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chloride 19.162 0.5405 1.0000
sodium 10.679 0.4645 0.8593
magnesium 1.278 0.0526 0.0974
sulfate 2.680 0.0279 0.0517
calcium 0.4096 0.01022 0.0189
potassium 0.3953 0.01011 0.0187
carbon 0.0276 0.0023 0.0043
(inorganic)

bromide 0.0663 0.00083 0.00154
boron 0.0044 0.00041 0.00075
strontium 0.0079 0.00009 0.000165
fluoride 0.0013 | 0.00007 0.000125
*Concentrations at salinity equal to 34.7.

**lonic concentrations arce conventionally expressed in molecular
units. One mole per kilogram is equivalent to 6.023(10*) ions or
molecules per kilogram of seawater. The relative concentrations
in column 4 provide the number of ions of each constituent in
one kilogram of seawater as compared to the number of chloride
ions in one kilogram of scawater.
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The deep-sea tronch, volcanic line
accretionary prism, backare basin,
and third arc generally associated
with island arcs are shown here

400+

(™
800+ /'fm:v::

G(To)oéﬁq&)éll

ocC

200605 0/75°326m090967$32076]042»/3: I100CY cZSEncyclopaedia Britannica, Inc.;

C C C C
Rosen Educational Services © gﬁo?ooeo?afaoro)m oocaom@czu

o

subduction zone %e%ra?m" o Ol°®(\?8038 39<?oo 700 o0 0380’3’) (435 %é) ©

C c C ¢ CO
3’30)@[038 @ 02:6000 CQﬂCQﬂQ COZ (TJ@OG?ODE?II G@CC\NC??GG@’)(TJ%]
C C C
?(T)JGJCSGOD’)CC\{ICQ{PZCDE @QSBCGG”X)(T) 30° OD@O’DO) (I)(X)OOOGj:?O)OJ) oD

Sons [ScSTola5aSH 0ol Somieal 0¢
GC\)Q)’)BOODC @@GO O ODEII (BQJ):? (T)O?O’)(T{ICSG] 39«?(7)0\)8 0 QJQ o0 OOC\?QO’J’) (3 (E)CQJ:)



(9}

oC C C o o C Co C C [¢] ﬁ
e?c) |01 32620308 0D0P0OMCEAP GONCIPEOEME!

C C C O ¢ C cC © 0o ocC ¢ C
32642000000M65§300$350006CQPOD DVEOMD 5,900 (efc 3,700 9‘?) Nfesiavle

oo

2] e o
GO0D O§R-]|CVO
C (‘Q C C C (‘° o C C o (‘o Gg o R C © 0o
mo?mcqlco@@oo&?u galeplealoslletl]otienlen 33600)6(\)00’_“80[90 eipoeoaosaoogg gplev(lepy
ocC C C C C
100 (eLgc 60 aq?) eelealTevtienten]!
2} ﬁ C C C QO 00 ¢ CcC C C o (e
mme@@ggw MOP0OM)Cs 20 32000 17 30 oo)(ooo@o)oezmc (~{ep) 61[93
D L il L L il o [oLN]
C

o Cc C ¢,0.0 N_CO °, <, 0@(’ .2 R
3’3%’%&)0’)3&(3 (Yo)_lq?oel]o(ﬁlo(g?@%lo@&?ogl (DUBU)O’.EIC:&{P:; 9 O?oﬂ@’)oew)

dﬂw@§emeqm@§wéll oflgdoccmnad mo?oéqésqpsooé
C o o C C coC C (o] ﬁ
MOOCOWH20ID0CCOLOEM © JIAOGOMDCINM ICVVIVCISC 3G ME]
C C (‘OOu (‘OO C C o C COOO C C R C (‘O(‘c
326§2MMNODMB:00$20) JPIG5OCO0DPIIN GCLOIMD 3$POI$OQPORC $O0COD
Co C C C C (o] O C( e C C cO
@loj&ooozeoaocogzl 39@5900@@90039@@6103 o?m@zsac?osoaooooo)ecgpmj Cape
Mendocin (m(ﬁc88°e°m<’e@9(7585°) 0 106§3ls05003208 MOIMIE:aPIND
endocino L°§f'°° L %7 7 (?c? Lmll"(ﬂo"L
00 8920051 Aleutian Trench 0025 Alaska 326§7050000&:0 G@’J(TSOO(TSQ) )
OOﬂG]. @ 8 (? o‘?°1 o‘?°o‘?°1
o OC°OK htk Co C (o] C@C C CDO cO @C C
§§P:3266) 02§ Kamchatka 0590053200 0Q]00|9§20p01 GC0D 326§ 000§ 6(¢OOGCD M

C < @C\@go Q< C <o ﬁ C C@Co (9] <, (o}
OOUeU)(Y{ICoZB’b (1)) 23 omo‘%CGO\TJC\)@o czlavalniensl=4| 3’36?’)00:7)00 Go(Te (Tg.l?otf? (L)ﬁ
¢ ¢ ’T‘ (9] C
(—)%00%08’) 69 &?OD@II

e}

3’36?’)00(\3)00(\086 (DU%US(T_EI&SQ{PSOD@C 08]%833(7)’)2{]93?(; &)(YS(D(SG?CDéII

C

©o
Go
3n

(2] (=]

cC O C . . . C
sletleplenle Kurili Japani Bonini Marianal Ryukyu §C Kamchatka © 3260003253200

o

o cOC C < o "] C C C R <, oo O
(OC\DOD(L)C (T)Ue(f)('filcokﬂ’)o O OCOD@II JSDOG(IODOGOD’) (Tch?OS’BGOOO(B(DO?

o C o o ¢ C coC
3 G(To)oﬂq&)gll gﬁ@:?@{)ﬂ 339()0()8]:?039@(@93@ @@GU)OQ{IG@’JOO(BCOQJ)

(9] C cO o o ﬁ' C C PN o c(¢
30 Q)ODQLQZ%GT) weag@ommmﬂ &RG’DO@’L@T %G?DWG@D(T)U)(T)OOL?OS’B(X) 0’{]03@ G000

C C . C C s C
Java Trench @@o&gll New Guinea §C Solomon Islands @'ﬁeso:)ogc New Britain §C Solomon

(2]} C C C . C
[9:; Selet]2aloaleple New Hebrides Trench 0P

3
3
3,
g
S
@]
On

C C O 0O CO _C C C C [o] ﬁ C C
Gooocoomo?oo?meﬂmaomogwooszoa [ gﬁ@eloaom :raeﬂeoomoro)c Tonga §c

coe o ¢ C C [ ¢ (9] c( ¢ C
O\)g ®(HU8J<?SEN’JSQJQ GU)’)CO’J(T)?O\RS@C\)?CTB(X) (7{]03@%&)@"
¢ o ¢C C ¢c ¢ ¢

32QIC0$010D VLJEPORC MD|$:$0OCE %’]wéu South Sandwich Trench oaé Mid-Atlantic

oo

K d C <
ermadec mo?or)(mcoeﬂo

S c.. ¢ ¢ co__.¢ C o C Q @’YO C @9 .
4] 3’36?’)(7)3)(7)080 oogﬂoaen GU.)’.)CS?GQGlOO«J&? 3’3§;)O’.)00 oﬂ c0O00Ce (ﬂ’)oll
o C

Puerto Rico Trench (Dé Caribbean sfaeﬂfeézéi Lesser Antilles Ogﬁsor? zﬂmaoogooozoaéu



(DCTI)CTS(Y{IC(; 3’22%[03@ OOO)()G?GQI) ODUDEY’_] G{P = SOC ODODCU)GOJ) 3??@6”’) &C

o

C

o

&pogu Aleutian Trench :D@ Alaska 0¢coodem q Kodiak

¢ c O o [2]
(7&]%&39@6]]00’)00080 @@GGP(DGGP(YJ @l_()c?mo&)&?ll 3’3??’) ODQLQ’%GP@@Q@C(Y) G%I’)Ggobo
C C C

@C(VYJSG%O')(DII 3’36:?0(7)17)(7)0)& Alaska @ﬁ %?é%éfgéﬂ’)g G@’)(YSC)GQ cO0:MNEIDD
° o il oLl (¢]

C < C C 7 9 00 ocCc ¢C C (0] co C
(7)0?0’)0’{]0003&? 3’3?@ (Y)C\?@O’)’) (9 QLQCS?) GO’.RPS’B@ GGP(D%]OD@II

Q o (0] (’OO L A tll C (’o C C (0]
mGGlU)(DS’BGGﬂO(BCoGﬂ esser Antilles (T)UBU)()’_UC‘:OD@ GU)’)CS’BG@GI(DQJQC\T)GOD’)
C C C C C
25p5qpe(y¢ $6(9|0e500p5

S €ﬁ mécaoomcé

L

GG]_?(V)GOD’) (DO’)O’)O’{IESGU’)S?CE SUOeo@ﬁ Qle (T)OGEU’) ODE 200 6{)@6 8086
G)CﬁT)gGOD’J 3’30803’3@6({]’)3 @ ODéII GOOU)O{I:?B’)"@CI OCC\)OSG :?(TS (DU?US(T{I&SE{PS@’]S

co R C V 3 co Go o cc ofn € C
@U)(L)COQJ')OOD@ (L)O\)C(;‘l,?’)c?ﬂ ° oG U)(T)OD GU)GO)’)(T)GOD’) O’)OO@@ QJ’L@Q)OD@II
cONCOOVOD GU)’)COQ)?OUS 3%@0300’3@15 UO)'?(;] OOU)U)O’.UC U)C C/‘S 60860)’)0603 S

c c c_C C 0. 4,0 0 C
GU)’JCG‘D’JC%Q{P%OO U)CSU)’JW)SGOJDC\)@% OG?&)CG@GC\J)J)({P%OD&? 4 ?(03 16 @Jgﬂ&)tﬁgll
c c@ ¢ c_¢c ¢ c C c_ ¢ 0
O’{IBSG@’)C%[&}% [gc?o[g lSGOD’) UgCS:?(T)C\O)C@CQﬂ’)g(YgC GOOC)?O{IS’B’)S@(E (Y)UEU)O’{ICSQ{PSO?

QC. o C <. ..0 c c _.c . C c .. C
OD(-)o(L)OO(X)’)oGOD’) 39(?8%"' O?OGOD’JI (T)U?U)(T_HCOS’B(-{I’JOOLDOD@ OOU?U)(T{ICOG:{B’)OOG@?

oOC oocCc ¢ C C C C C
DLIDG6 3’30)08(30803 0)&090008’)8603’)6@’)(03 OBG&)’)CSQ)’JSGOD’) 0(8880\)8 3260006003

ES @ gﬁ (TJU?U)('Y{IC Eﬂ’) @'ﬁ OCC\)OD@G @é&)é 3’Beﬂ’) 3’3)8@(? 3’3@63)06
C C (¢] C 9 o C C o C
GU)’JCG@’)U)‘D? ODe(erJ 0020 3,000 (GO ? ?OO Qc?) 3200 @CEU)(T)GC\?%]CD@II
¢
(2]0p)

j:rae@sfaesroa ee:aaep@éz@cgﬁ eqpeqpc 36000 ooﬂ@c?JL %mq@z
C QO C C ’] Co
C\J{IO‘D G@’)C czogy@ z[gg@oa@n Java Trench ogoaoc 0031000§
oaesepeﬂooé')@ or'é :fi” (ﬂo&%éem oooooocqlc Sse oog? e@')oz ogecrfog oghs -6ReM,

GC\}J’JGOD’J(T)OD@ 6[@’)9 @USGUJ’J(DG(\)&]ODEII (X)CDGCD’J GO’J’JEG@’)OO &)C“C\)’JGCD’J

03636[)@8 @Ctgﬁ LOL)({I(TSG?GOD’) 39«%839&0)({]’) @C O’JEG&)’J(T)(I)’J $ODD accretionary

prism (feGaToaen egeooocc:e(qpmeaosc Andesite LL) ) @5@@6039 eqpq@eﬂog

C N C C N [2] [ C Cc O C C o] C
G(S]OO(TJ(X)OO (G(ﬂmm) (Zj00p] GSGOJ)CENBSUD(DG@’)C o ()OCSGOTO’JC cO S]GICDEII
o O o L [¢) Oe
¢

© 1. C C C C 9 00 [oN§ ¢ (®]
overriding plate 200 eﬂogeooomg[ggg gplealeplealletl RealeviElens) 100 (e?c 60 ag?o) e CSalep)



(9] C co C C C o C O C
GO0 M 320D)D0QC @II OO)(DCDS’BG?’)(DG@’)(DCDU)G] (D(D@UDO’DG{PS 00000
Lo o O 1 1 Lo |-
ce, o, (-8, o N 9 C <, o C R C C
3’3C3°®QoGCf.DC[F_Y'.] G{Po(DODGOD’Z) GO?DCOD?A{P:S’B O 6D0CLOGDID OOCff E{P oC
o C C c ¢Cc O C 2] ¢ N O
S: ﬁ @3GODOCQ{P @@GO’TE\)OOD&?II (To).lc? 3’3600&{]’)8080 C:OD &? 8’)6103)?’)(?]?3&{]’)3(7?0%

C

morg@eoao gzemcogﬁg@lgqung c&@o&&ou
2] C C ﬁ C C C c(e C C (o]
92600 CQREENGFIMMUOC Gooscoo[gz (Qlese[%)cseow Q0OIEPEE ISP
C "' Co o C C o C C C C C (‘o C
00031000€) 603 §§20R0I gﬁeqm?eﬂoooo&? 30| CIMINMN(FL03C
C € C (o C C C C O N O . o C
quoooememcmc?quz@g MN$I0000:20 0N OAPIVGIN interarc DYV backarci
basins etpzoaé subduction

en3és eoge@:occzd%ngo(75@0309"@03005@05@5"@5@Co')"eoaoe ‘@ogoa Si
$C%% SRR g°° : 3° FP]P? >
Co (o] C Go C Co C C C [qfo)e] COO C € C
GCR0P20D0 ©56000CQ|20 390)@[03@? %@coomc?wc?eoos’aogcoﬂ eqcfoooeoooea C

(o] C (o] (o O o o =] C oCc O
306020 CX0OLIIPERIOPI F2EOQ)| SIIDEIN 26 oooccﬂe 2eN 3260mEs 330)0033(30 2o

O C C . (o
o?oomo[gloa&au Qﬁ backarc basins QP20 weegqupo@?ogooeqo@cmqpo@ﬁ
3’3(8)’]618({[)803’3(7% eaooéooog@oaéu Qis*a(sﬂqéqucﬁ emézg%goecpmoooozeoao

R (o] T ﬁ L B . C M . (‘o o ﬁ C C C Co
poedqP: Tonga & Lau Basin §C Mariana 09|$:0qP:€l 32642003000 03C0p0:
ocC C ¢ C C C [N C ”] (‘o (‘o 30 C [N
60 SCAOPI QOFOCAOLIPI CQ$IEGINSVEGOICE W92 30 9$00 POICIGIN
mo%oémcﬁ@éeﬁ Gc?’J(TSG(T{PZD(T) 3 J o0 @czeﬁ 30C: :DOOC\)’)@C @o)oa@n 33‘??3 90°
C C C C C

(o C .
erqpm&r.@o)?oa Mariana Arc @’ﬁ&pmdgo&ogc oce [9 mc?@oa&)&@c;cﬂcc 30 © 17

CcOo C ¢

oaz? az?:afa&?ooo&)co Parece Vela Basin &c ogﬁ eﬂ'):eoo e] Mariana Trough mc

c(¢ .
3faaoco:j§®aoc@c ocmoo@ez@co? wc?oo:ooozoa@n Mariana Trough :Dloj Mariana Arc

o o

@ﬁ:afaeﬂ‘pr)(ﬁog(g @OSGOT&?GOD’J back-arc basin @5:Dén

0DOSOYCs @5@" 5§60 linear 0y(Cs °[§<§G@35° :)308@ S
PO PRCE R (6 : 9%
ageqz@zcﬂoaé I o%q)%)él qéo%oaé subduction zone 0’366@58086]" Mid-Indian Ridge
o C o O ¢ C C c @00 ﬁ C C CO .
9 Vema Trench 0P @ﬂzq[3?§m®?@®wgll oq|el 3fae§ome[§')moom§] Vityaz Trench
C C (°] crr ¢ ﬁ oC C C 8’] C C C C . .
00DV 326P0E0 e@&)@@@@@ 3230020C6 [QC\ROﬂ’)S) 30 qooo@eg[?g@oa@n Diamantina
C C . . C
gplealepleailet (Diamantina Fracture Zone) 0P @@G@x\ﬂgﬁ

C C C C O ¢ C c O crr¢ C C C
3fae<?')meooocoommezeﬂ:ooﬁs:? 3faec?omoomo?ocrﬂw[§ioalaju (iCSCDli)
N C ¢ ’](‘ ¢ C [®] N C
C\)?@GOD’J&(DOD?SGO c:600 ODg}SS 50 3200C3 @@G@SC\{IG 328§000(0N6 900(NIID:62DD
Olo ] 1 O ] o ] O O O
\NOC C

N [&J o C @(‘ S
39(70)39 Q\”CO(J)GOUD®9L (DOD@II



O RIGIN D EEP -S EA T RENCHES

B0 MEN 233MOMMER noodmEiapioné Made °[§o§eo @5"@ ol
o L o5} L o GJ] L 0"“ QiP 60~ 0 oueﬂo" ° GJ]

(9] o C R C g@(‘ N _C o Co C C
O’)O’{IGOD’)O?COO)’)ﬁQﬂ’)QOD&? G()OiTI{O{IS’B’)o Co @8003’3’300\)8 (BQJQ?@(T)
ocC < (’@ C C N _C o AN N C o9 .0 0 C
%Q?G gﬁDCoG@’) &)gll gﬁS’aéLeO’)C\)(Ya)Cﬂ')’)&éCCS’Z)O ()g(\geumeﬂ’)o@ @i(\?&)@

¢ C Cc O Comi C o O C
copqEansadl giapbesqopdup Beoopds

L
C C C C ° C C .
GC\?C\)’J?Q{I’JOOO OD(T)GOD@OD&?II (T)UEU)(T.HCOQPOCB’B’JOC\?OOD@ CC\?JC foci C?

Cc C C 00 ¢ ﬁ ¢ C C C C
aooo@o&?oa&au OQ)(OU)OD(-L)CGBGP@ 3303:?3’3({]’)8@0)6(\2]’de)0 (%] GG’B’)OO:&’B:?(T) 33

)
(YSOC(S"GOD’)C é H @OSGOT(;]OD Cll (X%G@'Dé C éC\)(SSUS@ G(D’)Oe):l) 5 U%(YS@"GGTB’)(YS
$OPRICE Qﬂ ({P" N O s Q?.I i 1 > 07 °

o ¢,0C. .0 < o c..c .C Q Ooe ocC [o)
epletieletievNen]oletiobatiovlen 9%9?0@@ 20 galev]Nens) (12 eL;c) 320066000
om S .9 C C C c ¢ ¢ C C <@ ﬁ\@(‘o @9 o
CSeatict-TC atiopRevleal Jeatevieb]l Qﬁcaﬂcc«?ﬁg CQQ|COI0I]|C:0EN J|§e:D00|¢D]|DQP:32q

C

I

Qo _© cO co _C cCOC
(&L)C\)OD o0l C\)ODO?OD(O%Q)’J%GS?’J(T)ﬂ U)(D(DU)U)(D(BCS

L L
C C Cc O o ﬁ C C C 'T‘
CC\ZICOD@ &)(T)ODOG%GOD’J C\)(DO?OD(OGF%?@’)%@ &)CZOD(T)C\)’)@QJ) (2]£10) C\DOD@
20

$ZGOD’)39C\)’)) o &)US@(SG:?GCD’)
077 T

o
©n
S -
2
o)
5
3
©n
s
8
Qof)
o
3n
S
@)
go
©n
o
g
o
o6 o
3
3
3
3
Q
&
O
(2

CcC O _© C [ AES C C C C o Cc C
093P COOVOWVIVIDIS t?@[?ﬂo@czoa (T)U)U)(T{ICS e3202Cs OB(BG:?GCD’) 39?@39?0)

. -3 C W S a1: £ 9C.Q Q. C.on S

zezlopl Lot eoeoooc[g')eﬂ')oj&g lapilli §C ®eo?emeq®06@gcoeﬂooj§g

mooorgqéﬁeieﬂaz@l(q]ee & @5@0Tmooé @ézemsfaaoccecﬁem @mqp:u 4,500
L AL o 9, o] ~O

cCO ocC C

e c C oo (o] C C
007 (14,800 Goai) 000D Q030G MDOYOOIM)C3§§)qP3§| F2$POQP0P0 3P

$S8ursloaSi f iniferal @oo C c .9
(Y)QDC\?GI&{I’.%() OD&?II oraminiferal oozesil c00:6000 3’3:?[3\_1)39?0)&”%(? ODQ?%GP



) NI c 0 S a3loScSas c o C
CDO)Q?(D(DSLDDSGJS &8CCCDO:)3 C3 O?OGUDL oD G (DCOL(DGQ)) oooL s (f(.d(DODo)S(DD
CT?)(TS@°3B®CO 0o C°3’BCD(§) °3’3[§6 (3036°[§é°@@363? °3'3[§3 (2]0) (o)g ()’]II

[ °o§§] o)@° ﬂ° e Dl O A s ﬂ" 1

O ceANIc C a3eq)e
20836p32601030202005 2063 26300500600 8§62 Mo lithosphere &l
235 237 PIFP]P: o 35181 (o2 p
C C o C C ° C C C
@@cmma?oafacg)@@oo&?u oaefgepsaeoTchooa&? ooefgspeoooce@oeﬂooeofrogc
Co o C C cof(e C C 9 00 oC ¢, 0O C
@ﬁo@%em OM]MeC oo&?ﬂ[gz GCo00 3200 6 MDAVE0 (G ©CI$) §OR0II
C C C N C N C c © ¢
30$pO3S0OQ: 60loéod %c&pqugo@g QOO0 PN OO 500 (60 1,650 9‘?)
o ’T‘ o C C O O C . C
320066200 3260130:32000C GNOCOO (a?c?w&?cjn plagioclase [feldspar] §C pyroxene

’] C cC C ’] C C T ° C C C
3’3(-{]’38(?0 OCGO0D GO’{P(DGI]()GEPS) O OCOD&)JII OD@36PS’BGO ()OC\Y)OD@ ?&26&]’)2@’)@0

U%(YS@°3’BGOT(£)C\YJ&C€ (T\) O] C 20 5 88(3]°C\7)OD CI 803()33 2000l CODOD |
: %3 po- qeropS §g0kegrops § 22 @ 2
GU)@GO\)’J GOU)(O(D@ 03961I %Gg(TSODéC?%({P%S’B(D(YSUgC é:ooo O\)ell

]

Gﬂ?ﬂ@hﬁl’)gwg GODUEO{IC%’B’)S@COZ 39% 83’307)8:?08%[8@0)03&%- GS,]CSG’BS lavas cj§§ sheet
C o C C C cocCc ¢ [2] C C 2]
flowsi Gé]C°33°GQPGl&?QiP°ODE 39(L)CS U)(L)C 0 Q0D ? GO) 9:?&0 396]&? o] @U)’)?
3’3(—{]’) 3’3[‘:}) G]@C\zl’) Heloup) GES]C 39 @ Eﬂ’)o 20%39(7339 G@’S@(X)’)Z&)@:&?U?é% 390%390’{]
(OL)G((O(X)’J 06103@" CiC U)OD@ [g:?()’) G?GCD’)G:?SPE{P Ugé 80)’)&)050@%8@§G(D’)
C o

eooocoo&r. cooelp 39@0) oop_qqemqoa@u ™M eﬂo S0CL0ED §0DGHEI
33000a¢s 3Qps GOT(\)’J:D@M qc oooo@ 32Qs320% @5 of]zcgowé (o0 00380, [c/: coorge]
o C C
I

c>¢ o (9]
3%003’3 39(1&) ﬂ[‘jo 651003?06%]3618&{]’)0&)00 ()QLQ ()O[(;jc?oGCD’) 861()0’)0? (LDDG?O(XTJOCD

N -

Gé]cc:zsf:ag:a%cmssamsqpsoocﬁ mglcrgeﬂozo%zaocgﬁoaé @gmsemmoamogé ol ooooe &
C OO C 00 C ﬁ Q ° C C "]
32600000320025§ 00N 326§ 0DVOIE30EN COPMY| 8°S @goooomoe:nosaal
ce.  C CBa5eolas \@ce G c . coc, c, @coc <
®2§MD230C0E 0MDMEOIMMJC: (o@ 0 9§DQP2ESOCIOCIN0DPOM ‘D‘%C:D@)
c C C C C ﬁ ¢ © 0o ¢coc c O C C
0 ocmw@ez@cm LleplNEtigplen(=lens) 220 (85 00 c?zec) PN Q|e:4[32$M0 70

L

-

Som (230 c0) DX C\)éz[%[ooosoaén
quq@eﬂo esfaoooooc 1 mmeooo (0.6 85) 000536250 390%5:39099%@&30 feeder (:1%)
cr) goaé
geoaoecqpmqoeip 2)

C C o _C C C o o
ODQ)QI)Lq)UgC Gﬂ?@@?@%@@ G&)’JC&(T)GOD’) (Till_o(f{lﬁ:fkﬂ’)o[gﬂ@wen (iCeUeOODE 0 Q0 (Q

3
o19)
3n
=
)
0On
&
(B
:
®
5
S)
3)63
° 3
FS”
)
©n
!
@,,



c0) 9? o:ﬂu)o? [3 3300@@0(: Qs % Qs e
CDGSG@’)C&G’BOOCS q@cqu(m ooo)wogor%
326975260727&)&) I gﬁo&wp oap_? basaltic (9 é L@ogoaén 300 G.9) ooC\clj’gooo (Q e?;é)

&s O\ C ¢ o (®] ﬁ
-oigopdioos [gigepociel
005

c o cCco ° C o
9%6]@&)’) aoeeip 63’3)(73030 3’3(\)’)&@96]338” CiC H{0p) &@Eﬂl.QC\?oOgC 3’26693’2’30 C

ooml@e @e@eﬂo (ﬂe]eooo Gooo)mo)eﬂo @@oa Gabbros (ﬂoéooéu Qﬁ gabbro

o

3’3(\7)&{]’?038 GQ?O(Y)@"O'DC OCC\)()O@@°@CO§ G(S](D@(DGOD’) 60@’)3’39? éﬁ’)
o O

ODGO')O'). GQJ’)G]_ES’BO’)%PS(Y? 0?00030 @l-:l) O? IL@@O\)&?H GBGOT(BC‘Q gabbro
C ) C c c o) C
3’3(}8’)3\)& (gp&?ooogeaoomtl)ogc ISOtrOplC (O\I)L?G(Q')Co) @‘DOD@" 3’3%”903’)6?6{)%]’)0@0)(:
C cC 0 @ 00 C N C o C c
Qﬁ@(\)’)mc gabbro ocom @C\)(m(l-)@l- MO0 (T())[-g‘)gGQJ)G(Q[)mUeg%Dg(;]OCO\)@"
bb C_ 0O .~ Co°°[§o c, ﬁ@to[gc o) c
GS’B’)(T)(L) s gabbro 3’3(\7)038 3’3%”00’{] go(l-)ﬂ s magma 3’39?0@’] 03]QC O\BOQ(J?U)
YYeeles. ogoom{g e@)o 0o CqP2a00I 133030(\90) S2O3a0s late 063120051
‘J§ L ° l ° 17° @Q OOo&)f’L s cumulate O @
i

g
6

e 0 oc¢ C C C C
> QPO (3’3%@@)@{]’3003’33’3@ UBCOUJ)OD@) 3’3(}8’)2{[’303\38 6(7)06’)326‘]_8?
C c oc¢ < eSOk cMc C C o)
ODU)[G’JU)({PS 3’3?&)}&)0@036@)9 @O)GO C\Y)[%CS@(DOD@II OEG&)’)CSG)’)SGCD’) gabbro ﬂ
C 0@ C C C fr 0 C o C e e _Co C C o
33(\7)&{P30)C aomm')&r.@geoaomgg 3260100AD00 M D&C VNSV VOL O@ODOCD@II 20-
0 o] -0 1 o] {

°

o

9 o C @ 6 0 C . C coC o C o C C
@O%&)LDG&)C\)(DU) Olivine 038 6320(N0C3 gabbro 32000 CDCDU)[U)(DE{”_S@ODOD@II
(¢} L -0 1 L o



|

ithosphere

/

Mohorovicic
discontinuity l
ngid rocks *

low-veiocity zone
(partial meiting of rocks)

asthenosphere
weaker, plastic rocks

upper mantie

mechanically strong rocks

5‘ C C 5‘ 7" o cCoC £ O C
0g06[§&1 32/9CIDMD32CEN 326VILOAE G3IMVVCE 3209/ [900§)
20 O O J L L
o C C Co C . .
320C20003 I o)ooo)oqlez Britannica, Inc.
L L (@] L
'T\ ° C O _Cf ©e ﬂ 'T‘ ° C co C
Q03I 326010002200 MLHOXMN(0F:EN 326010000 COPIAO | Mantle rock
L3 -0 O L -0 (o] 1
C C . . [N C (2] [o] C C .
0 :raetpgseog[gg peridotite ?9(33)8800)8[9“ 399003903@9 pyroxene §C amphibole
32 C°co§oao°eooooacn eoorg olivine (3]0&)3 Si
(it 8l 3l 2

é] O ceanicC aScau: eﬁc}ogsoécao:ﬁe"os

Coo 8N C. . 0OC Q C <, [§c S
o@@ (B?Co: (090)803%8?C6P 390308)038 39qu39 ®€iP 0)0419 C\)’J&)&?

oG/

OD@BGPIB’BGOTQ)CB’)

o
c C C SeSRAl C 2.0 N

3BGQYDOC8 O’)SG((O@IB’BCD ° G3Z)(7)G@§Q§)(T) 39(!)(7)6(9’)[90 GO‘{POOO) &ﬂl cM32D
o iL L o

2.
3

o

cO) G]G]_GOD’DC\)e %GOTQ)C\)O(O:D (f é @’) C\)GOJO GOQPOOO) Q{PS@ﬁ @OOCOGOVC?)



GG]C sQOC:s Lﬂll CDO)SU?CD@ H{ople: CC\{IC%C\)E

Q)Q3GP3BGO’TLDC\)'3@’§ 32000006 0002009000

13 0 0

e(ﬂngn\)@&( o 3¢ 8068"9[)"(?)03 eooorSGO"e
o] ° 8 L °'?L o4’ c) °

§
(@]
,ﬁ
On
2o
90
%
&
)]
2
og =
S
o
—nn
~3o

ocC C "l C C (2] "l C
O?CSO)O@CS O] OCOD@II (Y)C\?@O’)’) aooooan 60 CZ&{P 3’2(0’)3’360 I G’BG(D’)(BCS
S’BC\)éguBC C° (DIOH &)OGGﬁ 61(\)3éﬂ’) &)8 3’3?&2 C}) it 63’2’)006] 3’2(\)’)&0)(\7)&3]6@’)8
N

cC o ¢C C O
ooCeP:e ®OD&?II O@@ @’) 2300 8) (D@ ODO@ ?C 96@ (DU)@’)ﬁf&ﬂ’)o&)@ Qﬁ%(g’)&ﬂ’)e(?
N C O C C Q cC oc¢C C

ocC [N
0C D 390)@39 (D C U)SC\)’)&COD QU)&")GOD’) CC\{ICCDCSSB C(Q@C OO0
L (0] o L L o IL I ° L

C

e}

8@’JSG®E\DODéII CC\{I&S’BC\{IEOD@C G(QP(T)OD’)"S’BQ?”"S’BQT)‘S ’3’26613’2(70)(6 ’39(7)239&)0)@

3o

~CO
0On

coC

ODO'S? &L 2300 8) C\)(DGOS’BGE”_ :32003 @(DODEBII ?@c?’)GO’.lP(T)OD’) GGUJ)?COI

0

é@?é C\)§ Heps! G(S]C°®Om°[9° %GOTZDG@C\)’)@'\S@@ °(°)c§é (\90) C“@(O)OOD'JBU)(YS

d 1 [G‘l U"L ° ‘g 0 Oot’)joLJoogoL o]
C C c

?ﬁ?’)m@?@m@(ﬂ(ﬂwell

Qo

33 833008 4psel 6OQODIY
L L ° JL
SRT (9} C
ophiolites Qs ecpm@cz@
o C o C
0963220001 T)|26papiadps 0

C C C C C
OCC\)(DGGlQﬂ(YDc}O@CG’B(I)(Y) o

3 @GOT(AODC\Y)(TO) S av} Sas @"G’)"GO\T) G@C\)é" H
3GP 07T RO oo 1 °qP°
C\)"@" °€ﬁ C\)(SG&)’)& (786@'36
P30FEQPEeN Y 3 :
U)é 00D 03 @é{gé@ﬁ@ 5 °[§QSOD Cll
9 P3P1039¢ 0][P¢ >
c C

Q9 © C ° C ° C o O C
()O(-)’JG%GP 3200500:00C ODGZBGP %GOTOOC\)’)&C %GOT()OC\)’) (oplnisavK{esN~{(!pleolepleepliovien]]
ol o L3 O lo O L 1L L L

%5 —em 000

/

(o] "] C C ¢C 00 © (o] C
32300 g?ooe@eipsoooom MOOAOB5$2000:§ Newfoundland &C
L O L 1o
00 C COOO Co O(‘0 R N C cCO O ¢ CC (‘o C
ooxooomeoel]omﬂso:;acl)cga@ooeﬂo I e@ooocmooﬂ S0MOQOOMY$:SC
C cC CO O Co C C C
meqqlcgﬁgagwgﬁsaeqem M MP$:€§) 30$§E0CHP0I0C0
o C O C N C (o] C C C
39@@0039@033@00000 20036p3260l0300eN 3025:08¢ BO25:003 Gm@oapju oos*a@u
° (o] (@] L3 O Qo Ll o Q¢ I L L

3260l03000005:0s¢ hydrothermal oo Cooge@cgobcafa@cc: a0l ADIMOQPEN
O~ 0o @oll ; y &,) 1 8 Fais) { o] ogll Qﬂg

(o] OCO C Co Co ocC C h lt R C
QOOFO0D SCILIDQCICOCIYD G(\)(\n&coa@n ophiolites eﬂoooapj

C C C O C
%ccqgéléwgooedo @@e@')co qc e]c s00s008s oaqewom&o 21 GC30)

(¢}

o C ° (0] ¢ O
9??&)&3%6]?)3360?\&(_\8’)(? UO(D’L@[@CO ODQ(DU) Q)@:?GP@?(D‘;G °®(f€_ 0N-
C C

¥t

co o C
(YODJ 3900’3&{]’) G?’J 08 ﬂ 200 g&l’)kﬂ’) 39[90 3’3[§’JOG§6PQI’)OUC%C LOOP 0002 COJQSJ]?(;‘

C C C o 0 "] C
()UJODOOGj 39[§C8(o)’38(0903q_)39quoj O] OD@II



C

JOO S%(I)OO 060

C
C

¢

C

C

2 §O9°%

C

C

(9plep]S)
C

o

s60NGOI
C
o2C

(9}

(Viep]

¢
%3

G(.;]S

o
o

C

5 (0645905 093epYp

o
o

CUZ)@ﬁ 0
O

($§)
31

00936P 3260l
Qﬁcr\m%ea)o 3260

(e}

O

o
o

(ov]avalee;

GP GGGOT

C

SRR

L

(9]
3200

o
o

e
L3
c032

L
coc
mMOC

(QV)

o
o
L

2003

[
o

5

0pgCap

o
o

I 3’2(’8’)(5]
a

o
o

qp
ojjeepyp

o
o

C

C

COD@II

8(3]0

C

o
C

s9IE:
el®

o
°

[absled)
O
hiolites coD 32
C C
020
C

OG@
L

S

]

o
o

C
5
C
t’)jll
o
Lo

co
C°§
1
2000000 32D

C

OO 20(MNOOL

o
C

CQ|M3§120p01 op
P

[geseo

o
o

C

Qe
loaeooo")

Lo

(DGOT

o
o
C

(o

C
M ARINE M AGNETIC A NOMALIES

P
0MEO

c

OG®30@’)§]C

L

8
IL IG]
C
cWO00D

%

[o]
396861

(2j00p
C
0002C
O

o
o

(9]
°
Lo
C

0
L
C C
@m Ge
OGP

o
o

C

c

c

U)@GC\}J’)(Y)

¢

TP

Qo

N
C

CCD(TS&J)] Reykjanes

C

o
o

SGO’JO

«%@"I

¢

o
o

O
32M0MOCO

ol



(0] C C @9 ﬁ c ¢ ¢
GC%)&]G]_ODEII cO0DCG (4] 3’368’3(7)&(03 CIC ?(0333

o 0] ¢ [¢] C o ﬁ Qo C C < o C C
3'3@’) (“100 8] 3’3686100? 7)66]()6@30@’)%]06{]’)003@ NEDEN CDC\?(T)O)UDU(%CC,OD@ GEUJU)(TO)C

C O C ¢
C\ge?@eoooc}o)e(ﬂcz 700,000 a.ioo Cleaalefen]enioplelely

e@o&@cmce 28320050 oo@ S5qo0 Cs’ae@)c’ (o} Q0PI 00332 epleles)

GIVPRUNRPRR R0 9 °"P€] PB QJpogeopds
0] ¢ (o] C . [0] C

326§ MHNEHOCOIVPIQC Robert S. Dietz &C weeqm@q{eeesopjoﬂc Harry H. Hess

] o
C C C C cr¢ Q@ 00 O N 2} ° C
0005 0Eeoub[0be[gElyignrgas3f? eqpsges(n(d: oggeparedindogroop
C c C o C C C o C ° C
ODGLZ:%GPGU)’)CG@)%POGOTU)C (9@00000') OCC\)()OGG]_?(DO’{IPQPQU(%C moo?o@oo@({{ew)

(e}

N 00
—gfp
ek
(Sle)
&0
° o
=0
SRS
)]
On
8

e}

3200323000 6 °a<\)5@:>o Si
iL 1 61" 0% @

[ N

Qﬁ@(\?(\)’)@d&éﬁﬂ(ﬂc%gﬂ% 3’3%)6]&)(\(? (Y;)C\)QI(T)%P 00 G]C [QOD@ 0339610)0393’2@0)

€ OC o C . . C
30000NBGYIVPNEC Frederick ]. Vine §C Drummond H. Matthews ‘?9 Canadian

(o] C L W. M ] (9] C C CxN C Q 009 C
q{@ﬂ()@@:ﬂ)a)ﬂc awrence Vv. Morley UEOCB’BUO)(T) (T.llc?q@?&)gll 033?61338 OLIDL&)QI

o

23:93260l02¢ 09952005~ (9) MEPEN A3AMBOMME0S 328l37:6CP® 0ES:08:
T o] ket fo7) { 6°° > ° Q?Po 6J"o‘?"

r—80 80

L

C ¢ C C C C C ¢ C "r C ’T‘ ° C
(&gt ( 0€eouS{ogarlgeopt [gignq gdedlelope (2) 20pgep Teclusepaspd
C o O C

Co (9] CC(N(>° C C 'T‘ C Q 009
@ii@%@m @o?z{]oog [g@@:?&)@g CDC\?(T)G’JU) @@GO C\)’)OD@II CDG?G]_OO
Clr< c C C Cl < C ¢ R ocC C C "r C (9] Co
(—L)Z%GP@GO[QCOD&? OCCDQ)@Q)O@CU)C [9:?08’)06?%]?080 @(DGO C\)’)CD@:%’BU?

@@C ﬁ [g)(‘o@(‘ (9] C C C o C cC O [(?j
OO:%’JG ceéll 6|UoCse n?&ﬂ’) 0? ?U)U)G sODC00OD¢ OD@(DGOJJ OD&)QIOOOO cWd CD@II

(D)

6

C NN C C C [0} Cn
m@loaemeaoocemogogqlmqpooa&) (T)@DG@@’]SOU)O{? O’.EIC{?ODOOD?COZC{B[S C oaoeﬁs

CcO ¢ C C o O C(r¢C C
OCGJgoo)?SU)‘D?Uo)C ODC\?(TJ@CE[Q[C\?O(I)’JSGOD’JGTBS"](TOJC
C NN C . C ¢ C C " [ S
%@l@@m@mc@m%ﬂgﬂm&ﬂ')o&)&? &)?’(T{ICO')(DODGO'D’)GTBS]_ G@’)Co@?
o O C C "] C C T C o O C(™C C 'T‘ ° C
ODC\B(YJG’JU)@[GOJ’)G’B@ UgC @@GO OD@II OJC\?(T)@CE[QLC\?OOO’):GOJ’):DGO ODC_\.?)ODQ

¢ (9] C C ¢ [P c.cC
[gi(o)’) Gc?GOJ’)O(feQJ)GOoGP G@DCG@D@@?@S%gc?OEﬂDOGmmO?O Ga"c\ﬂoomo&@?g%gjl

oo

C, c[%coooc@c cQ @o .. K e Q C N N C Oy C Cu
G520 32|9000520M|YCOIDEH(J3 GCISCI0 DCVODMAI MQGPED "DWEI00C
G(D:Déll
o C C C C o C o C cCOoC (o] C
§2:00P00 oom@ooem 9$Q|EMYPAFRY00 O [gg@%cegdj evres]l
C C C C C C O 0o C C N N O o C C
§wowe[goc:@§elpsgﬁ 2000000:M oae]d]oo 0MOOMADOM oem@c:@c
L 1 O oL L L o
ooeaq;sgeo'rof)mgﬁ 200D acec%g&ﬂoaéu 1960 a&ogeﬂogsfamogf’)égooé Cox &éw
L3 L ol L Ll L o 1o I
cC . coc¢ ¢ __C. ce,. ¢ ﬁ C c.¢C
QVOGWIMC (moelp 20RO M$i6|g60l § G elgo)oaocoeﬁg\ 32000032 OSC



C

3200M

O

ﬂé J. Tuzo

o
o

¢
803?

C

02C

Juan de Fuca Ridge sol¢

]

C
000000 C

QGOSO@’D

L

[e}

IL

Lo

Q

o
o

¢
803«?

Canadian o9
3P0

o
°

C
SC

]

C
Cs QO
oC

O?C

)

C
GO0D&0G0
Vine

QI?S’B
(9] CN C
61 OBU)C

aQOMm

-0

]

CcO

ocC
L

QDéII

C

ooooooeﬂ
O
O? 30

o
o

o
o

Som (1.2 co

Ce

o4

o
o

o

306 OTOO

C
Q

C
o
C
M6
A"9P
[2]

N
o

N
o
o
¢

P9

L

o O
0C0MMAD
L

¢

c o
(0 0]~

(€i9]

United States 3264
C

(9}

R

2
(23008 3’3(13’)6]

o
°

P20
c C
¢ qe

P

C
0cWO00D
C C
000L0CQOLO

L

(9]
Lo

(00]~

Wilson

o

<|
o o 8
N> N R I
COJ &J C%Jow (Uep)
Omlom Cm C®M|On\\9
N o= oG=
(LBin PR
mc® S OLe 5
5 3 s g~ 3
og- 59 -2 g 5 %
o °3 Cm “Q ®
O &5 %
© & o @ [
T P85 LES
) o
g § & @ mWo z
B A <
] wﬁcu ow Cm @
§ o g & e 3
\mo o0 mo m G O Cm
\mOUﬁlu O Y = Om
2 o m B8 3.
3358 2 o3 g d
o Ow N ] e O “O
Mo @cm ®© O
=8 2283 %
o = O m
WQCO — 9 %
vo— O Qo m
(DD « &
N\chel.@em o g
5 5 0g*% E o
Cm © o E 2
5R1m 2 N
8 8 ww o “g
‘g € o7 7 g w23
s g7e e R C
‘€ § g — 3 g
8° 8° 6§ 6

C
P

o
o

o

8@[&)’)

C
0O

(9}

@G&)’)OO

C

L
cQOD(N3200 AV

C
EODCD@II

34
SERE

C

L

Lo

?GOJDS’BQI?(DGOO
C)S@O’)U) (00)

]

200

cC O
olopéeay

[Gef
TRM ooé o093

L

20 offe

?Q)G 632D
N

Co

?oe?oG?GOD’) ©CO2D
MED6

C

5

[Qvalen)

o)

éll
20p5
§

o

o

o
o

253

C

S
00 20-00MGOD
B14P

L

C 30
o

o

C
(9}

oy

arjjoo

SGc?GOD’)G@’)
éll

1

3200060320
C
QJOOG
C

c

C
C

C
AQO0630D0C
(DODQII
¢
GS?’J(T)(TODC 632

[0}

3200 QDC%GP
TRM) g

L

O ceaNIC P LATEUS



= (D% g
mC g S
¥R 8 ¥ 8 ‘8
em \J,om °3 mw e 2
¢ G B3 8 8 B
3 OOL@em = “€ .3
T2 % 8§ s 3 ¢
G o0 — 5
§ 3 % ¢ 2 G L
Q) 2 (& &3 & 2 8
mw O Co wO = 5 m w
S>> § 2 ° ®
COe TS @ Ow (@eB)
> g & ¢ g = ST
2R e aaTl
m oo el. O] - m ]
oy 3 AVEE 3 8 (F5g-
EEHe s 2288
2 58 & DD 3 o
8 3 3595 o« B ool &
Ve ST %L e S
3 = DS i
fSFiErds iad
oo MW oo , CQo MM )
00 LY oo ® o
‘DO 8D &P e = cm 8
2 c (3 =79 m 0 < 7 of
SEiT 8388543
o G —] P\I C -
SAETISELE
SEE T a8 TEL S
C&I OML m S m@ “Q Cm @ Cmmv m CG
g § oo m o MO W.CG S oo ml
emrrﬁm &G o Q92 (D S
sm e v 0D~ el.m 2“8 2
9 MCGO G m C% o 09 C%ﬂ
3 3 A m Q § %8 .20
® (D 3 & 2 2
2,008 3 Go B g S0 £° &5 o
o2 (> °3 € o9 2= 6 & 2%
§ 88 §2 &8 3% 8§ &

ﬁ C
=4 G@C\P@S

@ﬁ 632D

o
o

P

o
o

o CO C
depliichsle
4

3

L

¢ o ¢
Q?OD@ oo

o
o

C
Caaqp

¢ C

#{ge
[godeomadgqpi(gs(s
U)GO)’JOOJLQ{PO 1))

C
o
o

8®C(~ﬂ’3

o C
QO9CM o?oo

C

o
o

o)
oG=
C@C@
45
- e)
S (D go
AJ oo
8 &
It
cmuf@ &
%CCOWJ
2 (Do
O cp— -
6 g 9
OLr\I3
SR
A1 D
CCoC@fAﬁO\
(M 38 S
5% &
% 8 -
—_ Qo
£
%MO
5 & N
o n?m
CW w QY
S 2
=
a5 8
= cm
(&}
= D
le o= -
2§ Cm
5.3 =@
B Q a
o § &
CMO% w
oo Gcm
- & 2

cal

C

o3

)

g
T%’] 326003

C
(2]

[

C

C
OCQO0O
C
(9

o
o

¥
?8

o
o

¢

C

C

03P oS}

)e

oC
oC

L

(185

130,000 (50,000 ©

o

(oX=}
(oplav]Slens

300

L

?

ccO

C

COO Cy O C
oegc) oI ™
C
S8 (e

9%

CO

I(T)S[(:j
L

o
o

C

Gc?GOD’SC\)@

C N
@C (06
° IL
ce C C
(T)@S@O)ODEII

|

032400
@
Cc O
¢

s

[
o

E

& o 3

5 F

-9 m@ 5 “Ro

Cu— 2 Y w %

e (&) m o ok

o o Cm mo o

DR =R 5 &

8 3 6 oS
Omh_ Cm oMI_ CM(IW C%ﬁ

88 3y 2O

N

2R 2 & 908 <O

g 0= .3 O 8§ (D

58 TEEG 3

(DS g § 9

S R

(D o - /) 2L

F>O F 2%E 3

m.. cMo 2 ¢ cMQ °6” cm

oS ¢ =

Cm \m G%I Cm w mpr\wo leu
Wc@ 5 a 9 &M 3

& Sl T

Y leu vQo - m

P E gD

o G- LO-° cCOQ@ g-

b 2°(™ q@cwmlc o

“3 CW@CO% o MLO . a)

3 S 75 % wel

O © 30 q omL mOLm@ byd

23 0 S 3 o m

m Q le_ m m @ (0

3 S5 8§ 5,8

S EREE T E

R

6 g § g 3.

[-X-] C ﬁ\loo oo

o693 ‘56" €l § °8



65202622005 0639032601 GC205 @05 50006)&5"32@05
°€Z)/3° 8,) r3 P I 6 r°
c o 0o OC ) c c__oco c . c
OQ:G@QG@QC@‘CQGQJQ 20080C GQUC O?GGZ:QG]:O?C G D3200C0D O?S’G@?@C?
[ o §HC s (o] 7 T

a)eoogoan:ez»/a:s’ao: @5680:@‘ :gs?@‘a)&)r I JOI Alliance/IODP

O ceaNnIC R IDGES

C ¢ C o O C 9 00 ocC

Q0O ZEP COIDCOIPIYPEIODO MLV OZEPQPEIZCM) @mej OO0 80,000 (efc 50,000
¢ C C C C C € C ¢ C C Q C
33) QRO CQPEE0 ®PIML|YOd 6 cLooaemeomcoog?gqu@@oo&ou w:@o:m:@g

C <, o C @C <, o C @o ° . 8’] C °@C C
&)Q?igGPGCD’)CCD§oQ{PoQDEODQ?C33€P 0)?@&{]’3008039 o&?oﬁl?(') 6102{]’30 OZ)OD@II



?G&égm @(gl ODG:) GPGOJ)CG@)@?@OJ@ U)(D[;_f_] 6{]’)8&6 CDGGGP(J)G Gﬂ') Gc?’)()’g
C

OOGOG@Q{I DGEGOTU)C S’BOOCGT) 80 3’301610@003@" 0OaCM gﬁG’BO’]GlOG{PS(B

op)
200 % 33(\)0565)6560)’306@)&”’) (O8] 61893:? 9@603)@8 I @é@(fo)ﬂﬁe%O%égl 32 68 :8
C (’ C C (¢] C
200 % GO)’)CG@)I 3’366]00)(90’)08%00 OD@ CD&B%GT)S?C\)Q)@(fBU)&?G?GP&C
GOS(U)GOJ)G@)C 3’36@07)6163?’) ?DSL%&SG-?OD@CII CD&B%GT)GCTJ)&CD?SE{PSOD@

o) C ocC__¢C c_¢C C C C
Q)[Dj SBSOOQ)COZGUDCOO:?SetPSéC GGPGO%)SG?G&:)QOOOOGOII

mzon\)@m@)g@zeo&o AYeNler )
L o IL ] 9, ]l o L

oceanic ridge crest

o ("7 ¢ " C O‘7 o v C " C (‘o (‘o C C (‘a " o
I WCIOIGESC 326)2072BS s 32%)06@900 co@oc QYZEEODCOIS:GD0
ocC ¢ " " C C (‘0 " " O@‘ C C "
SO0 /199‘2’/333&? 32:1)06@90,,@ 3260260200 [9ODE0PD0ID 66§ CY2Y)

e C C O C oc ¢

PFO2P090D @\a)a)&) Il 90CC Encyclopadia Britannica, Inc.; Rosen

. . C
Educational Services © gﬁo?ooeo?sfaoom oréso0d[aée
P oéslés C comanyps

ClrC o9 QR U o C Qo _(e. [¢] o <,
20435p(039:(4Eqprc 22030p[gbosiafiiogs aop fo(§s angp(fjo5e? epSromrgqoopd
¢

[»]
[e]
f)

%lﬁ&%&)ﬂ&)@ll qCSUJOOD



C ¢ C C ¢ (9] C [2] C ¢ C c C o C
GCT.DCCD?SG{PS?(OZ GO?)CO):?SG{PSO? 6“&:)(\{]’)8[88 GUJ)CU)?SC\DQSG@)CS??G’BBLC

C C 9 C C
({IBSG@’)CSQ{PSU? ?CT.)Q)’)SOO’)SCD@II
Todagamoos (5 Tosapet oo
&)G3GP3’BGO OCOQD3I00 (&C MNLYII3T26 01000 00O
L3 -0 1o o] O
CHCIN>!

C\)OD@(D"(XYT(T% G(ﬂé°®6(\9® C°OD C)OD 5 iOD@3 cOD
L ° i 7~ 0o &? @ 8@ L36P

0On ©0
3,
3
©n
~CO
Qp
)
©n
¢

C ’T‘O C C C crr¢ (9] C C N C C O C C
GO’YJCG@)Q{PSGO Gﬂ OCC\)(D@@Z@C@?%’)ZGGF@O?%I(D%)C (CSJ):D@ZOD&?II @03908006@)(3

3’355”0633’) %8@’)8@3&’3 %8@@3338]616&{]’)8(73 08Le§spogc GUOJ

C C C C .9 C C Cl< C <, C < c O C
GUQ@ODO’)(DG&{PG]_@QPQ(? OCC\)(D@GO[QCO(%C (TB gsfaooma’aaocgogc ooeogoa@u
C

oéeouS{ngsegcoopS egepgeorepal [ghogjegpionlyé afjleqpapdypadpd mgpdepi(yé

e}

C C C ’] C T ° 2] C C T
O’)@@S@@S @l_()()g)g() OD&?II 3260 ()OC})Y)JG 3’2(&0)3%03?03@ 00:%’)60 ﬂ
C C C C ¢ C

oo

@@Qzec?epquoong 330QP:gO (cébtpzoo&?n COQICQPEaoR0 Gooocom?quzoo@ecgp(ﬁ?é
offset ridge segments opsOlocearn :a0ée cc:°[§orge :00¢ 33@03 20looaSi
ge seg s 3 : Sl9P393 QPO
C (‘o C (‘0 R C C ’T‘ C C o (o] Co C Co c O C
GO CM$EONCOI$QPIORC @o)eo 20PY COQ|CQP:En) S0 oo)o)ecpcoo@co J0P0 C0GHEPORC
'T‘ ° C C CcC O C C C
§P32601000D OICLPEINMAPC ﬂ&?e@ocs 88‘?@33&?"

&
wWW

=]
L

C o o QO Co ¢ C C o 'T‘ C (9] C C .9
@C{;@’LGOJDODC\?(Y)(BOD%];)’J%OD@ 3968’)(7)&{]’)060 (op]e: ®O?[§|_G:?GOJ)G@’J(E 396@000({]906]]

o
C C C C cCOo 9 C o O C C C 2] C oC
00O 6 q@(ﬂ?g&)@ C\)(T)ﬂOQ)OOCODC\POOO)OOOgCS@ﬁ 880)&)6]?390?08

Cc C Cc C c O C N C c C C C
&)OOO)()G?(;]OD@II 39(13803@(03 ODQLQZ% ‘Sﬁ c?(T)(Te CDOOGCD@?CD&?II ODG]_(Y)OCOD(T)U)QZ@TS

2003 GU)’)EU) $e °GOTO (TS\GOD 5 2003 @GOTOSC\D@’]S C)D(TSU)QS"&é 39(7%39
L QGP ‘?A{P" ﬂ (? 1 &), qu) 0 TS O?J
32

C c oc, Cc C o . C C C (9] <, c e 09
?0)(1)0()3%039@0)?(03 39%”_0()2 OD@II Qﬁ&)())go\)ﬁ()? ﬂCo[gODP_’QODS?GFDGl
ODGSGP@QSS 60’368390)68 ODGZBGP@ES% é@ CD()SG&)DEOJDSGOJD &)936[)3’36(312)5 COD&‘C(:~
L3 L O L3 o L3 O Ilo

] o
C C C o C C C
G(D’J(D%I(Y)QJ(X)’J%OD I (IE(TOJO?OGOD’) U)O(IE[Q’JSOD@ G:?’)(T)&ES

1
%GOTQODC\TJG]S 39()0C ) OD’J"@E"G@’)E 3933(78 e"C\T)OD C&é%@ (TSOC(;"C\T)G@’JC(;"
0 |L€]‘?Oq.” ‘gr° o ° 81 s JLI‘? ?D ° °

3 2

03¢ 100 0303807 (6

O(O?:m?ﬁogé ooee:aaepgﬁsfag?(ﬁwé 5 © 5.5 030380 (3.1 © 3.5 flﬁé) a%@ogoaéu
C C

L
C C C C C C . . .
32360300000 %wmagglwc;ﬁa?oeaooc?oo@?@@eme@')gl Mid-Atlantic Ridge

L3,
S)
)



Q ¢ C ¢ C
Q?GQ)’Z) G?%G(’Y%GQD@?OO GQDGCD’)CCD? G{P QD@ G*BGG]

o

3/

(0]
00
Oéﬁ%@ @?GQI)GCT.DCO):? G{P OO(T_) (7{]8 G[%)C (.;]OO@II (I)S?[g Cl m@D[gCODSQ&%S?CS

Coe
o5(cGigp
8300051 C0§362080208:601E2 100 98 mmmooogoé"[gcoo"e ¥
B! €393 FOPP3 s ‘? s QRYe
Q @C o (o] Cq ’]CO 100 o C Co @3 o C
2080(g¢esanean3esl :26000C:s om? 360ICs 9503C 20636PM$:6|0PYPIORO
C ’] @C Co R C OO0 O CQO COoC @) o C
oppolon oezep o)oeoqpooom 08356:0MSCEINE|0PC WVYZEPEHYPO
Q C O C C O C
Eq 5qPs eoToa o)eocooo O DOGEOIFIGPESE GOOFPIEI BUDYPIORC

<.

(0] c C O
&fc?g %U)O\BU)@U&’@)S %OOODOQ(TB

8 o

=20 3

g 3o

o
C(’%)DO’]S’b%@’JBéQ)bd’D 98] Eil?@’) SOD&?C

"' "l C ¢ C C C Co C
3069 C3B§3’B[§C 3’3@’) 320 G]_OEEP 038 [g 08’) X &1 C\)OG%’)C@U)@? @(DOGIOD&:)II

L
Med:a3¢ @ (2208820005 0008OV|C 10 (04(\)05@)@03@0005 0086|C 160
FPRCP Y3 JLJL% g ;O RUUANS 1 [ O
C
m

8cS8om (2 C\)(TS@S%))I 3CO0SFI0D (90 8c88om (3.5 LML

C ¢ C ¢
(ooo)?wcgdc 160 emeooo) 3200 a@ooécoatoj|| @i (T)Gé eog 36200 GONCM$HEQPS

o Co 9C, C o C <, o C ofn & 1.4 0.9 ocC
3’3(19’303’3(18Co ooe'?oq”ooooooa@u CiCoC)De OG 39’)0@(2 . OOC\?@U)’) ( &L)

lC 8:?&?8(3]303&?II 39(\)()339(\)0) %8@0 3’36@’)00@6103’)&{]’) 038 39@0 002D |00 (I)(Y)C

o o o

r)

o

e(céeoao élco%é’lé] [gorgeglg;@)eipg 0’.3]050%3@039 q‘jlco:eﬂoz (c0 BBo ac?u) @ogoapéu

C@C Co[§(‘ ial hish Y Cc o C @C N N [9 R
C\ZIC %GOD’Jﬁ§o glax1a 1g 338 3966’)(T)(TOJC ﬂG?&)gll c?o(T{IGc?GCD’)G’B(Yo)G’B eﬂ’)o

o o C <, o ¢ <. -9 S o o o 'T‘ C @ C. C, o <,
éoG(YoJoGOJJ GUJ’JC(T)%&{I’JOOD@ CiCoU?OS'] ?GU)&{I’JOGO (TO)C 0:000:6000 QIL(%COG?GCD’)

)

C C C of(e c(>¢ Co C coo
alga1n352056(g4p: §(G: 2icgte [ghdeseacm coméalopyproopd §Beqpegear
GU)SGOYJC?%E{PS ?]OD@CII

M AJOR R IDGES 5¢ (g4 @ oqj05 C entre qpz D [g§eo(gé:

OD@C?STJ [g%(fTGGF O(fo)g’)c?kﬂ’T(To) CD@36TJ OQS" eV °(TO)C(; G()goJOS]_ODéII 3’3’)0%(78034?%6?00)5
[9?0’) &c? G& G(Y) GO0 O(f)QJmODE ODGGl GT) @ S’BGJ OCD(YS@QSSS’h%Sq.)é U)é?&)éll

C C O ¢ o0 O cCcocC C
GU)’)CU)(Y)OD C\Dmﬁ 39%°39Q)C°2ﬂ’3° SfBODCG[‘:}) C(D 32N 0)(\):?03 C\)(Y)&CCD@II
lo L L L L
3’%(75@(\)%0% ODQLQ GT)[Q'?(D 661 O(f)élI(TDGS”B’) O’.é L(T)U)é 20 S’BO(OB((J‘SG:?GPUJOS?(T)



¢ o C o C ¢ C C 09 C C (9] . .
(0$022000220D01 POV GO CIANIIPEOd OGN GUJ)CG@DO? Reykjanes Ridge
’T‘ [2] CcC C C Q0 00 C Q C C C C C C N N
Spl=s 3 000§OQY|C 20 000007 (0.8 cC0MB) Q000D LOC00M$DIZEIAI OIS 320232

o C o N C C C.Q, @) C C
GﬂlCoQﬂ')o (Y)C:»Q?G?OD@II gﬁ&)@?’) 3’3(&@@@1 cgeo?oﬁfe g(fe ()\I)L%GIOD@II

le]

C 0 C
Bgeofoiinyse

Mid-Atlantic Ridge :Dé Iceland Goooéooo&f 60°S G@)(ﬁmgﬁ)ogcg 3083 %g%sespors

[e]

S th Atl ti (9] C@C C < C o C
ou antic OD@LQGPS'BG) O’{I()O .?OOD&)JII C.iCoCD&:) 3’2%)(\)(%0)03@'.%36{3

30 =

ocC C o ﬁ 8"' C C ’]C ﬁ
OCS@’)SWDSGOJDG@)COZ gﬁS’B%”_SZ?BQ)’)S@W 320 610%'333’30300 ODGLEGPG’BC\)OOGS cel

L

33@@9835339@@(0305?05@&093 @ogGoTemooéll Mid-Atlantic Ridge :Dé 19 spt?saogéz

S,

00 o C o N\ C C C (o] C C .
e@a&)@@c C\):Dcﬂ)omoaoo@u 1855 SSOORC 326OM$EE 0006 Matthew Fontaine

ococ « C C ” C
Maury OD@ 3’300C\)&OOOD@3GPOO quoetgcz :B’BC\)(D:B’BC\)OOG@ 3’3@0)
ODOS@USG(O’J@OJ [cYoupop) @CSOCSOD 11950 a&og 39006 SBGGO(T)COJ
5 et R > s3004C3 9 ‘? ?3P

,_
~00

C C . . C C C (‘ C C
9:00560)Q0 Bruce Heezen ¢ Maurice Ewing 09 o)eeome[gg) 6oNEM$:0009 33@0)

o C C. 0 & C <, 0 9 o o C C
Q‘Ilg?@oeilﬁoﬁg GU)’)CU){?A—{POO? [QCDQ)’JOOD&?H GU)’)CC&’BU)C\)&U)UC))C

C C C 2] C
3903CG[§’)C3[§U)GGI&{PS3’B¢? o2C OD’) [§®O’) 60006 C GOODOWI|3203
Ole o] o L

e}

o (%, C C o cofe. N \NO C_ Co R C
G?oe(go ° mmwzamoo@xogcg[go 33(7333[9%00@0%0338



SOUTH

~AMERICA

o0
Sfewp3e

C c o C ¢ C c(rc ¢ C C c(e
%G?DMGU)’)C%&(DGWJCG@?OD@ 3908?6?2608 H{~1008) OC(\)OO@CO?:?Z@(EO)O)?@O)[&JZ

o]
o

3’3)(00(7)&0 33&9(7)(7)@'_”0 03 (8 86"@’)"@7)“&) Cll 6 s 5 Madagascar 326 CDUS
15 %05 °G] LGGP [ U ° @ q & ﬂo
coc

Q0 C
33&&')33(\')&')(308&(03 396 SO0NC 39&0060‘7)00‘)

le}

zetpz?s{:‘ SOOOOD(SGg?ODéII Carlsberg Ridge

—&nn

o]
la]

3
o3 Mid-Indian Ridge &) G[%)OOOO(TS(D $2:00¢ 600 8620051 ¢:000S5 e33c00Sem aé
L 8 o°<f’° ¢! o»ﬂq 8 q ° @ Qo1 5
C C C C C C CcC O C C coO C
0OCOWd g?o?oogc [_:ﬁ,woeel comgm?qp §C 0s60ICq$ G@Omoomo?oaomcommesﬂoagu

Qﬁza:ﬂérooc 44920 8 ’33(\35[»G<§° oogewgcop_q Carlsberg <J§.<§ Mid-Indian

o
C ¢ 'T‘O C c C C C Q0 C ¢ C
GCD’)CCD?S({PSGO ; 33(\)0033(\)0‘)%?84{[)8:159 6”88(7)()2)08" %Gﬂ?@%&)GODCOD?%ODE
C

3’3(\)())3’3(\)00?%8@(? (.EL&OODéII QﬁGODOCG@’)ODé @@GO)SC\?J?(? 390%30%00@3863



[0} [§ C C C. 09, C Q0 C C
ODGE%GP(T? o000 S’BGGJ]OGCT.T)CCD(T)O?OBQCDe(m 39%003’36?’)()0:7)({) CDQL)%}GPQJ)
C C co C N N C C ¢ C C ¢ C
&OOC\)(DU)@%]OD@II 33(%)33[3&“’)8?(02 GCD’)CCD?%E{PSGRG)OGOD’D GUJ’JCCD?SQ{PSOO@
C

Q0 C ¢ SO C C . . . C N O
326§2006020C32§00602DCO$:EN 06200\ YOOI Mid-Indian Ridge ox¢C gﬁmo?oeow

o 5
’] C C ’] [2] C 00 C C C C
320 610&“’)3:?830 3[93 3’36] oGCﬂT)CG?%OOGCﬁ)CO’.)?SOJ@ G(DU?Q{IG’JJZ@?
C c(rco C C C C cOo C C o o
GQPG%BOGOO’)G@ m?’)ODC[QCﬂODEH Q)CSG?’J(DUO)C @@G@%C\{IGOO’)C?CSOOC ({IoiG?GOJJ
C o O

@o

N o C o S . C C C C C oY ¢ _oo
7509756339 %)SIJO;CF_?DfézyDofSOC 00(1)().)662632909 32%)032@‘042730@00 39?&)3)?’5:’6]9 1



-«

- ' ) :
sn\\jx{

[

N o C 0 S .. C C C C @ C ‘@' ¢ _oo
73097563.)9 ?wa@ofez»/pnlég ()CCO().)GG]G.??QOD 32%)032 CéZ’/Do 5,‘ 3’9?(1)3)%’9’6]9 I

Encyclopaedia Britannica, Inc.

00 ¢
00(0093)‘6'36[9

00 C (o] C C 2] cC C (o] C C (o]
owwoo-saég)oomeoooce@ooap_‘a $ONECOSSC FEHOOM weag@:mwm@')gﬂ
C C C C (o] ﬁ C 00 C (]
303|IF2CO00009E GO CIICOMEN 0§00 326§ VOGO
30501097:8E20051 a8 VS35 5@C6039§C°[§5 31 &o0a50
L 0 1 @ &? 1 C\?.I ‘? JL‘?" o ({Iolo
C C Q

ors . C C Q Q0 C C (9}
East Pacific Rise 038 QﬁG?&T}@ 6@9(7)27)(7)03 (7)03(\)(98?300080CC\')Q)G()03900
1 Lo L Oo

C o o o ﬁ coOo ¢C ﬁ C Com S &
O’.EIQ) c? s OOVOO-6 003’36@6100 320C:a ?(Dc?@d)@] 3220Ce6 Co@c?éc
[¢] L1
o C e 0 _Co C ¢ C cc C 00 C(>¢C C
SHCD&)()OOO’)SODEII SHC\)éC O§:026 006D OCC\')Q)@CCDC 326 ()0)(9(7)@0(7)00@03
1o IL o] (e] (o] 1lo ° I



cC C C 159 Q0 00 6.3 C Q c O CcO c(r¢ °o o cOo C
m®§®C\}Jc Q00D ( . C\)(T)G) O?Qé:)(fl_)(f) oolgoooo?sj O{IC[§§08’) LHO&OC\{I()O%OJ&?II
¢ 00 o C C ﬁ ’] C C CcC C C @ O 00 C ¢ ¢ O
(7)00(\7(.08?800’)200(\)0060081 olkoooDC (T)(DéODC\iIC 0 QOO ( (} C\DOOG@?) &?803
L Oe o 1 AL Lo

J
0’{]%8808’%03 CII GUJ)CG@)@S%PD?&)@C 3’2003’2[9 |§ 8@06 CIéSgﬁS?C\{PSU)OSGC\}J’)(YS
cocC

C
e@eﬂmﬁoagcgc eeocoeoo @:D:Dgll East Pacific Rise

1870 S0 =) Challenger

]

3 %

o L

iy C ° o C . C C
Expedition 3203Cs 000LS0s eog&%oo&ou Heezenl Ewing &C Henry W. Menard 300130¢

C R 1950 C o C60 C o Co ~ S0 ﬁ ’]Cco o@(’
03&3%6{)60308)%0&{]’)000 ??@Qﬂ’)o?? ??@éﬂ’)oS’BUOJCo CICoGﬂ O?O?GO Co(e()) (03

C C

ewg[gs\)oaén 1980 9&0)6”’)83’3080& Kenneth C. Macdonaldi Paul J. Fox «}95 Peter F. Lonsdale

O’)OD@ OCG@?UD 661 Hv]0p) , L [QUSGO’])(Y)OJJ 061[3

3’3GGJ]})@(QO’)@?O’)(D?@']SSB@&O’S%@OO’)@GC\XP(D G?GPS’BOS 08800)5

[e]

9 00 C C C C o\ C (®] C
(Y)C\)@U)’JS’B:%@SCOOG’B(D’)S’BGOS(D @U)GUJ)(DOJ)%OGO G@’JCS cO) 903&" J0§PD0DCI
L O L o 1 O Il o (o)
C (‘[‘:j ¢ o o & o ﬁ ° . o C C C C 9 00 o
GSB?(O&)(T) ?’%DOGGPQ)CU)’)(-{PO@ 39“%’%]’)003&)‘ UJCDELD?C‘;U)(DELD ma?emqpoogo
C C cC o0 o ¢ (9] [0] ocC
m()@:%d]&)@ll ODCSU&(? &)@qu)[gigggeq‘&@(feggc?gﬁ O?LQGO:;QCGP

8’] C o R C @C C C C C\@" C @C R o S .9
320 6103'3%”0390730030339 ()] ODU)J@U)G(SO“EU)EOD ° (DOG?GOD’J ?089066].0@0(7)’)%]')0(?
C

C CN C o O C o < S C C C C O

ODU)?U)?OD@II GEO?OGOD’J (DC(T)’J(:“’JOO\)@ quS’] 33?]80)0)6(\2[’)(7) 3’366)(7)3?0
Co C cc C C 'T‘ C 2] C ﬁ °
@Q@’JG(X)’)(T)(O)? [QU)GU)D(D@CSG@’)CE (2]210) C\)’Jo\)a(fe O{{&)@[‘jg GO’DCG@)@'] 3’36@9

OC O © 09 C ¢ co C C C C
39(3030? (T)C\B@U)’) &)Q)O(TD?%? Gpj§(;,: (2j00p ®GOOS@(E CDO)?U)OD&)}II

1 Cevatin

150%
R motres
Af»:u
B iy 3@:333

ol worrn | Phigupics

Wt AMERICA | ¥ JPoL fepie

.x:hwl b
A L ot v

e u‘-u’ulv
7 o Sty e
~—\ERree 20t
cumfa FA
b | m._ 7
PR A (
— = 0e AN =~
- m
S,
e l
W Cast
PACIEIE
B pise
ANTACTIE

1908 w




()@(905&)6’36[9&)&) ?3096705’6&)932&)032 CS&DC(

C
G ?‘03)639932%)032@042’/30 ()7-/67&)&) I

GQ)%C(DCGOD’) @%8’)866180)6@) %E{PSS’BB’JSO\Dé @SQ’JSGO\)’)G?GP%PZQJQ é“é()fg@&)é
(©] C ¢, 90, o C C ocC C 00 ¢C C C C
QBOGO?O'D (Qﬁoeﬂoeﬂooec?omogc GUO)O?COJ@II O(D(QU)S’BGQ?O(DZT)(DO'(%CI
¢ C

(250 o)cmeﬂrwé New Hebrides &5 Fiji 08]‘%‘{]9@3%3] Fiji @%@5@5 5 New Guinea
cf: Solomon ogﬁ Qp: @J 2q) Woodlark Basin eple [Q(? (?cﬂooéu @$08926§6039

00 _C(C C C
OCOD e&C 3BO\)CG@’)CZOD$ %mssawcscﬂozoo&? S’BGG]O(D(DU)@CU)(DQ&C
T o} 5 ] e} 1l ° Lls

@

o]

C (o] O C C ° ° o C Q C cOo C C (] .
Clepaletesl=lliN[oplealen s00¢C 40° o 50°S QOQI0R332§:03C 0OPOIOVII Goooc@azs] Scotia
L (@] ] [oaNe] (@] ] 1
0E0S 3ee8ms 32H03M MIS:30050300¢ @Coo"eoao 0039105 01823251 Galapagos
61 1o 7700 oﬁ"o o0 ‘?oo" LQI GJ] @ pag
C (o] Cc © Q 00 C C C C C (o]
@g?mgquomoa@ 3260200032§: 326§ VOV (§COIMLSC Gooocafaeeslms*a@os 36
°O L o Il 1 1lo
C C O eo C CII (o] Co @C R R C 2, (]
326420020000 PI0OPEHIOPVI 0IGOICGIN |Y$YIBEE:OCONEIN)
08805336 '3(75@@9(7533(75005"(\)%05 P3P $:320000¢ 600 820251
‘? ° o‘? o L GP ‘? 6”76 OOﬂq 8
cC O ¢C 00 © cCOC O . C .
GC0DeD mwmc?gg?gmge@om?czﬂ Gorda Ridgesi Oregon §C Washington © Juan de Fuca

. C cC O . (] C C
Ridge §C Vancouver Q%8 Explorer Ridge O?B(DCD@II
C C C S C C C C ocC cC O
Galapagos e Juan de Fuca [gigozeslzo)cmoeﬂoz@ ocmw@ez@cwgcze@aczo?
G0 emm@&@é 32608M&NEVGEH30 & Richard N. Hey 2005
H S i Gl‘?lllst] @ﬂ 1char 'ey@

[g(" o N [9 o o [N Y [§ CcC C C
%0(0)’JOG§GOD’J3B(YO)39 0? U)(IBC?ODEII Qﬁ (DODB(TO)CI

C C C 3 C C (9] N C C
%QgCG@OCo@U)Ga?B&Bo&)U)moG&)D [g?g’%@?@&)’)@(ffg):?g@@?&)@

[‘;j C C C o o (9] S ¢ o C@C C C N @ C
U)Ggl‘g)ODGC\J)J’J(Y)(.H"?"G%GOD’JO(feG] 0?%0’{]0)61(7) COI ﬂg(\)’)&)@ll 3’3(783’3 ?(03

C C ¢ ¢ C C "] O o o 2] o O C N N C
@U)Gq&)e [gigoz&g?zoom (T)(DSOQJ) Cl5a03200 ({I &&7)8[98 Q)Q?(T)(Tg(\g@éﬂ’)‘é?(o)

Oé(\)(l)@@ @Cgﬁ G[?j (T)é’)ODC(; EU)C (D()r] GO &Q&C é (0p]00) CII
Qﬂ 1 o (ﬂ’) ({IO JolL UL o L &4)

¢ cC_C
S PREADING C ENTRES $¢ 0DMOVEIN P HENOMENA

S 00006000 0NQLYP: A8 S50 5 £ 209
3@2 300I00D: 2§ 00QPsI 8200 9‘?9 QRAOM0IBIID GECOVEINQPEM
39&5"@ j [gcoo%; GO ®cc:oooqp°gﬁ 39@03"805@(\)(\)’3@4{[3%)8 1970 a&ogqp"e

LO lq io o ? o o e o o

(DUDEGC\O)C\)’)éGTJ OCC\DQ)@G @C@?LD @ &oe C\?LC)C:%SO)BQ{P &C OU)CD(Y)Gj
C C cocC o coC
(I?UJG(D’J@ODS:EQ{P (I)(T)GOTC\)’J@ODEII 39«% JGL] 303 S G((%)GU(.))°J ?QJD OCC\)()OG :?(T)LL)CO

G Q32050 6@08330@(5](73 H éC Q)SC('D 320 CQOD @039386°398(€° ° @6@&) C‘"
§)32°¢ % iL Q{P° 15 @ ° °€iP° E



C

OD@II 3 3’20’{]

QOO0
oo
C

‘<°'>ﬁ Gc?GP

(008)
C
j oooo@eooo

COPBP

o
o

38)

2C) 7

C C

C QJQU)OD’)

C o

C

O(QSO(T)QJ’)
C

o

C

c QJQU)OD’)
¢

C

L

P

GC\)G(;'(YSQ{P
QqPs(g

c o
CQOMEG32D

°

C

o]
9
¢

ZU)?

IL

9 00 ocCc ¢
00 MAE0M (@ e?c&?)

Som (0.6-1.2
(o160

320
(9]
L
5 edl
c600D 30

C (o
CR¢
C
550 8o
(o]
20qJe0

P2

C

o
o

C
C

(9@00%]’3
P

L

(9}

0 63200

o
o

£7Y”

C

o
o
o

/s

C

F4p

L
L
C
320000D3230C

C
ocodne
Cc O
CQOMEG3ND

&3l

%]
m mo m “= o5 °8" 2“9
%l Q o= @ ml _ Cm.w Cohw o&l_
o S - 9 = o (@) 3
oo 3o} Wb [e) D= =2 Ce m —_
%C OAQII. oo C()o
m 5% ~ = e oo U)o % O
. Oml Q\ MM o~ 9 &l_ w mo ®
e = € 6 & g “9 59 we-
G 0@= 50— U Qo0 @B >
ﬂ% w Goo w m (&7 “ ow o (Y
(Y S0 vo— ~ m %ml o> -
Co 8] m% 8 cwl_ 8 5 93 R
sooz 2 B § .
53 - ¢ g
MM @ MM WF Mw Q nlO MM ﬁolnwlu o
¢ 8 & /6D 8 5 g.¢3 8
CQo o3 O ©V oG= © o Do
g: T ARk
5 m o 8 5% 8° 33 2
oo CMU O 00 20 %' = m m MQ
3 w O o n O o Sen)
o “8§ o S ]) 0 @l |
e &5 &3 o3 AN
MM o= 0 o O S JCoe D o 5
SR L B
oo - o oo
L iLEiLdF JE4
%l m G m CG e— O (978 m @. m w
0P ¥ ©o o m “O Cp— mO cO Cm 09, oo
S 528 § 23 2 8% 5
S elaE §g P
Qo - C =
e8P ede s gl
o ’
& 9 P68 8§ bwt & 5= 8.0z ¢
3 B 0= % o8~ & § § 8 @ ogm D
> T (8 80 og~ 05 0@~ L@ o, Qs o
3 W “3 0 & Qg % B “a) 3 L m"_
oool. - G
S r2eSfid 3.5 & 2
cmuu %J cw D 5 oQ- on- 3 mﬂ o) c%.. )
9, “Q-, el m oG= ol a %Cm B ) m M\wl Mw
790 O” Lwp— o G % % m_ m m ® m o7~
SETLELEES fE4 06
S.EE8832 8D T3 8L
g7 I =9 = = “
T s Pemg 8 g8 55wl
5 5 S e es 588 85
/Qo z S0 & “Q m So @ S 5 °6~ “8 “Q
m RS 0 oRe co- Q S > O D 3o
8 o (D25 5§ 6 X T 0 oo 8



C (9] C

(o]
e@z o?oeﬁ sulfide oao:leoooeﬂ)go? 200563070 070520351

C o o ocCc C ocC C
gﬁS"BI J G eipoogmogooﬁ)oo@ (7)%)@'] 33()3?0"_ oﬁf@'ﬁ 20 GP@C L‘? @ ?CQ)@II
Qo C ocC ’] C o C C C 08 o Co QcC ocC Cs
03003 ) 3'306]‘?60 m&iPeOU)C\) UO) o o@?o@)oem@owwc 390[ oQﬂ') G]OD@"
C C ° C
gﬁ@om@%@&ﬁ') ODEB. G?@ 08 32Ca& Co C\? D!

L
zomcsog)(ﬂoa&w qcsogoaé photosynthesis
(®]
X

1
C C 2] C (2] o ¢C
GOTOgCGQﬁO)&?O’)I %DC\)(SO@@U)(D 0610()0’) @C G’JU)G(S]CQ(DO&%II c? Q?CD(T)?@?O;))C
o ¢ C R C o o C 0C(e. CoC, C
GpOD% 23008 %C\)(?(V)ODO)I_G)U)Q{PQOD&? &ﬂDQG’)oGO\T) O@’)CID@? 0?(3%0[30 G§0m?coogc
C C cCc ¢
O(D?%(o?

B05SEE8 ophiolites gp:ond 8¢
L Q?L Gﬂ p ELP" o

Magma Chambers

G@C é@é"OD(SG °[§é 326 OQ%?OUS[%EU)(TS@@S 3200 C°G333(TSO Magma 329 $e °(8
C\?.I ° JL%PO s 1lo o (?" 8 & ‘?"({P" 1

o~ c SemnSoed 0 coc ¢ 0 C
GTJG(QGU) G]SOD@" (0)@803()@@1 3961 SQ)GU)')U)GP Hop) U)Q)Q)U)U)Q)(L)Cg 08 23008 O\POG(?U)
OD? GOD’JGO’{P(D({P :D&C? CC\{IEC\)C% 3\)’) CU)@(T) Gé cM:a G@@g Ciéggcém @é mc%m

°

L
¢ C C C C C
GGPC@?O’)OGO)@CO @@O\)@II) 398:?0%’)085 ooo3aoo 3’2:?003\)8 OCC\)OO@&)O@CGG’B’)OO 2

e 006 120C Cc O C C C CCOO C C Co e 006 @

gplev(slepy (1. eL;c) 95§02l 3209 VOV 9§99 QINDEIDCOROE D © G NDAVEOM (o. ©

J- 835) éjoalo_gln ophiolites @ﬁeq}amgmeoﬁme@é@ qéw%@ﬁgao%wé 2 © 6 08(\%8003 (1.2
O0Cy COo C €. 0 960K 190 o ¢

© 3.7 eL;c) 998 QE ORI 39§59 9 §C 13°N QO3

39@@9(6@13(\)83@@953390%& e[gjq)agooosoaén 085(?0 33[33 33@0093300;

o:éaocrge[ggg@ée&)%m&%sl 393866@9&%[9803?%2‘?9 oooec?ea)o@ﬁo&?em

ODC(;UJ’J%P%EJQ G?’JCEQJ)(YSG?(Z)GF)D@CII



C IRCULation s¢ W AVES

Seawater ooé %mcﬁe@ogeapﬂoze(?méll espaé m?gspquze@oéquz?ooaoé
C C.Q oo C . 00 _.¢C < < g
MENOIVOL:R) Q| $330500001 OCAVIDPOED ewo?uﬂsfaoo@g G@’)GF\,?JC :afaooqu?gepgﬁ
C @c TS C C cQ Sopzel 536 <, @°C° N . @’)C
Q02§2(gCE0l § GESC 632000IDME 32§ POQPsEN DOV PVE06|YIC:A0LQP:6 c

]
o CcC C ¢ O ’] C C C (e} C C C SRT
GC\)CD(T)@CS@C OO?SOO OD@II OD@3GP 038000637)8 @m:%GGPCG@)CSGCSI Coriolis
L o Ol I L3 1

o c c cgo ¢ ¢ C ¢ .S Q9 ¢ C

3’20’.“[803(06 (Dﬁfl (0)0‘30?00?1]5(03 39@’3339%](7)%36@390)@3 oo:imoo%a@u
Q¢ . .. C (2.2 C €. C O Corioma i€
ODQ?%GPC\RCJ{PJD@ 39618@')0 QJQO‘DSOCOZ 089o39C0? %G@)Co@()o&)@






@%GO@ESII

CSQJ')S

GT)GSIOSG

D3

L
C
C

(DGS’T&SOD’)
O
m
L

e

o
o

€

&
O’ﬂc?ﬂGOD’) ODGU)’)%P

dead reckoning

o
o

o
O]
L
co

o4

o
o

(9]
o

C

"] C
Q0 OCOD@II
OQDCODUDQH’J

I

C

o
o
C

C\)éOU)
OCC\)OSGS]_

C

L
320

[o}

C

C 200000000C

o

0
LU SOM G
oJell L

o
o

[

o

[0]
ODC 320(N32D

(¢}

copdqp

L

C
o,

[3ep

2
[preqen
qloaén yvgc%eoaoeel@

O8]
L

¢

Glc? OS(SCD

o
o

¢

o C
30?9

P

o
o

C
C

(2]
C
&?II (%]

o
o

<}

§9%

[g61eo

[geoap

c?GOD’J 3’333@:?@

olop

o
o

OOGG]_OGD
20p9E$EP

C

@GG’B’)

C

33:)%::

PSS
TR @"
0 63200N6

C
moe

o
o

C

PN

[

C

L

(9}

o
o

C
C

C
COIG
C

U3




4 5’ 90 @ (’C@D o @' C 90 @ CD o C CD
093%’?&)%’5’3’6]942’/9087 6Q0:6/070C: oezyoo//e 632909662006 C2e222020 V0
66]0600734279"@90? eszag/o"e@eaaoco&) wc:oom 326&)5’0)096&)6]60 Il Merriam-

Webster, Inc.

m?gepqus @')88 Sgﬁ 3’36@')526188%]’)

Sir Isaac Newton @ﬁ 39@@50’{1@030 ®(r3[§c§woequoé? oge?@ [h]=ie 0] Gelg\{pze &3%@&
@c eoooooqj C\)@OO’)J 0% oosr. zﬂloooo oaén Qﬁ 3 @5 né

61(\)3038 BO@S’BGOTOD(Y)GGPOOOJEB S’BCS’B’) 3002 C\) @ﬁ vector sum ?(:5 é%&)é(ff

=0
—
[
=

G(SYS@GD OD@II BO%S’B’) 3’3[9CI OD@CBGPGG]_Q) G@’)C EEP O? QSG(D Qs
3’3({1”303006%006@03@ 3’36618@8&%803@33’3’)3({]’)3?’) Gq@cczé?os’ao 3’366]?039&)() QGO\)’)

C . N ¢ co.c C c
3’3C33’330)Eﬂ')3| Coriolis U)O@QJ’)S&C (OleplepleplcrpH 3@@03&?" OD')OD éC inertial
L Oeo 1o 0O L 1o
Gd](m 1300 5 OO 3’3’)°@é 8"80&@3’30006 GUO)OO:B’BG °(3]GOJSC\) 5¢ é"U%OD 5
61 ﬂ ° @ L H ‘gvs T °1 o L ° &)f’ q )

<, @)Co e & dd o ﬁ Q C [_‘:}C o C °[(__Tea° C
%IBOG Co%Po?(o: eadies qPo@'] ()J)OOCB’BO\CD)CS’B CQPOSSUCJ)OO 3’36610 oCU)ODeII

P RESSURE GG RADIENTS

_ Q @ (‘o o@ C C C C [‘:j C cOo R cC _CO o o _
P = gpz POY|[§Cs 3205{§C OCCOVIGEQ|MID(YCEIME) 663N VODOIM) p = gz 1 g
C C %

0 C&\)Cém"@ﬁﬁocl 2000 OCAOWO6 @'ﬁ Sac 5
2 38 sENIPYS! P O Bl

Eo
Cn
o
(g
8
)
©n
o
S,
—on
3
{4
<
8

C C C C C C C c O
OCC\)Q)EHOO?’)@CGG’B’)(Y) 39:?(7) (DOD&?II CiCZ(Te 63 CC\?(TJU)(DGC\RP(T) 1QV)

o]

¢ Cc o C C 2] C o . .
oog?zmzeipzs'aoom 88{]@033’3(7300 c(DDC36A0D 32 8®O&)8[§®OD hydrostatlc equation
o (0] o L

o]
o]
o]

C ocCc ¢ C

wealo0aSi 30oPsadnd @3 239|00 (3203]$8C S02:C$E205 MDAJY °G@’)(€)O% oM
[ > C\?.P° [ ¥ °Q~I |LQ.I{?J s ° e} ° O?J

O

O C C cC Ooc¢C Cc © 0 C Q _C c O C o _ C

CTBU)@S?%OOU)C (oplex{oppl=iovs] Gq@C@ (939’)8038 39(\1]’)8(\)00 GC\)OJ)B 2000000 OCOO0O0C
(0] L L Lo L

~

c c ¢ c c c N oc c co c o)
Eﬂ())?’)@CU)@GC\}PmI Qﬂ(Dj&’)BC &O)CCSBDSS]S 39%]?3’30??@13 BSODEGPO\B’
G(X)’)é@c G(D(;]OD CII 32 °C\O)(TS (0939’) s0 G3r] C\O)(YSG@)C(;"C\\)@ °(I)(YS

9% 4 @ PN (RE 8 { ° (RE

EiIQSOgJngC(lSGQTSQ)éZI ODQE%BGPGGl@%G@’)CSE{PZO? @é@(ﬁ@@&)éll
C C . QC_ ¢ 9o C C_ . _C C C
39&(736@(7) 39(\)’)‘,39(\)’30300380&)%6@ O’)O)CD’JOU.)EOO’{IGOD’J ODQ?%GPO’)O)?O’O)CI
c &

C C Q CO coC C
OCC\)Q)&{IOO:JSJ@C G(D’)CSG?QJ)OD’J 39(\{]’.)8(\?00 (939’)808’)[5’)8? ° @@&COD I

C . . ’T‘ Q [¢] C C C
%G@%G?%CI isobaric surfaces LY.I?GQ (Zj00p] U)EGQ)’J(QS?’)SQN(D?’)@CQ{P%&D&?

» B,

C C Cc C Q cCOoo C
()CC\)Q)GGlQﬂ(T)?’J@C?COUI%EGOD’)OG’JCU)@CO OG OOGOD’)S’BC\)’)QN’) Uo) c®OOC:s G:?(S]OD[D\_I)II



<, 9 C ﬁ .9 oc ¢ ¢ C c..S, C N o . di
CiCo(? OOLOO@@1 UDOOGL]S*BOLL)C@OOOOOG’B@Q 61 88‘?0008" QG@’)COC\)GCDO 0320¢ gradient
C

SGOD’J)&")CII OSGCD’S OO@’)CDQSGPG{PSCDE')C

O
(B
8
3o
Cn
g
—on
3
3
Q
®
5
2
%
S
Cc)
—n
N
~3o
~3o

]
83202 gradient 03 32030325098C or\)@')"eo)(ﬂoa 1 &0 32 06&505@0"@030
°8 { '?Joo° 8q°8§100°
Q C e 0o C C .. C (o C C C
eq@se@;cseﬂozaoa?oezooeeow [%oogeﬁ baroclinic c?oaow@o)oa&on 209ZEPIPRC
C C

C 00 . C C C ﬁ "'(’ C
661@0&?(933’)8 gradlent 0 gﬁ@()@?@?gl cO CS(D()?@(DOD&?II

C C C C C C. . C C ﬁ oC C (®] C
OC(\)(DGG]_ENOO?“O C 33?0)3903)2 I_OD@ isobaric QI(T)?’) cel U)GSG@’)CS@L ODQO?U)

@ C C@C O o C C ©o @Co Qo@o 2. crc oc <, @(;@
(2] QI(Y)?QOOE))C C(YB 66139’)0(\2]()0)0)@% CQO?Q ° O?:;(D(T) CO00302030 <?
(9] Cc O

méemﬁ%é&o&é //O(DU)O’)%(?)SU) ®[§‘3 6@?6%3" 200 GPCSﬁ 6@03839?(D(Y39J

] L
FR?

(©] C C C C C C C C C C
GODG]_GOD’)C\)@S OCC\)(DGG]_%IOO?QO@C GC\J)LPGOD’)(DOD@ ?(T)c?GCD’) isobaric EUOO?QO C?

°oOn

Cc C C C CN . . C C C c™C C C C
@OOO)OGGO@OD@II ?(T)?GOJ) isobaric eﬂoo?')@coa@ 3230C Q)OD&UB OLIDL&)OD@II GC\)@COD

o

Coe & C C c 9 o C C <, o C C
GG’JCO?%CGOD’J C\)&)}OU)?O\)@ U%;%P:;CU)GOD’) 3’3?00@(02 GC\{E?&DOE’T)OGOD’)G@)(EI 3B<?C)O

(9] c C CcC C . . oC C C oC C
U)K\)’JOD@?COZ %(T)Q)OGQ?GOJJ isobaric U)@SGOT)CS? GQ{P?&%&(%’)SC\)?@&UE

093 ms@lﬁ ogoapju ocmooeeleﬂoojs)@cgﬁ ®®G(5]53 GL](S oooala_q 2 8om (6.6 cO) 39, e][g
co, ¢, 0 C S n K (oS 9 < ) Q Secalls
OCH:Q$26300§) “60DCOH:qP:E” §C oceL]o c?oesoae] E?.I[‘EQﬂO ﬂoo@u gﬁw:afaooeoee cooa@

C C C C C C C
CiCOGﬁOCGL]o?CDZOU)OD(DGOD’J (T)G’)@ﬁ @0 LODE GCG)]_C\{P G?GOD’)S’BQ:?E{P (Y)

C C coc o C C
@CS@C ?’)3(\) &CGOD’)O [§C [9 @G@O\Dgll 3200000032020C3
o ° L L 3 o
Qo C C ¢ C C o
GC\)C\)’JOD%U(%(DI G&S\{Po@?@ﬁ 9%’)(7?(1)0\)@ 39[5’)063\)9 ()8%03’3)00’)0)??@9 GSLC\{PO%E(?
C C ’] <, [g) C oC, C C o C@ C C o C
@C\?OG&)’JCO (@) QﬂeoG 939(73Co SOOOC\DOOGQC\{P G?@@ (DODEH QBOGQ)')
C ¢ C C C

C C C C oC

PRV Mg0ypIefIRBOROG{PC Tegoqpigded qiprelpeadi
coC C \NOC
6@@%06]" Qﬁ%&l’)@@ %[QCU)(D (T.):%.)«.?g &)OO(DOG?GOD’D ODOOLO)(ECOGOTQJQ
C Co ’T‘ C CrC ’] N C co
%q)O(goJlUJ(D?S’b’Jg C\J)@OU)@LGO QJ) EﬂESG@)?@CO 68198030 o 3?(7)80’)0\'?(1)0)8800
Gogo@lémsqe@ 3’30’{“_803(7)6 (YS%E‘?CS &)EUI%ODéII GG]_C\?J’TG«?GCD’J 3961’)0(7)[ ﬁ
C c O 0O C C C (9] C

C\)QOG@’)CD(T? ODOD’)(I)Cﬂ’JOOOJ’J C\J) v OU)J (T? @CGU)GlGE@@ODEII (DX OSODE



Ol é GOTG] GSIC\{P G:?GOJ) SQGPO(T)l_@'ﬁ e CD@GP

C C C Q C
gﬁ%c,@)oGOJDS’BO’{”_ OD(T)GGPOO@OO&? OD@36P661® G@)C GTSS’B@ 39('90)
C

(0]
oocj 8038" qC 33203 Coriolis force (DGSTU)C[B O@ GP(D @COD(DS’BC(U $OD’)?

o

C C ° C T ¢ C Qo _C c(r¢C
CO@OO)GSBDS Q630060620 Coriolis OD?SSBDSG@)C SECQPSCO(D U)(D@?
1Le AL ILe o o L

3’BGC ;30 0) C’JB °C\03(TS e"U) 5 OSG HeTI00) CII G’o:]éC\%(TS U)C"’JB’)" ° G@’)é"
23qProopd 320qpicnd Broapaepdl egoqpresoopdn ealécon opgiamigp: felopé:

C C C cC O C 2] C C C C 2] ’] C
WCGJTXGOD’J(\)gS ()OC‘SU?OOD&)J OD@L%GP GG]_Q)‘SG@’)C‘S 3’2(TO)CT) ’3’2?&800\) 396612[—920 OD@II

[ ﬁ €O, ﬁ C Cc O Q C @)C @,) C @COO
(T)%’)OD@ C]CJSW OCSJQ‘SW %G?ﬁmd)m&aS’BGﬂg\aC\P@G?G&)’)G COIG 0000:%’) Qoﬂ

C

wqpog)ﬂc Gustave-Gaspard Coriolis ooL wetajeogooogoogn mooeoc;@a’aoom
ab)

i

N C o, C Cc O R o C O C o c o
3’2(7)90’)0\30’)0)8003@ &)J’)(T)(DO\?O GgLC\zPoG?GOD’) Qé’)(?(l)(? C\P&?‘Og)o&)&:)(?
(9] (o] c(rc C C cc C C C C c o
ODU)@[GG@@@OD@II GUJ)CU)(T)[%G%UQ)CI Qﬁe&e@oczﬁw O’)ODO’)OOO\BO

C

e, C oC C (2] C 0 _C C C R C C
eooogeg?m@e@n SQG(TO)U)’)UO)C %C\HDOC\BCT) C\J)@Odjﬁ(ff m()ﬂ’%@@@(fed)() I

Coriolis force 2005 & 209823 33[%00(5" c0Cus e@aé" @oogéoa Sncézen
oriolis force 2000 6§ ayPse >, 3 COSM 3 S o1 GC
O C O C oC C e ¢ o C C C C C
czlev/sklan]opfczloleatclolek Cfoap_q Sleclefelelev]oalestc (6 /Ggamoommogsé‘@:@ooom
C CO C Co C C C C CO
39@)3)63996&09063)909%9:32@0 6000226200/ Goaocgc:m:goé‘a:@ogm 32250909%9;7
C o O C Cﬂ @CCO o C Oo 7 C C°OC_ 2 0
S$C 6 QAYPL6$EIID MVOCOPOEN I0|Y$&§s! € OISC 329)1209/0IA0201 G =c(2wsinf)

@é eogooog[gg ooogo)mc%cg]é w =7.29 x 10 -sradian &)é meen c\)&soorgegﬁ angular
° M o D 1o 1L

velocity @ogoaéll

F RICTIONAL F ORCES

o C o o C CcC O C C o o eo C Co CcO
Q0LZEPQPEYOII0C G QPGS QPO 8000?003?6@99 06080[90 00D0§:M)CE
%qéeﬂozoaé eoq{éeoaosfacqlé@cg Gglg\ﬂozooéu (C_’L)fé 5@ 90 6§ OQYPsEHEIN

C C C Q N [oF (=]
3961@39(_\8’30\)8 Gc?oG(Yo)oGOD’JGaOC\{PoG?GOJ’J S’QC.\.?’)U)O)?O%&ODOAI)LGC\O)ﬂ[BO

81(\{]’3°@G&°G(YJ°GOD’JS?C\)’JOD§ 88@:%&)%0)’3681(\{]’3"6:?6&7) 33(}8’)@53?@:%%%8
GC\}J’JQ\I&C@&)@‘DO\)E’)II 39(\)’)2”3 @’) o2C Qﬁi&?é]c?gb(f)c? NG@)éS@é (Toe

(O)UJUJOOS”B’J Qﬂ’_) E{0p) G@TOD@II 396“339(])? o3 G[‘;PC QODE 3?('839 OS oC U.SSO’J’JCQCIO)

3o

o o O
({IoiOg)oOD@U?CGSQ’)C 396810(86039C0? GQDOCLDGQ)’.)O)G(T)OEN’JO o?oeaoc\ﬂ')ecmoa o

le}



0 0 C o) c C c C c ¢ o C c
(QDCDCDEG') GC\D(.OG’Z)SGOSQ) OD@ GC\)@CGGJ)CS&CGCD’D QOO0 00VM (I)U)GOSCDEII
[ 1 1 1 s 1 171
cMc ¢ C e C C
Q)?%GP@G%@CCD@GC\J{POO GSLC\{PoG?GODO GG].O)OG@)COE{PO?C; CD?%QT)G‘IS
O')OS(Q(VS@QS°U)(€C\) 5 ()508083’3C\73 OU)UO)(YS@gﬁ C\)QS°8°€9(Y0) é (3]03 Cll (= °@@OGOO’.)
°~6 &"? éf‘ o} 't D AR AR TR G]. 8 (6310 H °I ﬂ
cc c C oc O c
Q)QLQ%GP GQBCODEE ODQ?%GPGG]-QOG@)CO? 3’3?]?(? (Q(DGJT)oGOoOD@"

G EOSTROPHIC C afaeooocrgafaoooseuos

100 8o, (c0 330 a%) 390(3&31@030 §(ﬁ$80539c0’)qps§§ Cletigpplzens)

e}

C cC O _¢C C C C ofe
ooaf:éepo?oogaaqloo?seogm oooo?m:sfaooetpqoapj saeslod]ﬁs’ac?@ocwowﬂ[go

o
Q C C C Q
32C\1P0C\?(7)33C3’3’300|_)Eﬂ'303908m Gélf\if)“ﬁf&?(il
C

Coriolis force 03eN Q26600352600 39@@ G@’S@gé&) 51 3103 Geostrophic Balance
fo 6L]"GJ] ° éﬂ‘?o JLP L @ { p

S|

Q CoO . C
QQPECM®30: gradient §C

BedllonuSi

0O géGOJ’) (T)@’)GOTU)C(; [~ISl00) 5 32 °C8(TS 83’3’)" radient @é 390 C@é@"
1 L o) o q 8 EI Y <8 ° GJ‘W JvU°
C

o) o@c oc Qe, ¢ C@ Si a3 c c, c h CC ol
03203 COZJG :??GTJOD ®omCo@@ 020 Q?OGQD’)C\)go C\P@OU)G?GO\)’) m:%')GO UOJC 0riolis

G °(9(YO) QO 07)°[§° 390 CI Cc @’ﬁ %@Céc°3\) 5 32 °C\%(YS 83’3)"- radient
OOHOJL A i b J‘? ‘?JL‘?° &), EI" { <8

f (9] (9] oC O o
orce (Te 390)390’{] QJ:?@GOO

~2r0

C T C (9] C CoC C C
Cce2o00 Coriolis 08@839’)8(7? (I?U)C\?OéLCGC\)’)(T)GS’B’JC

¢ ¢ oCc ¢C ¢ C 9 CoC ¢ . C
@g?ao§e§9m 3261960 0292925200lI Qﬁooooocqﬁgcc\gpmz dp/dn = pc 2 w sin 6 39@0)
C C QO CoO . C C ocCc ¢ T

GO0 | dp/dn Q020 320QPECYMD 0325 gradient @@oap_qn gﬁqﬁgcagpeﬁl Coriolis
Co o C o C hY Co c C C (‘OGu C C c o o
Q023205000 6§ AYPOSC 32|9006% eoooggﬁ?qeoaoe[@og evlealsiokleatentciloatoviebRtczal
d. t C Cc 9 C C C C C Co C Go C C
gradient §C Gooogeec?qe@@o)oa I e@ammmm:%o@eoogc gﬁeom&aaﬂm?o

o °[§C C CO 9. Y O@ Y ’] C CO@O C C @Co C

03203 COIO\)@ C\)(T)ﬂ BOUJEGP(T? @GOD’):%’B@ 8’)0’)(7)(780?] ° GU)’)CU)(Y)(T):%’) QO(TO)C
C C CN C co C co C (¢] (9]

Cngng C\)(T)OU)OO(TO)C ﬂGc?OD@II Qﬁ(\}JO@SG@’)CSC&?Qﬂ[SS’B@’)SO?

0080E 68"@@9&00@97\03 Si 3900(75@@5@(3] Qz6C:6000036 [§5°oa 5
2|08 FREIIPY LD R S {| G et

9, Qo Q co ¢ cRe . CcRC, C cQ .. C
ODQ?%GPGGl‘DoG@’)CoEﬂ’JOO? ogw?meoo’)t?@o@gogm:ﬂm@coa@oom %G@@@GOOO\)&?II
C

(o]

L
C C C C ﬁ C C CN C C C C
OCC\)Q)GSl&ﬂOO‘JSJ@CG] OD(T)OD’JSTJGEEOD@ :?(T):?GQ)’)G]_&?B\O):?SE:ES’B&)C&C SMOOBID

o] o

le]

Seola&S 9 ¢ _Co, Ceel oS Cors c, Coioy O
S [g ﬂ O(X)OOC(\J{IOO)OG@JCOST C\)QOG@’JC&N’JO (C\)QOG@’)COQN’)O) 0?

C N c ¢ .. COo__MCcRC Q QC MME OC C ¢
ODUJQJ)U)GOOOD I GU)’JC(Teg}SOQiPoODe (93’B’Jo[§§[§co0? o?oomo[gl[go QHCOZ(J)GJ{I’LOD@

lo)

(0] C CcC C C co C C C (9] C O (o]
603(0390&?886100‘?339@0) oogﬂoaen C\)EOU)?O%%C 0320300036200

—

C C O C C C c(rc O . . . ’T‘ C
(2] (0n]08]28) 836] C\)(T)Q)’)Gl@ C\)EOU) (0210] Antlcyclomc motion 0069 CDEII
op) 1 L L



(9] C C ﬂ C C c C C C (9]
S’BCTJOOG CSOGOJ) Coriolis 32C320:81 OD(T)GGT)(T)GOD& CICSQ'I 80(7)8’) CSC\)(TS‘)CU’T)(TB

C
G@’)CSC\)G@GOJ)G@)C;@O)OD&II

VO3 °3aooé° 03500 c"aocs 3" @')&
1 35]?'1]% o ° i o °'°" -
oC C CcCo C C C C C
ODOOD&SSOC\J)LIO®°G@’)C°&{P°OD@ SO’)"Cc?el 3’2| (0plep] 3’3?@0 OC@
OO@’)%Q&{P G@)C @@GOTC\)’)GOD’) 3’3?&'}) C()SOS SOOO’)[%)"GSQGOTSOCCGG’) G@’)C
C
(G)lC\?J’) Gg’?GOD’) 6610) G@)C @@OD&?II 0032 Cc? 3

o

C
OD@3GPQ{P 3900Co oo[g')oeoo @@G@O\)gll C\)C C\? &ﬂ’) c ch%’)m()O(DGc?OD@

000G6&§0 O?CD &)’)80:??@8633’)6@’)§
C

00 C C [2]
060 (S]OGOJJ OD(-B%GPQJ’LOD&? U)O)@L?“: Com Ggl(\zPch?bo

mC\%gm &C(; ej Qe)°&)é°033°03
L GPJ ogdq ° °~6°°

C c ¢Cc o ﬁ
GGPG&’)@CS@C CiCSU)@'] G)S@’)SGOJD (2plep)
] o Lo IL L

Q C Q c o C ﬁ (¢]
° C)\BOGU?U) 3’3@3’3@8 0)8&)08?8’] 806’)(73

36200 Gibraltar qu(TS@Dzopf @Ofgﬂ

O@" °<§6 Cs C(;]m
1 °(?.P°Jo €5 8

C C C
3’BGUJ’JGC\DSGODSCQ)G (005 GOD’)G@’JC CiCSCD&?

G@')orgeoaeoao Bomond o GOD’)G@’)CI @@ ©c Qo 364

0o GT) 8 L o J eiP" Gl%”ﬂﬂju 0o

G(‘)’.U’SC%%G?O’]OD@CII elco§%n @oc\)occoooogc :Doec?occooac?meqoooo ) u@

aoozqé(?éﬁem GQQp: Olog[as 3aclfe$j$ 12.7 © 14.5°C (54.9 © 58.1°F) §C § 50236205 38.4 ©

39.0 32063 om0 C )¢ Vlocanasi ﬁmmam °G@95 G@OBO&\)OSG 2005
Dentyes S o psiect RS e i

C o _C ﬁ cOoOC O c o0 0 O OC C C C C
G@’)(T)S?U)C\)&U)@'] 3’3&)@0086] GGl(I)(T) iobloviovslovs) LBODOOD@SG?[BSI U)O)G(IT)CC\RIC

30036000 Q@ 39@00390c a§&c 390:{@ 13°C (55.4°F) a%’]m&gu :)3533&5330 @'):@:ﬁm

6(3:](5]8603’3 @g'?mcéjooeqwg Gibraltar eqwcﬁ@aggﬁ @eon’Bégogé (8009 200 a%

.. 0y.08 C (9 So&0Sel 858850588 C N coc. 9
39:?(7)39(1)) O?O(DOOCG@[SO G@@OCC\)QDG\ LL)CDOODgoGOD’) GGIC\)(T)@’L@”I GS’B’JOO(Bcoﬂ




e300 )

(00p)

[
o

0 0C
OO(BCS[%)

[1,050 co])n

32

°

?

2005

L1

8
<
2
8

00D

=}

e 3;»?08 320
) Q22> )
%63

2]
()

C

320000
(@)

(3.3 c0)

c C
320C&C
C (2}
PVFQC 2 00 (6.6 6O)
¢ C (2}
$QIC 1 00m

QOGA006
C
&? 0810]0)}
C
OC OOOOM
(95]

C
C

020
C

Il

(c0 900 a%)

[
o

ocC
oC
L
[P
CS’B‘?S
cO

ODE)_DJII GQ]_C\)

C

8o 20 (12.4
C
OO:JS’)@
05&]9 275 8o
00 C C
§1%¢

C
GGP(Y)
GGPQ)OGOG’)CED GBGUI)’S’BU)?GJ]

314

C

I

2

C C
GQ)OD&?II 00]eplaval~i00n]~]
(0]
Gj 632

L

CcO

(0019510

o
o

C

PR
%

(%]
C

(9]
(00)
Q
O?OG (ff (0p)

)

g0 5%

C C o CO
eleb/[eRelpRezlelerer)
9,600 a% (e0 g

C o

3’2%(7) 00D

E KMAN L AYER

O & o = 1 oQ-
S ) SIS mucm 3 mg & —
& B 8B &g au ry B
= o=

S 2 . eS8 BEY &8
g .- m X cmoﬁ% 2 B 8 @ B
Oﬂ nuc OmL = m % Cm Oowﬂ mm oo m m C"
8 3= & m @ 73 5 3Puoe g m =€

<O Muﬂcm @ mn_u = (@D O wig @ 2 w ) @
q ™ o GL mw Cmb m = Q= m o CG N C@
ST BT EPTOC #r3L g
Fped s Eowdrims 54
CO° LG o) e = i+ Gwlu m Cmu le) ww t— ©® 0D ‘O
- - Oml_ m % 4] Cm (Y @ Q ml_ Cw @ wl_
PRl QY c. 3 8§ )
2 o 3J & @ co- &Jm Q °§ m

o “O o MM cp— WO m D- ¢ R o
m S §o ow- o 2 S € & B S = w 3 “Go
c 28 X8 §F TR 8 o f
o “q) &= o W w1 (D mu “ “Q) “Ro S Z e B
Y @= o mlu e . m m o Cwlu m (@) D
p\@ w M Oml C@'.O Mwo oG= M.M o (@ m mw m Cm o)
i 0 % 2558 3w %R &= ) o “3)
RS raPiog gt T 8
I I I I B R
omL G = @ q m m o & Q8 g Cm CQo N mo
5 & & oz g o @ Q-G ‘% ©
® °g~ B go 8 m g 8 © el cw 8
oS T 8 88D g D FHG T
m@mmmc%.cme I =
mmlu %~ = o —~ OQ— &, MO “Q Cmux = Cm CéJ 8
e gt lws 8 Phgd Ly
S P 8 P 8 B o= 3 & E o 0@
ol %'.anq @_ O o ‘o o 06 oo m 8 w va

= O leu = %= O mél m - B Mw &

ST E 2§ 3 S ufes R 8w 8
Goog & 2= O S R oD & Y e o
2~ % “g voe B e R BB “Q “Q) (DO v
3 B 2 @ mMV m 8° ‘@ 3J mO W § o 2 9 c%o
C@ Cm_ Mw|_ Cm QWL 0D % Cm Cw q (D) iy m C%o m
3 ‘) g, o5 e 5 53 & 4§ ¥ &>

§ 208 o G £ 8 58 w3 (f) g 3
o 8 o8 &5 2 9 € & Q)(c] 2 of-
o 3 %3 § S 0oy 6 3@ 8 6 3 & od-



S]
S
83
ﬂo
=
glofa

. C 9 0 nno c 0 . C .
O s{IGG]_ ?Q{P CD@ GC\)SOCD 90 G(ﬁDCO?OGaC\{PoCDeII Qﬁ@glg\{l’)oﬁfw
(=] 0600%3@6 3 GC\)O)OO&? Gﬁ &:)’)CDUD&C GO?DCUDG:YD[%G G]
C cN c_c C =)
qczc;ﬁmmooomogc@o)oa@u gﬁ@@@eo? Ekman ODOD()\I)L(BOG@’)CGGIS(YBGST [98
S e S C c@cg@c 0 C
c:i&l OD(T)GGPOO&?%PQO? 200 Gp&iPoO)C 0’{]0\)0’{10\) c? c?GU) 6]6103&?"
C
C

U)OSG?GP (T)GT‘GOD’JG@)C Ekman ODODODOG%’)CGGI OD&?

t Qs 5@') 5§03 eoaoeq?eip @@GOTC\)’)OJPB"

C C C c o
G(S]C&D&?SOD@GGODU)@ OD& dOWHWGlllng (fBGSTGOD’) C\?OC?S@BU) > C 6616”00&’)[90(?

GC\)&)é O’)OSGQ?GP

GG]_Q{I(T)&’)@C@S G(S]é

c co _Cco e N c c o c c o)
Gmm:f)m:l&dg%u&@@[ﬁgl (YO)B'Z@GOJDG:?ODU)@?OD@ 326010032 V&32C0)D O?OG (7?
63’3')(75:7)(7508@ 20 C@QSQ)CO')CCS m@&@é"mGSTOD C|| QOO 5 mé"o U)C"&é%@ §

o] @ 8 o] iL T 8 @ °GI.] <?°J s |.
o cCc ¢ c c C c..C o) .S, . c s
O?m@m:l)@@?q)ogc 3300()0398000?(0: l()’.ll?deom@o @@gxo&&‘gll eo@’)mo@C|

lo}

°

2] ﬂ C O ¢ C [0] C cCOC O N O (o § C C C ﬂ

OG]%@T OO@%GJ%U)?%GCBOD&C 3’3’)(061(T)3’BG§’)(T)G (T)OCSU)(T)ODO39(&(308633300(\)00661@0@1

3’366]:7)(7)?05%8080)0%6%0600)6 (T)G’)CE’B@(T)CE’BO’.U&) 633\)%) @Ogi)\)éll gﬁGSODQinUO)é
C

C C C [®]
3’3({1”000@0,03@ GGlQJ(T)cJSJ@CO? 6390@60)[90 3’3’)(])’)61@000603’) 6@63’3’3006610?

C C (©] C 2] C C¢ (9]

OD(-)SSP@ﬁ Gc?GGPC crlavalovovi~tNoplelavalens) @OGO33’361 @(D(I)?SGCDD c320M

L3 O Lo 1L o L

C ’T‘ C (2] C (9] cCo ¢ C N ¢ C C

@‘DGO G(D:Dell 326MOD&C I28§D0OMOOOO0MO02C M SGOJ)@':?EHDSODODGCOJJ)(D
o 1o o L o O L

9 o C ¢ c <, 1 < o (9] o oo0oC¢C C [0] R C
@AX)’L@?COZ o?c?o?oo@eos’aoo COZQDO?CTQC\) ° Gdgoﬂél_ OD@II 33@(7)(7{]6&7)63&)&{]’)0038

o C. C c(r¢C R C o Cco S C C O R C

%%QCOGBODOC(D(D@C&{PO—EOG’)- (2] (Y):B?g))(\)(%mﬂ argasso OCQoOoll (I?GSCD({POCD@
[N 2] ’] cCO O N C
339@’361%”0(72[98 33((%)0 &)()Oﬂkﬂ’)ﬁ ﬂlﬁ({)@&)ell

Ekman 39(\3’)@']3 %G@éa\)og 2003§PD6 @"ﬁ Gé]é(\% m e HYlew) 5 O’)éG QU] (g 0 80’7)
0 Lo 3€P Gl L 819?.]9" 1 8 ﬁs AI

O ~

C C C C C C C C 0 00 cocC
(?? GO) (I)(T)c?ESGOD’JC\)&?g GC\)U?(T)OD@ CD(Y)GGP(T)?(T? (L)Q?c?mJGI]CZGOD’J 661(1303
(9] c ¢ O C 2] ’] C C C
(T)SC\)’JGOD’JG@’)C qCZU)OD[i) 3’36618@80 OD@II (I)(I)OGOD’)GCBODU)(D@CQU)CSI Ekman
L o Lo IL L o
CcO C o O C O N C C c ¢ ¢C C
39(\3’3639’3(7)6] GG]_G(UJC\)(T) C?B(X)(T)OD&(;U)C(X)’JSOD I gﬁ(\?OC:?S@BOD@
O OC OC C C C o O CcO ¢ 9 _0
(DG’D(\)EOU)G?GOD’J 396]?39@?(? (00) CDQS[%CS@COZ GG]_GOO’)C\)(T? OCGL]NO):?%{P%&)CD

oo

~

GéLC\{PSGO)OD@II &)i(T{ICU)(T)S”B’JS@COII GG’B’)OO@GGlODé GS’Z)(YSCD(TS%O] G(YJ’SC\OD(I)O%GQ_OP?

/

c(rXCc _CcocC C ﬁ C C N o C Q C o C i
00000 CS?C0 ??&)CS@C%‘EW G?’)(Y)&)(DU)S’B(‘Y{”@&)OO@O 390)(\)(7)39 C\?(T) baroclinic
§0000500 %Ue)g 6300@0)03@" eﬂm&')@&sqwe O:?OOGCD’JGGlG)(TS

QC C C C c oc¢C C (o]
0303383&)?&)‘ ODEII Ekman convergences CDE CDOCDE &)‘?E H=j00p] Q{I(TJ&’)@CGGFY.E









T aoé sﬂ')ssﬂ')sé]scﬂa G YRES @Smé ]
c

C . . C C 8’] C C
Qﬁ:{aepeﬂ)zo:)@ anticyclonic COPOVODE3I0 eloeipg@@oapju Ekman
2005008630786§:0005 32330 gyres 330020 GaYIOD ')@508 5@ 5OD’D°G®[§°
iL Lo 61° @ L gyres 0 °7 Gleﬂ ? L |. 0°° °
C 8  Caono ° 9 C o ocC, f]c° o Q2C C C
e@ooocomoos 20°0 30 QOQIORIF$: 3200V CE36VICO) @coomeo)oa&?u
oo O 1 oo O IL L LIL Lo o
(o] (’o Q00 ﬁ C (o] C C C O o CII C C O
3200 C36320 ]§ &1 3200L00VPR F26§20DID M) 6§ APV 326§DV MA)

Q <, o < ¢ o [¢] co. c C
&)QLQZ%GPGGFDQG@)CA{PO @Co@%@ﬁmo 3’36@61@? QLQOGC\)OODO&?’)GJ]CESQ
N

oa@gepeoso&aoﬂé Henry M. Stommel (1948) © sﬂéz@aspooé 39(\{{)2(\'?06 Coriolis 03&5

o

O o

c O C C N C C C C ¢ 2] C

COQM|SC 0PEADVY qcz@zgoa&gu oocse@')g 0C830$50 D:30CIADEIN0
C C coo ¢ C C C ¢ C [2] [2]

@e§9mwm§w§em%0® G@aczoop_q 00OMSAY|C 2 00206 4 007 (6.6 © 13.1 c0)

@C o9 cocC cCo. @)C°[§C C coe. @)Co C
30 ?ﬁ?oo?o GGP(T)‘%CGOD’J (UCT)UI{C\J)J()Q)OG (033 O)CU)GO)OD&)’II gﬁQ}JO@“G CoO\)e

o c _ococ¢c ﬁ O o o C Q0 C C
C\)U)U)33’B§@O &1l OO0 39()(T) CG’)SG&)’)C\)U)U)CBE{PSOD OG&)’)CGO%OD&II
oo O ol L L ° oo O Lo Lo

@]
le]

(2] CcC 0o C ocC ocC cC ﬁ
SEG(QU)’JU)OOO\?O(DS%CSG G000 3900) (L) ?COZ GB(If(L)CSGCBZD (1]61000)8’]

e}

cC o C C ’] C C 00
Cs o)saoczﬁsloap_q 3260706005 00|P30120VI 10 oC03607 (3.9

S,
®
3
S 3,
_eﬂ
En
-0
co
3n
S,
o3

™ 10 060380, (3.9 C\)(TSG) 00 8;@%@0&0 G:afaz@e:)ooesﬁpz

m
° C Cc o
G?soeogotg) (ﬂ?g)o@Co com (B(S]OD&?II Qﬁ@ﬁl@ G@’JC Eﬂ’) éC &)000)()6:?338@’)
é Ekman :DOOOPL(L)onCqu? (IBOOGOTC\)’)GCD’J
C c(rc
C:0 @0) @II

C C ¢ C o C
U)GGI@SG@’)CS@']S 39@08(1) &?SQJD G@’JOOS’BU)C\)&U)ODQL)%GP

co
Q)
o
C C C @ ’] o O@ C C C C
OCC\)Q)G(YOJGQPC OD@II (OGC\)’JGFB GSlC\)(T)l(E%)o(Te U)ﬁ U)O)OD(T):?C\RIC &)&3%6]?661
C C(e

O 0&S (T)OGOOIBODGOO’)C\)OD DS DDVOGADCIQs ODODOMSAV|C MOLODD 06
Q0 204t (7 $ DOPHIC (P800 204

3
Zo
3

L
9 © o C C O Ooc¢C C O C o co
0O (J.0 930503 MOEL) 8 G@’)OO(TDG]C\)C&?’J% ooezqzooc?ze Cape Hatteras 09@000)3000
@zmzem GC\)O%(TS@OO@OO ood[gﬁsooeafaeﬁs@c @Geqoog?l G[%)(TSZBU)C\)gUS(P)@USGj
L o o L

C C o C C C N
OCC\)Q)GOOO)ZG@)CZOD[E Cape Hatteras 6] U)OO@SS”B ’JSODU)@ SCIDCY)CDEII S
Oe 1 L ] o

°3
%;
3
3

ComnC QC o Q C C BCT @o C o, C oo
(iCoOD@ C\RCOC\?OQﬂ’Jo O?OG(er) G(TODOG(TJ’)(T)?QN’JO (01=10][awa] [V} G:?’J(YJ&BO(T.?C %63063’3060\)’)
Q C C S ¢ & _Co C Q
quﬂogmm (X)U)GO%O\)@II Gulf Stream &) 6020CINMO0RC VLYSGOD G(\)G]GOD’)
(0] L L o L1 Oe ° ]
OD’)O(Y)C\%8°G @é \(D C°(X)’J°OD 5 6&36000 eddi 0 CS‘?G OCTJC
QPNCCH YT GPROFORDPY REgeer? eddies Gpsaps 3260 My
C c.0 Q 9. ¢
S’BGQG@’)OO
Il L

C ¢co O Cf o ¢ C ﬁ C c O C
CﬁOO@ﬁS]ﬁO’):?Sﬂ o?m@z@§gemcsqlosg1 GGIG)CD d? O\O)CSCDQII (iCﬁU)ODE
5



3
S0

©n

8
8]
03

¢ Cape Hatteras G[gpooooooe] Gulf Stream 2O @%méeq) @:Déu

J

C C C (] C (e
occowecfgoeelpcoeﬁ eoncoomesoao?oecgpemmeqesaoqpo cokieblet
C C C O ° "| C Cc C C cC O C .
Saeapooemcoo 03250 oagn &o)cjso)sfa@)ogc qC"ooootaj Antilles

3’3@)"3’3@ ’)(VSO’)(YS (DcogUSG (D} G@)C @’f‘O’)él G (6088 00203 ‘gﬁ
° ‘? ‘? ‘? 61 ﬂ °~6 13 [

. c C C e c o c c .
Kuroshio OD@ ()CC\)UOG(YO)OGG]_(D%G C3<J§C°3 @CUI)LGOD’) OD(D()\I)L(BOG@’)CG 3?(03 eddies

Co Co o C C C GO C @ @o Go Co C o
SCMYCOQPESC SOCORIOON MEPELSC 326€) (0306|0350 qu)oc;[@ocgc?o 3260706008
C C C Cco C C o C (0] C
32059005200l Agulhas Current 200 Gulf Stream §C $20006200 WDWOVIVEGIOICEE): ORI
C ¢ O C(®©e ﬁ C cC ¢C cCo _¢C o ﬁ c C
GCo0p0 o?oo@g@ G02DCIDMP$0VOM I VFDENIIFII0ISC
C co N C C o C C C C N (2]
%mms@mmqe@o@om@u 00G$IMD GC3AOO 3&;’)33300? 3 [9 Agulhas

(00108
(¢}
Retroflection (DGSTGOJ) 3’3&0303836]?03 @?C\)&)’O\TJ OD@II 320 C&))’)(fg ODODG&)’)éC\)’)G:D’)
GGlS’B’JK\PgOD@ 3’36%]03’36100?0 [g%@(\)’)(ﬂll 00 GP?C&?SGJO GTng $ %OD&

:
GU)’)C(;C'Z’BU)C\)OUSOD@3 (X\)OS (X%"C)Dé"é [§° é"m Ugj@ @ [‘_}Jé"oé@m
N or&) LBGP Lo L°o°q°q° N E?.I 61 °§L'

L
9 o <, ofr € C
@OG’JOGOD’) (ch"?oG@(ﬂ’)o@(DCDel

C

T 2 :Dé ac?sgpsem G YRES @owéu

C ¢

C Y € C C
subpolar gyres eiPSOD@ &)C(T)C\) ° C\)@OU)G 3’30161()&{]’) @@&)8" gﬁG’B(ﬂG}_OQiPSC&’BU)C
C

[o}

L L O ]

Ekman ODQSQR(?@SO’JEGQSOD@C 3’3(7)(7)390’{]&0 Gﬁl&ﬂ(ﬁ&’)@é(@@’)ga(}% O’)? 03205603 CD&?H
C

C o C C C O
(2] (YJS?U)(\)&U)U)C G3’B’)(T)OC\)’) gyre 338 33@000093000@@86]
o o L 1

o C C . (¢] "] C C
(2] (T)3BU)C\)§) GGlOD K] CS&C ODODG&)’)CGOSGOD’) Norweglan Current O’) O OCCD&?H

o]

C C O
G%DGO(T)@%GJZU) GC\ﬁ)POO G@’J(T)O’)(T)OD CTBGUJ’)GC\) OGOD’)GGlII Norweglan Current 8

N O C
GC\)(X?(X)O\?O(IEU)C_\.?U)GOD’J 39({03@ BGSPOG@’J(T)(BCOCY.?C 39(\)0039(\)0’) ep:neo?o?

OC OC C C ¢ C C O ¢ C C C
(I)%K)D@S(X)’JSODEII OGlCSC\)%S@'ﬁS?GG]U)(YJ(YJ@SG]ZU)«?ZU)@GC\J)P(DCD&)‘

GU)’)EU)(YSO??O &C G?GOD’) 63023 @GOD’) 3BG€]O€1C C\Dc? Gq(D G@’)C @ogwéu (iéﬁ&)e
¢ C C

oqégm(?m GUJ’)CU.)(Y)OOL??;O? C\J)@OU)(TJ’) Labrador OCC\)OOG)O?O&)(T)C\)(T)(DSQDCSOD@II

C O ¢ C cC 09 C Q C (9]

c
(Y)G?é] (T)@SGJ%U)?SQJQ GU)’)CO’)(T)O%O)S&)CSGOD’) ®8&)C8?m Labrador Current U?G@TOD@II

-

o C C C o _C ﬁ C o C C o OC O [2] c ¢
QﬁGGl@SG@’JC%OD&? G@’)(T)G?U)C\)&U)G] G[gp(T)S”BU)C\)&U)G] 32000000C: (M 3’3[88030’)61:?
o o oo O L L L



Newfoundland 33@ e] Noe q 03%: 5 G{PSO?O% %58[%3:ooozooéu Labrador Current &\

Cc O crr¢ C
GS’BOGCD’Z)GG]_G’BSUI_?D@ GO?)C:T)OOO?O ())[9?03 I

cC 00 ¢C C C C 0o C
e@ooooowooesooogc G@')mooooooo) 30C:6$60 Alaska Currenti Aleutian Current (

. C T C C C 0o .
Subarctic Current Splavresti=s oataj) jsg Gooocooooooo)saoc G§Goo'3 6323000607 Oyashio

Qo C C 00 _¢C (0] o C
Current 03 §C e@omoo)@ooesoaﬂ subpolar gyre o?u@g gp&osooosoa&gu

cC 00 ¢C [2] C C CcC 00 C ﬁ c _Co ¢ C (o §
(2] (7)0@(90)661@36 CSOD&? (2] (T)OO)(QO’)OD@SGP@W GS’B’)OOOCG]S(D:?S&C 3200C:6320
L3 Lo 1o L

IL
09 R . 9, 0r a2 C C
QIG]_(D’)QPQS’&@)Q (L)Co@’)qﬁtl_)o)@())&)@"
C C C C C C C C C 2]
GO’)’)CU)OOOO%) GEUgCI subpolar gyres OD@ 20006 U)ﬁ 8?@2&)8" [—926’)8603’)

ocC ¢ o C (0] cocCco CcCo C ﬁ
&iCOO(\) ° o)zaoczec?eoao gyres QPSOD&? 3’2&’)@@ (D(T)OLC‘S(L)C\Y) C\J')JOODSG c&

—

Oéo°®c° C (2] @ G@')(D(T)@')@G 63?9(586° res &

EZ$s9° ﬂ ¥ P Ce BYTES §

C o oo coc S oc¢ c__.¢

326D CA000LID GUJ)COCK)DG:SGP@ GUJ)C:B’BU)C\)&U)(T)QD@ Weddell Gyre 0)338"
1 1 L L3 oo en) ar |

oOn
3
(Bo
o
(B
-5
&
8
~0
&
o
[®-

.9, <, cC 0o <, C" <, C ﬁ
ﬂoU)?oGGl(D GlgﬁDC OD@ 396:?’)(T) (T)O?OO) &)Co&)@ 39(:%)0)00 (ngc?o&(g()\)g]
%Gﬂ@(ﬁmezeﬁzm% G@’)(T)U)(T)OD ®: OCGOD’) 661093 G@oézwé 63236000 39&’)0%00
C O ¢ (9] cocC O ’] C C C Oo¢C C¢ ¢ oc¢C
00(-)36]3(7)?366100 OODO0C:OQD 9 SOU)(I)CD CDODG&)’JCOD@II Gc?’)(T)(I)O &30(7)(\):?36?0)08
L L L L L L L L

o C C C

C C
o?ooaooﬁoa&a GGP(DOCC\)OD@’]S G@O(T)U)(T)U)C @(DGOTOD@II

NTARCTIC C IRCUMPOLAR C 3’366186(.“\3’36@3’361‘;

lo)

CcO (‘o ° ° OO cO (“7 cO COO "]o C C
Gooococooaeaepw&a 50°-60°S 39()0’)396006] $OOCE6200 OMOCIONOD oooo@c
L AL L L o
memoaesepqpscrcé :%ooaoooooo oa@n Qﬁeﬂ 0o 085
w&ommomo(?scrﬂéeq@se@ocsoa@ 33@@(7):7)(753%8 aoézoa&gu 364! m%%ogﬁ

e}

C o QO C o o C <, C C ¢ C C 2] <,
@CEG’LGOD’J (Y)O%’J(Te oc?oeloooooagn CiCoC)De U)@@g))c?C\RIC OCC\)()OGS]_ (Te@@(y)’) OJS &)c?o

9 @ oy O © Q6 QC ¢ <, CoaT
(o?oeo G306 G 20Q0W) 0D DCVE0 |G,000 (efc oc/*,@oo) ) omeoe|§9coeo
o C C (9]
0G300CELIN oaeegepeﬂoo@)o [gjooﬁsooqjmeﬂoo(re G(\ﬂ?(ﬂoeo)el

(2] o
396612@88?8
c(C C . . C C C C
39%00@0)09&3" Antarctic Circumpolar Current :Dpj Gmoczmoam?ooooozeoao

C

OCG] U)@SU)E C\}JO(D G@’)C Q(DU)GOJJC\DE GG] ()C @:?éﬂ’) @C Oé Hoopk{~i00p
%%CU)?SQ{I’X (S]OC(S]OD@II qCSOD@ OCC\)OD@@S@CO%G ﬂ (1) :%(:)LDUSGOD’)

C C cefrc ¢ ﬁ C C C C C ¢
GS’B’J(T)G@G@QI(T)?’)%C@C@CO qCSS’I C\)GSG@’)CSU)@GC\J{PU) 039288:?(1)’)8038"
o C ocC 2] C C . C ’T‘ C
6610)86@’)03390303 @SQ’DSGOD’D G(TO)BG(TJ’.)(T.)?EN’J&J&Q eddies ({PS @(DGO C\)’)ODEII

L



Qﬁ:{acsﬂelﬁquoaé GO))(S:T)083308%33({]9833%)0%0)630033000)6(\)0?88
Q

'0—80

Cc o c ocC

ODG?%GPG’B GI] ﬁ:L)OO U):?Sllm@GiBBDC@?o&BSTD
(©] C Cc O N C Q o C C
&)&)’)@CGJPSG&Y)SB%%SU)U)&?OS’B%C}O)G@’)CS?_‘UB C\J)LC’CS%’JGOSOD@II

C C
3903263923 C\)BOO)Q
IL JL

ODGSGPEN') gﬁ G()OU)Q{I CD&?O J O')C(; GC\)@é G@’) éGOD’) 6610) G@’JC bﬂ’)‘é 39600

C ocCc ¢ C C
(S]OC(S]OD@II ODGPO’)C C]COU)OD&? 3’2(&%]??(02 %’LC?@ ﬁ SBC\{PQC\?(D 08@’)03)6“’)06@)(03
GG’DC &CGOD’) (QV) OO’SG O@G&SG(DSGOD’) C\)éOU)@S’BGOTO’)é coézgsooosoaéu
nLrtL 1 o -0 L
Th hali C C C C C c O 9, coc, .9 C
ermohaline C\)@OO’)GO\) OCC\)OO@@ @CO?OGGPCT)ﬂ[go OD@LgGPGG]ﬁ(D(L)Co O\BOGU?U)
< PR C <, C C C ocCc ¢ o~S[r €
Uo)Coa?OO@oUe @@)SOD 61&)’88?,6(\2] OD&?II OCC\)OOGGIG’B(I{QI??COZ &)’LC:?@?B S
C C

QC @(‘o C coC, Q Cor 22 .9 @Co ﬁ [0] <, C°@
UeCoU)’J Co&)@ ?(T)G]COGOJJQ%%COG(L)@Q{PO(YE QO] C:E 39600:?&0(\)@0 (DOD&?H
C

[
=

188(8
L

o

3’3@’)3(3(’38030) sMAOD03 &)?80)08(1)’38(3]03é|l 806’)39’)8@& GG’B’)(TS&GDQI& m®$-09 cj§C°2
R 6(‘ ’] < o9 OCOC ¢
002360200 |13060 Cokﬂ’)o()? G?(I?C%I? c

3

o

—D

G
~Qo
n =DO

3

oS

&
o3/

o

&

24
"2,

-8
3-

-0
Cn

OD(?Z%GP@ﬁ mqjlgc?e{)eipgorgc GQ)CYEO{IC&’B’)S@(E G&)’)égq)i)gdgé 396398209@68 O%@UEUS
o ¢ ¢ ° < C C C o o & C C C C C
(30008?3’368&]@0,&)&? Eﬂm?’) CGGI(—{PO ﬁ,o)@[oecooooemc (IIDL(I)OC\)’)G(DCD I

C C ﬁ oC C C (=] o c O C o ¢c . c C c O
0)@[06?603366181 ODOOD@S&)OD@ 39?8?’)86]661?(3 0?008603’) %@S{ICS{ICS’B&)C‘EO\R’
(9}

—&

o o C
Slovsliievieon]|

oozewooooceepoo&)pju (I)Gc?’J(T) O’.EI?OCC\)OD C 3 @éggég(g) L.$°

L
C C C

39@’)066103@ ?@@lOG%GOD’J GGlQiI(Y)&’J@COO 32002 (I) 6168" CiCS &?

C C C C
OD’)GO’)’JC\)C%\)@OCDG(T) ODU)G(T)G(YOD@II 3’36@9 CD’)@(I)’)C\)CZ C\)@OU)?&)@

OC(;G]S c? G3&)Qﬂ’) 6] 661639 Eﬂ’) :?@@[0@68@03[3 3’36(7)3’3) [§C G[E}J(YSC?B%)C\)%O’S?CE
32§D0OM 3968(70)((; @éwéll QﬁODOODéSGOD’) GG]_(I)Q{PSOD@ CDQ36P®§ 39@ 39008

o o [2] C C e O coe C O OC C

Ugop{5: golgdepesarqpisdol eisopign (4§8:e0igol Bireanpiiag oolgadilget
oCc _¢C C . C C o o C © 0o o

®gocm@w@n Thermohaline aveviPleal-lel lczloploaRoblc IS [eal) eLm? Stommel &c Arnold

o C C o C
Arons 03 1960 95003C 3999@[503 I

o



Thermohaline ciroulation
Arv e Ocaen —

» Attt [ Packfe
~ Ouoan Oy
-

- ¢ \
» 4 -
Souemarn Ooesn P —
- — ‘ __———-‘ ) —
= - /' —— .
P ciae
v

2

Thermohaline o, (009(@:1) Ca)e;:;’ @ﬁe 090 86‘6096(@9"6 68020 S
&,) L 8‘,) 13679 6] [ Io ° GP 7 &,)
C (’o C C (’o C (’o o o o v o] (‘000 C o
POCHOORC GEIVAD 83DGCE PRPPIOGPI0) QP YO
C C C C C 5‘0(’ C O e C C
UES0DCI01 VCCOWEENVAPI80(D) a):é:):e?sspooo)?ooac
C C C 5‘ oCc ¢C " C C C o, C C C C C
OCCLUEYACOIEN FPYJSSC FO0D; 0759909@00 57590@093)&9// ODPOCFEROIOISC
v C DO oC (’o o C o O("7 C C [0}
32@009079@,, ) a;oa)&’)osoogo@o 762020 20GUDCVCLO00ILD)

@\OCGOE@:D&JCII Encyclopaedia Britannica, Inc.

C ’T‘ ﬁ [0] C ¢ o ¢
H[C[2]e10) ﬁ@] 396006333?’)6 msfag))mc?mml

(D)
5’
3n
3
3n
3
8%
@)
Cn
03
On
)
)
3n
5

C coe ¢ ’] ¢ C C (9} C C coC C T C
00(\)&)??(& O] ﬂc?OCC\)Q)G(TO)UJU)C GO0:CLOEID GS]_:"?OOOCS OQDCIDE{PZ @@GO CD@II

(\D)
5)
3n
8
33
S
3,
(\p]
2
3n
gk
o
(\))

aTooe 2G|[230002 G|G|[200 0026020001
q24]:3202 4403 GGraos

[35.6°F] ooooeﬂozeoa')) §C c%@é:gﬁ oaéechéwg)%cﬁ

0
520
o
3

D On

-Q
(S)
o

(8,
®
2
®

o8
C

—_
N
o
(@]

£C
®»
S
§
o
F§q
" o3,
S0
o
(&s
3
©n

c . C_0o0 ¢ _ocC co .. C C
GO0DCQ|C 39@0039(3& QG- oM (f"?.P":D@) 200
CcOo C C cocC C coC
39@%603’3 1300?6039 eq@mm(fc’ 0RSM ooma?oo% §C SC209D0IM GOMDCOCE O3
o C C
(0°C [32°F] §g OO(DGOO’)CC\J)LIC 34.7 (fco)u e@')msfa%?mgooeq?m?c 03[33 oqc C\)ﬁso

C C C C [0} C cof(e
G?’)GOOCC\)Q)Q{PSU(%C 399(7)39’)8@(03 U)&?ﬂ[yg Norweglan Current QJ:) (I?U)GOSGCD’)

&)’DSC%%GOD’)Gq@ﬁ GS’BS@?OJ@C ?5@[608’386@03&3" Qﬁ@ﬂ(ﬂ’)gwé OG]_&SC\):%SQJ)

¢ o [ C ﬁ C¢ c oo ¢ ¢ C C O
Llleppleslevizczlee) [gioqjeﬁseooo eoooce@am 3Q$2IDMN) OOOOCOND GOMCIDM)
C C <, Cc O C ¢ o o C C O C C C O
ocmw@e@caa[?pogmeg?em wﬁg?afa%ooeﬂ')o@@ooen 00G§IM GONCINMXN)
8"@0&@*’ G[E})(YSSBU)C\)gUSSﬁ EFH DNV BAISI $00SEIDEE0DS
sOCYe BV ¥ 8320 OPRM §P0% o2
’] C C C C o N\ C C C . C C
Q2220§PE3I0CAOLO0RC COVLYO POV Greenland §C Norwegian 0CEOWYP3E



C

: | s 5 8
) o% &° 8 5 O
g @8 8.8 B Ed.
© op- QO v S 2. .8 W
mLchmo . 8 DL q) S RG]
(%) @leu Oom ) mw © o-
OmL mlom A\.w Vi oo m@m MJ L m o-
S 58S oOPVe8 P a
% 2. @ . Cm CO =0 \®O@Cm
&L%ce OQW 3 8 800@ °8 &
s s 83l iPs g
mel._owL m O m m w m m ST U
3 S N & & S cm 8° oD m@ s om
Ql.m|(cm o5 & 0@0 8 3 %
e 2B g 2888 ¢
) 8 & 65 2 =
C%'G@ MM Cmn\ @ o N Md mm
w o g g al © wo 2~ O m 8
e T3 algled
g = o 93 93 O;C@ o
V32308828 %D
w ,MW\CCA MM m leu\co on m mOI.C_\wh
22 .e 8 g 8s & G
o S Y& & “® og~ w @ © g
w&mmacmmelmpécecmm
cm mCm 5 oo “@Q@ 8 © g6 8 3
P38 2 € 3D § Beg &
a5 Q) €0 &0 2-of &8s 8 3
‘@ 8 8 %8 g m Somr gk 8
8 .8 & 5ol @G L g g
& (D v, “Q mm@ ‘8 & ox8 06 3*
8950978 sk
%|ool.0m Om mO\w C§|Cm w nd
S, L8 s e BHE L
78 & 8 - 6 © 8 & 6é-

SO000 320D
o

]

c GSPG

5

)

L

Qo
7]
3
o 5
c@cmoé g
“d) &m«vq@ Mu m
M..w Q- MM ol o
& 8 8§ (Dog-s
(DS o “Q 5 oz
2 o%8 oG 1. elo ml
“Q 2 S 0Q-= O® o
58 mcm oG go
& . @ 92
P R &
CnM n|O @OM@CDC@
g = m.m mm 0D~
Cwlu MOGQ mw “Q
Mw o&m_ Pmnﬂl_cm mom
ves 2 8 G o
o%ﬂ og* ooL@ cm ﬁmu
A z MWLCW q a
© v aJ
w m wc® m
MCLC%J 2] o6 @09
S (> Fo & B
O S 95 ew I
G O ° le)
S B
9 o va w = %
3 Tg § §
DB s
g &8 & 2 .
2 2§ 2 B
CG mcm Cw C% Cwlu
m O &8 “6 “€ o
> & §3 H%
& o B o o D

aJ) coe

+

\%|co Im m mIL
G5 & B &
Cm Omlcmh\gm
288 2 6 ¢
S 6 8§ D ==
mmo&mcw oQ g
5 8. 8 & O
‘€ B8 3 oD
& 8 g g8
R 5 RH”
He &
9 8 cﬁlcmm@
> 8 8 25
GC@ GOMM 0o
Qe woo%cw W
(58 2 8
© mcmu&%cm
WO ons mOw
@ 23 3 o5 °8
2 mﬁwﬁ§m
Cm %C@% mm
5 & 2“]1Y)
So mLem.u Q&
o g © mﬂm
mn@cﬂow 2
&8 5 2§






C C O (9]
GSOZ)CGOSCD@II GGBS@GOJD 3?§;)(T)(T)GC\D()E(7?

8
o5
-3
£

o]
<)

On

8o
~So

8

En

(9] Q C c C ;‘ o C C C N C o
OOGC%)CD(DQ)@?(E O)O)[Hl_C?OO %OOOG:?GOJ) ?(D?GOJDGG]_OD@ ©632:6200

o L
Qo C C C Qo C o Cc O C N C C
33&90)0)@33)(7)@@@61&(: 39&9@@@339@6139@@03 G@')C?,C\)OD'DZQDEL)" G@’)OOOO
o oD Lo (o]
C N O C C C C c C
Cic2dD OD@3GP@OD 3’30&{]’)3 ODOJGW)CGOZODP_JD cODCOOMS&C
L3 Lo IL ° 1o
T C cocC C coC ﬁ [o] C C
32601000 ?mﬂ]cgew) GG].QDE)_JD GOOOCOCZ:D@CSGP@’] 632392021 OO 0D300DEI2IDI
ik L L3 L

Cc o (”] ﬁ C C QO o o C ¢ C G’] C .
GS’ZDU)@(UCO 2300 8) Gﬂ@i@ G@’)(Y)U)(Y)O\?o Lﬂfi&f@g (D?QI(D@O 038" Antarctic

Circum olarCurrentgﬁGoméoo(rSoocC:e [QC &C"oa cooogojooccocc: (3] oac"
p 3C CHNYPNURE 2 BIRC RIS 7 P¢e

N80 (0.1 08 0.6 350803 MoeL) O@" 39PN 32&’)0800@39905@@@ 2
[ J e L ﬂ ° ELP" L] o 616“’)0

C C ¢ C C
@@mo&&oo? 950$2620p0l
¢ C C N O @)0 (‘00o (’o R C C C C (‘o O
GERDVCCOLONA) 32(FP2MBLE:00$2EBIQPOPC COOICPOEADCOPOE 327,62
3’3&’30%0063’30066@6 0002506 328mc 2005 Weddell oécooden
(ep) 61 L Oo g"u (?q) &),
C
o

o Cf © ¢ C C C C (9] C ¢ C cr ¢ C C
U)m@gii’B@%SQiIDSC{BU)CgU)C@@CDgII GDCB’B@C M OCC\)OD[QC C §00
L o (¢] (e} Lo (¢} o

]

o] C

. C C C
convective G?’)(T)O’{IOD 39@00’300390008({193(\)@3 ﬂ&)@ll (0p)

©n
©
33
50
On
-3
o
3

o

9 O o C C N C QO C C C
(1.1 250505mveL) ﬁo@g oesHeeatzievs wgmmemme@eqoap_’a

(9] c C o C Cc O C [2] Q ﬁ C coC
3’3(%’)0)000)000%36610)36 CSGS’Z’JOOO\?O GQPOg)S ° 3’3608(7)’)8’] (2] (S plepleslenléleri~icion)

o o o C oC [ [ C C Sl & <, Y
({Io&o:)gJoOD@II ODOOD&)JO&)?&)IOGOD’)GGT?CO: GSP(DO[%C(,@(E @80@8
@[g(‘ Coo < C coC, (©] coc, @C

l cgeoeml CiCoOD@ GU)’JC(BCOODQLQCBBGPO?O?(Y)JGJC(,GOD’JGQZQ ()]
@C(\) CG (YSOOD’)"(;]CD CII
§ORCP PR
¢ coC ° C C C C C cC _© C o C C
O’{I%Gﬂ%(ﬁ(L)CS 39(7{”_ OC?O\)&? G@D(DU)(T)E{I(T)?’J@CZZB?%CYO)C LUO&CD’)S(T)’) CiCSCD&?
o C o @C (9] c.<, C < CO@O
336%3(7)(7) 33(\)(1)33(\)(7)661&{]’)03’3 (1)) 390&;)(7)(7) OU)O:?O('Y{IC:{B(TO)CO U)@ °
C
2

oo

L
C C [2]
EiICS (I)(I)OC\)’)[S

oo

o]

C C o ocC ﬁ C C C oo "]
G@’)OOU)OOG’BGOS 2000 MAVCIYPa G[%SlCSU)(DGC\RP(Y) Lﬂ &OID30120
1 L L o Jo

(o]

< oc, o __Qc, cog . Co
Qﬁ@&l&?%g&)g SQS{(BCOGSOD CD’)Q?(T)C\?COQ?T GCTZ)(T)(L)Coc?()Jc?
C

le}

L
C C C C Qo _C cOo C
9 |QOCAD200II CiCSOD@ G[%)OOG?U)C\)&U)GGF?(D(BC%

c ¢
aoaoeooog?goewo GG]_C_\g’JU)@L FY O

crc ¢ __co c _coc c c c o) 0C 0O
§®[§10§3390800 U)@@U)U)@(BCSS’B’JS[QCEG G@SGOSOD o OD’JQB(Y)C\EC%(I)O?O
(=~ (TS&)O°(;]Q) Cll

P 07° &?

C C OC

OCAOVLOAC?

L (ﬂ'.)z




o
°

CW O%.om = C&lo_ Cm%
COe 5 mm 3 0
2.0 2 g 8 O 5
LI EENN
“3 @.cm% mﬂ.cmu © c%(@
@ 8 8° g @ e % -
85 83388 T B
$HE8 5 ET g s
S s W@ 5 £
C&o mwv = w cOQ @ leu m o S
C%U Y- oo 0o m%L ml. Mw &\m m‘ov
S SIS R S
w01 Q) 02= a %lo T cwpem
23 Wm %m L D g w9
3 8 .3 B-08" 8 G ©
W Wcémcm Mm.. mOcm cm (D “])
we SR T FR
2R &% L 83> §
8wl 2w
3 “3 L - 0239 O Ga mo
T2 38 §RHE S
MO C% Onom. G m m C% leu oo
W v 9] CmL N%O lew oud 3 @
c X ea s Tex |8
L yieS ol
FTobDh & r g s
s D8 Bl g o FRIGe
oo~ oy 0O m o- o% m 9 m “8
(/] ¥
PrLEsTET
3 § %% § (™Y 83"

5 o

© m o~
o@= CCCI O
g ;

GJ oo
I
~ & A3 2
2 & 8 & ©
)

g S~ 0 Sy @

2 (D4 g
m CCI_ = %|
oot g 8§
rm\ “Q Cohw 09 ma
8 M 8 o 2

cQ (Y

3B ¢ (Do m
O a° % M|0 ®
(2] o Cm C% o0 -
S 25w
W % anc CMJ CM@ OW

(Y79} G= °
m omu__ Cm Cwﬂ o~ m
v o)
omu__ m . cm W c%
= oo o) MM
3 3 g 07 0o
Wﬂ o wo co oo OwL
8 o= @ o &g

D 528 %8 ‘3
&I
°¢ 3 @ m o5~ /@°

onergy

type of wave

c
6U°C I

c
32C32

C C O 5‘0(‘ C
SSC GCI0D81) SCI00:
J o Lo JL o]
Rosen Educational Services o

P

Encyclopaedia Britannica, Inc.;

o
3

cC ocC o
CC}l)CaC??(Z’//a.??@D

2

C
09}59

7

¢
C

c

C

O2Ca0Mm

o
o

5









&)éll

C

)

320000200 U)@O
o IL

cr)
¢
(03 c0) §

0)038"
20

c

(30 eoaﬁso)l

o
o

C
&)ell
Q
C
o3y
H~j00p

]

C
Exp
CD’)(I)C(;

I

C
¢
Ol
C
C
(ople}
avalens)
Il 39@
c 0
Cl oy
C
Q00N PUED3D

o
o

o
o

C
¢

GS

5

C

o
o

1
o
o
o
L
(05]
[}
o
o
o

(05

(C)oo

:?OQ,?,IC 03 002D

a0

o

Sgﬁ
O{IG’B’)

(&
PR¥

L

P
(2]00lep)

o
o
L

o
o

C
oS
I
C
(O]
20 C:T&(TJ’)%GO
28 323
¢

61&)’)

o
o

oC
C
(21019 9]

ﬂGOJJ C\J)LC

o

o
o

)
03P

wavelength L (m)
o

oC
2]
36(7)’3

620D CLC

I

wave speed in
o

deep water (m /sec)
o

period T (se«

o
o

te

N
o

C

¢°J9

002D

c

00D

2}

(o.@ GO)I g9

m
9 O.S 80’.)’)

(o@ GO)I O
ocC C
2] C\RCSS@@

]

$)

J9 Som (00 cLd

c

o ¢ ¢
cQOOOM ?
LI

¢
C
c
C

sCOOM

S (o

(1))

$3)
$3)

o

m
m
m
m

(1))

c
()]
¢
()]

(05]

(08)
2]

o

(m GO@%)I elele)

c

ODEII

§) 3
C Goo

S&C

1

o

$)

(90 G0d

(9@0 609

000D



32

C
00
(@)

[P

O
de

P
o
0RC20
o L
E)g%fsaeﬁlo(fanning out)

OD&?II
C
Q03

¢ vO_ e
°F °2% Go

o CQo
s 5 28
©® O Womn.
3 (] mwv et
8 8 & a
oGL mo 0= w
m % Cmo mo
5 531
oo G G CC
¥ 2 8
S
g3y g £
=) o= Fowlo.
S R o
3 3 8 g

ﬁJ = =

e g g
CW m Cm me C%
v B (DS S
= oR= 00- m ©
oG m 220G m
° LCM.W eoo )
“R m%omm o= &
m ® <O leu W
D “§ ge “2)
© g5 I 3 =
=,00~ ® A ¢
Vm g 2%
) 3 mo & “})

% oo
= 9 § “O_ 3
oo 8. Omﬂ.. oo
O © wNs (93)
ﬁWOML w m ﬁ%
O % oo o @-
oo OGL
"G UG m 3 g
B & & o

Y
Cm 3] wu_.
Omu.. mo Cm
CCM onL
g g cm
@ 8
2 2 3
(> “d)
R
mucm W
QU =
5 & o
5 8¢
© wyy O
© )8
03 o
“@ o §
5
o w@
owL oﬂ@
g 6 3
mm ‘@ B
5.3 %
C@ m ©O
3 % T
g
3 cwuu omu_
o= & &
)
o

(9}

GO)OD@CII O?OGP

N [2]
C\)OD’)SBSI Gc?’)
(]
(2}
C\)’)[B
5 32
22 2%

o
o

C
C

delp

%O\)

¢
(9]

020a)D
ar

o
L

&

o
o

C
CSQ{P

o5 1.3

o
o

C
SG[%)CS
C

C

28 oqpp

5

Cc Oo¢
CC\PLC

o

o

o
o
o

(surf) QP

EII GQ)O’I%O{IG”B’J

o
o

P

o O
8(7)([)3
C

QC
cC
1

C\)’JLS]OD

¢
C

205
G@’J °

o
o

P

o
o

Ha®)

L

.

MR
ogeoToaéu

¢

C
o
2]
L

0=

00—

@B

w Qo
O

s
g 5
e W@
O@ OML
Cm mL
3. =
OwL C%
me o}
@ mlo
Cm )
°5~ .3
0

O

o
o

o
o

Ce’) 86 a0
2257 2903
U)SGOD’)@%Q)’)U)

(o]
&BOD
cCloe
00030C @8

1

o

c

Running wind surges
C
6300C]|

¢
C\?O



C

L

200 (660 c035)

Lo

(¢}

TC\Y)GOD’)

€
(2]£10)
:
C
C
cC e

clevienien]! ( o2

@(‘

C

COD20GIID VLOUO0D

L

Dleviey) ) 30
%C\}Jc 00

o
3200320
m

o
o

o
o

”n C
) o 69
)
(¢}
C
0 0000

L

a0

Co
0p1>18)
ooeoqﬁ
C
ARP
gJ

¢

¥

QC
S

I

?

CQO0LO
cQO

C
G:?GOD’) C\J)LC

uO
)
o
L
[y

(4]

o
o

24
=]

7896’ |

ﬂGOD’) cQO
P
oC

cOC
I

o
o

(23008 CC\{I
L3

AP

ocC

o
o

C

U)O)?’)Gl

2053 ¢
]l o
(0]
1001210 8]
Lo L
C
[§o
C
?@Co: 063
C
COZ =]
C

(9l

o
°

$9R50%P

9
o

5015
3200

o
o

(23008) 3’3§]
BOG’JI OD(T)QECGP

C

CC\{ICI (2]
coe

PR IR

3

o
o

« QC _Co»
-tsu 1 "300MO3lIT &C

58]

c
¥

o
o

¢

%
[98(98(8

C
C

(Qo
o

o
o

2]

%’)G

63§

%

C

CC\ZIC@\Q)

9 00

(T)C\BGO’)’)

cé

IL

S Eismic O RIGIN eh W AVES

(13,100 c0a8))

Omh_Oowﬂ

= o O

“d) B, ©O So
8 ) 8 )
FrRL el

o -
S PR 5T S
) vl ew “§ w@
mcm 6 %209 €
S (H 8 =3 >
mopm 3 3 o

o}

o “O
leu M&L OWL OM.-W mo OmL
3 mﬂ MG o Y CCL
= “B mcl 3 8 mw
I o o
L -
. m . mg mO “Q
22 PL 8
cO O IO (@B 3 MM
TEEE3
_nn_.Uu = @ O@M_ “Q -
-~ 8% g &
MML mJ CMlu m.% @m Cmo
(] CQo ° m onN-—
€ (mog* 02
o MM oo em G
O CC oo

8

&:

g
coqpR)

9

;

Cm Omu__ Cmo

L
=}
(3]

D, B
°F 8 °B B 3= &



G 63290900.2/0(}[)0 Cs 3226’()[9096 / CoO?oG OCSF?SDQOJ&J
ococC ¢ C (’00@60 c 0, ¢ 0o (’00‘@‘(’0@‘6
3916’3629662096’?00 320909326062;7 5 096’0[67009750019 661636’016’0 Cso /6’
crc C crc C C o O \N oo oC C
()?/Q)@}?GQDOCO)Q)@CO?/CO?/D:GO?BODC 3.3096’@)6’39 %ﬁ%pﬁﬁc\ﬁ)&) I

Co C . .
QUOM)es Britannica, Inc.
(@] L

’T‘ C 2] C C € C c O C
G OD@ &Rc?’)@&ﬂ’)gil)@ GGlCEOODGU)’JCC\{ICEﬂ’J%I 66163’3’)00 &BOGO?O’)

H 386(])(75 8"60)’)66(3](78(7\)6 °G@’Jé @OSGOTC\)’)GC\)OGOD’J

C Ooc¢C
@ODCD&?II 607696’ U)GOD’) 3’333 39&? 58] QIO:?(DOO’) &)OU)G C\J)LCO

c o) o
()3 (DO:JD Jch OD(D CID
08" °&é &)(78@6890637)6@')6 C(;“OD 5

L° °Ts 1 ﬂ s q ° &?

c O C ¢ C 'T‘ [2] Cc O C (e
s 00000 3’3[5’)8603’) U):?SS”B’JS@@GO [986?’30@ G]ZG]CS[SS
[ L (R

30036200 C\)CSC\)SQ{PSOO
o 1 L °

O o o

2]
ZB(T)’DS”BGOO@O(T% O?OO\O)’JOO CDID;)II GGI?(T)LL)

cocC

:?«.%COD@II C\)C 39(\{]’) Q{P




GO)Q)éII

[
o

C

AL

$9

L

(c0 100)
Slo

(o]
oM
L
2300 9)

c

(YJS’B@({P
c
<J§C°2 3’3@’)2

[2]

[g¢
G000 O
Gc?GCD’.)

o

o
[
o

c
m§9

[
o

1

(Qv2)

o)
QO 326300
005
509

C

75, GO
390853 30 oo
Coowoeqg)
(03
C C

o 3?09@
CO

C\)’JCDECII
[

C
C C
CS@CS G[g
o

| Philip A.
C
co

(39@@) o)
(32
)20
2%
ocole

[
o

[

o

(0p)
c[3ap

[
o

C
C

OC

20 3”BOC3B

29 32§s

§09p2 (g
2000630V COM MO

[
o

C
C
U)(DSL
20p5 0243

83’30{[)
AP
0
c G(O’)GGP
%é’
ol
55|

S
1

>
S s
&
5

RIS

(]
c

QQC
it

ocC
o
o

[
o

CO
o

P
3

cO C
:?oﬂGOJ)C\)g
C OC
QOC3
L
C C
oD O’ﬂcgkﬂ’)

C
O)|gRd0qPiean32p4pP
O@%GC\)C\%& o
L1 L

(2} (2} C CO
32@50096 326‘23/ 3206,
C
cqqp
!
03
m@ga{é
C

o
10 0] )
Lo
7596’

Lo

(9]
¢

I
c?GGlCDO
C C
0O6320M6

C

)s
ioao%’po@n
R
CDéII
003208 €

[
o
o
o

C

N
(0p)

o

qC

C
c

CO
3@CIICV 8O
0]
M

L

660?120
)o

]

¢ O
93.(%
(le2c0

100 © 200
30 © 60 cm

¢
5

61‘? 3’26@’)(7)&1]’)

C

[
o

c

C

C
00 P50
McDaniel /3260

]
C

O)OD:?
COOMMADDEI0D OCQO

c




2 -
og- ‘%9 % g -
8 mj omn_ Tw c%u m mu__ cmp
— o0 = Cw
Cm mm Cwlu “Q C@ m_ cmL % C&O memlu
o 3 B g 0" § R A1
OOI. Cuvo— o D ) leu oo m @C.\WM_
° O
;% g Fi 3§ Wchﬂ 5
Mwlo. C% \m CE _ O /Q@e N_Gmmﬂu MM Cm = A, mm
owo © O 3 “Q) m m S~ 39 5. go “Q) m/f@
mo \mnmmﬂwe cCcmomejwwomn_
fa O “]) “8 SO v @ aJ S m 9 ]
z &8 m.mmuo&L\e ~ ¢ 3 § 2 e S
=, ¥0 Cm 4O m.m oo mlO m leu = mo WOQIL@CCAV P.Co o
g fw@mcm S 8 BE B8 8 &
3 O o CQo °
mcm e° o\o@ & S 0 B 3 S o %%
(978) nw @ Oml Cm mdo.o CML hmu CML mo ML me le_ CMIH MWL Mm Mmu wJ ml_
> 8 ) Lcmem o) 2 & “a)
2 03 3 m mhﬁ% o 5 cmm%mﬂ cm._cmo me cm @QWW
3 ‘S e L % <3, B b5 e E
m CNW ool. a Omh_ noo Oml_ mq_ oo CQo Cup— m omL o@L Cm
S = 8 28 3 o € mjmm@ 5873
© ¢ o = o co (97 (o
: m@ww@¢¢ @%@pmm%m
o @@@g$ga@ ,%é&m\,we@
i coaaﬁcmw ) o%@omLmLT%w@
: mmamqmﬁ p¢%®m@m@
v COI. (<D} loo byd ¢ [7,] - < oo C
e s 2%, EE S ﬂam Css e
oo = cmo “Q cmu__ Z cmo “g Mmu__ = m % cm ! %u@ h m|
M o m,.o @lo_omu_ ) &ICO o CCo Mﬂ 8 ﬂc%uc&uc_ )
% 2 mmwmqm_m mémwmm% Ve
@ B - B 2= Q 23] = @
y ¥ 2 5~ G 2, 8 “Ro & m Sr COCW cw <3 3 nm & g~ B
g et e 3, Eer SO
6 % Nam G%ccrlm_u Gom%rmﬁmoue
< B o 0 ooLcm %006@ Z eﬁ@oqmw 3= 0D
z 5 wwww¢wwm 2o ey
oo | I~y ¥ < =
‘23 o > G 3 & ¢ = g
&% By g FEE E3
iw? Q° s g S emT g 3 €l
5§ : XN
£ 3 o §
¢ q



C GG].
6000322032

C

o
o

a0

o

C¢

[95¢) 22(g
9§

o

o
L

GS’BGOT
[QODOO')

i
L

(9}

m

C

o
o
Lo

o

P

o
ILe
Co
Cs
C

C

L

G
C

o
o

Q
Lo
C

000000 CLEIOD

(
AW
62200E00056325 330

o

cQ02O
cOo
OOOOLL)GOCD

ﬁsae@é
3
L

C

Q¢

2
o

C
)

O oo C@
(o] oQ—~
mnou WCW w a m
8 5 (3 & ¢
C%J Cm leu &J o o C@% ¥ CMI_ MM GOA
‘Y g 8 ¢ o 8EH Vg &€ 5wy g A
8.2 ¢ ol PO 38 8 g 2%
3 5 S F8 3% 86w 2283 % g F s
S3- w8 58 3 5 @ T E B gy 8 8 &
CO S W =3 C% o L2 O O m WO 6 Womu_c 3) m = )
= D3R W 0= g 00= - G, <3 m 3 s )
C@C@% oléjm o = Qo ® @o (%) S,
i B3 5 % 3 3-8 R PO ey o< f§ &
3388 8 FDLag g 8D e BB 8§ g
o TOEEI EE 8D HRELTLTRE w3l
m = O O oo ml._ O - Mw _ Cm % 2’ m MCC m 00
SSED SRR ESFITEof el
D50z fod D 538 28 TV LE Y P
cailemE e PERGRSS LTS ST
Cmu CG o OmL Omu.. C%ﬂ & m m meo Cm m@ anq_ Cm m muu m e m w ML m w%L
oS omLoﬂm m owmeL% mCm L MCC qm_\%lcmpmomcco Mﬂ(@ mOm
m m m = O o “Q %) m O&LC mO °9 CMWIH o= © = wl_ Mw 00 m “n
WD CCO@ 3 3) w g 9 “Q S G “® o3- o B o3 B 3=
P TFBRI 0 s w88 L8gEie e
fagsde ol FLLriVeEhEEG ety ]
s Bt nsas R IBEEPE T4
“6 o g k2 Boogt S P 32 g &, 907 © Lo Y2 G ons
@ ‘6 5 o 2- oo 8T g 8§ e o(™M & °3° 9
mo m o © m nna CG /7Qo oo GM. 0e— 00, ® (978) o= (@) mlo. (%@ 0o M“w
S 2L LETr T EEPigeTews B
8, w @ W = m = MM m o O@ = (78} ¢ o mo
m mcw & 8§ - 8 o3 m% o@.alo%m © S Clm mOmLoeI_
JIFif g REd TESER P RIL I g
1 r e st el L RiADRIDEDLET
Om @Io. OoN—= LNg A G- Q- Mw °o C) Cm oo CNW oo v =
SERRNER SR IR SRV EER R TS
SEE 5B LS T WW@@owmmjmcm&@mJeo
el 8RB E R 28558888 gL
S Tdadifeld 19290l 1 iTC o
FE2BR LB E PR raiats
S&S § 89 §VED 29 Gs FFFEILEs 53 8

c
o] C
? CD@II

C
(O]=0)

(Dead water) @

o
o

P



Cc O C C C o C OC o O
Gé]CC\? G OQPeQQPPs @(0: 0oé ; oeoTc\)coan 33@9@?“?9 3050300 high water [HW] &c

o
Q _¢C 2] 2} C
low water [LW]) e quﬁ OQPEAVM G AQYPEEQPs! seqo)ge@oco s ebb ?9 flow Splteva
2]
3

T IDE -G F ORCES m g5 s32&00 oocBés

2] (9] C N C 0 9 (0] C T N C Q ’T’] C
36610?@03603003 03@83’3’386080? 3661(? @@GO c00) 086839’)8(\?069 (O)(eplo0]]]
2] C C (©] C N _C ﬁ C™C(e O C
3661@0039’3803 QO Q000D 6?8’] DCC320:& 61C03 01Qs 006’)-(\) 2000000 MNLD-

o Lo L (¢] Lo L op)

C ﬁ o N C (9] C C C C T C
G?Q)?(D@ NNV CC320:61 ©OO0000000CD U)C 006’)8’] OU)C\)@ 661(\?.]98@@ c0MEeO C\)’):Dg

L O L Ole Ll O LJ

inertia (centrifugal force) @ogoagll

C C c C '] C 