HISTORICAL INFORMATION

ABOUT THE GLACIAL LAKE SHORELINES FROM THE VASHON GLACIATION FOUND IN THE BEAR CREEK VALLEY NEAR REDMOND, PUGET SOUND PROGLACIAL LAKE STAGES ON THE EAST SIDE OF THE PUGET LOWLANDS OBSERVATIONS & CONCLUSIONS:
GLACIAL LAKES OF PUGET SOUND WASHINGTON & THEIR IMPLICATION IN SALMON MIGRATION AND DISTRIBUTION IN THE PUGET SOUND REGION WESTERN WASHINGTON o | |
The Washinaton Geolodic S 2017 Geological Society of America Annual Conference - Seattle, Washington A series of immense glacial lakes once filled the Puget Lowlands. The lakes
WASHISHTON GO I, sty g e S Y - : GLACIAL LAKE PUYALLUP - OHOP CHANNEL Surface of Lake Puyallup is : . were formed when fresh water from the melting ice was impounded between the
published Bulletin No. 8 in 1913 S Wilk S 383 Booth #324 Surface of Glacial Lake Puyallup was 550-600 . . . . .
- - usan Wilkins ession 363, Boo : Surface Elevation of Lake - 600 Feet 600 feet above present day sea level, feet above present-day sea level and was continental glacier that filled the Puget Sound Basin and the foothills of the
- Bellevue College, TELOS Program, 3000 Langerholm Circle, Bellevue, WA 98007 & eroding to 550" before abandonment. ; . . :
e "Glaciation of the Puget Sound Susan@WaterTenders.or controlled by the drainage channel along Lake Cascades to east. The elevations and size of the glacial lakes were controlled
Region" was written by J. Harlen -0rg e E;{“g?g}j“g L IRc OhepRRc cal HIESCnt by various drainage channels located at the south end of the Puget Lowlands.
Bretz and described the glacial " . . . . . . . BEAR CREEK ’
BBdto0 of the Puget. Sornd features and the glacial lakes of In GIaC|at|qn of the. Puget Sound. Rfeglon, (1913) J Ha.rlen Bretz noted that glacial Iake§ had f!lled the Puget Sound Basin. His work focused on the outlets and elevations of the RASIN poag ) At the end of the last ice age, the Bear Creek Valley was submerged under a
Riion lakes, but his mapping and descriptions of the boundaries of the lakes were vague and imprecise. 9 _ . . - .
Puget Sound. 600" from the edge of the glacier to the Cascade glacial lake identified as Lake Puyallup by geologist J Harlen Bretz. The lake
Bretz located the outlets and The lake that occurred at the highest elevation above sea level was Lake Puyallup. Bretz located two drainage channels for the lake, one at 550-600 feet above sea level in the R ML L extended _north'SOUth more than 80 m"e_s from Eatonville to Sn‘?hom'Sh County
Hy 3, HAKLES BisTe elevations for each lake and Ohop Valley near present day Eatonville, and the other at 400 feet above sea level on Clover Creek near present day Tacoma. (Figures 19 & 20.) Both of these channels exist : o Salmon that hatch as the glacier is advancing (and possibly further north.) As the glacier melted and successively lower lake
summarized the information in today and their size indicates that immense quantities of glacial melt water drained out of the lakes through the channels. | v’ will be forced to migrate to saltwater through the levels occurred, the Bear Creek Valley became a protected inlet between
@ two figures (below.) , o o - , , _ EFE ot ChElai RN Education Hill and Union Hill.
The Bear Creek Valley northeast of Redmond lies between two north-south trending hills, Education Hill on the west and Union Hill on the east. These hills were deposited during S ik s e
Glacial Lake Puyallup (two a pre-Vashon glaciation, but were subsequently overrun by the most recent Vashon glacial advance that left the hills scoured with steep hillsides and a central trough where Bear i ArIAL wﬁlrgs;wnﬁnrﬁi;;nelerf;%ns é_mfﬁ?iﬁ i The top of Union Hill was eroded off at 600 ft when the Ohop Channel was
X outlets) and Glacial Lake Russell Creek and its tributaries flow southward through. VASHON GLACIER LAKE streams flowing into Glacial Lake Puyallup. active. The top of Education Hill was eroded off at 400 ft when the ice receded
are highlighted. PUYALLUP . .
The entire Bear Creek Basin has such exceptional salmon runs that in 1990, King County designated the area for permanent environmental protection from development. The CHINOOK DURING (blue outline) : .er,:OUQ.r,:tfortthle Clﬁver Creefk CI;afnneI ,:ﬁ bte aCt:,vti' l:]/hIPO: I?Ee terﬁaceﬂs at
F— salmon runs are the result of valley's southward draining bow! shape that was created as the Vashon Glacier receded. Although there are a number of residential neighborhoods, e RECESSIONAL STAGE : Kokanee Salmon Intermittent elevations are tound from the top of the hills to the valiey Tioor.
TARE PUVALLUP SS6(0Wm| the valley and its hillsides are relatively undisturbed. : 9 y‘ (freshwater fish) . . : . .
\ COHO go, {W; _ i T The Bear Creek Vglley is unique because it was not sub!ected to massive
The walls of the valley from the tops of the hills to the valley floor appears to have a significant number of wave-cut terraces in the valley walls from a series of glacial lakes that o e e ] east of the Cascades that did not erosion and scouring from outburst floods that Qccurred in the Sammamish
it P e TR existed during the final stages of the Vashon Glaciation. The hillsides from the tops of the hills to the valley basin are etched with minor terraces that show that a lake occupied | cravel outwash Plain / experience glaciation. They migrated into River Valley on the west and the Snoqualmie River Valley on the east. The
. : the valley and the lake levels stayed constant for an extended amount of time - long enough for terraces to form - but short enough that the terraces are difficult to recognize iy { (sheet flow discharge) Lake Puyallup \ GJ‘ama_f Lake FPuyallup by swimming hillsides of the Bear Creek Valley record more than 50 minor shoreline terraces
o & EARLY LAKE TACOMA 320 without careful observation. || -Hi%‘E)SR R ST R L PR Kapowsin-Ohop Channel through nvergtover Sc?oguﬂ!m:e Pass and and 6 major lake terraces.
S s | - Elevation 550-600 FT ampede Pass.
; g T el
LAKE SNOWOMISH 250 eEs By examining glacial lake terracing on the hills that surround the Bear Creek Valley near Redmond, it appears that Glacial Lake Puyallup encompassed the entire basin on the S \ I g R A - The lake terraces provide significant evidence that the series of glacial lakes that
: east side of Puget Sound. More significantly, the lake was not under the glacier. It was beside the glacier. Lake Puyallup was a pro-glacial lake that was impounded by the Migration Route — / 4\ R N occupied the basin were open water during warmer periods. We know this
LAKE HoOD 220 : ok glagietrhon thet wlest and the Casg:de on;hiltls on the eas’f[. c,jﬂ\z)its Igrégestt_sizet,hLakerfPuyallup Yvasfmorfe thgn 7fO mi![els Io?t?, Z?tmiles wide and 600 feet deep. It was covered by / e . '. / \ R ('?nm foet) in e Given Rier, Crtdai because the west sides of the hills are more eroded than the east sides,
—— 00 ] ~ ice in the winter; however, as evidenced by terraces created by wind action, the surface was ice free for significant lengths of time. CH — o : = v’ -y River, Wallace River, Skykomish River, efc. - meaning that there were wind-driven waves. Also, the tops of all the hills in
LAKE RUSSELL 120 presiEe : _ J - often traveling 60-100 miles from Puget Sound to . .
1 y’ h » B8 | get to their ancestral spawning beds. region have been eroded flat - also evidence that the lakes were open water.
NORTH PRESENT MARINE OCCUPANCY S0uTH With access to Puget Sound blocked b}" ice in the Strait of Juan de FHCE, It dOE?"E n’!ﬂKET:- 5?‘:5& until ‘!"u"E' TE;‘:ZE ti"lt?: T.Tl-"le:.f The terraces and Out|etS aISO CorreSpond to major Iake deltas that are found
A F1G. 19. Profiles of the Glacial Lakes of Puget Sound, projected on a North and South Plane. " salmon migratEd to their native Spawn.fng grﬂunds .by Sijmf-ng up the 21:;':2;-'"&“;2%“3” a?lgsz:;:‘lsmﬁhs;le t?]rg?fas?lﬁﬁere th rOUg hOUt the Puget SOU nd Reglon DeltaS occur When melt Water from the
R R T S West-East Profile of Bear Creek Valley , Redmond, WA Chehalis River, through the Kapowsin - Ohop Channel, into Glacial Lake Puyallup Giacleroecupicd fhe Piiget Sound Bash: glaciers formed rivers and streams that drained into standing lake water of the
(approximately parallels NE 104th Street) and ieninin thely natlve sireams. Diring (s siage. Jow elevation soeams impounded glacial lakes. Deltas are found all along the eastern side of King,
—— W oo RO AN TG R 10 Y EXCNBHOnS [0 TP, Snohomish and Pierce County corresponding to major lake levels.
« R — = 4 Basin It is important to note the glacial lakes occurred as the Vashon Lobe was
s - sirsirereszestseressezesess e e T _ GLACIAL LAKE PUYALLUP - CLOVER CREEK CHANNEL receding, long after its maximum southward advance and maximum ice
= i - ' . . .
LAME PuviL UBLa00 LR et = N a e NN SR NN EEEEEEEEEEEEEEEEEEEEEEEEEEE® s 5 Surface Elevation of Lake - 400 Feet above present day sea level. streams flowing into Glacial the weight of the glacial ice, by the time of the Lake Puyallup stages, significant
—pHE SKoromion sco0 = i E duicaston e i 2 = T . léz;zgg’{allup above 400 ft rebound had already occurred, and more importantly, any tilt/depression of the
A'_LVLAKETACOMAMOLAKE*SAMMAms“ = uca [On [ |EEEEEEEEEEEEEEEEEEEEEER AI. I 000 R T i i, ’_f VASHON : - . I .
e 3 A hidosllaitle BEAR CREEK VALLEY is land was erased/flattened by the erosion of the glacial lake shorelines.
£ HooD 220 Cate Tacoma 235 _ s i - artially drowned by Glacial .
LA . . Kirkland Sl i fake p{,’ allup. y When the glacier melted away, the land was depressed 100-120 feet below sea
LAKE RussELL 120 | T Redmond _ Union Hill ggg fc;f Uncsoc;? HiIII is ﬂtat (elev level, therefore, land that is currently at elevations below 100 feet, would have
Top of Education Hill eroded at 400 feet Bear Creek Top of Union Hill eroded at 600 feet e hiloge | EPUCATION L% B su)rf and develops terraces been below sea level when the Strait of Juan de Fuca became ice free.
e Abgyebes teve iy Sieidl bk Foyalig st el e Srtscaliogud B A Puyallup slowly drops to 400 When we look eastward at the skyline on a cloudy day such that the Cascades
: s (Clover Creek Channel) (OHOP Channel) B : feet. . . . )
o the Gt ks of P S ok Bellevue . i Ceatlle & Puget  BELLEVUE . , . and Olympic Mountains are obscured, the horizon appears flat. We are looking
o &5-«:% S St : 4 Ep e SLLEGE Education Hill on west side of t the sh i f the alacial lakes that filled the basi d ded the t ff
Sammamish ; _ e 2 Eles 400 ; Bear Creek Va[[ey emerges a e snorelines o € glacial lakes that tilie € Dbasin and erode e lops o
a and its top is eroded at 400". the low-elevation hills.
Note: Western sides of Education Hill and Union Hill are both more eroded than the eastern sides because of wind-driven waves. R - Valley walls of Bear Creek . o .
Lake Pusallup and is = Basin become terraced by ALL flat land at higher elevations in the Puget Sound Basin was probably
ISRAEL COOK RUSSELL's " Rkt . gl et E wave action of lake. _ terraced by glacial lakes (except downtown Seattle that was regraded in the
INFLUENCE ON THE INTERPRETATION R— Issaquah : _ oy sea level 2 Zﬁg’rae‘;ﬁ’seg’ gf‘zfl‘l’g‘;;’e'r';‘;%g hills early 1900s.) Historically, the large tracts of land on the maijor terraces were
OF GLACIAL LAKES IN NORTH AMERICA CHINOOK § as surface elevation of Lake used for schools, sports fields, churches, shopping centers, factories and also
DURING THE EARLY 20TH CENTURY Using King County's iMAP mapping program that has relatively precise contour lines at 5 foot intervals and accurate surface distances and measurements, it was possible to CLOVER CREEK B gl Puya.llup drops. _ for SeaTac Airport.
J Harlen Bretz studied the Puget Sound Redion to create a profile of Education Hill and Union Hill that parallels the main east-west road at the top of Education Hill (NE 104th Street) in Redmond and extends eastward into o e : _ CHANNEL . KOKANEE Glacial Lake Puyallup drains
ge gic unincorporated King County. AR P Mg NASA LandSat Renton e Elevation 400 FT ' through the Clover Creck Laoking eastitowards Cascades. Flat horizen of Union Hill in foreground
document the extent of the continental glaciation. He : s 1) N 3 B _ Channel at elevation 400 ft. nglea a 3 T3 g !
ked under Bailey Willis wh loyed by th : : COHO (g0 i
yv(;rsr?in;tgne(rSt:tlee)yGelolfg\it guv'\-/\?:yt.err\}\r/)"(l)izewasya ° The tops of the hills on the east and west side of the Bear Creek Valley are flattened by lake terracing that corresponds to the major lake elevations for Glacial Lake Puyallup _ _ _ Snoqualmie River Valley was a maior alacial drainage channel Bear Creek Basin was isolated S : . _ g;if/gfg%g;'gggnmaeﬁgalong /
. : at both the Ohop and Clover Creek outlets. (At left see Figures 19 & 20 from "Glaciation of the Puget Sound Region" Bretz 1913). Sammamish River Valley was a major a . y Jorg 9 between the two hills and was - e L Chehalis River is immense and
T second cousin to Israel Cook Russell, both having : - : carrying an immense volume of melt water from the Cascades :
GROLOGICAL WISTORY grown up in New York, Russell became a professor at glacial drainage channel flowing thward t 4s E tt and Puqet S g protected_from outburst flooding that |I Foue [ . continous during spring,
LAKE LAmcTE the University of Michiéan but spent summers doing Many terraces are only 2 to 5 feet tall so their existence is not evident on a USGS contour map. Between the valley floor and the tops of the hills nearly 60 ancient shorelines northward. go walr _ o\\;va:Ir sh vere Ia“ ukge ound. Neal Road) f occurred in the valleys to the east \ | . sheet flow discharge) summer and fall and provides
e field work in the Pacific Northwest with Willis are recorded into the hillside that were eroded by proglacial lakes that filled the Puget Sound Basin. The shorelines on the east and west sides of the basin match elevations, no<|q|u|:| mie ? Ty _alsﬂrlpr:l ¢ mar ;’ (ex: “fa'f :a" oad)throm h and west. ~ Salmon — , . ;mgra;lontro;léelfO( 7‘7_’";(0"
+ amirsarant LARE OEACHEEE RS ' but the terracing is greater on the east side of the basin where winds would have been stronger, causing more wind action and shoreline erosion. smaft biow-out glacial Tloods over snoquaimie Falls and throug Migration Route L g’ o "’I;’ out or Giacial Lake
- Russell was well known for his work in Alaska and the the Raging River Channel. uyailup.
. Great Basin. He died in 1906, age 53, from Photos of Minor Lake Terraces in the Upper Bear Creek Valley _
pneumonia. Bretz never met him, but named the R VRS . Kapowsin-Ohop Channel
largest and final glacial lake in Puget Sound in his : Ty (abandoned)
honor.
Russell described lake terraces as either "Cut
B e e e e GLACIAL LAKE SEQUALITCHEW - SEQUALITCHEW CHANNEL pbor et Grodk Vaks o onger odcd
late-19th Century and early-20th Century, the study of

landforms created by continental glaciation was
immensely popular among geologist worldwide.

Surface Elevation of Lake - 190 - 200 Feet by glacial lakes.

Lake levels would have been low enough for

| USGS Lahdé}tLuuk

T -
| M e I

] salmaon to use Bear Creek and its tributaries
Wave-cut terraces were so well recognized and for spawning.
understood that their description and definition were
not included in discussions of glacial lakes. Their It must be noted that the terraces are found at the tops of the hills and also occur along the hillside at intervals all the way to the bottom of the hills. Major terraces indicate Chinook, Coho and Kokanee Salmon would
Figures 8 & 9 (below) from usage and recognition have been forgotten and it that the lake level lasted for a significant amount of time and/or the hillside sediments were poorly compacted and more easily eroded. There are also many smaller terraces ; _ = | o have spawned in Bear Creek above 200
"Geographical History of appears their definition and description has not at close intervals indicating that the lake level was constant for a short time before it dropped. » . : sl PN w— —— feet elevation.
Lake Lahontan" by Israel appeared in any standard Geology textbooks during MAJOR LAKE TERRAC ES AT THE TOP OF EDUCATION HILL AND UNION HILL ; ; " - o 3 ¥ _= . GLACIER = Today, descendants of those salmon still .
Cook Russell, 1885 the past 100 years. What is most important to note is that the lake basin was continuously filled with water and the lake drained slowly. : , ' W £ bbb ok o e The Salmon Life Cycle:
- = ' _ : . -
TERRACING AT THE TOP OF 5159”1”; EL;‘?“'”Q '; L}; Salmon eggs are laid in the stream and the alevin quickly develop the ability
UNION HILL Photo 2 o ) i to swim. Depending on the species, Chinook, Coho, Chum, Pink or Sockeye,
Photo 1 w i As the Vashon Glacier melted, drainage he fish . in thei . h .
THREE MAJOR TERRACES Photo 2: Looking east from the top of w i channels at lower elevations were exposed. the fish spend time in their native stream and then migrate downstream to
TERRAC%EFEE%ETFISE‘QEL?[\'I""‘(?NGHL{E%AL SRS AT THE TOP OF EDUCATION - Education Hill towards Union Hill. } <8 Haane chalmie il o el the ocean.
. . ! = along Clover Creek were abandoned and new . . . .
L s e AILL _ _ Road in the foreground is NE 104th )7 =8 Chan,?ners betarie actie. Sockeye spend time in a lake before migrating to the ocean. Kokanee are
‘ T g S o fh°t° 1: St;gd;ggﬂ‘:gta m?” Street and is on the east side of = | freshwater salmon that are genetically identical to Sockeye Salmon (both are
g @\- N _ P X errace on reet - Eflucatlon Hill between Redmon_d T STRP— oniin GEac_lall meltwater flowed southward along the Oncorhynchus Nerka). Kokanee also inhabit freshwater lakes. Both migrate
. o~ oot - looking east towards the top High School & Hartman Park. It is a ake Sequa itchew KOKANEE = _y 3 "'*-...\ glacier's southeastern margin through present- into streams in order to spawn
- | of Education Hill. major lake terrace at elevation 375 ft. e ' ey | day Gravelly Lake, American Lake and pawn.
. yd 1 ~ If the level of the glacial lake stays constant for a long time, the terrace will be ; ) i f
A <& [owies | > | ich i ¥t s bt o sy i b vl b ek Mail truck is at a major Union Hill is in the distance and 190-200 Ft - e \ . Sequalitchew Lake. Salmon runs are all unique because salmon return to the same stream at the
ST R L kL terrace on 166th Avenue NE. appears as a flat horizon with the e oo _ y) | \—~ B mﬁugrs;g:mne' The elevation of present day Lake same.tln".le of year af’Fer the same number of years in the ocean so that their
: : : Cascades in the distance. The water . e . o) Sequalitchew is 200 feet above sea level and genetic lineage is unique and preserved.

controlled the elevation of the glacial lake.
Therefare, the glacial lake is referred to as
"Glacial Lake Sequalitchew" and its elevation
> was 190-200 feet. Numerous terraces and
PN | gravel pits were formed during this stage.
.fk‘“ l

towers are at elevation 595 ft.

El

. | I Top of hill is at 400 Ft and
/_\\ b g, e __o gl was terraced by Lake
. b S B - g Puyallup (Clover Creek

The surface of Lake Puyallup is controlled by the Ohop Channel. Chan nel).
As the Ohop Channel erodes and down-cuts, the lake level drops slowly. The land in the Puget Basin was depressed by the weight of the glacier.
VWhen the ice sheet broke up, sea level was 100+ feet higher than today.

Union Hill was terraced by Lake
Puyallup at 600 feet (Ohop channel).

\ ) fic B _ \---...,_
Y - N

LAKE SURFACE 450 R o L, . / i , W [Safmon migrated into and out of the glacial
Comparison of hilsides on Education Hill and Union Hill : f 3 i = PINK ' ’ §- ake thrOth the Chehalis River because the
g é BILET _ ) X ) . o oot D befare lake erosion (black line) and after terracing by glacial lakes. Phﬂtﬂ' 'EE&I’{EH on tﬂ'D ﬂf E{jUEEﬂI an H| tt Eif NE 1 D4th St & 1 ?Eﬂd A‘H"E NE [GGI’CFF@ EESf at UHFGH Hf“ ,* / - : i o Iake Pll-l‘.E'E:IUﬂ i Strait of Juan de Fuca was blocked by ice.
3 i i N B -~ ' g i, op Channel {abandone
i Photo 1 | .
R // \\ﬂ e~ e : 400 ' Lake Puyallup - Clover Creek Channel X » | Photo 2
A ) : ) YT e T v pp—————— ey BN B W S o oot e
.\\ e R ; ; . ¥ Education Hill is still fully under water. i
Fia. 9.—Ideal profile of a cut-and-built terrace. E:.,
= ~ o
5 T T =
i _— . : GLACIAL LAKE RUSSELL - BLACK LAKE CHANNEL NEAR OLYMPIA St i
- . o~ w » " "
Cut Terrace & Cut and Built Terrace at the top of a Hill il . 4 w = Surface Elevation of Lake - Initially 160 Feet then 140 feet as Black Lake Channel erodes. P;?et_s':nuhqd asdthedvgzhan
= o . : = - acier thinned an aes
.................................... ........ .................................................................................... Terraces are cut into the hillside from wind-driven waves. Terraces are more eroded on the east side of the hill. ‘ Prﬂﬁle Of Educat]ﬂn H I" In REdmﬂnd; WA l.!_l_Gl.LI'H-:II ook d _ VASHON SLACIER 2 began affecti'ng the basin.
\ . o ¥ gl receding ice shest
s : BR= s . ; g | Bear Creek Basi
\ g, e /_f-—’“" Y Photo 1 taken here on NE 104th St & 165th Ave NE : g B W at, A Sl ey were nikgatiia
o s ‘-——“_\\. \ i £ . o -f'. : .-_- “, i L
. q 2 WEST EAST - T under the glacier in the Strait
' NE 104th Street of Juan de Fuca and entering ; -
; x = If the glacier shifts or melts and exposes a new drainage channel at a lower elevation, the lake level will drop rapidly. ' o o ‘
Hilltop flattened by wave action in a lake. b i ’ t o i ENgEL UG Qi e . Dead salmon after spawning at Kanasket-Palmer State Park on the Green River, King County, WA.
In the ocean, these would be called guyots. Nearly 70 miles upstream from Elliott Bay (Seattle) and at elevation 740 feet.
Upper Bear Creek Basin October 15, 2017

has become available for
salmon spawning.

"With enough training, everything will evolve.” - Ash Ketchum, 1997

HOW A RECEDING GLACIAL LAKE CONDITIONS SALMON TO SWIM LONG DISTANCES TO HIGH ELEVATIONS

G:a-dar River

GROVE KARL GILBERT
4TH & 21ST PRESIDENT OF THE
GEOLOGICAL SOCIETY OF AMERICA

GE"?EHTF"E Ef ?‘E "‘ra_"e'-'frh : At the end of the Cordilleran ice age, the salmon migrated into the large glacial
T - S S L lakes in the Puget Sound Basin. Streams located on the valley floor at low

Lake Elevation: 300 feet 230 feet 200 feet 150 feet 100 feet 90 feet : _ _
ol N i S elevations were flooded by the glacial lakes. Salmon spawned in streams that

*G‘I..AHAI. LAKE RUSSELL

i

s : " ) elevation without blockages or | ted at high el i b h ot fthe lake. As the alacial lak
] . x b : iiDedRTes. were located at high elevations above the surface of the lake. As the glacial lake
NITED St Gontron sopne From 1880 - 1890, ©. K. Gibert was Lake Puyallup |8 P drained, the distance that the salmon had to swim in order to reach their birth
documenting Lake Bonneville near R i :
present day Salt Lake City, Utah, and szl ¢ ; pieiini Salmon enter Puget Sound streams increased incrementally year after year.
Lixs oo T WES Work'ntg dW'.th 'SLrafl Eoﬁk T“Sfe" hiigh s el N Etﬁf: ?L?;%::QE ﬁ?ﬁzaé'z - The glacial lakes eroded the shorelines into terraces to create low-gradient stream
B who was studying Lake Lahontan to : J channels that allowed the salmon to swim to high elevations over a long distance.
the west in Nevada. Lake Channel and enter Lake . . ) )
Geoloqists at the fi 7ed that Russell from the south. The glacial lakes are gone, but salmon still return to their ancestral birth streams,
R thzoe(l)S\Ztisoi Offh('ar?spr::tog:ézeof a o . - . — - year after year. Many of these streams are miles inland and at high elevations.
deltas indicated the surface level of Lake - Lake - Lake .y Lace i Lake .y N il L 7 4 . iy Sl l;g;? E:r:]feter:igrnétiirgr;trgzz Lt:JS . The glacial lake model provides mechanisms for survival and evolution that can
the lake that the delta formed in and m - B o . A Salmon Migration $h e ake Puyalup (RS S ; ] S . . :
would ty o locate the cortesponcing " - ap— - . " | L | _ ror v cror [ | samon can cross between he | SXP1aM the present-day migration and spaturing behavior that otherwise seems
lake outlets that controlled the various — e e = - 10 s | - Sy - — o : , _— = | flooded basins. ’ :
elevations of the lake. Kokanee Salmon close to the Strait of Juan de Fuca began to tolerate salt water as the Puget Sound Basin became ;ggsemslg;ag\)/g?) f}?;ggﬂg‘Isesgé?ezltghhatelaer\:s/logi;zi\g’:'er;%:;c:rs] gi?i?}goguﬁ?:]er o
The search for lake outlets seemed to : : . - more salty. Some Kokanee likely migrated out into Puget Sound under the glacial ice. ’
be twofold: 6. 1. Drowned Valley of Chamber's Creek at Low Tide. Salmon swim As the lake level The location where In this example, Year after year, If it takes 100 years for the | o fall on life cycles that last 3 to 5 years are logically explained by the draining lake
1.) to study the newly recognized Marlne shells 110 feet above the sea were found at X. out of the lake drops to 250, the salmon spawns when the lake level and generation lake level to drop 230 feet, BbEAncE SaNman began M e el oninin - ExEye Smon. )’ model.
continental glaciation that had : i ; : : : . 2 . . . -
occurred argund the world, and . _ into the the salmon must does not move, but dFODS by 190 feet, after generatlon ’ meI'el than ZFI}'?EHEI'EIIOHS ; Kokanee Salmon that lived further inland lived in lakes and remained freshwater salmon. gockeze ar;]d K[(zlkaEee gre lgilenetlcally Idgntlcal. Both are CI?hSStITEd as .
2.) to locate valuable sand and gravel X on hilside show where marine shells were found 110 feet above sea level at the mouth of Chambers Creek stream at swim a little ' th f t th [ f t Brsd mon_ WENAVE BEIURE Both live in lakes as part of their life cycle and must migrate to freshwater streams and rivers to spawn. ncornynchus _er a. o0Ckeye are ana romous,. m.eanlng atihey spawn in _
Gonosis o Sometruction projectgs Glaciation of the Puget Sound Region - (1913 )Bretz : the distance that € salmon mus € salmon learn 1o to spawn in the same freshwater but migrate to the ocean as part of their life cycle. Kokanee spend their
' elevation 300 farther to get the salmon must swim 5 additional swim a little farther stream. Each generation entire lives in freshwater. Both Sockeye and Kokanee inhabit lakes.
S and then from the lake to swim in the stream miles to reach their each time they will learn to migrate a little Vi on Btk ameaidlie Z:fe?tjggisgﬁuzi ?ﬁ;’fiﬁi aer\]/glev:(rieflr;)rr:j ngf:deg (.)sc Eg;\;rar\xl ::; tgiz ﬁ?iﬂ?i?&ye r
ve-cu i : ville, : - : - - : ; - PUGET SOUND - ICE FREE CHINOOK  CHUM ALL USE receded very rapidly or collapsed after the ) :
USGS Monograph #1, by Gilbert 1890. - swim the spawning increases. spawning beds return to their farther until the migration s EUEREE DU DO SR i EEwHER SIS Rl A FralEd COHO  PINK S AL Sl | Lake Russell Stage, allowing saltwater to fil four main species of salmon, Chinook, Coho, Pink and Chum, become land-
— B Deltas with top-set beds at 200 ft Elevation: Richmond i , i upstream to beds. compared to when native stream to distance has increased by g g ( the Puget Sound Basin that had previously locked? It must also be observed that Steelhead are a saltwater-tolerant version
Beach, Sequalitchew and Dupont. e v EhogEe 0 s b ; been freshwater. : ; -
q . p | spawn. the lake elevation spawn. 10 miles. U358 LandSat ook e of Rainbow Trout and there is both a freshwater and anadromqgs form of Cut
All correspond to Glacial Lake Sequalichew lake level. Vol the glacier. Marine shells in Vashon Till are throat Trout. Both appear to be evolving under the same conditions as the
was 300 fEEt- found at 120 feet above sea level along Kokanee-Sockeye.
Ehget shindbeaches Evidence for glacial lakes is preserved in the hillside terraces of the Bear Creek
Beasragir:e'* The thinning glacier likely allowed Basin. Having a slowly draining glacial lake that is transformed from freshwater to
salmon and saltwater to enter and exit saltwater and eventually provides direct ocean access - allowing Kokanee to
ISOSTATIC UPLIFT IN DROWNED RIVER VALLEYS AND ITS EFFECT ON SALMON MIGRATION the basin through the Strait of Juan de evolve into Sockeye - is a logical and intuitive conclusion.

Fuca at the north end of Puget Sound
even before the basin was ice-free.

It is also plausible that glacial lakes existed on the east side of Puget Sound
throughout the entire ice age and this hypothesis provides a potential explanation
for the survival of salmon during the 10,000+ year duration of the Cordilleran ice

Kokanee Salmon that inhabited the

portion of the glacial lake that filled with sheet glaciation. Where did the salmon reproduce while the Puget Sound rivers
saltwater have evolved into Sockeye were under glacial ice? s it possible that salmon were able to use Puget Sound
Salmon. melt water drainage channels for spawning throughout the entire ice age?

No paleontological or archeological evidence has been found to suggest that

Sockeye Salmon rapidly colonized the

salmon existed in the glacial lakes, but it is a commonly held belief that the glacial
streams that have access to freshwater

OB lakes - from Bristol Bay, Alaska to the lakes e_X|sted UNDER the ice, not next tc_) it. Therefqre,.archaeologlst\f, have never
, Clover Creek Channel ll | Columbia River. recognized glacial lake terraces as locations for habitation or exploration.
Lake Russell - : to Spanaway Lake and Recognition that the oldest lake terraces were most likely to have been settled by

i, i Fic. 2. Section in the Richmond Delta. 5
o S PR - —
i uE SRR VS SN
‘ WASHINGTON GEOLOGICAL SURVEY Burrerin No. 8 Prare X1 "_;'::.l
STRUCTURE OF DELTA BUILT IN PROGLACIAL LAKE ’ ; " 5~ . _ 1y W e < _ :'-_%

Run_—off from glacier flowed into glacial lake and built delta_s with horizontal topset beds and steeply PACIFIC OCEAN l P Black Laka ‘ k' wetlands abandoned Sa{m(}n thaf hatched in s at h[ . . i . . . ,
sloping foreset beds. Topset beds are at the Same elevation as the surface of the lake. i ; gher the earliest inhabitants in the area at high elevations (above 400' MSL) should be a
i e DIAGRAM: UPLIFT OF THE SNOQUALMIE RIVER VALLEY WHEN THE VASHON GLACIER COLLAPSED AND SEA WATER INVADED PUGET SOUND NOLONGER | b ot Channel . b ssalivent e Bocliniol Sien foous of archeological stud g ( )
- — e The weight of the glacial i he Puget Lowl ignificantly. As the i | lif ivel When th it of F ice-f f freely into th Sl BeTERTE nenaie - | spawning locations. J v
Top-set beds —pI——== e weight of the glacial ice depressed the Puget Lowlands significantly. As the ice melted, uplift progressively occurred. en the Strait of Juan de Fuca was ice-free and seawater flowed freely into the PUGET SOUND 7% e e i B e s BT The salmon are repeating their behaviors. as thev have done aeneration after
horizontal . . . . . . ¥ i r ’
P NPE——— Puget Sound Basin, the basin was still depressed by about 110 feet below current sea level. The Snoqualmie River Valley east of the Bear Creek Valley had been a large proglacial lake and was THROUGH b " - Black Fiver Mg niharanabinit . peating " ’ yn 9 .
(Sloomaiok transformed into an arm of Pu . . o . : L CHEHALIS . - _ e generation for thousands if not millions of years. It is the environment that is
get Sound. The valley was completely flooded with seawater from Everett to the base of Snoqualmie Falls and the lower Snoqualmie River did not exist. Salmon spawning in = : - to return to their birth place. chanaing under the salmon. moving streams and shorelines. chanaing fresh water
N T the valley had to swim to higher elevations along the numerous creeks and rivers that flowed from the hills into the flooded valley. RIVER - ‘> - | | Lake Terraces are created as the glacial 0 saﬁwe?ter and back ’ 9 ’ 9ing
_— . ) ) ) ) ) ) ) ) ) .. i \ lake slowly drains creating a gentle gradient .
Isostatic rebound caused the entire basin to uplift and the Snoqualmie, Tolt and Raging Rivers started flowing northward to Puget Sound. The distance that salmon had to swim in order to reach their QR oL ey L ake Puyailup that allows the salmon to swim to higher and . . . .
This is known as a Gilbert Delta named for G.K. Gilbert who first described the formation - : - - : : : - - - = River Kapowsin-Ohop Channel / . . This model attempts to provide an explanation for what otherwise would be
- ' spawning beds increased year after year, generation after generation as the land slowly uplifted. When the uplift was complete, the salmon migration routes had increased by by more than 30 miles although abandoned higher elevations.

strange behavior in salmon.

Fic. 1. Section in the Steilacoom Mﬂ.. =

the elevation gain was only 110 feet.
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