
THE

SHAPE

AND

FORM

OF

PuuET

SOLlND

ISBN 0-295-96184-8

ROBERT
is an oceanographer and the

author of more than thirty scientific papers. Until
he retired in 1985 from the National Oceanic
and Atmospheric Administration, he directed a
program to survey mid-ocean ridge hydro-
thermal vents and to assess the impacts of
development on vent areas. He has directed or
participated in many national ocean geology
research projects including the Deep Sea
Drilling project, the Deep Ocean Mining Effects
Study  DOMES!, and studies of long-range
effects of human activity on the marine ecosystem.

z

'U

z U

0

G U

ROBERT BURNS



THE SHAPE 4 POuM
OF PUGET SOUND





THE S E RFOuM
OF PUGET SOUND

Robert Sums

A Kc88I!I3l!!!!gte!!I! See  v!rl30t P8!l13ll!e<8tte31l
Bts'.=!bused by the t inh ersity of V,'ashington Press

Seettle MMk ! �Xl kof3



h

I'

 A



Pxhoot t.lEB P13get Sokknrl Hooks x31
Preface x

Acklkok'vledgmekkts xk

I Yhe Settikkg
2 Mappikkg the Karth's SUrface 4
3 YRIB Search for Reasoklls N>hE' k0

Petrulug', 10
Geologic Age and Time Scales
 . Bophjsics tg

SB3s3r3ologk" 3  k
 >Col ka<>Eke tkskn kg

  rnst<3/ KvohEtk03%

Soatjoor Spreadi lg  9
Pla BTecionics 20

4 PUget Soandl � Yhe Past 24
Kvi~]kktion of Kiestern North America 24

'l'he Karlles 1. Hog>kklkklkkg
The j>apakk-t$'pe Bokkn Dark@ 27

B ]apark-An lean Trakksktkokk 29
Yhi='. Ancl Bakk-  >ill 1il U 331a I rakks3tk03%

i ho Shap;ng of lhe SUrlace hy  ~lackers '35
 >lai",3-kl Processes g5

 ;ordillerakk  glacio',ion in Vv'estern North Akrkorica 37

l,ocal  Tlacial  ;hrokko!ogy 39
Yhe Shape of Cokktemporary PUqet Sokkkkkkl Knvirokks 46
Yhe Pl<3 nkkng MokEntakkks 4 k

 ho ol!"lrkpkc MOUkk'takkks 44
'l'he  'escape Monni Bins 49

Yhe PUget f,owfand 5!
Yh>B <Sokkiherkk Pkkget J>ovv laEk~3 .'-32
Yhe k'Vesterkk Pk3get i<ovvlanil '32
l he Kastellk PU'et Lo'elan i o4



6 PEIgef SOIIIId IPaflhyIIIetEy 56
The %4aiIE BasEEI 57

The 'TV'.idhPA BBSLEE 63

pt3e Soll the1'll BasiEI 66

The liood  >BIEBII BBS3n EE9

'7 The  :lhBIEgiE3g Shape MPIIget SOEEEE3EII 73
YhP. SOREIncEI BI"' PI'ocess 74

E3'osECEI anil TMIEspoE'iati CII 74
  i iEIEafv 78

Thc UIBEnage S!iste33'1 7 9
Y'31e VThidhev Hasll1 79

YhP: MBIEI Basin 79

The SoEEEheEn Basin O'E

The Hood Canal Basin 8'.l

«NPdE3YECEEt YE'BIEspoE t 84
Deposi[ion in PDgei '3OEEnd 85
A ha  Nex  T 88

 'l ossify 90
Bi I 3liogE aphy 93
IEIdox 96



To Phoebe,

Yo F:l1HIY...

To Ahoe

74Yee geHCFB lGHS who ShBFB "BQ' 1OVe 4OT Parget SUBBB,



. I'III'!II!Y
$�1';P!	3!
IIIIKLNIom b,S

Al; o UU!d!U!.y
I !I 1'P!! <Ol'

Pa ri '!a Ppc<trp!
V! <an 3g':X3!»  :r3!  r!F

"I dre Jareehk
:-,' l B or

ll'k !oh!1< on
 ! ac!i  �!pr

Pr kdUBt3�3k SII88
For tlhis Volonke

' c� d  !!<i I �3'ceca o!
!'.d .OF

k' a! or <3 I  !!3
 !Pcs' erie ~ Elllnstra QI'

Andrea Edfast.
B!U<!tr<d  !1'

SUpportkrkg StafF

L<oi!'a M<kson
CQIl" talkee Bol! Bo

IE li  krii! l Be<3rd

Lavvrerkce E. Biikp, lr.
A abla3! Bikcd3 tel t ! t!Flpany. Ltcl.
Saudi Acabia

B, Glenn Ledhpttei
I' cik c!3', E ikc3f 1 c Pv'h! rit? �3 ! Mo!dr!zino
Sea  t! :., VVA

Aiic«Seed
Fornkei!y, F':3 :Hi : Search Press
be!3 tf.! P c92' A

Jak!IBS C.: Fa <y
Furr !BHy, Ki sap F'onnty Depart!rick:t
oi Cr! Fan!Unity De. ciopnceo t
Port Orchard, 4<VA

F','! l .33' !B th 'I'kviss
l Bc3glke Of VVC!kkie� i'Ot!!FS
Seattie, 'A~'A

Mk chckef 3 valdlchnk
Flshe les and  !cei'i!s  .Bnacia
VVBS  V koc;ol:vPr Laboratory
VVBst Vanconver, B.C,

A.O, Dennis VV!Bows
F: Irh:,3<i. Harbor Laborato !PS
F! ep asti nant of Zr! oh! gy
 Uk� <i BFS 1'c y ! >[ 4'as king Ork

Sporksor s RepresBN! tat3 ves

Howard S. Hi!rris
 ! fice of Oceanography
;lnd lv.'arine Serai !es
Uceaik Assessr�B!3.t F! ivl ion
N<itir!33<d   !ceanlc and Atro !sp!kerk :
A ! in. 3 cl1S Fatluri

Robert C, R� is�
N<a  ion d   !ceiknic arid AtkmosF! k .k.i :
Adrnlnlsti ation

F'ck� is to sni! pol'  thP. pnb!lcatio!3  !t  i!e
Poja! : <connd Book 'vcce3'e F!3'ocik !<cd E!y h» Na IOnaf
ocearkic .nd A x� cs!p!I kric AdInlnis I'ation NiDAA,'
3 o ] t!!  h!I RI<vir nlnerital Pl'Qtec::I ioo A,«ency  EPA!.
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physical BHd chpknical xrature of jts Evaters< and the jlkterartion of
these vv aters "vvith the 53rrroundixrg shorelines.

Ahokkt the< 4kologlcal aspects of the Sokkn j thP: plaxlktf:!3% thBt for'ED
the 4asrs of Ets food chalx35; t48 fisrles that svv'lnl in this rxllan l se'3;
the rogroxk s Hrarikke 41E'ds a kd xrk�x3HTEals; and tile 404 tats t4at noul'-
jsh and protect its Evjldlife.

Ahout DIBXE. 5 Ekses OF t4P, SOIEA jt � ills liarVBSt Ot fir!fEsh, ShellfrS4., arid
pvpn sea'Riced; trke transpox't ot people Bncl goods oH. thesp, crov! le l
vvaters: <Lxkd the pkrrsuit ol E'ecreatron and psjhetlc tkkliijlHIent 3n this
HLB71DP, settirIg:

Ahorkt nlaxl!. Bn jj 415 relationships to t4is regiorl the cha3'actex'Estlcs
ot t4P, PoPulatEons vv<hich srlrround Puget SO13nd; t48 govel'Daxrce of
EYEBD s actlvrtEPs BHd t40 ExlaxlagPHIellt of tr!8 regrox3 5 DBtlll'a! XP,-
sources; arkd fixkally< thP, hlstorlcal 'uses of t435 krlagnlflc83lt xe-
So Iree---Puget. voun,

Yo produce these l Look% ha~ rp tuired ExEore t4an six ye<3rs axk j hp
dedlcatP i effc!rts of HI�70 thaxk orle hllndrPd people. T43s SPxles vvas rxkr-
tiated in t977 through a survey of several hundred potential readers
<vvith d3versp, and v<<<kde-I'Bngrng Lnt878sts,

The collectijve preferences of these individuals bec<ixne the star>-
dal'! ls against Avhlch tile p3'oIPct staff axkd the P iktol'3al 40ard der<orrxkixiied
tho scope of each voluknearld d;cided upon the style and kind of pre-
SPHtatjon approk!rjat ! f'� the a<ski -q,

fn t40 spxkxkg ol,i 970< a. «!ros'338  tus  ! Etl!x kx P;. th&58 crltex'!ia kknd EIE-
Vrtlng 03 preSSEOns i!t krlt<.rPSt ik! KVrrtkrkp, BM' �l'jE< Ok tll '.. VOlkkrlle<3 'VBS
 jkstrkhuted to jkldlvkdkkl<Efsv EI!st!tklik�'rksv all%i OE'ga!Lizrlttok!s tlkr'x!ughout
Westc3'Ir Vb~ashixhgton. The respcf3ises v" exe gratifvixkg, F�x' each volUIHP
no fe'N~er thaD twc! Blkd Bs nkBIly as eight O13tlllles 3<<<<07P suhrnrtte l for
coxksideration hy thc staff and the editorial board, The authors Evho
'vvpre suhspquerltlv chospn. VL< !re selected xlot. oDlv for tl'K!Ir «!xpek'tlse ED
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Thv. <A atUI' snf lace deflk":es trvo oi PIIgct So'�� l 8 tolir dk3rlenslons
These hav<<; been Ielativelv acces<s hie for some time and have p!ayed a
pronkkne kt I'olU kn rl 8 devP!opkn kilt ol  he P<3ciFlc North%vest. Ress Iic-
cvsslble tn<akE tlkv: Suf lace, Kakek.' depth 3$ 0 thkrd chine�$3on. HEStorl-
caHy, water depth bas had little in p arta�08 principally becausv, th»
Ka30r 3$ Yclatkvelv deep over n3ncb. Ai '.he area. Thi<s is. E33:Ekrlk, dkrectlv
relate l Io ihe plocesses vvhich ha' v, Shap kfi the area and  vhkch pk.ovide
the ti En 8 d i mens iork.

lEI disc kssEYEg t< e processes «vhiih have iorlned Puget So� kd it is
di l'hcE3]t to pE  k t48 In ist  Eppro.37ka:0 Htaf ting: O3nt Vy i 4OEPB 1$ pvr
haps older Ih<3H Et IIEEgbt 48. 740 $30allBY scale de alla ol Sh alie ot the
seat'Eoor o.' P ;get Sour  ] are most dirvctlV f04ted t<o glacial proc0$$0$
tiler Eve ~ 8 330 kvP. only tlkousands Ai "Pars ago. BEIt the v~l< " kii v '4iclk
these glaci:l pro ;0$$8$;vere controll d b; tike Spatial arran  U nekkt ot'
thc nkonE' talns ak3d lovi'lallds Suggests H33 ea ~ lIUk' dai<U EkEI~bt bv, dcslk'-
able, l have. chose > the lattUE' alternative a� ! Ivill consl l�1' sev03'al lku3 -
dred 3 kiltion veafs Bvol lti in ot the vv'Usterll lrlak'gl ~ I ot .:.<Eok.th <'kmerica,

Rober  8EIE 31$
llovember 1904
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CHAPTER ONE

At the western edge of North AEIEerica Bnd the boUndBT'v 4Ptween
the UnitPd States arid Canada, occupying part of a regiollal topographic
depressloll of thP earth s cl'Ust, ls Pugct. S013nd Bnd 3'ts s1413ng Pfood CB-
DB1, Extex1diTIg beyoxld t4P, shores of Puget S0Uxld, B regi03IBI depression
crPHtes Bn !intel'lor lowlalld betw883l thP. coBstai moulltaiDs arid the CBs-
cades that reaches from British Coiunl'bia through central �regon.
ivluch 01 this Interior iowIHx! d ls occlipied 4y Hn El!land seB. Although
geogr'Hp41c pI'oxln73 tv, coxltlg UoUs 403EIEdalies, HI3 d shared oceano-
graphic conditiolls IDBke tIlds inianii sea B contlxlumxl, hlsiorlcai tladi-
t30D Bnd local Usage separates lt Into three disti31ct paT'ts: Stl'Hlt of JUQD
de Puca Strait ot  lPCI!'gEB, Bnd PUget Sounxi [F'Egurc t tI

I he StT'Hlt. 01 .1Uaxl Tiil FLECB conTMcts the Paclrlc OI 8BD. wEth tile
flooded port!on of the Inter!or lo<~vlaxld. 4'VithIEI the EX!ter!or lowland,
the St'Fait of   eorgia sepa!'BtPS VHX3couver island froxll the Enalnlanrl of
Bl'3tlsh Columbia. Slnllial'iy Puget S0Uxld exteTIds to the south, fiood-
Ing pal't of XVesterxE E'Vashlxlgton between the OiyEYEplc and Case<!de
mouatains. The shape and size of these inland waters are directly re-
latPd to I'PgloElal topographic featU1'es that BI'8 part of the overall struc-
trlre of western North Alxlerica.

Neither tl38 shapP, noF the structuI'Bl frail!8'vvork of western North
America have been clearly ciefined until re].atively recently ixl earth' s
history. Although tI'1P native inhabitants of the Paclflc Northwest wPIP
weil B'vvare of 40th  he extensive inland waterways of Puget Sound <Exld
the <3diacent high mountains, the exlstencP. of t48se featUFes vv'Bs Dot
lmlxlediateiy obvioUS to t',Uropean Pxpiorel's. ThesP. 8BI'ly vlslto!'s to t4P,
v<esterll shores oi NUF h AD1PI'lca. cail!8 prEITclpaily by ship, Hnli they
found tlM PBFEfle Coast coxlsET18FBDly less hosplta41L, tl3an tITB AtlBTltlc
and  "Ulf coasts.

Ulliike t48 Atialltic Coast with Ets Dlany rlvel's, open est13BFles,
bays, and accessi! de coastai plain, the Pacific Coast is bordered by miiie
after mile of high cliffs, has few exteX3sive beaches or sheltered hays,
Bnd has B nlnlllx3al coastai, plalD. ln nlany places r'LEgged Inollntruns pa3'-
B11P1 tile shore, Bnd soa level BccPss to the irlterior was Dot IIDIIMdlately
discovered 4y cally explOFers. FFGDI souther!I  iBIEfornla northward
there BI'8 ollly three places where there ls B natural, IEBvigable, sea level



I 3!: s."rape Ei '.6 3' orlTl:,,f 3 u!:rct seai lid

passage through the coastal rilousktains. Golden  .'Bte pro>vidcs access
llkto Salk Fi'«3ilcksco I3<3y BDd, VEB thc !Sacramcklto and Sark Joaguisrk riv-
ers! tho LBDtzal vBlley OT  . «!litc33'Illa, F«lx'tfkcz rkorth! Plkl-,'  ,olulTkhla R3vPI'
transccts xlc3t onry thE', coastal EDDUIktak'Eis hut also prov3des Hat«3!3l ac-
cess castviard thro«gh the  :ascade Moikrktai:ks, Still farther nurPh, the
Strait of JUBH dP, Fuca traslsects tho coBstal nlountakns 83rd coiknccts
Bast'vv83'd kvktlk tl'Ec xkkaioz ikllarkd ostuaTlnc systc3YE ot the Str83 t of GPozglB
arid PUge So«kid.

phis 3'Bg303kal 8" ikkklrir38 Systenk ior'IDS 8 tl'Bklsltkoli hetk!Veen SCVPZ«EI
rivers Bncl the Pacific E3CCBD. ID Phc Straits of.  'Oorgia and Juan do Puca
ost«arikko conditiorks BI'8 lrkfliEPriced hy fx'Bshe'atez 3npUt. fi'0ETE thc FZBSBX
Rlvol'. By far thc largBst of thc 3'3vc3's 3ik tho E'oglon., thc Fraser dr83ns 8
basin that exterlds kvoll to tf e Past of '.he  .,'Oast Mokkntasns ot Bzstish
GolUTnbka. Puget isoUTkd lis part of thP, rcgkc33kai! BSPUBTEEEC svsPBDE, but lt
receives freshk«>atc3 input pxincip«illy froixk srkkalllor, XDDTP, loi al3zcd ri-
ver kvhich! lvi'.hin tfle Pugct Sound drainage basin., are relati;cly snore
EZElpor tant than. the FrasBT' River outtl 0w.

Aitho«gh the Spaniards explored along much of thc Pacific Coast
during thc sixteenth and seventeenth OCXEXuries, their efforts appear to
hak! 8 been sporaillc ps'ohcs skozth'o'azd fzoETE their hase in MOX3ccc Bv thc
li3tc slxtcorith cckltuzy thei'8 vv'Pro poorlv documented 3'cports of 8
Great RD!Br of thc E!Vest tvvhich ci'Ulcl have hoPD thc  >olu3r3hlal iand

kdcntktb,«EP30H ot «E 3101'thBE'kl. passarrP opening Bastvvarcl ilk� 8 xska3crz Eri-
lalkd so!3.. Yho latter r!rvas rppolted EH 1592 by Apostolos Valcrlanos, 8
 . I'ppk sailing 131 serv3cp. of Spaiil! and ivas given his Spanisls appoila-
t30I3, JUBEI dc Fuca. Although Hot gerkcrallv HSPd f03' alixkost arkothek' 200
VPBI'S, lUBH de FUCB S rk«EHIB pe3'Slsied 485::QUSO Erkgrlksh  . Bptaln  lharles
Barklcy 3".CcogikiKL!'.d tho pl'loz exploration when, ln Y 787, ho logged his
ship s orktry EDto the strait.

Both «NPBEEI ik31! I Erkglakkd 3'XPlol'L'd arid DlBPPed, the Paolfkc  !OBSi.
dUring tho la'tPLZ half of the Pkghtcenth ccntskry. ITE l778! OTE hks lkrkal
vckvai>o Gaptakli James  ,ocik saiiod tbc Hi= soloison Dozthvkiazd BIGH8 thc
coast 4!Et appBrox3tly rcxkkaincd faz l«Dough offshore so that hc ol3sozvcd
Hei'.hvr the Colurrihia River nor the Strait ot J«an de Fuca, Hy 179'I! the
Sparkish  ,aptaln guin?per had Lntol'cd tlkB strait, explored Bncl HkappPd
8 par't ot the roglorl. Bnd lo'lt along lvsth othex' Spark3sh p!ilco HBElkcs
hks 0'«Arkk fok' thc  EUEDrpcr PPHinsi3la Bt the k«>est of thL!'. Osktralkcc to PUget,
«S 0 Ek Dd.

h thorough cxplozatiorl ot the Puget Sound region kvas conducPcd
hy Captain Geol'ge Vancouver, 'A'llo. !3EXEQTEg other Ohlcctilvcs! Aras spe-
cificall«ch83"gPd to detczrxkilkc thc trkso DatUZB of JUBH dc Fuca s strait,
thB Bxteni Ot the EXEIBkld kvaters! and NrhPther 8 paSSBgc' BXES'tikd het'O'COTE
the Pacilic Ocean and Hudscrsk Bay, Vancouver pkiblishcd his findings
sn 179 E, 83kcl, '-llthough ho did Ekot rcport discovPry of the sought Biter
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east%Yard passage, he pfovlded Bn 8 ;c Irate  iescf3ptkoxl oi the shape Bnd
ext83kt. of the regiona! ostuafble sk'sX8EYE, HP, also provided Ynakkv OF the
Iocai place xkalYles---Vancouver Island, Hood Gakkai, Moklnt RBEDier, Be-
ceptlox3 Pass, BYDQYlg others � -'A~hich I'Px3 BEH in Use today. P kget SolEDd
vvas nanked 4$ V<kncollvek' tol' OEEB of ills ikeutexkax ts, Peter Puget, vvho
83 piored the so kthefn kniets he%'ond The Narrokvs,

ft Es 313t83'estEHg to YlotP. that! of the ti�'88 sPB !evel entI'BDces cast.-
'vard through. the,oasta] mountains, it divas the Ykortheklknkost vvhich
'vas documented eariiest. The southernmost., San Francisco Bay, kvas
ac'.Lkafiv dkscovel'ed f POHE fend En 3.769, Bkkd vvas not ent83'ed tl'0m the
sPB Ekntkl t77 5 wvhen Lkeut813< x3X jlkan Mankkel de Avaia if< versed the
Goidexk E=< kte 0H h s shkp, the SOD   Grkos, The t 0/umhka REver v«'as en-
teI'ed Endepeakdckkti<ii QV Captain Robert tgfav of g ' isk  i31 131 t /92 vvhl ie
Vanconver vvas vv kxkifkg farthef to the north,

fkk thks hook! tike shapP, and foI'nl oj P'Ugct Soulk i lvkil! tke examkkke k:
hovv it kvas .'"Orkncd Brkd thP processes responsibie for shaping it, its pre-
sexkt suhnlarlne te<ktures! and the olkgon3g changes M kts shape BIkd the
procPsses tf Eat cause thexkk..lkitholkgh OYEY atteYktlon 'A'kii focUs on Parget,
SOUnd, the sca!8 of nkan~j of. the processes ix3voived is largP: ekko kgh th<lt
thP, regiokkai iokvla kd, the. BdIoiniGg UpiBIkds ot thP, 0/k EI3plcs and t,as-
cades an i even fafger scaie featu3'es Of thP, eak'th as a kvhoie 'A'EH 48 ex-
BIkl Die i h



AboEEE 70 percpnt ot the e<lrth's surfacp EH a relatively flat and fea-
tUrejess ocean; bUt Evhefe continents Bn«j ocean3c Islands project above
thp iaceall's surface, a var3ety of sjlapps take tofln, Early nlaps sjlovvpd
rolatEvP pos3tEOEEH dlstainces BD«1 «111'Bctlons 03 polllts 03 111tel'Pst yPt be-
cause land Hurfaco is riot a simple plane, dil<ectioxl and distance be-
tlvoen hvo points clo Dot ajvvays represent the H401'test routes. CDEEHO-
«juentj",i, nlappPE's began to Enclu«18 Iandfo x31s, pl.oxl1ptoci 4! IDBE3 s DPed
to dotofEIEEEIC tlM easiest E<vay to get iroxn plBce to place.

I'I'om spa«'P., tho earth appears to be a Hlnoot4 sphere, but 8 closer
lnsppctlon 1'ovPBls Ups Olid dolr«ns< n30EEEEt<EEEEH Bnd valleys, contlxEPnts
and oceaDH Bij of vvhlc4 rppl'Bsont snlall changes En distance Efoln tho
earth's surface to its center. To Enap the shape of this surface, early
'<IEaplnakefs sEIEcp thp"r' coll ldll t xueasure dlstallces bptvveen the coxltof
of the earth and poillts at the surface determined «hstanccs ut the land
HEEltac'<» above soa level, Y43H vvas 40th i!,011vonlent Bncj practical Bnd
proved to bP; a good cj103co since t48 surface of tjle oce<Exl ~sea IevPIj
provides a reasonably close approximation of a surface that ls ajsvays
t48» HBD'M distance fro3x3 't48 celltBE' oj t48 earth. Although the oceall's
surface EH dlstol'tod H11gl'ltiy by the eal'th s rotation Bnd tlM tlcial Btt3'Bc-
tEOD of tbe Enoon an«j slEx3, it Es tiM closest Elaturajjy occ131'I'Eng Bppl'oxl-
Enation of a theoretEcBI spjlorlcal surface, As tbP, al't of Enappixlg «18-
vejoped, sea levpl rexnained a basic reference surface. On land, because
«listances from the center of the earth vary, they are reported «H Bleva-
tlons above HBB Ipvej of Bs dop'.hs 4810 vv sPB IPvp I,

TEEP gBDOraj. HEzes Shapes, Bnd sp<ltlBI felatlonshlps ot land D3assos
Bxl«l ocpBDs vverp. nlappPd as early Bs tlse Hixt0833th «;Bntllry, hilt. Elot vvith
I'oasonabjo accUfacy UxEt11 the fnlddjp Of t4P nineteenth CPDtUrv On
Ian«j, «leflllltloll of shapps pelnlitto«j idoEEtificaiioxE ancl classlflcati03% oj
jandforms over a large portion of the kEEown vvorjd, Hy the begixlning ot
the hventieth century there vvere f03v surprises jolt about the shape ot'
thl» IBE1d Surface and by t48 E 350H EIEUcl'E of Et 4ad beeXE lnappocj 111 I'BB-
sonable detail using aerial photography. Ijiuring the t970H< the advent
ot Hatoi11to Imagery loft vel'v little of tbo IBDd s surface t4at ba«l 130t beoEE
obsorvpd Inpasurpd, and Exlappcd.

YhP, shape of thP: soafjoor ls Bs val'30cj BH t40 land, 13ut mapping of



ivlnppEisg tiie Enl't� H 50 <'i icp,

sl34DIBrlne landiurixEH llas 48P� conssderably sluvvpr tu ilevelop tl!Bn
I'EsappiXsg 03! land. z ytthuugh landt03'Tiss cas! easll y 48 Heels 4y Pve <3nd
measured 4; aerial pbotograplisy and satellite imagery, seaftour forms
Brp xsot so pasy to Hep flu»xs the wate''s <»lliia  p $ fowpvps tos B v!EEEets» Q
I'easorls, ExEcst ot thpsxs prai.tical, tile �«sestiOEE ut huvy dePp thp water Es
4pcansp. EinportaElt to sucsety Dlany years Bgo. kisitially, p3'oixspted
piuble13ss Bssuc3B'ted with Haip Davigat3017, fu3 Shipping, topographic
lnappiilg was 83 paxiided to the Deal'Hhurp. 'yvat03'H alsd lncludpd identlifi-

BtsuE3 of Xucks Bnd Hlsoals as well as dellDPatsun of sale chaisssets,
Early tpchni jUPH fuT IDPBHEsriisg depths below sPB level wpi'8 1.'cla-

tivcly sinlplp; a Tod, pole, 0>T weight at the pnd of a line tu feel for the
b«itto'!31 < 13d Dseasii 8 depth, 3 'Hi3sg these primitive t<'chssiqEses i3'dor3�B-
tluEE was slowly eccl 'inula ted that ps'i kv3 d ed in Hs gsst !D to the snape ul tile
seafloox in thc shallo Ev x~»ater Dearshol!,.

131 depper vvater the pX'uba4illty ol da!3gpl'QUH shoals was cuilssdpra-
bly 10HHFIEed BTEd souxsdixilgs wel'P: takeEI nlucls less fre«tuexstly, Sound!ng
with weight and 1ED8 was very tslsse cosssumsn!y' thp ship lEad Eo stop tur
an extpnded period while the weight was lowexecl, the bottom felt, the
dppth of watel' recorded» <3'�d the yvelght. I'etrloved, Ylic Exiot3vat30D fo>r
Hoi End ix3g lxi deep vvater was pi'3nclpallv scsentsfsc thl'oiigb. the CBX'ly
pal't. Of the twelstieth celstssi! Bssd, culssp iuexEEIV» relative!y little 331fol'-
Xssati03! Blsuut the deep seaf lour was BssensblPd uthes' t13BIE 8 gers«lral 30-
dEcatsoTE ut the ex«3stPDce ut sonse pruID1318ilt sUbns�rlxse tupu'yralshic
features.

Yhe Use of HQUEsd for detersni sing water depth v. Bs developed dur-
ing the f'll.'Ht Worl«t VV<BE'. B31d 4pcanse morp, colnsxsuis Exs thp, yPBTs that
toll owed. Although seawater ss opaque to llgnt» Et Es traisspareis[ 30
HL>Esnd, E  hu-sou31dlng involves Eneasurlng thF! iinxe rec u!Ted tor B
suuisd wave originated Bt B ship on the sea sul'face tu tl'<3vel «luvylxward
thr iugh tlse water, reflect off the seafloor, aisd return to the Surface. '1'he
depth ut tile waler 3H tb833 calcl3latPd fl'on1 thp ts'Bvel tlnse ot the HQUDd
waves Bnd th8 Hpe!-;d. of Hound tbl'uugl3 Seawater.

Echo-Hours«]sxsg ProvldPd a Inu 'h. Eastci' Bxs«l 13 8 !3'8 efflcseDE vyay tu
determille watpr dppth an«l tt rapid! y replaced weighted lisses Blsd rods,
As sts Usp. 13!creased, Exlore lnfuE'ETEatiux3 8401st the shape of the dpep
ocean sloor was gathered. Echo-HOEEDdeX's pi'uvsded 8 tvy'0-«liTEsensiunal
p3'otslP, of the sealloor bv plotti33g <3 series of closely spaceLl nleasUre-
Dsents of tice v yater dppth UEsdpr the Dsoving Ship fFilguxe 2. lI. By culn-
pilirig prul'iles and t.tse depths from a number of soulces» tbP, H4ape ot

8 seatlour was revealed despite the tact t4at very 1Ettle uf st was Bcisi-
ally seals directl'y' 4'y' hU Dian ey ss

Yhere are Still Exlany portions Ot the oceans that have 'I3ut 488n
Hvst"lnai'lc<311v snapped» Bnd there are still tundsnsental dpllcEpnclps sis
how well such ixiapping CBD be accomplished, Yhese deficteXsctes are
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related 40th to navigational problelrls and io the echo-sounders tbeED-
selves. A fva]1]ces 3EI Hate113te and ot4eY PlectroMc Dav]gatEOD systen>H
rcsolv»d lnallv 01 ihc Elavi<~at�1181 prot>fexE!H, b]Et obtELE!x!ETo pYecEse
echo-HA]EX]ding H3easl]YPxnents EH still  .OE!strained by characteristics 01
Huuxld Evaves trs vetli] g through Heav, ater.

v>,. ct date]miE!ation of dep.EE requires precise calculation of Ehe
speed of> sound ihri ugh se L;L>E ter,;v>1]ICE ---BEXi]c>ug]L fatrly 8 . ura]ely
kT]cvvn---varivs from place to plar;c depcn ling On ib» properties of Ehc
E>vater. Perhaps  r]]>r]', 3 0!poYt>13 t Es tba! e  hi >-Hc!UndEng ]H 4> Hec 0>EI tbv,
Shortest t.-avel t''n!e frorl! surface Eo sealloor Bnd hack tu ihc Hurtacc.

Si!UI3d v<>av]>H cia» 4v, tocIE!H, d iIE10 Ye'atively EIBYTOM beaT]'18 and bE, he!'
fre ,'uencies can be tocusspd n!OF ,' tightly:.Exal! Jo!ver i fxEOH, >K, t!!e H;3 ]L!>
t> 3  ]e, tnt tran, >pareT] C'<j Of Sea~<ra ' Pr t� .>0>] nd Va 'r: S !S SEE  4 tnat 3 Ollri!F
EX'i.,on»nclcs travel E<U'ihi!r Ef!i13 L 4 3gfEL!3' 0!3es. F�x' d  vpe]' 'v'3ti! 3'' tE!TH Ie!3dH
to 8 con1pxonl]se ID echo-Hounder  kcsig>E!. EE!g11er Excguel!c'»H Bl!d Elax'-
rollr beaxl3s I»ay noi bi, 'L3sek L31 H>33!i:v. E]tECT]EIE]ti >EL ot; ou]EFI iE> xieepPI' v>'8-
t»T' Y!Eay be <'3'ea'. enough t0 I'cd] Lceibc !ni»nslt<j 01 thP, Feturr!ix!g s!gxlal
Eo 8 polxlt <rlr]>e   0 Et Es I!<3,>3 081 Iy I> 31detPct<":bEP., t.ovrex fr»~a]Ee]Tc] es ax». le..s
Hublect to aitenu lilon 4T!t ar» Blso 'css focussc E: they Bc uahy I'vileci Ott
all 83'e<l c>f Ehc He<aficoT' Fiitb PT' IEEBXT 8 pF]!XTE. 7 bP, ]E'3tlal Fet!EY» ot 'the e-
Ilected HOUD $ can thus bc 8 ri''.UFD tl'Jnl 8 pc>lilt '.11at Es DOE !1�']> cll>'
L] ode Y thv. Ship. 1'his ltFE>its the size of Heafloor shapes that.  ;;EE! bc ider!ti-
' !e '1 by echo sound] ng 18rge Hi '«18 le<3 't <3 res c<3 0 t]  dl tel 3 !3 3 ne I bu '
Smail-Scale featE]res, particula-:ly in very rruugh areas, are mu h n!orc
diEEic !lt to rcsol! e, Beca:LH<a it is ]1 fiicuit Eo x»e;LHU! e lva]er rli".»ths and

def3UP, threp.-diH3ex!sional 811apes, cont»lnporary kx! >w>edg» of ihe
813<>'p .' 01 i<!e sea.'100] 3H $]E11 <!4A'l!t >t! years 03' T»c>3'e be43E>d OUY kX]ON>1-
edge 0>t the shape of the 1:T!d Surface.

~ x!y  I!Hcusslc>» <340U: 40»v f IEg, t SOT]nd I><> H formed TnvAlvps
many sources of inforlnailon, pr�>cip dly ixlforxnatic>n collected 1>y
geol<">glsts I'D pu] HUEt of f4PEF bFAadPI' Inte!'Pst i!! h�1E> ihc lvhcle earth
'>!as lorxncd <313 d has evolved. 1 J� le 's! Bx] d!'!3g  I Lfferc] LL ies 1>etvE> ve> L conti-

E:Pots Bnd oceans ls !lnportar]i to our cxa!E�E38 lon 0 ~ 1!OEv Pugei SOUEEd
Evas ~ i>3'3oe b»�!]LO ]if thc! cc>»t3nent-ocea3! dist!Dc:Eon, are 3'elatEvely
eas!lE, onsvrved UHEElg little ' 30x'0 than <'1 cox!tclxlpol'<El'v Evc>]'id i ]1!>LH ~ T4e
mvst Striking 04>servation is that the earth H surface EH predo<nixlanily
cove1'Pd 4>yr lvater, FUE'�eYIXLL!3'0, 3 1 !4e ceo<3!3 i,'0!>id '3i! TPB]ove I <]E!c the
earth's shape observe E dirc»tl" one !vcu1d be struck by t]vo different
levvls; E pprx]xnan!ately 3� percvnt ot the total surface stands at av. eleva-
tion betv>IPPD 'OUE.' arid Elv» kl103�eiers I2,5 4! 3 ln!lvs] EEL}ber tf "!L]L t4e
remaining area. tvfost Af the raised portion is accumulated in 8 Ec!v
ratX!er largrc c'! UnkH, Evh'Lch <3  'e 3'cco]<>3  ]z!LIBle as  ; out EI]p!Dts. 73]p.  .on'ti-
n»I]ts 1'Bve e> trerne 81cvat!ons above H  8 level of grl'i atPE' thaIE  .it>41 kl
1]!Il3ele!'H  'k,g 30:li'.Hl, 4]1t BveYagP, Hc>]Y>e!vhat less than 0]'Ee kilo»>etPF
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E igjlre 2.2 M iel sabrEJarirje relic. iealares as Ebey were
kaewrj sbeBE 1980.

~ M;d xssi! fMgs sjisfo;;I

Dssp .".:sas Jrss:".:ss

Ms:s! I,!'esi,'s/ls
in so is! I ress;',

�,84 kiloxlleter; about. half 8 IJEi]03. Ybe oceall floor rcacbPS depths be-
lo3v sea levPl in excess ot terl kifoEIEeters  six JHtles], bnt has an average
depth of som03vhat less than, four kilometers [2.5 IEIilesI.

Superimposed on this priHEBEy global scale relief are prominerlt
featEExes sl3ch Bs the TEIOUEItaiTl systcEns of v, est6733 !siorth AEnerica. Re-
lief on this scale >vas reasonably vj~ell-defiTEed or> land by early i31 the
hvexltieth century �Bnd syst6313atlc patieI'Hs vvverP, idexEtified that covered
whole co3%tine'EJis, lvkuch less 'vvas kxEovv'n BbcJUt coTEIpM'able I'olief fPB-
tures of the ocean basins, .Kltho3lgh some diversity in snbmariine topog-
raphy vv'Bs lecogJXJ�.eel early iEE the OGDtUrv, lt Jvas Hot UTEtll the 1950s
that sysiematic patterns of secondary rellei featlircs En the oceanic ba-
SEX3S Vvere EdentlfJed IFlgUTB '..2].

Sevex'Bl secoEldBE'y features of sEEbXJIBTEHe rel38t BTO Inlportant to
3Jnrl63'stBEldlllg the dave/opnlent of PUget Sound. S'Ubn3BI'JTE6 x!EOJEHtBEEI
I'Bngos co3TlparablP, EH scale to the Exlalor continerjtal xnoulltalxls vjjeTP,
identified relativelv earlv. initially, thev were ternled mid-oceon
xElountalns becBUse of the location ok the Mid-Atlantic Ridge, vv'hich
N<BS the first BJE!"h TBTEjle to bP, descrlberl  !HP ot the 3xlore sEartllllg dl!s
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coveries dnrkng the '.,31 I -i"..ento:! I!BBTEY!� TnapplIlg v< Bs kdeYkiifica! ir!n iaf
8 giobBI cor!tink:ity uf !nid-Dceakl ridgP H;Stems.

Aklother fe'<itn3'i:.' <!f secoEE iar~< HU4EY!BYIEEB Eeilef, ikii oce'!13ic t!'e:lch,
!inhjUe3jy n Br	30 Blkd Quite UE3ilke 833%< featk<rP. fOUFE i Dlk iarkd Yhe

presence 0 .Ye!Eche! vkyas kno A~n eariv ln. thc tk<YDEEtieti i c', E .tn3' y bU ' ! H
teE!<at3 c I?  Bpp! n<y Ot DCBBY'Elc r kgio!XH ! 0 d3 ca: ..   Seve!'Bi iEYkpurtark ckka!'<3c-
tPE'EstEcs; oi 'ieaMc tran..hes contalrk th ', dl',epe" i di'.p'.hs toUnd Bk!v<A Tker�
3n tbP, ODPBYks< telkd to be ti! E iar '0 Blcnate 3n forEYI, Bnd 83'D ci'I!>! !OE!i'<j
Bssociated k«Eth t3 ie edges of the deeper oi 'ie83 E basi!ES,

A!E !E!fker aspect 03 Hecc�1darY HUbn Brine rcikef proved to 4e OE!e Df
the Ynusk perplexing featnres uf Ocean b<!sins, irreguiar topographv cokn-
posed of iong< rekrkark<!btv Straight, Ykarro <<I baklds thak sep<!r;<LE P. E!T'PBH Af
reiat!veiky tiat Heal !or BEId Blsu Hep83'<3te reg!DY!H vv3th. H4ighti <y diADEPElt
8 TPTB!y  T   pths, These, Bion< vvktb tr  nchPH, Bre qnkte  ! T i!ke 8nv Yeature
obse!'ved DIE !and. BTkd Bre 't' rkYked !I'<ED< i�'8 7 <!<es,

Ikl tfkc foiio<vk31g di, cl3HHlun of the deveiuplI3813i of P<3ge: Sok!nd, !t
YII<kv 4e he3ptl! I to I'i!EYEBII34PI' th<3 t t3 !' yol!nd ls 380st d!rec iv the res sit
Df processes taking p48ce Dn the knargin Df 8 CDTkti!ke EE "d portioT! of the
eart4. s crUst, 5/ BIIV 0 ~ the hark< ',3' He<de pT'Dcesses Br� eius'-'..:<y assoc!<3ted
k<vith prucr s:es that !Y!ai!ata!n thc prikrkar; disti!kctiuns be-:.EveeE! conti-
nent and ocean. «Nhers have eitiil'.E' reHU1EPd !n 0 ca!i 4D best d«scl'34e a
il! tcrkrks 01 secoT!dary relief -eatlkr s. StiH otfkers 8!e !efatP� -:.0 even
H! !a.de HYBIP, retied feat!-:I'es, 'vi!Ech BYP. HUpeY'!nipose i Dn the iiri3Y38!",'
Brkd SPcorkdar~j rei3et,

Uesc!'!pt'<oY! DE T!pograph'y', !'3'IEef. Bnd Hha;38 DE the earth 8 HU!'f<!ce
ls Dne of the oiiii !st Ot EUBT!'s descriptEve si'!83 ces. JXH Yiescript3vP: d.!YB
Bccul.<niatcd, scientists beg in to categyorize i:. Bnd finality '<0 Bsk Evhk;
BIkd fkovy' tocse fandfOFIY!H Gevei !p, uvskeniatlc exploration of the earth s
S13rtace to Scarc!I !DY BEE<a'eve!.'8 t<". these cEUPstkons kvas une !if i4e !'< !ti
areas ut Hil�.'y' t4 at 48H be .DEYI ! 6N Hc3eklce 03 g<ic<iogv,

it is iknpossihi<e t: i provide 8 brie  sl Inmary tu bri 1ge the fog! CB4 gap
4etvy'een 04servatko ~ 3. of HU3'facP: i8!k If<!!'IEIH< Uch BH VUget >DU ~ 3d. Bnd
thp descrkptlDEI uf tf!e gPT!h!gkc devi;iopkrkent Skid evofnt!OY! of tnese fPB-
tUYDH. This ls the corpus Df geciioglcai Hc!PE!ce Bnd !H 8 SUIYIYEEBti�3 
Erktul'Ynat3un f3'l i! n Y EBE!'<y dkvel'He soUrces, At best, HOY!Ee ] EBEHpectlve Inav
4P, p: Ovid ,d ln the fokioNE'Dg p<!gPH Ho that the !nol'i-, Hpe''itic dPH ; 'Ept'ion
of 7~If<k<< Bn ] fluÃ PULyet .!OU!ld !<v<.'H fuk'ET!i',ii EH nut p3'esen:'.; j vv.'thont
HDTne CDYktek t,



Th!. s ]ap«uf YEB'.uYB! features on thv. UBYth'H surf�< '. Ynay bo de-
s< 'Yi4eci 311 PY!I'.,!y 3]xorPhc<!ogi<cat tern is---iocatlun, slzv> height, Pto]E ';3-
tio]x, an f !Eneatl«ri --!]'f�013.. Qltflougf3 ti'iey Her <<e n!BE]y p3'!let'ic:.1 ~ pl]l'-
P;]SUS> I'io Ilot satlsly }Tun]BD  ;E]r'osity,=F>OE]i t]0'A' '.4UHU i! Biures Kvre
formed.  '3F B of tice ~B<-.!ogist's mo! 3 3<asic: 'asks is to < IEciersta]X<i hvw Eil .
rl]st <if th< i « 3! th i ia< U vrc<f <<Ulg 4y rofa', ing the observer<-' i <>I< i pr jc]uc t!  �

�U > Uoiog3cai processes  hat ca<EHPR th<>3�  t Egi re 3,  I.
' 'Vher  c�]EsideriE<g th!' c],.  :-.;;DH Oi natural !Bndforlns, Hncf  BH PY get

Sol]� f, ]t is helpful to recc>gnize that prF>cesses thai Hhapv: Ef]U Par-:.h's
surf lce h aire "Pry  fifEerent Hc!3i<!H Of tinlU <EIE f spacP,. Son]e 0::f1<, pl'0-
esses t�<   s	<!pe tnv !BYEdscap ] are of giof>a! Pxtvxit, Cire <'I'Even 4 << toY'ces

ol'igiE]at'.ng A]thin the Bard'>, BY] ! ]esnit in gfoba!- BDG  .c]nti]ae]TEat-scute
mo f] txc<":�0!Ys oi tne Berth's Outer cr< st. �F! 8 -:pi>',.3  ]<e>iy short  EIYEB-sca ie.
HOI31 : of the Tna]li-:"Psta-:. ons cf thcis<U p:Ocesses BIU earth gl]akes an i ]:«f-
ear�H]T],' ! <3<Br !Onger  Enlv tf Icy gl'' ] I'EHU to CT'13stai foie!irlg  End BuitiEEg
th  t Iesu!t in buiic<liTEg Of molmtaiiis, Su<i!1 as  ho  ,'asca les and �iyE] -
pE ';s, BDYE ever  can se I] !3!i <3' cfi  YEges In 61 ] t]asic for < i an i Hf<;3 iai rc!a-
tEc3x]H3.<3 ' <'> cit Eilc> cori IDUllts BD $  hP, oceax3 s.

fYE corltrasi lv]th g!ohal-H<cate processes Br . pr«cvsses that> a!,h<]l]gh
Y]hiqui OEEH> Bvt Ex3 !3 nl3!ch Y3103'!3 !Ocaiiz ] i ma]TE]Pr, I i]BSU p] <'cvsses cfe-
ri tileir erler<>y fr ]ln OEltsie'B -:.he body «f tile valti BEld EfEB' act oniy 8!
or very c!ose to,he PBEth>s <uter sur;"ace. 'f'he.:r principii source Of BD-
Brgy ls tfie> "ull. i fEB Uar.h 8 Surface <",  B]I<Us racfla�013 ffoED tile H13n.
EYE]Ecfl of 3<xhich 1s tE ax]sfor� <>.ck Ellto heat. Xrariations 3n heat 83!<i Hl]t]HU-
qYEU]Tt eftcic s un winds BIlcf preclpltati031 gh U !'3HU io v<' ;:atf]Bring F>f
rocks, 10YEnat]011 of $0HH> 8:OsioEI, <]llcf Y'!3nspo ~ tat]on B]E,J oei>ositi<i]'3 0'
HB f]T]TUE ts 8-:. '.be S>grfaCU P75 Of th<]SP 8'-qa!i-SCB!P. Sui'fiCiai prOCBSHUH
Eriuciify the reiie: ancE shape of the IBY]cise  p<c They c;ause short timv,�
Hca!U phUF�: '? U]18 suck Bs fioo Js, i<3n !si E6PS, Bncf cI13 SE Htorlrls > <TEEL
caY]se cuYuuiatl!>U Dr]peels bv> for UxaE] p<B, niociEtylng tfl ! Co EYSB of 8
river va!]ey OY' Hiow!y fi!!i. 3g 8 I <�y wi'h ri'!U ~ -3ntrc]duc. Pseciln]UB ,

Stl< cii es o. 3« ::k s I petro!ogy I and their c;>milo Den I Erli Tier ais
3  YEiYEUraiogy I tra fiti one kfy pr<avi de tne 3 ]os'. full falYEcntal component ot'
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F'!tetr:;.lrE '3'3 o art<Orgy  t tvtec !ha  tlat ir ga�� tii<BE ptfltcassa ts t.'fit'I'f,af!
p �3O1138333f tn!3 ' !lais<, Vr'fl '3: IS 88  I "E: <3 t efn Eh '. Stif'',I'IX at'ti'! 381 �3'
Ef' ll:3 11 : filfar33 �: ha tl tif  enlist!'j,'.

the geol�3~EH s t0014<ox, UH33 g lntcrnEQT101'1 Bhout I'onlposi3tioni Hpdtldl
QrraETIselrttl tt B 3d tyu  ot rock: lnd n 333vr-EI~ tound Qt a<Ed nv tr tft<
Part!;'H HUE!a: ei i~~col, lgists have bee l ah!6 to rtn�'. ;,re  ETEBIEv q�8stio EH
Bb lut thP dvvelonTn 'nt Bnd clr !!Util tn 0! 'lie e ET I'3 H cr'Ust.

RO C 1'' s ETEQ'«' he t Ef p 8 d 13<r' 8 n!f nu Tnhvr 0 t C: 8 S H 3 f 3 C� t 3 031 H Ch�m V S and
1'OE <":lly r ulnher of reasons, One Of t118 lnost hasic classiti atiuns Elsed hy
gcologls'ts 3H one that 1n p138$ sonle  <egrfee cii understartdETEg about cori-
«! itloEEH and Bctiv� prccvssPH Bt the tET�8 BTEd place:116 r< lt,k 'vti�H orlgil-
EEQII<r tolir leo, The pr333CEpal $3 hn�,3HE tris 3n this CIQHHEficatlcln idv ltlfjl
~ hrPP haslc rock t><pcs: Egn 'ouH, HP IETBPE3tar"3 Bnd nletaeif 33'phic

LIT<neo IH rocks E'esult frolri H011d33 Ecilt ITIEE ot Trlolten rock nlaterfal BH
1t cools, One prtnl<3r'<r" 8183�8xl! 3 n th ? HUhdETilsl ill ot Eg318031H ro  k tjpes
Es grain size. The cooIEE:g 0! 3Tlolten 3ilck r�atcrEQI [ETIQg3Tl ll can take
place Qt var>i! Og dvpths v'ithirl:.he eaith, arid thv,  atv, ot' cooltn<8 terlds t�
! Ie SIotver at deeper depths th ln:lear or at the surfacfa. SIov er cooli33g
pvl nil, H tir0'<'ith 0 f I Br<3 Pr f 1 js tBIH 3<r: tIE <1 3 esu! tant ] Br'~<"'r ffIBEn H zv E�:136
Tock. Int3USE<re YOCks ir'11ECfi CO�I deep Af3113333 'IE� <'art!3.  ",.Esplalf lardier
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grain si:8 than extrlksi; e rock=,;vhich ha'8 cooled Enure rapidly at or
very 01cise to! he earth's surface,

ixl addition to gT'QEH S3:.P,, � second pzilnazy eienken: 3! i s! Eh61lvlulng
lgxl8013s roi,ks! s '.118 elk!3 llkcai or THIH83 �1 coroposltlolk. 1"neo'Els ri i ',IES
ci.ins!st pzlklclpaliy of ox! dPS of silicon Qxld Biulnlnlkln 4E't I!QVP vary!I'kg
axllounts of oxides ot 3E'ou, IE3agnils3.UTH  calc!13!T3, pottissiukx;, IETkd othe
8163kEPEEts. 7 "Eesi', laEter Oxides capri 3ckii!311v 3zokl Bkld nkagnesil!TEEj fozkrk
dark-colored H13nexals E 0 co!Ttzast to tho 1Eght-cciozed Ellklezais ti at
have higher sihcon Bnd alu lliTEUHE conf'ex:1 >E s a resuit, silicic rock.": Qre
13gi3 ter coiozeri, krkalkc  iron-nlagnvshlkxk 1'ich, 'rocks are de 1 ker colored.
Usklkg the tv o 13iaskF.!Ehazacterkstkcs of gl'Bk!1 SEze I!extuz81 �11E coTTlposE-
tloH,Ex! h!8za1ogy! �. Usefni ciassltlcat ion oi lgneoUs rocks hI!s X388EE de-
veloped  TB1318 '«,t';, 'E'3'Tth this classkfkcatEOH, the gP01ogkst ls Qbic to !n-
fel' the,.olnilosltkoxk Of Xhc czEglna1 nEE!itvx3 EE3Bgxkla Bs E veii Bs 130'v  QXEd
v,ilern thk' EIEaglna solkdkfEPd

Sedimentary locks az-. thv, result of acculnu!ation of rock fl agnkenis
BHII dks solved HlafPE'ka1 dexlveTX 13'i:irll Older zccks tha. have beeIl ex-
posed Bt thP. Parth s skirt!Ice, 7 "18 knost tU ilia!. Pxkt<31 su!>dkvkskok3 of sed3-

Yah! : B.l Va!ark >-k lvP s

SEDIMENTARY RQCKIGNEQIPS RQQK

METAMQRPIHIC RGCK
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EELBExt'3ry 3'ocks EH 48sed Ukk vvhef4PX f48 3'.Uck 3$ QTE BccUmUIQEEUH 0'f frag-
mentary particles Ia clastic sodiment] or the roslilf of chem.',c,ll
processes that plccipitated or crysta]]ized material that had boon in $0-
lutio 5 Ia choll'Lkc'll, 01' Eloik .lasflc Hcclliuoxkt]. I'«Ek E138 cl�siEC $8 ]3HEE:.'.Df.. 8
pl'Enckpal factul' 3n fu3.'t48r suhdlvlsiulk 1$ ECI tule, which 1$ basicaiiy pclr-
tkclo slzB but c<lxl llicl'»3 do Qddit103IB] I'BfEH83HP,. 3ts s«lch QH $3zc r 83%ge QEkd
distribution ur cunsft:.Uckkt particle culrlpositiulx. Irur chplnical scdi-
3xlerli, t]18 prEHclp�1 factor JTE tclrfhor sUE3dlvlskon 1$ t48  ;henlk�8' UT
DklrkoI'aluglcal culrlpositkolk of filo Bggl'vgato, Elsklkg Ellis c]8$$]Eicatio k,
the gcc>]ogist is able to EHfer the types of proexistEXkg source rocks, Qnd
suLTLPthhlg about conditions that existed Qt the fiixle and p]aco E4P,  .Om-
po318nt particlPs were deposited BDd the sodirkkoxktary Tock Evas torlllo«E.

Motaxixulphkc rocks 83'8 tornxod 'vvhc3% UT4BX' r«kcks QT'v. HU4]ected to
changes Tn tenlpol'Btul'ci prvssuro, Qxkd choLDlcal BEIvirUT5LTLOExt. Ylko c]'ls-
HLf ication of EnetaH103'phlc ro  ks CUTksidcls tvv0 pTEHXQX'y factol's, fo] EQ-
f ion Qnd gl'BED Hlzo. Foliaf3.ULI Es 8 layorLIEg ur lalllinatlokl EEI thv TEXBta-
Exlox'phlc rock, vv'4Ech 3s direct]y IPlatcd fo thP, HfX'PHHPH that changed the
preex istiEE'»' I'ock. It I'osults fruxn EIJ.C rospol3.sc of tllv Exiato Lc3.1 conkposkng
the ox'lg3D<31 3'ock fo thc 4ighc3' f83 npBT'QXEE 8$ and pressures involved in
Tnefsllkurphlslxl.  ]0't Bll ExkatPI'LBI 3.' ':Hponds kn 8 HETEIEIQT IElaxlEMT UL' degree
Qnd ono HUb«]kv3$3031 of EHctaGlorphkc I'ocks Es 48$8d An t48 degx'oe 01
Eo]lafkun.. T4P: Ecraixk sEzP: Ut EIkcfaknol'phic E'ocks vai'ios dopokxd'TL}»k up031
t! Lc.  ,Ump0$3tlon Ut f48 03 iglnal Tock QH vvc]I Qs the kntBHHlfy Uf t48
Htr isskrkg Pl'OCOHSOS lu k' ihLCIE lt FEELS 48«ED SU4]O .tud. IdOTEtlfic�ELOIE OE Ene-
t83x3or'p430 I'ock tvpc provkdPS fhc gculoglst kvkth so!Dc EHHEght EXktu tile
kind uf strvss Involved,toIElpPE'Qt«Exc, px'cssul",i chcxE13ca] c]ka kgesl, t]EO
3ExfeHH3ty of thP st'! Bssi Brkd Ifrequenf]y] f48 dire 't UX58] aspects UE f40
forces that have doEUTTEEod tl e earth's crust,

748 reason for f48 dkstEncklons 4ctkivcolk cuTkkiDckkts c3Eld 0 .'PQTEH Ecvas

not EDIETkediatcly obviolis fo 883']y gvo]og'Ests, Huf ovl,E' fEHkei cv3deHce
Ekcckkixklk]ated Endkcafkng that f4or«3 QXP: basic dkf.'orences 4 E-':tvvoork cokltk-
Dcklts c3lld oceans th<5k BL'8 tile OQUHB of «34$P3'ved fl sf-03 dc3' 3 8] lcf fea-

tures and not t13P. reslllt. Rocks havP, be -'D s�ETLxk]od <EEkd collocitccd fE'UETE
Bll over fhB suriaco of thP. i.-'.Hrth, Nth kugh THos  of thBHP. hRVP, 4BPH col-
]PcfPd fr�m cuntirkont�1 BT'oasi 8 Iossor EEUD11381' ]lave 48CD co]lee;fo«1 fr«ETLE
oceanic is]alkds, samp]ed by dril]EEkg cores UI thP. UCBBH f]�GT, Qlld Bvoll
drPdgod fl'onl th  J E]oor UE thc «EB«»p ocean..vfELEBTQIUglcQI Qx5d c]' 83�lc<31
ana]yses Uf these samp]cs indicate that lhere are systematic cholnical
dktforolkcos bctwc-'.BEE coiit3EMHt EI Qnd oceanic roi.ksi. T4P, 3'Ucks IrolB

c�Htikkcntai Bx'88$ fend t0  .'UEltailk 8 Iclfgo1.' propo PIUD cif light-culorvd
cxunoralsi Eo bc richer in si]ica, Qrkd to be frc EEEBHf]y coarsPT glaincd, En
Bgglogate, ucoafllc rocks Bro «183'kcl' colorod Blkd colktc343 higher Qlllounts
of 3ron <Ex3d iniagEMH3EEEH, f 4Es 48slc dkffclekkce in conkpuslf3AD BIHU re-
slElts ETE dltforolkt QvoX'Bgo doixsktlos; CULEELIEOTEfa] x'ocks havv all average
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dens'ty Of 2,g g7<30 s per cUblL cei.tEIDetex 83 d 83'P.. ]i<gh']I>< ]c!$$ Licnse
th�1! oceallEc 1" fcks 3 3 .. gran!$ per cuh3 c cen't t! t! eEer],

Regar i]BHH F>F lv<�ch hypott! 'sts 0] ihe earth $ or!g!!l 3$ Us
gpi>era]]y BgrPAd that <!E lrl 087]y stage the interior Bod pf!Hsib]y Bil L>E t;.Ee
p]BDOE lvas hut ex3uu<gh tu hP. mo].: en ..<'3 s Efii' xtxorEOD Ixlsss c !u]ec], hPBv-
!er. 7QBierla!$ sep83'<3tvii <3 !E'. H<ulk Evhl.'e E]le ]Ig]>te! il<aierif ]H <!Scended.
AH 8 rvsu]t of this separatiu» tc;8]]ed c]i;:fere!tti:!ticfnI heavier Dlateriai
HUch 8$ l. 0 3 Bci'Unn ] BEed .'3c!3 ' ]he cex:::.I' 0::.hv, cart]H, Bnd ]i~kiter E! talv,-
ri�] HUFh <3$ st] 3cB Bcc XDEU]atvci ln Bn 013tv.: ]ay!,: A3' i 'it"Usc ]Di'ieren iaki >D
vt'8$ ci xl1 E;uf  !ve�'.; Iv! tboUE EE, c!vo] t! t tf!xt oi the 0<3I'th 8 HUrfacP. '<Lvouh 3
have been  ]']tfexcfni.

T]38 i'gilt Ixlaterla]H tha'. 733 8kP. '3p Ehf! c1'! fst do Dot Eclrx� 8 D0m~ fgP.�
DOUH ot!Eer she']]; Iv3 th 00   ihe contrasts b»: 4,'ee<D Fontinex!E 3 IBI3d
Oceanic 3'if !'k "pos describe:c] above Eh!.3'P, lvot!]ci be D: f priEIlarj rv]!PE.
'l'he basil; e>cp]BDHEion for Ehis 3vas pro pusvd as 087]v 8$ !.8Ef!> Ecf c >cp] ! in
Obse!'vf>d anoi aaiias ixl tile Bart]3<$ l;ravity Field. Thc! ] !ghEtel density rigid
cx'O' E ui Eh� earth !<vcs c ODH!dere ]:0 !]!fat ' Bii>p dexlse7 fess 7!glci Inatcf-
riais dePpe!'  v3]bin the eal'ih. These deepe...:ess rigid ma:. ria]s arE, Dot
f]EEid ill tne Doxnlai Sense bu. behavv, Bs fh:ids ] fecBL se 0'' high tempera-
tures and press!I!'f>H <":I the depths in tvhich -:, hey oc;cur. Eiivf>EI the coxl-
cept Of fiuating, ii fL>ilc.;vs -]hat »F>7-tons Fff Ehi; f!! 3>SE tvith differ .'Dt den-
,.'tivs BDd thicknesses v'i]] fiuai ai c]]f3 rent heights, thereby disp]ac:]31g
eci13 t] ln<tsses 0E t]le SUppur'1ng Dledit ID. Yh's conc ept, te!'n!ec] isost xsv,
Isvas reF]DPd 8 "3d <Dc>dif':Pc] Bs <3d ]iki.cf! t<3] Ex! ff f3'xl38E�11 about ihc �87th vas
ct>]]!BLbed.; b! 1' the basic p3'111clpal I'eIDBEns Bnci e>cp]Bins E�' v the <'0D-
Erastin' coEXEpus'tic>D ot ..cn.i!lei>EB]. Bnd oneanic crustai rui;ks i:Buses
p7!ina!'y re]3 lt,

f]I !ffeOIOg]EC Age 8LA tIk YES Stt-Bjes
Y udBy, geoiog3.; H U. 0 Ei Erie 't!Ixitsof xiii]]iuns and hi>0 idle:d-xni]]ions

tof 'v'ea!'s it! '.bP, s txl>e cBHGB] Diannv7 E]tat cfcutlolxtisks Usv, cc>n'parable
xlulxlbors 0-. du]iars, QUBnEitif>H ut' the:v magnitudesa! e nol Bctuaiiy
col npreben dec] h, <txlyoxle, bui ihe unit;; are cine!>ffied ixl coD!mon Use,
Loxltclxtporaxy technic]UPH for f]eierl3 XD3Dg the Bbsointv. Bg» cff  :rt!si tf
X'ocks f iei fl. DLi I!pul3. dcfcci'' ~ Bies 0' ra rEF>active n! 3 uetais c xld Isotopes oc-
CUlcr113<g ilBEUXB]]V 3n 70Cks,,'.ViC!<3HU!.XXI!�. QCCU"Du]ail >33 Af  ]eCi3 1< >! u fctCEH
thai have', tc!rn>P i;:ti kIXOEvn 1'<3t .'$ perm]: H Bn BHE!11ia'e ' ff the Bgi., uf 'the
E'0 ck, '.]3 8 t i xll e t 4 84 h 8 $ p 8 s, e c] $13 i c 0:. b e 7 0 0 k cixl c'. E] 3 8 1 n c c>: p 0 7 8 t 8 f ]  It i 3 t-
078]s <<'ttexe !BI'3glna]iy ff f3'xt!eci, These tc.chniq118$ 83'� 31!>i very u]d, but
t.:".  lv ci fnfirtxl Ehe fact that »c!u]clgiu '<1 mB HA dies Bre verv iong.

'i'0 decipher pasE history, it is necessary io p]ace evf!Dis ',in this
ca,<e, i ]enEi-:"t;;..b]e res U]ts 0'' onguitlg geo'.F>gic: ]! roc!esse<; in chrono]ogi,�
cai Hc.'c]ucllco axle]. the!H io c]eEBF x!IxEO Bxl <3bso]'G]0 Bve io E!  e Utcitv!L]i Bi
Pvvnis, 3Vhf>3 t geoioglsts fits!. begBE3 to Hit! Fiy ibte e tl'E]1, '.heir  Etforts 'A'ere
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localize<3 83 Ld direct,.d n103te 8: Lh»t»7mi!Ei! Lg xc'.iati «P, Bg '.s tf!81  absol;3 tv
Bg»s. Det<arx!EE!EBEion UE $»>E! L>abc» began v>'ith reer! "nition of thv, prhZ»3-
pBE of Hup..l'pos? tion., Simply . < Bted, th1$ p73 0 01pal H!3 !"H t!I?3 t Lf $0 �> '-
ted!! ! Lg I e,g,, <3. xnudtfow, volci!. 13C l< va, sov<lExlent acc! Inufatlng !I! 8 'Bkc I
1$ laid do;vn. Un Bn  xisti!jg $1�:"ace, tl:Bt ! vh3ch 3$ laid d, >v«n 3$ y>Jul!g>$7
than the ' !xrf�ci ' 3 t cov '3'$. Yh! s E e E to i levvli >pxEX»nt of  L>3ditiUEEBE pl'EI3c?-
pals for detexlIulurlg Older-young � 7»Eat! On Ships 8 '3 d, in 1! <X!», 8 body ot
inforE!qati OE! that pstahli she<i rel<$tiv>J  L~«es uf r<a>JE<s  Lnd c>ther ge a! 0><',ECBE
featu3.' ':s. Yf!L! svs ~ eEI!at3c accuxnulation of x»lative 8<>»$ Over la!.'ge SEE!'-
face, 87P8$ pel'OEEttPd Hynthes! H 0' the hist»>3'v Of th» e':0'th s c 7 jst---Ejo'«v it
<<v<1$ ' UXETL>ad, now Et has becEI cha!jgl lg,

An Bccura: e siva v! Eessot the ahsol13tP, age ot the P>17! l!. 8! L l tt! 0
<'x!':L!EV ev 'nt$3'E!vUI veid 3 El Its !'L3sto "v <>«<Bs I>'llj'lv»lv Slo<<v Ixl di«ve! !p!n'
Before the nliddle ot tl!»»igh Le  nih c»nbl! y< 8 gen»ra! c->ncen Bus
,!lace>i tl18 <3hsolutv. ?3gv  >f the l'<3E'th 8$ <Je<«>erat tho'«jsallds of y»ars, EIE
urdor tu squeeze Bll UE tfje evvnis I»corded in tl j» geological r,,cord iXEEU
that pPXE,>«1 ct tj <XP., geol og3c p3'. >  0$$0; hal i. '.0 w>arl  i t re tes Exj ECIE 38" tol'
thaxl actually obsor;vd 07 to be interlnittonily inlpacted 4' v<>orld!vi  Ee
Ca.astrophes, BE! t thPE'e v,'8$ no I'<3 t10328E 7»8$00 ! 0 exp><>et the ra<»«$ UE gi '0-
logi' procvssos to have suddenly slolvod do!vn Ej!s-:. abi!ut the tiEne geol-
Og3sts hecanEB Ent»3 ested i 0 th»E!E,:" !Erth>'7, BE tl300gl! ca' Lstr<apf 3»$ did
UCC0 7, tll»y <>v»re rclahv»lv local 131 »xi»lit arid did not happPn 'A,'EEE! any-
th!!lg 3'PHBTnhl3E!g thP. fT'Pouvncy req!E�PA tv> sqE!e»ze '<LE Ubse 've>d l!is>tUE'-
!cal !xeolog3cal Ov»nts Ento 8 fe <v thousand years. E.'onsv ?UP!EE]y, by EEE»
latv v!phteenth centjjry, 1t hecanle gPn»!'?! l lv 8< '>ci >l >te i '. 48 E Il!i <3$  Lr»d
I'=Ltes c>i geoliag c pl'Ucess «vore rvpl.'es»lltatlve  Jt «vhat thov had 4»Pn
throu'>holat ti!nv,. Yhis led to acceptance of thv, Ponce'? >t th .t tI Le i >art.:.3'H
<3@I. Tv<3$ vastly g!'ea' BE' 'Et>i� 1 3 >3'':. «>! 0'92!si 'I I !id e ved 'E!erhaps huljdr»ds  Jf
lhousanns of ycBI'$. E3y th» Eat» n!nvte ;ntn cvl!EMy, estEnlat»$ ot:he <$g>3
of EIEP, S HEI 831d the solar HystPH 1 pla«,ed the 3 >  >$$! t!E» age UE tfje ear'.h at QH
xnuch <js tensof ExEIEEEOns UE ycBr", Bnd l>y the»arly tlvent!etx! CPE!tj!E'y.
X'8 d108ctlve dat! ng t» !h!JEv EEBH: a ised the totAI to l L! Lx!  i 1'eds UE xljilfioljs
8'�  f even hEEE 30  ! s uf ye<jrs.

Absolute Bge  E .'terlnjnat!UTIH ot 3'Ucks CUE:»ct»>l ET'oln Il30 UceBE3. ba-
HEX!S;!!er><> 'Uuzzl3ng, Yll «re  V<3$ 83> ':Lbs>JXEC» UE ally Z»BEE!  Jld 7 J !ks i!J BH'<i
vt:hB 0 .Pans, Yhe' Oldest ocks EE! thv. Pac!EEC ULJ»i!xl, for vxa llpl ':, '<vere
old! E t!L! n!lllloll ye  l's old, 8 shar>J con Eras t t J cont!nen tal rocks, sonle
of >vhE h wer» Several hi ndx»d miff! OEI vears ol i, f 0 Ba. liti>axj to boi	<1
yc>unger, there v'ero sysi ;xna!t!c e �uollces Uf;:Ijcr !Bsiljg Bge .:n so!n»
oceanic Br $8$. E'his Ives -' ~ 10,. t Ubv! Ou H in the nc>rtherT! 813 i e ll! ator 3'Ll
Pacific v«her» the age of 3'c>cks < en v!'ally ixjcr>JBS»d EE'Uxn east to E<vest.



The Shop.. ond Forr3 of Pug<et So lxid

It" eOP4y@IE".S
kn contrast Evith observabie ixlforrnation  U1 the shapp Qf the earth' s

surface QX' the compositioll of' HUI'face 1'ocks, TD13ch inforITEBtion about
the earth has had to be obtained indirectly, .<  lthough the shape of the
Hllrtace cari be Dleasured Bnd sarilples ot sui'Eaf'8 rocks collei;,ted and
analyzed, many of the forces that shape the earth's crust result from the
larger seal P, p3'QcessPH 03'i.giXEatix3g within thP. body Qi the PBFth. Al-
tlloligh these f01   ,s aild plo  pssps  BTEDQt b ' Qbsprvpd or measurpd
rertly, many of them caE3 be inferred from Eneasurements taken at the
RUY4re This ty<38 of ETiivl='stlgalion ls part Ql geology Bnd la the special
field 01 AM "Bophysiclst vvho Uses B widp vaxlpty of Indirect TTIBBHUFB-
Ellenis to condlict such Envest3gailons.

DUYED » the< t 90CEH there w'=E<s <3 slgxliflcailt nici'Base ln svstplnatl 
TDBBHUrelilelit of geophysical phenomena ail over the world, particu-
la 1"» 1E1 the ET!BE'inc BFea, For the tirst tEx318, ihp. 8 Erth s gE'Bvlty field, Enag-
TMtic 118ld BTE� heat flux wore TEMaslEFed, Bnd lock HBInpies 3VPFB coi-
Iecied to investigate bT'oad portions of oceaE3 floor. PY103 to this tllxle,
geological thinkmg B! lout the Origin of crustal features had beers based
Bliriost BntEYplv Qn QbsPrvatlons Tnade Qn land. RxpaE3dEEEg g8010gicB1 lxli-
vestlgat3013H h'OD1 cont33 ents 3Elio the ocBEEEEH---En or�81 io Ex3clude 'tile
3'Billanllrig two-thll'ds oi tho earth s surface 1'Psul ed ln Dpw Insights
Into earth pl'Qcesses. Key fhldlilgs by marir 8 geoiog3sts Bx3d geopllysl-
c3sts provEded EEnpetus tol' liilwcoxlcBpts 01 h03v tl'18 earth. s crust
BVQlved

Seismology
ODB oi the Oldest branchBH Of geophysics Es selsx31010gy, tile stl3dy

of 8<3rth iuakes, Earthquakes are QEM 01 tl'18 Enost catastrophic I'esponses
ot the earth'H cIUst to oxlgoirlg stI'Bases developed bv processes OYEglnat-
3ng wlihEI3 thP. body of ihe earth, Bec<3use 8<EFth tuakes can h<lve strorlg
3111pacts Qn socletv they have been I'Bported tor Xn<EDV yeBI's. The stUdy
Qf earthquake phenomena, seismology, begaX3 relatively early and has
evolved 3Elio 0118 ot the prlllclpB1 tools for EEEvestlgatEEI<» the lntelna
structure of the earth arid its crustal I'ocks. FI'oxn cai'Bfui BxanElnatlon of

collected I'Pcol'ds, H838313010gists contriblEted to  Endex'standlxlg of tile
earth s 3nt83'Exal structlliie Bxld EEislght linto how tlEB earth H cFUst has
bekin forEXEed and Tnodif led,

Earthquakes oriiginate ai vaxying depths within the earth. When
lithospheric roi.ks that have been subiected to deforrnational stress fall
suddenly  i.e., break! ihpy T'Pbo ind rapidly towal'd thell' 'Uilstl'essed po-
si<lons< g8338ratETE3» shock vvaves Bt. thc site Qf the break lcalied ihe iocus
QY &vpocexlterj ThPsP: shock Evaves Dlove 031t3<vard fFoxiil the:locus both
thl'QUgh 'the body of thp parti  Bnd Biollg its sUE'face The patlls that
shock Evaves travel arp deterTnined by the speed Qf the vvaves, xvhich is



ill turrl 8 iunchon oi the Blastkc propel'iles of the 08xth mafcrlal through
which they travel, Characteristics of ampliitllde, wave motion, Blld time
ot  Ej'rkvBi <3YB recorded 13y spPclal DIsfrUIneiilts caiiPd seksnkriknefers.
Selslnologlsis 4avc compllPd Inklch EnfornlB'tlon about thc 3Elferlor of
the earth by sysfenlatic exakrkijxatioxk oi seismokrlcter records  seisIDo-
grilphsi, By conlparlng Brrkval ikxnps of earthquake vvavcs received Bt
sekski>onietikrs lkl dkffcrckkt locafloEls, 'file Bplcenicr can 40 dcterklkklIed.
0110 0 the Cal'iy ConillbufEODS 0. Seiskrkolo<vy Xvas fhe ioc<Eflon of Ehe
epkcpnfcr  8 point   in E130 BI lrtn s surface dlj' Ectly above the fo 'us Of ihe
shock! Brkd depth Of iocUs of 811 BBI'ihouake  F!gurc 3.2j.

Okkgokkkg Enkprovilrnent lrl msiE'unlcntaikon Bnd data Mlaivsks meth-
ods 48ve TefEDPd basilc seksnkologkcal procBdurBs Billd, 3 l BddlikoTE to Pp-
iccntvr and depth of 1'ocus, seisrlloiogists Ikon can be reasonably preciise
8130'ut the chaI'Bcterlstlcs 0' ihB crUstal TQck Dkoven'Eellfs tilaf OT3gllxafcci
the quake. Fxanlikkatiokx of systematic colnpilatiorls of this kirld of data
hxls provkded lnskght into 8 tundalnelktal characterkstkc of t40 crUsi'---
Inost earthquakes tend fo be located in long xlarrov' baklds kvhich, al-
fhokjgkk lnteI'conxlccted surround relativelv iak'ge regions ihaf BT'0 basE-
Cally BSBESYDEC  II.B,, vvlt4037t BHY'ihqUBkeSj. Uf particular Enferest vv'Bs t40
observed strong correlation between the seisnlic belts and the secon-
dary 3'04Pi fPBtures of the Ocean. 4asllls  subTnarme moux3talkks,
frcxkches, fY'act!EXP. zoklcs, N'ikkch vvi".Te ckterl En Chapter 2!.

Since seiskrlic shock vraves lrlove through ihe earth Ht different
spPCds Bnd BIOTEg varlo ks pBfhs, nnkcb ha» 4PBD 1083'lked about thc
083'.th s lklterkol' bv cBreti Il study of sPEsnllc TPcoI'ds. By t4P. TEEiddie of t4P,
tv/Pkktieth cenfur! t4PE'0 'N Hs 811kkosf Ekniversai Hgk'PBEI3P3 lt abokii ihe gross
features of the earth's interior. A basic layering vas identified, based on
study of shock xvave transrnissions. A central core Bnd a surrounding
lnanile 0 .cUpy 813I30sf Bli of file 40dv of tile P<krt4 and sill outer shell
cI:intailkiIkg <EboUt oxle perceYkt of ihe total earth volklnle BTld onily tPDS Of
kllolxletPl's En thickness forklks t4c thlxl crkEsf that encloses Et. IID Bdd3tkolk

E'E�are 8.2 Y'xe sua u<; uj ..r! :-:g, r :j!:Bs.:d
dL'riiis  : Irkh jiiskPs I<:k  : 10: Is Er<33r:
vv j;h,E; snd sr IE<3 <v»v<3:ROD� propsssle uak-
v'"rd. AE ssjsir esrspfi '«'skin is EA, 8,  :]
Ej!ir .  !E srrivsj sad ssjsrnj<i;<rav:. Vcjnnj y
sr<: rs<-;ord d and Bs ,d jnjn,".BES jjio pusj-
kioa ok Ehs Bp caiusr.
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to colltl'dst!Dg I'0ck types, otlloY' RlflOZBDOPS 40iwBOH. ColltllkBY!tal. plat-
for3318 Bn l oci=.aHTC 468418 4ave 46PH identifi0 L selsH'llcaiiy. Pozhaps tiM
Dlost LEDpol'tBYlt dkscovery wc38 recogTE!!loxl that t40 CZTLHt was gBx3PZRliy
Hluc4 t4!ckPT' TETE LOT t48 contiYLODts thakk UDRBZ the Ocoalls,

OHl 6 Sn36iiBY' Scale, 3ksiX3g~ 840ck vv'BVBS lrlltlatB i 4V SYEIBLL BXpio-
sloDH oz othOT activB SOUEI L 80Gzces, HPEs xloioglsts have Bx kployed 83m!,-
!ar analvt3cal tOC4D3qGBH t0 deflliP t4 '  ietalis oi EIOBZ-surface stru<'tures.

GeomagHetism
Y46 Barth. 468 6 Hlagnetlc f3PL i  t4P. gOOYELBgno'.ic fiOLdl whLch call bo

Bpproxillla!0d bv 6 strong bar YHagn6t located v'ithin the body of the
Barth BDA alkgYEB L BLE31ost pazBLLOL to its rotatkoEIBL ax!s. Shapo Ilxk i EYltBD-
slty Of the gPonlagnet30 flejd CBTL 46 3318asklred Bt th0 061'th. 8 suzfacO by
vazlolls DlstzUEYEBDts, 'h0 EYEost tc3lxELL3IG' of w43ch TH tbP. Con3pass. BB-
caklse 0' ti30 TBlatloH84!p of the posktkorks ot th0 goolkkagYEBtkc BYI L gco-
grikphlc poles Ot t!16 Bartl.lc tikP. Conlpass 468 4POD Used fol' SovPzai colktu-
I'Ecs to Llkdlc EPB dirOctiolk OIE the SGZL<300 ot tbe Parth. A Hinkiiar

i3>strun30nt, CBLLO L 6  Lip-DPP LLB, sw'ilHgs 111 6 vorPlcal pLBDB BEY L knril-
CBPBS Ale VOrtlCBL COH1ponc'.Dt Of t40 gBOH'ag310tlc tTOLd. LVLOZO 8 !p418tl-
CPPP L knskrumPQtatkoD! caLLPd II36glMioYE10tezs, ca31 pxc!vl LB add!itic!31ai
 LE!ta On t40 3ot631slty of tbP, geon3agDBILc f i!el i at BEky D3068G! OYDollt sta-
tl on.

M ca<i LXO L f Eel i llltODSEtV vv'arleS Colkslderahiy frOTXE PL!ICB to PLHCB
bPcausP;---3TL ad L3tion to th0 geonkagnBtic fkoid.� Local LYlagEMtlc f Eel i ID.-
POYLsity ls Bffocte L by Hlag318tiz ktiolk Of cx'13stai Zo .ks. Yltis xDBgn0tlzatkon
ls 6 4681c pl'opex'ty of I'0 .'ks axkd Es zolatod to thekz thOY'YDBL hlstoxy, l<VLE631
thl:-', tBxnpPZBPDTB Vlf 3X36@3>Pt3764LB 3xlatBYLBL 38 hlghoz thBEY abloQt 500 CBL-
sEGs  tllo LGZIO Poklkti, YEkagDB[LO conlpoxii631ts BX'8 frBP, to ai3gn thenl-
88iv08 with th0 geoXYkagx!Otic Lloi i 111 LYLGch Ale sax318 way as bc3I' D3�g YBis
iD 6 colnpass ol  Lip-lkeedle, KVhBTL the 'cempBratuz0 cooLs belov: the CG-
xko PGEYlt, ailgEYDloxEt of tbo Hl<lgDBtlc cox31pon631ts ls f3 QzBY3, thay BZB 310
iongPZ fr60 to ITLovP< dnd t40ir ckiigEILYEBDt XBDLBEYls LLxed as iong Bs thP.
tolxkperature i!Des I30t once again rise above the X,klrie Point, This type of
nldgnotlzaPlolk [P46YLYLOTBYELBYLOYEt Hla' EIOtizatiolk! is i!l property of HYBDv
rocks f013Y3d at and near the surface of t4866rth. Because t40rmoxemaH-

BEkt DvkagDBtlZ lctlOD Es  LOtOZLYLEYEBd 4y the 04BZXlct63'LSt3CS Of t40 g80-
Tnagnetlc held that existed at the tlIDe and place 6 rock cooled from
above tllP Curie PGEY3t, Lt. 468 460ll exir630Ply UHPfui 131 dieciphOTilkg as-
pects of the history of the eazthcs crust.

SvsteETEBLTc ix!v65tlgat30X38 ot I'ock TnagQPP38nl fl'onl EYEBDy piacos
BZO'Gll� 140 Bckrth hcls 1DC4CatO i tllaP Xlkckny ZOCkS posSl SS 6 theT3X30ZBnkaX3-
Bnt YHaguetizatlon that 38 not ailgHB i with !0 ia'v' s gOOYEkagkketic fiol L.
Yi!1$ coGL L 40 Bxpialned two ways: BktbBZ the rock LX!oved along t48 sllr-
facP, 0. the Oaxth BftOT lt vas lnag116tlzOd, 01' QM goolnagnetlc fiei L



ch:ngcd after the rock cooled be]ov, the  .;uri P. Point. Actlial]y, coiltern-
poxaxv thinking CODHJYEers that both processPs ha»ie occuiJred Bild sort-
Eng thcnl ollt hiis provlved solrle 0'1 the Strongest conf lrination for cLEE'-
I'ent. hvpoth!Escs on the HtruciilT'Bl evo]u tlon OI the earth.

Widespread usl! Of EYEB+'EEetornercrs Dl the Ocvarls staT<ed En the
t950S, Magiletonletcxs measure local Inaqnetic field s-'.rexigt]E, a summa-
tion Of t]'38 1BT'ge-Hc<".18 geonl<3gnetic tie]d Bncl ITEagIEetizatEOTE oi local
CE'usta] xock"' UslD<» a techYEExtuv that I'!'TnovPH thP contxibu»EOD ot thv
HIDoothex J>oonlagnvtic fle]d, the loca]Ezed ettec't ot the! crustal rocks can
he observed as a magnetic uric!moly. Patterns foxincd hy the mar!IDe
ErlagYlvtic BT101Elallvs v»'cxc initial]y X]uite Einexpected HEEIce no H3Inll<u'
conditions "vvere ohsexvvd OYJ ]BEEd, Chax<Ectexistical]y, oceaDlc InagYletlc

-.anom'.! ies ale lirloax, occur irl roughly para]le] hands that display re-
IYlal'keble continuity ovPx long distances, <O'ETE BE'8 oxiexEEPd approxi-
mate]y para]le] to the Erlid-ocean ridges. Since these lineations xef]ect
tho patterrls of Tilagnrltization of oceanic CXEEHta] ~ocks they provide oxie
ot the final kevs to xefiT3]YJg ii generic xElodol that exp]aliis the Htx!IctU!a]
evo] utEOIE oi DM eal'th s cI'Ust.

]Ln]ts]I:@II KvoIUt]I]Iort
Prior to the geological lnfoi'Ynation Pxplosion that occUxxvd after

1950, theones about the forination arid vvulution of maiox Structures of
the earth s crust 'o'ere xe]ativc]! diverse BYEd< it ls fair to say, frequent]y
pxov3ncia!, This Tvas unr]vxs B31! lab]e siIEce nlost. OE tlM dat<3. upon 'vvhich
ealliex hypotheses had been based AvPxe Observations h'OTD t]38 contl-
Dciits, and Pven theHB v/878 blBsed by FuxopeBD Bxld North AYDexicBII
cf!31<]itioIEH. As BddltloTJBl 013seY'vatEO'ns becanle Bva Elal318, particuJIBX]v
tI'onl oceanic areas, there v»as an 331crease!d <Eivareiless 01 Bddltlolla]
contrasts ]ietEV8831 oceanic arid contiilental crust. Perhaps DIost impor-
tarlt ' vas Jhe d<eteTGilnation that Hon>8 CT'ust<31 processes Iand theii' resu]-
tant HJEbx31BT'Ene topograpllic features! were UYEix]uc]y oceanic. Exainina-
tion 01 those processvs in coTnbination v;ith available infornlation
pY'ovlr]ei] the initial oppoY'tl3GEtv Eo develop hypotheses aboUt evolution
0'f a]1 of thP earth H cl'Ust, IDsiPacl 01 OYllv ho continental poltion.

Seafloor Spreadiilg
Hy the varly 1940H many hits of information had bven 001]ected---

YD<1133» ot thvTD duXEng tl38 plevE013s decade thBt COYDhllled to give EITl
pPtus to a collcept of ]Bteral IYEobi]ity of the ocPBnlc ci'Ust, Ternied Hea-
t]!007 spreadEEE<», this COElcvpt p3'opolvd that EYEEd-ocea31 xidgv"' Tioxe
so;Erces of neiv oceanic cx',istal rock emplaced alollg the ridges bv sub-
D3871318 vo!lcialllc acti vltv. As YM vv crEEHt contlnUed to be <idded <3]OE3g the
rid<»8, tho existing OCPBEIJC cT'Ust vvas d3sp]Bead BYld Enoved B'av fxolEE
its axis, Over time, as this process continued, the seafloor spread lat-
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GYB! i/ av»'ap fYOHX the FJ dge P Egl I'8 g>,:3 I.
C!GBY y> Ef n03v crkkst kvas Ekekkkg forxned> there v~L!EEM have to he

s01110 kivay to Restrov old  .Fust OY thE eafth 'N!QUId coxktEDUBH3: gxLrkv
!Bfg83.'. zlcLOY fkkkg to the sGBJtoI.IF spT'Gad3lkg concept> oceankc cx'Ust 38 de-
str�! Hd Bt SEEi3QU ktioxi zokles corfespondiil3g to oceakk3c tfeklches, klokkg
these 70HGs otif CYTkst JHovPS dovE>H >vard tok<laf ! the deeper portion of
the 0>3.'th> nkefts> <EEET 40COHMS lncorpoYrite i Into the UEIIIGF!YTJEg nk<3Htte.
i btthokk~h thks h 3'pothesks 63 d Hot  !Erectly Bd llress pfob!ekns klkvo!vnlg
ocealnc BYE f CL!xktkEkentaf cl'Ust<3! 13ltPriactlons BI3d contrasts> Jt did Bc-
 .OUTkt fOY PhenOJQGDB EJE OCP<EXE 4BSEEES, SUCh c3$ XEEE f-OCGBXE Ykdges c3n f
tE'Gxlches>, that had 400H def3ned 31EEIEJzg the prkor decade. TRYPG contT'I-
hU lons of thP. colkcPpt wer ' IQPntlfEcatkoxk L!f Exkk<4-OOGBEI 3'.3dgesas
SOUYCGS Of EI03<> OCGBT31C CX'Ust, GXpllanatkoD Of fatera! EHOVGED -':Dt Of
oci':Bnkc c3.'Us! th!k! Evas progressive',! >>> OI330F O'N'Bv frox3k 3ts sonrcP�Bx3d
destrrrction of 0/d Oceanic crust at sub' kctkokk zones.

P4te Teckonkcs

N>3th Bddktkona! retEDPJHGI3ts to Gxptakn opoxatlon. 011 thP: sphel'Eca 
shape of !�0 Gartfk s surface, tfle sGBAI:!03' spk'0833kx3g h »>pothPsks Gvo! 'Pd
Ento the >3lloball p!ate tectonics h!>pokhi sls This hvpoQMSES recekved
gex3crat Bcc< ptancP dUJ'kng the k9713s, and provided 0 txamework for d1s-
cQsskng th ' Gvo Utlon Of %'El 'stefkk North Axkkerkckk Bnit the fL!3'EH ation ot
Puget Sound. fts prekx3tsP, is that the outermost poxtk�n ot the earth is
GXECiosed b!> B sh<c'!I! Of EXE  tel'Eai ternked the iitfEI?Sph GYP., ! 40 tkthosphPYG
is �0�! Bnd brittfe frkgidi <<vhekk I'Lrkxkpal'L f 'o>kth the Ekkkdef!<rlkxkg Qstfit!Do-
sphere. The outer surface of the  ithosphere ETkay be Pkther oceanic of
cOEktEIE03ktal OE'Ust, Bn f QM !Eti'Eosphex'Ec sheH EtsGH ls bros<;GEE kkkto B DU1Tl-
her of separate pieces xvhich are ca/led p!ates. 'I'hese p!ates are rigid
BIEd EnteE'<Ect Evktfk B�IL>iEkikkg p!BYGs,

~'r kP$' GIPJHGnt En this  .Qucept 3S that thPYG 3s !ittfe 48pp knkng to the
p!ates theknsefves  <3 cept XrfLklk+:.130 pi iii'. hoik31 IBJ'JGS. SE HCG HhktP.
bouud<3Y<3 Enkerac:10DS give F388 to sPJSEHE . Bctlvktv, pfkklckpakfv e<krth-
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gtEBkE38 BEER VO!CBFIESEEE, thP, 4013HC BARBS 40tkc! 6',BEE p!B�08 CB31 4B ti]CE3� lett
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Fig jr<» .�3 Tvpes o.'. 81" lsti>k r>k e<tr: jroltud <jr i<is< <tjvargellf r ooovtlrgotl t, 813 o
sf 3<3<jr. L'3 3'ai Hair<i bo'itii",oj'ice aj <: assooi at  <. svitt} shat! o<v ic>' 'as, 1<318 ail"
<SCB r <> 3tjhjjarlae'3 Bjlc', l!Oke,jjj:Sjll ai <jara ,jri kj>r tk>8 ie 3188<1833 O[ 31,. <V
crttso3'1 31318 '8'' <'<java'neat 3<31>iac'.'<jcjas ltrtva aaftkjot':jkccts rio>grEiagr ijiljl>
shatiov" t>o ck<3<313 Eoo ! s 'tkla't ere asscgjkate<3 rvf !13 shc>Sirius Eij<evc:.maij s b!:--
'"iv<38 1 tha '833<3138'tjrtf  sla4 it<irk ' tja cjv<31'i,r <jig oil'8',, iro<eejinsill 1 <io oa
.raSSEV!? E'131+ 32«hajj a ,'aE3 OO jj lrti ak 4 'i<lair ''lij Su"rat. '..Iar.'8<38 VOieall<aill
. is assoola>tat  v<1:h 3'h , oaa<oi>tjo <3. '::, a. p slt3oi3 <31 tha Elar tj 8 st'1'ka :Ej
ckjreottv Bocjve ltje Ijojral >>jr tial'ii fit!i tacojljca atji ce of tact ckosootl: lu i s 183
<>!33 8 k< 1 3?k> <1 Er<>'igh tij jl'Ei3k'l Sr ifaoj i<18 8 jlat <le les 8' a >r>rkio cij si.'islja 3 8 Bit i ".  !r
oac kje <3t very high aoergyr kjt: ',hc, «oioa<, is gfirlacakk;r ska'tk'.'ajar EE:Ejjlf'jlE-:ik
tio ttja titiiokijjas ot '..<18 si>ei3 3ag fjttlteso E,haracsarjs>'<3''UI< 'f3< ' 3s 3>c voi.
OBj>i'"3l akieragr h881 f<O<jjl!81385

the B<fjoitljt3o p]ates divert e from Hpreadino cpnters associated 'vjth
rntd-oceBDIC rt itches, .t hi.<se b<fjtrj<I txjes s�<3 <:ktjjr<acfer ze<k jf, v<jic<":xjts� r
3Vh3Cb g!VBS Iise to IIGIV Crj.:St, BD $ 4V H03HIDiC BCtl'Vttjr titan kVD<ks tO tje Oi'
!OVy ii=',VPi  En<] Hh<tj�'<>i rtoctjs 4eciWU<IHQ lt 3H <:cjjIfjjle<! to the ~ hi� IIelrtr

OCCBDIC CYUSE.

Sbeaj' heuudaries OCCIjr IVhere Q<kjnininfa plateS mOVe taterat]ji
Elf<ant>j the DOU31!iarV. BD t tr<arqujlt>it~i E:0 rrespo EIR f 0 0!;ea313 C fr ICt u3'!.'
zones.  >rus>ta! YGQterta! IH Deftness IOFID� i Dor coIIHUI I<."3 Bt these boun6-

al'ivs. Setsljtjc Bctivtt at stlpaj' bouljdaries does Elot itlvokve voicanistn

QT1<k IH XI3arke i bp tart>e, Sita/!eery-t<jeus earth<juakes that resoft ILOIII tat-
ej Bf dtsp/Htcenje jt.

L��VPFE>>eljt hotjDGBrtes OCCur IVhere Plates IDOVe t�gett I<air, Y!jeV
Qre CuruEXE<jril>t' QHSOC3at<ar:i 'Vjt f3 <! QPP-OCPBD tre�Ches, katf�.:-» ievei Ot Hejs-
DUC QCtl'r Ity E both S!IQ!!o <Ar an<3 CACuep!, an<i V<0 ICB3 IBID. CO I Ver/!>�k
boundary processes are ot Inost interest to a ujs lussion <jf Pu"et Sour«3
4<BCBUSCS> Illost Lff 'he Crustal:i!BVeioff1 je' jt Ot 3>'est<!I'll >K'ashju >t<jn Dl-
vo/ves the Interaction ot GOOQIUC QII J contlJlentai cl'Ust ill<BI ;~> Q P<',rsi<H-
tvnit !so�.vv,rgptjt p!ate houtjc.'Bry.

COJIVert>ent Piate tloungari<rs  !It Or 13'3 Cgetat «!CS<P<SB! fijtt> UPOD
,art'Pthe ~ <;Cjnt33IPIjta] Ol Cioea:130,.rust IH In>,'0!VB<I, t hive '.'i>pcs Ot platV:



. L>e Sc! . T,t! '.HF t eas !I 8 t">El! j.

COHVel geHCOS TLIQ<~> OCCur: OCBBIl j.c' CFUS! TLIQ<i COL1VPF"!-' ' Vjtkl OCOBDEC
C!'f St, oci.<".Hie CFI!St .; �'» Col VPTge <FVit'3  joj tlDCH>taf i,ruSt, C I'  .Ootl!lvl -
tal Cruat H 8;. COTEVergV,  Viff Collf:Ljerjtaf CruSt. HaCh Ot th Se thrc<e t,>peS
has been acti'e Bt some time  fl!rfr!g the e Oiution 0. western .''' !rth
ATElerica BIEA cecil Jlas k!3Et Ets ljxlpIET>t 0� tflv st!'! ctu!'0 c>f tile Pl. f.",et
«>0 ! H6 !.'Pglon.

 << < FE>QT  tv<'0 occ'.8 �3c pi <EX 's >I jnv lrg>'. OY!e or thv, 0tH er ls  '.H>fej'tf1!'!Est,
BI3 f H3BRIY!a forLTES  vile 1 the  io;<vjltDFI st cI'Ust react les 8 teTLlperatUTe
<Ii!>t! eY!ougf! to 0813se !oef":fY!g, 7 hjs 3 jag~� E, i>3'�081 f<>> l><!Baft!c 3'!ses
Qlj f Es sut!se tu BT tfV extrude]cecf Eo 10FLII 8 ct!QF>!cterjstjc votes!I!c jsf<!EI '
arc, "Ks tfae pre>cess continues< the Brc growvs il> size an f Prnsionai  tehYis
tr;>TD tf V. QLC. S de:..> >Sited  >n <.:! ff!er S! !e ot th � >j. thee;< o'er>eq  te Eorcll!E!g
QD DJ'C te r ET!e, fTE [8'c!,  Q' e, »'r  feV 'fopjrl 'TLY ttE j " 0 terraj!e CQ ~   t?e 'i�-
10 ' ! >.'L, <31!c,'. I,'.fit!ttecf to tc!FD  3 e><v coot!He!ltaf cr !SE. if !<> vfil~s r>i c>fn.�
VPFgejjt D >UTE harv pj'oceSses gaVc' risc< to t le QFC fvr '  TEc' '- TE E CgX!tiTLCD!af
i>TUSE iil<3t >3fa>>ceA 8>D 13llpc>3faof T0ie ln,he ReVC.:Opnl jot Ct ">LBXI OIEVP! 
Isfaj� BEE $ tfle  Ioastaf MOUTltal Lie,

 VDen c>!nvergeY300 I! jv ljves jntex8. tli>31 ot corlt!nel tat 8!jd oceQD c
 jrl:vt,:.Il ? fleavler oc ?Qrl!c crust Es D jrjrjatf V Ov .'FF!ck f ,'Yl fa>' Elle f!gf!ter
 :OY!t Eric'Xl'«li >'rilst. <> ~ F lct !rat detOIX! <jtli>31 >3% tf'P >'P>nt3HPDf. <f   T<>sf 'FP-

i]UVDtf j I'AVOfVOS  ievefopETE .'TEt 0  TL10DDtBLTES QLI f BSSO ;18 ev vO!CB! lC
   ltfvitv Ehat <are chf-er>;!lt troxa thosv, Fes,lftfng tr jm � !nv ,!~vrnce of
OCearlic QTE� OCeaniC Cruse. ThiS  .fQSS Of c:ODVergeTLt prOCeS- hae pt  'ed
BU 3Blpoltant:oie <!E!riljg Ynilcil 0$ tbP,  ivv=,'fopme!lt 0 Mes erlj .<for'th
ATEIe ~ Lca Q�6 3s cOJlt!xlulllg ELI the col texDPorarv GevvtoPLTLUDt >'t A'<Ls l-
lngtou <311' Orvgou.

<<VheTE csr!TEYiDVLItBI QH i COTEti!IOEItaf CTUSt':f EX!Bier al COG Verge tf!e re-
suft is characterfstfcafky the accretion 0. one to ti!e other, tj e "ckog-
gLTig 0$ the SUO juctiOTE Zone <!EI f 8 CO ISO f 0 !Llt L'VaiEgIE IICDt Of 63 8 IT ter-
pfate hoIL!  far">< f his ",fass of colEvergeDE pro :ess !YEvotvinv
coj ti  !eo f8'- t<jxje <3ggl egates  j<3FF ed <Ufo!hg <>'< 3 tD Et  . Oceaxile pfatv !0 E i e
SDHjuct�� ZODO XVQS Ill!portQTEt to tile ~feVefopjrlc<TE. Of, <VBSte3'D Qortfj
iknjerlca arl i specjfle IE]!> ~ hP, t,Aast !f .'>'touE!ta!las 8!l ] ">Jdncouver ksf8J!c,



AIth�LI..h ttle face. ot Ehe ear<h has been ch832ging contix3UBtl>'
tbXOEIgh ~eo!ogYCB! tEHIP< the !ocat30H. BX3 !.:or�1 ' rf PYY<>et SODDLt ls the
pro:fUCt of  XEfy thV.  Bst feEV huIE drest Entf!ir>DS Of <>'BBE'S. VseCBUSB geotogi-
ca  Processes BY'P, ongoing, conteEXIP03'BF<x' Pllget SOY3Hd ls 8 trBns3ent fcB-
tlE: 8 0  th» eve3'-cE383 b'i Hg geol'Fap!lv of t!le eaxHE

T!lere is 8 <gen EFB! corre/ation 0: tin%8 83IR spacP, that 3s helll>tY3! to
examining hov' PUget SOEIE3d divas fol'3Hed, .An <sxf>BEILf<e f "ad IFess" for
PYIg 'i SOUEE f <rlrHt piace It 111 8 SpatEB!:,SEZe I ContiIHEUIH of topog, Bp4ic
teatYEFCS'

P13ge: SOU3  t
Puget LOVErIBEId

A'esteFH.! vf Brgin of Nol'th !%3�03 Ec<a
Earth

 ~LI!BY NysteEEI
 OD 8 g!oh3E! seato. Puoet hol xld ls 8 'eaturc Of thP coEItlnentat portion Of
tile Cartel< FatIIBF thBYE the  >ceanlc poxti�3 c OII 8 colith3e3348! sca!e, PY3get
Sosiln i I, 8 featlile ot the western nial g II ot i92Joitt ADMIlca OXE 8 Fe
g301laf scale Puget SOUEId ls XhP., ft� >f3 .' t portion of the PEEgPt  .Ov«!and,

Beveaopment of the cxY3S-:.8  strilctlire of v astern Nc>rth AIEIHFECB be-
gan ln<.3re tXIBIE 300 Eni!!tern years Bgo bent 'the StrL ctura! i !enttt<>r Of the
Puget f.o;vtBEId mras estab!Eshed Only as Fecentfy Bs 20 to 40 3Htl!i30II
years Bgo, This ver; s�3m de;etopxnent of crr stat structEEre 3vas the re-
SY3!t ot g<<',Oioglcaf processes actlIEg over teEls to huXE Jre IB ot YDH]iox3S ok
yc EFs BEIL3 affecting V>road areas of the earth. Once thc !Brge-sca!e stxuc-
t13Y'P. Of ti le P3>geE t 03' '!83 Lt 'r"<IS eSt. bflshe f, the detalfed, SEDB!!-SCB!e
SurfaCe topogE'Bphy WQS $13apel3. T4S EVBS BCCOXnp!ESRPR prEXHarlj J>r h<>r
SYErficta! processes, the raost proE33inent one being gbcEatEOD dDXIEIg the
Ece <3ge  rf OEI!!r 8 te A' teils Of!IIO�SBEIds of 'jjears ago.

EVOIIU5m. OIK'N'eeikem NOrkh Axtii~erI3f:a
3<>tr'lib e'r>LEEI 8 CUESOX!r !ook Bt <En at!as 8 <z!ohe OF Sate]Ilte phF>to

'sl'Bphs, OEle CBII See thP:,AEHPXECBD  ,OrdH!ei 8---ti at 4eit L k t4e earth S
HFYEst el tel  tillg R!OEig the westeixi edge of the QIEIBFECBS fxoEYE the A!BYE
tEBns to Hie solEthexn tip of SOEIth AXDPFECB [Ftg3lre 4. t.J. The YorHI
AHIBFYc<3H p03't300 of t! e Cordll era covers anout one-tfEEF f 0! the c�xlt3-



3'iso 8 4.1 Th i Air! iri : !ii
Candid'era.

EEBITl fronl tike Rock'v' AtfoUIEEBEE3s to the Packfic Uce831, lt IH 8 coITlplcx
bBlt of H3013iktakn I'BDgesi knick'YElount<UEE. 48s3lls, Blld pfQEBBUS that. co33%-
priso the highvst Bnd most Tugged topography Of the Alncricas. 'E'he
pr3ikclpal subdlvEslons of the No th AEYEBE'lcBTE Cordillera BY'0 pron�31ent
llxl!,BF Enokint83EX cha311H to the Bast aikd kvPst Bnd betv;BBTE thesv, Y'anges Q
legion of EnlBY'kol' YDOUntanlS QXE i plateaus. It  V<EH the iong, YEBFFOVv' 4Pltsi
Oi 3310UYEt8331 raikges---the Rocky MOUYktakns, .ikvrra NB!v'Qdasi and   as-
cancs � tbat Inspired tho tBFETE Lordkilera from the Spak33sh kvoTd -.'or

cord 03' rope.
Afthougkk tilol'B 83.'B YDBDV c �0plvx, BEkd Hon3etnxies coiktikctkng de-

tabes knov'll about the Cordil]BFQ, 8 gross gvlkeralitatioxE ot 3'ock EypBS
Bnd existing strllctures can be Ex.acl». Along the Basterik border, there is a
Ykortb-soEEth band Of prlnkal'Eiy SB iknk ='Eltarv Tock  that vv'BFB detornlerl
stFL1cturBHy bUt we3'B Ykot snhlvcted to the extreme defofEYkatkoYl foUTld
faitl1BF Vv'Bst, The SodllileYkts that fol'3Xled these F acks BCCUXE.�21ated 3EX

shaflovt YEEBrixiie <tvater, contain f8vv coarHB 3xkaterilals BD i Do EDdlcatlons
of volcarllc actlvlty, BxEd f lave 8 HBdEIDBEki. distribiktioY3 that inkplies tbe
pi'BHPDCB Of cont3iken af crust to the cast during the tknle tho!!t 'A'BF!Q ac-
CUYD' llQtlllg.

The EvestPTD  . 0Fdljivra ls 8 strollg coll[Fast io Ets BQ+tvrl   ;oui!'vi'
pBE'i. lt Es 8 belt laif mixvd rock types, contains Bvidonce 0!" XEEOTB sevvrc
Exketalnorphisin, coarsv scdirnent interlnixe l Evith v!-!icanic Iocks, indi-
catic�%S ot Bc .EETDUlat3031 irl deepeY' vv'Qtor, 8'fld volcanic rocks than ETEEply
a sub Ylarine origin, This seqkkek3CB in the petrotectoikic Qsseknblages � 8
colnbiikation of rock types, structural relationships, and spatial or geo-
gI'aphlc Qrrangelnellt � ixkdicates Pro vvt!1 Bl ing vvBstPTD K�rth AEDBTlca
res13lt3Ekg RFOT� corlvergvnt. plate houlkdal'v' pl'ocesses ovek' ihe past 300
Inijjiokk yBBfs. O'Bstward TEE'owth 3vas Ekot Qccoinp] shed kn 8 single step.
hovv BvPT'i it ieslklted tronl Qn aggregate of xllany BvBDts along thP. 831CEBEkt
Contnlc3lt s EVBste i3 bou3lda3"v'.



PYJ>.8  So  kid � The P>xst

748 ' !'okitra>st hevveen tile Past acid west sides ot t48   >otdiiiera ap-
pea1's t J have parsi stPd thr JHghoU: 3UUoh uf its devefopxDekkt. f or Y'ocks
Hider than 3.50 nkiifion 1> aks, refatiorkships a Dong dinerent pe-:.Fot>,c-
t0313c  essekrkh>fages '1Bve heerk ohscJIFed h«J o ore 1'ecek t. str' Jctr raf >dP'or-
TEEatlon � foidIHg, fak31EJEJg> U et>��orphisrkl> B ed h>atfkofE'dike Hi . Elsion---
as tl o  >'o E'«'8 ~ gen!. pialo ho XDdarp' processes nkoved ptogressiv>J!«>> w>,st-
iv<3l'd. t Ykda«J> tf18 eastern portioJE ot tne contEH ant E r >t:he Cordiffera Es
l '!at! vP]j> stahie,",J>3t tho 'o>es er31 Cordillera is Stiff BD area of activP
Ctlkst<3t PFOCOSSOS,

The EBF4est BegilxnJ'Eng
The s'.E' ictk  ~ Bl  f J«!8!opDI >nt of the CotdJHeta he<>< YJ a J>ax t 350 ETDf-

linn years ago '«:ith an a',>patoHt chaekge in piate buuridary conditions
a! JHg tf o west '.FD YnargiEX ui BEkcestT'ai North AEXIerica. PFJ JY to that tlD3P>
co kditi JDS i>vcFB  illit '! thP, opposite Of;vhat Es ohser i>'.d today>, The Pasi-
3'n poFtEOG >Of thP cont� >  Ji w;Es boi kg do>, e!oped hv coliveY'gent p!ate

ptocoe sus, the Appafacexiaxk ."«40EEDtairks Jvete: heing haiN, ,alkd the curkti-
�81'1 >was ETkovIDg toward Bll EHkmiHPJEY L�i�S30U 'A Etfl off le ~ cokitiJIerkts
:,ancesttaf f'.Eire>p>'. BHd t«fri JEE!. Tfxe westex'YE po ~ t10EI of NOT'th AUE83'ica
wlks Uot a piato hourkc!Brv'. COTkEIDPnta! BHP ocPBJIic otUsi were conpied
alid wore pa3't of the sarnP. ! >! BEP. EHYJvll !J a va«> ix'O,D a Dow !os. 'SpYeadJUg
CPUte3' EY3 t! o oc> exile Fe<.ioxi to tfke west. tH thks Fe.>pPct, Jkttfko'<JJ>h east
and west dltoct1031s wPF8 reverseri, the axic3ent westerlk contllleotai
hoiJEkdat«<' w<ES SEID3. ':ll' io Xfko presexlt h JE rkdBI'v' hetv«8831 PasteFJI N >rth
.><kxeoFIca akid th J A.tfaHtec   JCPBU.

PFAUE «>vJthEH the FPg ol1 assoLEated w>th E Jdak> s PEEJ='Pt L,ov«daY3d,
ti o '8 are 5>c>caf rocks feat al'8 EEXOFP, thaH 3,'iO JHii!EOY3 !~PB3's oi>E, T3 ei> al'8
lot v>lk iosxeread aFEQ tHekt age 3S ~8HPJ'8! tv Endoie x311 JB o. >Other thaki that

they atP. Ofdet than> Y ge-date>d rocks that overlio them, Some of thos>a
I'ocks occar 311 the <Jaki ]D EEJ. isiands, son 8  JLCHF EJI B «!ESCDYEPHXDQUS
hBTE i a!oog thP, sollthPBst Pnr  ot VYET!COY vek' Isfaxld, BTkd son%8 BFP, fo13nd

:hP, vvestotkx Cascades YEoar MarhieIEIOEEDt AJI the Skaoit Rlv .'l'. Tike'e>
akf dispfak  ek>lde."3ce of HzetaFQorph3SJY3, so YE8 Yi' JEXC sevex'8, hUt provkdP.
!ittfe Jnsight 3HtYJ t>   ><ki hlsto3."' other thaki that the«J' al'8 Oid BEkd E >3' Hk<3 Elj>
i>ears v'ore corisidetod to form a "basement" fot ove:fyiEIE rocfk

~'>Ylollt J»EJ nJEi�0H yea3's '- ~o thero v«'as a x'803.' 'BYklzatl in of thP, P« Est-
Jlxg h>JE xkdar«J uxk Efke oce<311EL p!ate sooievJh83'8 A'est 0' t ' 8 cuxEtJDellt.
This event resaited in the AEktter ChogoJxy:,'Ye<Jr led after Arkder Peak iH
Nevada! BHd was !he eariiesi docipherabieevoDt in Ehe stt JCEJEra! ovo-
ikEE30� c>f Eho Cordiffera. it Dkarked thP, tirst ad fitio.:x ot �83«,' crDs af
EDateriaf agakJxsk the wPster31 margJEJ. ot tike coretiDPl1t BDd I'epY'esPnted
thP, hegEI3 0EUg ot >co Ever">celt piete hoBDdar«J pY'OY esses that have coxetirk-
Ekod io tiles Ga'>>.
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they do ix3lply ci'ustal insta43lit! 3 t t4vix' Bc EUHIEIlatioil sit ', <ind thP, as-
sociation of shallow water deposEti013, volcaHic debris, and suhixiarine
volcanic fI0'<ylrs ls coilslstont wiX4 co3'Evvrgent plate l301ind;3xy processes.

Hy about 200 inillion vears B<yo an ancestral Ro<ckv 5<'l�untaii.  svs-
tern existed along the westvrn coast of North Alnerica. The coast was
still fa3' east of the pI'esPnt west coast Bnd w4at Es now the wvstei'n  . or-
dillera. >r<yas still Bc,u3n�latixlg EE ider IHB3'3 ne coEldltlons 3n al3 Brea
InarkPd 4y crustal Ensta41llties associated M/1th the ccr3ivPFglxlg plate
pl'ocesses, Tins ln3tial p4asc EFE tl'18 devc!opnlPI3t ot tee Cordillera c<313 8
tn an eiid inail �� 4y t li> QOIEEOHB- j BhltaiqEBEE oro<yeXE>r, which occuii >d
t3et<>y yaa33. 2~"Et <ind t,833 .EYIEllion ye<EFs ago, this <rvas B widespread evPHt
Chai'33 <tPFE'rv l hv BBRI ward tfEF13stExlg 01 sed3HEBEXis oxlto the co 3t13 $836al
lxiargln tthe SOH30EEB Orogen, in Nevada! «End an interval of grailitic in-
tFU$103 Es Ithe Tahl'taillax3 Oroge31 v ln HE'Etish t>olUH143 <Ej.

About 200 to F80 Entllioxi years Bgo there was B w�xldwi3dv, reorga-
nizatxon ot llthospheI'lc plate 313ovel�8IE<s Ill > platv Exiovei lexits Df thv
plior Seireral 4'Undled 3XEilj EOHS Of VearS 4 ad 3.psulted ln thp BCCEEHIUL<3
tion of continental crust in a super-conti Elellt called PUH; eo, <irhich 48-
cBU$8 of the 0Xlgolng Hatu3 8 Df crustal evolEEtioIE ex3sted fol' only B 3"Pla-
tlvely shoX't tnxie. h3Etlal Flftlxig ot this pl Oto-co31tillent took pI<Ece in
what is How Scaxldinavla about 250  nillion years ago BHd ovv" Exlilllons
of' years eventually result d in the separation of North America fro�1
Europe and Africa, Coxitincnts idelltif3alde by today's geography were
separated coxnpletely by tOO to 80 xilillion years ago  Figure 4.3!, a pe-
riod during Iv4ich there was Inaiol BccxetEOIE onto wvstei'xl Norti  A  FEOF-
lca. 748 Cordillera, with thP. Pxcel!'tioxE 01 the ex. Fenie westerli. porti�H,
took oxl B fol'In that ES Fecogxlizable today.

IR!enlovPIHPflt of continvnt <A<as 1'='lated directl>rr to hthosphPE'lc
plate nlovenivilt Bnd Ex3B3xy Df the, basic p1late 3EEteractiorns Bl'8 stiH coxl-

F' guy<3 4.S Pay><<aa aa:1
Eo,.R a<3 about 8' 33yn ti o Q
years ago [iy 1<37 0<a3 <. <EG<E
H<33<E<' r I 37�3,



tiTEUETEg'�Xflssr0 3s sonlP, !Htc rlftEYIg EEI:.fis> Red 108 are<": HIY J Lrast Afr'cHD
I'Jtt v<BI/O"s Qnd cGEILETIGI ]g c3 UstaI d]ver<~ieTE .'0 id ]El<> Ihe IvtlFJ-Atkint]c
ridge, E.iGTIve].'>"=00t 4GUYIdary <G>roce!]Ses th�t 3>t]E]iit Yhe «iofdH!era Eves'.-
Evi]r J fr JYJ] thP. R>Hckies  ]re stiII CGDEIJIUIng QI !llg part Gx the Xvest JI'll
boundary oi North Anlorlca.

The fat38]x-Andean YmEISI>tioxl
AE the tlETEG Gt Ihe ]YJ]tia: breakup Gt PHEIg i ]i thP. v«estexD bo indazy

 ]t North r'>DYer]ca <vais stol  I<>p E]1-type; holvcver, over:.he ' ]ext ]00 IA
I 50 ETEEI!EGJI v083'8, dlirlD<  he Mesozssi ': F3'8 f225 tro 3! 3 JTE]1!EFJ I years
Bgoj, c ]Dd3tlons QIOTig the boundary UD JPxlvPDt 8 Tllafo]' E1'HDH]: iGD so
tha! by the 01]d of the 54csozo]c it divas Gt' the Andean-t>;T]0, This is H
F'� IVPrgPDt h ]L]TEdarV Y]'=E]DP f <HYIPT th" featuE' is p ~ s>s'csee", 8']d  'GDdl-
tlorls F>ccurrlD<> XAFJB"i siv ?st GE ChE$0 <3I3d thP. Andes IvtourltQET:8 I I>s]! Fan>-
sitioYE fY'GYD,QpQJI tss <'XI]deaD-type resulXG ' p3'In]83'IIy fxox]> short '.JIEJI'>
Bnd Ens ]>]if; IYJg the back-arc basin .,'Figure 4.2I.

5/tuch GI ihe J.s',gi ]DQ! h3stol'v Eor. this EEQT]s]tn>]> pe EGG Js bHSF'd �n
QEIPIVSIS F>f thp XPIHtioylsilipi> l>ets<VHPn YX-Q~DIQYIC Qrc arid i>i]» ,]lictis>n
zone r lck. QssGET:4!ages ias Yvei  Hs FEBIIE]08tIGTI Gt Frustaf shortonlng JTE
thrust hsdts east of the Ixlaglxl it]c HYc, At the beg]DYE IY<- r f the Ir;>]lsEE] JD
Yhe DEQgTJIQtlc 81'>', Gt vve, tPKD ATDHXECH s<vas nearshol'0 Bt tDG south f>ut
Stlil Sep ]rated frOYD the COTEtlEXGI].taI.,]fatf ]XXFJ Bt tili-'., TE<HTXIE hy <A Iargse
hack-Qrc hasEn. The shortenE]1P. of back-Brc te<]t]E].'3'.8 bek!HTE ID tfle so];th
BTEd i >3 F>greSSIVei >' Sh!fted EI ]TH]'VB> d tO BCCOJDp!ish the 3: QEISi>E<]D,

f 130 MCSF>zo s' Dli~gDIQEI ' Hxc wvas tho ">EtP. >>I SGD10 Gl the YDGs ETEBS-
siv-. intxusiGD Gf igneous rock oD the contIYEHDts fi>igure 4,4!, For D>ole
than t00 ETIEIIEGTI vea].'s thP. Qrc Yvas reY]03test!v intrUde i h]> TTEGIteJI ro k
GrlglEXHtulg  /eep EYI tile COTEV>',I'<>0D ;0 zone. I his repoa 1'd l<>130 ]E]S Be-
t]vlty Qdde i UI> to is YDQss3v ' Qddltl>GI: Gt ' Ievs' c3'USI>QI JDBtel']ai En the
ic>3'30 Af andes]tes BTEd grBEI]Ies, fhe f Gast f3EEXhoilth of s~ves]erD $3'Jtlsn
  Giulrlbiai the IdahA P>Htho!E:I'3, all>i .hs, S s-'.T]'8 NHVQdH I38!hot'.th Hf1 date
t'XGDE this period.

Tho TET<kg]GQt] : arc sh]fled iatPX<iliy tJ>roughout tho MF:s uzolc but
Dl<]EDta]YEed XhP, gerlorBI sI �pe sho"vrl ID $< i<~ure 4,g, The pos]t ion Q!so
shIIEG X--- sc>3 GGE3rnes cfoscJ', so3'Jletlix3< is t83 ther Qsvay fro JTE the sUI >du>. ~
tIGD zGD0. J Dls sh3it]ng Fan 40 Qttr]huted to c!IQTE >IEXU sikh : EJ ]t]F]n QYlgles
Gf the Gc>881130 piBte JTlfiueilce i by thP. chang]TEg GGTEvP, iexlce r ite <u>d
1'Psuitl'ng ln shl' ting Af t3 ie posit]GI'1 Bt v>dlEcil the n3<":g3T38 DEe.ts,

Rocks forn3Pd d3EXIYIg tile <40SF]z ]i : <]YP. foun i Exi the SB]l. j>lian Is-
Iands, En the Lasc<": IPS< Hl]d Gn W QncoUvel' fshu >d, IJI gGDGJ'Qi, iocBI
"40S ]z ]ic rocks are 8 thick ss]quel]Fe of rnarlne sedinlonis 831d voicanlc
TAcks that col'Ets3ED evl teHce ot ITEcreasesd Egneo138 H t3v]tV ivoicanisE]i
QTid granitic intrusiGET'> dorIilg the mid-M :s ]zoic. P>HIEGt >F]to ]tc Hssolxl-
b!ages ilnpiy thHt i he Jocks ]vere f >TTEIed .";n 8 r giorl Gr Fllust Y! ir]stahtf-
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it;, Evele af=ected by xi!ice-H<esozuic igneous activity Qnd I<vere subjected
tu major s-'.Tesses late i" I t'Ie «vfesozj jic,

"lhv, I'<':j>3 IEI: ni'j«i<  I :{'njt»ej't jty 1'ugvt S01313{f wsts SE~ll rolatlvelv fc".r to
th j wj'<St Ol the, CI'tjlttEIBI'l  j't Shj>j?B[IIXB.  :Ojldltluxls 'ATBTP. Oci, <13!C thrulc{ch
'.he !vlj,<20'zjjic> Qnd thfj s�4 ?itj{: ion zune and Q!sc!C.!33 le! l Inagxnatlc Qrc
tj'I'13 '. '-d n II"Hl.iv{?st-~jjjj",hj:," jst.

Oxce uf the I;lore puzzling asc!e{ ts of local geology is ',he anomalous
Tnagne�c pu 8 pusltjons fr{230 soxne E'ucks oxj .'?lncccclver lslalld. Lvlaglje-
tlsln IE2easuj'Bnjenis frulxl basalt E'0 .ks un Vx?EIcuncjer lslaxjd 3ndjcatp that
they wej'B furlne{E several hundred. kilum{lters soljth: if co xlparahle-agv,
r{ jcks tu 'ihe east. These basalt rocks «vere fc>rjx:e:l Bally in the fvle.'. !zuix,
Qnd the anoma!Oils I Qgnulic pule positions ixnplv that,he; ixlust have
Tno>vvxl tar north hilf{>re heing ccccreted tu the co33tijjjnlt.

The conce;>-'. Of accr'.tion ji.e., Qdjtitiulll is important u! undur-
stiln{1113g tt3e dvvvlupxnPnt ot 'he 4«cestuljrl Lord jllP, Q. ! xn In3<!OTtant pru-
ci!ss 3n Bs abolishing today s cTListal stru{;tur ! vl;Is the Qccretjon to vlest-
Brxl North AIIIB:;ica uf sumv large -,hunks ul nunuceajlic c! us  'that had
ur3gnlatod oxl the plate. Mc'cc!st Icf tele sjE4{ nctlun z! nle, Vt hei'B 0{,PQ313c
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crklst BHd contlneiltal ci'ust CQEII 8T'ge, beav18r oceariilc crust DQYX kaHy
Dloves beHPath coritir38Eltal YDBLerlal, Oxi Lbe oth83' hand, if co ivei'geklcP,
brings tilgetikcr crustal 3natel'ial of OQITEHal'B4le deIksity, Lhe 3'es!lilt ks
Hloi'8  ,OH plelc when Lhe coxkvergikkg ocPBHEC crUsE carries <svith it a
lBrgc chuDk Qf l! ghteE H BLPrial, sUch as a piece of OQEXLLHenE<Bll cr!kst QT
an islarid arc, '.48 subductioll z<ine Tnay become overloaded and
clogged, The contaFt zones bctweeII converglHig sectors of lighter ci'ilst.,
terIHed 'Lhe sutui'8, fre tueiktl <s Fontakn dkst3nctkvc pett'QLectonic ass830-
4lage!s, <lnd YEkark thP appi lxkkrkate sit<! !!f Lhe cloggPd sl]4d1k  tkQ'Il zone,

ATEQYDBlous Enagnetkc conditi ins EEX volcaidc rocks on Vancouver
island can 48 explaiiled Dy B .cr!,3 k!H Of 3'Platively lax'ge ins liar Lei'1'Biles
about '190 LQ 3 60 EHHlion years ago  Figure 4.5I, Thvse origi!lated OH the
oceanic plate west of the si!bdur tion zone and i<vPre carried to their pre-
seIkt EFelaikve posEI3031 4v plaL8 coilvergeilce. FQHokvEHg tbe accretion 0
insular terrarke, the siibduc-'.ion zone shifted to the west.

A l !Hg p83'.Eod Lfrom f55 to 95 YE11Hloiis ye<lrs< Bgoi Qf depositioTE lD 8
promixierit foreaIC basin foHOvved< but by thoclose Qf LhP ivfesozoic the
xElagnlatkc Brc shifted vlestvvard< BTkd Lhe s43ft Lo BH, ATHiean-tvpe bouild-
Bry was ess EEXLEBHy co3npleteQ. l8y the close of tne lvfesozokc �5 E3>kllion
yea3's Bgo!, most of Ivhat Es xiovv th! Xvester3% and cPntral  >�rdkHei'B was
En place. The westexH coast of North Aixiei'lca v<ias 4c!3 !PT'PF' 4y high
DlountaEX38 capped bv active volca3 oes, A short disLBTice offshore a
treElch Exkarked tbe ax3s of tne BcLJive su4ductloil zone. The coast v'Bs
close to the south shore of Vancouver island, but swuYkg vvPH inland Lo
L48 east Qf thP. Currerit V</ ashingLQII and 01'PgoxE coast. Ex3 a lBrge Pnl4ay-
ment.

The Andean-Cajiifok DEB Transitf okk
Bet3<veeH 00 and 40 EYEHlioll years <igo B i i!'03 HEH83 it leorganizaLEQYE of

the glob<El crUstal platPs occurred. Plate 40UEldaries 40th n !rth BHd
soUth of the laT'ge 8TDbayYDOEXL 4Pgan to nkod3fy f koln cODvei'gont to shear
bounrlal'1PS, This Ivas partia]l<!< dU8 Eo plato xElovexneYit changPs BHd si!4-

EJF~EQII of pol'Lions ot LhP, Qceeinic spr< ading   PntPT that bad persisted
Ovei' the pl'eviokis sPveT'Bl hundred ExliHioxk years, T4Pse  .4BHges began,
8 '<Hod1flcat3011 Qf thP. coiltin83 t-Ocean IHarglTE 0f ivestern North AE3 er3ca
fsroixi Jk Ek EBBD to L.',Blkfor Tkka-type.

Although coilvexgeTlt HI !f3011 4ecanle 1EE  Eeaskkk<sly BE>03HalF>us
along t48 vfestern YDargln ot NQI'th A3HerkF<as it pek'skated off Washing toxk
BIkd OE.'egoxi,   QHS8 juently, exaTD1Datloxi of the fhlal local crustal evGlu-
tIQH 'wkH still be ixi toi'313s of convergent boundary pI'Qcesses 4ut on a
lllore localized scale thaD QUI eai'l38x' exaknkkiatkon of broad develop-
ment ot the CordiHera

Hy about 50 ImHion years ago the spreading center for oceanic
crust was stiH sev83'al iiundrerl kiloIIMEers wPSL of the contiHPY tal THBr-
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Puget Sound- � Y ks Past

g3EY. Y! � ocean'lc OY'Us! Lrjovijkg PQS! vi'83'd;.3'l �13 thts c,.n:,.F v<yas fec king»
into 8 sktb ijkction zone at the cuni>ergcjkt br>UIjdary with thc fxoxtEE
A313ericH pia�. Ehe QX3$ uf:110 snbdnctlon,,onP, sl <king v'0!! to thv,  las't
ui EL30 presekEX cont!'!enta! ma gin lniu the 1BL'gi' Teg3OEkal c!�b8'v'3130E3 ,
>Aithuu<yh thi- < 0 is nu CEPBL '. j, j fe !ce kn coklteYnporarv stjrfac  Fo  ks, tile
axis of Ebe HUbdnct3on zo310 nlay hal 0 si >ULlg to t130 soUEE  8! o!  g ia po,.!-
tion occGpied today by the PUget E.oikdand ur 8! Ong thv. I" cstvrjk fiank uf'
tike  ,QscadPB. 1 he assocEQted nlagrj3041 . Brc <>';Hs f;3  hc3' OHst, iocated Qp-
prcxiinateiy nvQF v, hat is 31<ukv Idaho. Betv, een thv, subdlictiun zone Qnd
the n-iagmatic Brc a nornnarine Eurcajc bash> ky';< s tcctlmuiattx!g mater.:Hi
thai Is Lku'A' tcinn ! 3n the 7 orthern  iascades. 11!Is terrestx'181 detF'tins
n!akvs Up, Eur cxarnpfv. LIEUch of the se»><!781-thoUs831 !-3neters-th3ck Hc-
CGEYi'GEQEIOLI cif 3'ock tbQX is Pxposed Ht some Dlacvs OD thc vv cs: OFD f! <3 �1 s
83 Ed ntol'v, un  EYC eas Prjk sjde of Efje  ;: sea dPs.

AbcUi 40 to 3� miiiion; ears Hgo, 8 nlass of EYIQFEIje basQEES Qn ! sedi-
Yrkex!t, pif! o'A' EM Rs, Bnd pelagic 13L3!Ostcincs that had �Tig»':E38EEy QOCGE i'G-
ia<t v< OEX the oi leanly piate kxkove i eastkv.'krd llkto the FvgkuD OE tht l 531h-
dnctiun zone  i'igGE<0 4.68j, bi 8 Inantker simtiar tc> the process t:.Iai
carfier had tt!3.'nked Vancotkve Esfanlf, these niatvrjais wel'0 Qc:',j'eti'.d to
thP  ;oYkEEDPDt, fuj'LIkirj Y wlkat. vy'0' kf E !   Ycc3.'.?Xe tiie 4 oast ~ QngP, Px elidij!g
fj'ujxE nuj' bern   813 t krx!Ea to cent'8! N asf!Ijk<'torj. It Qfsc rcs' kite   kn 8
'<A est%Yard shlf'. Of tile sUbd "lctjoxi zu ~ 10, 3'i.'!Do<>13lg 3 nosit, tf the  lurk ;Qvi %'
fx'oxEI �1P. trc3!ch Hxts tbQE had beP, 3 Qssocla ed 1' yiih the Earp<8 !'egkci3 HE
PmbayYI!01!'., A s TL1811 reEI:Y1813 t of the v<3 t 1!03' 3 ndvntatl ori of the continel1-
taf jrkQFL»it3. Fcnkatned behvee3  VBDPOGXIPF isfand QYid thc cejk FQE k"«Hsh-
lngton c last. The Fefucatiujk of the By'is 03' the sit!  ik!ct!oE3 zonv, gave Fisc
to 8 klrest<>k'Hrd sh':fE of the nkaglnatic Qrc Eil its present posi?iun 8! otkg tbe
tY'Pnd oi th�  ,Qsca $0 'irfoxkjktaixjs, TE c Fvp ks!tinned DiagmH EO Qrc estab-
ilshed the! OcUs for vo!cHDtsn3 jn thc  ..Qscadcs  bat has ~o<;etk r cttve in-
termi!tently Up to thc present <13 ",

phv. ky<yPst>NQX f shift ln the snndU 'iEox1 zolle Qisui gavel 3'3se:,o 8 pE'oEn-
3ne!3.'. XoreHrc b<38E o ETEEE38EEy occnpied h'v' the Bccietc� c ~ Us!81 1 iaierlai,
This incEUded, ID the Ql'c�. Yluw occUptv:,1 b; thv, �ivmp!c fvi�Untains,
the !'�873!Xv basait fio'vsfs that coYis!LtUte thck  ,ri»s .0»it fujjxjaijoY3

FOGDdlng the ccrjtraf i'ure of. the �!'5'tklpi<cs, Tjle fo708F . basikl divas sUb-
ject to the ongoing depusiEEOD uf:.Grbiditcs Qnd  !citaic deposits, wbich
fufded Bnd EEEEed iu forjri the co3 tet3kpor873, C,cast Range,

'f'he empjacement of tile core uf' ihc Ofyjlkp cs  was Bci,u:I!piisbv !
by Unde ~ XhrUs�!kg froEY3 ti e v, est CE kgt370 4, ib Hrkd c!. Efigh!$'  ieYornled
"y onngeI' Kl BFEI10 s . dl lI'3 i. Dt Bnci v 01caj1EC I'ocks ' <, ere UY3  ie.. hI'13 st east"
ward bex!08'ib. the basa! tic rocks of the c>! deI  . Tvscent forlx!ation. At th :

sanle tnne. the f,rescejkt 4OI'IDB'tlolj vjas uiye 18:� bv se ! !Di<.Ekt 8! ong tikP,
pr3nclpa! Hxts ot the TP~ioEYH! 'u708 c basin, FE30 ernpiacejIjent of the
�fynspic ccrc EYIQrke < '.he fkrjai s! L'QjghienEng cf the px�x3�7 vnt ear!Ear
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0131<bayE310XEt, BIECj thv. pYEE!eipEEj E>VestV>AY j 0Xtensioil Vf  tie Ni.>r:h AXF<eri-
can c >rifi!XBE!taj pja� reailhe j the point uf to i<ay>H shc:reiine.

Yhe Shing OEIjh!P, S~a!l;8 by Gjkanera
! j!E' I� <>h. !! jj Oi tc>i'E ! !� !X!'<>' IF<i]ji!Er!S Of V3~<!r'H �3!!.'.i!!P> '>'>>j'!I!lh jtl�  .:C>F-

 jl kjer<a A' !!s !!c<! !'«'-'  !  !�!> j� � ! I !I'<c,'>j I!<'> ! j-'3 '<3 j ! PF '<e tss !<s, HF�<3 jI. S T ! j ': s� '-
[i "1" j n  'j > <K><'< ic <<3>!>~<*0 /<<<X<!'k!<l<> EIEIFE <! EB'f!i! A  j cc AU!e!'>goes>t s U'j<l   ? �j
cr <c>  !k rocks <!l!'�>�!k<!'1 "h<'  .'>!T  "'Er!p !r'<!r'<<«'FU" t!lj s!x !il!UY " o! 8 <s erx 
N� '!f! W!X! !YEC!!  ><>'es C'.Stat!jfsjl f ." !<<C B �'<V O!ljf!en y !<B!'8:I<c�< l!'le nil!!j.
nXBI� ~ Hhapir g of thP, sarfac ': v~i s 0 3'ejati "Pjy recellt c>cveE!t, Feat ITOH I'0-
siljt331g fro	1 tjlese so3'ficiaj px'ocesses  <<<,'3'0 !1ot E!lex!fi�310 i 083'j303' be-

cBUHP: Glel> Bre so Exl!lch HEI!i jjer 311 s!ze th I  tfEceir <jetaij Es gvneraiiy ob-
HCE33'8 j. 4y tf Ice jarg<BT-H~',B je XPatU 8S,

YEEe cjiscUssio!E of tjl!s klllaj Hhapil!g vv'i j re f3!i3'8 0 sh!' f. Ixl scales ot
hotjl size <3!!cj ftme: irorll Ex!ijjioE!H ot years  c!:.jloEE<HB«:1s of years, BIE j
trolaa COYEtiDBIE:.Bj S!Ze to tj<0 leglOI3aj «i prPSSEOH kXEO<<>EIE BH tE30 PE!ge:
LOEY'fBX! j..

 ><jacIBI Processes
 .'jaciers are Ix;asses of icc: that u"i~i!!B� in Bleas o!' P03313BX!ent

SEEo w! fiej is 0<3 j. fj�;v cjoI;.13 an! j a~<lay irolxl  he SEIowfiejcj. The pc YTIEB-
EE<!3Et HIlokvfiejcj Til<!y exist 48 !BUS0 of geographic loca:1«T!  E ear fhe
e<i'Ytjl S po! esj 8<' <'! Ie<"j'tt I�i3 ���V<'1 S< 8! ie "0  ['j!l j! i,'' jl::QO<IBtaIXEO'ls 3'3.'
Qri !r!S!. j!I  !El j'I«r Case fbi" . «3Y!trek]!'I!g> li! ".4'$XS BFB r ?j>!tl'""jy high. Fate 8'
Pre x!!Xfatlc>F< BB x low t� Y!P !r<l!�!'es. jk!«. j!<>ir!!IBEX! !nf accGIln!jet on �t
S!IC>%<'>< FeSUIIS !X! I Ot!VBIS!i!ii to lee an j e c !I!leajj><: j  !>j3 '.11�IE!aj pYPSSUre
~ Cesl!jts 3!1  jefOYIXIBtiOXE th !t C>UESPS fkcl ECO to tjo'A' O'Ray frOIII tf10 regiOE3
0 RCCUEXEUiat3O'B.. ICB fjcOIV <" BIE I' TEge tr>on3 as high BH fees Ot TE!PterS per
day tO 0 jreos  iIXEpereceptih38 BIYIOEIXEtS, hU  an BVera~e cafe fOI' COX!te!X!po-
rarV gjaciers ls !lot B-:orp tj!BTE 0 teu<x ceEEt!E!Refers per -lal>.

The 'joEv rate >f ice is regvja� i b; tv<>o 4ctoxs: tEIickx!ca: s c>f fhv. ic;0
fii'jc3 a'  he Sollri 8 Elt ti>� f j<O'v' » BX3 j the Sjope 0 ~ tj� HUI" a  0, OV0Y <ihi>ej'.
fh? lce ls Dlovlx!c~,  <831vraijy, Ecv: tjt >»<>s En�re Y<>p! jly as lt g!'ts tE3!oker
!l l j BS t'j'1<" <1 !p > BXE<l<j� 'E! c'F! I<'>!ls, it t	8 lev' !H 3!O>f fjo'>V 	3"'.. I< !S Fi!!i
giai;,�! < I<c!!  S!!X!pt<c <3 S l!lc>j<! :1!lj � ' >UIBX>!jaj!I'331,  .!'3l «>' EK'«> 4V !!ns l l < j !W<
1'l I 8<3'ler!! j jV I!Xc'>7 '<! O lt Ol l i'd! Brea !XE '>«!!E! t'I 0> I!E jiff XBB jager!T l!<FT�<3� !X! t
<IFkC>«'Vj ilj I '<!I;,"C�!X! ljatl l!n  OF el<!<E!�j'>f�< it FE3!!'<> '.:j�53c ik l<'A''X!bljj !XY!V B ri!-
g3011 Of I<>>BYIXEer tel!Xp03'E!t�res,

The SiZV, Of a gjaciaj i:0 XOBSH deperEcjS UpOTI lhV bajanco be Ween
f f18 rateS Bt W>j!'Ck  thV, EC0 fjC!WS BIELj IX!ejtS. 740 icl� '>Ei jliri tH<1 t!O jy Of B
gja ',	'IY iF:. Bjl<><ays Exlcai'!.!Xg 0'<~Pay froE« tl'10 'OUI'ce 3'Pgardjess of 3<,'hat .!s
.h!!pp YEX!!E!> <!t ti! ? ter313!EIUS, >< chell TI3OYV, ECV reaches the lOAf. A3' ter:13!IEUH
Of 'kj'ie c<j EC! !X tj'!BX! !S F �JLfe j BE' >a<>. the terXEEiEXEES d jVanc.'PS; <A'318!I 308
nEejtS faater  j >BEET!PV' ice iS SUppjie i> the �YXEEii! !H rc tleats.
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t- l EK !Bti«''3!>»« »Xx » Ol t l! ? Bt?'OL!gv»st Ul li>», 8'I! FTI!"I! 't'l «" » '<l lg>E>,' p!'j> ' Tss ?s
>l!a.": s«I!8!'! ? tl»ie s!U'Ia!» 'I> <>l t i?v Pi"!'El?, ! l'>8 Bit ;ct» r t' TT! !v'I!!g ! T'' ? «!n?!' ? fjl! t '!l
'l?T'!!!x�'t'!l>>j to «hi?  !D»s !l jt?.", 8!xr?! Ot "lan!BFB,  vl31 '.;,h i,i'! I OP < !r 0! 313 '.!' ? Es<«L!g
x� !<LJL! to t !l Bixa cli!.".8!'l!80 ! n l hi'i?� Hirli;:si iva i I ?<< i OF Bl"!! L38,' '.,'!   IE<!  Xs. '	926!!'i-
>no lt  >t:I!?Xj<	'S< a !d i' ' «l'Ei> > a i'ij 'e <":! j!s!

V !llev <>lac!Brs or?<';E late LTE. 8 n!oUUt83!1 STLI'v>>i!el.l Hx! j trito'w val-
le>,'s 80 v!!slope, .  >cX?ve valle»>  glHc!ers 83'8 still prBBBnt 3!L !l!B  cascade
MO' X!lta!JES �?3 l !T! the f!l<<X3 l! C t»rtOU?!ta' !?S: t»rtOU!lt Ra�!lvr alone h<3S 26
31 8 t XI<ad g! BC? BTS,

> 3 8<tnlont  rlacL ?Ts Hrv. h!3?Toeri ! vhen sevp3'�l Ir iljeh! glaciers c  >I! t<-',st?8
trite> 8 c !J!tin!Eo!Js tl-,ink c $188»t of -:i- ? 'Yh<! >U i fto! 8 originates jil t tle . »0:1
rate snow.fields Bt the llvads c!t' El!v, jr?ojvt iE!al v!tley glaciersi '?!Ut the
tl I r' ot the p?V !<!non  gt;«? Eer rvflvcts thv, laryi.: ?T?ass o. Jce 33?v !l !8:3.
The? v are Uo 8<i.3 ip es ol Bc�vv p!<-',;l!U !nt glaciers to >vvste??1 Q'  Hsh!!!g..
ton hn! Malasp?T!8  llac!83.' 3U rllas '.8 ls 8 c !nti'.!  !porar it v» H T p! ?  >f t'lls
«lass ol' glaciation.

"A hvn 8 perrnaJler?Y snow«,'fiat l L'Baches 8!" d! 8 si!v, tl.at !',:» Tlo
tA! !ger <ao?1?LT?8� to l->8;-il cki»pr ?ss tons, 8 r ?I IOL!a! hla>akvt I'j t lacLHl Icv.
cBLl forDU As w! th an j 'lBclvr t" Is lc ? tlo>««ts A!v<3< ' lit>nl tl?8 cen:v>.' of
n ax!UU!TET 8 ?j.':E!!T! !ti!llr!x!, lF!,  ?!>!L!8'<!s't to v<1l 8 or plvrl?!!ont glai?Eers,
EVlL!Cl? HI~  " >3?t�'!T! 't l!Y E!!p� >'!'Ht!	! r iE»"!En'!»S HUG tli >Rr>i  lo <t?l?Jjl
sheet gj II',t;!ti<'!X! ts I! !lla>!t ? .':It  !v<.".Frio tJ!L ? l� :;? l Ic>pi>"z ipl!ic ht  jis, T.:le
!83!lv lce sl! ? ;.ts p>' »se !t to< i;:.'«7 BFH In t >I  'ii!1?l  !! l HJ' E A!?X<3  'cXEc!L, h !> 6 Ur-
lng t."38:cv. ages cl>nlatic coin<i E!oi!s gavi? Tisv. to s lei',t glaclatiti!i 3 ioch
t a!g<8? tllaJ! !liat Wvh!ch Bx!s's to !av.

l 48 process ol !?lac?Bt!c!j %� :ltts cliaracter!s:!0 fe'n ! T ?s El?Bt rest!lt
tr�nl BTAslon, transpo 't,  ITE� T eposjt?03> of 3�:.Etv?'lais. l l":v. c<!rnt?EL!ation
of these features gvnvrallv provides H strong contr;1st  x jtll a tj EOPJJE non-
glaciatv Tl topo «rapt!y.

Xtt ji?� !«'>l'! ll'! ? 8'	' E !EF «> !l  ?r', !HJ' >F1 '<>?'.,Fi ?>';<?!t l'3  ; �!'Bti xjx ol gl;�! Ht!o �
QJ!' < F>p?'! ": l Ol > l!3! «'> t?l?L» TX! �' ? j'33?8« h! !1 'H I <8>   .,', .', !»> ; :I I!'I..'iil ! t!�» li?' pe v?3 0 0 grl
A .':!t<!!'t ~!laj,".!l!3! .!l�'« " cHU c� !« 'P? !'«n«<!rk!«ik x?10 <!lh'.E!",.! !I3 I r  t !p�"ri!<>hv.

Lo<'i'8<! soil anri r ?ck '!!' » l ! t«!LI:;.k !!.:t t   !x	 ':l'! i',, s jx fi'! .'!'i! 8!'!T! » I'OF«8?? 1 l '.he  I ',v,.
As thv. g!801PT 3 lovvsi thPsv, 8' ltralne l fraDU?I? En 8 scoU J' Hn.j 8: 3!3 E. Uiate-
rfial that theV OS err! je, l?1 8 l E!tEAJE tA <!I'OS!OE!i grlaC!dt30!3 I'I 'S'I!its ln  ?ha?-
L jxtcristlc li�!xiii'>FT!!8 o>t >  <l'Eiol? >l? ? i>' i>'.t in>'!p >ri<?T!'t, »'! tl!v Ll ?vi':.l?!j!JE!eot of
P j »<vt .»II!EX T< !8 tj'3e ' l 'It' 3<!'ii:  » v!  tlvv li'I c!«  ;i?' ><«>,lit <>  8»l !?,IL!! ',ll v 8!l »>'8
E! ppvx F'  . "sl at? !!l, > ! EE I<!F t hatn v-sl?it !?< I l !! ke str!i! !x!'t."c j! vi.:'l! ev«,

A'j<!t TL'!� >  le> !j!SLI:;0 4'j <lj'!c! ?Xs is  ii! 0!? E !»lr» ?!!! l  !Tif !-.-8 jjAj ctc>ve"
te LTE ?rom the T!nlv v>:l!BTE these:! ?>!osj s!«Jere 8! tr!bott?d to:.he 8'ht?0;Ej
tloo l. J38pos i:.i? l  dri"t 0<in hB i?A�l ? t. Hno r«a l TE«los>'tt'E,".l l!v F!1!!ning �>vlE-
!v� ter 1?1 varvITLg leg!'Bes, Dr!Et 	'!8 i l?  !s !L >I l» i<,I  Ff'.»«! !!'l»i? 'j h ! !X<« it t!vatPJ'
X'en!a	3s !rregnlarl' il »p !s!te E.< t'>0 »<!'> j sor>I!?TL i!Qt«'F! il ter!n !<'l t! Ei, lTL
cox3t.asti la"ii;xv l HUB h aller sor  ? l JUHEB?'Eiil can resolt front I' ! voI'kjn>g
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of the drift by 3'Unx3!I3g vvBEer tg]aci pf] lvia] deposits] '!r i k ]!3'Ag]ac!a]
!Bkes  g]BC30]BCUHtrirke dePOSEEH}.

�kke of tne '"BF y Hpecka] charact krist;:cs ui:he ioad ot' <oil< kr>ck, Bnd
other debris transpurtod b, ice is that 031cP, frozen Ento the lcv li  vi]
reID<3 xk t]kere E3Yktk] t]ke 3ce ITE p]ts. Becanse Dios! !3!6]t!Isg 3H Bssockated.
kvit]k the tel'YnkEXUH of the g]acier<:hat 3H xv]kero ETE pst klkateria] ks d kpo,-
ited, AH the g]acier advances, it nlay reincolporate ear]ieT dep >sits and
carry theDI farther, i<ylkth c:]teYYkatiYkg BdvBTkces Bnd Ferro<!EH, 6!3F]163' dP.�
pu kts nlay be renlo'od or obscUred I>y ]Bter -.ines,

Anothek' effect ot g]ackatkun occkkrs kvhelk the <ota] 3 ! BHH of 3cv. Bccn-
DXU!ates enough vv'eight 10 depress tbe ]eve' 0 ~ thv:  kkkderb 111g crl!HI  ]
ocks, S kbsidPTkce ot crkksta] Fo ;]IH 0: iil '. Pogei ],o<yv]aka ] dkkT'TD!-�' 81 toD-

H3vP, Fegiorka! .iaciatiokk 3' ksnitPd 3D 8 gen kra] puca] doprvsskulp  .!f the
earth's HE3rface x'e]atlvc '0 sea iev<!i. Yh3H  �]p3'essir>n HUbsennelktiv 1"'-
bukknd 'd after the 36!1 FetrvatPd fr yEU thv reg! oxk, 'yvhlch 'yv<:<' I  far tor 3D
th<<! Sba HEX!g Of PUgyet <> pkkkkd.

 ;ordkII8!Fakx Giack<ktloFE kxk O'esterD Nortk Alxkerlc<3
A]th031<yh geoioglcai Cvkdence 3ndlcates that «horv, havv b<aelk Hev-

8FB] periods uk Y»BIO3 g!r>ba] glaciatiukk, it 3VBH the .�: ost Ferenk- � dkkring
the iast, evera] tcDH of thoUHEEXE ]H of ]iears---that;vas ihe prilkci pk ] �g!'n:
iD estab!ishkkkg Pl!get SAUDd BH ih� doYklkkkakk: feat!13'8 of t]'le PUgvt Lu iv-
bxnd, Prior yo thv g!ac]a] peliod the Poget bokv]akkd kvas pari ot B broad
regiolka] depressioD extelkdkng frulxk the .0 <i!.: ]'FBHBF Rive." Va]fey
sok3tk3yyvard throUgh iho Nii]!B!notte i,Avy']BBd to ih� nurilkerYE Hb!pes Df
th� K!BExkath !<403kkktBEDH. instead of bclng i]uodeF]. the Brea nuvv ucc'I-
p38 , bv PUget Sonkkd .vx s cokxkposed r>f plodnkont arid aih3v a] p:B3ns
drairked bv 3'e]r tkveiy Tnlnur I'Evers OFigik!Bi!Dg p knckpaiiy OD the 'desi
stupe of the Cascades. Y]lese rivers drain d kkurthv'BFd <!Dd 103Tked the
Fraser  $3scbarge BTI<ptyknly knio Bll <3 kcestra] <'>trakt O' Juan  f� T'Uca. Tile
Hk:TIBIE plk vvas Hukxke'vvb�t <3UB]ogoUH to today H draklk<!ge of tbe vvl]!BITE-
etre I.ov<i and Into the Cuinlrlbia River,

Ty]uba! g],: ckatko!k d kr!Dy the past fe <i tells of ]3- <-!Usakgds Qf vvars
v 'Bs c]. aracterkzvd bv t >UF Dk<!]OY' adva kc'PH  pf vlaclai kce EYEovklkg 3 cr�H,
Ikortherrk North AH!6Fkca BDd F Trope, Ai HH Enak�TkkU33  exteYEE, the 3co
covered Bboni une-t!EEF   ot the CODtkkkent BYld tike i '.Fnl'.3EUH advance <
and retreated Bs c]inkatic corldlt30EIH c�<!Dg!Xd. YbP, 3Y3B]or Hunrce of gla-
cka] ice un North Ankerlca Y«BH tbe LBUFPEktide <ce Sbe!!t ! Figkkrc 4.! ],
vvhkcb Yias centeFed uveF IIUdsurl H'= y; 413t the v«estcllk pul'tlokl '!f
 IODtilkent  vas BA'<acted by the Cordilierall ice She<',].

y.' H c]3Ynatlc cuoilng oc  Qrre ], Tpkarkilk<y the b  .EDElkng ui ibe <3]!kci?]
Bge, tike perlna3 PDt HDov<diD� cl'ept du <irk io ]okvPY 8]evasions klk HM
YkkAUDyakTE< B] png 'Ebv Cordi]]63'�. Yhe FPHU]i kvas <3. EYEarke ]  Dcrease ln.
va]]ey g!aclat!OD< extendklkg far HDUt]1 Biong the crest of the Cascades,
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Figure 4.v The ex 813  oi Ihe
i BUEBQ ldP. Bod   ordEIIerau
lce sheets.

Figure 4.0  >roxvih oi the
Pllget i.obe. Yv ith cl:Iuatlo
CS3olirlg. veileg' giae BE'S
grekv BQd EQoved dolvQ thP,
slo33es o:" the  ;sseade SQd
�!vu'3pEQ Qlollutal IB Blld
Elle iusEEial all d   oas t
1 Iol'Iiiai?3$ 8 873 Esh  -o-
hlQIbia. As the sEQBiler g'.'a-
ciPrs ooar'.esoeu,  hey
Forralai 8 larger mass OF ioe
that moved sou�3 ioto  hei
Puget l.olvlsrid Brlii Ivest
out ihil girl t oilusu de
F:.388.

Yo the north, OE> the wester� s!opea ot' the boas[ Mot�6tatEEs of Bxttish
 "ot��3 I Et,'' ,. I' ty  d!y aE;. Htm E ai3331IE toe along the va Heys oo E!esced a66d de-
vB!<>Pad & P'B�633.6��36t jlte!.tE36�6'Et o'!aote6' IFEg EEB 4,83. ft E BEEUxa!!j AQLEEB l
to DM wegt &33� th ! te3'3HIA�s <'v EEth68!!V oatved IIH.Io HM Pao3t3 : Uoea H
Hov3'Bvex, at the sottthBE'66 BEE f, the 3603'3Haf  to'~v thH!  veatwa6' f GGEA' vEras
Mocke t bj" HM |HS�187 MoUHtatHs oTE VBEMo�vBY !slax6 t., J0663B f b4' ad�6-
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tional ice Eroxfk:.he eas  slopv of ':hv, lkksuiar M!c>313->ta'ins, a mass of lcv,
>13'8'v". centered over 8 tope "I'BBhlc depressloxl <n  he 8'trait of » I. OE'gl<3,
This ice evo>1 nally I.>ega-:I fo Aovi laterally bet>veen VancE2uver island
Qx3d fhP, x3YBIE3fand. A Ear<~8 po ~ «30n flL>v>lc'd sou f3<>v<3rEi k<ikfh 8 B>BHH so
grc>Q  'th'lf 1  0'verrnd8 «i Ep.,">BB EIEBB Bud  . ulf fslEkfkds.

Upoxl I'UEEE.:h3Ekg  hP, �lyn>pkE;... vvh3Eb were higEE 8."3013 gh � block.
and dkvexl «h{2 EEE?Ni> tfke 3cc spiEt u3.� tk<i> > separllte iol>US. OEEE? por«30B..
«fll Ju<?Ek de F'.I  Q t!obe, nlA ipd <c<'Pstkvard ailing ',lIE' Elk pXUSHIEuk bp�>veca!n
«he lier lk llBEkk ol «hL<', Ofyflkp'Ecs <3 BE!  be sokltbvl'n fiEEnk Af fhv. Ilksuhr
fq'JOEEEIEB131$, YEEP: El:hUI' pox' 'c>Yl,  he Puge  Lobe! Illovvd so>3th>varck lnio
the Pugvt E.O'vland, Yhvsv, -:.vvo l->i>es vvUIU Bvar the terminus of the gla-
zer Bnd advance«l Qfkd re'treated svvvral «33xles, At. EUEEst lour IEYB3! >3' <EEE-
vafkcc!H oi fife Pklgef E,obe have beUXE identified «haf cokxespond roughly
'vvkfh tho four stages OE gfackatkc23Y >CL?Ekstk LE ir3'>! f!» i<!t! '. C>13 1> >zoi>E 3 co!3ges.

The Uroslve Bo<>ver Df fhe iocal   orllllioFQY1 < lacia'.Eo ~ I vvas .". IcuIkcges'.
Qt «hp. Xkcur«h; glacial dc'UpefkiYkg OCCBE'E'UEi 3 E'. Har>2:»t3'E?E , FE?sf,>>E>313 Ed, 83 >d
Rosaxlo i2frakt 1D the SBB !uQY1 EsianEls. E hE», "feeler also c'Brved gl'Ooves
Bud scoured fhe l.ighest peaks i33.  hv, isla.:..Eris, V>,'ithiu ':he Puget f,o3V-
land! thv. YI3aln clhanrke $ 01 the Pl!.' U«S>Burke SyS UI31 Vvere Lf>QV<>flckkt bv
glacial vrosiorl a 3 d m! 3! iffivd i>y eiacial depositio>n, Most giaciated por-
tions of the Pugo  Lovvlakkd arv: covered by> placial deposits  hl>E !1B »
fE'0EIE  lie ret3'E?EEt ot the last giackat30B. Records froEYE Uari38r lce Bdvaf lees
Bnd kn ex" facial s ages <E 8 Ux«IUEIEL!Ey splk SU 3..>1 if?8 PugE:t i,ukvl!3Ekd and
Q3'!:.' prinlarify fokknd s013 bvast of PugP  »Ekund, YB Bf1 BXE?Q  ha  L; Bs no 
severely Qf'Uc ed by  he final EEdva3lce ot tfE» P13g!'.t i!obv,.

X,ocal Gi acklkl >Lhrollollogy
8 Hevexal Bdvalkccs Bfld retxva«s 0: fhe PEkgca  Lobe> ha<i 8 beef 3 re-

cL>Ikstrklc ed I:>3>> giac3al geol>3>gisfs on 'EEU basks 0'  "pe, extent! BBd super-
posk kon Ol thl; "lack<El fea urL»s Qxkd dc!pu!sfts L>E th>> Page  f ovvianEi !3Ekd
tike fi<<nkfng H�>pes of the �fymp>ics and  .;Bscades IYable 4.i.',L  .;harac-
 Urkstkcally>  $L?pL2HI ~ Bssoc3ated <cvl h  f3<-: P3EP<et k,col>>, cont<3EG xock
debris Of Bor EEP, 13 proVPnur>CU, Egkleous QYIEE fnc BYBOXphYC Y'Ocks L2lcigi-
Ykatifkg in  hv COEES  ML2untaiIEH OE Hrf«ish  ",>2lklnkbia QE?d,he North E;as-
cades, Yhe presence OE those rocks in  ile Puge  LE>v»lalkd Exfk:..>E c;H gi;!cia 
 I'<:13spol'f ik>«o ti>>'. regEE3x3 fl'OBB  he w>r:h Bnd 3, attributed tcl Puge«LE>b«!
activity. in contrast, Q difEUXL?EY  provelkance can be used t!.: idexktify d>.-
pos3 s or'Eg33 latuEg fro313 valivv L<iafliation 011! fhe >>vesfcff2 flanks of  he
Mkddlo E,ascades axfLf, � B niore li Ex>lfvEi 82« ! ',3 Et.  f38 easferkl,,iopPS of tbe
Oi <>BZPiCH.

Yhe eariiest idekktifiahfe advance of the 'k uget E,obe is dUEEEked by
north UI'll provE?llQYlce <'laclai  EEE found nk  hE', L. ~ >!L?Ek River Yvailr!v 31!sf
1?, as  of «he  ",ascade front, and along the Uas":. side OE >he Pu'alluu River
Ykc!ar Qr frkcg! V> Q!shkfkgtL>XE jFlgllre 4,cji, Yfle BOE'the X3 prov>!3k>k>lcv. fE E <3't

313



Or! i ng is in arkoddod a<i h teal of 5,'asoado pro; onanoe imply;:np osi'.iiia-
 ion of .ho tpznhinns of Yh<.. PE.gpi t.oh~',. T$!!s tni!!!! g!a<!:ia":.ion i!as I!oar!
n<HY3 !".] <3!io!' tl!a ~'v'fii', sootl'in a'< 0"'.l ~ !g.

!'ol!o~vEn'  ho �r .:ng giaoiaiio!n  he t'ugly  . ,oho ~".-.fr<.ato:1 I;aok::.s
dna ni irk! i, t1!sJ!X!pi '!! ! >2 aoi! knok'i 3 as .4o Alr'<rsrfon ln org!ac!ation. ULlr-



Ir>gnr  4.9t> 'vta'r>>tl 8 >r> ex-
tant  >3 ~ .<>r<d >i.'i>iaa 3<.a dttr-
U:p.  t>n'< aat;"an Stnda 8: tt>:;
Irraaa> gta 'lallua,

lng <his tlln» �13g>/Qclai Illatvl'lais E~Jc>re l1cj> >sltB i 03": toP 01 giaclai GB-
pC:SttS i>f the t!rtlnt= Hge. HEIR Can be Sr>-.n «Xpused «toll<> 'fl> PuVQ	1 p
Ri3>BF E'Bal' 'the to;", 11 uf >AIL!Brtrull, T!IB Af tert> 'll n!83 >'-..;!'- BI'-t! nl !' 3 'E'! =!i pru-
E>i>9<8: 8 g !Fl<!IA 3 ldiuati033. Cf 8 Fet'<1m f10.":8 g>!HCial tu Entvr"tauiat Curlrii-
t3033S. f he prcsvllc<l uf po'IB ~ I, fu ~ Bxctltlc>!e, Irt I!>.'�t>,'s ft< >Fl Vx! stP� that
f tact t<=,'ll3:»BF<ittEF>', FPcl:EFements coKkparahkv tu to iay .'-. «ilrllate. t'Urtklcr,
ther'; '.s millerak tg:cak evickellce t3>ai i3�:.>I: :s 8 P>ariose vt acti; v vukc E-
0! 8!I! !n the Hc!�30333g   >Rscacips.

Ykle <tUck 'kaclatlurl titkes I '. 8 I!»>3  tv, tr> >I!3. !3 3 i >I>>> HF'c3 >a:0 QPPV!!atEOn
f�F th? iOWBF <'V!  ItP,,.",BI' IElst FIOFth >lf t' C tON>II rut SUIIIIIBF Gfa< i;:.! t;!t
ID. this area QII f ill the  >< !ivy watts Of the P«yaiiUp Hn> i tke «zFBBEE .'ivers
hHS n>03 thern prOV.,nanCe IIII i ia.:piies the retorrl Oi thC:. P>UoBE f ub>n Th>.
til' 3$ s'' >Flletintes 33 tl Brtlec!FIec!. Gets>BB3 > g!aci: >f 33 "ia! Gepuslts> surtle-
tllnes has g!acloIQcnstrlr3B ll3 ti'.Fc>Bets; t >util 3 >'0!3 di:,! > >ns '. nl pI y fil3c tU 3-
tlulls 3 >f t i i>', tBFE3113213, ~ of the I  e. L ' tvse Fe!atv> ,'1%<> rill ~ 1�F fl'L  ;tUQtluns

Evithin 8 peri .ck of 'kaciatiull are terrne:i stc c< !: I'El'h>.!I tf:<l t»lm1,3H.
383 i'>esI �3 i 3!>tv�sic!civs f<>YheEQ t!l ':BFI llrlns FetreatsI.

A ;CUFIIUlat30IIS uf Strearll- Jepusite ;. S'!l3:tS 83% t g' 8 Bt> !HCUStrine
ct83 s, 833ci peat hogs dating lrulll 8 pel" � f 0 ~ llltvl'g!aclailc>ll 83'3'. Joo!>it i3 
the SOU:.!IB'. st>.;33  Pllget J,C!;Vt>an>3. 'hV, Peat hugS 8386 P�!len C .'tice  BCi
from these  i lposits ilrlply c!i Ilati curlctit:OFIS: iroita: ti> toe!Sly. '.v!ollnt
Ratlqjer 3:,<HS auttVB klrir g this period and:u lth Vui .alliu Qsil 8IICt mU i-
f/ows ar ! pal'F ot Ph>' '.Flterg!aciai  :Bpusits. t,ucc>!iy> t 	38 pel'I o x ' s tvr3 He i
-:.hv, PllyaliUp 3�tefg]acia'ion. ! t lna<>  OFFP!ate FB!ati';v!<z ctose'y El ith the
SQIIgaIIIOII illtergiaciati>arl uf cent: «t Nu! t'13 At Eerie < cttaci call he �;Item Hs
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0]ig >r !]3 BT' HkE. s !IT 4� t]ID <Isarid ye Irs 48]0 i'8, prvsex! t,
YT<Ti i i!d ?Qrices Of  he f>!Egos L048 ]IQ re ].8833 Edi!II� ~ Ied Hs stadPH i 0

f!IV ~>'j]T<i! l<t!' >j'ln' ~.''c '] Kji f ji!T'!, ! j!P'ia >iF'. Si"'i<!re!'i' ] hy  UQ i'i!feFS!<% ]i 
j]!I!?TTE ~ 4']Ucf! f'bv:  eFYI!! <I!s 0'f t!'ii". t I !'<ei f  >b < 3' 'i'.Fe!t 8 f I'!OE;tfj i!f fbi'< pFV-
$�Y!f FH>S!fiOT!  !I >< !Alt] E, «!�!'ll!V,' f]l ! EM !Fata !<'.  ilAFI� i., '3��!]!Xi!!S f>I''1?"
VN] !rt IT! t:�� ! !jf f'ix<!'f IOT!S Of' f � i gf'Ect!! t]3> S F > .'.j'� ! ]OT!?]I!'� t !Yi<']3 ri!t]!'kg
ref T.".: .H".  ! j l ]3 i f>T g ';! b ! t!e t <!F  i	! i! t!�',j; < 0 pi';l lT!'it 1 it' ll j! !!i>' ! Vi? ,:;f li!T! 5'!It!'I I f3 ?
StrQEt 0] hEHI!  ]8 FUc   Bod the Pari]!c Ocvaxl, Pvat SHUI]Q'es ]r :ITI t]IES
ITIterstade . ! a"i> hvexl d,"!!ed Bs of ter tharl 38 tIEOIESBI!d "'<Bars t!v!uE'8 >3 8-
se! i? QII� '<]Ie  ']1313 HT8 d II!'I II<! Th ' slxn: ": per!i id ot i<]acia] I'ecessl  ixi Yv'Qs
coo]i'r QI!d YIID:ster t']TQI> It Is TEnvy. Th".. !I!B>;,!T�!<Y'� i.?it ?�! F� .'f! ? !'Gge!
f <Dbe v!IE 3lxg Sa]ITIOTI <>prl!rgs gtac!Q� >i! fs AI]!H .!j!s'. ]. ',!>T fat i...r <".fa ! f<B] t!c-
tllxlt<i Tsxcepk IEI !he so lthM'es:. PTIg !t t.:F�<f1!i!j'] T<<.tier : H ��� Y<ei'!tf!er ,'d
g]ac!Q] i]r! tt i!H Salri!DII «Spr!I!gs r ge Es tDUIld bey EU:] the ]IIII t �] ]is!er
drEft oi !hi! Qr EQ 8HS! �1 !] 8 Si!tsox> R! ixeF H401! t 25 k!] EYrietPrs <yest DE
She]tnrl.

'] ]38 0]yxl!pla lrrtvrg]<":clat!00 was 8 re]Urn � !Ixterg]Hera] c ITEdi!E� ES
vv!thITI thn PIE$8$ ].D ~x]QYI !. 3] 8 peF30 ] ex!PL!oed IF EBI  I]>n!I! 35
!hn!IHBI>d ><ears Dv] <I'0 pE'.QHPI'.?< dx r!I>g v'hlc]3. "be ]D y]QY!d 'Qs «.barac-
'. Flzcd hy sha]]DTy ]Hke;, STv TIT!ps, and soxve "Drest on!Ter:i] t>II!e al>d
spl'1< .P., f.!rs�!IQ'<8   ?Hs ��Ff j]3NH!i ] j'Ofi'I ",:]Ye i~fr !tt  Ei ]! !!� ?fe f? ULQ. Thii
c]lxixatc coIESEQerj 3" !'hK! 'v'i; ir'tat I '!F!, '6'as k!t. ] .>i< ! >is Tr!D!sf i!s i'ii'i'is !rxt QY!d
pFnbab]>< SD! !evi']IQ i'oofi'i' P�'30'i!js fF IT� Thjs !i!t i!'ii>fa TE!!i t>i'F!nd ar~
s Fva!TI Brxd fake s ?d3 i !i !! ti«; 3!<f! 1  ]1 i! j I t 	3  I ] 3! ] ><>i< f �,;ii s�0!' I of so<It,l
er!> P <get So<I!  f betv T:vYI Tac !EIEH Qx!d 0]ympra, !he soot]I shorn Df
>I! Dfa! F III]8!! QYIG «0]>ms P<issQT<8. A. FEF�1!LE	8!It s<acf1�13 TEf Tb ese ! U!erg-
]Bc!a] dPpos! ts!s Dx< �"'cd ATE 8 "Pv!EDU !3boot '0-Yr!v!� s t' g-:<>8 : t IIck IB
Q sea c]3ff Bt. 5 tagr30]IQ ]'<]Ur] 3U Sva!88.

t,1<3!S !t  !f tf ie .f>t'1!S i!' g]!! !EB��� "<."i<'<'.S !F!i!rk !Fj ]3>? B ",3F] !t f>V!'3 '! '! Of t�'
jlr ?!!s<P ] <<?Hff !!t .",]At,';Ii!f! ITI. !.]3!s, thi'<. ]'?v  rjs r..'r I�k. >ti! ] !; !iite 'teif the  ! p ~
 T  f'<  TY! t]lv T~<P<'h~r'I! <.] !<> i  I] ]Eii> t <3<i 'li 'f!<'<3 ]w'i! ]Iarf o��<< '!TI lrj f!F<" 't

efre !t i!n !]'Ic! ]j3%% ]art!'js, pl'!O .3]'!<3;] ? ]> T «U !df jlrl!  g <,h!<» fT,"F3<3 of Hier]i!T!TI!";t
]'! '.!TI«'  '.  F!'! ?<j tn j]I >T� 'X ,'>F!ef I' !t EFS;".I! ! ! R$: YH tnt]33'<'>< ir] �$: t!!�  <?>'!,"':f! xi!
Sf !de, t	8 !Y! lsf I?i!i",erj! iif f]j s B�3jtf>P! ]v,,r3.;;;�!BE�!EH Ii!< f]!8 ]. Tjgj!t k !]3!:,
,f F�<! K'Aai>? i' ll' r j   ! !3 !'f ht!<<?� � ',V'll !]'<8 !T! !af 3�<!SH!V ? Yij' tf'!i? ]� ;i!f t'I];! '3<!-
t]o!Is.,j f  >  ?vv8!', i'I!' f ex<! f'! ! l!g 'A'! t]j t]'! 8 t'3Ff I I 0! f>] 8 t] IA f t hv< I! I >." t !'l'! !8 !It
]I'- I"j'<' fj'8 I»  < F i <'jr]ex< «' ' thi' 7 '!'~jlr<r  "j lvf" ] <'f""'I'! i<'!'i <!Fv t]18 TI> >if
'<1?'3 ]HS!>BAEF'f BT!i] f:.]3 :.' �8i&!]S ?'!t ! fi ! Vas � !r! <3!' I f>i?Sf, ��� .FSi�0 ]. I t'�3 .t' '�'
gel ]-obe of !be x'i sh EII i>fade begao I fs B <  THY!en orx!o fhe pogeg Lov<r]and
BIYd 4<j Q JDE-'k ].8 thoUsaod <p',Qrs 48]OF8 p Ps831t ba ] ]Drrxlvid QTI Ice- ]iaTIE
Bt t]18 xlnrth, b]ockiixg thv norma! Ixnrrfxlixard drQIT!agv 'Ts !h  «8 i 0<I-
t!YIEIed tn <3di'Qx'cv: SDU!b vvard B g:Qc'B] ]FDFAY ] I]ie Tiz!3s !DFIY!ed ]3~g? 3 0-
poUIIT ed FG'3 >i] <".r3 ] IYIP] t'O'Qxer ><>GIErEer!!s deposited I 3 the ]Q]ie
c�]HCTIs�'E	8] ci?vor ?d ITIUcb 0: the B3i'Q. Dyer]5i! IE g !he TEDTI«lac!a]



PI!get ~GEIJ»d! � '3'!le Past

se illnvnts! t4<":I had accUmuiate i Y!fev!oustV GJI tf� iGEvlBYId. The 0 Es.
ilo;iveveX' vel'v llulEti!u dl!'3'.ct >c«>I ie!" ce tox these i<"ke sed3mPnts s!Dce

mos- Gf them wvxe s'1!bsoqu !Dtlv  JveETiddeL! arid Le'vGLked I v il� ad-
vBLIGYTEc> !ce, '«!VI<4 ilriu!»Bge to the norrb Dlocken bV tne !ce-d<»D». tho lake
<<vater overfiov;ed to lhv: south.

Thv, pxi!E>;Ip<»l c>Utivt for the Gve!.fjo<<v w<»H  Ii�!»'~ B route extendina
fI'GD» the HGU herll end 0' ivhat Ls JIG<tv BU fd f0 jet HGU'hA'est!vard 40�

i<veer! the Black Hills and Pun!vater, 'ia H!ack Lak l BDd the Black

Rives valley. Bnd into A� Pacific >vest!v 3rd il!!ough -:.bv, t',hei»a!is Va'dey
 Fichu� 4,9'6 i'his route 3H c>alied thc "Black l/!its ~4p!iilva," Blld the.
Jvat !x iYTGETE tf!EH BLId G hex >>!Et!ets c>!nv>'3'<>v>I GD tllP  .hehai!s V<»liev,

itb a v ry consldvxabiv vo]IEYD ' oj lvatel' io be dxBET��, the  ~X!ehaI  s
va/lev !>vas devefoi>ed as B ml!ch .larger val ev than v>GI!ld have been
f>i>rn!Pd bj~ t4P, HYDBEi !Ever that Gccupivs li to iav,

The >l>i',i<»iis .>f t4P, keuer<»i Q!rect!GD Gf Jce floxv ID 140 Puget i 048
during the 4'BshGL! i-laclatloEI al'P. Xetlecte i !n svver<»l Hicaivs Gf topo-
graphic l>'.<»tuxes Jn the Puge":. i.olviBLId. The prunllE vnt c!IBLYTL'.ls o>,c !-
p!e E bv Possesslo ~ I souEld, the Mc>! I!. 8<»s!D of. Pllget «NGIE!»d, Bnd Dabob
Hav-Hood   <»J»ai JvPT'P scoured d !epics> IDto tile pL'0-exLst13EJ' <H»-,!53! ~ ii',n-
tarl' deposits oi the lo!>JfBLIds, fLI 0 Id!tlo!», D»an'i; slnalleY' topographic
ieatu es dist>f<»y lh»eations IE! the gla iiai dope!sits,  vhich iJ!dicate .bv,
direction Gf thG ice fio!>v. Tl vse liTL>!<»tiolls are commol! Gvvr much oi
today> s ii>M'l�Rd Bnd BXP. p<»rt!cularlw' !<veil dei/eloped ln tE� 30g:on bv-
t<ivePn Mas »D Lake BTEd P!ckex' !le Passage, Gn Reach BDQ «>tref !h ls-
l  XE>is. Gri l >!31'ts Gt Ha!'tsteue fsia!E�, 6 Ed Over JTEBllv EJBL'ts Gt the K! isa'>»
Peninsula.

V<']»>'.3» t46 !ce reached Ets YDQXLTDDTL! exlent, abo 'i. t4 i4ousi�nd
j>'ears BJ�-'G, the PUJ>et LG46 <A'Bs late!'Bllv co!»st ained bet!veen tl".0 YDG:!D.-
i;.un txGT3ts Gf t4P, 0i!JYDp!c ancl   BHCBde .,'qifo:>ntBEDH ]Quxi31<> tii s j->erl>» i
Gf maxlmunl souih<ivaril vxtent. the thl knvss Gi ihe ice Jvas measured

ln. 4UndrPds of D'letGJ:s, 1-;Ht!LTEated 4>V cletexLnlnlng !lie !le!<>l!! i»n the
tfaT!kLTEg xnc>uxi't<3lnsi hei o<iv vi'43ch there !H evidence Ot gla .'la IGD. <Ind
above !>vnlch theY6 Ls ELGDG. Fox 'he Puovt Lob>i, G�0 est�oatv. Gt th!s
height can 40 made bv dv,.ermining the maximUJr. elevation a:. v.llich
glee!«ai 8FMtE >s Bxe foul»rl. These exxatic<s <»re 3'ocks !vb! ;i» BI'0 i! thologi-
>'BHX'  i!st!nctlp d!fte!'ent TTAJD the lo .'Bi bedzock, Bnd Ivl»lch co lid >'TEl'v'
have 400	 caxxlv i to ti!eix present Hl:0 4<J' gl>achers, tn t41$ lns.ance,
lEgnte  >CGIGTed gran! tlc rocks froJD the T.Gast M !urrta!EIH ol Bl'ltlsh Co-
lUJTEb!B contlasi <~v3 tl! tL� «lialker cc>iGX6 l 3 nick<i from tbe .''>Grlhern  .,'Bs-
c<» ies or the  ''Jlympics,

Another estlLTEate carl 40 xua ie 4v >I>»:exn in3I!g the elevath >YI 64 >vP,
vrhich glacial erosion or scour is absent. l'his iattPX Xv:"fEL!ique is paxtic-
c!laxlv Kiseiui 111 the CBH0 Gl 1! �3»!atoll«s, thv. !Ho'atecl 4lgl»,!eaks v«'41031
proiect abo; 0 the. level GY 6 SUXXGUDd3TEg Li.e field. At the:.iYIY-. Gf LDBXE-
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EYEUEn Bdvance, Only txvo nUI3Qtaks al'8 kkiov>'0 to have proioc ed Ekp>'vard
th3 >c}nfl  the ice, Tllese Bfe BO<v M003 t<33xk I'is 8<?st of 1 ake  >kishl�<ixi
Bnd Rattleskkake MOUnta�   HOU h<>vest O' North 8833d. 8} ith of thisv kvek'8
relatively ct??Hc tu t118 lateral margins Af the ice ancl, coincidex!tr J y, ?t
Qhxiust the exact same Jatitl!de,

Based on data of tf is kincl, the tbickne. s Ot the main glacial lobe is
8,:ix3 a ted to ba >8 been Bbunt 1,,0 !E! meters t 5 >250 tvet;: over the pi'caen 
site ol Hellingham> and Qh: iut 3.,200 and J,'JE!EE meYers �.950 Qrkd 4,2>5�
feet! v'hvre Jt Separated into the Juan de FU«a l.obeand PTkgvt J,Ahe. Yhe
Pugei l.cibe vvas abu!EE J,OEEEE nieteis [3,275 108� thick Ovvx Seat.:Jc's loca-
Xioki, decreasing tc> 700 t}Q 800 meters �,3�� tci 2,025:08 '; over Tacoma
ax36 <3bOU  450 meters   s, >47 ! teetl ov?.'i' olvkripka.

1 he max!X! Urn H>o!kttkel'Jy citent uf thv. >'QS40T! kce v»QS 8 termkn!1$
that ex BI!de f Bcr>OHH �18 10kvland sooth Ot Odyrklpka. The position Ot this
rkkaxink kkxk advance lkas bevn;1cterrl invd by 8  kombi! ati} in uf niurainal
and recessiona1  Jep}asians Evhi ;JE gives ! Jse:.0 <?? lxaracteristi� loca  tc-
pography, QYE irregUJBF Bnd c o!xsyst<>rkkaric QrrakigeY3MTEt Of !n  rk" lE kkrk-
Enocks Bod deprr!Hsi>!ns. Hill>s called kaln ps >Q3'8 sx31B11 conical  I: irr >gi!-
l<3r ridpes corkkpo<  d 0'f g Bvpl <30 d s?Ekx>j forkr> ' ] bx> svd33 0 vr?  flokrk
Htr !axns ffok>ving Off tf!8 glacial tPfEYE!YEUS B31d ileli} isltvd against the 3cv.
fr} }nk, Tliev Qixe onv, Of several Ecv.-cor t<3ct featUrcs Bnd display soo 8 de-
gree Ot la! ering c>3' st!'i!  flea lurk. Tfkej axv. JYP JUvntly associated Ev EJI
terraces  kakrk}Q ter ~ aces  bikilt 'Up by gJQ}.,'!er-'1}!3'1ved Hed3T!'183 ts ilepi>s-
ited De vvePn the icP. '3'93 E <!xkd ok lier tike Evalls ot i! J!}!krkkkx<> 1>alleys OT'
high er portiorls uf terlrkinal moraine. KettJes, irregular dep!.esst}-»ss txk
thc lalkd Surface, resnlted trcni Evastixkg of i .8 blocks tbat 1!<id be>erk b kr-
!vd, 81th?I' '92+fkuflv ol.' pal'tla'ly, ln thv 3cr! Ji'oni Hed3lIE�13  �8posEts, J3?
ci"XEEbinatiun thesP, fPBJUX'es I:, }3'30 }hi, dlstlrkc EvP, local to'» ogl': phy asso-
c!ated vv3tb the ErkaxkxkEUYEE HOUtbexly adv<31308 <!nd kkkktkal fecvss�0 ot
the 1~ QshuE3. Ece. One Of the locales v>?Jkere these featnres> 13}av ia ! ob-
served 1S EI! tbP, Qriia sooth Bnd {,asi of E31 'mp3Q, A'ard 1ake, HPvk>E<t
f,ako. Qnd Sixkitb Lake QI'8 cbaxacte33st30 ke',iles, Bnd the YPgioix ?!.}!E!kkd
J 031g J QkP, displays Q ke �8 Ond knrn ?  opograpby.

>'�A! g<, its la orQJ EYkarglns the Ice r!t t118 PUgi't L !b ? el'udecl p!'i in! 3-
non  trUxkcatlorks ac!'oss the eased-kvest valle 'H ar!d i}lges Of tike Qlpinv,�
glac3ated E3ly3�pic Qnd   Bscade Mo!kntaios..>1s the P kget Lobv, began to
v}>ced}> HQrlds Qlkd;;rg!>PJS trox!  >be> tlanks OJ thv lvgkoni	 }<1<?}- 38rs arid
trokn tbP. Smaller <>tack},rs in the rkl n!ntains forTEI}E� pE'olrEirkent d kposits
ot giac3<?' OUSE>vasfk. Several large Aepusitiorkal pl kins FBDTR� HAUth uf
Tacoma Qnd �1y!Y!p>ia, ax!d west of Shel<un, �!ktv ash  Jiainag  chanrk ls
8'. te!x?1 M>est!vard QxEd sonthvk>estN>ard OU  uf tike  .Bscades QEkd sOUt13-
>>>>lard trunk the E31ympTCH to t'ai> E fke>flails valley.

Fo!' som}> tilrki' BJXi>r ti'3 ' icP, bv@QY3 to !'ic}!ilc illa I   >- !<3m to the
T!orth p3 eclndcd d3.BTE!age nortb v! Brd Bilil Q coknplex He�0833ce> of <>lac!Bi
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Eakes ucc 8!138{i V?8 i!xi :3 ?vv?'D3g PEYget 1 okvla kd, As the Vasho?I 10{; r�-
troatvd< the lakes evolved ln si78 Q3YG lucatiukY vri:h stkccessivrlly luvveI'
Otkdets <3Ekd c3{<3ElgY..lg 13YYerc<?nueciiux3s. Tht: Enure pronkk?kekkt Ot tklesv,
occupied the largvr «hannels and valleys that were Hcutkred hy the E'u-
gPt 1.0hP, BYYd v<'ere the pr3 tlcIpal HEteH fok.' g13ct il<?3',3lstrkne riepusitio?I OE
lay{ared silts Qnd clavs Bs 'A'«ll Bs delta deposits Bssoclatvd with the
principal streams discharging into the lakes, During much Ot' the  8?.:vs-
$30t3<":.1 period .1<3kcs cut31 in {38<1 tu d?'Qln tht'0ngh the Black 1 fills .".pillv'Qy
to the Huutlk. 'E'0 thv, north, although the main ice dar� Ot the PYk~et E 04'l!

perskstPd. thP, ?Y?B"3 «18 FYYCQ 1 Ohc reE?'8 tked B?I'1 upv, ~ 3. Dlarixle CODditiulls
were rv-Ostabhshed in the strait.

AH the P13gvt 1 ohP, contiYYYked t<0 retreat, tntt381 cle<3 'tx?g 03 'hi', Ece-
{ianl w:.?s firs'. Bcco?nplishvd ai. the northwr=st. 'E'h kr{3 w, as 8 short period
Yvhen< although .he southerly drainage for the glacial lakes Cutk.': i�138{i, 8
EY03'theI'lv ?1X'Q3neg?'. ?ntu the Strait OE JUQD dv Eruca was estahllslked fur
glacial 2:Qkv. E.elaklrl, 'vhictk occupied the Hood LQEYQE-Dabruh Bay area.
This ruutlet v'Qs t?Yrough a cha?lnel between Dabuh hay and Pnxt Discov-
ery via contemporarv f.ake 1.81QYY?1, Et Ivas?3t 8 iuvver elevtktioXY than tike
overflow chaxkxkels ol the lakvs tu the south. 'E'he s outhv'Qrd drainage
I?{?Bs stk ;cessively Qhandoned 3EY favu3'  lf GOI'tk3v, Bld dt'�13?age, Exnt3ally
vka 1118 Lelanrl SpkllEvay Bnd ?Yltknkatcly tllrouglk Adlnkralty bkl{lt, I?vhen

Puget E.ohe retreated far enough north to conlplvtv . he r<!3 �0v?Bl ut
8 308-?:1?Ynl,

Yike vabftrax? 3ce ?if the Puget 1 0138 retreaked xlrarthwarr'< fruYD h{! PU-
gvt L{kwland about E3 thoUsQY1d years Bgu. Althutkgh Q latPr advance uf
thv, FY.QHOY glaciatic?n «luring the Sut? {as St<!i'!<=; <?ffe< ied if le Fr::er Rive?
Valley, th?3 Vash{YD glaclatloxk was the las: lncUI'Hlurk uf I '.8 Onto t3.{P. E u-
get 1:uwland..."i<?kale 13tnkte{i glac3 BEY OEY has 3:',uui {I? {lei! !EYE<YE today YD tike
01�'Dlpkc Blld   as cade nloUntalns hUt Qlnlust all ot thv proYDiDPnt fPQ-
tures 0-:" the Surface t Ypog3 aphy Of,he lux lands were estab! ishvd 1>y the
«le?He cif 'he vashun Stade,



I 0 8 ge'.$IOglsr  Itrer! prln<  io «IevPIop an IE 1 leI'H BDAIng OI the I'P,-
g30ET's phys!cat  IE'E«IETH tire  ilscass!0I3 Hu f rr has i!erhalis pU [ tfie c  rt
d !fur� the hu3'se. IhstorrcaIIyi  /esc3.'lpr30 l 8!TCI cIEBE'Qcterlza 10D Ot IBD d-
furIIIH 3103 3 IQII y p ece IBH Spec uiailurr Shout Irow hey lvPre 8: L!3pe,i.,' u.
Htca I lravin' Birea'Iv  lutITDB6 '.hP, VPoiuglc'=ii pl'oce'<s !H BETCI IEIHEorv uf.
the evoiu tron uf the I ocai I eg3031, <~ie;" III n�;v Iook irl Enure Relaii Qt the
b il'l� oi Icical topograprly.

IYI iiviPTEBI perspective fre�13831riy .e"!Its ID very  Airier Err' per'cep-
I! !Ds Ot <<$ haE !8 vIevy8'I, irn astro!Tailti vl !Tvl!Ig p Qgpt «50UDO f!'0! U <! h3gh
altitude, sees 8 Iurrg, Erarr�!vi IE!IBDQ HP<3. J  88!I�3.< u� IIIO Other I!QTI ii
Da!ght vied- p!I~et Su!313 I His 8 r<.iatlv :Ip COEYEpI !x rrraz� Of 3ntPKCO! i-
..!ecie'I  vatert' 8 vs. To birr I. h3H lvay 83'uun I lvlth3n  he s 3'H:.eln he Ernghi
nse bearings On pr'ODITDPnt feat!13'es---Hni ,'h BH nigh peQI<s ln  he Qiijorn-
Ing r!  i �131tai IH, ur' Alstlrrcrlve IBET IIEIQFks QIong tDP. Hh >FP, Ot tne IA3<<'-

TECIH arran ISIBIE IS, I  I BVOI i TIEYIYIE31Q hrs Hh!p  IVI'!Hr�1� �E un 8 E Icky
shoaI he lvoUI i Bisu 4 ! COErcerrEO� '<<vltrl tIre shape uf the Hea I00!', <rvhlch
he Dorrrlaiiy cuTIId riot see. AII ot these feat!ETBH are topiugraphic fur!rls
i!urnpY'!H!ng 8 co! t!UUHIT� that Hh<ipes  he ilarth H Surface  lr1 IBDQ An I
8:rcIOI' iile Hea,

ThP. OIympic Morrrrtarns
phe �Iynlprc Mokrnt8313H fI" Igl !re 5,4]i rvhlclr  Qurnrnate the centrai

portli in. Ot the OIV!Yrplc PcrDDHGIB tA thP, 'vvest At t UgPt i3013II.�, <3 ' ! 8 par!
uf the cuastai mountains Of thP lveste-:c  l.;Elided S.atvs. Th ' Iulvesl vie-
ratruns oif the coast<i] .� onrltairrs 83 0 lrl Hontherrl <i ,8<hrllgtor3 83
-.;OD Ia r ;El ierrcy QIHO ubscrvBIIIe 131 the t'iascades,3 <olid the oIyrE.Itic
I'~%0 !ntalns rise to the hlghPst pi!<!k eievatr lns BIurlg:<he;vhuIe cnastai
IIPIt TIrese irlgxrel' eieriailorls HppPQ even YDOTP. pI'000U! ce I bee<lose  if
'thol!; Isola 30D tronl  !ther parYH uf the Inonnt<3 r!s that IIO ~ �03' Ale PQ .'Ific
 ..oast, hl!t they M.'e not as Iligil <3$ Casc<rdP, p EBI s. ThPy 81'P, sepal'BIPHI
from the OE'6<.urr Coast karlgc 4y the  ,'I!eIIQIIH Rive!',';IIIBT BEI ' tip'EIIQpa
HIIIH, Bn I Isoiate I tr�r3! tGc IDHUI<D ivlonr<tanls uf 'vaDcuurier IHI831 i by
the Stl'8 it of 3 Erarl Pie Fnca..

'7'he highest eie 8-:.I .38 in the Oiyinpii. I'vfuurrtains is ", ""4 !Deters



I E]c'.,> J]ape! xi!, OF! Jeff! 1!8!x!f'y <'1! gvf: 8E! '! Ti »F! fiv<r!0! la

�,'354 tee I Ht Mon n  Dlyx!El".1! s, !!]1  tl]ere HJ'p.:!Pvp]'BI ofheT' peaks %!]FE h
PIPE!H!!EODS PXCP<  'if]cz " .5!�� nlet' ra I X �00 feo I,  .]CC'<!pVEng B]E ia]'0<i C'f
BI!ou  �,000 squ<»re k]lometvls �!��� sqilare m]lesj, the h]ghvr areas
are extrenle�! Tug<!ec':nd dissec vd hy B cofxlpli!x sys 8!Tl oi' valleys.  ,o-
cal r!!I of freql]endy exceeds  ,00� meters [3�00 teat, hctlveorl high
0 ~ c's ~ s Hf]E  Bd'Hc'pfxt v'THCV tloors! Bnd slopes '!f. Ies'1 tfu<E]l. '0 I»c!]'80X]t H] 8

Gcc]n»]HOE]  ' hp gpnp-,al PTPst plvvatlons Brp hfc!hvs  f lear tile cc='flier 0
tIEC Oiyfnplc Ivfour]ta]fxs, with rlclges H]»TI !leaks m excess of E,��� nle-
tv] s:,5!��0 feetf, l his general clos  holgflt dec Tvases radfaily Sway llo!x:
thv, cvx] 8!' to eievations of Hhol!t 6�� nietefs I",���  ee j Hnd then des-
cenns s eoplv. 'l'he surroundirlc!  owland areas Ble coll:posed ot 0 f! ar-
row band H pproximafely 3.5 kiEometers;vide! j� milesj of  cov; hEIIS on
Eho noXth a!le: wLS .! Qxlrl 0 E]foacic!] t»an I!Hx!  he south '.ll<»t g]ades]]do":.he
VHEIe' Ot the  .;hehalia RiVOr. On  he eaSt the doscen  ETEtO the  'uc!et

owland Bnd svri lpvel Bt Hood t.'<»X]81I ]s v;.r c <]hr!]p
Stroafn BETE< glacla 81'osfi ill if l th8 uplann»s has resi»l ted ]n 0 dfso ~-

dered Hrrangenfent Af pvaks. jH<!c!ecI rid<»es, Hx]d $ pep-, ! ded valleys.
There: is H pat erf] ol ! Hd:TEI drQirlagc' in]posed I»y prcunllJxeflt s XPBTns  Elat
F»r ginate EE] glac!Prs 8!' snowfle ds 1n The higher ]:!ter or then flow ol]t-
wa rd f]'ia]f]  I 0 center. MEEch c!E EIEO rough topcuglaphv resul ed fronl ero-
sion hy streams BTEd:There is Bn increasing level of d!ssectic!n wh]ch
gvx]craliy increases ou l»fard rofxl  he center oi the Ol'mnics. Bc!cause
of the oxtremely rugged topography f:omb TEed wi IX dvnse vegvta-:.Eon,
part]cE]IH].'Ey on the wes� ~ Tl sic!pes,  �0 1'eglon h!as Hlvva''s heell vcary
sparse <! popUIB cd,

V<E]cE] ot thv. snlallvf s!:H18 top;!<!raphv ln  he Olympfc IVfouTEtaifls ls
 he rvsul  of glar lars HE]d c! Hei-diy related processes, I.:1 sp]te ot the low
elevatiox] ot the �iyiripfcs cc!nlpBrer  to  tie Casc<<fdcs, Hhuf iden  pr'ecJp!.-
tatiorl results in snowfield aciafrnulat':on that is hea;y eE]OE]gh tc sl!1-
v!Ve he Teg!Ox] s E ]1 d s]E]n]Her si'<Esoo TIE8<se IocQI colic]tfoTls IBvo ~ de-
'!cl;!pnlvnt o' alpine <-Iaclvrs. B	$  hv Uiy-npic Mountain=, voE]tp]n
aho!EX 50 per]l]H']8]»t snow�Plds w1 h glaclp,: Hlix]'<»cf.eris  1! ',s,   <8] Eeraily
locate:I oil xlorthelll slcipes Ht elevatlons above t
:0 Tnetors:4,000
teat',! the fnost. proxntnvfx  of those snoxviiclds are oTE Blld noar Mount
O yinpns. The longest one is the Hoh  !Iacter Ht Mount  '3lympl! s; ]  be-
gins at Bhout 3.,675 Tnetvrs j500 Eeet'; OEFQvaho]x�oxteffds Hbcul!t 15 ki-
lo]qv vrs!  8 ]x]ilpsj clown the flank of  E»e ]noun Bin! Hnd  Pm in<»tvs Bt the
2, ! 20-nlet!ar lave  C4,000 fe!Q j,

A secondary group of sno !!vflelds Es ce!ETP,' ed 8]'o]ETEd !<'foilnE,'x<nrlv].'-
son. Hele. FCE. Bnd An le].'so Jx g ac!8]'s B!'0 Eol'TElecl Bt sc»xfxe<»vIEB  hl'»ffer
oleva 'o]1 Bnove 3,8: 0 Tnoters �,000 tceEj thHE] Ht Moilnt �lynzpns,
-:Eoxv for -: shortpr dis-:.ance. Hnd terminate B-:. about   575 !T]eters I5 000
feei! elevatlo 1, No  Bll ol tlloso snO' v xo ds Hrv. �'ue glaciers jl.e.! have
glaclBE Ece Elc!v!! ra he]' Xhan s!n1;]Ie Bcc]ETBE'dat]o!XI,
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Becakksc ot cxtYBHTefy stoop Eorr< ixk, ,v!sits to HTBU'>' Snov <fiofds Brc
limited to hohcoptck' iandings or OH-foot Bxpioratioll l>y Sox!lc: ot tbc
EY103.'8 dedicated hikors Bxkd ciixkkbors vv40 vksit thB BT'BB. Pro!1k ovidell ?P,
04taikkod «tircctfy f3 F>3 0 thP. SDowticicis that have 4oe!1 cxl  fc>rock BY!d in-
«ti3'Bct!! fx�Q"�acriai phol ogl'Bi  f s< it appc<3rs t48't th� �ik nlplc gfa<�'iors
BFO FGCO�EI3 g,

A XEEEYXEDOF Oi. <!ipklke fakes OCCUpV 84BTkcioned giBCEPi SOBYC<-"'. Y4GSC
iakes Grc cbaractcristic oi regiolks once k kojocte<T' tF> Bipinc giac;iation.
BTX i occUY vfhekk vvater coliccts 311 8 c!F«'Uo, tho dopl'cssloxE Px'< I< iP!i  lt thP
soul'co of 8 iorxkker gia' 'Eel', <!ox ko oxakxkpics, soch Bs Ciav wood i,< ke �Ekd
f1<'fHIdroci f<akcs, BFB 488 ikvater feo ioY'5< Y'ospPct!Voiy, f >Y trihutal'!85 ot
the Dosov;Bifips River and thc H8313!na Ha!Yk� a River,

The I I-shaped vaH<eys <!Ss;  ;tatod kvtth aipxne glaciatic:H. can 48 ob-
servPd at m83TX" t«icati ics, Solno pl'olllEllont oxallkpies 8«i!03�Ellg !4G Pl -
get Lo'wiBYkd al'8 tike vEkil.ops at the HBIHH la HamHla Brkd 43!Eckabkksh
3'!vc'rs, An ikktercsting oxaklkpi .' ot the 33ktorpkay bctxvocn Oiyllkpic M«313H-
t<3kxl oipkxkc gi<lcla�0EX I Yld P'<kgPE t 04c xcgicikkai giac;ia iokk c,akk 48 04-
SPT'ved at. Lake  .,i.'shnlan. Hero, lcc 0: tho P' kg!.   ,04«', Bxtc3 dcd Yvcst-
 vard IkroU3 d DOXv ! <folk3ktaixk and 3kkovcd Tip%var $ Bioxkg Eho course oi the
ancestxai North i'03'k Skokolrkksh River, Yike portko! l ot thc vailPv nAvv
occup!cd 4" t48 vfcstcrn pa t �$ i Bke   Ushxlla'fk w85 ovordPepencd 4y
giackaf scoUF; the fake ktscH 'A'Bs io!'nkocl <3'Hd 15 HT�3Ht83TXPd 4'y' d83HTE<HT!>
cBUsc!t 4$ HEoraiYXBI deposits frc>YB the Illa!YE giacloF. The pl'osexkt, Bixnosl
zi<>ht Bxk zio Qivcrsiokk ot th<<' Kortt! F �'k south w!BYE 'A IF>'H thp skokAEH�
ksh v'85 Psta Hiksh cd 4>r the RUE>ckt L048 lce iroxkt 4iockEllg ox stxv <IF< i
strealxk Ho'v and di <'crtillg it solktbward a.:oug thc ic:8 margin.

Th!8 CEESOMllo M«kxrlxt<kxxks
Yho crestllnc 0-' tho  ~ascado 5'lookktakYES 15 tike «fox<Xi XGT3  tci3tu!'8 8!-

t84ikshkxkg tike «!�storx3HTF>st !in!i  ot Ehc Araik38gc 485!H 03 P kgo  So' xkci
,fFigUFG 5. t,:.  .,Uituraiiv BYEd his «Eric,'-lff!' the   85«I� les II!Bvc had px'c-
i0'i3 Ho. poikt30<3i <3Qd PcoEI03x31c 1xnpact Upon thc Pug ?l. iso! !Ikd Feglokk 4P,�
cause 0$  he coIEstralkxts tho!> hxlv" EYEXposc i Up«3n Bast-1<vest trGvcl Bnd
trauspArtation,

j/v EIBEHP BEEU Ex!Olplkoiogkc cl�TE311313 v thc   gascaoc vtokkntakkks  .x-
tend southward. trom the I>rasex River VBH<oy oi' Br  ish Cotuukhia,
thlo lgtk Aashkxkg�3  813 i.  >YCRF>31, and Folnlect w3th the iS1PFYQ Ncvacia
X3OBF MOUEkt Lassokk ilk Lafiiorxkia. Yhe pl irk!Oo <if thc',  ,BSFadcs that
for!HS the «!<as-:.BFH siopc o.' thc PUget Sc>und draixkage basin lxkay be s kb-
&vkdod Bt 8401kt  he iatktudo '!f Sklo@U ktnl!G P<3<IS Y435 .<Ppaxat!ou Ento
NOY'th 832d MIK;die  . Bscade Mou ~ ktallli l Ehe, Soul�   Bsca«t«'5! 8 turtllur
subdlv3sloll. ties Exkoch farthc3' sl !31th t4<":H tk B local area] 35 485Pd llpon
severai contrasting characteristics.

A!i oi the Case  Ll c I'<3ElgG Ts 8 high !x! 01! Ht83 U Y..gklu P, <,', i th t oca i r ',ii ;f



'I he S!!ape  knci Forx� c:f <i>�:; .t Soi ind

fvaBey:liHAI' l� H�33!3!»3 »< p<'<3k crest!  ..48 ~ Hctexlstlcally 13! i.'xc 3',ss !if
',000 Exlolex'8 [3�00 fov i. t'A»k ;4 0' t4v,:,I'Fi'30.  s i''x 1 ~ exnel'' r'!ggod QX»�
slopes Hx'v. VV3 y stePp Hl»3 i ist ever ! <!v!lore, The gen  ral CFP�';t l»P3gh', ls 3'e-
En krkahly  kkkiforxkk Uvvr Ixkuc;h 0: tho  ;ascades, Hod is «@ceeded Qt spe-
cil'ic sites Only hy the peaks 0,. tbv, volca!30es; 1>to kk.:. 138kor j 3,28!> En<P-
iers; 333.i 733:eel';,  dacker "vak �,23..""! Dieters: l�,4,'333 tei,'3, MU knt
PialE»lex' I4�0 "3 xnetozs! 14�t� feet!.

�n. 8 t313»e scale that ls i!el'llaps coxElpl'ehvnskblP, tth03ksa3»cis Ot
ye<3FSI !130 Eiolcaxkkc peaks pl'ovlde 8 good e3 83»3p>lv, Dt ox!g03ng geological.
pl'Ucessos that El 8't FQ':se Bnd the'0 l 0<!v�  1130 8 ulIB<" v, Ul the QHrth. EQ .4 c>f
the t4ree local pea ks»'3! Bs li ir ~ Eked hy volcanic Qc' Iv! tv rvsu ! tk3  }! 0 l 8 vi il-
canii", pe<:.k that »was built up above the HdIH CQE»: l'!F3 l s»ll'1'=1''e, lk»31181 de-
velop Bent ot these pvak, tUAk ! !l<!i".e il ill'lng 1138301' ro-iorkal gia .38t3013.
Alpik»e gl<3c3<!t300 coxlt3n"1's Qt tlkese iivaks, which Bre, 3 tes  i! 1!',3  ,'ll cal
the ronlalnlng glacial acttvitj .!n th,,  '.�sc<Q i:;s. CU xso tuekk'dy, their his-
tory !»8 8 4eex3 Hn Bl 1 8! 3»a i ioxk Ul 4:  ifdikkg 6:! ring p vxio ds Af acti; V.; i il ca-
Ellsnl Qncl dol!>xkcutll:»g 4y glacial eosiox: d!'.3'3!Xg dorkx'axEt pol'lods.

Phe J!ici3't!   «Escades cils' ilay 8 lxl jlio 1'ug!ged tpxxi83n thak» t4v 1'yf  i ill !
 masca tes sc>uth Ul r>EEOC�813kske 1 Bss, 1 438 i>o x! FQS1 ls dllc> lxl large pQ t:0

8 v3f'Pl'P,"3t vays 13»  !>l»ii',4 glaclQEXUEX de»>vloped to lay 8 $133'IacP, la	3;1-
forxn. Prior � the last period ot lr HID>r g.aciation oi' 3 0 to . 0 thousand
years ago, the  ;Bscade 1:plan<is <~~i<re considerably m »xv. regular tl»H<»
nOM!. Yhe 3'Pglo�<31»!Ikilolxlxity Ell tike prvsent. c;1'Pstl3r P. Df:he  ,F scades ls
related:.0 tike preglacial Ekpl833d into v.hlch ti»e glaciers c ut deeply. phis
@Hc'Hl dove ..'.3clltit!13g 1~!>as no!. dirc>ctlv relate!d 10 lb. Hctiolk 0$:be P»3gi'.1
1 Ube 4ut vi Hs caused b'i' Hlpix3e glac: -lt300 on 113e lEI'.;he ' llano s of tf»e
upIancl cast cif the P»!get Lobe. 1XE the North  ,'Qscades, alpik»e glaciatko�
v'as both morv: in ense Hrd persistent thar .in thc! Middle   'Qscadvs, Qnd

e co! tl'<.s't Ex3 tocl<iy 8 3 Ui icigl'Qphy 3S relatvd � tf 8 dv<'rev. of glacial clis-
sec'tkoxl Ul. tile preglacEHl 13pland. 1 hv. 3»orther�. 8 'ea vi'as su43ect to 8
gl'Pa:PF dvnsity 1:1313»34v, j 3 !f <3 i pi le glac3e s �38n. the HU� h,;vherv. giac! Ql
Hck 30EE:.exkcled to 40 less dense and effects E3»03'e loca tizech

As regional glacia iokx;. Bred, alpine glactatiox! i 0 �3»e uplal»ds also
diminished, Yoday, the fe~~v Xemaird.!»g glaciers Qrv gexkerally associated
»c!!ttl» the higher elel!atiokks c>f th , volcar ic peaks fe,g.. 'Mo»3�1 Baker,
Glacker Pvak! Mount PiQEE3'<vr I !id»83'e tl»ev tencl to ladka e  Iut»",iaxd Bnd
do»v3»slope f: oln lhe hlgl»est clevatioxk near the pPQk.   3thPE <":ct:vc! 3!1<!ci-
Prs Qri, Qssoclated»rvl�, nol"th fackng slopPS Ht,!!  gh Qltltcldes xleaE' �»
c;restllne,

Yhe extekksi'.!e glaciatt�EI vt the  .:8 searle ii40313»tH in s has left its lnark
Dn Inak'<! Ot thv, loc;Bl 1833dforEEBS, lx3 Bdditiok» to thc.' g '.I!eral dissvi.tlAn ot
the Svestek'x  slo»:ie of tho Qnlaxlds, sites 0. fol'lne3' gl<3C!ers <�'»  !Iiuxldaxlt
Hnd ciln be lde! tEtked lni xnallv pi !Ces 4'i>i the pE'ese ~ kco Uf skxkall Hlp13»v
lakes, TI3eso Hrv Exk >st obvious 33ear tl»e cl'estlkrli . 4ut .'! I il 0 e Uccul' at
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lower clevatiuns. Probably the greatest conccntratio	 of <":]pine lakes is
associated»rvi h thv. Huuf«GH of upland tribk!taries uf. thc 1'kidd]c Fork ct
the Snuctua]mie R!VBT,

U Shaped VallCVS fu«D!GD 133! Blplni» g]BCLB LOIE BIC Q]80 abuTi cia,kt
Many of. '.he large Htreanks that drain  he west f/ank of the Cascades oc-
c!13!V fur lx!cr glac!<!1 valleys, Olke Basliv observab]r' exa Dplv, Es  hv: South
Fork of lhc <Snuqua]mke Riv vr a]un!» hi<»hwav $-9� wps.ward f! i",.n» Sn«i.
cik:!131318 Pass, Far her Llul' hi t]18 val]ey ot thc Nuf ttk 1:' OL'k 0 thc igky-
koInlsh River northeast uf thc to!vn of index 38 Bx3c!thpE' p!'om�1cnt Px-
B X31p1 8,

I'hv, bcs  examples ot moraine-dammed lakes are j:1st to the vast uf
the Cascade crest]inc le.g.i Kceche]us Lake]. On the wes  f]ank, several
ot tlM lakes  hat fei=!cl the Nc!7th F03'.k Snogua]x!118 Rkvcl' Xkorth of k<]of th
BB!kd QTP tuE'ibex BxBD:plcs otsuch. lakes,

A: lowPr elevat30ns Dlany fkv83'.s appear � bc uui. of place 131 t]18
valleys they occupy. "'he stream coursp meanders on B valley f]007 that
is Gvcll Ex!ore tlat-bottulx ed thakl the U-shaped vallv s B  highef Glvva-
tions. Tb!s addi !onal Hat ening !s frPcjUPDtiy thc 3'..Hi!lt of «PpoH!tE0.,3 Ot
giac!er dck!vcd scdllxKIkt dulln<, 1B er stag«8 of 1'Bcedln<gi '«.Bciatiuk! Blkci
tbp. p7888nt 3 3vBI 38 flovv mg ov87 tb esp. dep083 s, Some pxan!pi!! 8 ot: h38
II!By bc obis!!Ivcci 0 "1 tike Sauk River Llof'1!Gas< 0 Daffklkg OD, un thc ."oky-
k0313!sh R!vc! cast i!f Sultan, BI!d un tbe SDActUB]X!%38 R3ver South o.' C<!T'-
IkB!10 3..

The most promtnc	t landform of the Cascade Mount!Xi!38 is thv, voi-
c<3Ellc peak. ln sharp contrast 'vdktlk tike Ivs! ul thv  iascaries, Ihcsc Brc
180]a ed pPaks ! !sing <rve]] above thP. I;TPstiinc. in the sector of tbv, Cas-
cacies tl'EB  lof'Ins the c»as BITE wBtershed tol' thc Pugr	 igounil cifQIIkagG
basi3!i Mount Baker,  v<]ai 3P7 Peak, and Jvlcll!n' R<3!nl!,7 Br, three c!f 8
1BL'ge!' .group of s!D131BI pvaks �Mt fo!'Dl Q characterkst!c fcatufc ot thc
 .",Qscades Q]OE!g their lung DOTth-south Bxtc	 . I'hcse vc!]cances vvere
forlr!ed v873! iatB ID t]kc clcveiop DPD  of the feglull BDci were Q I'csult. of
Andean-type convergent bou!!dary px'ocBSHBH, vv'hEch arv! st	] act!ve lcl-
r all;.

i bc Pugct Lovvdand:,5!gure !.E] ks tDP. local subd!vks!on ox Q 78-
g30nai xE103'phoiogkc Dcprc!sskon Bxtelldkrk}» ffon' Brktksh Cokuxnb!rk suLEEh-
«VBI'd Into OI'pguf3, J b!8 I'Cg!unal feature Px!BTkds no!'thvrard rom  hc
Puget 1 owiaillcl lllto thP! Fl'BSPI' Luw]akkd, 'vv13!clk lklciucies tike soutfker!1
POI'tlOT' Of the Strait uf  «Borg!Q. 10 the South. !I !TM]UdCS the VB]163rs Ot
the Chehalksi Cokv]!tzi anci lower Coin!nb!Q rk;Bfsi extcrkrdkng Htk]] ta!-
 hei HOU h to Include thc A i]]Q!necte i.ov ]and 131 �78gun, ln the 1HT'ger
sense, the regkonal loxvlanc< iles nctwcvn the Coast Ranges � the west
and the Cascade Mountains to the east. l,ocaliy, thc Pugct l,ovvland lies



The ghal>v «u«  F:>Ex!3 ut t><pg<;! .<><3 axicl

uc  lveexl <il<' O!y o <pic Moll:xt<EEIEH ax36 the»'  <Orth i.3<<1 ME<1«i <!   «Esc EAU
Mountains,

Yiie Pugi!3 1,03n !Qlld has been H,EbIected -:.o Yegiunai giaciati-in and
c ccp ~ ltvl ~ lpxp ~ axy ialldscape: s p. UdoxElirlaxll 1'  hv rl',SU!'. U3. UI'us3031 Bud

dvposluo!l associated l<>ith the incursion of the puget J,ube dur':ng thv
lce-ages. ft curl Bins very fo cv UxPOS: Erus of < iidUI' I'uck �: inilk«!  he
U!y!Hpl<c BY3d   >ascade EX' «3UH 83ns � 8 Hd !H 813Ylos: VH lre1V cuvPYPd L!y
~faclai «Jebl'3H. Yhe r<BHX31  ut dils <!>la<',3'=<i iiep«3SE�0!I 3S <3 HO40U<'.li re !U«
c<BIE�'as-:.ing sharpiy Encith  hat. of the rugged «iaxlkixlg xlluun aiIEH.

Ill �. gc!! i< !'<ii H<.'-3ise>:RP. 183!«i 83'<'.8 Ot 'he I EEget 1 O<>viaX!6 Hi< ip<=H <!03n>13.-
v'ard fronl th» fiankirlg Inountains Qnd 'Ei!is Qiun<' i:.s sun EIUXEX border.
Jlfc>st uf the 10-.<xer eievatinns arv, covered nn;th a!aciaf YH1 ta very pooliy
Hor-',vd ac;f UIYH:1: ion O'." Ciay-:0 Roll!«lcX-Hi:<Qd flagxl Ulltsi, alld  ho to-
pographv collslsts of geutiv rnHEug ol REHy gxul!nn.

Yhe Southern PUget i,oY<ctland
Tho Ho<E«ilorll  Elxllt uf  lie Pl!g<'1 ! .0l~'!<3 !3d 38 «4<! <1Y':ll 3 i pgo Hep83'� t i< in

Retxveeu the streaYHS entering Puge  Suaud and those flu~n'iE3g into the
Ch<'h Efls RE<i<BY. YR!8 bou:I!18!  >c Qppror«ln3< «US t4VH< 3<3 t<3UE'33 Elinst UX <HIE
nf the Puget ',ube giaciation, v;Elich v,;:ther toxnlina ed a;>ains . prem H -
lxlg  upuprapilic hi >$38 [Hue i Qs the Bi�ck Huis: c>3' Eeft 4«!4" 3%«': ": seri<',H of
!HOE'83nai hi EH «p: OEE <>Bash. Yho exact il!Hits of this HOU�1er!l bculldarp
<.' ~ c' xE<j  8' v c<'vs t< 3«< «3bvloUH. Thole ! EH> i< «1lsccin� 13110UH 4vit <33«t<!3 i<1E 3 ig
fr«>m suuthlncest of Shet >on to tho ion, Ul Hiopes of  ho  .;Bscadcps nv,:r La
Crallde, At,fi<e B!ack Hi!is and tn -:.Rv, east <-:f Ye:li!10, Yvhere  hale ar,,

eievat!Ons EXE excess 0  /�0 Inc tel'H I 2 > 500 feet!, the hliis Qre ohv3 oUH 83ld
it is 3 UQH«3H;Il >!y ciear -<>vhi;re tk<U ice fru!Xt teYnlir<ated, i,uca1 re1ie,:.' xa!lgPH
frcpln 45 to 4 >5 IEXUtexs l 150 tu  ,400 fee:.3 8'on >  he Gas -Evus  trcEI<  OI
ti-ils>, Uoi<-fn

VE U" t Bnd 3lxlxnedla«vi<>> <Qas. ot  he P>i<a<',l<,. HE !H tile P! !get L<'vw'1831d
boundary is iess nn>U11 defined, '1'hvsv, 'vere Hi vs of the fprinfipai over-
ffC '<ll Channvis ful the iak<! <Vip el. 3!..! pol3'El! .Ud Sun� ut 3 h>3 pnoe! 1.01>U,
f,<a<.:ai Y<dt<pf is much mores!lbdued  averaging oniy 333 «0 633 Yneters  ].3333
to 200  Uc t]> Qn«1  hL  upugl'Qrpfli>' ls cflaractvrlzed by  hc vorv   at pl.'83-
I'le tupograp4y S1304 QH that !orated be YncveE< SOEE:4 MOE3!I ail< Bnd t�«!
Bfack Hi !H, Bnd  ho furlxlol' Biack Lake Sp H' <'Qy bc M:UUIE 'd3U � ack
Hiii<H and Yeuino,

S< >Utheast Af Facoula 8 e U.cteXYHEve 013 ln>ash n>]81318 H3mliaY' t«3 «he

praizEUH associate«1 Xvlth thc  B/Bck > Bkc Spit�!> >vay. Yhvse p183ns BYU 13!l-
dUY'1<336 Yvi h saudy gravei., and s HQ!! !akes QH«i nlars!Xes Ql «!U 1«i,

Yhe EA<vstem Puge ' I.owvtta33!d
Yhe ln>U slerlx boulxdai"q Of  he;-Ugot LOIn>fane' EH dofEnvd bv 8 reia-

 EVU1<' 81!E'Upt c 4BXlgv !n Slope along the PasteY'n 11H3! S 01 thV 0 VX lp30



Tne Sh ape of  Son'.Bnkporur3, Puget Sound Enkdrons

M�3 n ains. Sukxke ui i'ke $ eepes  gradierlts in the v:hole rvgiun Brc
along tlkis l>F23132darv, Vcr vxa!kaple, the 4X!d $<kr4ce $!opes downward
fruEn elv>iatiuns gxea ex  hark <3t0 n3etors �,000 feu I:I MOUIE  Yulaex �
 iepths Of more than «80 Tneters  ��� xee.,3 En l3abF2b Pav in 8 huri;,cntal
dis arkce oE about 't0 kiloInvt .TH I4 xkkiies:,   'OETEpaXable chakkpes iIE e!e328-
tkun Over ShcI't d!stances chBI'Bctex178 the ><<ester31 buukkd-'Ery l2etwccn
Elvun axk i HTEEIEIOTE> Blkd the>r>a IH nu b3 ng coX3 p>BXable to tiles» g!'8 i!On Ha
Bnyv'here else along the margins uf  be Puge-': f �3>rdand.

Tike ><wes:e.n l!03'330n !Bf tike Pledget i 0'<vi<313 E n!<3y be  ':ivkcleD !ntc
three Hec urs; thc lan l we,"-.  Of ilucd  .;anal and Adrkkira! y irlle , Huud
 ,831<3l kts klf, Bml thP Kktsap f vkzi32$11/B. Yhe la13d BlF23 g the wPHtvrn
l2uun iar'j 111clUdesa Ekarruw Strip ui fuw:Bkkd !<vest of Huud   anal and
the BIOB east ct Leland Lake.

The Ekarro<A s TEp of Lo~ v!arlri <3  ihe A>est el t>.E ds noktl wak l i!BTE!l-
leling Hood  '>8!kab IV dvst  about t.5 kilometers, '.in mtle$3 at thc south-
west d>etween Su k h Mo' EEI akn <3 oct Huud C<3n<3l, lt 0<3rr<8'w>H EIOE'Elkx<ia3'd
and is pinched out between Hrinrk EYI and Qkkilcvne> whcr� %4�kknt Yur-
Tker '1 ~ kd MGUE>  vVEElker <Ere al300st !Bd><":ce!3.: Ei > tbv, Rfkurv ct F3<!hub Hav.

Yhe relief in this sector of  lke lowland is uf  he order uf 8 io;v tens OE

Erie ers la few!> h1313dk'ed .;!He',3 YE>tth 8 gekzdr Hl< >pe> incr! ><":Sing in el«,vat.',F>31
frcYH Sea lovel ai l OTEF!  ian<3!, >'<iest'>vard k2 thv. ShaI'p cbaIkgc EEI gradkent
!I3<'rkkllg  lke l!of!..36<EX j betYv'eek! Eh» low an is 8..3d tf!0 �iy13 puk M013 Ek..
ta3ns, At the $12U h,  he >«'ur h i'ufk Skok kknish Rl'"cr Yluws souih trunk
l ake CEI"lkIXEBE , 3EX 8 Yirkile <' wEtfk gv32X!V slopkr!g .'.!Bnks. 8!',E'uss  be bI'Oad-
est portion Ot:hks par  0! the luk >lakkds. N krthv<iar{!, Bs tnc Htr1p narr�1<>$>
tike ! 3 Enid ct t3 le lowla31ds vk tvx3 dH westv<>'ard <3 lung tb v f 03>ver va! l» y H 0!
the vas  ward ffuwin' l akkkkna HBTEIEYEB, Buckabush> Brkd X3usowallips
xkveI'$,

GeogX<3phkcafiy, h» lal3d HlclEkde ' nk <he l OBIEdos Pvnkkksula TEOI'th-
Y«iard to the Quimper PPB313$ula 3$ pa3't F2t tbP, wPHter31 pu Xicin of tbP,
Puget Lcw!ak!d. Yhe westv! Tl boundary oi'  h lowlakkd is still d kfikked by
the break in slope Up r<> Brd iroTEI the lu 2<>d<kkkds kkktF2 the PasterY3 <! p ialkd,

X!!8 3 3l 3 !Ykp3 0 MOIE <ktaUEH Yh! H b013 EkclaE' > ks locali V west > <i Lelakkd
Lake and this portion oi tl e ilowlalkd is Exkuch broader in east-west ex-
tPE Et thBX3 thv. 138rxuw stTIp along Rood  >83kab   >03x!pose i >3I'Inc! l ><3llv ui
glackBE  il!, tkkis Es an <Eroa of Tnuduratc rehvt of 8 few hurkdred fec  -'<. ith
x31<32�n u 8 elev< tIuns <3pp3'o<3chkng 3.�5 m!'te!'s [6 EA feei j <3 Jove Hva lvvvl

Yhe Kkisan Perkirks kla occupkes ihv: L", Pstel'n pAI'tkun uf  lie Puget
Lowland bPtweerk lkuud  >BYIBl arkd tbe Man! b!3$3!k Ot Plkg>!t Sc!13 kd.
Okkce> 8 group of lslaYE is En tfle posigkaclal lake, it ls Tlov<' cukkneck�d tc
the rnaiYI!and across  he turmer  ,lift�D  ,hakknv  bPtv,een tbP, bPBd of

Hood   anal and the he<3d 0 ~  iasv, irklc . The penEYksula 1$ less than �0
meters �00 i'Peti elvvat3 OEI. except E'0 upi!13  ds w!!Ht of P>r !merto31 BYE  i kn
8 Sel'kvs of north-south elukkkkated hkl!$ BlAIkg  he su� hwcstvrEI shore-

3



TI! ! Shel@!!  >rid I'cf!!Yf:!f <>Ugc.  S<Y:.! ! I

illlo. Yike p. OxElif ken  upiakkds Evost 0: Hrenlor'toll con BE:I ono 0$ thv, rare
out .YOPH ot 3EongIHc3ai 08dI'Ac'k kn:438;>0::Eon cf:48  ow a.:.l!4 c'5 t Ehi!
adiacerft Gfoefk biountairk Qrui Gold iv:ountairk, peak elevatioxks Qro in
vxcPHH ot 4g>5 DIB 87H I  ..000 feet! Qoovv HPQ IBvoi 8!kd p!'vgisc!H  ben! oc'k
'Es vxi<!1H<!C 1<I houg4  DO!'<I is E� 'V!deoC<' ' !pt t XOSO XDC<3 XE c3lfks <Vef 0
Ekunataks:,p ~ oioctoci above tho iovel ol the PU' 0. Lobe!,  Ikey HppHT'PD iy
piayed 8 H T'0T3g F<,IB I l E!I<Edify:E!g lb. ge!!!'.I'Qi f c3'<v ot  ff<I P!.ft!Bt Lobe
akong its !vvs'tvrEI YEXBE'gikk, Yhe iB!ldscai>o over fnost of t'10 K!tsa.! Pen':n-
S!k H  ,'ODHEH H Of $0"cf relic' 4Ei! S, COTXEpose i Ot g 80!BI � i, Vv 4ECh d3' I fiay
chQI'c3ctBIIH kc; 0.' >!lg<E IOE!H P<3 'QIIBI. to t3LB direcstiofk off 3c0 fiow ox 48 "u-
g>et Lob Q, 'The axis of eiongation is prodofntnaf!dy Dort!Y-nc>7 hvast tc>
SO?! h-SOU hWes.c 8 trend that is alSO refIB<C-:.O<E in niany Htrean!H  <..g<.,
Y<fh' !yia RIVO!'i Qnci ! f'v' t !O ikf lear Ql'I'c3ngenlOX' oi XDQX3y HIDB�. iakos tha 
OCCUpc! 8  OEIYler OU was k C kan!IOI to thO N"Ost of �8 Yahu'v'H RIVBT,

Yhe It','Bs erXE PU Eve  1f.ov Ita!kd

Y ko pastorxl boukkdar'y' 0$ the PU"Ot ko vvianci IH not BH Baskiy do Envd
BH Bit YBY '.ho soU�BYD or Ivvsto3'n bc>!kndi'738H, The OQH l,l'3l iifY!it 0  tho

Pkigi'.t Sc<UYE<i draifkat!0 I fas3D Es  fkc eros:.hne of �0 GHHcacios. f 4P, k>vvst-
orn fiarkk  of thv t'cascl Edos slopes dcfwnv, Hrd to<>EBT I �0 iowiarld bvt
EYEUcIE ot thv, i<3we!' Oiev<i�0EYH !ver0 H!?4;Ol'?Bu Eo tn !?!ffvcts of �8 pugP 
i,obo as weli HH I?!Oro  ocahzou aiplno ~ aciatt<HD. Yh!s:Osuitpd lxl an
extrvr !eiy Irreg'.IIHX 40U!kda! y. 048< Bcterized by proxninent OHH u.ard iEI-
Curs!ODH Of ioW BDC  Biofkg �0 Erkaior r!VOI' Valie'v'S. Hep83'<3ted I fy EVI!<i -
ward extensions ot' Up and that are ! norph!.<iogi !aiiy considered part oi
�<=' Gascad<QH,,!>cs<ernnkost BDOE'oac;hIII knt of thv.  ,Qscadvs cf31� the
iovviand co!I HI	$ BXPOHE3T'Bs ot PI'i gi!3c'E<3  I� frock BD!i IH D38 ~ ked
se! ivs of peaks, Horne hi'hvr.  ban. 6� nkotvrs:',2,00� foe J. Yhvsv, peaks
 'X C nd Wvs Ward tr !nk ka  IPSE!ake t<v OE!EX-.Q! 3 fc f �CI U< EEXEg< Yig<OE' E?Xkd
Sq!38. C DIO!13!tai!ES Hl f! tii Of  ,!!kOS<kfnrfkaknish.

Viu! 4 of thc> icu'vViarld <eastward froEY' PUgvt SOT!!kd dkspi<3 3 H  i! 0
Charac eris ic topo<>T'Hphy of giac!H' tiI  dPpo.,3ts. Yi!8 <-'!Ovc tiofk EH,;vi�
HOYDO iocai excei f�0T! H, I ess '.4c3 o. �0 nll'tol'8; 500 fvc.'t! Hbovo HPQ  oveh
tcv]E!ch of �P:  Hn ks lap' OAIksl,.ts of ro ting hHIH w!ti  <3 r dief oi OY31v 8
 8!v il! Exk I ceci fec!t. 3EY cont!'<1st Evkt�.  $! ! Kf H<cfj f PBEIIEIH!xda, 4 DOH ious DI
78 iot features 870 rkot Bs  ;OEYEIDon, but sokne obvious exa!Dpi<;H exist,
Lakv. 4'Vashirkgtork Bnd Lake SBIIIEXEBEYlish occupy  vvo p>rornlnvnt  EDBHY'
depI'pss!ons !n �!s p87  ot t48 iovv BEkd,

D!'Hi!EQgo p!3tt«73 s Of Tf!'c'g1i3cia stf<'BITES divas svvoreiy Incfd�icod 4'v'
HIO regionai gv acia! iork. LEuziflg the pel'Eod of active g<iacia iof! Hnd Ecv.-
d8! OE!kkng, TI!Bny S'78HDEH 073gk31i3 !ng E!I  DC  .<3E!Ca< i !H 0'ut 318W Chi'.Dllo S.
I>V lexl t ko giacia�0EY rococo!Oc , sonlo 0  '.4080 c kanneis;vvI'0 Erkaif!tained,
$03Y3P: w. 7v H48D ionvd Bs 8:788!E!s revvr PA to �8 'cf!'!I!er elf! rso< Bfld
Si flue lip<>V c�'ikj3kkkli . S v>'v'Orc> OStabikslked, Ai XIOU,>$.: <IC IVO do'vVfICU  EE!g Of



I i38 <bhGpe of   ontalF! poMFV PUI et So lnd L'lI PEFOIEH

va!EPvs  ;ontinues EIE the Uptallds, the HEI'cax<15 fiobvv131g 8 ;loss th? PasteFIE
PIE«et I O'A'!B3>d BE'8 FUDMYIg B..F055 �lv gFBdient, wide< Hat-ttoolcd;a!-
!eys fiiied v..ith g!<30133! BDd a!!uv3<3t dehYEH. This c !uditlon 15 Feiative/v
'UIlstBhie Since the HtFBBFBH BFC IE bt  ;ontlncd to L'ieaF!" detlEled va! eys.

54allv xiveFS OEEteF PugeE S83und v38 B OBIS:>!Pb  systPDQ of dlstFihutax-
385 < ht E<veFctt foF. Cxalnp/8< the Slloh03xllsh RE<383' enteFS Possesslon
SYbuxld thE'oug!E dlstFihutBFECH 3, �33phs! .hat have shiite{' p bsltion and
Yc!atlve inlpoxtaXEoo ED Fex exit 41" toFICB1 tlnle, I OXFEpBF<04/8 oon63'th�%5
pECVBH Bi t�8 313ouths 0$ the Skagit Bnd $73!!agEIBDZlsh FEvoxs and, to a
j8HHCI' degxce 'lhP: otIECF IFEB3ox' x'Ivexs exltel'313@ Puget Sound fYOE31 thc east,

P<EXEhc3' upstYCBF� thcsc FlvPE'5 stEii FUIE thxough 4Foad vaikeVS <3ud
fFCPIEECDtfV puE'SUC BD c3ppaFCIEtIV B3Dl!css eou3'sc Qs tiley iels'IYciy nlove
seawx Fli, Hxalllp es of this D1Ry he ohsexve 9 on thc SkagEE kiveF east of
Se <F b-3'IJ b b!!ey, Bxld OD thP, 5310 tuBIEx ie Ri'<IP3' hctvv CPG !bllvai! and  .,BF-
Dat Eon,

I< ioodlll ' 011 SXFealxls Blld FiveY'5 tYBveFH331g the eastcFIE I Uget t.03v-
!B<xd 35 oonEDE031 Bud oan he sevcFC. �118  bf tIEC Fesults 03  !oods ls tile
devciopExlent Of Eleve ohallncis, Sinoc thP, vBI!cy AOOFH BFP, so fiat< lt Is
Eeta-:.ivcjy Himp!8 tor IE83v paths to deva!op BH Eioodv~atexs reoede. These
new courses fEeqxlexltfv F8131ain, as in the Xevision ot the rouYHC OE -:.ho
Skykox313sh Rlvex' dolvnstFCBEIE IF bID I~AOI1zoe. The foFXDOF OOUFHC vlas
wash'vaFd to'A'BE'd Slloholnish,' hc Sk jko313354 RivcF nov" . Ilns H buth-
3+Pstl<vBFd hav33xg 543fted $Fo:x3 the FEOFFOR to s buth side of BB/d HEI!, BIE i
�3DH the Snoqua!EYEXC RlveE' Hove%'B! EIEE!cs 13pst3'eaxu IFOIxE thc CBFheY oox3-
fj.ueEXOC



CHAP'ITH '!I"<"

Pu'-.t Sound ls tile p jrtlon OE tho Pl«'et I.owv]and that !s tier!;Ii!d,

E ne p3'ocvsses thBt <<Vere dvsc EIjed BBFE3BF sfi!3ijP E tile P!beget I 01<!IBI3c 80
that part OE' it v>as 4<Bio@ sea Iev jl. Sin :e the retreat of the East giacia-
tlon, the Fegl!jnBI BI jva'Ion. 0' thv. Io<<vIBEEd 4as 3ncreas!!!I, TI!!s !'o'. s ciue
p<31'tl<3 I I !' Eo c3'ustai ch 83 iges  'vs Di t'illg EI'oln   'On tin 8 ' Ilg piste 4 ! 1! U da Y'v
cox!'I!Bxg ance arid p<EFtiaIEE! to 8 rebounding 0.' Ehe earth'H crust t<BEI0'!'I E!g
thv FBT	 3< BI of the great weight!!f:4V ECP 113 34v Pnge  Lobo.

The Eiooded Fegio 1 cover-. Bn Brea that changvs frorl 2,3�2 square
I<EI j!X!etexs   I,01.b squBY'P, !E!EIBH! to 2�-! I sc!1183'!' clio x <jte' 8 [8<39 sqilaru
:x:.IEBHI Bs tile ' de FEH s BIEd::"BEES, The prillcipai  ;ollnvc-':IOE! Eject! <Ben Pu-
get <joEEEE I Bn i Eh ' Fest 0$ the Feg!ADMI Pstu83'33!P sp sten! Es <!t .'A E! t!  Fi EE<ji
E31ivt, betv"'ee!  Mid Eie P!ji. xt !Bxl tfle   3! ElxnEjer Perl!I!su.'B. Q!ld P ji xt PBF-
tridge o" 1 !~vhidhc!I Isiand. 'E'!«F j 0'.her lniT!or  jonEEectior s BTB D<jcei!Eio !.
i Bs < Bt tile north erid 0!f < VI i EI!e<q' ESE<!nd. Bnd ti e S lviIEOEEEESEE <I jugh,
 !'h!cil coxlxle .'ts skag!t Eia" BEEd Pad!IIB Ha! Past 0. Anaco 'tes,

IceETt!float!on aiiu deHC3'3ijtl! !n  ji I n� SI3<ip<! OE 'he s'<14Inal'EI3e Iax!d-
E'orlns I: ' rx< vd hut i,metr!;, Bnd Eh < bath,nle-'.rtc features  jf Puget
SBEE!jd T'PHUEt EF! foUT' s134d3 "Esh!ns: the 'M;dll .Basi�, 1 h'3:Il�$' Hasixl,
So EEIEB=F! Basin   x!d Ikood Canal Hasixl IE''Egur� E!.if. 'E':.!Bse Subdivisions
BT'8 based 0'3 < BF!grapIaic poslt301!s, 413t--- <'Iitil t4v,  '.:<.'cei!t3011 of Eile
!'!'f!! dhole' Bast�!--- EIEB'8 are <3EHO d "fined Bs basins EI1 8 4-.'Ithj Tn !ET'Ec HP3 <HP�
'I'he terlxl 4nsiIl !En Tjlies 8 d ep Fess�33 3U. thP. Heaf1 00 T' vv her '! I! 'Vpvr 'AI! t! 3  
ix! t3 P n�d div, ! 8 HepBYBFed 4 I HI38E i ov'B ' depths troxll deepeE' 'Na «F 40-
<<� ld, En <I ge lerai svnse, tile shaEIO<,", Bx depth Heparatir!<< on,. 4BHEU tron!
Buot4PF Elena!~ bv, xeEBt!veI!F 'UH3gDEF!ciant, 0E' Et 13 !3$' 4!-' il $!rdi-Eie '~0 E bar-
1'30 ~ pre!<elx!EEE'< tiow of water I ~ 0 " one basEn to BXlothor.

6 Btvr Pxchanvl!jg net«<reen I Ei':<et:I j!lnd and !>EIXBF portloEES oE th"
FP~EOE!8E estu83'3 oe s!'HEex� Ixl! 1st tio<A' across th» shaiio'<!,'  Eepths ot AG-
EniFaity Exliet !'Vhv!Fv. the depth «f mate!' is s48Elov!,' euoEE~I! t<3 ��pv ie
fT'Pe exc48FEge .!f E' 'HXBY< as !.E i.s Bt EhIH n38!n ent arl! 'v to the Sou!Ed, lt ls
terr led 8 HEEI. Et 1$ tile pr !svI3ce O' HUY4 8 slii Bt Adu!i!'Bitv E!TEPt thi.t
dvf!nes Puget,joEE!Ed <".s B 4883n. !<Edd!:EOn8E sdis v'Ethlx! '.he iax'geE' Ijaslxl
s Ebd!vI<I<8 tkle Iargvx systclxl Ix!t ! subbas!T!s. O .canographlcBIIy, s!! Is are
iTllportant DPcBUHP, tEBP. 1n!p!Bse constr83EE:s 00 th» ci3'cili'�30n 0+ %at<jr
deep in 8 ljasEIE, V!"8:.er rlear tho surfac» can ircuiatc freeiy across thv,



Puget Round Baltkyfnetf y

H i ib bkft wateY' dQPKfel' thakk thP, siH can310t nlifvP. freeiy a<cross it, tx3 8  -
iFQII18 cases, v<dkQIE the haskl3. 3$ Yriuch deepor thai' HIQ sift  c3Fcu!aiioll Ut
deep v<  ateY' 3 8 serkousiy inkpeded. BEE d lt Tnay Bge, ! os:ng solnp. Of kts !ite-
gkvixig <OxygQXE, FUY' P13goi !<fffxf i, JY in!33"3kty ixft<.'3 Hiit ES Ht3 EHU<!v <EEI lugb
to impodc the circuiahon and affect sonle of tho charactorisiics �f ihe
dQ< fp< fr v<f <ltvr, blkt 1$ not P!0 $48! low � H to 3vs f1 t 3 � !tagn alit deep 1 «<'3tp3.

The Mam IBas4>
Tile YE rgesi Skkhdi'<"E$3013 <ff P3xget <if!in i 1$ tif< 'AsfiET Pfl3sifx {Fig�3'8

fv<.2I, <kvhkch covvk's about 45 percvIli oi thv: BFQB BDd iloi is about 60 p<lr-
ceEX: Of the Y'Bier ot tbe whoiv sy, tQFEX. 748 tvfaik! fiasi3l PxtPnds 300 ki-
ionletpE's 3 55 Ini�$ I southv<fard froxkl Adlniratky 'li!et to «okxkincikc<'.EIEQDX
P>ay. ft is connected with the Straii of luakk de Puca via Admira!ty !n!et
BI3d oacli Ui the three  <Ukh<,F Xkrixkck<cfaj sul fdiv3$30DH 0!  he  SU k kd occupy
ppriphera! basins that are c knXEQcted wkth it. Yhe deenesi water in f-ugoi
Souikd, ovex' 280 Elfeiers;ovc3' �20 feek,:. is iocf3t f<t ixk tfk<f Mailk HBH131;:ETHF
South 0' the Kirkgst krk-LF kin krkds ferry I'Uuio. Th ! MBEI1 Basin Ekay be
c�.3$3 ier !<! BH tYio pak'ts 'vlth sharpfy c <3Etrasting bathy3 kptry' .A<dY31i-
Fafty fldet and the «,'eiktraf BBHITE.

Admtra!.-:.y kn!et 83 tends from the FEOTtherrf !imtt Uf Pugvt Sokfnd
southeastv<fard to ihe so<'therri tip 0! <3 hidb<'y fs!BTkd.  <dklkirafh fni <t
has �1' Bvera -8 Depth that 3$ !ess than 4BH that ot the  :entra! Basin, J 48
Hid ED rtdlnkrat y fnfet, 'A'hkch Es Uik!y 45 xlletf',TH i 215 1<'.Qt! Bt li  shaf-
� ivvst point, f 1 vs bet'<A! 8831 th 8 north Q� kknper PP13 133 HTd B near PUFt
Tovv'Ds<BXI<d Bnd <ff'hkc'; Jey IS!E� <a x!< 3!Eh 03 rx ] ��3'Efttv Bay, 7< f Etfe E<ofkk D-
Past the watBT' deepens into B poo' !y defiried ba$3ni Past Ot MBTrowstone
IS E<TI< i, ifl<-.kx shoa!$ Hhgb i!v ovl!3' l3'3'eglk!BE' bl <HUED befoi'8 deepen3ng Ilto
the «,'QXktraf f!asirk souEh'~. Brd fr EXIT Point No Point and t. He]8$$ Hay.

Th<-.: v BYC $0308 c<-fxkkrasts betwven thv w<fsterY3. <331d Q<lsterxl Hfk<:3<3 cff

Adrlliraftv bk!et' ,the %est skde has hi'DPI.' shok'p: cfifts, a steeper coasi-
Iikke, Bud two Hha!!ow margins! basiXXH at t Urt Yc v<<nselkd BEXd Kitisut
Harifcfr. T!EQ 48$EI1$ Eire Bssockat< '0 wkih Hle D<arkherkxklkost "FU kp uf 'vvest
channpi 3$!ands  MBFF lrvstono BTkd irkdEBD 1$!BIlds, PUFF YUwnsend oc-
013p38$ 8 Hbaf low 20 t<"< 5 3Y3pteY's. b 3 to E313 nxvt<'.3'H!  iepr<XHSE fxk hvtw<'Qx3
'.he «kuirlkpeF PeikiXksuj<E BTid ih 3 IEUFiherlk xkor 3.0D Uf 3.ndlail 1$1BEld.
T318T'P, 1$ Bn extTQIYIQ!y shat!ow drPdgvd char<kke!;<013113 f~:he head of Port
Tokvnsexid Houthvv'Brd io File ii <ad Of   3<1k BY v Ivn3ch, in turik< opQDSEIXE-
mediate!y to ',he Qasi and south Ento Admirafty fntet. KHisut Harbor
te:":hkli CBHy separatvs MB3'3'< fwst�n 8 <End in d383< 3 H!! <3n ds I fut 1t 1$ < ',x-
tFQTIEQIy shaHow, a!TExosk c!ospd Uff by sandbars at tike north, and Qfiec-
tive!y closed off at thp south hy a highwav that con!sects the two is-
!aikds, P03.'i. LEE i�'vv  about 'Eve kk!<axlxet<!FH [Efkroe Ixilies! Ho kttk Ui Osfk
BB.',  llH ' opens into thewest side Ot Adnkiratty tIT!Qt;:ust north of Pa a
POEY3 t TOE i tbe QX3tk B3<CQ to HOO i LBEXE3!.
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2,399:-:q I!m
',999 sq m!

 9!<3q:. MI.: <<Vi
369 qu rrm
,"433 9<3; ml

2,3~'. km
� 33<! !rl!

309 sq km
  3Y:qm,'

TfYB <YQ<;  Prxl sic <3 ol zigcfxIYIr<, f V !nf<>   <3 I 0 f 8 lveiy sir QIY!II lor <yv<l
 XIP. nox h, Admiraf y Hav, MII iEYy  =ay, ilnx3 '.;:Hefpss i.av  or:-.: broad,
oper' IYIRBYE 8�o!IH Ur o  h!' vqes !!I'n siloI'0 ot A43Y!f Icy fsfaxl!f.   >YI .YEH
Bay, 8 hay in nQYXIB on!' srlr' considerahf', fess IIS.':hI! than L sefess bay,
IIY!'fell's «Lira SOEI f1 six! IE'0 ! !f IXV� < I/bev  sf!!n! < ':"3 HE n! llq 3 1 oi the BY!�'!I!300 �

Possession Sollnqf.

A ft�oYIg� &0 oeae YPH!'iong bo h Hflores ot inc�Y3!I'i!f  y i!3fe! are geo-
Praify 9813;fy<  here 83'0 rock y bBYEc EBH BEY Yf".0 �13'<131per VenlnshEfa nPQY'
 he rior hr'.XIX BIYd of  ne 111fe  8!113 H!!1130 KE'!Hfais 811! f I!3<3YS� Qlf!33!-:.;  h!<',
shoIB of V~<hidbey  HfaEYG near Hscfess kiay arid soo hv.ard  o Y,'131 YIS
BQ<j

Yhe 0":. her n3<a!or H134 ! EVISIC<3I O   k:<3 Malll HQSIYI IS ihe  'BIY raf HQSIn,
f  Bx BEECH soa hlvarrf iro111 Iy'yhlYf�0! JsfaXIR trj  .BIYI313PIIceieen  Hay, i  Es
iQY'ger ln area ance vofllnlP.  IIQY3 A!3x:!Irai y $31�  <!YIA ls  f30 farges  ol    le,
HE14kvlsloXIH o  PI!get SBYEYIG. A   fYO Iortfl, Ii eo33npc s yvl fY ~'! /Enll'<qfVy'
 rife  QIIR L'0 vy'cen f DHHPSH3033 POII3  806.  HP. En!031fQYIYf< Px OIIY s Ylorlh-
Bas M:-ar;1  o oo3331ec  wf  f1  fle Vy'lift hey Has xi. A  �0 soo f3, It connec s
via Tlute NarroIvs N~I :l.  fle Sell heYn i3H$3EY.

<Yq ilY  hp c<3'p o  !Kr�313 "af v infp   fxere 83.'0 soxrlp prolnln~IX  coEE-
 ras s fae Iver.lx  hr- eas errl QYI<3 wps pris por lc!319 ot 'h!   Pn I.af basin
hpcaIEHB uk  bp. presence o   vro proxni!10!1  'vest cfIQYIII01 isfQYYds, fiain-
brE<age 833 f Vasholl, Tile 'yves erxY shorefILEB Is eons3�0184f " 33!O3'0 co3n-
pfex  halY  he Pas em, hecaIIHB of  he 'v<9 er;vx!ys ti38  flp vves v;Qrd o  030
I H <qx3 6 9 af ong  i30 BQH er EE sl qf 0 of  f10 KI sap PBYIITIH Uia.

Afuxlg  he v~,'estr rIY side 03$  be  .,'031 raf V~89�9  f 30 sfXO: efin!, is, with
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excep tioxE of Apple Jr'='8 C< Ive Bt KilE},bJ 03!, X3 ',J <BYJ 1 elv 3'egul!3!' so!Etl3.-
'vard froxn FOYEJ>veather J3JE!ff until Port Madison. Herc, 8 prOYEYiEYBYE',
deep:,'!'.4 to 45 Ynoters: 8JJ to J 5� fovt! horly Ot Y<zate3. Opvns directly into
the t;Ontral BasiYE froEYE thv west, het<~veOYE tfYe Kitsap EPCEYJEYsula 83rd the
north end ot Bainbridge island.

TO the v:est of Hai!EI!ridge kslanxJ ':herc 8!e roany sJYBJloe inlets BY<d
channPls that Yvere foI'Yned hv Yvater from !hv  ..PEY:.FBJ Basb1 flood1ng
latex'ally over' lo'<ver oort3013s c!f tho glac! BJ ! lol!os!ts of K3t; <3p J 8!1333s3!i<3,
J. hPy Bre CB!!ec Aest <SO!End JYYlcts, BE!d tf!ey YEYCJUde Uves Jnlet, ~+EEYC-
lair inlet. POE' 3 !rclYBFd, and I,iho! ty Hr!y. At tJYe 3103 tJY, they have access
to the  .'.antra! Basin through Agate Passe'v at Port MadisOYE. At the
south, Rich Passage opens i!Yto the !nein coannel. hetvveen southern
iJBEEYhzEdgc lslaE!d Bnd fJJake fslaEYd. b1 coYltras to the deep Evatcr 3n
Rich Passage. Agate Pass<3ge is, ha!!ovv', narrow, Bnd dif-:"JCYYJt to traversP,
Yvf!BYE the hdal currexEts 81'v FUEUYYEY<' strong. Although:.he YPVOst SouxEd
Ix3lvts covPF <Hhout te32 pPrcent of th. BY'Pa of thP.  ,ante Bl BBBEn, I4Py CA]Y-



T»tc s'I"pc 8>;d For}H OJ P}}get >o>t}I! d

t83YJ fess Jh<3x3 t v> 3 f>vl"831t ufi tf}c v'at '.r. As thc tide X'1svs BHd faits Y}v>'.3'
shafiuw, gentie siopos of Ehe seafIoor, b3 c>ad ti>:<.,Ia' ?ds BE<a BE >>xna:.CEy
covered and Unco>;vie>I, Altit:>Ugh thc <'3i o t Sound Eniets cover 031iy 8
sx?Ia!! Brc t, thc" BccoUEI :or 8401}t 27 pe:cvnt o. BII tldciax3 i 3 I tftc Cvn-
tE'BI BBSIH, Bnd 'tnese t}deIBJEds BFP I>3'vdu JDIE>ilnt c}}aracXPFEstlcs of the
, 3}o: ei?3M 3H th3$ <s>!ct> >F,

Fal'theI' sunth, 0 BshuE> and vta'»Ery !SI831>is >»d I su!I!c c> >D3pivx'.tv tu
the <»> estcFJI shoreii!>e of tho Cent  ! I Basin but Elut to thv degree that
Bai?JI�3dg>-', Esia?ICI BJE E th ' >»>i est Su! }nd EDIC:$ do, C,.>Ivos P;=tssag : l:.Io lg
thv, 'P>est sf lure uf vas ?031 1$ 8 st3'8!ght HortE3-$0� th lva:.cr" vay separatE�g
the t>SIand XF»c>3H Kits<3p P »o '�$DE<?, At <ho suUth of E»ashon, E3BICA E Bs-

pl'uvldos access Ylorthv »ard t� E,�OIvos Passag>!. $013t� v<3«d to Tile
'»Iarro><>s, and Past}»vard to thv. $01!thic3'D >!3 d ot thc Ce}I«FBI Has!Y}. E'.x-
teJJdi 3'< to Xh>J Jturrkt hct!vuv, 1 Ii asho I and '»<Ea?Jly EBIBHYIs � i>v cx}x3-
Dectcd at Portage], QUBFECIHJBster Pfarbur is  hv,;unthc«nlx}ost uf ffle
severaE proHJJ!}Pnt b<":Sins !3D I IJ? Iets t! Jat c''181'acti-'.,E'I "., thc lveste7n . 403 ...
«3f th » CCEltl'Bi P>asln.,

COIJlperpd»vitEB the @rest< 'he castcx'x? shu 'e '>f !E}o Cc lh'BE Hasi� }s
by far thv, $3EYEpt>,?' > !JEC. The?'i' BE'c Elu fvatnros simiiar to the >>t'CSX, >OHEJ;I
Ellicts Evcst of B<3nlbr}dgc and thPFC BFP, ODIy 7<<v > E}Eac>!<8 <»vnc«c Bn utflcr-
lvisc Y'Pgniax shoY'c'E3HC 3$ cl!Jb'tye E. These ' ~ u LFEIiutt Bav B. Seat: Ic and
CO� xnexlc»8?x?>'Dt H<ly Bt E acu?YEB. They are bAth bays ',th<":X  $, rota:  vciy
deep! ra?her than EJJIets «I passages; tE?cy <!rc thv. Sitvs of' principBI in-
 E',Istriai >83 >I pu 't dcv>!EopEY}ont', BDYE ff Icy Brc bu'th $!tes fol' PHtry EI!'tc} tf3c
CD?I'<FBI Bas}xl of pFOJHIHc3 t FlvPxs, the E!t'Ji»8!J3 SIJ. Bo«E P}?yQEE Ep.

Eliiott Ray is thc pt inc ipai c> >YEIEY?Orciaf h: 'boz u� P> get Sound, 831d
Jt }>! >DDS EvestEvard EDtu tho ccJ}tr IE BB$3!} bct vvevl3  >Jest. PY}� t 83 xi AEE?I
Point. 'I'ho Jvatcr depth over much 0,:.' thc Bay is ir} vx"ess of 'f00  Deters
� ~ 5 Eoctji BHd depths i!3 ex>.:css 0: 25 Inuters  ?E0 fee i occur at D}any
pIaces 318<3rshuE'8, b} coI'EXrast 'vvlXh the West so13:}d  Diets, FiiIEAt i 8<tv
<t;v>idoning of. the dcepPF poYtiu!} Of thv 13«3ix3 chan?}ci, Tfle -uo IMIJ1
Shoxv. Of X?le b<".y has bcc3  Inghiy aitcled hy EJldnstrlaI BHd pA3't dcvPIop-
3HOJEt bUt StiEE provi«Ees access to the f3}3v, BY3M SIE-«~Fee? t R? vc!3' sys  ex '.

C pOY'tl >3  Of thv, CCEI FBE BBSEJI soUth}>VBFd fFAIH I'EI!Ott Bay
c<3iied EBSX Passage 4Pca1}se lt 3$ thc castex'0 p':tssagc <3«0«3nd }Iasholl is-
Eand. 'E'hPx'c 1$, I?0I}>eve '. 00 ba!E}vxnct3'I ' ur occallugr'}p'Dc I'Pasoxi to
  �H$3 der Eas> Passag » 8 sQbdlv!8!OD of tIQC Y ivntxaI Pjas!H $131>!v Jt 3! I!?1-
?x?ariiy the sonthvv'87d cxtc}Jsi}8>H ot th>:! JH<  D ckli831D>:!I,

C»OJHme3 cex lc�t Bay ls Bt '.hc suu llcrn  »J}d uf:hP, CPHtxaI Bias!32.
MUci  OE HM culnrncrclBI dcvefupnJPHt of T�OAJHB 3$ I> >DBE>.d 0� ti}!; Ox-
EPJlslve  Eefta of the P!Iy�IIUp R v>,r  8: tt tile Jv }XPF En the Bay dvep,.ns
7<":pldiy to ti}e x}orrhv»es Bnd I }i?3$ the dePpPJ' pelt'io31 �f thc J�.'3 �'3 ci?<tx3.-
EMI suutflv»'cs'  uf HI'0}vn s t c>3nt,

Most of thc shureilr}c 0>f thc CCDtrai Basin !s bordel'Pd hy Io!»v ciiffsi
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hilly terrairk displaying lnoderate relief and gentle $1opcs, Beaches are
prir�8rily sandy but soaze rocky areas are fok!Dd> tor e..<Y{m12/e, ai 7? fde-
c uah alkd Pokklt vaslloxk on vasnokl 1$1HDC1.

! <. IuxFHpo$3 t10n of $134:x!83'ine and okksnoxe topogl'Bjshkc co!Xdl:h!kas
has 11<3d 8 EYEQlor klnpac' OD. COD1EYEercial dc >eloprkkelkt 01 tl3e local Y'{;gl{BD.
MaloY' ports hHve tv> 0 pri!k  1p81 Fev lirekkkelkts:, fups YOU st h ve deep
'vatel close to sh!!Fe, Hnd there IYD!$1 I{e ac ess to tf e port's hiYktcrlalkd.
l.lkoso coDdltkolls Qro bos coTnbkned on the Baste:n sh�FQ �f the f entra!

HHSE 3, Yhe d Pep watPF 3$ 01! Es<.. tc3 shore HY! i t31e $1303'elk ne iYEderk atiorks
at Liliott Bay Qnd Cornnkelkceklkerk P2-.'Ey grovi ic shelter fol' anchorage,
83Ed dockklkg, Fuxther> tlkese two b ysare <3t the n  !3!ths of!!3'Oad, gl'!Clal
Qnd alluvial-fi1led, 118:.-boFtolrked rivers that pro;idc access routes Fo
the shore fol railroads that serve tike region.

The XVhw34ey IBes~n
The 3>vhk{kb{lv HQSIYE {; Inta!us the .v~>atPI $ east v~>QE d of vk! 3.{idbey

183 d <3nd coveE'$ tbe second 183'!g>est Bre l 01 Ehe fo kr s' lbdlvlslons Of Pu-
get Sound lFigure 12.3i. 'vVhidbev Basin is nkore propPT1v H geogrkphic
tPrx3  th83% one h3$1Etled by oceaYkograplkic OX battled>EYEetric CT'iter!H. 1 here
1$ no obvious $111 Hcl'oss tho PE3tFQBce, vfhkch 3$ sonkewf!!{F <3Y'bit!'<3 '!1V
Pst!3411$4PFi Ht Hx3 3308g3D<3Y'y lhle between Po" sesskoll POEYkt On IA hidbcv
fsialld Qnd Moadovvdalc on the maik3/and. Becakkse OF. hathymvtric  : on-
t!x3U3tv ot deepel.' »vaFer:ro YE 1138 kkortherlk «Dd 01. Ehe E QTE 1'Hl Basirk knt�
Posspssiolk Sound, 'P~'hidbey Basin could bp, COUsidered an aikpelkdagc
Eo the !vlak33 8<3$3F .

Fronk the deeper wQFCF at the southern !ikTkit in Possessio!1 So!End
thP, depth Of w!3te3' i31 tike vV1kidbey B !silk '!Okkerally $11081$ Ekortflv«:3rd.
AVhidhey island forlns the westeln shoreitk3e of the 'A>'hidbe>> Basin; Fi e
eastern shore1ikke is the Exkai 3dalkd. Geograpfkically> the 12asin has lour
subdivisions because 0: thc presence 0.' t>QYkaano island in the cente! of
the 83'ea: Sk>agEt bcky <3t the 3103'tt'., POEt SDSQYE Qt Fhc east, Possession
SO kkkd Qt thc sou h, BEIC1 Saratoga Passag ? Qt thP: 1<!est,

�kagit Bay 1$ the sha110'avast �t the vvb! ibey B !silk s'ubd3vlslorls
v'ith 8 3YEean depFfk ot only 8 Tlleter$125 fe{lt,'. From the shallow east
end, I,:   BPpens vJ'estv«'ard to'o'Hxd E>Vhidbey 1$183kd, Th3$ l3$syx31etrica >
ck'0$$- iistrlbk'!tlon 03 avatar depth ls 8 ~ !'Suit 01 sh�81311g <31�33'> '.he east-
ern, SEde where the delta ot the Skagit River is encroaching Up�EX the
bay, The Skagkt 3$ thP..1BE'gest Fkver lx3. Fhe Puget SOEEYkd sysFQEYE, QYld ls
dep0$1EEng sedilnents EYkto the bay that have  ;Teated exkeY3$3ve tide1813ds

3x!udY1>ats, Vkev<<?ed fr03U 1<331� OY' w':!tel'> the='s» tkdolalkds Qr{'., Fll{<' Ykkost
pFOIDEDPD!. ch<Eracterkstlc 01 Skagkt Day Qnd QY'P, kkne ]EIHHPd Hnywhe 'P,
else kn the P13get <touk3d systen3.

C<eographically, Skagit Bay has Q natural Outlet with the easteTY3
end ot tl e Strait of JEEHD de 1' UCR via Deceptiokk Pass, Hind wltll Padiila
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.BBY "3B '.Ile 5'vvxnoxxxxs4. S!o xgh. C3t these NYo xxorthe3T  Outlets ot Puge:.
Sound, Sxvxnomtsh Atough ls the tr!ss spectacUIax, Et travcxscs trxe !ow.�
Ivtng !and conx!ectlxlg Fx <a!go is!axxd t ! thc maxn ax! !.. Bee<ause oI thc
coxifxguxatxoxx ot 6;6 Vtxhxdbe3r Hastxl> the Iravet ot the i des lxlsld ! Dka nt
Hay are bequen',!y out ot ph lse wxth those outs de and there rcax! h» a
res! dtant sh'oxlg CDlrreElt !Io><a throtxg4,3x<xlnonl!Sn Sjo xoIx r< or sllxll far
reasons, the t3 dBt CUD <alt 1s r",vexl !nore o4vxous t'll'oUgh E!ecept3 ox! Pass,
SYtlxch connects westM'afd troDI <bkaR3t R83r bet<A'een F! da!",�.o Bnd Vv'Ixxd-
be" xs!axlds. A!Phrough Decept toxx Pass has beexx caHed plctuxesqtle kie-



causP: of lts To .ky Q ld TEQTI'ow topogl'Bphv, Lvh011 strong cUrrv3its are
rnrlning� lt provides Q ve! v rough Iu!I fo: sma/i boa[s.

At the south, Skaqlt bay connects x@3th thv, northern end of Sara-
toga PQ"sagi<' bc <<veexl St."Q<A'] feL'I'v Pi <1!xt ] >~Vhldhoy fs]Qnd' a!ld Utsa'-
!acf iy ] oint  LQIJIa no ts]a31 i]. t:aman� fs]cuad vc'as once svparatv� from
t	0 YIIBELI!QTEd, bUL the c JEIXE8 :txTEg v<"Pter''Qy betw�0YI Skaglt Ha" and
PorE Susan has beerl fi!!ed bv sedl! nants dpp lslted nv Yhe en ;roaching
Sk xgEX RlvPL delta 13'Uln [!Ie x3orth BILd tni.' StEf] �-' BETElsf! R!ver v<'Pst  ia
stan>cvood fY'on< tne soU:h,

SBJ'0 to  a P issBge ccinta3!Xs iieep  vatc',3' separating I<c 111 ]bey a
f.,'BEnano fs!ands. OpcniE!g southv;ard froEYI the sha!f�'v Yvaters of,~kagiE
8 iv t'1" �1BEII i',]IBEX:xef 3<1 Saratoga PEJssage  ]00]icuxs 0 ] 77 0 i'Eel's I'380
feet! bOtwve ln cgandv Pouli. QJld f I EJnaLI� Head neal' Jts s lutbcrEJ 81Y f.
T] rc!0 shEIHow EJI'0 ES---P83 n   ove B  k f fiJI'box, an ] C. 3'Pscent Hi31'hor---
opeYI  «  !st!var ! froEn Saratoga Passage ancl conlblne to forLTE the A<vldPst,
east-west p� tlo   ot Ehp Passage ilt it<i no!'them end. 'E<E tne sciuth,
$!ofEIEvs ffarbor Es Q !arge> ctppp EYIdeLItatloxl fLlto tfle Pastprxl
'A'h]dhey isiand, At its mciuth, the nortbcrJ! end caf Ho]lx.es Harbor is
separate i t ~ 0 El tne Ex'cilll chBEITE 'f ot Sari3.toga Passage I iy B sxEIQlf spEt
formed by bay Xnouth deposits xesu]ting from E<n atericd that has been
lxlo<'ed EI!oxE < V 'fLId]iey fslaExd's   vesta n sh SJ'0 by curr� ts..<'lt 3]s .I!eau.
Ho!Ines f farbor Js noJiv sepaYated ]roYn Mu<EYIy Hay on A in!lr E]tv fn]et
bv ano13t 0 nil]0-v'E ie ] io!'t3o!3. Ot ]81<7-]y!x3g ]Qn ] 'hat <A'Els proh<!bEV
tornled  ]Uite Tocontfv 131 postgfac;la] tllnes. S Juthwar f froLTE thp TLIonth
ot hfo/mes Harbor< thv I nein ch lnnvi ot Saratoga Pass  ~0 shoe]s s!E~ht]y
E<vest of Go tlxov fsfQLId befoL'0 dpepenJTEg sou tJI;<vard onto PossessloIE
Sou!ld.

por' SUB< 1. Ooxlb�'xs [II0 deep <l' A' EEOL' of table ggjlxidhey f]c SJI
t>8~0831 E;amQJIO and  re ]338v ls]anus and the n3aln Bnd. t be nortbpJ'n

end Es r fatxve!y sh<dfo<v aEld ls belx!g fllfed by cie]talc 818po:Ets of tb
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Sttfiagua!Utsh J»ver. Yhese deposi-:.$ ha; 0 Hfkoafect  LTE earlier conxkection
kkorlhlvar < '8'It'll Ska<'1 ~ i38v BIkd have also r�$kkiteci k!l exte! islvP sho<3is

<83k' EJE'!debat, <<vhlcb ainnis' tlirt areas $!Ec't   LS L! vkY!gst<OT'P Bay and I Fl-
an'.te Cove ork cakrkano I'bkkd, Deepeklikkg Sc	1Yh<<var!],:,he �<kaln channef
in Port Susan reaches its gxeatesi. depth {'323 ETEete!.$, 40 ! teet j east +c Fd
oi CBEYEH rkci Hc'Bd Bi itke soL3ii�<' I tEp oi Lfke kstarkd, 3'Lkrtlker HDK!th the Port
Susan SHf is: suhcriticai sift Ivith 8 contr  Hing depth of 97 1!MteTS [;3 "0
feet,' <!E!d o' re!a'3ve  3 re{: x.'t orig!E!.. Yhe suh!Y!ikr! I  I'3dgP extekkding
SoutfkÃard het veerk   Bnlakko Head arid GednPv isfak! i foFJDH thP, 5 Pst-

ekn hou!addFv of The  keepPF vva:Pr 3Tk Port ~1<san and tt!e mak3  c� !Y! oei
ilk is:.!Br,.~ti "t BX ci to tik<k {!a~i of ttle ridgP.. Sedklnekkts helilg deposited hy
[lke Snohckrkkisk! River Bre 0TI .roachiTkg vv'estl<vard ac3'oss the DLBEG chaEY-
Dei BE! d tike cokastrtctto!I gives rise to Pol t Susan HHi,

Possession SuuxEd ties behveen the SOT thorn 0Tkds of Saratoga Pas-
sage8!'Ed ' 0 '. S!ISBJY< B!kd t "ke deepeI' 'v" 8 PE' 0' the !<'iaix! Pias '� {it Puge.
SDDTE{3, Bakhyxkle! rkcaity E< 1$3J301'0 properly 8 porllork ot Lfle tvia!rk i38$ED
since there is 8 co!ktin!lity ot the deepe: channei o. the Mail!. BasiY!
Dc3x'thi <3st'Pd<{Yci EE! ti ! Possess{i� �1 So kkkd

OveI'aii th k EJYhkdhey Basin SDOTPf!Tie 3$8 cc!�EFast he:<<vee 3 t!LP 1$-
ianc:s �nd the DY�LD BEY i, !<'tost of thii ! 3 $ k� r shoreil3M 3$ hacked hy folv
cliffs and. fkifi; terrain, as is pall ot thP, Tndinland, OJI the other haEkci,
the 0Yitelkskve E!Iki<PH<!ts and D!8!'Shes th<3t cf $�'<3c301 ze tf� 'LvPF det 8<H oil

the Tklakrkfakkd Bre hacked hy ver j fiat {!J."'81YI. LE ?Bch ?H on Kh!  oev BTkd
 '.Bma!ko tsia!IQS Bnd aiong the !xaainia! d Hhori. Of Po! t SDHSL!L B kd P is-
sesslokl So kkkd  Lre $  Defy 3D conkrast vvkth 'he 311 kdkiats assoclatecE vv!th
the,na!o rlveY deltas

Yhe So@INhe3ia> 8@em
Opening sokkthkvard troTD The NBFFov's, the So <theFJI Basilk iPigure

6.4i oi Puget gc!'3nd 3$ th '. h3$toE":c PL!gi'.:. " So !nd. Yfke <31'08 of. QM
Southern itasikk 449 s i uare kite!TD '.ters 3 t 73 s ] LE are n YHP<J 3 8 t Jn PBD
high kivdter, ahout t:3 peYcent of v~h!ch is tideta! ds---!..;13 ks c:J ty third
among the four prixkcipai Subdivisions oi Puget So lkkd. The region  vas
origi!laity ide!itified hk.' L,aptai!Y L Porge v B<kcouver:,c ].79 '!, hY! t de-
t<!lieci exp o3'Btkokk Bkld 313  pp 'Yg {if 'ts Yxka'I'v' kx3iies oi lrkiets passages|
isfalkds, and ilktc!I '.oJYJY0{;teel;<, ster!~vd! s  vas c;BFrie i o lt hy his ilPUten-
ant, t ete3' PE!get. Yhe t3'!Li, scope ot Puget $ <3cc',03x!ptkst!  Tk{-',3kt <�'BD 4'0 hest
apY!re<elated hiv $. cokrkparlsork o: t» ? Hi!OJ'eikl� coknpi ?xkt'v'  !t th� «NOL!th-
ern 88stn v ith the rest of the Puget Sok!Dd system. Yhe gok!them Pc HEY 
ikas sigkxi! Lca' ktf" xnore s!YoXeiine thail BDV oar portiuYY uf P lget Soukld.
Mkkch of his coknpiexity Es due to Ehe p3'0$Pnc;P, ot several pronIi	0!kt
EstBElds IFo!c< Lv'FCNell, /L!kc cirsoxk, fkartskekke; <LTE� <3D Bssexnhiage ok Sfkaf-
fov< inlets: HBYDIYkersicv< 3  !tt !n, Ei j< LEUdd, and HBI!dexsonI.

The entraF ce Hkil oT the Sci!lthc'FJ  Basi!k {$3E!. The NBFFo vs, 8 sho!'t,
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steep-Hide E passage t48 ' provi IGS I hi 8 ol Iy B 'ceHS 4 !! 'vvi '.v D JIEG Southvrll
Haskkk Qnd EIEG MBEEE B<3$111. The CUX?troIIEDg HEII  kv?Itik Etbe dePpvst GOH-
nectkon ovel' t48 slIJ! ls J�st Under 35 H'Eaters I 350 fee! 8 i� <i Jhe ED<?DE
GIEQHDGI deep '3 s 7<":p dEy soutnvv'ar I to  E Dlikxklnuxlk deL til of 188 TD lters
',615 fvet! Gast OJ HBIcik Pass. ED Hpitv, of this Dlaximum depth, Txkc:st o
the So ktIEGYH. BBH3H Ts GIEBT'Bc:Gl'ice J iiy Hhaiicnsvex v'Qtvrs; IEG ITEPQD
depth of the 'vvhoID Of tike Southerxk I3BHEXE ls  lniy 37 nketers ', J 20 EevtI
Hlgulflcanti<vs Iess than Bniy Of EJTG otheI' pri kcipI .' SEEI! JJ v  shoxls oi PU<vet
SL>UXE J,

Bathylnvt EOQIIy the <JOUthe D EJBSEH Ts  Jeep st <3Ioskkg 8 3!�3'VEDg
c'!JIB<1k cd Gxtex3d3og tl'c!D3 betvveeo lvECNGEI BYEd Fox ESIQDds Houtlk'<<var ts
then west;vard BXODD E AD J rsolk ISEQnd, Qnd Hortb<sves-:.vvard IEEEO
Hollthern fsase Ixkiet, !1st ltH HoutheE'3u Host  ',x'< 'Gx?Xkty! Elkks GIEQXEEEGI ls I38-
Eng llxlplxkgo   upon frolxl t}18 sclutfk by ?;Ee outbuII JEHg deIta of:4P,
Nisv E'<QJJy R3VPT OHto Nis JEIBIJy JvJat, JD 8 HZB3�� ' SJEIEEIQY to the Slko-
ho Ellsh Rkvvl' c'<GJ:.'.E Ell Port SUHBxk, the chalknei HouthvvQI'd ~ 1'OTD AITG87-
HBXT ISIQnd has devPI lpPd H Tnidchannei siEI vzJQicI3. c'tfecktivviy separatvs
tbe hotio'�1 x'Esaters Exl tx38 '-'Qst t3.'oxn tikosv. to the <vest. E '18 controIJEHgv
depth Qt: Eke Nisq?IHIIy SIII is ODIy 3:J nketers ['k0� feet! B31  :4    4Q� EGI
:I  epens nortJo v�st<A Q Yd t! 8 baskxl depth oi about EELE xnetvxs I 360 fevtI
DlEdchalkxEGI I3GE>vegan �4DH033 POEH t BHd EkeviJH H 'Q J .

�f tbv. Hevexai ixEI '.:s 3 H tJE ! S QUIJE ."rkl Biksikl tile Dios'. pl'ODllxlent. IH
Carr Jniet. X'OID EIH Elortn GEld ln tbv: S4BIJO'vv BH ' Ekc M cut-otl HU: IG'v'

Jsagos�3< s t48 chaEUTPI de&pc!3TH soutIlvvi�'cI thl'OL gh I JGDCGYHOD I3ay BD E
c lntaikks B IBXEEG al'PQ "v'he' 8 d :pths Bro <vreatGY:4BD .J 30 DsvteYH IsJ,JO
feeti. J.'he xllean dPpth of f Q77 JDIet EH 50 T3 GJGrs It 335 feetI---reiativeiy
deep � Indicating HODEO do"see of giaciQI scouring of?4» prlncipaI cban-
ne!. The presence ot J-ox Qnd Mc>feiJ islands adds to t�8 cc:x lj JG: ity of
t48 S407843 ie Bt '.138 soutIEGYD GXEd OJ   arr L<EIGE. I EEI Passage Es " Hhoai
separation betv GHD McNGJI ISIQnd Qnd tbe soutbern exteHHioll of -:.48
Kitsap Pe<kikksklia. HBIG Passage,: OXrkcl vhat dovper, s -'parates Irox JHIBDd
Evxonl tike Enanliand. Lach OJ. ?IEGHG passages px'ovldes Qn inta: GOHnectioo
iHto southeYH  .;Qrr iniet.

AE fiXSE gi:DCC;s   BSO JDIet appears IO 4» 8 t Vikk tO «,'Q77 iniet, but the
reiationship is fYBEGYDBI lather than idvkkticaJ. E!f co Hpar;- bJG ovelaII
JGT3g?JE <?T3d ge kerl J xkorth-soutIE 01'lentatkolls 3 Bse IDIGE EH no QH cieep Hs
  arr Qlkd «he IDBED  bsnnvi Es SOHlev<<bat Dkore coHTpivx, VYOHE the s4BJ-
IOV<s V<sateYH Ot <XB kg4EX, ROCJXV, B3 C? NOEEIE hays ' t Et' DorthoED ends tIM
Dlailk chaxkDGI deepens sckuthv;Qrd froID thv, entry ot tbe north end of
pkckP73no PQHSBQP ' he cnannRI 3H< 4YO;-  Ic3';-�  I h<3H Dlo  8 oexktfv HIop cog
Jatvrai gracIkelkts thax'   Qrr IEEIG, ChQEED<BI ciepth En  lxcess of 40 Tllet ll's
 E30 foeti extGTkds South%sard throuoh a IH x30T'  x3tc!3'30T' has313 Jocaie I
Sout4 WCvst Ot Herl'UX  JSIilkkd, OVGY B SJightIV EXEO ~ 8 Shoai BYPQ, QDD ilk?0
tho dvepest vvQEer of tbe lvestern part of the SOUEJEGYEE Basin,
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A. ver>< dis! nlctl v� port! oxk ot the <>'>ce terkk p<'. I Of ihe Sou lherkl Baskn
lies south 813 i '5>'e»t Uf Hai".ste ~ 10 lslaxkd Hn ! ks ge!Ieral] >> thi. »halfok<><<st
pUE'tkoYk. DI 'thc' elltlr. PugPt Sou3>d»<<'s:P�., < l3!» ogkoxk ls character',«. d
bv passages jPit ke73 <R> Peale> Dana> squaxikl! and inlet» tHB?nl?L! L'i!e<J
akld Gaklaxkd Bay> Tottckk and Skookum, Fid, .Bud<i, arid Hekkderson,':.
The passages are <Hpekz Ht botf? ends Bndseparate the t'k 0 nkajor i»land»
: Hax'stene Bkld Snuaxk 3! fk'UETE thc Ik ~ 83?Y!HYkd. fn re»pox?se to lh» South-
ern Ra»ilk's !Hrqe tkdal 78?kge, th<, p:.L»sages are fre«quexkt::V cubject to
st703 g tl<..ai cLlr?'el3 t». fkk coknk'Bat., 'he k>>lets 87P open >'t ol?k<j < ?I?<!> enu
and are charactcxi:;.ed 4 large tx?tertidal 870;L» res:Lftkxkg fkokxk the combi-
natioY3, <f lHI'ge t3d!3l L'axkg<a Bnxl gcTktle slopes associate..l <>1 3t'3 3!3iets, Tl!e
ra'.Eo of 3delaTkd to high-<>vater BY'Pa bk thks portb <?L of th .' Southel'n 8'ksin
is coxnparab>!e -:.0 that ilk. thi; 'v!kidbv<> Basixk. Hut here the tide!833ds 87<.
not tfke re»ult Ut Bc'.E<>e sckxllmentation Dv tne xeg!ox!'s niat:<r rl;Ur deltas:
Southe7n HH»EI3 strean3, <kre of secox3d<? <j 13npUE'tBnce to the conkb3!la-
n! 0 � 0' tide 3'Bllgi: Blkd l� vv gfadlnnts, ln  'UX3t ' Bst tc< V> h L< i 4<a>< Basul>
Sokkthexk3 88»13k tkde'la?!0» tek3d to be l<?<>Lk!kzc>>d Bt tike he!kds of !IklPts,

As ovel' YnhLcik of Pug ':t Souxkcd, shofelik3P» IY3 tbe SO13therx! Basi?I Bxe
4HCkcd bk> hkl!k,' terraIX3 V<1th g<,ntle, Sic<i<!'.<>, Sail'l bc'aches 870 CAIIIEno:k
413.: 3'ock<> areas Occnk' ln 8 TEukl!bi-x of l�calit':e», peri Laps m:. <78 coin-
Exkoxklv ln the passagP» Bnd i?I!et» Bt 'the so<.;lb<vest., M<kd'fats Bre cokxk-
xno!I Hi e<7 g th» Yi»4«: Li3!!'' Rlvex' delta, ln ~ he »hallo>k>v lkea<."<1 Hti ',I's 8 ', 3 he
xkorth ends Uf Case Bnd <.,'877 ix? lets, 8:L;I exte ksivvl>x Exk! he heads of' the
s>xna!! 313!ets Bt the s' <utfkvvc-'sx,

Yh?L; Hood tL'am@L Baem
Hoo<i Cane!l HIL»kxk ' the sxkka!les'. Bxkd least. cn!n!>iex of P'.kget

Souxkd s skkb�1v-'skcan» it kg!Ere t!.5 l. Geognklif?  calf !>, the Gxl I'ance 0
Hood Can>al <".pen» ''k>e»t"k> ?rc3 fxolx3. Mxkkkxaltv fYklct. be:'vvPPn Yala P03'nt
Bkkd i<on!<~veath «r !!l!kff. '>be entrance»tll is fa tfk<»k k~<>s? v'he>r<.
:vith a contro!!ilkg  ieptf? ol ju»t over 50 xneters is located be-'.>veex? So!1th
Poiklt. Bxkd f.ofall.

The portion 0-:" th!.. Ho«.". l Canal »vsteln bc=:tk<> ken &' kik!kve;Ither H]kk-.f
Bnd '13e»oiltllerkk tip of foandos Pexk3xksula Is te3xr�ed 3!30 Hood Gakkai
 kntk'BTkce.. Th>8 maI07 Hxk» cif  le<. p<',!' ivater lkl ttkca Hood  . Qklal Hasik3 ex-
te!1<1» f3'i <333. Ua!>Ub BLI<<< »Uuthk>vafd to t33P: 7egkon ot i Otlatcb Bnd i'xx?�81
Ba~>'. Fho HUUG t anal Pntx'Bn!.P, ]oln» tE3t»  iee! <, llnPBT tc>LIture fE'UETE tne
nc>rtheast Bi<out:>?L<a-tkkkrd Ul' t'tkc> distaxkce bet@.eekl E3abob Bnd A!13 !3s
bays. f his !ukkcturc, bet'A'Pen Oak Head a?kd SP,'kc<e<'k Bay, ls ETEBrked b"
8 3Y3!xkor shoahx3g bk!t n<3t xk'>< 8 <',0?ItrolhTkg skll,

Thc EX18331 <ixks of the deep  ,bax3TEPl Ot H<3<!Xi O'?328i < !i ,'c ? t <le» 8 gla-
 kially scoured depxes»i<-:n Hlon<g the k<>esterkl boundar' Uf: h» l'uget
l,oi>vlaxld. Ikk coxktrast k>v1tlk the tvla!Tk $3asi ~ I of i I!' Pt S< <un< i, kivf?'.  :ll <>vas
eroded into the middle poxtio-:-.L of the Puget ' Uk<>land> Hood Canal kvas
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ei'oded Biong the vestern Inargirl. of the PugP't l Ohe, This Hl oui";d cilan-
Dol does Elot Enclurfe the Hood E cix3 il 83Lt3'c3nce, out exte31!ls fi'oin f jahoh
Bag Hollthvvard through the D1BID channol ot Hood  . anal to AEIDBH Bay,

8 deepest L<<<Lter, ovei' 3 �! nIPEP3'8 f i�� tPPtj 3H 13! [!< l3oh Pay het<<v>Pn
PlllBi 1 Point BX3d thc jt odndos PL-':133ilsula, Hahofi Bay Es sepQrateil froiri
the DEBlrl chaEIDel of Hood Canal 33y Bil Intel'rilediate "Efl Evest of OQk
Herirl, vV<ateE' deepeias HOE3thY, <ard into thP, nlaln chaDDPl FPach3ng Inld-
channel depths oi Dlore ihan lBO irioters [390 tietj 'avast oi Huod P030t
and Yekhl Point. Farther south the maximum midchannel depth shoals
UEIEforrEIfy Bild 031ds on. the saxlrf BEIGE x33 LLdffcats t.l3 it n3ark tfaP. 83at3'<ance of
the i!kokonalsh River into ADDBH Bay.

The south end Ot Hood Canal is tol'Bled TlM Grea'. BPnd. A' se!3.

level tfie hexld appears to E38 ca prox311318nt tu133EX3g Ot the axis Ot Hood
 .,anal RvherP: lt hooks to tl'Eo Elortlleast, BatfivnMtl'lcQlly, tile axis Ot
Hood Canal does not actually tllrn: the v, ater east3vard  rona the Creat
Bend ls 8 E'eiatively HEXFlple appii3dago 'that joEEEH tl'Ee nlair3 syst83 3 Bt 3tH
southernmost extremity. Yo the east of the Great Benri there ls a general
shoaling noxtheastvvard iilto the Eriudflats ot' I,Vncja Cove at Ehe mouth
of thP. t.XDion Rh ex, fn conti'dst vvlth the evldeilce of glacial scooi'30g
Bssociateif Evfth the n3<aln axis of Hood Can<Hi, the vat83"s het<<vecEI the
 creat BPnd Bnd Lyncfk  ..Ove ai 8 shBilovv BEId occlipy pelt 0t B lorn!Bi'
giac3al nlPltvv'ater d3strllhutai j that extended across the Kitsap PBXEID-
Hula f'rom Lyrlch Cove to Sixlcfair lrllet,

ln contxast to all OE the othPr subdivisiolEH of thi PugPt Suu ld Sys-
teril. Hood Canal has very limited tie]efallds, .nlarginal hay<s, coves, Bnd
Daudfiats. lE3. thi' Hood Carlaf eiltrarlci~< SElLEBIEEEsfE l jar!303' <3 nd Thor33-
dyke Bay are only minor indentations ot the wvestern Hhorelinv, arid Purt
GBEXEhlP:. although larger, Es cxtI'enleiy shc3llovv <3ild <aln70st isolated
shoal 3<vater nea3'. Ets nlouth. AioDg the Enaln BXEH OE the system, QLEElceile
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Ikfay is a pY lmilleTE-. 8mbayEIB ,XEk op eTEillg illko kh» E3 lxkhem Px d 03 Dab ~4
Bay fzo TE kh ': ' vesk Hk k48 soIE:48YX3 klp ok khe E oikoll PBEIETIsllia..'%k k4P,
8031kheYE3 eEId, !%3 IIB5 Bc3.3 TOED acks Shoailllg 4v see!lx31813kak30�.  BTE keble
deeda of kho SkEoko XEish River. The. 8xk83353ve  EII dHBks Bk khP, h lad of
E,yEEch  ..Ove BYe, ilE coElkE"Esk, '-  ie!BEETS Ioz TE8 f iEE a EYla"EE38x sEE313 I �'. ko
k4058 311 khe E i!8ks of klan 8 So UkhcYEI BasEE3,

Aikhollgh khP: 5403'81IEEe  Ef. Xhe H3 aa'1 CBEIaf BB5EEI Is kFEe 540Ykeak B3 Fk
!ea, k co3opIex oF kh e T la!oz sU4FiivisioEIS Of PIIgek S03331 k, t48 o'esk eTTE
shoT8 a!o lg khe TEIBITE ax35 35 4ack86 4v 3'Ilgge $ coBSEB! kopAgE'aphv, To
khe desk, 4Egh c�fks ax l 4acke f 4y TE30GEIkaIEIOEEs . 8ZZBIYI ok khe. caSE ex I
0!! Ellplc Mo'3 lkaiEIS, 'vhich BT'8 vBYB c�58 ko k48 shoze w ask 0$ DBD04
BB'v'. Yhe eas BYES $40Y8�3 c Is 4< i'~8� 4y khP: TEIoze 51342318 f 4H!y keETB33 
Of khe, KE.:,sap Pe li ISI la. Beaches BYP, pY860ETEi3IBZ kIy SBEIdy wikfl hazzi .'Y
is!BEI fs ac 055 kF38 IEIOUkhs of 5313ajj!ex iEI!eks Ie.g., P! EQSB lk IfaY40x XEeBY
BTITE 3 ax  , MI3 kdV 48i ches BEIc EEIUGHaks BJ'8 assoclake I <A'Ei I Aeikc35 Uf
5 BT�8 of '.48 ioc<3  zlveI'5  e.g., OIIcka413sII, Skoko xl sfl] BETA Bk khe heads
ok faxgeY hays an i Hie-:.5 Ie,g�QBHco le, LyIE h  .',over.



CHAP'D;R SFVEN

' hP. VA�13Y38 of t48 PURet f 0 >v!and be/0'vv sea !eve! kvas greatest
lvholl the PUget Lube giacier Occ Upi ed the 3 egl 0». Yhr! pr>v > '3 fU!»3 0 Vi jig
ice cut deep channc's into tbc Under!ving !arkd, Bnd its tronlexkdous
kveigh' CBUSod ": 3'eg�3 ai i!okVEEV>83'p331g Ot t4P, 0'=�'tii 8 C3'USt, t OEXSO-
 Ikkentivi although gfaciid ice rather thalk sea'vater fjffed tike foNl!ajkd
t40 hnli! SU3'fBC8 484 >V» thP. 308 'vvas g83 8 'Bi!y Eve!! be!OVV sea ievek
some catastrophic process crJUld ha;"'. Texjkoved thr kco 8!kxkost instaxj-
E�1100138>!y and permitted thP. marine XvatPrs to fH! Ehe Liepressiok , Pkkget
,"joUDd <>vo>:�k!d Ilax>c 4 'ejk deepoj Bnd CO'ii>Q>re E nkok » B�Q tfjQXE jt d�08
day, RVi at ave observe today is 8 sma!!er teature Ivhich> fro>kxk the large
vofnjne 0' the g!acjid Bge, has 400TE glo vvjjkg sxjka!!el ovel the years Bjkd
iS Co»tirkuing tO Shrink.

F'onk the tkjrjo  jf TEXBI<'.ITEXUTEE sjze> Qc>ont th3rteejk Xh>'Usanri vP«rrs
BRO, tkvo n3'OCPssPs havP. 48031 at 3>volk TPdoclng:4P, vo!UTDB of PUgH
So>Lknd. Yhe fkrst process Es Bssoi'!E< te E. 'o> jth t�0  >vktlk <ra val ot the PU<>et
f,obe. �'kkce thP. Vashok3 �'.-!acta! ice retreated and the .Temendons vvekght
of the lce <>vas Xcjxjoved tIE0 fev>'f Ot the !alkd s<kriiace 1'osi . Evi kejkce ot

this emergerice of !and r: an be seen i» 0!evated 488048s tolind, tor exam-
p�> kkeaz P>0Hkjkgl38xkx. Tlkese BTP> jeatnres c'rkgjI3«diy forjxj>>!d <it shoi'0!nje
;vhen sea level wvas higher than it is today. 'Phe meatilkg of the g!aciai ice
B!so resU!ted ljk Bn jxkrcroase Ot totai vohllne of 'A'ater ljk 648 oceajks 8»xi 8

net I'Bkskng Of sPB !eveh Yhe  kombi318tion rkf the reiatkve Ups 8»d  Jolvns
04 40th fand snl'fBce x�ji i seB fevr<!f fkas 4>80�  !0 T pick 13  tf30 3'0/30 k, <3nd
the cUE DUiatkve X'esn it has 480E1 8  iocreaso jn thc vr>pnme of PUget.
So! ind.

f he second pE'ocoss Bssrkclated 3VEth retreat Of gfa ;ia! jf.;0 Es perhaps
Inore 08$1 y r>bserved; kt lriv,>!ves fi!!ixkg kn of dPpless3�13; v ital sedi-
lnent. Sedixnejkta 30D., 8 Universa! geologic process, ijkl>oh'os Irjovejrjokkt
of 3� ktej'38f fx'oln. Xkp/ax3ds Bkkd knoUkktakns dov >nhk	 to t48 �<A'!ajkds B»d
UitEHlate!v Ento b>od3.08 Of 3118x'like vv'ater Bnd t»P. ocr'BDs, Se fjlrjejktary
processes -.Vork in one diirectton fr >kn above sea !Pve! to be!owv sea
feveh Yhev ax'0 Bi kvork coxk<knnolisiy Bc3'i iss the 8'<kriia .0 0 ~ tfie 8<3rth <3nd
Bx'P, 3'esp034skb!8 for s!oxv!y Enr>difyik3g 40th skkhaeria! Bnd SUbmarinc:
forkxjs worMv<> jde, Se fkjxjerktary IxEiaterkai s <3 re  fepos 3ted 3»to PUget
Sonnd froln the t,'Bscades> 'ihe �aympicsi and '.40 Puget Lokv!and. In the



The Sh ! pe  �!�< j '�3!X !!f!>!>go! Sound I'aE>tc:,.I  .'3-.:-:s Eu:a u>n ol
S !dim c C!S bc' Si>X<3

Bbsei!ce u. !'Bnpwai of Uplands bv cl'! Estai Diunilta!D bnijding p!'OLessesc
the 'edi me!!iary process could UjtimaEcjy wear down higher 183!ccforTE!s
and f! jf in much Of PUget $0!T!le< j!I th P to 1 1 0 cccVI!ig Pacces yV c crc ill exan
!I! 8 the cha! BctPT!st  cs ut sec liTE!ex!ta'.iuTE bi the local Bxea with pa3't!cU1�r
attention to hu Y'1  Es cha ig!ng «he shape of PUgPE S�U nd.

Ylh3P, SedjImejfjEIkary PrOeeSS
Most rocks resulting -."Tom geologic prccesses are gunerallv juu mas-

s!ve tu "38 TnovP ! <31cr!g 'the earth's snrface by Bnyth!rig short ot 8 ET3ajux
I!atUT<31 catc3stl'uphe. 11! cunt3'Bst, pBTti ,les n3ovexi by Hedi!ner!tary pro-
Lesses BYP. H!r!all, and A!'igix!  te !n Xhc!! 81ETEust UD!vPrsal cove' ut Ux!cc>3%-
sol! d< teel tl'agx13erlts 0 bE'oken rocks Bnd OT'g83!Ec pi<U!t debr!s, Ylle
thELkDBSH of th!s UDcunsoiiilaIP i iaver, the size Bnd shape uf the !nd!-
vidUB! f3'Bg3!!ei!ts, c30d 	3P x313>  uf organ!c BDd !Tloi'ganl ,' 13 ate!'3'!1 v�ry
tro " place ',0 place. Fragment size can range frc>m iarge boulders tu par-
ticles tuu fine tu be obsP ved by the nake ! eyP. Afthoi!gh there are many
spec,fic ca eguxius of par'.icles based un size  see Table 7. t','c Use of the
colT!mon names fbunldurs, gr:vvi, sand, and !!I!i .', simplif cs discussion
01 e!'Oslo le TBE!HPort, B!id. dePosit!Af! !!3'ocesses,

.'he edges ot Tuck fragments can range from extrcar !ef; arigula! tu
SIDoothiy !'onnded, 8!ld 'thP, sh!31!e can be Pluilgatedc fjattenedc 01' spheri-
cal. FX8o�18M Bsse!x!bjc3gcs !T!ay coDS!st 0 sizn	87-s3zed paT'tlciel!  well-
surtcd, 'oi' 8 diverse DlixtilrP, of pBTticie s!z .s �!! korjy surred], Th -, d!sti'1-
bnt!ox3 o. HppcEt!c pa!' Ecle sizes, sjlapesc <!rid sort!ng 3$ cansed by coo -
pusl!EOTE a!id charac< !zis;ics of thp. pare!!t 'ock  nateriaj, tl!e px'ocessps
'.hat breBE  Up thP. paxP! Et !'Ock, tbe j	'0 .esses that Enuv ! tnP frag!!ients,
Bnd cc!Dditiuxis at tl!e site uf denusic!un. Stnd cj of t "3PHP. tl'agni!='0! s, Eiidi-
vidi!aify Brid 3D aggl'egate, prov!des geclogists wiEh IDH!ght 3!lto whPI'e



i . 0 i. hi E!g3 I!g i!i'fcipe o3 PEEgPE Soun<d

the sGdixikekk 8ry parkic!es caD10 froTEI, ilow they we3'0!Hoved, BHd condi-
t!OHs DHRBE' vvhEch thev Bccuni!1i<3ted,

%VeatherEYkg
",Vi!031 Fo,.ks fornivd v5, ithhk the ear�'s crikst heconke exposed Bt the

08! th 8 skkrkacei they are tDT'13st ix3to 8 d!fferent env!FHYDDCEIU Tkkey <31'vi
subject to di.ferex<t tvrnperature and pressu!e,.t -:. he sk:rface and fof xna-
]or iEYEportalxce i hecoxnP, PxposPEi to water, one of the Y31ost D3ikvex!8!!y
i Ective' 318t13T'ai cheTHlcai agents or soivents,

i 	0 gellersd I'esno31$0 to this dlscEi'114FEUTEI ls 8 riisiHtegTBt3on of
the H3.kginai Y'ock iklto snk<liie" i ~ BgiH031ts, in 8 piireiy dis;Eltegrative
?Meakup oi Tock< ter30ed pilyslcTEi Yventfici" Hg, tiEPE'0 3s Ho change 3n
YEIk31era! coYDEkosition 4klt Silxlpiy �0 cFPatioYE OE snlaii partEcies frokxi 4lg
GYles. Ye  weEEthv3rlng OBH B!so lnvoivG cheEllkca!. <Hd YkliYkera!ogicai
a!tel'atkon OY Tock Bs 'eve i Bs F030ovai ot Hkatezkal EYE soh: hon. Rocvs ln
the saxEI0 !'0gk o31 n'18 !> Y BBE her diff 'rvn tiy depex3 6 3 0 g o!I ci! Dlatlc cokldl-
tkons. Fhv: FB E': BDd the pri>dkicts ot weaiheI'lng depvnd ox3 Ehe to !o v-
EXE<<,'

coEDY30sltkoxk ot the 30ateT'!ai;
83 no!i nt of 3130!stUY'0 I 'FGED FaiDfa! !:
tenlperaturo, parkick3!YIF!y the vxtremes of hot Bn t coid 8!Hd dai.y

8Hd seasona! variahi!ity;
hlo!ogle Bc Evltyi prEx3iai'3!y p!i83it gY'OA"til:
topographic Fe!ief Is!op;,J oi' thc sulface,

Aikother tai.toY deteFEIEH!nlg tnv: degree of wvathexlng Es thc Binrilii!t
OI tlnke wea hei'3ng pT'OCPsses have 400EY workiEkg, iY3 3 he PBC! 3 0 I Jorth-
w0st> t43$ t1H10 has dkfferott depe!ld33 L~ Up03'1 <whvther  he surf<'ce <iv<38
covered 4y giacl I !cP,. Ongoing s! Ehaek'Eai wi'.Bthv3'33 ig p!Tocesses ilavv.,
40031 work!n' iongol' 351 un/!ac38ted FegEOYls, xvhlic <'iaciiated 83'Pa had
nvw "Exate!'353t vxposPd on!v Bite" the lce 3 etrv'ktvd

SoillS
v'vheIk soEis are young they teikd to .Ovea: ihv, character o.' parent

TElaterkaisi 41!t 3noI'0 YTkatorv solis frecjklex3tiy are chak'aeter!zeTE hy vertl-
0?! zonatioxk tikat FeHects c/EI31atic .onditions I'athcx Eik!131 p83'BEI. Tock. iTE
the Puget Do'iknd drBEYkage hasn3.. thE'00 doTYEEHBYkt soli typvs  i'lgure i. 3 !
conti'lhute svdlExEentary THBteriai to ho dvposlteYi 3H. tike So3131d,

 !Ik the h3gh vvestel31 sii !pcs of the   Bscadvs Bnd on.  Eke O!yHipkc
Poninslkia, soiis disp!a<3 characteristics of vidc831ic parent rocks that
have v«vathexed UIEdel' colkdktio.,38 of 8451x!Rant. prec'plta lo!I and i.'ooi
tenlperatures o.' the higher Bi itikdes. Tikese SOBS are Feiati;viV youxl:<
83'id vertical zonation is ! ill ty partia!!y devo oped, A!tf!Ollgh thv Dppvr
LEkyers hav' 4""n. !Bachvd oi Don Bxkd iln!0, the3'P. Is 310 weii-deveioped
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M.
k>a

Q Hie!3 a,'li:.a:ie aci! $ 13 F,«n is:e<E sa I
'.:::S!'p,'si[-".s�'s!<3,"s<j 8!n <n! ia

Ffsare 'iil Dist t'on-,':oa o salts ia t;E� Puse>E
f,cxv/sad east io 1!3ke  'ascade 3 i:,Ese.

Fi�ttte ..2 fa vwo selnnatr> ocr dree<to s,
volu.rkes of A a'.er-s>eton ate<i earth have
skamned an<3 slit oi'f tive 'tank<a oi 3<!onot
Rainier, fofio<via~::iver veHevs !o><n1:Qto
the fov Eaod.

lekvar z krke of Bcc!EHIU/Btc f !eacheR YEkateE'3'-�',
Over t	0 Poget Lovv!aikd, the Qlxklrkkkel Penkiksk! ta, <".It i Xhe Ioothl/Is

ot tfke vvesterrk  ,ascades there ls 8 sec�38 J so3! 'pe, 8 4r kkvki foY'Pst sl >ii
Blat snppox'ts abtkndant 'Lvo� it83As <313 k r83lges. "kh the si33'facP., tfils soli
has 8 thick,  Idrk-co!ored !<3'<i<sr r'okktainiHg 8 ver/ ixigf1 coklcentl'aiioH cf
Olgarkic AP43'3$, Uttker CIIBFBCterEStkc; r!f i!  <i><el!-deve! sped VP3't!cat iolla-
tkor  83' I Biasekkt. Thel'P: 38 OH !$ 31!Enor ikk f1catkOXE Ot ! t< i'O'll'<>iaro> �8 hing
of knateria! BIEd Ho PvMencc uf. Beck!mki!ati,!n of tea ;hcd Hkateri":I i I '
<ovier zoH0, Yhxs sok! ls Hkost. ct3rec! Iv I" Bte� EYE 'vvE>xitiH:.Eii'E3 ' <'ti a> i!r:EBI
dePosits; hence it is rekativ<:l' vollIlg soH, k><ih,EY: !I 33<18 IIE',".11k].  !ev '.Iol!i.kk:
over the !ast 10 to t" Xhu!ksand <ieals. >t  iispiays <1 hE;;Eh Yfegt!'a ', xi ' iklhkx-
IYkoge!xeit>>c 8 rOQ a>ctkoH of -.he Hia!XV loca!kze !  iiffPYP32<-'es ln the speckfEc
t3>'pe ol < faciai cle !osE>s, Associate i <;iEth Eh38 f3ro'Axk forest SAEVA 83.'0 sev-
ezBI !ocalkze! I occnlTeklces of peBt 813 f Ikkarsh soHs, rPHPckiikg fake diver-
sity cf postg!acia! drairlage conditkukks.

The thkr6 SOI! tkipe ES fo Ulk t plkHCkpal! y' EH tike SOkkttkralrk portkon Ot
the Pilget i.ov.-43xd, k<ihich Evas Hot dir!:.ct< affecte E< bv g4ciat4!n, Pr !8-
tlvP. to the 4roY;kl f treat soi R, Xixese soHs  !isp!a<i 0<ii fence of gree.cz QIB-
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tlkrity, Yheix upper zoTEC has high organic conten<, hilt bas been leached
OE Llay minerals, iron, Qnd aluminul., Although gen -.TQEEV not well «]e-
ve]oped, there is also a liower zone oE accumulated leached minera]s.
YhPQP. soils Qxe skkb]ect to thP, SBEEle degk.'Pe of hlgl3 3lloist�re BTE«l se<lsoxi-
aily cool Eveat] 83'ikkg as the brovvn forest soil; hokvevex, they dEEfex in
substance  Horlglaclal vek'$'us g]aclai «Eeposits l, <3 � d plo bah]'<j have.
weathered ] ongex,

Collectively, the soils ot' ibe Puget Sc!EEH«] region are relatEvely im-
matkkxe, QTP. generally acidic, supp IE t wood ands arid ranges, bEE  are Elot
Datux<illy goo!i farmlands,'although precipitation is adequate], Yhese
soil characteristics have resulted irl la ld uses qliite diifexen[ ]4  n those
easi ot t48   rasciXdes, E4P, lunlheI' Enduslly of westel'n Et ashkklgton Es
follnded. On the Bbun«lant. t03'ests SLlppol'te«i hy the «]«Ex I!El knt $03] types,
Most ikgIECEE]tklral ]and suppol'ts pastul'age Qxld tee«i fox livestock  pl'131-
ckpiliily dairy cat ]L], vv]Eich 3'etlects ]essi f Evi!xikb]P. ]ocial sokis,,iome of
the local soll types. parti!Cuial'ly ITE dzQEIked inarshes <ind tne lovvex Ska-
git River Valley, support vegetah]P, Qnd txllck crops; but these are more
like]E! the 3.'Psuit of prol«ikEIEEV to ]Br<-8 L rhakk CPEI'.ers thBEI B ilatuxal 03 t-
gxovv h OE iB!vol'able sok] cond3t3031$.

Erosion and Yxanspoxtat ion
Yhe Dlovcnlexlt Of soll Qx3d othel' Ux3coxlsollclate«l xagxnekk s ES <Ec-

coxilp]Eshed ] !y a 3IEEx3148I' Ot IlatiEIBE plo .Psses. E 48 3'0]8 OE g]deka] ice has
already l38011 diiscusse«l Qxld t48 ri',3xlalnlng glaciek's Eil the    Esca des BEkd
t318 0]ylk Epics stll]  ,ontr34Ute to partlc]P, nlovement. Movelncnt lly lvlnd
1$ Qxl import<Ent tra kspoxtatioTE pxocP$$ ix3. So De parts of the EVOE']di but
lie«;BUSP, OE' 4eavy plant COVPX Qnd high molshll'8, it 1$ Dot significaxkt En
Eivesterrk vVashlngroli, EH t]iia hlg483 i!BI'ts ot the Up]ands, downh31]
shmkping and s]]ding of unconsolidated Ixlatexial is BTE ilnportant " Ode
of ExElgratlon.. Yike nlost spF'ctilck3]Q3' c!f tbPsP, Xkkovenlenls 3$ assocEQtP«]
3!vitb ]ands]i«]Ps, delli'Es-avalanches, QXkd T kudf]ows OQLlsed hy gi'<Evlty
Qc ixlg on Q conk]!ikkati!«!n of Qn OversteepPned slope and water-saturated
detritus. Sudden, severe dokvikslop", nlo iexneni, such as the large HEEI«]-
flows that came Off the flanks of Mount Raillier  Figure 7,2', can 'De trig-
gered by seisiIDC or volcanic activity, LPss spectacu]BE i bui prAhably of
gxPQter overai] inkpoxtance, 1$ the slow downslope creep 0 Unconsoli-
«iated SEkrfkce xrii3!teria] ovei' t48 vtestern flakkks of the.  :Bscadesi En the
Q]ynIpi�$, Qnd on th ,' sate kp ?x slopes ED tiki-'. pL g >t Lovv]axkd,

Of a]l ox the processes that transport pdxticies, thP: inost obvloUs
Qild generally thP Ellost linpoxta31t 1$ I'UD3li3%g vtiater, Yhe Eletv,ork of
StrPBIns Bnd xkvPI'$ Ehat. dTQln the v'Qtexshed OE P kget Sound constitute Q
piinlaiy ExEQBilc EAT x3Q-!v3ng UEIFODSA]Edated mateIEB]

E he Pacifkc Northwest est uBzixlei sys'tc311 Es B transitloil  � e<E 3 EX
which the freshv Qter inflolv from rivers mixes through estuarine into
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t!'Ue Dk<!rirkc Watc='I'S Of thc. I'a lifiu O !ean, For EhC. VD>tk!'e !.>,qioTEBE estna-
I'Ine Hystv!n thv, don! Inant HOUrc>'. Qf Ereshkx'tur ls t. 8?Iada H Erraser River.
vvh!ch has <3 I<!rge cdrainagc hasiTE eas- 01 thv. t asc<36vs, PIkget Suo?ld it-
HCEE re>calves drair>ac!e fru!!D 8 relatively Hm< >l area uf 3ust ever 28,,'!�0
sc;Uare kilonket :-: H I3.3.,000 Hqnare ET?iles]. 'f'he to:.81 freshvvate! c:, >ntribo-
t30D 0: thL! I'Evors enter!Tkg PI?get Sokk!kd 1$ Bho!kt 01?<e-EI !Fct t?Iat 0 tiki?
I!rasvr kiver and considexaI>I' 1>;ss than Ehe !Otal Eroshwaivr drainage
1?<",.> t! e S:r< its Of Geu ~ gka BX?ck IUBD cue E UCB.

CIMMte
F uw BEId TIEI?cuff Vvitl!ED <" RY'Bknage Sys:QTEI IH stX'ulkc!lv infEUBEICP E hy

reg3onal ch308te, EI! the, Enust !.elle'TBE HBYkse, Pk!get Sok! I!d s CI !  Tkate I' ',-
H!  I.ts Ix'unk cool> DICES[ Ykkarltinke polar 8!r I!  ! >v3  kg >Bast hv ?Iok theast F!tf
[he northeast Pacific �ceaII. Tt! is! esnl! H EII tl «cloudiness aud thc I�1-
p esskon il!al the -"UD xk ?v'.I' I" Qflv HhlIkes. An average Ot f50 da!<!' of thc
;ear have preccipitatiun ut Fvore khan 0,0'3. inclk QT?d, QEI hongh -:ihis prv,�
cipitat!c!D ls 61strkhnted tl  !'>!Ughont Eh' vvar, It  s lk'gh est 3D w'1!  E 
th013gI  t>'tal Qxkxkoal preclnkkatkc�  ks Y!u: h!gh> luw evaporatkc!n Fa:es
 due to 8 hkgh dvgXBP. Ot CIOLkc COVOX Bnd luv c BDDI'Bl kncolnkng Hulal'
3'Bd3at30ll! FPHUEE ETE 8 danlp, hGD�d clkn3BE! .. Yl e BDEIUB1 ten?pe ~ BEUTB
I'ange 1$ I'elatkvelv s nail whvlk c<QT?!pared with inland IDYFIlaiit! <dca
te'>. !pc!'atures,

E h 'r ' "~p clirn8 Yc c >nt!'<Bats tg:Bt TPHUlt 1"ocn tvpoq-aphlc
PDceH 03: EI !'. Ofvkxkpicc Bnd   ascaclo DHOUDtaiYI spsten3H. Tfk>8> Cascad !s Bk 8
the ln8301' preclp3tat!OD divide. in Eh!I Pacific NOFEh!vesk, kvlth BDDUQl
precipitation .high to,he we'  Qnd lu'v tc! ?he east..Bean annk! QI precipi-
tate!n Es hiohest OD the western slopes 05 tf!e BlyX!IE>ics IE28 il!ches pvI
yearI> least IF! thP: 1 Uget E.»w i<3!Id t4�--1>� I XL'hes p  I yeari> 3 !cre>ask! g Up
tl!e w>'HEBYSD slopes of Ehe Cascades 30 84<QUE 80-- k0E! 3ncl3es por !<!<ear ln
tike high Cascad !s. YhrukghoIkt the year. Ql>unt. 50 percent of there-
g!ODBE prPc!p:t tion f<>HH ulk tho k>vest am slopes of the OE''IY!piccs, Qh>o:lt
4� p<,3'cc'nl  BE s uxk the fuotl!ills and v, vste!?I! slopes OE the  .,Bscades, 83 !1
onl>c' t0 pPFcent falls 011 tike Pnge KuÃlan '.

F> >rt>>> pek'cent uf ! he rcg'.ODQE an! 313 81. I'8! 3  fall ucc UFH dkkring IviYkte
when the .10;v ot DIBYin>e «13.' is characE!!Fizea by fYPq!l>IIII cycluTEEC
st03'n3H. VA?ltc'r precipitation kn. Ehe IO!vlax3ds ' H prknclpall" I'BID, E!k<t
slkuw ls pl'Bvalent kn the  lese>BL es vvhL're BDTkUBl QccUF!IUIBE30!XH> !'B k<>e
tF<onk 300 tu E>000 'EICT?ces. 'f'he pre'Blent cluk!d c >ver E;ceps winter
t>8?IIE!eratUFBH EnodeTate kn the .lowI�nd, al thuUgh h{; bic!her D o'.Inta I 8
BY'PBH BY'e below f 3'eezk?IE', A iso dn ~ lng vv!n: PF> the cuTDhknat30D 0'
H'10 ~ el' days> cloned cuvGY', BDA 10 >v-IvvPl 3DL  >  ent SUTEH11Ene co:Dhkne Eo
give as little Bs > w > hc!Urs 8 da'j 8 'erage sL Tkshine.

Sl >r3ng ls BD exEekksko?I 0'f v>c!nte!' w3th de>::3'easkrkg 'FBTIUODcv ot cy-
cluDEc. Htorrus. Ho!rne decrease in the uverall precipitatic>n, <sY!d i>X ter?T?it-



Th ? Ctt!1 !giE!g Si<ape 0 ' Png :3 S>eun j

tent. brief absences 0-." 01und cuv !r, JE! the PUgi.: t,ov'1>jancd tho ave!.'Bge
telnpex'81D7e ra! tge EH hetweex! 4!3 8:td  !F3 1', hut. Ex' th� !notl!Ttains R re-
mains cold enongh tu !naintain HETuvvft!lj. unt 1 late into the snrix!g.

SD3�!ne!' 3H stat!st c tlj'>c the hest season 0: 11!e yeBT'. St!n . 1 .'1'tlE1!c
averages acconr>t tor 0!xiv 20 per set '.! >f tbe total FETEnual rainfa!1> Bnd 8
8 ?BSOX! !l nlud!tlcatlull Ol the g !318: <31 onshore? <VLX!djlc!!v gtvPH rise [0 less
tha!8 Bvera<'e cfood covpr 0;>er thc luvi>18! tel, TBX�<pt!ratl.:ress are;-tt their
831xn!Bl highs dl:ho!Egh st!H Tel at!velv 101>v tll ciurtt>'<3s: v» Etj L n !nn!87!tl ne
7E! tdlatlt lde reg! ons,

SUB<xnel'1'1ETEB coxEdttj >! ts fre jl!CE!'.13 O'Yte!Td !Gto BUtt!n n 4E!t BL3 ~
t!lnln is 3107mally 8 poxiud o:" jx!c!.t!as'ing pre ;ipjtatiox! anc1 cyclonic
StoTUEH.

Yhe Dr MrjL8g8 S!lc<S eiM
Seasunal cycles of pr� ;ipitatiuu BDO1 te3nporature directly in':ht-

exEI"8 thP, chard !tcr'Hti<ss ui !reshvva:. f rnnofl:1'!!n! t3!? 7Pglun H xlve3's, '3!
tn3'n> these sp<!tl81 83xd HeasoTE81 co ltr8s's Bre 8 !Y!djAr ~ dc '>1' 13!  ieteTBTEn-
E!x<> The 7<.te Bnd ella Bcte3'lst3cs Ot HBDEXETBE3t he ! L>- .,<": Tted EI!to PL!get
So!dxld jFiglt 'es 7,3 tj xungh 7.41,

Yhe VAN il13>ev jgasin
Tbe 5 hjdheV Has j ! 3 ecejves over 33L3 pox  Pxlt of the total lreshtvdte<

dlsch>81'gexl !txtu Pi!gPt SOUnd. Thc: 1 h3'ee 187/est 7tv'-.Xs, Sk!'gtt, ">Huhum-
lsl L, Bnd Stillagnaxl! isfl, 8!Xte!.' thP, 3>'!<> n! dhe'' Bash!. Btld dralEX 811 81'Pa 0! >'92-
erjrlci cdv< r 'l4,5t!� Hql!ar > kiloxllpt!-,3 H f5,F!�Q s j>da p Ex!i:est ahuttt >0 ppr-
cent of tbP. total dralE!ag!: <area uf P!lgot S!!!!Ud.

The Skagjt River is the large.t ri; er entpring 'VfEjtdbet, .Basin; it he-
gtx3.> TX3  .Bnada Bxld   7BTUH n!ttc!x OE he I !urthex'x3 4>B 'cades. 1Vfaiur 3'�'.-
ponxld30g Of tbe Ska'dt occurs Bt Ross l387n i 07!xting Ro, H .',Bke'; and
f318410 DBET!, D<8!VT!st7BBDZ 01 Ross Laki',:hP, Sk!3gtt ls;u!3'ten DV Ell! Cas-
e>8dR!vPXE!ear Max hf 'Ex!I !Unt>h !ts tajor tEEQ!t'ai ! tlt i 8>!kRlvex
Dear Ruckpurt, the baker fhv !r south 0: Fjake!. 138m, Bnd 1 eked Shat!tlun
near L ioncxete. E he louver !est ches uf the Skagit Hovv,»;eT thP, glacial d i�
pOSE S uf. the Sk<":g3t V alley. AjthO! 3;~h thc!: TVpT' !tSplf EH XplatEVel tc largp�3t
occupies an oversized valley c>rjgj!aaj>v eroded by g18cjaj ice rather '.hax!
the 1'iver itself.. l i e! ttPT's SkBgl iBBV HOTE'.hE>vest uf Mo! Exit 1> ert!OT!. tvhPxe
:L'ts rjverhorne sedixE!ex!ts 87P. c!epusited 10 lurlx3 t'.0"te!Fsive nlndffats th<tt
occ lpy Dinch uf <Skaglt Hdv>.

The SE10hoxDish River is the secoxld f !rgest rlvPr Pntcring the Pnget
Soltx!d H1.",".'Ie!Ex, ]. Ite Snob !!x'!1!h H'<cstP!T! !s t le rcdsn1t of. Conf lnenc .' 03.
t!vo Xne jot t!. i I 1! t t!! t.les'--tI' t ! <! k c Exu!Tits h Htrt� <Snuq!EB/TET!e 1'Ev >Brs, Thev
I'>i D SOTEtl!.-st.!ntftvvP<81 of;<40nroe, tuxrnirlg the Snoho! rtisb River, v<>hjcft
EH;ulnecl hv tbc P31chU..k River 11 ?87 Snobux3t3sh and i-',Dters Pc!SSPHHEBTE



7he S»tic!t!e <EEEB c OI'»rf <3J P»1ge? SO !Il!'

Sound north of Hverett.

f>0 ! !DS >, Ot C t3PC!' I  >4tEV<';4' laf Oc, dt f!! EE»~<8 arvits> Wt! f  I'3 1!<', !<3u!!   for
 Ett >'ct tt!P 0! 3<»s jir� dra!FEB"-'0 h' !EFEI tff0  ,.'!!s '.«3 "88 'iri",0 thv 7'E',t'?!Otl !v t!E!';iix
!hi! S4g!t!10� >3!!AREA�!ist! Fif< 'Fs c!k'f!� tl! I, for sji ~t!tl'o' ! I'3 !r ?  ban t!c!tc' .�l
tt!V» ! a< trc".'ShW!IH>r <'�'-'Ct!<!F'<i!�. Int!I all �t t. It!c it <<I! ntt, t ti»'»««ci;Ef'C tt'?V'.
1'i'vl'3!'s 'ttf>it t'av ! � Pt'!r!<'.!!I !l  Ftt!ut �»c< s«FI»'<!YJ	":'lt »!rf t?!<c '8'est! Fn ftcfx!t<$ of
'ttfe t!iJ>t'1  ,'»»fsi a E�«<',. l lxts r !s ! tt's ! I'! t iy 0 t!FA� x!' c'Et; »< t' !�1 fka 'I! I +t p floccc,'
rates  tEF»f!lf':,'t'I � ! cc!<!BF,

f l!� ic'!Et] t $3 !i! !~! I k! V"'3' I< tff»>« th!r l I'f!!!kit!E> riv»'r � ! <FH!%!'ct tf'1's!'3-
W'f! <3!' rtES>'131 !t'Et?i.  !t the t!»3F ~i n! I! !i" "I!! !rs 1»»fl' BF! 1!'» tt!� Qc tu !~<!VV t>c'3<�"'<
Jt Is t»iQi tu » 'tn t t!at .? I: <'' o<clc» E!o  dil'z ! '! t tv  tfalFE  o  t I! I x 1' !stli�<!! .I' f".' tf!� t««as-
»';,;aft<,:.'s hut lEBs bi.;t' $> >f' F! tt!B Ek !I>tt But'Et! !s?J! t'l! !i;tt! I a';lrt >+t3ot'!o�384 s«3!t!-
t! ts H< [sou h!> I t! ". Xf'At>t»! f'»irk and >!outi! t'F!A "'30v »F08 0 "! F 'K'Fttx!t»<t»or!
~»ff�5 ?h� '>tc tltf! x!E«3?X" Esh !S '!FE!E!� i 33$' t" Et 'hf! »t<, tl »»vk f!B>EI +lit»c<!IE ! trtoM<�
EQ<~»! !!Erfl! !'i' 'ic>>eh<> '.hn 3!V »r BE< BFS t»f t«ZBI' ~N !ll?I! I at it!e 0 'irtl!  «!!'1<!t Ot p<'Irt
Susaxi.

5! N!thlV ':I'I!V«E' E<~ !S Ot Fi'V«F <33'!?''hf!'c> «~» !»EFt!Cite P' c'>!l' flu'c<'<' I'1 Dc» 'r«FD
h»xr--tifr ucaf"»1 dn » .".<g II!1 ?H tune. t.t!v! '«y'EF??v»f> '!ac!k is prc«9''t!t 3<v?1?' »?Ett <13$
tfte Puc"c»!T SOEEFI?'t t'BY�0 a!E t ta dkFI!ntt ! 3'!'c!taited to AVir!tr«F l!I�<:;it!t c!ti»I»f,
.t t B turf ' pe�k ln. Ff!'x!F iiisnt! Ergn 3<3 t	 : reaul» ot tn» ! spr!J! !c 6�<»<c«art'ii4
E!ltO tl!j: St F ,"Efx!'»  l! <!tJ!EH/ tt!i' 1, tet?i'I> E'ccicsfi>l I! t la Ek!  cl !tit! t ! s . c li'»a
,".<<1!x! ! ot the  >tfef.t Al sl'I< A' <JFE !t  OBE!. 48 0 [is~':'1'v f»'t » I3 'Ih!! ~<»! >?�3! !lac!! Fi, t!ui
the pres!r!:?H <If!t Bttf! <t 18 orl I: t�» r! veF- r>nti!t f0 ! I;tiv k%'i'3 ihn>v f! tcsf !. Tt!i>
.SGaao	 !l 1't<l»tr3ta pe !k ! 0 I%et!t?EV ftf!r <'t ts<'kc»FIE'»'! c ! J!tf< th ! Wt'f !li'; Ol: P!f!c !t
;.»»I!IXE<'f t.,"': t>t'3!! xff»?1tl' ! ll! ! FBS!Jtt 0! !F !shM'BF ?r IE!put: t!'or!'I tt!i! Ftvers 3'»!E-
tert?!g~ »l!V A> j ff'le?!ccc 86SEKI, I l! ? feast t!'B~NBEVI'It >F 'tti.'.AV 1 f!t<'I !Vtl! fb»c!V Ba'
sit! an t t" t!<< !t »~co ! i! t !s  j it'!E!« thi!  ul! �! !ar 0!or!'til!s 1l»i!ua!EBB fl'38  Fi;!E »r
5pr rtg SE!O<<c>!X!@t  tJ?!S' BIEFtc~d 0 I'! 't th>' St! 1!'t>' l >'c' FJ!l!HE i'<S he! Ve thi'''
a Dount Of pT'BCEpEtatEOXE.

Yhe Main 8asi!E

Yhe Ma30. Basin Es 8 poor sei'oncl Io ttEB E'Vt! idt!8%' Hasir! f! »3' fE'eslr-
water input, accounting. <r less than ':0 percex!t of '.hv, total i !put to the
Pu'Bt »WOE!nd SVS BEX-'. Phe r!VPFS BXE OFEE!g the Meal� B<3SEE1 dra30 OEEt!> a
sfnall part of the ccvestern sl:!pes uf the higher Cascades.

Yhe PE!<'aliflp RiveE' Es tt!8 ta!'gest of thc r!vBE's BE1t01'1ng the»Mafxf
Has!n, ft starts on the west slopvs ot Moux!t RaiEEier and is joined Dear
SU x'xler 4v the white River,,vh !eh criginates on Jhe 11ortl! flanks of
Mo92Ent Rafx3101'. Flowing nor'thwBst. froIl3 S�nfn01', thv, PU "allup BEEt01's
 . 0!ADEBDcexnvnt Ha'y' '3  the soE!th Bnd ot thc. Main Bas3 0 EEortt! of The
c «car O vVS.

Ywu other principal rivers enter the Mair! Hasi!E. Thv. Gfeen River
ol'1g!natPs near Staixiperle Pass> 4Pconles thP, t3u'<cc<!DE!sh at Oritti3., anil
enters Flliott Bay at Seattlv, Yhe Sammar!Eish arid Cedar rivvrs enter



The ",io  lkging Shape  Yf ."Uge  Sound

Lake Washkngtokk at Yts north and sou'>4 ends respec[kvoly, ar il this
fzPsh k«/a[ex Ultiniateli> 0YE.[ers iho 'k'1aixk B<3six3 at Shilshole BB!>. Slxkail.
Bdditioxkal sources oi' fresh kvater drain froln KiEsap Couilty alc!ng the
A esterxli S3 de of the MBYD BBSEEY

Highest fresh'<A>ater discharg� LEYEO [lke Maiik Basin occuks dilring
DeceEH46r and Jan>Jazv  vhoEY more than «3� perccLY'. Of the axkxiual dis-
charge takes place, Because of [40 snlaller SL;:6 of the Puyallup Bnd
  .Zeeik rliver 4Bsllis, tike ax3'�ual snokvnielt krk the hkghex' slopPs does no.
cause «L pl'OHonncPd secondarv pCBk D3. BEYEYEL kl tlov<' c>> clo. hks[ea ', i13gf!
Hovv is DIBYD[alxEed ixEXH the sprin<> Hko kths. deox>eask3YR to t40 B31nual
lOYV tlOY««ratBS Ot SUYXYXDPZ.

Tl36 SHGthex D Basin
The Nis iua]lp RkveI' Es the fifth lalgest I'3ver PH erixkg thc PugP[

Souxkd s! stenl. Bxld the pzincip>kl one Pntozkng [he Southern Has H, it ac-
couxE[s fo3' alnkost 4alf ot the ireslE vv'Btex 031tex'lng i40 svs[oixi sok3[4 of
I 48 Narrow/s, OZYPED itkrEg on the souih Isou[hwestl tlailks of M iunt
RB1EYlex, the Nksquallv Ys '[he oxllv I'Evei' enterkxkg tho Sou[herxl Baskil that
Bs draEnage fzoxn thP Uppei' "avosterxk flaxiks ot [46  ,Bscacles BI1d Ls [40

souihPZDEHost zlvel' origixkatiikg EH the  .Bscades Po 0LY[er the PugPt
soUDd s'JJS[exLY, OthPZ soUrces of fresh 'vva[ei' <3I'6 the J30schutPs Rkvez>
v>>hich Pn[63.'s the so'u[li elkzl of Budd inlet at Ul'!«'Inpka, Dilxiox' dza33kage
into Case and Carr inlets off Kitsap Pexkinsula, Bnd sma]1 streaxxks enter-
ing t!ak]and Ba!> xkear Shelton aikd d EschargYYY<> Dl[o H«EYEYEY30kste!> fnlP[.

All oi [40 tzesh water clY'Blllage EEY[o [130 Sou[40xn Haskn BccoUIEts iol'
OXE!y a little xnore ihaxk 'tO percent of the total into Pkiget Sokind. [H pro-
pox'[ion. to Yts drakxiage Brea> freshk>va[er  JkschBJ'ge to [40 Southern BBS333
is d3spzop iz[kolkatelv lok>v con3pared Yvith Ehe N hidbep' Bxid Makxk ba-
su'ls, This 3S B 3.'esult of sevPral factors: the stxeanis Bx'0 sfEUrtez> <3niiikal
pre  ipl'[atloxl ls lower ovPI' t4P, Southel'xk Hasikk s k«!atershed, B31d there Ys
little sikokvnkelt contributed from the higher prectpi[BEioEY BZ6BS of the
Cascades, ln B idltHBH, [40 ent Eke Sou[hei'xl Basn   Izak3Yage area Es uxkdei'-
la3d 4V thick. perxneabl l, «>lacE!II  <eposkts. Yvhkch results 331  >3'eater loss
 o grouxkdwa[63 thar  YH other parts oj [[30 reoion,

The Hood !banal Bali' H

None of the priikcipal rivers of the greater Puget Sound Yvat izshed
en[63's Hood Canal, whkch recekves OYY13> slightl!> Inol'0 thBLY tO pvk'cent of
the to>tal fresl'3. 3%>ater PHIBZ3xkg Puget Souxk>4 Part of '[hks ls pzovkded b>ii
zuikotf in sxnalj s[reanis fzoEH the Kitsap PPIkilksula 83ld the sont4PXH part
of OU!kxEYpex' PeniDsiila, but BboU[ tive-thirds of. [48 total ox'Egl>YB[es 33k
five sniall Z3vezs tha'[ zlx'Bill ihe eastern pi>rtkoxi of �0 t!lx'Inp3C Pexnlk-
sula. Gf these, 'the Skokolxkksh River 3S the largest and elltezs [hP! Hood
Canal near Ulkion at the extreme southern end o[ the  'zeat Hend. Do-



>iUUU UANAI F,*'AEl
i'U.I Bhli=h
Gl.l "tt "t
F ':"ma Ham.".:a
DO!;.O'ABIh pg
K!.88,.
S'Aa':;;;,I'.h



h:.v

S C h

1 ~

' ~ h



The> S!ti! pe  !tld?<GFI.'  <!i Pllge  g<3�!! !

Be'A<a'If!<3~" E3F!F'kit>k'Us'j! ~ B� ] j'j !!F!K�<! Hi' Xt! lla !!F6 ti30 .',<]>0!'!, flsfier	3 !F! S
UPI<  <f  '  !lid  tiJ p >xsi <3 .<<!<i<!t! " !f! Hi'lr!Fi j]0 .!Lt] !EFE!'t e! s; �,t! !xl! te«] ale :,:jt
>!OUF«' ls I!'�!x!  !IPvR>!< 8 tH  I! 1 EE!jo-,l >'0! j x ! » '>F<   '!,  !!j ! � t j'!j!>! >f!> >!.! ! 13 tj< >
 !]'J< !lj<� :s<  U! i «'!lt !F x]Aod  «3!! !i Qi I!E<<~<. E<s <ves!<BF!'3 8>! !!L i FE I i!3!'ges'E OE
t!!j!S!:.' 3!>! thj.' f!OS!>>'6 Bjj! I'ts< YV4!C]'I ]S .!FICE i!K.' i«<j  <] !!;:! !F !!  ti]0!3�'t .;~!,3! > !I'-
Hor<. The c>3 ]v OEI<ier proYEQi!le!Et: esh>tvater Ho'<Iree is the  he  oui]cex«-;
River '>vhich Ca ex'H t�1i]ce310 BB'' at j he tolv! t < 'i   !Ullcoiie.

Seasnx!ai distrijtutioi! nf -reshv<xi!jer dischar<,P. ix!t<! Hood  ,'QDQ] fo]-
,jr!N<s  j il !.'<'!+>' <!	<Bi tea'I'! j Bod Es p. ixl!QF]i<< 8 I, AllctiLtll Gf the QDI",uai pre-
!:"ij!i!a  <FFI c<!x'ies ~ Th !3'!'t Ls sollie i!ld>ic<QEio Y oi 8 HE!olvEI'Ee]t p!:Qk EI3.  .QFly
<!pFEF!'»3!lt<"' HF'!v !F!<I] <~i the stree! ES ox'I< Euate. UE the 0 yDIpic I'v'fo�!lt<": t!ls
'!vft!lr , j!ril! ;t]'!B]]>>3 h >F! ! !te 0 ]0'eve!.' 8:e>vatic>xls, sxio vmeit oc< i!x'H ear"
iler  hali 131 t]!!3 Cascades.

A]tl�' lgh Hol i� Streams, part!GU]BF y ! 3 the '3p]axids> f]or < ove!' heri-
F<at'k> xi!ost -']0'vv over 83ix!. h ~ ou«h BYPBH v«here ihe e !8 ax!  ill!'GI1soii-
 i!!f !d  ov !F  lt <s� i <'!!' «veAi'3'! >F"  j >' tt th ] 4 !s  x!F!G!!!ls<'3 ! f !t ,". j jra"<A! -'�!'t
1< !I I< >'FG' FI la! t> > h t i]F]F<!FH io;.!'> jr <!F�: j'!< sl!!,"',]i !Iai'tY ',j!Es  ]F!E ! ti U! '3!''e!!l I'!..
Br> 13'. !> >3'j'! t  ' < I<'! 'lF . I'F It'< !t< !! ts E� tr� !i j o!l  <' lt >'i lt tf!<.. F!<B!'j !  !t''>
jr<>�$ j'! tl<t >!'i< t j'1>8%< 8!' ! ht'< tk >j! <30 < 'El f UF I'!!",!' hv ah' Aalorl BF! 3'j EF� >ir! '..!'tta-
!> OU:

F<x<i!ctjy> j et' straa<xts >3» i 0!her  FB!xsporti Uq ageEYEH carry tit<. parti-
1'.."]es xhev FF!ove ~<3!1 j '!v]t!tt h':tpj!PE!~ t!'! E]!<«part!clPH v> h ! i<'. thov BFP he�1k~
c EFFIB� is  >; t!' !'I!!ejv  ' !F!x!'!I�1<'.   <«F�3 ' !Ifv p<!rt!<:les Br > ca x!ed. !3]OY33<
st '� !IFI!h!:,': i 4<>! $]E<']IF!': c>1' !'!3]]I'Il~< f t!' E!':.';!!ill! j, QFG xDoved UE 8 seri<!s Gf sx!IB]1
jumps 8]ong Qlid xiPQF Ehe bed  sltijxttiol!], or Bre Husp xided in the v ! ier
Is! spel!siGD].. w]] of these p ~ ocessPS QF!I at  vL!lk> 1D varyEE!g !]<agre '� ix!
the FivPFH B!XL!. HtleQYXIH of t]IP, PE!get Hot 'Ild dra i!IQge basil c

The s!zo Bx!d q!183 tt!tv 0$ EYEBte.!ai 8 HtreBEY! 1110vos dPpe3!<':8 oxi h I'vv
fast  he Ivater !s Fllov311g Bl!d ]to%i i<3rge the ci'oss-Hecj'toliai Brea is, A
Stream>s cor?10 !EGT!Ge IH '=!GI!'QHBI'e Gf the ]< FF!<est >Gart]Hie that call hP.
 x!oved' .tl'30 faster the <>va jer is EriovEx3g> tile ]Qrg IF Es the JG 'g>est fragmPDt
[hat GQIE he el Fr!ed. ]he Htrea	3's GGpGGItj; Es 8 6; las lre Ltf 'thP, tiot<!i v0]-
U <xe 0$ paxtlc]es t'!at ti!8 sjrealxi cBEI carry, Capac! jv de] <e	ds Upoo. �H-
chargP< 8 measur» 0$ ho A, 3013ch I<! E'er IH Aov~ix!g 3EX ihe stroQDE, .>i!I<I l
d Each�':tl". e is thP, prodU<st ! !f speed D Ui: Ep4! .6 hv cross-sectio!IB] 'FPB, at
co!YEpara>3]e spe!!ds larger HtreaxEIH cc!rrt<' FIEOFe sed33oex!t  hali HDIB]]er
o!les.  .>GYEerakfv, s:I'earns deveiop ]argo' cross-Hec ioliak areas h<!E  !3!ove
!x:ore s]olv]> BH Evat<QF Gloves dolvDv:Qrd tron! thP: stPQ]i U! >felid areas to
hroad E]at rivers' !ds iX! thP jot'<I]QI!d. E.QE!se ]E!exEt]V> Bi hough 8 3'iver s
capa it' !Elcxeases d! <wx!stream, i.s ctlt! !pet<8!Ece Usuaiiy decreases,

A%lough there 1s!3 gelieral I!e move�!e!!j Gf sedilxIBDEQF" p'�'tie]Os
dol<t!I!s rear!E> th!s 3$ usual]v Bc .o!!%pl!shed Ill 8 SPFIPH !!f H,<8>o<s $0 ~ 8]] 41!t
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trav< veY' v' srnBiles' gl'sins, f B: gPF. I'Evers nlove d groa:cr voh'Ynv: Ut secll-
ment< but ft tvllds fo bo filler:Y>ate ii!, fo Bd:li3hir>, sv< < c>Y3;- f vc�iatinns
c>f river d:sc 4BFRB BYfect bU;4 colnpetellcv, YEYEd c Epaclt'<c fTE bigll ruiloff
periods, 1'lvers I! >C>ve ! >0!4. l 3!'gei' p<3Y'tlclcis <313' B g3'eater to:B' v�41Y3>e  >I
DlatPFial. BIEring bi' h rnYEUH, rlvoTS BTU cidrnpetl nt. to bI'Ellg sar3 f  ind
e:e!I g: !vcf-sized par,icles to -:.l3v, riv.,r Ynouth and irito the Evdter clf f'u-
g  t Sound.

.Although tile rivers that eEIter:-'u<gv'  Sound are thv. most Obvious
sed3nlcn so'UI'c;I '. <Bflr'Ust a!i c!�3  !Ii vol l irnv Ot >!a!'t! cf vs BYe n  t3'  >dll>',ec!
.Ento rhe SUEInd II'UETE non-polll1 sour<!Us along tf1� s?Y.'.>Yefirle. f his shor '.�
1!3le sou 3'ce d� '!Vc>s I:; sed!Hie>3lt 'tro <3 B varlet<  Uf pY'oc... s>.s BE'� I otro-
duces lt dl lrlg tfle shore FB flcr than '>nfV ut r'.Verlliohitfls, SboT !llrl» IYE-
trod!'c ect secfimer>ts are cleriveci bj 31atiira! processes s<lch Bs beach Bnd
cfiH Proslon bv 'A'Bv>' Bc'.iUIE, ill sol ~ 30 ciisos< act'Ivlt t>ds sucfi Bs 3oggicig,
beach pYUY?.,t!on, or drv,.lglng can resnf't ill  ;onsicfvrabfv, EYE lditicat' I ~ I
Bnd, fridqueEY'fy, an increase i!I sediini»ii;-ivitl ibli; t'c!3. sboreli:ie tra:is-
polt and deposition.

! �  ',0�tY"=!st '4'3th tn! fIE~h eIYBE'g<  EPg!EIaes of t'3v. Ylvers Bnd:bP, 3Eear-
sf lore "Orle Uf vvdve Bi-"tloll. t.'le bulk of P>!got Sorlrii 3 3 s a li l''> i'ov 'g" c!3!-
vl' >3nrnv! t. J,c>E>ver BYEPrgv 3$ ass�0:dtPcf <,", 3 th Gvcreased speecf of 8;Btvr

Med Q Se � Q C~:::ve!

Ieig''T» .'. ' > !<i :">>:: i>3 '-!'eve.' iIE1xe<i E< i l< 3 >3<- 'e< >3 I<:.'v  <>'.".e>>> t<i '1'~i >.'-
T-'Ilv!! te» 3Y'" 7B< i" <3 ' '<'i<e "'<'ii 1<: iie!><>$> 1.,  >f>i e'I<1 «'>' i i



7'bri Si! tp� and t>rar<~ O. P>dta >t S� tn«t

xn !vPIDPDt, "Arh:ch results i'� ilkcreascd «trdpcsit;0 I of scdikIkentary p irt3-
cles, Ot a'l the sedi xkcntar~ particlv>s carried to ti«3 Sounii, thc great
bUlk BI'P, deposited <>vitr!ix! the S  U,3 i B3 td ol3.'y B vv, y sn3al  percexitage
Bctuall; Bre cartied Out if '.hv, system beyond Admiralty inlet,

Because lt ks coveked bv «vater, se iil!  PI!t;:t!'v ! i! ': cl" Bl t'kat has Bc .'ll-
Inulated at the seafio«ir  ',a� !ot bc observed or idvntified dirvctiy, Ah
tfloUgh infor xkati kn concernlxkg lyi!8 Bnd distr'.bl! t'03 t  if bott«ix�. scdl-
H!ents 3 s rvquired by geclogi s. s En «f3'dv3' tc Bns vcr xnany «tucsti !AS, all
Ot t3Ies  «fuesti0�s t!lust I te «lrlsYrerr- d indixe .tly by 82 a!Ilini'Bg sea fh ior
salxkp/es brcutxht to thc surfBce for exa>X!inat:on.

Sampling of bottotn sedixnvx!t xcay iic conducted 2 sing subxnersi-
bles Or dl''ers. but thc  Dost coxnnlon xncthods involve .olivci:og saln-
Jl !s froIIk a skip. SBIIlplin+ p!.ogranks v�1'y «pep =:Eldilkg> 0,1 the info, xnd-
hon sol!ght, the depth:,if t.':le vvater, the nature or the bottom> Bnd th i
B kalyscs to be ccndU !led.

Sampling devices have bven designe«i to fit m Dy different sitlla-
tiocs but belong to onv. Ot' tl re -. <>encral classes: dredges, vrai   saxnplersi

3>'. ld 6 Sal! E 2 Blat/a'.

.-:ptkra 7,8 Evhara rt<><a s <3<ap;,s.'t targe;.o.' txr a- <2t sax it a;i<t �-ra«at, si�2 tv
<tp!tas ala tutxrt<t<t. ski<'3 as tt: asa at tha t�«a'tits a'. tt!a St agit > St 3:";ay,'.>ara-
:sh, at   I St!a>t� t tstt  'ivakrs. Sa 3  ti  inta i< i  s nai . >4;»t>i! i� '.<V tai's st:aa
.;>a>ar:E!aa tais tttata s,





E t! ! 5<E tp» Gnd i'07<H 0, Pat>8< g<>!>t!d

Bg», c EXX»!Its rPROv» H!1! ch of ! 4» fEYler ETlateT'Eai f3'03Y3 p<!<Orfli su!'ted g<B-
c]BE ciYift, TE>btcit ux'lgl 3QEiy covered the i!E'ea. Yf lese  i ]pus!ts 3HEp?v 8 Y3ei
I'8Dluval uf sPdl!Y!P�E B3 t<t reEBtl<ve?v i! Itic depus!�00 4y E!<Qst<ciaclai se E!-
7HPntat1031. S03xle uf the YEIOE'8 pIOH13EEPt!t exal lpios ui this conc it30!I ate
! FlgUx'8 7.7 ! AdYYEirafty E3 tiet Q3!d Yili', Narru;vs, Bs !,',ceil 8, n!ure Eocailzeti
uccorrences SUch as Pickering Passage QHd Agxtte P<tss.

jh sec�H  i i ',hat Q' 'tel'istic buttoHE svd3!I!i '.Di dls trio ntlun 3, tb 8 rvs DJ t
0! d83>0$3.tluxl of. EQI'ge voi!EYHes Af se<iiIEE»YEt by xlvBT's !E' igtl!'t! >',g 4 SQDd
and grave! traHsp«<3'te i 4>> f!Oudlrlg 7!v»3's acc13HTUic3t<!s ciuse tu thP: rt!?87
Hlo.:Etb. !n the turin uf dt,ita deposits. S!II <s<sqEE»I!t sorting, rest! sp<-,! <st< IE,
BDd I'8EY!ovai Of f]HP7 par:Eel»a gives l'Es» tu the san Iv  I»Ett!i'' depustts
that gca<3P. <QE<?!Ey ft'OED th<8 X'!V»Y' RO'clths !YE!0 f!tle butEOEYE SedlX<'V'Hts.
Yh<!S<c',  i»hale depos!Es 3'eprvs813t tht' xE!ust Obs crva:>iv: case Ot s !'hrtl»Y!-
tarv "fi?ling-EH:H the 3'egIL!D. E he TY!ost pr«<!H ix! ',! tt <Qxa!Y!pi� of tb!s
s»diment <.tistributEOIE is associated v>it?t the Skagit P<Eve.", m48X<!  I :!talc
«Eeposits Bre rapidiy ftihI!g:i!E Skagit HQ,. �ther prot!t !«BEEt e! QDEE!ies
BT'8:4 P, Stii i Bgt!E!' !Tish, SDohoIDEsh, QYEd. I''<<is<E<EQE?y rlvil' dcitas,

A tl3!r«i charactPxls,3c ?QAttuYEE si] EEEIE{]Dt  $!str]413tto	 0,!.3 48 04-
serve 6 cv?!878 'tbv, s407»EEET» soUrc» uf sed!n3vnt uv<:.rshadu<>>«'s thv. cunt73-
4!EEE !Y3 OE XEver 131p!tts iF'!g!17P, 7,9I, Butt<:IEE s<ei41 1 .'Ht tolH!s 4B'3 is pc!YQE-
Eef tu 'he shor»i]H8 vc>tth cuar:8 sediHIent close tu shore and fine
c'ate!'3ai. Offs?!ure. Y43s ' ra iatlun f7«<!T3 ci <!3 'se Eu fhle !8 78iatPd to El!i'.

g:adatiun fronl fast»7 to sio<;,>er !v.tE»r tnotiun t»n»rgy!, LH:h<Q shQE'uw
Ilearshor» zone, th<; en .rgy!8:»E is higher 48CBUs Evat>e Qc:.f071 is more
effectt!ii' un the sbaiiulv button] tha31 13< de»per vc?Qt»7 uft, <<078, N<.".�7-
shor», coarser Tnai»riais may be Inu, ed Qn i f'iHP. 7I] uteri',.is held in SHS-
penSiOn, E3ff'Short>;c Veil> 'ittEO COQYS» 7X]X<te;.4!t iS Eeft '.;> 4» ROVV i BH i
»veil the hllest EDQ<ertai teHds D > 4 . d .posited. ' 'his geHexai d!stribntEOYE
is prubabiy the bvst  tpE!ru! EIEIQtioH fox a T!ortn  !t average conditio>n
'<E><tthtn t?te Sound; 3E zepreseH ts 8 31<'t ftHEEEg!x3 L>f 1?1» deeper pi <3't!0�$ <'f
<he SOU I E., SOTS» n30XP I'i'.E<!'~'.Setltaticc>8  'XB!Hpt»s 0' tl 1! S <.'.�31«iltlutl CQH. 4P,
seeH iH Saratoga Passage,  ,'Brr Bnd  'case '<I! t«,is, Qlld Pox  ?37chard,

'N'hz  Next.

HPcc 1! Se 3 48 SI'Ea tie o<E' 'I hce BUXEEE  E!  Itc i<3<! 813 1't j! s   >'Us i 38 c, <7!E3E'<Ua I tv
chang3ng, it Es Exlgvi'4>418 thl]t PE!gt".t >ol <x!!E  vi/I <EEB� »3!<atxg t. Yhe ch<EEEge
'vVEEE 4 ,' the 78S! tiE Ot:t> ts'tlu�8 ': � 073 >>tl! D" Shirt!SS !S c! pE!he f k!<Y Inany Af thP,
same geiciog<LQE p>ucosses That 4!Eve f«<]EY!ed I'c. B!lt tbe ratv. «<f cf!;><It te
c3nd the areas 8'feet» E Vit? reXDQEEE conlpa7abie to I<?EEBE ftas happ»Yled !!1
th» past.

03 ! the 'EYD»-sea?8 of B ht!EHQ3! Eil»EEEYE8 M. 0 can 8'. pect to see chQYET<»s
res!E?titlg fxuxn se<3in!8I! taiEO 3., Yhe Rust obv!ons c?!QYlges ln the shapP,
Ot E EEget SOUDd arv thv rv!U<t uf, 8 I Ex3 tv!3 tQY'' p!'0  esses, 40t4 < <70!!30!Eat
<!x!d depusltlut!Qk EH HE!!E1y cases, EE T!YEQD Bct!vit!»s J!Bve EIDpactvd th.



The Ch EF gi iig She>ie c~t P ig<et:">�UE ci

xkatul'8! se IUDGT3tat30X3 p3'0 'esses. FtoodEIIg Bnd Hood"c�Htr�! krksta!!B�
tioXE have c1183'lged BIG shape ol the IEGBE'shore Feg>loils at the detEas of thP,
Skagit, Snohomish, i3uEvaEnish< and Pkiyai!TEp river.". 'E'he s�dilnentaly
plocPsses hat ilave Iesutted 3n ! 83E13ng cif  .,83x383Ii i ksianc] tci tbP, mair -
!8 3d MBUT v to Vash�ET  s!and and 5!!BrzovvstoEIG to kndiBEI Js!BEId have

BH had 8 genero;is assist hv>3H tbe highway bui ders.
�3T 8 soEnewhat !OD; G ~ tilne-scaie, iuFXhGE tiiiilkg 311 oi xkorti i',<3siGFH

Skx <xlt Bav can be e2 pec-:.Gd to provide visibie changes over tho next
sevexa! decades. Yhe p3'eseni <scatiEXEGIEE d3scbarge 3nto tbP, vvhkdbev Ba-
si31 Es fxciHI the regs, >n s thrGC iargest I.'livel.'s Bnd I'Gsuits ln thc'  BI'gest
sedIEIE >IEX ac ;un U/Iit3036 Fates for tbe e32tire P'.E<>et Sokind $$'stenz,

Most 06 Xh� geoiogEcai px'ocesses <A'Hi w,'irk E'io s�'vvt'j [0 be �ppar-
8363. ti i us HF OTET' 33I3Y3Md3ate descendents. < ithougtk scdEIDGDtat30D Is
caus331g the Enos[ rapid ch  xkge< t t v~cik'dc: 'take on the orde of ten Enit!ion
< Pars to c�HIp!ete/y fi!! lrl '.he S�und. $t;s hlghi" IDIpxoi>abie that Puget
Sounci v'0 iicivanmsh this <A<ay hovvever, P!ate bouHdarv processes are
8/So actml> Bnd, Though EXEUCh EXEOYG Sto'Wi<>2, 'P.'Eii ContlXE'ic' tO XEIOdi I <X itic
shape ot -:.he CFTEst---ti e Oh>mpic BE3d X;ascade mountains as:veH as HIG
PU go 6 L� w 1 BD d

  Eve3' thP 3182 t te3% H ij!ioil veax's, chaXE es sh�U!d take piece Hka IvHi
shiit the p!ate boundarv troxEI coxlve3'gexit io sti iai' 83 d 3x3'= ke thP co>3It3-
Henta! mal'giTE oH E,IIashTHgton and Ur .'goET XkTofe ilk ?  . Bi3iornla and
southeasXGI'EI A!aska. As the 3 !OF�<6 <".Hd tuBEI ale Fuca spl'!.Bding centeXB
are progressivP�> subducte !! tb� otfshor .' subductE�16 zone BEId:<he Bs-
sockate< i convel'geEIi I <HUH d<6F<g i ii'OCPssP, <Ev3!t 4Pcome EncreasTHg�< !Bss
importaEXt. And on 8 tixEIG-sca!G of severai teris oi' XEIHiioXIS oi ~qe<3 s<
thai G shouid be 8 3 G! «tive!» major reorientation ot the gIoba! piates.

89



Bccretroxl l~»d<jr lon or x!8<A> x�8[8!'I 3[ - PI g., frag!�8!3ts 0[ conti!!en[?] =?Us? 8: 8
<,'Il bdU :3: Qn 8'! He <II: '3'PI i, II? t! 3 <I '«ir[»er secrlolx c f contlne'xta] C.'E'H st.

E3[l�vx inx ' Ilioonsolldateo> fragn!exits] Iixa?Pr!8!  <epc!Si I<'.d bv st!' !'<3 E!s in rlvor
hPc]s,?]One] plains, 'akes> fans 8 t ]be ic!OI Qi  !!OU3!:ai E SIQp8s! al'3d 8 ?Ha?les,

Aixii][ea x-tvpe h !nxldlx 'y 1 1<!le! hoxEXEd iry l!vhore 088 l xic: QI'«xs! "Hd c:0�',3�<«',!it 3].
Hr'ist;ire conver<ring; oharaoterized hy an c!ffsho!8]r n! :h;3!3 ] 8 x�agrna.io aro
ill nearby cons a! HiQUHE 83 is

Br' : terr'axx� !1� <ir�'8 I:[3 IX I!! 8»r.'ze ] Hy 8 gronp cf rocics ol' UE'os[BI Hxai?ria] Iha!
c?r]gil:Bted c!r oc Palxic cri st as an is]Bird ar :,

Bsthexxnsphere A shel] Ix [?[! In t]«: 8! Ir]b xvh'lob;:8 8 zone of strnotural v'>eaknoss!
Hapable of heing pl a«I ica]ly  ]eforir<ed; tixe sh..ll 3!8]0 x> the l] If!:!Sp!3 !Xe.

4�«ck-are ]!<Mxlx <'x basin, .Qirixl!c!H]y Ur dei'] H i t!y  !I;8<i i!c, orxlst, between. BH
Qfts '10!'eve!]c:axHQ 3sh3 Hc! alin <3. !el !3 oon<l lent.

[3asa[t A�  ;x',r!3sive� fine-graixled> dark ignec U«r !ck, i i ]3 in [r !� an f nxag-
xxesl<arrg ohara .te!'[stic ot 0 ;?a!!ic! ' :3'i!SE.

]!Barr  A de!! E'ess! C!n!  i <]M3 sn<ff[oor.
4 lt]x�4th A XE»laxlvely large nxBss cf lg!Beo!!8 3' !Qk fc!I'Ir i!c! bv c! c?p-s?Btec[ 33! tr'<1-

sion of zr agnxa,
[3atfivir  xt3'y M�I!sn 8EX  ir I 0 tfxe n<epth oi 8 body c!i «va[8 ! i!rc!I:8!ssii ] c]8[ix d?p«ot

t]»P! topogr? phy of t]xe Be<i ?Ool'.
elastle to isis'. hxg 0' f!'Eignnixli s Qf 3' ! :k Qr Qf 0" Baiiic stx lotixi'Ps [fiat ]!ave b!38!3

nn!ved 'Iixdi ':c]3 EI]]y frc!n< their plaoes of ori«!iix[0 EI:!]E:.:!c, of c[8[!osi Eto!3.
corxver<'exxt honildBry fn plate tile:!c!!�c!s. <I t!0��c!!3 v h itlvPcn twc! lit nsp?I? '1 ;

pla es t]E<3! ai'8 c!0..!vei'ging; c[larai.:xel'is?loaf]y "Mv? a BUi!'inc!'Il!� zc!XE� w!3 !r !
i!ne 0] th?, platos nxoves UH c[ei' the 0: h8l > !3 H i 8  Elagriia[10 ar'i? On t]xo Qvcrrlcl-
1 ng crnst.

 :83' ]ill] !3'll .'3! g3'01Ep Ai Er�� I?Ella raixg!es. b<is3 ca]! v pal'!3l] 8] ! h?]Hog!i!i?, I I !3 s3 nglo
Er OCIX!t E!rr bnllc<31!g sys 8>ai,

«crxxst Solid on?Br ] ay el' 0? !he PE! r<h.
cl!etrxlllis [' �18, paE'ti :Il]a c! ''48]!xls, U" Hai?v 0? inc!r<'I" �ii: Hx EI !3'3a] E!E'0 hi ?c] b<, I".18

rveathe ~ lng alxd dlslntegrai ion Ot 3'Ook
dlvergexl[ holx� l!BE y r< bc!i!i!d EXy betw!38n two l thosp]xeric pl<n<es I.:iaI «ire nxov-

Eixg spar[, c:!!Bl?' ter3 s<ica?l!' with 1 elv c!Oeaixio  ;3'!is[ h� �xg I:rc',<!ted along 8 snh-
rrlarine ridge.

ec]xn sonrildxlxg 618 3 is of Er«?I»xsnrirxg tho dept?1 o. Xvate  hy ixieasni'ing ][38 ti E3?,
! Hterva] between. the release ot B soirnd poise <Ind!he rebnn Qf its coho troin
th8 ho?tean.

epioer ]83' ] lie pnln[  ni the 88 ~ t?I s snri ace dll'ectly Bnc!ve 3l Ii! [cI :xis 0.. !30 ear.h-
qn<ikp!.

erratic 6 traxisp! ted ro k f agnient dffferexxt from the bedrock ox <vox'c[3 I!. lies;
gene!a!ly applied!o iraglnerlts transpc!rE8 l by gin<I.E:I] ioe ci. f[ !a:.Ir g loc»,

e!ctr rsxve rock 7]xose igilec !xs 3'Ooks d?i'3«ri' ] [ro�! nxagnxa po'Bred ont Qi' 8]8I.?8 E
8: t]18 881'I. I s 8 0 '?Bi c!; Svrxonvnxoli 5 wl l< voloa H !I..



4 ]OHHQ< 3,

jeek H 563 lk>IC 'c ' kr' >!<6 c!Q>ri' 3 E> '.~.'<3 3:."[3:h '  ,! Ik'[ vkr ]36 6 ar Rakkn j'63 k ! Hh;�] 
c >"' g'' [!3 «RS.

tojkatlokk < [3<r're!a<3!~ c[i' ] i!3 [3 [3 a! fr! [3 [3 f 3 !8[an'o' '..hkc I'Ocic.
ff'�6tkfF8 Erolke LOB r LIGRRT Zorae C!i E!'3'Pgn]!3[' ',l!j';31> 'kp]3" !'I3 t][R Seat]OOT, '!.Tf!-

 jk:8[3[]y   HH:! :]<[le:t k'kith HheaT bockfkdd-.c >s! 46'':k>!f:en 1][h:!sp]366' , pj!3".ds,
<ceokk!<qf>k!etkf FIRM j hcr' 3 [] i! f-i'r r>3<[< i» ir' ]fsj'' ot t'>c-' 8-'"th
g]a! Eaj dkkjt 86!..in Rk'lt ikk t a!TSj! XT'! bi,' gj io[!!TS,  ]Rrj! 'ksi! 6!' [>>,,' g]d�3'S, 0" PIE.'-

«]i![3!!Ga:i:1>cr �] ~',RC,[i3! A>" g'ki
gjaciotj [Via  PRTtaim ng ',O H XRRO.S i!c> >fan ! g .'". QIR! g>1!!Cie s '! T the Cepos[ES!O k:>i�

j!i !>Tie:]3 S[3'!3' n [H,
glacI�1[3cfkstY13!E? >  [3'! 8!  !k!'E> io '>1 3�3 ! R [6k!t%v rt6F jakes QT c]eposi'cs cic!c! i! [k[] [! Rf:

EPTIR� fs rolkk j C>f!] h>:[3 P j:!!y OOO]kn[r an ! HA]i ',!," [ [<> r>c !nii[ 31]c Xr!0][en
!nag! I!a.

k[kte['sja $8 c>jk lk't peIIc>c] 0" t[II� rkr 'clk[1! <3 ]c:lag8f' pe ko > f!i g] af kcil io!I »'krnen  he
'C!CTI!!T <ES Ci] [][� g] [f ka ' 1 :f! 'H 1'Ptf'Ha[rng,

Ik!tfEkafcl>P Xoek jcrrofs�'< r> I'Oc< ks !c>E!1 ;][ Q k<>ni<:If> k»IRP3 > 'Xftf'll '80 k�<'.; Tlkcks   Cioj c E
I'[i!P t]k k<r! t]['i[3 [ I'8a'f;i[Ilk<a <46 H>d t<RCR.

ksj<lkxc4 81'8 [ heck<ra< i! j cr'c >]r.'.<ix[3 ' kfr] f'kf]I ] ik'3[366 on ocpan[o ex!I<sr 8]G..[[r «[  [3�<c>1[38['if:
<i3'f! c r >i 6 n tkr'vro OCR<el	0 j!]a'<RS c c!rk rrr<HV 3,

!apax[ ]vj!f! jlofkfkf]ak'E' f<,ol "6Fgernt '!on I ]RT!r c;ha!'Ri:i� i: I!' ] jkkr 3 i  if is i!AI'I[
nkag[kk! tc : HXG Sflp! Ta:. C f] iX<�[ ih [  C>ki OXPX[  j!, an CoeaniC::rasin.

]C IIX[3 E rc h3]';!I Hrik  I[ -:II RC>TI]RT Xk j<ei!   f CX[ [1<6] QT S [3!it:!�0![,:,t<3 j,; � [3;3 [Rj', c . ',  [
TTE 6011'ran  k>r'3 ch <g> j[3 n 8! 'if:<rs

j ett]8 >   dRPXRSHIOD kra QE'[i'[ 3'r "Ine i!kr ' lie kc!f! S� [3'» '=Eve<[" C>1 !3 Cje' RC hect ' kaas O.'
ic>c ''f3[* [!:6 lr j38< j3'  ] ]3  P3 i Riche icr jko]]V 01' pdti i "r l!GTT[.A ! n [ [!I GT.'.h.

] I ikstk�� C'j k!r [ ]air i!T  rri;   r!� ~,', Q; kf!T [36;i ! Q
Ikt]3 [ap]xf!3[6 Y>!c! 0!Ifc['r BIQ poT! [on 0[ '..c:8 P k:! 1: !E3  h!  ios E]36 c'Q if i ie[3'' ,3] ''nf]

OCR <3� C' r",Tk:Ht 3  ! C[ f!if! k[j: j >f33' t c3 t Ot the !Orc Ik'.]6,
IXkahe xoejc >cook that Is !Roh ! [1 [3'f [3 a!!I] [3,<!P[3 !E:92�;[3; gene[' f]j>r .'!><aolk'< nko IH

Wi't][  ] [3'k f!11 iof"ri.]S,
BER[>IXIa ><<joice[3 TC! .K !3!c3tRXIE[] the! ~ fAI'IX'[H 3'c 160!k. IC>f.c.s >kpon f!OO''IT<i 'v' [[':;kn k

'] i<! ' !'6!36]  RS ' he C ak'rh H H!17ic[ce is TR!'8 C ak !0 !3S ! ''v'll,
 Ik it<I XI�X'I34k� MICk j3[! 13!!" RS 'r' i [ E ]3 >'!3! I'OC ks c '.>IR.<. dl! iiora 'h a ]I'f;a ]cr HO]if j, ~83<<'f!
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