju1J' aid 

ae,.. ...... 191L ~ 4eta118 or till naU._ poe1u.. 

.... ,1.,. sa Tab1e It. 

At ate.UoM W17 aear the ...... vben the 

4ep\h la Gl4J' ! _, __ eulftwle alii! .... bettea sampl •• 

wen eoUee.... At an \be otbe paU .. 'Water eemp1ea 

wen oou.ot14 ". .. taoe, tdd.-dAtpth aIId .... bOt'

('.0 • abGn .. ",_)1ew1a. SUrfttee a.tPlea weN 

e01leeW ............ nbnrtaee 8a11Plee -_ 

~botUea. 



."SLB Xl 

LOOm_ 01' •• !CB STAU_ 

- I •• 
at.ti. IiUwH-UQI !II't!:;liiie . De,. 

Wo. c.) - • 
1 , •• .a'. ,,0 10.2'. It-

a 9° ~.1" ", 19.1'. 10 

:I 9° as.a'. ",0 11.1'. 11 .. ,f!l .... 1'. 76° 16." • 13 
f ~ ... .a •• '160 1S.f t E 16 , 99 

..... 1t • 16° 21,1'. ~ 

1 9· -...6'. "". 10,1'. S 
8 fJ~ at. ..... ",0 20,3'. " , ,. ".atl ".0 19.6'. , 

'to '·13 .... .", 18.8'. 11 

11 9' 23 .... ,,0 11.6'. 11 ,. ,·23.0'. 160 16."1 1,-
13 ,. &"1 16° 11.". 18 , ... ,. ....... ,,0 a1.s'. 3 
1f ,0 a.1 .. ."" 11.1·. , 
l' " .,.,.. 16° 10.'-. 'I 

11 ,. I).'" 16° 10.0-. 10 

18 ,o.,.,tB ,,0 19.". 11 

19 ,0 •• , .. 16° 18..2'. 13 
ao , ....... "" 1'.1

t
l 16 

• • 



~J.Bt8 n (Ccm'D •• ) 

HaS. I fi8lat. 
~Ptll stat.1an LiiiiiUi. · toa;a;a. Ko • .) 

.., 

a1 9· 21'&'11 16° 1;."1£ 18 

aa ~ 23 .... '. 16° 21.6'B 3 

23 ,0 23.3'B 16° 21 .... •• , 
at. 90 2l.a .. '160 21.0'. , 
2' ,. 23.0'. ",- 1O.6'B 9 

26 ,0 22.8'1 16° 2O.a t ]l 10 

21 tI' 22 ... •• 1fI' 19.2'Z '1 
28 ~ 21.9'. 16° 11.1,. 13 
29 ,0 21."'1 '160 '6.". 18 

30 ,·22.' .. ",,- 21.". 3 
31 ,0 22.6'. " 21.6·. J 
32 ,0 2I~t1l ,,0 21.,'. 8 

33 , ...... ", ~."·I 10 

1t ,. 21.8'. ",0 '9'.". . 11 

3S ,. 11 .... '. ,,0 18.6'lI 13 

36 ,. 21.0'. 16° 11.6f l l' 
3'1 ,. 10.1'. ,,0 16 ...... ,8 

38 ,0 -.0'. 16· u.a*. 3 

39 ,·11., .. ",0 aa.o'. a 
lto ,ol1.?tB ,,0 .,.". a 

• 



tdUl D (COftJ) •• ) 

;;;P§l~ 
• 

"Io'!- nr:r 
7 

"'1 to 21.",'. ",0 20.1'. 9 ... ,. 21.2' • ", 1D.o'1 10 

"'3 ,0 1O.1'1f 16° 18.8'. 13 
.... ,0 2O.!'. " 1.,.1'. 16 

.. " ,. 19.". ,,0 1~6'B 18 ... ,. 20." • 16° .. ,t. 6 

"" 
,. 20.2 .. "'21.3t B 10 

Ita ,0 '9-''' ,,020.a'E 11 ... 9° 19.1'J1 '160 '9.0'. 1~ 

" ,. 18.'" 16° 11.8'1 18 
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load '" u.e .rIMe, ~ and ...... bOtt_ .taI 

4ul'l1tl "'-_. 11d.F dd 8.pteDr 1911. 

DDriDs AJft1 (ft.I(. 9) the ftrt!eal ... '1on 

ehon .. ,...108 ooneaDt,.t1On8 ~ M ...... 100 11111 
aid * l1li1 'betwMD autaoe aD4 1 • &bOw the bOt_. 
!be c«*etrattan 4eoreaH8 r.ora Mal' tbt shOle \If to • 
4lat ... _ of abOUt 1.'1 _ ~ It 1.reMel le ttut 

~ diftOt1oa _to .taU. at.. 1aeaW at a dt8tanM 

of abeut a n frQI tile .ore. _Cbl tb!a ataU01l, the 

.'!W .... UoIa ~ ....... in .. otfIIbOIe dlIWUOD • 

... • ""'e to bet_. the c._tratlon ..... a padua1 

be ........ pt at a .tau .. (22 and 13> __ ,be DoN. 

DDftal J\me (11,.10) tbe ocaoeDtrat1cM ot 
IUpelde4 _tter now aCitpal'at1w17 ld. _____ \ban 

. durma Apd1. bOIl eear ...... tM .. faH 0"" 
tfttiee .... a 811abt _N_ \1pto a ~. of '1 1aI 

hoJa _ ... ~ it 11aftaMe ,.. .. , 1~ IIc/1 

to eoa' 300 11111 at • dietaltoe ot 3-' taa ,.. .. abON. 

..... 3.' - ... 8 n fI'OIII the ..... tbe • .,.. • __ 

.... ae .... ' ....... "'''''''OII Of •• , ...... __ 

(:> 300 11111). DIG 0Ild • dl8t .. e of e 1aI ,.,. 'be .bore, 
.... 18 • .., clteNaH ot e .. _l'att. at .... rtaM 

111 tile ..... cItNe--. t1l the ..... of wad-



o __ rats. (6 _ frOm .. ahore) the eono_ration 

1_ ... _ tI'OII !'to 1ItI1 at ea. .rtaa. to SJO JIII1 ., 
I 

-me ~ (ft.le 11) the OOM.tnUaIt or 
•• ,.., .. _"- at tile .rtae ........ ,.. 1300, 

l1li1 .... tt. .beN to 1200 l1l'i1 at • diatanH ot abaut 

1 1nl bOIl tbe..... ..,., kit fIio. .. sbon. the 

... _tftti. 1 ...... ,.. 1200 11111 to 1300 IIfI1 at 

.. diateDoe of abGn 3.' k1I t.roa the 1bON. J'rOII 3.~ km 

to 8 kill ~ the .bore. the oCM_taU. at t. _ .. tee • 

.... 1Nhta1 9cJeaM (1300 11111 - 1000 11111> wbe .... tter 

it _NaIl .. vitb .~ patH •• 1ft ... othh.OJe d1neu'oa. 

Be ..... l1'ae ... 1 • abOW tbe bOtta.. the 0 ... __ 

tt. Of ftllI8Ddtd_tter _ ....... ,.. 1]00 11111 to 

,,.. .n. at .. dhtanM of 3.' It1I tI'oII tile abON .. 

fIOIIl 1100 l1li1 to .... , 1eGO 11111 at • ~ ot , laIl 

tlWtM .... 

DIad., ~ (n... 12) the aurtae. _tiN 

allOW \tIIlto •••• Dtra's.oa. of .... <)CO 11111 tI,'. a 
dU_DOe ot a1MId 6 b ,... the· ...... ,.,. 6 Ira to 

8 kit tJoaa the tdlON. the ....... \108 del .... ". 

9GO l1li1 .. Boo 11111 ... "". 8 _ tbe ....... dtoN_ 

haa allUp~. In •• rqlon of -.f_ oon .... 
tfttlOa (te..s JaI ". tilt 1IbeN), thl oane_taU. 



inc....... r.r. 95'0 11111 at the ....... to 09U 1300 

11111 at ~ 1 • &bOw \be bOttoe. tboaCh the 

oOllO_ra\1_ at all _UJI ...... 11&btlT 1eR_ tbalt 

dul'iDa 1tIIJ'. iD the ...... 08 .pto a dU .... et .. , 

ab'" .. abORt the bOl'bOnta1 iM1S_ of 

Br DeeeJSber (ft.,. 13) tbe coao_taUGa Of 

•• peIIdtd _lter Ma fall_ ~ .. alAIo the 

berl.-ta1 1Io2t_ baw al_t diu,..,.... " .. 
nrtM., tba 0 ..... "-. ciao ..... iD \be otbbO .. 

'ctiNlu. JI'8d'."y ,.. ,.to l1li1-- tile allON to 

a1MIlt 100 aaI1 at • dia .... of 10 JaIl tMa the ..... 

.... Use bOt'OII, .. bt.-et 0 .. __ ". la _DUIttued 

., .tau.. 110, as looate4 at a tUItaJIMt· of a'boat 3 km 

from t1rI .... 

IMdaI ~ (ft •• 1") tile .. r. • 
... ..-__ 4 ...... ,... 200 1tt/11lt187 tba .beN 

to .... • IIIf1 ., • df.ataDee ot , 1nl fnII U. ahON 

.. ...,.. l' 1.r ...... 2$0 8111 at a 4s.taDoe of 

.... ~J • ... .. ..... ...,0Id,., tal fJOJI '" 

__ • the ...,.. e .......... a-. PIldual 4eo ...... 

la __ otfttMt'6 ..... UaD. Wear the ~ the 111 ___ 



oono.'nUoa .... at statioD Ho. 27 l00atecl at • 

dUta.... ot a'bou\ 6 km tram tile abON. 

lilY" 1~-17 shOw tq hOriaontel dUtr1but1on 

ot .......... tter 1a the .. 4 bank aNa 1. the 8t.tI'taee, 

tdd-4eptb aDd Dear-bottQ!! _tere durlftC tbt _.and WMk 

of....... n.pn. 1s.ao abOw tbo hor1acntal dlatl'1btltiClD 

lit t-. tu. l.,.la duftftl the thiN ".. of 3~ .... 

pt_ne 21.23 4ur1ns tbl tUat week of se"' .... 

J)Grtq 3u_. at the .rtao. (1'1«. 1~). tIJe 

cOfteentratioe vart ........ 100 l1li1 aII4 ~O 11111 i1a 

the ftlian 00'ftred. 111 tb1a 1tw1r. !be b1 ..... oaa .. 

tJtat_ (!SO 11111) Sa aeeWDtenct at atatS.ca 10. 3't
loa.Wat a diata •• of 'S.S k1I trota the .bOft, &bOat 

1 .... ot Purak8ll ...... toan Of ~ 0 __ .. t1 _ 

__ 84 iD a •• Wimul..ar (.ore conwtly ...... 1U.ptkal) 

.. pe t.roaa the tboN. .A1oaa tM .bON, tbe ___ vatt. 
In tile lUtaIe wa __ Iba ..... asa l1li1 .. 300 l1li1. 

the blaMR __ • be11la __ .tNUl .... 

,t ...... pttw. clurlac t!tU 1IOIItb (Il,. 16), tile 

oClleeBt",ttoa of _,...... ...,..., ...s.. ""'I. 1'0 l1li1 

aat ItOO 11111. .. NIl- of bS.ch 0"""'''. ill \Ill 
_*'-depth 18 dbleGF 'be1Iw the _ .. of 1d.Ih .... '.UoIa 
111 t1Ie -rr........ ... tlae ..... td.ctl-- t.. toa4 



iD tM .toi1d.\y Of station lIo. 30 vbiell sa 1eeaW ..." __ I. 1'1Jw'l ..... an4 Puakad. 

Hear tbe bottom (Pig. 1'1) the oontcN~ are 

t1lON elcDgattd talJuda on.hoN with b .... utt tbat 

tt.a oontaun are atmoat ,erpellClkular to tbI abONliM. 

!be conoelltntltm1 at t!d.a lflftl ft17 be ... 1$0 IlII1 
aid 'SO 1111!. .. nliOn of b1Ih • ., .... UoIIla 

dUeotlF below the NC10ft ot high ooa.ftttatd. .. at the 

Durtftl 3011. at tba eorfa8. (Pia. 18). tile 

cono_tat.tca 'Y&r1ea betwen 100 -c/l an4 1300 111/1111 

the restoa oowncl 1ft thta at..,. !'he redGlt ot bt.,..., 
corae_tn.ttOll 11 In the .sel111t7 ot ata140ft BD. 2,., . 

located at a di.ta •• of aboUt 3 laD from the lhore, 

a'baa' 3.'1 JaI ft01'tb of l'uakact. Alone tbe ebON, tile 

o..-tau. vuiu ..,.... ~ IIa/.l .. 1300 l1li1 aIIId 

tbe !dill I.' oo._baUon a101tI tba ... fA ,.. 1a 

the ~. ot ItatfAft 110. 21 vldoh 18 ""*' ... __ 
1IOI'th ., "'raked. .. 1eol1Ma an .,. el-. .. W 

t ..... otfIhoN UJeJt duI'l", ~. 

At Uae ml4-4eptbl. 4Ur1lll ~ (ft.._ 19), 

tbt 81J8Pe.- 001l1.tratica iD tbe &1'M Of 1MNt1ptlce 

ftl'lea ".,.. lOO lid! ... 1300 1tII1... 'Dle nliOft of 
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the high .. , COllteJmtat1on 18 sl1&ht1,. to tbe eoatb-veet 

of the ftclon ot the b1gbeat eOftCeDtratiOll at the nrtaoe. 

1!Mt oaatO\lftJ buft tM 8atIe ahape u at the _nr.e. 

At ... r.bottonJ lewla 4uJ'11 .... tns. month (J'ig.20), 

the auapende4HM.nt conoentratloa qr.l .. betw..., aoo 
l1li1 aII4 1. l1li1 owe!' \he u.. 1'be ",1oa of the 

b1&he8t eoooentrat1on 11 almoat d1notlT below the npon 

or blgheat coaceatrat1on at the td.~.ptb levIla. !hi 

OOfttoure aN ~re elongated towarda otfIIhON dI! u.o 
tbIf are al-.t normal to the ahOre11De. .A101l1 the shOre, 

the var1aUon ot 8uep0ft81on COftOefttraUoa 18 betw .. n 800 

11111 nft4 1ltOO 11111, tbe Ilad.IIUJ1I _1n, In the \floSUty or 

Itat10D :rro. 30, lGeate4 mlt!-vaY betweeft ~ _ 

I'mum •• 

DuJi.DI 3e.,ten.ber (ft,. 21) t the "J'tan 

oaneeatbuma ftti. ...... e. 100 l1li1 a114 900 l1li1-
tb1a borlaontal ... lion. !he red-on of hlrbea\ 0"'''' 
tratlon colno1.s .. vttb th4J ft.101l of hleblat oane_tJoat1011 

elm.,.~. !be uo1fDe. aN alttaat nort:al to tbe 

aboNl1M on the aoutllHn aide or the r.u4 _dr. !be 

bOd.-ta1 padS_' Sa -17' abarp .. tbe IO\lf:Mm dde 

ot'Jt11paN4 to .. ftDrtblm .14e. 



At ~ 1fte1a •• ftq 8epteabe. 

(-.. .), the .,*eatraUOII .... ba ••• 200 ItIIl 
aI'Ill 1100 III/l. ... iaoU._ .... .". or ~ dal1ar 

ahape ea at U. ... ,... b7 8ft IlIOJPftIal to tile 

ahOftlSM GB .... 814. of .. ad '-*. !be NIl-
Of biach .-_~ at tbte 1ewl U aJ"N\ be_ 
the ___ of IIlp 0".""_ at tile tu"' . 

• , D"'~ lewb (Ill. 13) d1Il'11II 

8ep""', tbe eano_tat4cHI of .. peDIle4 .ea .... 
ft.JI1N be ..... 100 l1li1 .. 1. IIII1e .. , ..... et 

the Id.P ...... u. la .., .. be1ew till 1'8"_ Of 

blab .... t_tl_ 'botIl at tM .. rf\tae ....... __ • 

!be bOdJllOftW Iftdl- .. w17 aIup .. "'_1' .... 
of tba _ baR aDd .. oontaln .... a1--t. .. ~ .. 

tile aboNliM • 

.... m ••• 

.. 0" be _ ". U. Mall' .1 .bOdIt ... 

y .. ~ -' .... aoata1 diatJlllNtt ............ \1" 
of IJI1d DQI.. tato ..,...s- 111 IbI ...s bank re ... . 
dUJI1IIc .. peItad. ~ hpt.l'ber ... ..- to tile 

... ..... !bill b Illata __ ............ .. 

toW c ..... tt.oe of .. pea1e4 _"- __ .. .. 

.. ,.. .... , ... at atatt.oa .. a6 wtdo" .. & 



depth or 10\ a, vldeb ftd.ea .. fbno.. 16 Apdl, 

1180 l1li11 11...... 3823 -111, 11th~. ,.,. 111/1. 
Stll _ ..... 108,.. l1li1. 10th D .... rt $109 l1li1 • 
•• 1' • ......,.. 3Jt2 IIIIL !be Dl4 e.-ot .... 
_.t11d.tety la ......... eapeeta12, ill Ha __ 

when it vtn ft.OIau1atl aid enu.. dCMI. !Id ..... 

• , .... h • .-ttatou IVPP11 ot ......,...,. .s to 

\be .a ba* aNa dUltna the IIOIltIII ....... bIdE 

18 .,U .... vhteh --...... ~ .. aet ••• , of 1IId. 

~ .. ,..., Wp to ... It ••• the .. .,. Of 

the mud ba1* dIIr.I.ftI tbe ____ it la .ttw. ae 
1DI bdI rlIe8 abON tile bot'am 1ft tbI Aape of a 
Itd~. t1ftl'4aJ'. aolS.4 ecme vtth • tlat top. S

Ape .. wen u tIIa le.tian ot tbI '0"_' Of till 

IlI1d beIIk (tN ___ . of Ill"" oOllOlll\_uan Of 

suaptmde4 _ttw) --. all", aball ... vitlda till 

,...... Of it, .U.", duI'iDc .,.... !be oon.. of • 

~ oOllDflllbatlaa OO'MN a laJtaw ...... at Jd4., 

depth ~ at tbI IUrtaae aftI al80 at tile ~ .. __ 

., .. 1Itd.48ptll. !ba, 18, the .... 00 .... 4 bJ .. 
coatcaa- of & parUeular cOftNI)tnUOII _.... ,.. 

.. ,.. to -"r,... 1wela. .. bol .... of .... 

__ u. __ &1....,... ar.d a:a..o aet .~ 

, .... .".. .... we pN ••• d,.. .1'faI. _bot_. 



) 

I .......... l' ..,. ,. kept sa IIta4 *' .. 1114-

depth -' .... -.. _tu. ...... -ar hOftaontal, 

tane.l, t:bIr aN ,.n1lel to .. ~. 

Baper1_ ........ , tb8N 18 el'OltlOD ot tbI 
. 

-...11 ca botb .. pattedM of tbe ..et bank .... ___ 

U. Of _tate:t an tbI -..h eaUoSld1aa .... l:le*. 

(-*PD- lid ..... "11, MOat. 1911, PadNIItabhaD 

aDC1 ptl1fd. 1911, IbNPt 19"'). It S. poedb1e tttat .. 

....... aN Nr..oW ... thta " .... la .-h • .,. .. t 

tbaN Sa • eUoIIl oOllpOMllt of .. __ ... ., ... w 
towuda .nil • _ IOU'" __ of tM .. bank .. 

........ ..... .. the ftOJlt:beIft .... of "- ... ba*. !he 

__ o~" ...... Nfftew.oa_ ........ 4ft'" 
of U. ...,.. vU1 'be ___ .. lit CftIuW" Vaw 

19") ... *' .... 11 ••• U .... ." __ .... 
~tr .t ..... atudie4 _ dIP_V. 01 ..... 

• ea •• , __ plaee ... -..11 .. ftMr •• UII." 

aft ,_ ........ ,...... ... .. "lit C19'P) .u.o 
..,.,... \ba, \JU .. at- ,.. ... _ .f .... qDa 

U\tBa1 ......... Ill ..... puled.... VcW 

............. NCO""" ", ..., ... ~ 
(19?1) ,... a1IO .... , .. ,.. ..... ppro ...... 

,..., ...... _ ~ __ ........ WIlt. Sa .. ..on 



pJ'Obab1e diNIU. .. pNIeId.Ma\ pel'lOd dUdJI« sw 
...... _on, ••• U ... littoral nil" NIl a' 
.... rat p1acea al .. tbe Itera1a OOdt nra. Qd1_ to 

........... ••• IIJd 'baItka wen Nf!IOl"te4 ... U. 

or .teln tbe ,... .t aD. tII ... plM ... (PSg .... ,. 

!he bOIl....,. dletrlbutf.ob of 8It8Pftd .. _tte in tbI 

... baIIt ftl1a11 dl .......... alao ........ \1~ 

.t ..,... .. ".. both Id ... of the et ba* 111\0 

the .cs __ • !be _11' ,ra41eftta 18 coneeat .. ,,_ 

.een on the 8oab. dd8 at tM _cl ba1tc at tile 

.rtllCe dultac Septellbu iftt1teate ... _ of _etU_ • 

.... ttCMr:llbMftt 1ft t.bta ,..s.ca dUlIl'l ~. 

!be a:tstenee or pla .. of hiP o_t,.Uqa 

.t _.,.... leG ... uteU.ac ..... the abIlt .. 

otbW .... of the 'IIb'14 baa bNb Nf)OJ'te4 111' ftJIt ... 

-tbe1w. U_l1F thIM an _ .. 1&t .. w1. ~_ daltaa, e. I., thl lI1Ia1ad", (SeNtGa ... _re_ 19S'3) ... 

__ (11_. 1918'. the 11'''_ (R0401to, 1969) .. 
the Pe (3 .... ,,,a ..... 19~). nu.. Of .. ..., 

load or ........ .a4 a2.- ........ theM Sa ... wr_ .• t a_tal .,.,. •• Nadttq la •• '1_ 
-".. till PIlt (1111 Caw, 1971). Na , •••• _ .r 
,s... ftmIats. -, •• ,a._. Nlidaal ftn __ .. __ 
,..., to Wt- p1a. Sa ......... ..,. &la (Zoe ..... 

19fJ, Lee ... ___ • 1968) aa4 111 \be ".. .. o.aU 



or Wedoo (CUIftJ'. 19&), ,.. ",1, 1C)IJO). .uaot-. 
p1uae 18 t..uoated 8OU~ ot POrt .bttItr • .,... _ 

.paoe t)bCttOS"". C ........ 1961). A ~ -.una 

.... eaet of Cape .,-.a .. bee1t S4.ufS .. ,.. 

.. ., C"., ........ 80401.- (1971). It ._ 

11-11' .t .... ba •• of the ~ eau' ..... 
,la. ftt_tt._ ot a 1arIer ...". _odaW vlUl 

0 ...... _ Of Uttonl eu ..... &Id tile .... ,., 

ottabO .. (ftp) t1ov8. 



CB1P' •• n 



1. M_II" 
III .. aN .... obap.n tbJ 4Sa'r~. 

HI •• --.1 ~U .. ot the bldlOlftfld.e ....... 
aact ...... 484 ....... t lead In the -.4 __ ... 

~..... It ta lm_ ., partSe1le ta ...,.... • 
... ___ ..,. et ... be deftOMdaW or n..eu1at14 

.... _ .. vbItIaeI' tile .. ,Ut tr 18 lOw or Id" 

.,. .... ,,. t. _ ._tNlrtSe eoqu1aU. '"" ... 

bI' whtAIl ..,..sea ,utSe1. of oG11ld.daJ -. I

aollaldal c1t.llas~ .. " .... " to ,.. -.. ... _ 

ia aD .~tro1JUe ...... !he proo_ la 1 •• m1d.e 

eat. t3DecN1atsoD .. det.l.oleu1at&_ .... till otlll •• 

of ...... sa ...... tId._, .... 1'_' ,..,.. ..... 
Nttl ••• , ot ..".1Ied .-4 -peot.al17 sa _tal 

___ • la tilt detl •• latett atate, till ... vi11 . 

.. q.f. f.IIdeftld.M17 111 • .,...s. 8'Ill:tj ... 0lIl7 to 
atow ...... at • _ ....... OR U. partSe1e 

M ••• " ..... , sa .. t:k1Mulatle4 eta .. , __ floe. 

vm .. ''1. at.. apl4 late •. J1ooo11lattca p1ara • 

11llpOftaft ...,1e Sa ,roe ..... la. coaatal aIIfta2 tac .... 



2.1aa&b tile proa_ Of au.t.Da tlaooulatla 

.. bMn .b~ .. ' Of a.., bOUt 'hIoup .at .. .... 
• f -tuftt. •• p1ee UfIIl4e. 1~9' c .... , ...... ft4t1 
--.uu.a, 19dOf 8enboSa, 19611 n.en.. coutat 
Ia\...u,aU ... 19 •• 1rOtle. 191.2) .. tIwotIlh la __ t.,. 

....... (Wbf.tebOu .. aid Jetfae't. ms, Vh1 ..... 

... HI eanez.. 19S8, 1ftr1~t a ... '19'01 1NDa. 

, •• I'ftMkt 1913), tbe ftaO' .vlld. Of tlaa 

ru.'. 111 _ vatw sa ftOt w11 ........ .. 

~ 8011'" (aid .... ) ot t .... _ 

.... N ..... ~ pOt.entSa1 (eatlonle) Of .. 

- .... ,ante- .. ..., :la ...... the pad1dli. 

ot UId. et ._ .,.n~" appJlOaOld.Bc eM" .... '" 
tile Brawal •• '.0.'" !be 0 ...... " .... ldMra10sr 
01' .. o1aF ,.rtte~ .... t8J'bu1 ........ ,.., .. 

aat .. sw'" of Ma __ aft -1&IdefI ea fI8'-8 

oontloJu. ... IWJIU,," of .............. ... 
wa .. , ...... 1967). A de .... let _0D1tt ot tbe 

.... 181f.ea,1 , .......... of ...... at __ ,.. 

cl .. " __ • (tM!). 



hn1a • __ • Ibt .ua,.. .... s.. tilt .. 1'IaIlk reil" 
la __ lit • ..u ..... ., eta. ",.. tile ... ,.. la ..uw 
....... "Salty of tile !M1IoN .. te .. 1 ........ -daa 
.. pOIItatDtIC •• PNiOtI. the _p ...... tlooeda- _ 

Htu.... the ........ DO att.~ to •• ..- tM 

.,., ot ..,1.". 1100"" .... ~, ot till 
t1H ... of .. Mtd __ .. .,. bt ,., DrI CaM, Il a1 
(1931) vbO, ,., "'1.'ftftl the _1 .. Of .... .,.t .... sa 

vater. ha .... , t1Ie .. ot the .. baIfre • ... t .. 

~ 4etJ.oIIIl1aW 1t ~ -&01 •••• t .. U ..... 

'bel_ 214 0/_ ... .-p1ete tloenlatt. _nw4 wt. 
'bIbe ... -.tau.. ",ft ., ·1... ___ ....... 
nIl_, the .. III -,SaU7 tl...caW 1 ••• , ,... ., 

aa. aut eetU ... 11 ..... the Net ....... sa ad.,...... A NpOi' SIt ...... < ....... 1MB) 
rete .. to • I'IIdlar ft~t wt .... ,.... •• ___ 

_ tl_ Of ~ .. et ..vH.. lit ft_ of c1UIW •• 

OCIftCeftthUIII et W1, 3, 10. 20 ... 30 oleo. !tIe IIdJla' 

of ....... t "., ....... t tbed. ~ of \tM .. 
__ ....... the 1ICl4_ ..... ale4 tha, -sa __ ., ,., 
~ et -.cl, J et-, \he tloeeu1aU. WI .... " .... 



~6 

.low Nq,dn. about 8 h .... ~r .. ptate ~. 

\.ilenaa in w~ter ot h1cb ao __ vaUOD ot BaCl.. to to 

30 °/00• the ftoco-datlon and. tbtt conwt)Cllldmc mu..
.at NqlIldDl only abOut 6 hOun". 

ftd.a ebapter "plaSM eo. 01t~ ~ 

coracllDW'b7 the authOr to detel'ldM qaantltattwlF t .. 
etteet of .al.t cOtDentrat1oa _ tlOOC'.t1attCII and 

aew.ant of s~ DIId ot tbt rau\ bade at ~ • 
... .... Uona on tbI tloooulM of the -.cs badr aft 

al80 ,NIl .. ... 
2. Ifdbod RI 'd3M" 

8Hpenelon oonoetttftt1Oft8 oan b8 .tud1.ct by 

vet dtdItI, d:l .. t .Ia.IOPY or '" or>Uoa1_lII_ta. 
~ deteNlaaUon Of 8\18peM:lCII cone_raU • 

... _oeea8fb11r ... -.de ,., AfIdM. d.a1 (."".). 
308_ (t95J,. atn (~) aD! Glowl', 11 al (1969'. 

!be present ~t eap10Ja pbOtcattfte 

detendMtion of at ...... ot ~ l1aJl' ill .. 
_4 ...,..sOD to de.,IIl. tM tloeoulaW Httlaa. 

of the 1114 ot ttae .. ba* UDdeJl dU,..t eonc __ "_ 

ot 1IIC111a _tel". A ae!'1el 01 8xpeJ1 •• nta wen oondUoW. 

-_ Cl .. ' J .... with optl0a3lJ' pt_ .lll'1IHI t'J1Je4 wt. '-It .tu vi .. ~ aalt OODO __ ttc. 1ft 

vb1cIIl at4 fItcrIa \be , .... ' 1eJR of tM '-'_ at .. 



IIIU4 bank rectae bd been unlfOJIfJI11 suepelded, !be 

crt)81'1_tal aet.up 18 Mbelatloal1,. 1Ih0Wft 111 ftc. 2'1. 
A parallel Ma!ft of l1ah' hem • ~ ttl.-t laIIp 

vu eIIP1tre4 8114 tbe ae"'tend 1taM eGdq out et t1Jt 

____ • after tawns., bOJItllOllt&ll,. thaJab .. 

euepeadaft, .. !lean'" al_ a ~_ at ftI'1GIII 

tl_ ~ after .UBi. tbl ItI8pe1181C1a u1~ 

without ent,.,p1ne: atl' bubblee. JbllowtD, \be - .. ''_ 

of Sldbata (19S8) ... opal slMa ditta88l' vaa 8IIp10,e4 

eo tbat .. fIWIUoa of tbI .attend 11_ vbS.e1l .-.... 

the pbotoM11 18 iaeNuedalld the ,.. .... ,_, 

moaa;, dtftUed light. !be .t ....... • of __ pelW1ola 

nlaU_ to tlIat of ~N water itt tbe _ ,,_ j .. 

... ...... iaaI at Ibe4 UIdat •• pto ..... , 9 bauh 

!be aapo"-_ vue npeate4 tor dlttu., sal' 

cOMe'taUOIII tJca 0 to ~ °/00 and with t ..... 

tU".. tJU4 aq,l... la all. __ , the COIIIO_tn.Uoa 

ot the _4 •• .-at .. wall kept .. 1..tlttn. b 

expe~" vue condIIoW a' rOOII ....... ... 

fte t .... mud 8_~ ... eolleoW ,.. 

deptm of 16 • (8eJIp1. ,) t 10 11 (~ B) ani! S • 

----~.-... ----... --.. -.-.. -....... ------.. --.-....... . 
• Atte. __ la \be ratio of tbI radi_ n. 1 .. , ,.,. 

• __ '" __ of .-.lea .... _.~ .0 the 

bew.t tJu. 



(~ C) ID tbe mud bantr re810n at 'Purakad (J't,. 26) 

ttuJiftp, September. 1912 vtlen tbe mud baak bad .ta~ 

dift~~ ea ideated by deereaae 1ft fJultd.dltr •. 
" ;' 

1 ..... 111 vaw .UOII. 1'he pd1t .t •• ~tSGft\~ 
\ 

b .. ~le8 .. ~ 1>7 tbl 00d)1ae4 utbed ~_, 

dntlll aid pipette aht\],s'" (KNrabel. and '-UJ-. 
1938) la shown _:towa 

'a', & illRJlJ ... g 
Bald ( > 62 /'4 )1C O.9S 0.00 ~\ 

\ . 

8S1t (1t-;'-62 ~ ),c 39.31 28Jt6 .... 
C1a7 ( < t.. f' )" 5'9.71+ 11.'" 54-.10 

All the tbl'ea 8at1p1ea conta1n moet17 811\ ancI c1ct. Ot 

the th .... aample B ia tSMr u.. eamr-lAJ A dd, HIIPle A 

U n..r t1saII 8ample c. 

3. aa.na 
ftgur_ 21-29 shOw tM ...nat1C1l ot tblt Mlatlw 

atteasellCe 1IIIdR 41tftu..t 1IaC1 ecaoeatraUcm or tbt ...u
tor the ..... aa4 8~. !be ftriatloae 1 ........ 

Idttaftc. of \be ..,..1on .... due to .baIl_ l1t till 

et. ot the ftOOOl aN BOt Qparate4 ,... tbOM du \0 

Mttl_.a' of ~ !he ftP81'ttMnt t.1 _IW t1Ie 

~ .,.., die to ftaeoll1ettOll ... Mtu..Dt. 

!ha tlONu1aU ..... "1811_' 1 ...... "tth u. lid 



with UoJlNle fft the salt coatnt ot t'be ..atUB. JJotb 

W ............ _ or 1_ SJ'84Uel. J'Or •• peaace A. 

vitb aal' OOlll._uo. 10 °/00• ao 0/ • .. " °/00• 

ooap1ete .. tt1 •• a' ot the .Ulpende4 1oa4 (re1at1 ... 

• , .... _t,.) OCOUN in abcut 8 hoa... 15' m.tee, 
3 boun Ita m1ndtea Old 2 hcun re.pact1"l,.. In t~ 

crtae 0.1 8U8()e118ion B. wben the salt conoentratiaD 11 

10 0/00, complete settl.-t occun 'be1OIl4 tbe dUattOD 

of the experlMnt _ .t 20 Oleo aid 31 °/00, l' ooeuN 

1ft abOut 8 hcure a.o IdIIatee _ :3 IIcuft 5"0 111lDatu· 

..., .. tlwl,.. 1"b1' auaP8M1- et .ample. ..w..nt of 
the .. ~ 1IUd GOoua 1ft abOUt 8 •• as ___ , 
I boaN 20 ..... tea aftd 1 hOe 20 1IdaItH at -.m. 
o __ .rauoae ot 10 0too. 20 0/00 aBd 31 0/00 

rupoot1w17. At lower salt coaeeatnt1Gn8. eOllt4ew 

aett1emea' ocoure Old,. be cat tbt dIIatt.aa of tM 

..,er1meDt. 

o __ ._u. ill aullpUMd_ ......... 4 .. _ per_' 
.... ,,_ ... V1Ua. ""'I Qdla)ro"", 1_ • .r ..... 
1_'. 1Jd.na tId..I proponl .. ,S\y, n.a. 30 " "..,... 

~ ... tbe u.. Nq1llft4 m •• "" .. 75. ot _ 
....... lOad lo ~ at 'WU1oaI ..,., o .... _t1~. 



!be pJOpOJ14ODa11ty IIIF .. '- atr.Ietly bIo14t1a, .... 

at an the _"ldU. beG ... of tbI .-.. la the 

.... of tM tJ. __ ., Id. .... _".U .... .,.nM1eI., 
\!le ...... .., tbat tile ...... 111 tile idIIe .......... 

.. anu-t vi. _n_ of ea1' ........ u.. .. 
Se ............ 1fiI1.1e.cItfJ. ~ At an 'brI.De 

a __ taU .... _U .... __ an dU"" vi. 

"PM' '" - t1INe ... ___ , ~ B bdq tU 

ad_' awl ... ple CS ,... tU ,.. .. __ "'. _.Id_ 
1bI pJ'Oc __ 01 tloooulattoD ... ~ 

..... _ iD tile aatul'al elltift1 •• ,.,,. dUfet., 
fI'QI t ... ta1d.D, 'lIH u * .. "1t .. 'an. AddI.t&_ 
ot Id. ill "....,..te ....... __ ... 1 •• nUDltJ' 

....... ot ... __ !he .. 14. _, bOw .... '-

.,li84 to _tuat eotlllitt._ via au.atat 1IIIdtftea .... 

ex.," Sa _ ... 1aIwt qaaatS ..... Of ...... _"-

la 4t .... ltt .. _ wtR sa vbi.' _ t.loee'.:laU,_ 

00 ..... ' •••••• I'lL ..... Vhe ....... _."ro.,..,., 
-. no, ...... tile _,Uftl ___ aM .. 

utiftda1 ............ ~ bT aN 

.~.I'I •.••• f ..,. •• ..s_. .. 
e2rlllp ......... • t ....... d_. "1d." ad' 
..... _tt ..... satl~ ~ an 1d. ..... -. 



._ Jevw 8al' ........ \1.0lIl. 1'bSa va8 Rhed to be ' 

110 sa __ atulal •• pl. 8110. 

lbat \be add!'l. o£ ea1' to ... lip ftft.C1U8 

ca._taU.,. doee not; Ca" a obeli .. Sft the ab., ... 

·haa __ -___ C2aJk -' 3.- (1939', wo ftIaId DO 

appNOia'ble dt.tten1Ioe betuM1I tM ........... Of 

dUt11W _tu aM tJa' of t:UteNll Ha _ter. 

,,,,""\017 re8u1te haw b_ft obtatDe4 '" aaUiftft (1963) 

bF ~ the absorption ot diat1Ue4 vater with tbat 
ot ut;S.ftef.a1 Ma _tu. 1ft tM p,.. .. , at.., .,.. the 

_\tea .. _ 'betoN .." t1000ulaUGe ta1III p2_ (t_ 0) 

1. taund __ '" more or 1en 8_ u-. aD. brIM 

coaNBtatt_. 

M .aft be _ ttorJ Ill. lOt t10eeulaW 
MWI .... etut.a ...... t , 0,_ 881\ • __ tldi. 

an4 tile _ .. al. la tbI ate or .. W ••• c.u.. .. 
... ,.,.. 3f 0/., .. ba ... Du CeDe .... a1 ('1938) 
......... o-,lete1F det1oDeu1aW atate below a.,. 0/ ... 
tDd.cteaplete1T t100crlGatld .te .... It) 0,_. 
Obsu .. ,,_ \al .............. t a' " °/011 

... aN 1eI •• 18i1l'9idaa1 panto .... , 20 °/00 

vlLW. __ pan .t • tlOMde at bt .. aalild .... 

ra. ld." UJe laUD'" the ~_ la .. __ .t 
SaUY.LdUa1 paftJes. .. 1d. ... Sa .. eS. ot '" 



!be l'JUd of tbe 1a1cS b&nk NI fX'IIda ..,.,. qldok11 

to eal,.,'" abaa_ of \be fle&!1u1l upto 1 °/00 aDd at 
b1abW aa111d.u.. the N8poDM Sa ........ tl .. lJ' .1 ...... 

ID "" 3 .......... , ." ~ fORt. 1Jb th08e 

due to 1d.JI4a .. OUI' •• _ 01' ... rtiee1 toN. otber tbaIa 

IIWdtr aIl4 buoJ'aDI.r an abient wba ..... lIa .. __ • 

tbe tanaeet1a1 toro.. an3 tile turbu1etM 01 __ ..., 

delay t1ooo1l1ate4 •• tu-t. lIe_ the .,.,. 10If 

tbe ..... iD .. , .. OX"" •• ,- Bu' iD ..... .. 

"'alOll, thII _ten aft me or vaw ....... ...... 
to \be cIa1Iptn, that ..... ulldttrlO 111 ea. WJIId.4 wa_. 
!he ...... , _~ _ the .. ..,. ,....,. • .... tt 

...... t", ......... o .. lderab1e aluU. of .. 

..... ·.ten of the l'elda eoaat. !be dSatrilalUe 

an4 ....-al ..-ariat1 .. Of .. l'ldty ill .. "dell 01 

the _d baIIk at ~ftIr8Lt baW ..... ~ 111 CIa,.. 
n. !be _oMl, -.s.ttOM sa Galltd.\F .... that the 

aoftlOOll ..... ,~ oOll41ts.. tawuftble to. • 
tDe ...... det1Olet1attaD sa ... cS bd1t ... __ aDd .. 

~ 0 ... ' .... taotUta1Ie t100eulatloa .. . ettt.... b ..... ewe 4ull ....... the Idol" 



la .... btlow 8 °/00 at a -"t1oft ,.,. DIU the 

lbON. JIb~ otftJboN, it SI alV81ll abote '1! Oleo 
C...,.. D). Aa~" Nau1ta of tbI ,lUlmt atwt,. 

lntSioa-. 8WII at theM low aa1l1dt1ea, 11_ :1atecl 

HtU .... pNftlla an4 it. Sa ~, that , .... la 

• eaetfat.a aupp1y of ~ .edtJeeM to the wa_r 
oQ'l_ 80 ttaat t __ 4 bade ~ to ..sa, tw a 

1'ftlod of 2 ,. ! .... 



OHAPfER' 

801"01( SBDtH.lIfa 



1.~ 

...... be _ ,.. the toNcotD, d1.-.a1~. 
tbI bo". 884 __ • P1a7 aD l1IoOrknt role la ,_ 

toz.u. or the _4 ba*e. !be _1'81 .-.u.oa at .. 
bot'- ... 1 __ in t_ .eet1alnta1 eMU ott .. 

_ ... , 0088t Of 1o.11a lid o_tal ... bOld ... 

•• ~ ___ .. tb-. lSM ...... (IMI)Ud. 1973). 

aa,,- (1969) .. U.Utiltl fQw .... Of '"_ 

depoatte lD t:be shelf rqSoa ott tht.8 eout. !beSe .... 

(1) ...". depOd' In ........ hO .. I'eI1OIl _pto • ..,. 

0' 3.S •• (:1.1) __ depoalt wt • ..,1 qtaallt1t&ea Of 

8dd beJ0a4 3." • depth 8114 at.4tDlllpto 18 .liM. 
(W) .." ... extAad1q ,... tM 18 11 1_ to • 

depth of 100 .. 120 11, ill v1deb _ quaettty of IIl4 

4 ........ aat that ot ... _ ..... pJ'OSIMatw1)" 

.... 1daIr •• --. (lY) _1'4 bottora ... bep ... .. 
,... 100 .. 110 • u.. .. -'_ wpto I&) ..... . 

with depOd. or ..., or ", ..... aad v1d.te ......... vl. 



____ ....... iD detail _ ftaoke1bwc (1911) 

.. KaWa' .... (1913) ..... lbeq (1972) ... 

ratIO"" t_, ".. tile couW .. dCMS '0 approd_te17 

" • cJeptb. the •• a ... _oral progftl8lwIJ tiaw 

..... QlW .bdt tMr aft a.m 0IIId4..-
cs ...... MatUat. aAl (1913) haw dSaUJIgntlhe4 

_ M.1.adDa ftw diMt!MSt tu .... ... vbieh NIl 

_n ... 1Ma paJa11e1 to the ... t. (1) ooutal .... 

(2) .wt poor tft Ha. «3) ea2eariou kid. Ca.) ...,. 

_cS 1'tob ill 1_ ... (" BId rlob b u... ~ \be 

pOItbJasot the leala eoaat We .. tile _4 ... awe-. 
_4 ' .. N Jut below the 1av .tu Uu. tIIe_nl 

ctaanotaUttee ot tbt.a I8J4 ea Np0ft04 ,.. x.s .. 
aaent (tII o-a Cane. 11 &Lt 1938), Do .. , • 11 (1968) 

... DaModaftIl (1913) IWft bHD tUaouI ... 111 Olapter 1. 

!be .-,..." .. ot ttla at .. OD tile lIOtto. .tt4 __ 

of the ...... Dad bade NaiaD aft , ... 'a. _ 
4la1, .... la tId.8 ~ 

~ Hated", D' ..... 
lt8 bot_ aedt.at ..,.a- WM eon.w. 

,.. 8 lta"_ (Itation. 2:W91 See Plc. 3, !at4e %) 

1D a lJIIt ,..".u.u1aP to the IbON at Puftdrlld dIPt1Ic 
tbe ,",Cd .&tftl 1912 \0 ~blUaJ7 1913. till..". 
..... 011 ......... , • ,. ... crab ...... ,eo .. to 



11. analysh '" _, Ileriftc and pipette ana.1Ttda ea 
4ele1'l1'*1 • · ..... lft and htt1jOba (1938). h'ND 

4 ... tltS.ee ot tba 4I'led. ..,... .. rrta _,. dIQe1'8I4 111 

Or/J25 • ao1uUon of -IOC1tU1l 1Mtx_tapbOepbate aDd the 

... tJraeUola vaa MPaftW b7 ..... thJW&Ia a 230 

.. d.... !be aaD4 traatlon NW_ tD· tbl 81 .... 

vu dfte4 aid ....... !he tsBer hacUc8 wen 

~ ..., tbe IIItIlOd ot pt,et-~. 

3. ""DAM IM m __ _ 
(a) taw-
• ,e1l8ra1, tbe md bank aedtRlllb aN WI7 

80ft and planie to "h aed ,.n.odIh-'b~ to 4altt 

pq.t.ab. ..... m colour. tJurtD, tbt aeaaca vben .. 

mud baftk la act1w, the bOttom .edl .... an lit a 

bl&ta1y uneOftlOUdate4 state 80 that the bott". 18 not 

c1aadT dema1tcfJd. Very ofttm 4uda« thia ...... t, 
ta toua4 tbat tbe pab ta11a to o1oee ea it ~ BOt 

bSt a Iu4 'bottca. 

labS. Dt 11.,.. tbI __ pe .. """ 01 

..... (> 1If' ), .ut (It,,,- tar)"'.lap «"',,'4 ) 
la .. '-'taa seft , ••• at .tau.o. aa.a9 dud_ 41tte .. , 

..... PlaU- 31 8hOw8 tbe ... lat1,. -1sht ,.1'0--... 
of ,,.. 81_ tJwtttot. at \be abOW ltattcee dUlD, ............... 







!Ill ..... ot ... 11 alw.,. te,. tIId 1,_ 
at an .tau... !be 1Md.- peN_tale ot .... U 

ftNId at -.u. 110. aB (8 1at ottebOJe) ctudaa ..,... 

.... t aau. wo. 19 (10 .. on.bOn) dU .... z.".. ,m. ....,. eoeteat Sa the Mt_ a.u.twte 
4 .... _ ftaa AprS1 to 3\11J' .............. _ ..... 

• ea. •• at .taU .. ~t a6 &at ., oantdlt - aalll, 

1_ allt aD! 110ft e1ar. 1'JOII Septaber"""", .. 
c1a.7 ,...\1OD I_NaB. tovard8 nee ....... abDwa a 

aUcht deo .... c1urlftl Pabruu7. Dul'lnl all ~. tbe 

station 1aeaJ'e8t to the abON (station Bo' 22) .... 

I11cht:b' .,... sand oonteftt thaD the otber .taU ... 

n... ~ ..,. tbe raontb1F ftJ'iat1on ot .... 

dlt _ ._ ooeteat of the 1»ttGI na •• , at stau.. 
.,. 26. !he ___ iD tbe ,. ......... of AM heau.. 

dUl1II Se,-... ". due to tile Do ...... HttUItI Of 

tbe .......... to.t d1.ftaa tlda IIDIItb 4\W to tbe DlN_ 

s. the Ialtnt., of .. ~ • __ vbSeh -..._ 

t1ooea2atAlt~ Br .. Pt .......... MUd. 

a1.o ....... eo 'ba' .. bid lead tJldtlpOrt .. .,. 

the .appl,- _ Utton1 CNJlNlte dtIIIld'Il •• o~ 

<- ..,... JU).. D ....... MI'UaIf aDd APrl1 
.... na1dA_ .bOW tilt 'ndoal ....... toU,_ ot \be 
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bottom mud ot tbe _4 bank "lion d ret'Ol"W ,., 

earUer 1Jrfaau.. .... Dora, alal (1968) bat 

NpOrW tbat u. .t badE ae4t.ant8 aN ~ 

ola,Ya or .11_ 01&" v'hefta1I outdd. the ate! baf*8, 

~ ...... aN a11", olap or c~ .uta ~ ~. 
~ ...... Ilt olal" er ...., 811U. b nsu1u 0' 
tbtt , .... ilaftat1,.tteu an in eOfttallll. vi tb tbla. 

(b) ""WUr 

1_. 1 aeb u tM ,?GO ... _ ot .. "1_'. tftmtMWt aM 

• .,..s.- an 00fte...... !bit .......... 'Of ad 

" ... 1" 18 dltfloult .. 1'''' to be __ • __ _ 

.t ftM part101ee. Attapta ...... to eaUaate 'be 
deftdtr .t the bot_ at4 '" ""tu" ...... -ab" ot 
.... aacl11Hn' parUo1ee :1.11 • lOll,. DaftQr ...-sa. ft_ an4 _m, the ..... or dlap! .... ____ all 

tbe pan1o!. baW .. Kt....... !be deultr .. _111 

to ._ 2.6 fIIIIfIl. fte IWUlt .,. 1lOt be.., aeeu._ 
bee ... of tile l1lte1Doo4 01 I.ampl •• peaatrat:la8 .~ 

__ mto the , .... taaea or tbt part~. It.,. 

alae 'be nOW tba, UMt de_" of the ~_ ... aid. 

be ... ftdJaed et-. DOt "PNS-' the ._r.la1 .. it 
oooaN .-ft1l7 Ccr.Iat 1968). D:le dndW ot tM .. 

ba* ..a ....... 'be .u.llatlT ea U. tal" al4e or 
tia~ 



(.) WatIr gmtrS 

1. tempGratUIM iD tbe1r iatel'8Uol81 8 __ • '!be 

v.ter GODteD. le of SmpOrtanoe .. it l.aqely daterm1aea 

'be plutto. boaU.IlI, cCIIpe8u. •• uspeDllon and otbft 

pJIOperUel ~t the _!lien.. the ve1ght peNeataae 

vater OOIIteDt ot the mu4 baI* •• ,i_nta vaa cte_nd,. 
", tlIIcIlDc tbe vet ve1gbt aDd 411 ve1P' ot tM bot_ 
..a.-nte. !be ill I&fja vate oGDttlll' Vd touad. to WI7 

between S9'- a1l4 12."'''' ( .... 1Itlt peroetlt ..... >. !he 

1d1d.., ..al. .. vere ObtdDed d\W1ec April ... the 

WIa1da1m vallle8 4arlaa J\I17. !be _te~ ooat.t _nu. 

hCa tbe PIWIOIWiOOll .e.OD to the ... ~ ..... (tMI 

bade aetiw) and the a8da d ...... towudl the peat. 

nonaocm Seal_ (fta. 32). 



CHA'fBB ft 

WAVES All» CURRaNf. 



CBA1IBl n 
Vim AD <N1JUlll!8 

!M ~ of " .... _ ..... DIDoII •• 1" 
Sa tbe' '.9 IS" .sa ...... , ., the .. 1IadI1 ,.. 

ablatJ' .... bli0a.te4 in tbe t ....... ........ . 
ftla .,.. deal. wt .... ~ ....... 1 

~otv .... _ .... uia""' __ "". 
at Jana4. 

M .... a'lN_ .'113", __ , ..,. ~ 

_ ... t ..... ~~ .... __ 

ftIltU.V .t ... '"'-. A .... adDc ,.. ... , ... . 

_all., ............ ~ aea __ ill 1tItI'b - .' •• " 
wbtla ita Mi4IIlt ftn't ............. __ .... _ 

(Ua •• , t." .............. __ vat. ., ..,. 

._ .'1.MteSr' ............. WeIlt ... .,.. , •••• 

-..ta1a1e ... ..... ........,. III vat. ia ....... . 

_ .... ill ..... fit .. ,. ........ ,.. .,. .. 

.,.. n ....... (nRSo et vaN bet.,.. to ... ~) 

... .. deJa ., 'Ill '.1* (WeS&e1. ftM). A "'I std .. 
vaN ftJe .... -' et ...... ..., Sa .. .., _ 

.. tie .... le ... ,. la eUftUI Q ........ l1li . ...,... .. ~ ... ..,.... 



BehaoUon 18 an important pl'Gl." WhUhoh_ 

the .... tedeUee ot the 4eep __ .we • .., ,... 
.... tile Ih,.". vaten. 1ft deptha ...ner eornpand 

to tile __ 1 ........... wlOd" 18 4epeJ_' ~ 
on .. __ .pth. It at,. .. , parte ot tbe " .... ONlt 

aN 111 l:aten of elf'tn~t ~ t.lleSr wlcolUee vll1 

al80 .. 4ittueat. !bU .... 14. m \be belJdial of tM vaw 

vh10h la 1taown .. vaw ftfraD"~. !ha oball_ la waft 

c~tler!lt1ce e&U8ert by ntfrlcUcn e. be ....... by 

conatJaue'UJiS""" refttaotiOB dI..,... (K11I8. ~). 

A vaw upOn bteak1aa oooaau a __ of tam-

latiOft oDd beenUM ot the ___ tr.lnapOrt of vatAre a 

oenatll ..,.t ot wte .. pi1. up ap.1s' the oaut ".. 

the waw bleaka_ !he "':raulSe head _ ... tabliahed Sa 
lION 1ft tt. "110ft or eaawr,.me of fJDelV' aid ....... 

v1ll. be aft al....,.. tlow t.fOm thil "Ilca to till Nil

ot dl ... I'I •••• C-""11BI alOIIgebOft cane. vUl clw 

d.M '" a.-ea or,.m" f1aw vtdeb S. lalOwa .. tile 

ftp ...... ("pU4. A alt191f.1 , 8hepa:rd &D4 1rJ ... ,~ 

aD4 19S11 111 ......... 1"', SOu_. ,,et • am 1Jt etc.). 

2. Ha. 
!he _4 ba .... t U 1Iatual bnakw.MN '" 

4amp1as; the wawa ... sa..1alr. Dvrifta tM ....... , 



...... I_GII, vbn \be tIUd bdke· aN .'lW, .. baDl 

ncl'- aN oala '*' tor sma11 vaw1eU Or 1'I.,p1et. 

SttpdatDa ... ala aNa tI'QI .. JIOUp aea. tMft ta • 
.... ot .aft. -.11a. Alone" .pp1'Od.ta~ Md

cd.wu1ar per1ft117 or tbe oalll .on.. the wa_ lad cb' 

~ bo ...... oatwaN. !hia teatan e. cl..." 

'be obeIlWd alotII .. abOft •. !able D si-- the w,ht 
aft4 .. ort.taUon ot tile bn ... vttlll'l8J'.' to .. 

aboi'd .. at 12 ..... ". poJatl (t-ID) aleq tilt 

.bore. !hi lOcation ot tMae ___ U. p ........ 

8how1l Sa JIlg. 33. !be bNaker bIlabta _ .. __ ,as ... 
.... • ..... W pole end tM bre.ker orJ.eataU ..... 

• _liIt __ • !he obMnau.o. we ... __ "--' a 

.,. ot ~ .... 1'11 OD two o~.tlw ..,. bat ........ 

• oad ..... .,.,tto l1l 'NJUUI !a'b1e !Y. 

,.. fable rr it Od be ._ tba, at .. b ..... 

W .. ' _N_. tIvaIda tbe _4 bar* ".s-. tile dale 
be ...... ,,... ... the ahOIelhl .... 81!*' 1.N8M. 

'!be ..... .,...dw ...... , ot ... W8 .. we .pp .... h t~ 

.. t .. Of ..... __ ,... botb nortIl .. ....u.. IbI 

oa11I _'via -.1F .." vaw1e. or 1'1, .. Sa .... 

!lie ateat ot tile nud ba* •••• \0 '- ......... '" tlll 

vaw IOU"'", cutdde .. bank -at-. !be bi .... .. 





!he .. Seetattoa of the b ..... r _ ... 

ebOftliM Uld·Seatu that. tbe dine,. of flow Of _ 

., ............ sa , ........ baIlk ana ,.. the 

......... vell .. t,. aoutlllllll lid. of $be ,... .... 

18 u eoaNiIltr v.ttll tile, nnl" ot ...... "~ 

.tats. NpOIW '" tbS.npetl (1911) &114 ..., .. 

....,.,Iul (1971) ..... Ob8 ..... U~ p ...... '" 

,.,. ..... ., (1969). 

3. _ap'At_ 
M .-tr10-.4 .. u..,.. tbI .. t J. 1t&J'kahJa _tuft rd .. I!U4 ..... t.a ... -'-N 01 the ... 

...... la 1 .... __ ( ....... Of .. Oeo1odoal 

leel..,., Yol. DU, ,. 21) .,W,*, till eel ._ of "

.at bade .. 4. to tbe 80ft .. tlla' ._ Sate ........ 011 

dui", tile a_ ,.. tile s4 '-* 11 MU__ re 1881, 

n., (Br.La\w, 19]8) _".0." __ cIup11ta Of "awl 

lD ... _ bank _as.- \0 .. p,.... ." ot1 fa .. 

.... ..... .. ltuue1 (Du c_ • .Il alt 1938) .... at .. 
_, on ...... ".. llft pNHn\ III ... _ -- ... IIAII 
... , ... it a UtUe 011 'HI , ..... t, • tIda tOIl 

of 011 oou14 ... pr ......... ,roaacu. ........ , ., 
....... aetuallr ....... i1l U. ba*8. tbIr a'tdlN'" 



tbt ., ..... ."... iD .. _. *0. ,.. la 

-I.st .................... 01 -- .. 
•••• .... ...,.. .~ ..... ,111'1 .. .... 

c.., ................... t_. v __ ... .....,. 

_."'_ fit ~ ....... et .... l1l till .... '*'11 •• 

fide -11ft will 111 .-tM4 ta ....... tftd1 Sa ... 

t.u.daI ............ 
. 

It t •••• 11uIt ........ ** .. tl-.. ..... wt. vat_, .......... 1 ... __ • eel "." 

........ "'1' ..... 1II1II _ oUI .......... ... 
• __ , ...... , .. ...-_ &eft1qa_ et ... ... ... ~ ............ ~,. ,.t,. 

"' ... att_ et ..... cbII'.la8 ..... 01 

d .... ,.... ....... , ........... ........ 

.. Id ..... __ till ..... - ....... cdlr 

_ .... to ... oil ( __ • fJa:lIUM oil eto.) ... 

-.u.r ~_ ......... _ tile VOII fit ............. 

..... eD"~_I ......... ~ft* 

la .... asa. !lie fttN .. MU"V la II1vIIr8 ....... 
., .. ~ •• "'lIa ., tU .... I.e. 



1lIoodty is ,ha tat.mal tr1et1On Of 

t1\d.da ..... tar the l~ular .,,1,. toN •• 

lb. pure vate. the eoetftctl., ot d.8oldt'1.1- • 
ftl_ of 0.01791 ..... (pcdae) at 000. 0.01002 

po1H .t aoOc ... o.OO6f3 pcda., at ltOOc. With 

_"aa_ t.lperat1ln1- 4 ...... l'aPidly but 

incH .... 'oall' alJ.sb«l.7 'W1'U11aol'eMSDl Ial!nltr. By 

o_parUoa. t. 1tln1adce or prea8,.. la wt7 tI'Da11 

(SWJl4lup, d.... 1941). !ha lDtftna1 Motion Of 

nuldl 0 .. dam,. .., 0e01U.t1ona tald. ... plaoe vttbtn 

tbetlu14. 

!lie ___ Uea1 ... 110 •• ot ......... of 

..,' .... &1 auepeM1eaa tal .. ot oOllliden1l1e 41itfteulty. 

la ttd.. --, .... at 4et1ldUtm fd ~ 111 tu ,.. 
t • ~ft 

doea not ha14 sooct beeaua. tbe ~Odtr o~tt!Cllllt 

......s.e. vta .a. tuaotlon of the .,.1oc1tr pwUeat. 

50 N8u1t.a _ tile .taooatty ot .GaK~laUD • .." 

alllpnd_ 8ft aaUable and the queatioft of tbd .. 

... ,.sa be ....... ~ Sa qut._ ...... rable. 

!be 0DlT aaQab1. tNa~ tbat t1Dda 

applJoatlCID 18 .. ,ru.' eCMted la that or .A1bert 

~D (-.. ... J!t&r'IIQ •• (1906) Ja. aSp). VbO 



1. 1906 ...... Qat it Oe 00U01 •• 1 partiel .. aN tak8n 

to '- app ........ tdr .... deal ...... _iOId,e4. tMft 
. J 

M lOW eo_"nUCIDI the .. Od'" "l of b -...u-
la n1aW. to tile 'fiIooalt7 "'l of tbe llqUi4 et .be 
..01 ... _ .... "011 C by the n1atioll 

'-2' . 
- • 1 + 2." e 
~ 

It '!Iq ,. r_ :abeNd that 1D t:be _ or .... uepeuiOllll, 

t1da Nlati. _ be app11«t to ... lB Aa_ ".- 0II1J' 
Ca. 10ldae4). 0Id.y" ........ 't01 .. ot the .pheftI. 
DOt tbeb ._ .... tato ..... tt.. tt. ,..._ .. ".. 

_W via • .,..t.ou eoatdnlBl cl~ Of o.,~- SI" 
III ~ aDd ~ to ht44 .... at .... \tie oone .. 

tau_ an BOt '"!It.... .. ld.chW ...... " ... . 
te. rJl .... to .. ad ... ( ...... 1928, ...... .... 
...... 19591 ...,.lepMdia Brit ...... "13). At u. -PlMi- o ..... t4_ ........ ill tbI ... balk • 

.. ....wa fOI_1& oap' to app1J' MIlT wen (Dr. R. B. 

fable 'f stwa the 4rIIIJde Y.laeOdt¥ ~ It d.-,;ty (0 1 
I 

_ Id1ImsaU. ....... " V ~ ~ I Of ... _ ... s.o. fQr 

w.rlOua cODHIItftU.. ,.. 100 l1li1 to aoao Jt&Il Sa 

fN8b __ at 10'= ( '1 • 0.01 palM) ___ tlle ..,1", 

ot __ to lie 1 . .0 ..,.,., _ .. dHIl. 0'''' , ... 



1.6 1IOIt4. Aa ... be ... r.. !able T ,,. kiMmatto 
ftllCoat'" 1110 .. _ ". 0.01 ,.ue ~ pure __ to 

0.029 pot .. vb. the _onoewtfttSaa of _pendea la 

2ODO 11&11. !lie ~-. coneea_Uow. _ ....... iD 

the -" bade !la till _,.tMe, .1Ild-4eptb _ .... _ 

abON the bott:DII are anl.1 811ah~ abON 15"00 11&11 
(eIIa,.. In). 

Let .. now ooaaS4_ the "..,.s., ... , .we 
v111 UderSO tit liquids ___ tb., .... odtr ,.,. ... 
MCIItI\tlIII .. ~ (19!2). tIaI « .... u. ,. __ ill 
d~'" ~l. l: ~ , 

g- TT 2.. '\i"" 

·wben '1' Sa tile dampta, U. or t. iIO&t811ut et -_ 

..id. Mp""'. the u.. Nqt.d.Nrl Sa ... 0Ida fer till waw 

hdIM to be ..... to the n.tt. •• • t 1" ." .... 1 

-.1ae. ~ .. t'be ".... 1 .... 18 .. aM IT" 18 -. tsae..tto 

.. od •• 

\fa11I1 t:b18 n1ats._. the .,.. Of L fWIr 

~ ft11I. erV-- ........ ~b of ... 

__ -... ea1euJaW ... ta1tu1 ... sa Yable 1'. A .. 

__ 1-. ... -- .... 3d' _I'll \0 .. d .... to 

t .t ita 0It,.., .,Utwde sa pun ". ..... " tabl 

ea __ .. 1" 1'1&11 ....... 11_ .. _ .... e .. eatraUon 

U aooo 11&11. 



lb 

fABI.. V 

RBUTlCW BftdII SDBPD8IO. COiOBI!RA.fI_. \'l'8OOSJft', 
.. WAft D1D.I'l 

- ~I • 
C,.. .... VO'ba-. f' T ... OOlllMlt.- (\1"8) gm/ml (hOun) 
l1li1 a~ 

0 0 0.01 1.0 0.01 3.5"" 
fO 0..019 O.0101t8 O.GOOOI 0.010\." 3.3't8 

.. oo 0.038 0401096 1.0000J 0"'''''' 3.208 - fY..0?6 .1190 1.00011 0.01'''' 2.,,-.. 
!eO ~'11S 0.,188 1.-01' O~1"" 2.129 

IeOo OVt" 0.,383 1.000at. 0.01 ... "'3 
fOG ~ o;otlt8O 1~30 cr.ctt1tM 1.376 
too 0..., .,,,,, ,.-36 (1.&1""'" a.233 ,., or..., 041)167) 1 ..... (1.01'" .. ,. .. cr. !Of 0.01_ 1.000\8 0.01,," 1 •• 

900 ~ 0..,1_ 1."'" O~1.39 1.886 

,GOO O~,. tr.19M 1~ 0.1,,.;88 1.79' ,. tt.1ttl3 er...,. 1.0lI0fII .,.."" 1._ ,. cr~ Ott02,,,, 1.00013 0,,1'1" 1.'~ 
1 !eO 0.1'00 d.-o 1..,,, O ....... ,.~ ... 

,\00 O.f_ (J..,.., ,.aeo8J Oi8IJ1t.!O 1." ,. ff.,,, tr .. ltO· '.." ... :m1~ 
lOGO 0." .,..., ,..,. er",,,, ,''''' 
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. !tda ,hOwl tibat tbe ftIood" _'"_ .... 

coMas_"_ 1Ir .,.,. ... at4 at the ftp"" 1I&4-tIepth 

... a' lne18 1 • u... tb4J bOt .. ball DO apPNlia1de 

eftM, • tile '''' .t __ Wpta. 

!la aMttt. to "'--I 4aftIp1ft1 br the •• ISa, __ 

....,. la tU.adpaW _ war or bot_ tr.I.eU. ..... pereola-

•• (P&I._ .... .rote ... , ""'-9, ID .... 19'19). A ___ rigicl 

bOt_ aleo eOllUllM_ --S4ua1\1.J' to tile ~ of VdO 

-1'If .. 4 to tile 0 __ iD vaw obaftotedau. (Vleae1. 

196f.). !be vaw 4...,. .. to .. ~tr ot * botta 

'" tar ........ _ si'" '" bOttoll t.r1ettca ... 

1*\JolaU. < ....... ..".. a1IIIl 1~9). 0aM re .. n to • 
looaUoa Oft the JAdd ... _, ...... 't. bOt ...... _ 

ea ..... tldd aat oa_ '0 .,,...... .. ...,., Of 

VdU \bat sa J'Oqh weather, \be laea1 .,*'- .... _ ... 
't ... _ ..... ,. Iau1MMr. (Jade lid 4nl1ope4 a model 

wblob .hOd \bat •• _ aw, 2.0 It 1d.ah, __ llb, 

111 .. It ot ft_ 0'fU a bOt_ de. • 3..to'V. of ... vId.eb 

la 1.1 ft ~ alii 1000 It laq, v1l1 be GIGr' ". ea 

td.&h a' .... Of .. ab.ah Of.s ... t ....... 
o.4e'. lDlel _ '0 haw ... _'''' with .. ,ree_ 
ot " ... dalWp1lac i1l .. 1&14 baak ...... '.dea1 
o~ Of· •••• daJt&daa " OIl...."..... III 

the -' 'bedt, .", ••• , ot ,_ ......... ,.. ., 
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• 
en fit ............. t. it".a '-* ....... .. 
Ml ........... " .... W fMN_ la ......... . 

la .... __ ............. iD \QItUltr. .. ., ................... _Vl ............ .. 
• n •• ., .. __ ..... *- to ................ » 
." ... _ ............ la ... -' fit ... -.la 

le., ....... __ .lld_.. .' ............. t ... ..... 
........ -- .... I •• ~ ........ ... 

..... ~. __ .... MI1E .. ,....tdJt-
,.. .... tile .,,.. ............ f/It ......... .. 

~ata ........... l ......... .. 

.,' ....... fit .... 'sAl ......... a.. .. 

... -. CH -...). ... .. NJI lA ... .. 
a18ItI ...... , ..... AN ~ ••• ..., _ .. 

...... .... fit .... -... ., 8eJ1.".1f .... 
~ ~ ..... ., ... 11_ ........... la 

..... _4 ..... fit ,. it ............ "' • 

• ,. ... a-NUr ~ .. fa 1tI1¥. 

e ........... .,.,. ..... , ... cl ... sUe 

" ................ ...,,.. ........ .... 
... IN'''; ........ ,. ......... iI • ., .... . 

M.lt ........ " w •• -, flit 'a'." '" ""'" ...... 
.... ..... " ....... pia. an a1MII .... lIla ... 



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

.... fit Itp ftow 1eoa1:1 .... of htah •• -....uo. 

!be -,11_ of tide tII,"'e .......... (mrNa 

19ft) ....... r ••• at .t .. 1Ia1I: ... tbe .. llI1t of 

..... Sa tile Iaodi_ fit It, t1an aia la ......... 

" cb _ Sa .e ftfJawU_ sa*- ••••• '" cia_-
m .. lIe.,.._ .. ill .... ,. ... et Wt ........ ,. .. 

tU .... u.. !be NlaU .... ,.,, __ et .... .. 

,.. •• teN la _malt to -... .......,.tIlo CIIa_ 

.... ..,..Uaa fit ... Sa ....... NIl- .. , 
Ia .. ,_ ...... &1 .. a:l.foa ... ..,. ,. .. ..-* ,. 
the e1it!ll' ,.. to ,.. IIIdft la .. 1e.a\la Of .. ....... 
.. ....u. fit: .... nu. .... " ... , .... * ~ 
tM IIL_ ........... IId ., till .. ....... tU 

lNIetart 4iNftlC8l fit ..,. _""MA ftIUe ... . 
WIV _ v.r ... _ ......... ,...... ..... , 
,. .... ,.. __ "*,, a1dft at .... "'* t. 13t ..... 

a2.-I tb.U .-t tIId.tIlSe ___ SA tILe .., - sa 
aifte"-. !be .. 1Mlw ." .... fIl till .......... 
....... _ ..... lIMe fit tile ....... .., lie ...,.3.'" 
,. till A\t"t al •• e.aM "'IlIUM dal" .. ., .. .. 

' •• 1&t1da ....... fit ....... MttYiV ...... ,... 



CBA'fBa m 

SUMMART AUD CO)JCLOSJOlfS 



A _taU. IUW7' ot the ,NII_' 1tMvWce 
Oft tile plIJdoal .. pet. ot the .,,' banka haa 'bHII 

p.....-s .. ahaptw I. !be ~~al. 8IOSftptdea1 

... aeo1O&iea1 upeeta ot the re.1a GOut, tile ahoN-

1lM ... the ... W .. the YUi_ .... the 

n. .. " •• ., ...... 41ul,.U. or .. _ ba.-I 

baw ....... tU........ h _ope ot the Pl'laeet ,, _ 

_ Ill ..... rtpu.. ot tM ana ot .~ haw alaO bee 

atftD fa tlda Chapter. 

MItIlu ot lJr4l'01ftl'lde 1nettt .. __ ... 

_ ... iD the Np.c. of tbI _4 _Ilk ., IUrakaI ..... 

1""" an pn_W III CJabpter 11. !be _onal 

ftriaUou 11a the 1Jrd.J'OIftpld.e ...... ., tbe .. _* NIlOD ....... ft1atto.ld.p wtth till .. Sat&11 
dII ....... ".0 ..... _onal •• tSaa •••• --. 
tbDuall tM ._.J'al pat ... ot df.at1'l'bdlOll .... --.1 

ftriaua. or ,. qAJ'atut .... "as.., of tbI s .... 
".teftt at ~ .... UeDtSeal boVa la \!It ... __ 

"dolt .... tbe hno.'" dUd1ta .. ____ .. 

... __ ta .. tlw. the ~ ......... .,.. ••• 

1ft tu at4 beak ... ellallt17 .... t.u t111tu, •• .,... 
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to .. _ten ID ,. ~I aNa, !hf.a 411uUoD, 

.............. traa .. rtan to ..... ,.. vatua ... 

di8appean Mar tbe bOtt_. 18 ...... prob..,. ......... 

tl.,. wbttth ean7 low laUdty vatu f:rOII tht -anbeIW 

"pea tato the .. barIt ....... 

!be bII'1..-1 .... u.oal dSaV11Matl ...... 

,be .-ona1 Yariauo. o~ tlMt coaoet.". ot _ ...... 

• t .. tn tile 1Ul batik rec1CD aN d~ b Cbapter m. 
!, 18 .... _, ,. 1Dl badr r1He _bOtt the bottoll .... 

,.. .t a ...... bNadar •• 0114 e_ wttll • t.lat .,. 

ftle .... tat1oa of ..... aleI -,"r attd.ae .... _ 

wlatU dU1q ~1,. ... U. ex_' ot ,_ II1d 'ba* Sa a1ao 

.... 1he e.,. .. _11 .. the location ot ........ Of 

_ mud baftk ..... all",' .-..... vi .... ptrlOl et 

tu .U..ttr 4111'1111 • ,... .. 

!be iIoU ••• et ... __ u. at the ... ,.. dill 

lIdd-4QtIa 1ewla 18210 ... IUPPlJ' ot _peade4 ....u •• -
,.. .t .. aid. of ttw mud ba* lato tbe ...... a1GD, the 

IIballGw .... heN .".. 'ZbHe oppodag ~ t1Iw. 

atw r1Q to n" n_ vIdAb eaJI7 .......... Md .. " 

Mwarda ottllbeft aid _, with ,~ oaDOJ ..... laa4 

__ port ot ...... '" vaftI.. ~ le'" tot_aK ... 
u. ot bleb O ___ UOM of •• .,.... ...... fa .. 



", 

ftcdatv of tile 10. UM. !he _ -- .PJI ... 

te __ ~ •• T*,_ cbd1 ....... 0....-1 .".. •• ' 

... * ..... 'be. 1.4..u.tlea at ...... lMaU .. la 

... wr24 ....... 1. oa, ..... _ •• Mtal 

..., ... ...-1tiJ11 Sa • "If_ ......... _It • 

..,.. If )Ill-Id. .. ... Ita", 
, • ....., ",.'7 F1ta _ ~ .. ...... 
... ., _'11 ........ _ ...... _ 1Ia1.' 1.1'-. 
U_ Sa __ aft .......... fa. .... 1ta* 

.... -. .. tII ...... ""Bll ,,, ...... ,,~ 

......... d. '-lIdtSa ........ fit .. 

... .... _ .... el •• ..,... .. MI.s • ., ftIIetIIa-U_. !be....:l ..... QJUe4 ,~ till all __ 

...... _ ....... Sa ..... __ , ..,. ........ 

__ 0_ e .... ~ -", ••• Ift,.le ... 

4tdl •• tdatel _ ........ DU .......... le 

a -rrtiJM1II' _.- fit ..,.... ...... 1U at_ 
.. ~ ..... tlII ........... _ to .aM ....... _--_ •. : -, 

la .. ,.. 'f, tile .. -.1_ et _.a). ~ 
fill .... I.ud ____ .... U ..... fIw. • naM_ Sa till 
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Pa"kad .... 'bank Nataa durlal dlttu., ..... , aft 

P ......... dt....... ,. .... ooattmt ot the 

..a ..... b ..... a!tow 1_ aat .. e1q fNlt1ca 

....... betw ..... ,."" .... 11.0'" 4u1'Jag .. pal. 

,.. to S.pteaabu (vei&'bt pe ..... ,. !be elaF 
.. tea' 4eeNaIMI ,.. Aprl1 to .1\1_ .. IbIIM a 
811d4e _,..u. dl1'l1t8 ieptelabe.... !hia.,. be proba1t.1r 

_ to .. ben .... ~'of ~_tedal 

fIOII _ o.er!ytq vatua 4 ....... 8ep~ !be 

tt..s." ot tba ,,"tn -.4 18 touD4 to 'be 2.' fIIIt4 aM 

.. la I&SI vater ._.t 'ftJ'lea .... "._ .. 12.4", 

(we:l.' ......... ) btttw_ April alii ~. 

Chapte. VI _'. with wa ....... curr_. D 

tbe ftlloft ot the _4 bu*. !hi orSataUoa of the 

...... fa dtbft aide of U. IUS ba* ",In. till 

pou11dlltF of ro..u. ., oppoeiq aloaaallOre OUINI. 

aJl4 ..... 1' .... ot -IV' ea ... 'br waft ...".,u_ • 
.. ..... ot tM _ ba'* ia olOHlJ' N1aW to .. 
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