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LETTER OF TRANSMITTAL. 

Governor Erned Lider, Chairman, and Mcmben of the Board 
of Geological Survey: 

GENTLE!olEN: I have the hOllor to submit herewith a report 

entitled <fGlaciation of the Puget Sound Region," by J. Har­
len Bretz, with the recommendation that it be printed as Bul­
letin No.8 of the Survey reports. 

The surface deposits about Pug!!t Sound. 8S shown in the 
sea·cliffs, excavations for streets, tunnels and elsewhere have 
always attracted much attention. T hey arc of economic im­
portance, not alone from an agricultural standpoint, but be­
cause of the valuable beds of clay, sand and gravel which they 
contain. Local chapters in the story of the glaciation or 
Puget Sound have been contributed by different writers at 
different times, but this bulletin by Mr. Bretz is the fir st de­
tailed account covering all phases of an interesting portion 
of the geological history of the region. This report by Mr. 
Bretz has involved several years of field-work and study, the 
expenses of which were sustained by him personally, except 
that a small allowance toward the cost of the field-work was 
granted him by the Survey during the summer of 1911. 

Very respectfully, 
HENRY LANDES. 

State Geologid. 
University Station , Seattle, May I, 1913. 
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INTRODUCTION. 

GENERAL PHYSIOGRAPHY OF THE PUGET SOUND REGION. 

The basin or depression of Pugel Sound in westlr~ Wash· 
ington lies between the Olympic Mountains on the west and 
the Cascade Mountains on the east. In its northern Iorfion, 
it opens to the Pacific Ocean through the great valley occupied 
by the Strait of Juan de Fuca between the Olympic Mountains 
and Vancouver Island. The basin is enclosed on the south I 
by n low divide between the Sound and the Chehalis River, the 
latter flowing to the Pacific south of the Olympics. 

The name "Puget Sound" was originally given by Vancouver 
to that portion of these inland arms of the sea which lies south 
of the "Narrows" near Tacoma. Vancou\'er distinguished two 
other main portions of these inlets; Hoods Canal and Admiralty 
Inlet. His usage was respected by Wilkes of the United States 
Exploring Expedition a half century Inter, but today the 
term "Puget Sound" embraces all three portions and is fre-­
qucntly used to include all marine waters conn~ted with the 
Strait of Juan de Fuca south of the In ternational boundary 
line. In this broad sense it is used in the title of this paper. 

The depression of Puget Sound is genetically synclinal, be-­
longing to the most western synclinorium of North America. 
The Gulf of Georgia north of it, and the Willamette valley of 
Oregon, the Great Valley of California and Ule Gul£ of Cali· 
fornia south of it arc likewise portions of this structural trough. 
There are interruptions in it, and different parts have doubtless 
had different histories. The Puget Sound depression itself is 
partially interrupted by a mountainous spur of the Cascades 
extending diagonally tlCross toward the northwest, just north 
of the Strait of JULm de }~uca. The moun lain range of Van· 
couver Island is perhaps a continuation of the spur. 

The area studied extends CrOIll the International boundary 
on the north to the divide between the Chehalis and Colum­
bia rivers on the south, a distance of ] 70 miles, and from the 
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base of the Cascades to that of the Olympics. in an cast and 
west direct ion, this distance averaging 50 miles. South of the 
Olympics, the Chehalis Vnlley has b~n studied from the low di­
vide between it and the Sound bnsin to the Pacific Coast. 
Though beyond the limits of glacilltion, outwash from the Puget 
Sound Glacier was carried through seveml gaps in the rock 
hills to the Chehalis River, and thence down the valley of this 
river to the head of Grays Harbor on the Pacific. 

The forests on the westem coast of North America, trom 
Puget Sound to Alaska, have been repeatedly described as 
almost tropical in densi ty. Newberry, Russell, Willis and 
others who have worked on the gcology of Puget Sound, note 
the remarkable luxuriance oC the forests and their almost im, 
penetrable charucter, except a long routes of tra\'el. The. 
presence of this primeval forest over a considerable portion 
of the country embmced in this study, has offered the greatest 
difficulty encountered in its .p rosecution. It has been possible 
to examin e many large areas only !llong railroad grades, road­
ways and trails, and in suc h cases no detailed study was at­
tempted. Burned-over or logged-off lands of Puget Sound, 
unless taken up for ugriculture, are usually quickly reforested, 
and the second growth is almost as great un obshudion to 
the student of topography as is the original forest. 

Five United States Geological Suney maps have been made 
thus far in the area embraced ill this paper, covering about 
three tenths of the whole. .Absence of such maps for the larger 
part of the region has been 1111 obstacle to satis factory interpre­
tation. 

Altitudes have been determined chiefly by anCl'oid, using 
railroad profiles largely for check stations. A few United 
States Geologica l Survey bench marks IUn'e been available in 
some parts of the region. Much of the country along the in­
lets has been examined with no betler check stations than the 
coast line with its tidal range, varying with season, locality, etc. 

PREVIOUS WORK ON THE SUBJECT. 

1845 CHARLES WILKES. Captain Charles Wilkes of the 
"United States Exploring Expedition," now known by his name, 
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spent several months in suneying Puget Sound. His !larra· 
tive, Vol. 4, pp. 313 and 415, refe rs to the puzzling mounds 
on the outwash plains south of the Sound. 

1873 GEORGE GIBBS. This author published an account of 
a geological reconnaissance of the northwestern boundary of 
the United States, in the Journal of the American Geograph· 
ical Society for 1873. He described and figured the mounds 
of the outwash prairies, gave sections of the drift of Puget 
Sound, and noted elevated marine terraces on San Juan I sland. 

1873 and 1874 JOSEPH LECO}<TE. In a paper en·titled HOn 
the Great Lava Flood of the West, and on the Structure and 
Age of the Cascade Mountains," published in the Proceedings 
of the California Academy of Sciences in 1875, and in more 
complete form in the American Journal of Science in 1874, 
Joseph LeConte discussed the origin of the Puget Sound fiords, 
and the genesis of the mounds occurring on the plains south 
of the Sound. He recognized the occurrence of a Glacial, a 
Champlain and a Terrace epoch in the region. 

1884 JOliN NEWBERRY. A paper presented by John New· 
berry before the New York Academy of Science, entitled HOn 
the Origin of the Fiords of Puget Sound" is printed by title in 
the HTransactions" of that body (or 1884. Kimball, noted be­
low, credits Newberry with the idea that the fiords were glacially 
eroded by northward flowing ice, and with frankly confessing 
the mounds to be inexplicable. 

1893 G. O. ROGERS. The American Geologist, Vol. II, No. 
6, contains an nrticle on the ever popular subj ect of the re-­
markable mounds of the outwash region of Puget Sound. The 
paper briefly describes these forms, discusses various hypotheses 
for their origin, and adds a new one to the list. 

1897 JAM ES P. KIMBALL. In the American Geologist, Vol. 
19, Nos. 4 and 5, this observer describes the "Physiographic 
Geology of the Puget Sound Basin." H e considers a Pliocene 
baselevelling to have preceded the Pleistocene, and further 
excavation to have been accomplished by later glacial erosion. 
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But one glaciation is alluded to. Post glacial stream erosion 
produced the valleys now occupied by the Sound. Post glacial 
crustal movements thus have been (1) an elevation, (2) a sub­
sidence, and (3) from the presence of raised beaches, a slight 
re-elevation. 

1897 BAILEY WILLIS. In a paper published in the Bulletin 
of the Geological Society of America, Vol. 9. entitled ''Drift 
Phenomena of Puget Sound," Willis presents his ge:neraliza· 
tions of Puget Sound's glacial history, from work on the Tacoma 
quadrangle. Following Russell, whose notes on this region 
were never published, he distinguishes two glaciations and 
makes inferences as to the character of the intergillcial epoch. 
The contact of Puget Sound ice with Cascade ice is partially 
drawn , "arious features of t.he last glaciation are described, and 
the origin of the fiord·)jke valleys and their separating high· 
Jands is considered. 

1899 BAILEY 'VILLIS AND GEORGE OriS SMITH. Tacoma 
Folio, No. 54. U. S. Geological Survey. The Pleistocene his· 
tory of the T acoma quadrangle is described in detail. 

1904 WARREN UPHAM:. American Geologist, Vol. 84, No.4. 
The article here noted, on "Glacial and Modified Drift. near 
Seattle, Tacoma and Olympia" was based on too little fi eld work, 
Rnd much of it is in error. 

1905 ALBERT R EAOAN. Kansas Academy of Science. A 
description is gi\'en of some Pleistocene and recent features of 
the region bet.ween Bellingham and the International boundary, 
and interpretations a rc attempted. 

1908 WARREN UPHAM. A brief paper comparing the 
Puget Sound coast line with that of the Saguenay lliver. Ab· 
shact published in Science. 

1910 J. H. BRETZ. A preliminary paper on the "Glacial 
Lakes of Puget Sound!' J ournal of <;rology, Vol. 18, No.5. 

19n J. H. BRETZ. "Terminal Moraine of the Puget Sound 
Glacier." Journal of Geology, Vol. 19, No. !t 



CHAPTER!. 

OUTLINE OF THE PLEISTOCENE HISTORY OF THE 
REGION. 

SYNOPSIS. 

CRAllACTEIL OF THE PlJOCENE. 

PLiOCEN.£ ELEVATIONS YET EXlSTOW IN TUE BASIN. 

EpOCHS OF THE PLEISTOCENE KNOWN IN WESTERN WASH­

INGTON. 

ADMIRALTY EpOCH (GLACIAL). 

PUYALLUP EpOCH (INTERGLACIAL). 

VARRO},' EpOCH (GLACIAL). 

DLUTROPHlSM OF THE PLEISTOCENE IN THE REGION. 

CHARACTER OF THE PLIOCENE. 

Most of the formations outcropping in the Puget Sound basin 
are 01 Tertiary age, and aU of them south of the Strait belong 
to this division of geological history. Eocene and Miocene 
sedimentary beds record a shallow sea, with frequently changing 
depths and shore lines. Beds of terrestrial sediments are inter· 
stratified with the marine, m.tl.ny of the Tertiary coal seams of 
Pugel Sound preserving forest floors with tree stumps in 8itu. 
The Tertiary Sound region was ODe of constantly shifting 
land and water areas, and ot trequent alternations of fresh and 
salt water. Contemporary lava flows, both trom fissures in the 
basin and from extrusions which originated in the surrounding 
areas, are intercalated among the sedimentary beds. 

For this region, the Pliocene period was primarily a time ot 
diastrophic movement and erosion. The Eocene and Miocene 
beds were domed and folded, the whole area was lifted higher 
than at present, and subaerial erosion developed great relief in 
the weak Tertiary rods already deposited. Further lava flows 
occurred, of the same character as the earlier ones, but appar­
ently no volcanic cones were produced. 
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PLIOCENE ELEVATIONS YET EXISTING IN THE BASIN. 

In the succeeding Pleistocene, g reat sooi mentury deposits 
oC glacial origin buried the lliiocene topogruphy. A driCt 
plain was aggraded whi ch reached from one side of the basi n 
to the other. Above this rose, island-like, n few regions of 
originally gl'('ater upliCt. The chid Pliocene elements of the 
prCflent topography a re (1) the diagonal mountain spur (rom 
the Cascades across to Vancouver I sland, including the San 
Juan I sland group, (2) the Blue Hills between Hoods Canal 
and Admiralty Inlet, (3) Newcastle Hill and Squak Mountain 
east of Seattle, and (4) the m ack Hills, Bald Hills and other 
marginal elevated areas on the south. 

EPOCHS OF THE PLEISTOCENE} KNOWN IN WESTERN WASH­
I NGTON. 

Russell first noted the ex istence o( two till sheets and of 
inter-till sediments in Puget Sound. Willis later named the 
three recorded epochs, Admiralty (glacial), Puyallup (inte r­
glacial) and Vashon (glacial). 

ADMIRALTY EPOCH (GLACIAL). 

Good exposures of the t ill of the Adm iralty glaciation are 
rare, there being hardly a score in thc many miles of sea-cliffs 
on Puget Sound. The epoch and its till are named from Ad­
miralty Inlet, along whose shores the till was examined by 
both Hussell and Willis. The base of the till, so fur as known 
by the writer, is exposed in but two or three places in the 
entire region, and nowhere along Admiralty I nlet. Will is notes 
the absence of evidence of earlier glaciations, within the limits 
of his study. 

The Admiralty till, in positi\'ely identified e:..: posurcs, is 
nowhere deeply weathered, though in some places sta ined by 
percolating water. Its pebbles nrc fo r the most part firm but de­
cay has softened them in some cases. These variations in the 
amount of weathering appear to have been determ ined by the 
thickness of cover over the till of any locality during the inter­
glacial epoch. No Cfltima te can be given of the thickness of the 
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till sheet, and the topography of its surface is unknown. The 
character of the surface over which the Admiralty ice advanced 
is also unknown. 

A few exposures of deeply weathered glacial drift have been 
found, in which the decay of all hut highly siliceous material 
far su rpasses the nlteration of Admiralty till, where the latter 
is clearly identified. Suspicion has arisen from discovery of 
these exposures that a drift older than the Admiralty exists 
in Puget Sound. Admiralty till, however, has not been identified 
in section above the supposed older drift. 

PUYALLUP EPOCH (INTERGLACIAL). 

Extensive stream aggradation occurred in the Sound basin 
after the deposition of Admiralty till, and before the advent 
of the following glaciation. It is not an exaggeration , prob­
ably, to say that nine-lenths of the 1)leistocene deposits of 
Puget Sound (!.'I;pos<!d above sea level belong to this series. The 
material is assorted glacial drift and probably was derived 
largely from the waning Admiralty ice. I ts beds, as exposed 
in the present sea-cliffs, rarely retain the same character for 
more than a mile; lens structure, abrupt transition, or gradual 
change in charader being the rule. In many places, forest 
floors and swamp beds are preserved in the series as lignitic 
scams, and a few clay beds at the base contain marine molluscan 
and crustacean remains. Stream bedding is commOn in the 
gravels, delta bedding is rare. In the southern part of the 
basin, the strudure of the deposit indicates southward 
flow of the depositing water. A few intercalated till lenses 
prove that glacier icc was still in the region. No indications 
nre known of extended subaerial exposure of the Admiralty 
till ~fore deposition of these beel's. In brief, a great plnin of 
terrestrial deposits, containing a fell' marine beds in the lower 
portion, is conceived to have been aggraded in front of the 
waning Admiralty glacier, as it withdrew to the north. This 
conception is essentially similar to that advan ced by Tarr and 



16 Bulletin No. 8, Wothington. Geological Survey 

by Blackwelder for the genesis of the Yakutat foreland of 
Alaska.-

Following this extensive aggradation, uplift of the region, 
relative to sea level, occurred, and a long period of atmospheric 
exposure and stream erosion ensued. The gravels and sands 
became stained and locally cemented with iron oxide, and near 
the surface were somewhat decomposed. The impervious clays, 
however, were unaffected by the percolating waters which 
stained the gravels many fcct below the weathered zone. A 
soil must have been formed during this time of exposure, but 
it has not yet been found preserved beneath the later till. 

Consequent drainage developed on the surface of the plain. 
The southern portion appears to have drained southward to 
the Chehal is niver and Grays Harbor, while the northern por~ 
tion sent its waters to the sea by way of the Juan de Fuca Val­
ley. A part of this interglacial drainage system can be recon­
structed today with considerable probability. 

Stream erosion udvanced in the unconsolidated drift to sub­
maturity. The area became deeply incised by broad trunk 
valleys, and minor tributary valleys were well distributed on 
the divide slopes. A general north to south orientation of main 
valleys prevailed throughout, largely determined, presumably, 
by the original slope of the Admiralty drift plain. 

Willis names this interglacial epoch from stratified sands, 
typical of the sedi mentary series, which, with Vashon till uncon­
formably overlying, arc exposed ncar the town of Puyallup. 
The sands truly arc inter-till in position, but only thei r st aining 
and the erosion of the valley in whose sides they arc c--.:posed, 
arc considered as interglacial. According to this interpreta­
tion, no interglacial sediments are known in Puget Sound, and 
the Puyallup interglacial epoch is to be considered chiefly as 
one of weathering and erosion, so far as this region is con~ 

• Tan, R. S. "The Yakutat Bay Region." Professional Paper No. 
64, U. S. Geological Survey. 

Blackwelder, Ellot, "The Yakutat Coastal Plain of Alaska," Am. 
Jour. ScI. Vol. 27, 1909. 
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cernOO. Presentation of the evidence for this and other con~ 
elusions brieR)' slated in this chapter will be given later. 

VASHON EPOCH (GLACIAL). 
'-

The latest glacier of Puget Sound advanced from the north, 
as did its predecessor, the Admiralty, the ice being supplied,/ 
largely from the snOlv fields of British Columbia.rOnly a minor 
part of the ice of the Puget Sound Glacier came from the 
margining mountains, and that portion south of the Strait of 
Juan de I"uca cannot be looked upon as a piedmont glacier 
fed by valley glaciers from the Olympics and Cascades. Evi­
dence will be presented to show that the Puget Sound icc of 
the Vashon glaciation. waS actually thrust up into some of 
these mountain valleys, in the face of their descending glaciers. 

At the maximum, the ice of tlus epoch extended at least as 
far as that oC the Admiralty epoch. Admiralty drift is found 
beneath one portion of the Vashon terminal moraine, but no­
where beyond it. Elsewhcre, Ule Cresh Vashon till of the ter­
minal moraine overlies rock apparently. never glaciated 
previously. 

A terminal moraine swings across the southern portion oC 
the depression from the Cascades to the Olympics. As a topo­
graphic form, it is insignificant in most places, becoming here 
and there a mere moraine terrace on the north side oC rock 
lulls against which the ice impinged at its maximum, and in 
other places, especially in valleys, being largely buried by 
outwash gravcl. In its greatest development, its apparent 
height is due in part to buried rock hills whose strata outcrop 
on the southern slope. } Its course records the existence of two 
lobes of the glacier front, the re-enlrant being caused by the 
domed uplift known as the Black Hills.", 

Compared with this minor moraine developmC!nt, the extent 
of the outwnsh from the Vashon Glacier is astonishing. Rela~ 

tively great areas are covered deeply with coarse, elean gravel, 
producing broad, sterile plains of low gradient. Two wide 
pathways c-"{istcd across the rock bills south oC the basin of 
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, the Sound, at Gate and about Matlock. Through these chiefl y, 
the gravel flood entered lhe Chehalis Valley , and a part of it 
was carried to the head of Grays Harbor. The Dlack H ills 
constituted the elevated area standing between these two path­
ways, and minor gravel trains were also carried across them 
to the Chehalis. With gril\'el entering the latter valley at 
several poin ts along its course, earliest by the Gate Pathway, 
and laler by the more western routes, all imperfectly imbricated 
series of gravel deposits wus constructed which, in its present 
fragmentary condition through subsequent stream erosion, is 
difficult satisfactorily to resolve into its component eiements.-f.-

Recessional moraines and outwash plains for a few miles 
back of the terminal moraine record a varied history of mar­
ginnl drainage in the early stages of retreat. Gravel plains 
adjusted to possible oullets at olle posilion of the icc front 
were trenched and in some cases largely removed by the open­
ing of new courses as retreat progressed, or were abandoned and 
left as high-lying gravel plateaus with morainic deposits, and 
ice-contact slopes on their nortllern desccnts. 

On many of thesc outwash plnins, especially those closely 
associated with thc terminal morainc, there is a remarkable 
dcvelopment of thousands of symmetrical gravel mounds of 
fairly uniform size, closely spaced, but of asymmetrical distri­
bution, and of hctel'Ogcnoous structure. Many hypotheses ha\'e 
been advanced to account for them, but no one explanation is 
satisfactory. The "Triter has failed to find in ph}'siographic 
literature any description of natural mounds similar to these, 
and believes them to be unique, so far as present knowledge 
goes. he mounds arc resolvable into two types. The origin 
of onc type will be explained, but that of the other remains an 
unsolved problem, 

The exlensh'e moraine and outwash deposits laid' down dur­
ing early Vashon retreat appear to have completely obliterated 
the interglacially eroded "alleys lying in the southern part of 
the Puget Sound basin. They produced an upland plain notably 
different from the deeply trenched depressions containing Puget 
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Sound. Farther north, however, the supply of debris was 
much less per unit area, and in most places a thin mantle of 
ground moraine alone overlies the interglacial topography de­
veloped in the Admiralty drift plain. The Vashon till sheet is 
thus largely a widespread veneer of fresh material on the slopes 
and summits of the interglacial hills, and in many places on the 
floors of the interglacial valleys. Locally, stass and Ie de­
posits of Vashon till aHain a thickness sufficient to obscure 
the interglacial, stream-fonned topography. Locally, also, 
erosion by the Vashon icc notably deepened these trunk val­
leys. This deepening, however, is submerged beneath the 
waters of Puget Sound, and is revealed only by the soundings 
of the Coast llnd Geodetic Suney. 

After the frontal margin of the Vashon Glacier had with­
drawn some distance from the southern region of heavy aggrada­
t ion, it appears to have been melted back more rapidly than 
during the first few miles of retreat. Except at the south, 
the valleys exposed by glacial retreat were little modified by 
outwash or recessional moraine deposits. The aggraded south­
ern region, however, prevented free drainage from these valleys 
into the Chehalis. With a mountain range flanking the depres­
sion on both the east and west, and with the glacier completely 
filling it north of the bared portion, these valleys fined with 
water until overflow occurred across the outwash plain and 
through the Gate Pathway to the Chehalis Valley. Thus was 

!:gun the complicated history of the ice-dammed lakes of Pugct 
Sound. 

Further retreat exposed more valleys developed by interglacial 
streams and modified by the Vashon icc. Such of these valleys 

8:s belonged to the river system which discharged through the 
Gate Pathway during the Puyallup interglacial epoch became 
a purt of the glacial lake behind the divide of Vnshon drift, 
then but newly formed bell\!een the Sound and the Chehalis 
Valley. ' Vhere, however, troughs belonging to the two other 
interglacial ri,-er ' systems of Puget SOllnd south of the Strait 
were freed from ice, they filled to the level of the lowest places 
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in their borders, acro-S's which they discharged to the master 
la'ke of tJle Sound ba in in the Gate Pathway valley system. 
Later, the retreat of the icc from sllccessively lower passes 
determined successive levels in these independent la'kes. In most 
cases, open connection with the master lake was eventually made. 
and all the lakes became one. Though the Vashon Glacier left 
no definite recessional moraines north of its aggraded plain 
un til after the Strait of Juan de Fuca was opened and the 
glacial lakes were destroyed, evidence of an oscilJatory behavior 
of the ice edge has been found in the records of the lakes. 
These records arc limited chiefly to deltas and outlet channels, 
and the generli.] rule is that lake levels become progressively 
lower throughout the period of their existence. Where, how­
ever, a delta shows alternating foreset and topset beds in the 
same section, we have indisputable evidence of an abrupt rise 
in static water level. Other data show this rise to be due to 
re-advance of the glacier, and closure of the lake's outlet. 

The large glacial lake of Pugct Sound, by increase in length 
northward as the ice front retreated, and by the addition of the 
area of former tributary lakes, eventually became more exten­
sive than that portion of Puget Sound which lies south of the 
latit.ude of Everett. In an earlier paper- this water body 
was named Lake Russell, though, its northward extent was not 
then definitely known. The northern margin can be drawn 
now with a fair degree of certainty. 

Eventually, the westward-opening Strait of Juan de Fuca 
was cleared of icc, and Lake Russell was drained to sea level. 
marine waters replacing it in the valleys whose bottoms were be­
low sea level. A few glacial lakes, entirely unrelated to Lake Rus­
sell, and to the drainage into the Chehalis R iver. were formed 
as the ice front retreated across the mountainous region which 
partially interrupts the Sound bnsin. Succeeding the glacial 
lakes of Pugct Sound there was nn epoch of submergence be-

-J. H. Bretz, "Glacial Lakes ot Puget Sound," Jour. Geo!. Vol. 18, 
No.5. 
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neath sea water. This introduces the subj cct of crustal move­
ments in the Puget Sound region during the Pleisto~ne. 

DIASTROPHISM OF 'THE PLEISTOCENE IN THE REGION. 

The earlier crustal movements of the Pleistocene in this region 
ctln be desciphered only in their broad outlines. The post­
Vashon movements, howe,'er, can be dealt with quantitatively. 

The land was high during the Plioce resumably higher 
than at any subsequent time. I£ we r isionally correlate 
the known glacial epochs of Puget Sound h the latest two of 
the northern hemisphere, a plausible cor tion, a great part 
of the Quaternary period has no record in the sediments of the 
region. Altitude and mo,'ements of the P uget Sound basin 
for much of the Quaternary therefore are unknown. }'urt.her, 
very little is known of the Admiralty glaciation. At the time 
of the retreat of the Admiralty ice, however, the region WM 

slightly lower than at present; marine organisms in the Admir­
alty sediments hEwing been found in ,itu a few feet aoo,'e pres­
ent. high tide. 

Early in the Puyallup interglacial epoch, the region was 
probubly a t.housand feet higher than now. This permitted the 
streams of t.hat time to cane the deep t.roughs in the Admiralty 
drift plain which are now occupied by the Sound. At the 
maximum of Vashon glaciation, out.wash gravels were poured 
westward down the Chehalis as far as the present head of Grays 
Harbor, where they now lie 85 feet abo\'e tide, with stream 
bedding. From this we may conclude that. the land had lowered 
from its high interglacial position to one near that of the 
present. After Vashon relrcat opened the Strait, and marine 
water replaced Lake Russell in tbe Sound south of it, subse­
quently outwashed gravels were adjusted to the new static 
water levels. Though the evidence is not as clear as could be 
wished, the sea appears to have filled the Sound basin and to 
have stood 50 feet or less above the present level. 

Marine littoral shells have been found on the bluffs of Puget 
Sound, in some places accompanied by wave-cut terraces, every­
where overlying the Vashon till sheet, and in some deposits 
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lying on the Lake Russell deltas, and c\'en back in the valleys 
of Pleistocene rivers discharging into this Jake. In the pres­
ence of these shells there is positive evidence of a post-glacial 
submergence of the Puget Sound basin to a depth of 250-~80 
feet more than now. Shells arc most common at the lower 
lel'els where fairly definite strands may be worked out. 
The higher occurrences of littoral shells are rare and yield 
no more evidence than that of the verity of the occurrence. 
Daw. will be presented in Chapter X to show that these shells 
occur in ,itu. 

When the submergence was HW feet or more in excess of the 
present, Grays Harbor and Pugct Sound were connected by 
tide water acros~ the site of Lake Uussell's discharge-way, 
and the Olympic Mountains constituted an island. The topo­
grnphic effects of this submergence arc today almost nil. No 
definite shore lines higher than 100 feet remain, no river deltas 
of the time have bct!n found, and were it not for the shells, 
there would be no cvidence whatever, to record positively the 
lugher levels of the sea during this episode. Since strikingly 
developed river deltas record Lake H.ussell today, and since 
elsewhere throughout the region post-Vashon stream erosion 
has been very slight, it is to be concluded that no shore or 
stream features of prominence were ever de,'eloped during the 
marine submergence. 'Ve conclude therefore that it was very 
brief. 

During the diastrophic movements which have submerged 
the basin of Puget Sound to at lellst ~50 feel below the present 
sea level, and which 11IlVe re-elevated it approximately to its 
immediately post-glacial position, the levels of Lake Russell 
Ilave not been appreciably tilted or wilrped. The evidence 
for this conclusion will be presented in Chapters VI and X. 
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THE TEHMIN AL MOHAlNE OF PUGET SOUND. 

SY~OPSIS. 

CONTACT OF P UGET SOUND A.ND CASCADE MOUNTAlN GLACIERS. 

TUE MORA INE AND THE NORTHERN HILLS OF TH E HUCKLE-

BERRY 1\IOUNTADI GROUP. 

TilE MORAINE ON 'rHE GATE PATHWAY PLAIN. 

TilE BLACK Hn.LS AND TH.E .l!O.ll.An..;x. 

TilE MORAINE ON THE 1\L'oTLOCK PATHWAY. 

CONTACT OF P UGET SOUND AND OLY;\II'IC MOUNTAIN GLACIERS. 

GENERAL CONSlDERATIONS. 

The eastern and western margins of the Puget Sound Vashon 
Glacier nrc indefinitely recorded in the glacial deposits. 
It appears that. coalescence between the icc from the north 
nnd the glaciers from the Cascades occurred in the northern 
part of the region, and that no cast and west margin can be 
snid to have existed. Farther south, lines of contact appear 
between the great central ilH'ading mass from British Colum­
bia, and the Cascade and Olympic glaciers which descended to 
it from either side. A definite margin between the area covered 
by the Puget Sound Glacier and the drirtJess surfuce south of 
it is usually to be found. The description of this margin is 
the chief purpose of this chapter. 

CONTACT OF PUGET SOUND AND CASCADE MOUNTAIN GLA· 
CIERS. 

From the work of Willis and Smith on the Tacoma quad­
rangle, Puget Sound drift is known to overlap the deposits of a 
Cascade piedmont glucier of the Vashon epoch, which they name 
the Osceola Glncier. Eskers deposited from the Puget Sound 
Glncier lie on the western margin of a wide till plain composed 
of materinl derived from the enst, and much flatter than the 
region immediately 
northern glacier. 

west, which is assuredly the product of the 
An irregular course is mapped for the 
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contact between the two contemporaneous drift sheets. This 
is not to be considered as marking the contact of the two ice 
masses, since the position of such contact shifted and no one 
line can indicate it for all stages. 

The writer has not worked in this region of the Osceola (Cas­
cade) Glacier, and the work of Willis and Smith is accepted 
for most of the Tacoma quadrangle. Error has been found, 
however, in their mapping of the contact betwecn Puget Sound 
and Mount llainicr glacial icc in the southeastern part of the 
quadrangle. The northenl glacier pushed well up against the 
flanks of 1\10unt nainier, and its ground moraine completely 
covers thc drift hills of the Puget Sound plain which abuts 
against the flanks of the foothills. No fragments of 1\1ount 
Rainier la\'a have been seen in this g round moraine, while 
bowlders of various kinds of granite typical of Puget Sound 
drift are abundant up to the base of the foothill s. The char­
acter of the till,- its color, texture, degree of firmness and 
coherence, structure and composition,-agrees with that of till 
which is undisputably of Puget Sound origin. Tltis is true of 
the country for a few miles south of South Prairie, about 
Kapowsin and on the cast side of the Ohop glacial drainage 
channel at Eatonville. The Tacoma folio maps the line of con­
tact as running diagonally to the southwest from the region 
of Orting, but the contilct really lies along a Jine dmwn almost 
straight south from that place. 

Ohop Valley is a long, deeply incised marginal drainage 
channel which connccts the Puyallup Valley from a point two 
miles south of Orting with the NisqualJy River yalley .!l few 
miles southwest or Eatonville. It was the dischul·ge"'ay for the 
glacial waters of the White, Carbon and Puyallup rivers from 
Mount Rainier while the Pugct Sound Glaeier blocked the 
lower drainage courses west and north. It tllso carried escaping 
water from the Puget Sound Glacier, much of which gathered 
in a high-level lake in the Puyallup trough about Orting. 

A nearly north to south lille from Orting to Eatonville lies 
from one to two miles west of the probable contact of the 
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Rainier and Puget Sound ice when the latter was at its maxi­
mum. It will also approximately divide the plain on the west 
from the rock hills which rise toward Mount Rainier on the east. 
Eatonville is built on carly outwash gravels of the Puget Sound 
Glacier which record escaping glacial water before retreat had 
begun on the north and northwest sides of Mount Rainier. The 
Puget Sound Glacier at its maximum, however, pushed up on 
the rock hill slope o\'erlooking Eatonville on the east, to an 
altitude of 460 feet above this outwash plain 1260 feet above the 
sea. A fairly definite momine ridging back on the hill summit 
here bears an abundance of Puget Sound drift material, such as 
various granites , garnetiferous mica sch ist, gneiss, etc., the 
presence of which in Rninier glacial drift is unknown and alto­
gether improbable. 

East of this terminal moraine deposit at the top of the steep 
rock slope, there is little evidence of any glaciation. The region 
bears a magnificent primeval forest and e."<posures arc afforded 
15nly by overturned trees and by shallow cuts a.long an old rOild 
between Eatonville and Eille. In spite of the paucity of data, 
it is apparent that Hainier glacial ice never altered the region 
morc than to remo\'c a residual soil. Only three erratic 
fragments were found along about ten miles of road. The 
Ni squally Rh'er emerges from the foothills five miles south of 
Eatonville and entcrs the Puget Sound drift plain at its most 
southeastern porlion. Here the Uainicr foothills on the east 
Ilnd the Bald Hills and the Huckleberry Mountains 011 the south 
form a. right nngle in the mountai n wall overlooking the plain, 
whieh lies to the northwest. The Puget Sound Glacier crowded 
up on these slopes as a t Eatonville, nnd grunite erratics hav~ 
been found as high as 1,200 feet above tide. 

Deposits of the Puget Sound Glacier partially ouJiteruted 
the prc-Vashon Nisqually Valley at this angle, and the post­
glacial stream, failing to follow its fonner course, has subse­
quently cut through 40 feel of outwash containing Puget 
Sound drift, and 300 feet into andesite lava. The canyon thus 
formed in the rock is as deep 8S it is wide when' crossed by 
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the cable footbridge at LeGrande. The gravel above the can~ 
yon brink is nearly 1,000 feet above tide, the highest altitude 
known to have been attained by outwash gravels of the l' uget 
Sound Glacier. The j·jvcr is apparently flowing on the pre­
Vashon valley floor at the head of the canyon, two miles abo\'e 
the footbridge at LeGrande. The city of Tacoma has de\'eloped 
the water power resulting from this glacial di \'ersion of the 
river course, by the excavation of a tunnel through the tlOdesite 
rock from the head of the Ctlflyon to the deepest Jloint at Le­
Grande: and the construction of penstock and turbines at that 
place. 

THE MORAINE AND THE NORTHERN HILLS OF THE HUCKLE­
BERRY MOUNTAIN GROUP. 

The Bald Hills from LeGrande weslward for several miles 
present a bold northern face toward the drift plain. The 
country is densely forested and little is known of the moraine 
in thilt region. The Des Chutes Hiver heads in the unsufl'eyed 
region lying south of tha Bald Hills, and flows out on the drift 
plain of Puget Sound west of thi s hill group. The northern 
glncier crowded back up this valley somewhat, impinging 011 

both north and west slopes o( the Bald Hills. Minor valley~ 

on these slopes have been dllmmed by the moraine, producing 
lakes lind marshes. One such valley possesses three marshes, 
descending in order from south to north, each with a perfect 
moraine ridge damming the valley, and the highest with o\'er~ 

looking rock cliffs rising directly from the marsh. Litlle Bald 
Hill Lake is the result of it similar moraine damming of a pre~ 

existing stream valley. 
Moraine ridges are abundant in the (orest here, and very 

sharply defined, though it is impossi ble to make out a sys· 
tematic g rouping because of the obscuring forest growth. The 
ridge damming one marsh rises 140 feet abO\'e it, and is so 
sharp crested that there is barely room for the narrow roadway 
which follows its summit. West of Bald Hill, the moraine is 
more bowlder strewn and possesses sharper ridges than at any 
olher place known in its entire extent. Bowlders are so abun~ 
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dant here that they are in many places pi led up on each other 
and the forest appears to be growing on a huge bowlder heap. 

A lake marginal to the glacier was apparently formed in the 
Des Chutes River valley abo'·e the moraine. In the vicinity of 
the falls of the Des Chutes (PI. X. F'ig. 2) the valley floor was 
aggraded by deposits in this lake, the existence of which has 
determined the location oC a Cew small farms up among the 
hills. Pebbles of Puget Sound drift are found as high as 1,200 
feet in the Des Chutes valley. 

West of the Bald Hills the plain region extends farther south, 
and the glacier accordingly advanced further in that direction. 
Its margin from Mount Huinier westward to Tenino was con­
trolled entirely by the rock hills lying south of this portion of 
the Sound basin, the ice IlIn·ing pushed up on their northern 
flanks for varying distances. 

Clear Lake, on the Bald Hill road, lies entirely alllong 
bowldery moraine hi1Js. The numerous Itlkelels and bogs of 
the vicinity a re likewise the result of the moraine topography. 
A swampy north to south valley immediAtely west of Clear Lake 
connects the Des Chutes River miley with Utat of the ~isqually 
Hiver to the north. The color divide in the old water course is 
within a fraction of a mile of the Des Chutes and there is a uni­
form descent thence northward to the Nisqually River. Glacial 
dminage appears to have been the cause of this abandoned ,'al­
ley, but it is not known how such drainage could ha,'e flowed 
norlh toward the ice front, as the grade records. Another val­
ley of the same character nnd with the same puzzle cOllcerning 
its genesis occurs two miles farther west. The high waters of 
the spring of HnO actually discharged from the Des Chutes 
across the fields ill this old draillage channel to the Nisqually. 

South of Ruths Prairie, the moraille fails to ascend the rock 
hins which arc crossed by the road to the old Mulquccn ranch 
on the Skookum Chuck. A bowlder)' ridge about 50 fect high 
lies along the base of the hill slope, separated from it by a 
swamp-floored marginal drainage channel formed at the maxi­
mum extent of the ice. Though till and erratic bowlders arc 
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found on the south side of the channel they do not occur higher 
than 50 feet above its floor. The Puget Sound Glacier here 
appears to have stopped just at the base of the hill region, 
though both east and west of this place it thrust its debris up 
on these slopes.{-

THE MORAINE ON THE GATE PATHWAY PLAIN. 

A fairly definite moraine begins north of McIntosh and swings 
westward past T enino to Dlack River ncar Mima. Its topo­
graphic prominence is not due cntirely to its own mass~s will 
be shown nor does it mark the maximum extenta.rf .\lhe Puget 
Sound Glacier throughout its length. 

Clear Lake, at McIntosh Station, lies in a prc-Vashon stream 
vailey, which is drift dammed at the eastern end. Almost no 
drift is contained in the valley. The rock hills which consti­
tute its northern divide uear Puget Sound till only on their 
northern slopes. Yet the Puget Sound Glacier overrode these 
hills, filled the Clear Lake valley and crowded up on the hills 
south of the lake more Uw.n 300 feet above it. Scattered erratic 
pebbles and cobbles of fresh material cover these hill slopes 
up to 650 feet above tide, occurring more than a mile south of 
the lake. 0'ii"0 till, however, was detected on the~ 

At Tenino, the samc conditions obtain. Rock hills north of 
the valley in which the town lies are capped wiUt till, and bear 
heavy till deposits~With typical morainic topography on their 
northern slopes. How much is tiJ1 and how much is rock 
cannot be stated, ut the chan ces favol' the predominance of 
tilll The ,'aluable Tenino sandston t'j-<;quarried from the south­
ern slopes. nut the Pugct Sound Glacier crossed the T enino 
Valley and left scattered erratics on the south side of the vallcy 
at 360 feet above tide, 80 {cd above the town. I-Jere also till 
failed to be deposited on the south side of the valley. 

About three miles west of Tenino, Grand Mound Prairie is 
bordered by the moraine on the north and by unglaciated rock 
hills on the south. Though no erratics have been found on the 
northern slopes of thesc hills, evidence from the outwash gravels 
of this prairie and of the valley from Tenino to thc Skookum 
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Chuck at Bucoda, indicates that the glacier abutted against 
these hills at its maximum, and forced drainage to take a 
circuitous course that it abandoned early in the retreat. The 
data on this question are more fully discussed in the following 
chapter. 

The only known incisions ill the moraine ridge between the 
D es Chutes Ri,'er ncar McIntosh and the Black Hills near Little 
Rock, occur one and one-half miles cast of T enino and at Mima 
Prairie. The trans-morainic channel ncar T enino never carried 
a great volume of water across from the north, and the c.'\':ten­
sive outwash gn\\'els of the two T enino-Grand Mound routes 
were thus deposited by drainage directly from the ice when it 
overtopped the moraine. The :t\.£lma Prairie incision is vir­
tually 11 complete breaking down of the moraine topography, 
perhaps largely because practically all g lncial drainuge from 
Puget Sound, from the eurly recessional stOoges of icc retreat 
to the opening of the Strait at the north and the destruction 
of Lake Russell, passed across the moraine at this place. 

North of Tenino, the moraine rises to 550 feet above tide, 
250 feet above its base on either side. An outcrop of shale 
appears in a road cut across its crest, more than 100 feet above 
the base of the moraine. The width more than the altitude ap­
pears to be a function of drift deposition. It is two miles wide 
north of Tenino and a few miles farther west it increases to a 
width of about four miles, being in this portion without the rock 
outcrops at lower altitude, and broken into a number of separate 
ridges. 

The recent construction of the Chicago, Milwaukee & Puget 
Sound Railroad through this region has afforded a number of 
valuable sections in the moraine. The railroad follow8 a route 
of escaping glacial drainage along the north side of the moraine 
from Rocky Prairie to Little Rock, where it uses the Mima 
Prairie incision to cross to the south of the moraine. Almost ev­
ery cut shows the fresh Vashon till underlain by decomposed and 
stained drift of much greater age, and in muny places also by 
rotted Tertiary shales. Considerable commingling of fresh and 
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decomposed material occurs, the fresh drift in such case bei ng 
discolored by iron oxide from the older material. 

Vashon till is exposed in road and railroad cuts between Little 
Hock and Mirna P rairie. On the west side of this prairie it 
ovedies an old reddened and decayed till in a railroad gravel 
pit close to the eastern buse of the driftless Black Hills. t 

THE BLACK HTL.LS AND THE MORAINEl. 

From Mimll Prairie, the margi n of the Puget Sound glacial 
drift hilS an almost direct northward course for nearly ten miles, 
Imd in lhal distance rises gradua~ ly higher on the flanks of the 
Black Hills. Waddells Creek is a soutb\\'nrd~flowing stream just 
within the eastern mal'gin of these hills, emerging from them Oil 

:'Ilima Prairie. The hills rose sufficiently high about its head­
waters and along its eastern side to bar the ice and drainage 
from the Puget Sound Glacier for most of the stream's lcngth. ­
But, anomalous ly, this south~fl.owing strealll was ice dammed 
at its exit from the hills, and , though the g lacier never suc~ 
cceded in entering the valley, glacial drainage was tUl'I1ed into 
it from the lower portion, and the valley filled with waler until 
an outlet was found westward to Cedu,r Creek. Scattered glacial 
pebbles arc found in the residual soi l on the slopes of 'Vaddells 
Creek valley to an altitude of about 650 feet, the altitude of 
the outlet to Cedar Creek. Above thi s height, erratic Illaterial 
abrup tly ceases. The highest glacial drift found on the cast 
slope oC the hills in the vicinity of the former dam is about SSO 
(eet above tide, though the icc must ha ve been as high as 650 
feet. 

'OJ' The eastern slope of the Black Hills is densely forested and 
exceedingly difficult to examine. The present study has been 
content to locate the upper limit of the drift in a sufficient num~ 
ber of places to indicate the general course and altitude oC its 
margin. Moraine ridges arc not known anywhere about the 
Black Hills . )'.. 
'/.. The residual soil of the Black Hills is in striking contrast 
with the drift flanking it. It usually constitutes a deep red 
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clay so completely cO\'ering the rock in places that the region 
is described by the woodsmcn as one of pebblelcss clay hills. 
Outcropping ledges are not common. The logs which are cut 
on the hills and dragged down the slopes are uniformly smeared 
with a coat of the unctuous red clay. 

The Pugct Sound Glacier crowded up on the north slope of 
the Black Hills, southeast of Summit Lake, to 1,460 feet above 
sea lcvel, failing by a few tens of feet to top the divide and 
move down the valley of Waddells Creek from its head. 1Jw 
m9D1inic terraces lie against this northern 0 e, ~OO and 
1,400 feet respectively, the upper one bcing indistinct. 'i. 

Summit or Crooked Lake is due to a drift-dammed preglacial 
valley whose former direction of di scharge wa s southward, at 
least through the portion now occupied by the lake. The lake 
surCace is about 420 feet aboYe sea level. 

The margin of the Pugct Sound Glacier is next known at the 
Simpson col, through which the gravels of thp Wildcat Valley 
train passed, and through which a mino r glacinl lnke discharged 
later. The upper limit of the driCt was not found here, granite 
pebbles being plentiful nmOllg the llngulnr basalt fragments on 
the summit of the higher flanking hill, 450 feet above the col 
and perhaps 950 feet above tide. It is probable that g lacial 
ice crowded through thi s col for a little way. though no till has 
been found south of it. 

THE MORAINE ON THE MATLOCK PATHWAY. 

From Simpson col, the g lacie r margin swings in a wide curve, 
convex wes tward, across the Matlock Pathway to the south­
eastern foothills of the Olympics. lts position is recorded by a 
few till hills rising above the gravel plain which here dominates 
the topography. A definite course may sOllle day be found in 
these hills, but the present forested condition and the lack of 
rOAds ha\'€! allowed only a reconnaissance thus far, and the 
moraine course is mapped only approximately. The till in 
these hills is similar in almost all det/tils to that on the northern 
slope of the Bald Hills, and to that of the ground moraine in 
the region of the Puget Sound troughs. The uniformity of 
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character of the Vashon t ill or the Puget Sound glacier is re­
markable. Almost everywhere, it is light bluish gray in color, 
arenaceous in texture, filled with rounded fragments or rock 
which resemble stream pebbles and which are seldom striated 
or planed. It rarely carries bowlders in its mass, though such 
are abundant on its surface in some places. From the Black 
Hills to Matlock, the till commonly shows a la rge proportion or 
deep red clayey material, intermingled with Eresh pebbles . The 
gravels of the Wildcat valley train likewise possess a reddish 
color, the suggestion of age which it gives being belied by the 
freshness in the interior of the pebbles. It seems probable 
that incorporation of residllal soi l from the basaltic country 
rock is responsible for thi s coloration. 

Lake Nahwatzel lies in the most extensh'e morainic country 
known in this region. T he general expression of the topography 
is identical with that about Clear Lake nca r the Bald Hills. 
Moraine hills here r ise 50 feet above the lake surface on all sides. 

The moraine is next found at L ake Cushman, in the Skoko­
mish River valley. Its course between Matlock and L ake Cush­
man was doubtless controlled by the rock hills along the north 
side of the Matlock Pathway, and it is thus mapped. 

CONTACT OF P UGET SOUND AND OLYMPIC MOUNTAIN GLA-
CIERS. 

The genesis of Lake Cushman is intimately related to the 
Pugel Sound Glacier. The lake lies in the course of the Skoko­
mish R iver at an altitude of 800 fect, hemmed in by mountain 
walls except to the east, where a broad drif~ plateau, {rom 400 
to 950 feet above tide, lies between it and Ifoods Canal. Puget 
Sound driEt is abundant over this plateau, and the presence of 
g ranite from the northern Cascade Mountains within less than 
tI. mile of the lake proves that the Puget Sound Glacier pushed 
up to the very mouth of the Skokomish River l s mountain valley. 
Though t he drift has a morainic topography close to the lake, 
there is no trace of Puget Sound glacial material along the 
lakeward slope, save where a stream of some length enters from 
the su rface of the drift plateau. On the contrary , tl,le rock types 
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shown on the slope facing the lake are foreign to the drift de­
posited by the Puget Sound Glacier. 

The vaUey of the Skokomish River is thus seen to be dammed 
by a great deposit of the Puget Sound Glacier which here 
crowded up the ri"er valley and held back the local glacier 
that normally would have deployed in the Puget Sound basin. 
The deposits of the local glacier in the Skokomish Valley give 
the lakeward face of the drift dam its different character. A 
till darker than that of the Puget Sound Glacier, possessing 
angular rock fragments of kinds entirely different from those 
of Puget Sound drift, lies back of Lake Cushman on the slopes 
of Mount Ellinor, about I,SOO feet above tide. It doubtless is 
a deposit of a local glacier which occupied the Lake Cushman 
basin of today. 

Views of Lake Cushman and vicinity from the trail up Mount 
Ellinor show the relations described above almost with the clear­
ness of a diagram. }<~rom the socallcd "Half \Vay Rock" along 
the trail, it requires only a slight effort of the imagination to 
see below one the dammed-back Skokomish Glacier opposed by 
the mightier Puget Sound icc mass which crowded westward 
against the mountains. 

Lake Cushman in early post-glacial time was much larger 
thtl.ll at present. The Skokomish Ri"er is rapidJy filling it with 
a delta which now has a greater area than the portion of the 
lake remaining. Incision of the morainic dam has lowered the 
lake level probably as much as 100 fet't. At its former altitude 
the lake must have reached considerably farther back up the 
river valley. Stratified clays of the former higher lake levcls 
are exposed along the stage rond ncar the ferry, and a fine 
series of ri"er terraces is visible from this road a few miles be­
low the lake. 

It has not bet'n practicable to determine closely the Corm and 
position of the Puget Sound Glacier on the east face of the 
Olympic Mountains. Granite pebbles exist at least four miles 
up the yallcy of the Dusewalli ps R iver, and no granite in situ 

-2 
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has ever heen reported from the Olympic Mountains. The Puget 
Sound drift covers the region west of Dabop Bay for five 
miles or more back from the water. It also constitutes the 
surface material on Quimper P enin sula, about Port Discovery, 
and between Port Discovery and Quilcene, all of which are in 
the structural valley and a part of the drift plain. 

GENERAL CONSIDERATIONS. 

Willi s found d,·ift of the Puget Sound Glacier on the northern 
fl anks of Mount Rainier, 1,600 feet above sea level. The writer 

I has found an upper limit marked by Illorainic ridging on the 
western slope of Rainier's foothill country at 1,£60 feet, near 
Eatonville. On the northern fl anks of the Bald Hills, the highest 
known erratics (Ire at an elevation o( 1,2~0 feet, though the 
moraine is about SOO (eet lower. Kear Tenino, the highest 
erratics arc 650 (eet abo\'e sen level, while the moraine summit 
does not reach abo\'e 550 fed. These scattered erratics in 
some cases may have been transported by floating icc in mar­
ginal lakes, but in other situations, the glacier undoubtedly 
rested at their altitudes on the hill slopes, though considerable 
bodies of till (ailed to be deposited there. 

In the plain which leads soutll\\"!lrd to the Gate Pathway, 
the moraine reaches its lowest altitude. North of ~lima Prairie 
it lies about 175 feet above sea level, though as has been noted 
tltis low altitude is in part due to the erosive action of escaping 
gIacil\J drainage. Yet since the Vashon till descends below ISO 
feet in tllis region, it is possible that the pre-Vashon su rface was 
lower here than at any other place in the entire glacial 
periphery. Though the surface is still lower to tile south, the 
glacier did not advance beyond i\limn Prairie. 

The icc margin ascended along the el\stem (ace ot the Black 
Hills from l'fiml\ Pmirie to the region of Summit L ake, and 
possessed a. maximum gradient of ISO feet to the mile (or that 
distance. The alti tude o( 1,460 feet, reached by the glacier 
on the northward angle oC the Black Hills, is more than 200 
feet ltigher tlUlIl at any other point along the enti re southern 
margin where (acing driftless cou ntry. The moraine in the 
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:Mallock Pathway lies about 1,000 feet lower than this highest 
point, that in the Gale Pathway about 1,300 feet lower. (See 
F;g. I.) 

The thickness of the Puget Sound Glacier north of the 
moraine region is not definitely kIlo""n. Since the neighbor­
ing mountains were glaciated by ice of local derivation, the 
height of glaciated surfaces can be no criterion. Nor can the 
height of erratic material serve our purpose, save where such 
material is positively identified as foreign to the whole adjoining 
mounlain region which might have contributed to former glacia­
tion. l\fid-basin hills of sufficient height to have risen above 
the glacier arc necessary for an accurate estimate, and such do 
not exist. 

A hill which answers the purpose to some extent is Mount 
Issaquah, 15 miles cast of Seattle. It is an isolated peak about 
3,000 feet above sea level, without the usual mantle of finely 
comminuted rock fragments found on unglaeiated hills of the 
region. The comparative freshness of material covering the top 
is in 111lrmony with the presence of scattered erratic pebbles 
on the summit, the number of whieh increases on lIle lower 
slopes. Both ind icate glaciation of the peak by the Puget 
Sound Glacier. Since Admiralty Inlet altains depths of nearly 
1,000 feet west of Mount I ssaquah, the total thickness of the 
glacier in the latitude of Seattle was at least 4,000 feet. 

The only e"idences of erosive action of the Puget Sound 
Glacier near its margin arc a few instances of incorporation of 
weathered material from the pre-Vashon surface into the fresh 
Vashon till. Knobs of old drift and hillocks of decayed shale 
are seen beneath the Vashon till in many places with no sug­
gestion of deformation from thrust of the overriding ice. This, 
of course, is not true some distance back from the moraine. 

Present data show that the Vashon glaciation of Puget Sound, 
probably to be cqrrelated with the Wisconsin glaciation east 
of the Cordilleras, was fully as extensi"e as any preceding glacia­
tion of the region. The terminal moraine from McIntosh across 
the Gate Pathway plain to Little Rock overlies a fonner region 
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of low hills of old drift, some of which is undoubtedly till. No 
old till has been found south of the moraine limits, and no obvi­
ously old and weathered erratics are known in positions indica­
tive of former and more extensive glaciation. 



CHAPTER III. 

EXTRA-MORAINIC OUTWASH OF THE PUGET SOUND 
REGION. 

SYNOPSIS. 

TUE PRE- VASI/ ON R t:D GRAVELS OJo' TilE CIiEHALlS VALLEY. 

ADMIRALTY GLACU,TION AXD THE COWLITZ V ALLEY. 

VAS HON GLACIA'flON AND THE CIIEIIALIS VALLEY TRAIN. 

5KOOKU:o.1 C H UC K GRAVELS. 

STONY POINT VALL!::\' TRAi!'. 

TE:s'INO- GRAND l\lo u~w GLACIAL DRAINAGE R OUTES. 

GATE PATH\\'AY. 

GATE V ALLEY TRAIN. 

O UT WASH \ VEST OF THE BLAC K HILLS. 

l\IocK CUEIiALIS VAT,LEY THAI!." 

CLOQUALLU;\! VALLE\' TRAL ... , 

SATSOP VALLEY TRAIN. 

E CONOMIC PHASES OF THE C HEH ALIS GLACIAL GRAVELS. 

VASHON GLACIATION AND TilE COWLITZ VALLEY. 

)liNERAL LAKE GAP. 

NAi'AVL"\'E D I \' IOE. 

NEWAU K U M HtVER COL. 

In the two known glaciations of the Pugct Sound Basin, the 
invading ice came from the Cordilleran Glacier of British Co­
lumbia, and ad"o.nced sufficiently far southward between the 
Cascade and Olympic mountain s to close effectually the basin 
at the north. Water di scharging from the Puget Sound region 
was forced into stream valleys ly ing south of that basin . There 
are two river ,'alleys to be considered in thi s connection; the 
Cowlitz and the Chehalis. The Cowlitz Ui\,er heads in the 
glaciers on the south side of Mount Bai nier and flows west to 
the st ructural vailey of which Puget Sound is a part. H ere it 
turns south to enter the Columbia. There arc two low areas 
across the northern dil'ide of the Cowlitz Vulley where glacial 
druinage could have entered it from Pugct Sound. The Che-
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halis Valley heads in the low coast range south of the Olympics, 
descends their eastcrn slope to the same structural valley, which 
it enters 15 miles north of the entrance of the Cowlitz Valley. 
H ere it htlS a northward course for 10 miles and then swings 
about to a westward course south of the Black Hills, whence it 
continues to the Pacific. The Chehalis Valley lies closer to 
Pugct Sound than the Cowlitz Valley, and bct\\'~n it and Puget 
Sound there are several gaps in the rock hills, b"o of considerable 
width. These gaps afforclro ample opportunity for the entrance 
of glacial waters in the valley. 

THE PRE-VASHON RED GRAVELS OF THE CHEHALIS VALLEY. 

The maximum extent of the Pugct Sound Admiralty Glacier 
is not known. Old drift, prcsumably of ,A dmiralty age. undel'­
lies the Vashon termi nal moraine in the "icinity of Little Hock, 
but is not knO\\"n beyond that locality. There is, however, an 
old gravel deposit in the Chehalis Valley, found at intervals 
from Gate to the ocean, and thence along the coast, which is 
vcry probably Pleis tocene in nge, and a portion of which may be 
outwash of the Admiralty glaciation. 

The most eastern remnant of the old gravel known nt present 
is at H elsing Junction, on the south side of the Chehalis Valley, 
opposite Gate, where the Oregon-W!\shington Hailroad and 
Navigation Company and the Chicago, l\1ilwauk~ and Pugct 
Sound Railway unite on their common track down to Grays 
Harbor. The gravel caps the bluff above the railway gl'ade 
along the river for two miles. Its maximum thickness is 35 
feet, and it o,'crlies the Tertiary shales unconformably, with 
the contact about 70 feet abm'e the river and "bout 190 feet 
above tide. The gravel is d~ply stained by iron oxide, possess­
ing a true "ferretto" color almost throughout. I ts pebbles are 
so softened by decay thtlt a blow of the hammer will brellk 
them easily. 1\1ost of them can be carvro with a knife like 
hardened elay. The bedding is horizontal. No grnnite, and no 
metalllorphic or scdimentary rocks were found among the peb­
bles, the deposit being composed almost entirely or fragments 
of tlndesitic lava. 
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A deposit of scattered gravel on the north side of the Chehalis 
River lies a mile west of Oakville at the summit of a quarry 
section, perhaps 160 feet above tide. In this gravel, granite is 
abundant. The pebbles are somell'hat softened on the surface, 
but are firm within. They are less stai ned than the Helsing 
Junction grayels, appearing fresher also than the old drift 
near Little Rock. 'rhey are, however, older than Vashon out­
wash which lies as a broad terrace at the foot of the clifT. 

There aTC sel'eral occurrences of thc red gravel about Elma. 
n is found on Wildcat Creek at 'White's :Mill, and here possesses 
current bedding dipping southward down the present valley 
in which it lies. It constitutes the larger part of a great ter­
race which forms the north side of the Chehalis Valley from Elma 
to Satsop, with It summit level oC about S::l5 feet above tide. It 
is well exposed a mile and It half west of South Elma, on the 
joint line of the Oregon-Washington and Chicago, Milwaukee 
and Puget Sound railways. HeTe its base is 100 feet abol'e tide 
and its summit constitutes a considerable plain surface probably 
to be correlated with the terrace on the north side and visible 
for several miles from the north side of the valley (PI. T, Fig. 2). 
The decay and staining of the gnweJs in this cut are comparable 
to that of the Hel sing Junction gravels, which they resemble 
also in composition. More oC this early gravel filling remains in 
the vicinity of Elma and Satsop than at any other place in the 
Chehalis Valley. This a lso appears to be the only place where 
the surface of the filling is sti ll preserved. 

A mile west of Satsop village, a prominent table-topped 
spur projecting from the north side oC the valley (PI. I, Fig. 1) 
is composed of thi s red gmvel. Its summit is 130 feet above 
tide and its thickness is about 90 feet. The Satsop River, 
which enters the Chehltlis Valley here, has eroded 15-20 feet 
belo,,> the base of the gravels and has exposed thei r unconfonn­
I\bJe contact with the underlying T ertiary sandstone. On the 
top.of the terrace the red gravel has been excavated for road ma­
terial, and is apparently identical in degree oC decomposition, in 
structure and in composition with the Helsing Junction and the 
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South Elma gravels. Locally its surface parts are completely 
decolored to a depth of se\·eral feet, but its decayed character 
shows it to be the samc deposit as the rest of the terrace, and not 
material of later age. (Sec Pl. I, Fig. 3.) Though the height 
of this terrace does not cOliform with that oE the terraces about 
Elma, yet the similarity of material and of alteration are con­
vincing evidence that they are portions of the same deposit. The 
plane oE the terrace a mile west of Satsop seems best explained 
as due to subsequcnt erosion, and not to original deposition. 

At the downstream angle between the Wynooche and Chehalis 
, ·alleys, a red-stained and decayed gravel is exposed aloDg the 
highway. The summit of the gravel is about 110 feet above 
tide, and it bears approximately 50 feet of yellow clay above it. 
The beds of the gravel are partly horizontally bedded and partly 
foreset, with dip downstream. It agrees with the previously 
described deep gravel deposits in its roo color, its softened 
pebbles, and its lack of material which can be unhesitatingly 
identified as having come from a Cordilleran glacier. 

Old gravel, softened and deeply stained, is exposed in many 
cuts between Montesano and Aberdeen. The structure is either 
horizontal or foreset; where the latter, the dip is down the pres­
ent valley. Gravel of the same character is found for several 
miles along the Wishkah River above its mouth. It also occurs 
in exposures at Cosmopolis, 011 the south side of the head of 
Grays Harbor, but there is a greater variety of rock repre­
sented than in most exposures. Granite, howe,-er, was not 
found. 

The best exposures of this red gravel in the Chehalis Valley 
are in the sea cliffs on the north side of Grays Harbor, which 
is the drowned continuation oE the river valley. The maxi­
mum thickness here exposed is about 100 feet, with the base 
above high tide in but one place. The bedding oE the gravel 
is prevailingly horizontal, though foreset beds with westward 
dip are of common occurrence and locally constitute nearly the 
whole structure. Beds dipping at the same angle eastward 
are seen at a few places. In most of the thicker sections, the 
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staining is perceptibly greater near the top, the basal strata be­
ing in places almost unstained. The same gradation is shown in 
the softening by decay. Near tile site oC t he old Grays Harbor 
City, 0. median bed oC clay lies between two gra\'el members. 
Erosion surCaces separate the three. Farther west, olle section 
sho\\'s several alternating beds oC red clay and red g ravel, each 
stratum ave raging four or five feet in thickness. James Island 
is a picturesque stack of these red gravels, lying off the north 
shore of the H arbor . 

R ed stained, partially decomposed and partially cemented 
gmvel oC the same c1mructer us that of the Chehalis Valley 
is known along the Pacific Coast north to the Strait of Juan 
de Fuca, Betwccn Grays H arbor and Mocli ps at least, it 
composes a Coreland about 12 miles wide. 

'Vherever the base of this old gravel is seen, it rests uncon­
formably on T ertiary Cormations, In distribution, it is limited 
to vaUeys and the coast line. Distor t ion of the underlying 
strata is common bu t no d istortion is known in the g ra vel itself 
save at South Elma, whe re i\ slide has evidently bccn the cause. 
The conclusion seems probable that these red gravcls arc Pleisto­
cene sll'eam deposits in the Pliocene or early P leistocene Che­
halis Vulley , and on Il Pliocene or cnrly Pleistocene \\'IlVe-Cut 
coastal shelf. Their decay and stai ning a re somewhat greater 
than t hat of known Admiralty gravels in the Pugct Sound 
basin, and with one exception no granite or other tock has been 
fOllnd in them by which they could be identified with Puget 
Sound glaciation. The one exception~ the Oakville quarry 
section, itself fails to con form satisfactorily to the other ex­
posures, 

F or the present, therefore, we must conclude that sufficient 
evidence is not known to show these old Pleistocene gravels of 
the Chehalis to be related genetically to t he Admiralty glaciation 
of P uget Sound, or to be glacial at all. 

ADMIRALTY GLACIATION AND THE COWLITZ VALLEY. 

Since the pusses from the Puget Sound to the Cowlitz Valley 
are higher a nd fllrthcr distant than those of the Chehalis, it 
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seems unlikely that the Cowlitz received outwllsh of this glacia­
tion if such failed to enter the Chehalis. No old drift of any 
kind is known at present in the Cowlitz Valley. 

VASHON GLACIATION AND THE CHEHALIS VALLEY TRAIN. 

SKOOKU).( CHUCK GRAVELS. The Skookum Chuck H iveI' 
heads in the unsurveyed Huckleberry Mountains, which lie south­
west of Mount Rainier between ]luget Sound and the Cowlitz 
River, and flows westward to join the Chehalis at Centralia. It 
roughly parallels the Puget Sound terminal moraine for some 
distance, lying a fe"' miles south of it. Its coursc, howe\'er, 
is within the T ertiary hill region southeast of the Puget Sound 
basin. For most of its length, these hills rose suffi ciently high 
to pre\'ent entmnce of drainage from thc glacier which pushed 
up on their northern flanks. The stream ,'alley where thus 
protected, however, possesses a considerable quantity of g ravel 
which nppeurs to have been so rapidly introduced that derange-­
ment of drainage followed. An abandoned farm known as Mul­
queen's (Fig. !l) lies some miles up the Skookum Chuck Valley 
on an alluvial flat among the rock hills. Immediately below this 
the stream enters a gorge with vertical walls, appearing to 
have been fairly recently su perposed on a rock spur into which 
it has cut. Such an incident could logically follow erosion of a 
valley train. Dut a careful senrch for six miles along this length 
has failed to bring any Puget Sound drift materials to light, 
and the flat at 1\lulqueen's lies 180 feet above the Puget Sound 
morainc directly north of it. The filJing, whnte\'er its source, 
is not to be referred to the glaciation of Pugct Sound. 

STONY POINT VALLEY TRAIN. There are three gaps through 
which Puget Sound outwash did enter the Skookum Chuck 
Valley, t\\'o of thcm of considernble sizc. (See Fig. 2.) The 
most easterly of these will be designated the Stony Point gap. 
At the maximum of Vashon glnciation, outwash from the entire 
margin of the glacier lying east of this gap, entered the Skoo­
kum Chuck through it. The outwnsh built a gravel train which 
contains many granite pebbles and other Pugct Sound drift ma-
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terials. The coarseness of the gravel is probably responsible for 
its unforested condition. The altitude of the col in the Stony 
Point gap has not yet been accurately detennined, but it lies 
below S50 feet. Clear Lake at :McIntosh station, altitude 346 
feet, was never used by marginal drainage, though as the ice 
withdrew from its maximum stand, the lake's vaUey lay in so 
favorable a position and at such an altitude, that the gap was 
earlier held to have been unavoidably so used, in spite of the 
absence of glacial gravels. The only explanation {or outwash 
holding to the Stony Point channel until a route on the north 
side of the hills north of Clear Lake was opened westward, is 
that the Stony Point channel was lower than the lake. H ence 
the confidence in the inference regarding the altitude of the 
gap. From the col to Bucoda along the valley train, the dis­
tance is 11 miles, and the descent cannot e..\':ceed 100 feet. This 
is a grade of less than 10 feet to the mile. 

A few miles west of the Stony Point gnpl the glacier closed 
a northward descending valley and produced a Jake whose dis­
chargc was south to the Skookum Chuck. But since this lake 
caught aU outwash gravels, the gap used by the outlet was unim­
portant in building the Skookum Chuck valley train. 

TENL.';O-GBA.';D MOUND GLACIAL DRAINAGE ROUTES. The 
T enino-Bucoda gap is the largest of the three which led glacial 
water to the Skookum Chuck. Together \\·ith the Skookum 
Chuck Valley below the point of junction, it constitutes a 
through valley {rom Tenino to the Chehalis at Centralia. In 
this there was probably a preglacial low dh'ide. The greatest 
constriction occurs just south of Bucoda, and it is possible that 
the preglacial Skookum Chuck turned northward near that town 
and flowed to the depression now occupied by Grand Mound 
Prairie. A triangular drifUess area is surrounded by the Te­
nino-Bucoda-Centralia gravel train on the southeast, Grand 
Mound Prairie 011 the north, and the gravel-filled Chehalis Val­
ley on the southwest. (See Fig. 2 and PI. XXIII.) Outwash 
from the vicinity of Tenino which took the Ducoda route rounded 
the southern tip of this area, and returned to Grand Mound, 
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from whence it was carried to Gale and down the Chehalis Val~ 

ley. · The dislance from Tenino to Grand Mound by this cir­
cuilous roule is 16 milcs, and lhe descent of the gravel floor in 
lhat distance is 1~2 feet. Along Grand l\1ound Prairie on the 
north side of this area, the distance is nine and one-half miles 
and the route is straight. Outwash would ne\'er have taken the 
longer route with so Iowa gradient if the more direct route 
along Grand )lound Prairie had been open. The only cause 
which could have operated to close it is advance of glacier ice 
from the position of the terminal moraine, bordering the prairie 
on the north, until it impinged on lhe triangulnr hill area. 
Though no erratic matel'ial has been found on the northern 
slopes of these driflless hills, the grades of the gravel outwash 
make it obvious that the Pugct Sound Vashon Glacier at its 
maximum actually reached thi s position. 

The gmde of this T enino-Cen tralia-Grand Mound floor is 
surprisingly mriable. Betwccn T enino and Bucoda it descends 
six {eet to the mile; between Bucoda and Centralia nearly thir­
teen feet to the mile; and from Centralia to Grand Mound the 
descent is but fivc fcet to the mile. This last gradient is prob­
ably of no value since the vicinity of Grand i\Iound received 
gravels from the north after transportation by the Tenino­
Centralia route ceased. But the change in gradient near Bu­
coda in a grtl\'el train which today flool's the entire valiey, and 
obviously is practically the same as when abandoned by the 
glacial river, needs explanation. Two hypotheses are ad­
vanced; one that the Stony Point gravel train which entered 
the through valley at Ducoda was of so much greater volume 
that it virtually dammed the Tenino-Bucoda length, the other 
that a pre-Vashon rock di"ide existed in the somewhat constricted 
Yalley just south or Bucoda, and served to back up the gravels 
to form a low gradient. 

Fragments of a higher grnvel filling lie 310 to 320 feet above 
tide on both sides of the valley at Tenino, and scattered glacial 
pebbles occur up to 360 feet. The 280 foot terrace on which the 
town is built is continued without break toward Bucoda but 
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ends abruptly with a 30-45 foot deseent to Seatter Creek val­
ley, which leads westward along Grand Mound Prairie. A mile 
or so west of Tenino, only a broad median ridge in the nxial 
part of the prairie remains ilt the ie\'el of Tenino, the lower 
surface elsewhe re recording the later work of glacial drainage 
along the direct route from T enino to Grand Mound. The 
prairie surface is undulating, and no one figure can be given 
for its gradient. From the broad bottom of Scatter Creek at 
Tenino, to Grand Mound, however, the descent is not quite len 
feet to the mile, and this may be taken as all approximation of 
the grndient of the grnveis along Grand Mound Prairie. 

THE GATE PATIIWAY. The Gute Pathway from Pugel Sound 
to the Chehalis River is fully eight miles in width. It is inter­
rupted by the isolat('d hill from which the statioll tUld the prairie 
of Grand Mound are named, and by a plateau-like outlier about 
a mile in diameter near Roch('ster. The gmvel plain of Vashon 
outwash completely surrounds each hill . Thc p lain is highest 
on the eastern side of the pathway, and lowest on the west at 
Gate, this being because glacial water entered it 011 the east and 
northeast, and flowed diagonally across to the west and south­
wes~ and also because as the volume of escaping water waned it 
became concentrated on the western portion, perhaps lowering 
tlus still more. The altitude of the mounded gravel prairie at 
Gnte is about HlO feet nbove tide, and it is 40 miles distant 
from the most western occurrence of Vashon grlweJ in the Che­
halis Valley, which lies at 50 feet above tide. Furthermore, 
gravel terl'llces wluch contain Puget Sound Vashon material 
situated fnr down the valley lie as high, or nearly as high, 
as ilt Gate. It is immediately obvious that no one simple 
gravel train can embrace these di \·ersely situated grnvel ter­
races, or could extend th,it distance with as Iowa gradient as 
two feet to the mile. The explanation is to be found in the 
existence of tributary vililey trains which head in the outwash 
plains of the western lobe of the Puget Sound Glacier, and 
which enter the Chehalis Valley from the north. These brought 
in great quantities of gravel and each created virtually n new 
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l·alley train in the Chehalis. In each of these tributary trains 
the entering gravel wa s hi gher than the surface of the outwash 
gravel \\'hich had entered some distance farther up the valley. 
By relays, as it were, the Vashon gravels succcro.ed in reaching 
the head of tide water on the P acific Coast. (S~ Plate XXIII 
for a real distribution of these diffcrent gravels.) 

GATE VALLEY TRAIX . The remnants of the Gate train con· 
stitute an almost continuous terrace surface from the town of 
Gate wcstward to Malone, where it blends with and becomes 
obscurcd by the younger Mock Chehalis train. Gate or Baker's 
Prairie, Oakville Prairie, Cedarville Prairie, and Ford Prairie 
are portions of ~he Gate train. Smaller fragments also exist 
in the valley mouths of Cedar and Porter creeks. 

The topography of about halE the prairie areas of the Gate 
train is remarkably mounded. The genesis of these mounds is 
treated in Chapler V of thiil paper. Their presence, involving a 
relief of as much as 30 feet, with many delta~formed terraces and 
other irregularities of doubtful origin, makes the construction 
of a satisfactory profile for this train almost impossible. Under 
the limitations of this study it has not been attempted. In 
general, however, lhe gradient of thi s train is surprisingly, al~ 
most unbelievably low. The longest distance between bench 
marks on this train is from Gate to Porter. Railroad altitudes 
arc here depended upon, and they give a gradient of six and one~ 
third feet to the mile. The gravel, wherever shown, is hori~ 

2:onta1ly bedded or possesses a westward dip, and the material 
was undoubtedly transported by running water to its present 
position. 

In consideration of the minimum grades a gra,·el train may 
possess, the present Chehalis River grade is instructive. This 
stream desce.nds about four feet to the mile from Helsing June· 
tion to Satsop, a~ the head of tide water, and is today sweeping 
the rehandled outwash gravels seaward along this stretch, dur­
ing flood season at least. The glacial Chehalis, receiving at 
Gale at Jeast half of the drainage of the Puget Sound basin 
south of the Strait, was thus presumably capable of carrying 
the gravels of this valley train el'en on the low gradient noted. 
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T erraces occur along Porter Creek for a mile above its junc­
tion with the Chehalis. Their material is entirely of local deri­
vation, but t.hey are believed to be contemporaneous with deposi­
tion of the Gate train. Here the gravel flood dammed the trib­
utary valley which in consequence was aggraded by strCllm 
debris brought down from its unglaciated upper course. Though 
Porter Creek is the only valley known at present to show this 
filling, it is to be expected in many tributary valleys of that 
portion of the Chehalis aft'ected by glacial outwash. 

O UTWASH WEST OF THE BLACK HILLS. The function of the 
Black Hills in the production of the double lobe of the Puget 
Sound Glacier has been noted. In crowding up on the northern 
flanks of these hilis, the glacier overtopped low divides in two 
places, and sent slender trains of fresh, light-colored glacial 
gravel southward along the stream ,'alleys. The gravel of these 
trains is in remarkable contrast with the black pebbles and deep , 
red residual soil derived from the baSaltic hills. 

THE MOCK CHEHALl! VALLEY TRAL.,\, . The most eastern of 
these valley trains is that of the Mock Chehalis, a creek enter­
ing the Chehalis at Malone. Two terraces of glacial gra\'el 
occur at the mouth of Porter Creek and Cedar Creek, but such 
are simply remnants of the valley train filling which entered 
by the Gate l)athway, and these creek valleys above their mouths 
are entirely without glacial gravel. The Mock Chehalis train 
begins somewhere in the forested region of Summit Lake. 
No altitudes are known in its valley, and its grade has not been 
detennined. Its existence has detcnninoo the location of a 
number oC farms along the stream, while both Port.er and Cedar 
Creek valleys, lacking t.he flat. bottom, are yet covered by the 
primeval Corest or but party logged oft', and have no fanns 
above their mouths. 

Most of the Mock Chehalis train still bea.rs the original 
forest, and no higher terraces have been found except 
at Sine and again near the head in the vicinity of Summit Lake. 
Between Sine, on the Mock Chehalis, and McCleary, on Wildcat 
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Crcck, a tributary of the Cloquallum, the rock hills fail, and a 
broad, fairly level area rises only a few tens of feet above either 
place. McCleary lies on the outwash plain which poured down 
Wildcat Creek from the vicinity of Summit (or H illgrove). 
The presence of scattered gmnite pebbles among the sub­
angular basalt cobbles which cover the low dividc, proves a 
former connection between the ,Vildcat and Mock Chehalis 
trai ns, and, together with a terrace 30 feet high just cast of 
Sine, and other termces near Summit Lake, provcs the present 
Mock Chehal is train to have been originally aggraded to a level 
higher than it now possesses. 

Betwccn Malone and Elnm it is p robable that commingli ng 
of g ravels from thc Gate and :Mock Chehalis tmins occurred; 
but the Gate train here lost its individuality, and in two or three 
miles below Malone the g ra ,!{'ls largely lie too high to possibly 
come into the Gate train profile. 

A signifi cant terrace lies two miles east of Elma on the high­
WRy along the north side of the river. Its altitude is 80 feet, 
higher than the large Cloquallum train entering at Elmn, and 
higher than the Mock Chehalis train where it issues at Malone. 
Inclined strata shown in its sections dip consistently wesb-rard. 
This rem.oves the possibility of thc terrace being a portion of a 
fofmer fan-like spreading of the Cloquallum train which enters 
the Chehalis just below it. It is confidently referred to outwash 
through the Mock Chehalis, beforc the filling of tl'l8. t vallcy was 
croded by later glacial drainage to its present dimensions. It 
thus corroborates the evidence of the terraces at and above Sine. 

T HE CLOQUALLOM VALL£Y T HAIN . The fourth valley train 
to enter the Chehalis H. iver valley is that of the Cloquallum, 
near the lIlouth of which Elma is situated. This is composed 
of two distinct uniting trains; one from Summit, or Hillgove, 
in the valley of Wildcat Creek, the other descending the CIa­
quallum proper. The Wildcat member, probably the Inrg<!r, is 
the sccond train to the west which wns poured ac ross the Black 
Hills, the gravel floor ascending with a constantly increasing 
g radient northward to Simpson col, a definite notch at the valley 
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head, where the Pugct SOllnd Vashon Glacier reached its maxi­
mum. The CloquaUum member begins in the broad plain which 
was spread out in front of the western glacial lobe in the Mat­
lock Pathway. 

The head of the Wildcat train is a unifoml plail}, sel'era.l 
square miles in extent, broken by a few rock hills whieh rise like 
islands above the gravel. Xo streams llilve yet incised it in the 
vicinity of McCleary and Summit. A beautiful valley system 
is de\'eloping on the middle portion, and ravine heads are rapidly 
ad"8neing into the undrained upper tract. Farther down the 
valley, both the Cloquallum and the Wildcat hal'e cut through 
the gra,'el to the underlying earlier Pleistocene red gravel and 
Tertiary rock. 

From railroad tdtitudes, including some from a logging rail­
way. the ' Vildcat train descends more than 40 feet to the mile 
between Simpson and ~lma. These united trains extend out 
into the Chehalis Valley in a broad, unbroken terrace which 
reaches down the ,'alley as far as Satsop, the grade decreasing 
to seven and one-half feet to the mile between Elma and Satsop, 
though all sections in this length show current bedding dipping 
westward. 

No positive evidence has been found for an earlier, higher 
surface of the Cloquallum train or cither of its members, except 
the scattered granite pebbles betwccn McCleary and Sine. The 
significance of this fact wiU be discussed later, 

THE SATSOP VALLEY TRAIN. The outwash III the Matlock 
Pathway is largely covered with forest. It possesses but few 
prairies, none of them comparable in extent with those on the 
outwnsh of the eastern lobe. The altitude of this route is 
known only approximately from sun-eys of the logging rail­
ways, both l\fatlock and CloquELllulll being gh·en as 400 feet 
nhove tide, The width of the plain in the broad gap is probably 
equal to that at Gate, about eight or nine miles, though the 
forest nnd the waste of logging where the heavy growth has 
bccn removed, have prevented more than a reconnaissance of 
the ~gion. 
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The outwash plain and moraine of the Matlock Pathway are 
drained by several eastern branches of the Satsop River, and 
by Cloquallum Creek. The west fork of the Satsop never re­
ceived outwash (rom the Pugct Sound Glacier. 

The valley train heading in this outwash area and extending 
down the Satsop, and thence down the Chehalis, is the longest 
of all the extra-morainic trains of the Vashon Glacier of Puget 
Sound. It also originally lay higher above present valley bot­
toms than any other, and, further, has been more largely de­
stroyed by post-glacial erosion. Its lowest level constitutes a 
terrace reaching from a point two miles above the junction of 
the Satsop with the Chehalis Valley, to Montesano, a distance 
of seven miles. At Montesano, tcrraces of fresh glacial gravel 
with stream bedding dipping westward lie at 40 and 65 feet 
above tide. In the north part of the city is a terrace 120 feet 
in altitude, in which wells without exception find fresh gravel 
beneath a few feet of yellow soil. Though no pits exist in this 
terrace to show the material, there can be little doubt that its 
gravel is of Vashon age. There is no higher fresh gravel in 
the Chehalis Valley below Gate. 

Half way between Montesano and Aberdeen, the highway 
for aboul two miles traverses a terrace surface well above the 
valley bottom, one mile of it being 80-85 feet above tide. Its 
topography practically unbroken by ravines, is indicative of 
youth. Sections show the material to be typical Vashon glacial 
outwash, with many fresh granite pebbles. The stream bedding 
records a westw8rd current at the time of deposition. Some ex· 
posurl's show a peculiar mingling of stained and unstained 
gravel, strata or masses of stained material alternating with 
fresh granite-bearing gravel. The staining is irregular and 
never very dark. It may perhaps be due to local infiltration of 
the fine reddish alluvium which co\'ers the terrace top, and pos­
sibly to the incorporntion of older Pleistocene red grnvels 
which underlie this terrace. 

The best residence district of the ci ty of Aberdeen is situated 
on a gravel terrace whose summit is SO-35 feet above sea level. 
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The g ra\'el is pe rfcctly fresh and unstained in some sections, 
but near the base of the hill slope against which the terrace lies, 
its material is red like an old gravel, though the staining is not 
so deep or uniform. Granite pebbles a rc not common, but can 
be found, and are firm and unweathered. T he bedding is hori­
zontal with a few strata dipping westward. The pebbles arc 
noticeably smaller than in gravel nearer the moraine. 

On the hill slopes abo\'e the terrace, considerable street grad­
ing has re,'ealed many stream-worn pebbles in the residual 
earth, and stained by it to its own hue. Slides and creep seem 
to have interrupted any continuity which may have ex isted orig­
inally, but a considerable bed lies back of the old high school 
building, eas t of the ravine back o( the St. Rose Academy. It 
is 90-95 feet abo\'e tide. Some pebbles in it are fa irly fresh, 
but most of the material is weathered. 

These high gravel terraces along the lower Chehalis, in 
places actually overlooking tide water, can mean but one thing; 
namely, thnt the Satsop valley train , where it enters the Che­
halis Valley, has been degraded (ar below its original level. 
These terraces must be remnants, indicating the level to which 
the va.lIey was once filled. They suggest that high terraces, 
corresponding with these sUn'iving portions of a former d~p 
filling should be found up the Satsop toward the Matlock out­
wash plain, unless they have been removed by erosion. The Sat­
sop Valley should now be examined. 

For the lower portion of the Satsop Valley, there are few 
glacial gruels abo"e the present flood plain. The lowest ter­
race surface, whieh extends down to Montesano, mny be fol­
lowed up the Satsop for two mi les. In one place a small terrace 
rises about 25 (eet above it. On the east side of the stream, a. 
slender terrace of fresh gravel lies along the valley slope fo r 
a mile and a half. Between the junction of the cast and west 
forks of the Satsop, the road which follows the east fork ascends 
to Shafer's Prairie, whose altitude is about 150 feet above tide. 
This is composed o( glacial gra\'el but is not high enough to be 
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correlated with the high terrace at Montesano, or with any ter­
races west of that pl ace. 

The bluff which borders Shafer's PmiJ'ie all the west is really 
a J'idge parallel to the edge of the pl·airie. Beyond its crest 
there is a sinall stream valley, beyond which there is stiU higher 
land. The ridge appears to be stream-formed, though lying 
parallel to the adjacent prairie. Its altitude is 90 feet above 
the prairie, or 29.!0 feet above tide, a nd it shows fresh glacial 
g ravel on both slopes and crest. Similar gravel occurs also 
on the ascent to the higher land beyond, but does not reach 
above 29.!0 feet in altitude. 

Though the described ridge parallel to the prairie which 
lies in the Satsop Valley is somewhat unusual, and not to be 
considered a terracc, it appears to have been left by the erosion 
oC a fo rmer plain, aggraded by glacial gravel to the level of 
its crest. The presence of the g ravel is the vitn])y important 
fact. It here lies high enough to allow il descent of 11 feet to 
the mile to the highest terrace at iUontesano, a nd a continu­
ation of 11 simil11r grade down the Chehalis will touch the 80-85 
foot terrace between Montesa no and Aberdeen and the 30-35 
foot terrace at Aberdeen. From the outwash gra,'el about Mat­
lock, there is a descent of 15 feet pe r mile to this high g ravel 
overlooking Shafer's Prairie. The outwash plain about Mat­
lcck is probably contem poraneous with the lower levels of the 
Satsop train, and earlier filling about Matlock, correlative with 
the high gravel abol'e Shafer's P rairie, has probably been de­
stroyed in production of the lower levels. The gradient or ] 5 
feoct per mile should thercfol'e be indefinitely increased. 

Thus, with one exception, the whole series raIl into a consist­
ent stream profile from the moraine region to the sea, the grade 
becoming more gentle a nd the material more fine with increas­
ing distance Crom the moraine. T he exception noted is the 
high gravel at Aberdeen, 90-95 feoct above tide. Nothing more 
than slender hypothesis can be advanced for the occurrence oC 
this gravel, and si nce its presence is not believed to affect con· 
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elusions on our present problem, it is not further eonsidered 
here. 

When it is considered that the western lobe of the Puget 
Sound Glacier advanced to within 15 miles of the Chehalis Val­
ley, where it stood 400 feet above tide, a rellson for the original 
great development of the Satsop Valley train is apparent. This 
train probably r eached the Chehalis Valley before those enter­
ing at Elma and Malone, since the Matlock route was doubtless 
much lower at the close of the interglacial cpoch of erosion, and 
perhaps was a through valley from Puget Sound to the Che­
halis. At muimum development, the Satsop Valley train must 
have effectively dammed the Chehalis Valley above the point of 
entrance. 

The absence of higher terraces of glacial g ravel ill the Clo­
quallum Valley is taken to mean that its train did not extend 
to the Chehalis at the time of the Satsop train's maximum de­
velopment. Had it done 50, trenching would have resulted when 
the Satsop train dam was removed, and terraces would be pres­
ent.. Subsequent lowering of the su rface of the Satsop train by 
Jess hea,·ily laden waters, brought the outwash dam down so 
that the CloqualJum train could extend out to and down the 
Chehalis. There was no subsequent lowering of the Cloquallum 
train, presumably because glacial water did not continue to use 
the valley much after the time of maximum deposition. 

Terraces in the Mock Chehalis gravels, both within the creek 
valley and out in the wider Chehalis Valley are thought to have 
been caused by a similar damming of the Chehalis at Elma by 
the Cloquallum train. Lowering of this barrier by the glacial 
Chehalis permitted the lower levels of the Mock Chehalis train 
to form. 

A considerable sand terrace lies against the north side of the 
valley between Elma and Satsop. Its altitude is recorded as 90 
reet above tide with considerable chance for error because of 
barometric changes. It is higher than the gravels or the Clo­
quallum train between Elma and Satsop. Since stratified sand 
is almost never found in the outwash deposits of the Puget 
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Sound Glacier, some speeial conditions presumably operated 
to produce this terrace. It is here noted because a possible 
cause may have been a slackened current, or ponded water, pro­
duced by the Satsop train dam in the Chehalis Valley. 

The summit of the prominent flat-lopped spur of old red 
gravel in the eastern angle between the Satsop and Chehalis 
valleys has an elevation of 130 feet above tide, and its surface 
gmdually ascends northward along the Satsop. It is lower thatl 
the levels of the red gravel terraces of the vicinity, and 40 feet be­
low the profile of the highest level of the Satsop Valley train at 
this place. It is thereCore to be considered as the product of 
stream erosion in the destruction of the Sat.sop train. No fresh 
pebbles, however, were found on it, as should be expected . .i'fore 
careful search should find them. 

Ecoxo:lllIC PHASES OF THE CHEHAUS GLACIAL GRAVELS. The 
rock of the Chehalis basin is Tertiary sandstone and shale, and 
Tertiary or younger basalt. The sandstone is fine grained and 
does not form a "ery sandy soi l on disintegration. The residual 
material resulting from the decay of these rocks is sandy loam 
or clay. 

The agricultural development of the country is demanding 
highways which are passable in the rainy winters. These are 
never secured from the residual soils, howe\'er well graded and 
drained. The roads must be graveled or surfaced with crushed 
rock. The laUer is too expensive for the more sparsely set­
tled parts of the valley. 

Locally, the old red gravels are excavated for road construc­
tion. They soon pack and turn water fairly well, but are so 
sort thal they wear rapidly. Indeed, from the very fir st they 
fIlii to give the sharp enlOch to hobnailed shoes or iron-tired 
wheels, which good road gravel gi,'es. The contrast is much 
the same as that between the noise of traffic on a brick aud an 
asphalt pavement. 

Stream grovels ha\'e been considerably used for road con­
struction, but their lack of fine materiul renders them difficult 
to pack, and hence unsatisfactory. 



58 Bulletin No. 8, Washington Geological Survey 

As a consequence of these factors, the glacial gravels of the 
Chehalis Valley arc of great vnlue. H undreds of pits ha\'e bccn 
opencd in them, from mere roadside excavations to the ambitious 
exploitation of the Ford P rai rie p it, covering several hundred 
acres, which is owned jointly by the Oregon-Washington Rail­
w ad and NavigaLion Company and the ChiUlgo, Milwa ukee and 
P uget Sound R ailway. The glacial gravels have thus suffered 
a secondary distribution by man into linear patterns of diverse 
character. In the cities of Aberdeen a nd H oquiam, they have 
beell di stributcd in rcctangula r patterns over the residual red 
clay of the region; on the country roads, they radiate ill general 
from the ri,'er ; in the Dlack H ills they have entered Cedar 
Creek as the ba llast of a logging rai lway, where the glacier 
j ust flliled of pouring them through as a ,·alley l m in from the 
north, and on the railroads they have been disposed in long rib­
bons across miles of cou ntry where they once cxisted ere post­
glacial erosion removed them, and over di"ides into regions 
whither they could have been carried only by man. 

VASHON GLACIATION AND THE COWLITZ VALLEY. 

i\IrNl-:HAL LAK.E GAP. As noted in the opening paragraphs 
of this chnpter, there nrc two passes into the Cowlitz H.i ,'er Val-
ley from the north through which drainagc from Pugct Sound 
may have entered !l.t the time of maximum glnciation. One of 
these is thc ,'allcy lyin g betwcen Mount Rainier and the Huckl~ 

bcrry Mountain group. The TaconHl Eastern llailwllY uses 
it to reach the "Dig Bollom" count ry of the Cowlitz, making 
this agricultural region tributa ry to a P uget Sound city. The 
valley north of thc pass is occupied by Mincml Creek, tributary 
to the N isqually, the vaUey south of the pass is occupied by 
T ilton Hi,'er, t ributary to t he Cowlitz. T he existence of :\'rin-
ernl L ake in the valley suggests glacial occupation, and a 
p lausible hypot hesis, in absence of field study, would be t hl\t 
P ugc.t Sound glaciation ~'as responsible for its cxistellce. Ex­
tuninntioll of the Nisqually Valley between Eatonville and Park""-­
Junction shows a definite southern limit to thc Puget Sou nd 
icc at LeGrande, as statcd in the preceding chapter. The Nis-
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qually Valley, for a few miles above Uw,t place, possesses very 
few traces of former glaciation. The same is true of the ,'alley 
of i\Jinel al Creek as far up as the lake. Mineral Lake lies in a 
v''llley tributary to Mineral Creek, dammed by a moraine which 
crosses the major valley also. Granite is abundant in it but 
does not exhibit the wide range of character shown by the gran­
itic bowlders of the Puget Sound drift. This moraine with 
other till deposits farther south, is to be referred to glaciers 
from Mount R ainier. The col between Mineral Creek and Til­
tOll River is 1660 feet above tide. It is a broad, drift-filled val­
ley, but it was doubtless closed by Mount Rain ier ice long be­
fore the Pugel Sound Glncier crowded up on the north slope 
of the Dald Hills, in a position where it might conceivably have 
sent a valley train over to the Cowlitz. Further, the altitude 
of the col is about 400 feet abo"e the highest Puget Sound 
drift about LeGrande, so that, even if the Nisqually Vnlley 
up to Park Junction and the Mineral Creek-Tilton Hiver val­
ley had been open, it is doubtful if drainage would have flowed 
across. 

NAPA\'INE DIVIDE. The lowest place in the divide between 
the Chehalis and Cowlitz Rivers lies in the axis of the great 
structural valley of which the Puget Sound region is a portion. 
The \·illage of Napavine, 444 feet above tide, lies near its lowest 
point and 11 miles south or Centralia, where the outwash gravels 
which entered the Skookum Chuck reached the Chehalis. At 
Centralia, these gra\'els lie 188 feet above tide and constitute 
the valley JlIJing on which the city is built. But they hardly 
reach beyond the city limits, nnd no trace of Puget Sound 
gravel has been found south of this place, save where man has 
obviously transported it. The divide lies about !l50 feet higher 
and, /llmost without further consideration, might be dismissed 
8S a possible route (or glacial ouh'ash from Pugct Sound. 
R ailroad cuts across it give positive evidence that only a deep 
residual soil occupies the divide. 

NEWAUK UM HI\'J':R COL. .A great outwash filJing occupies 
the Cowlitz Ri" er valley below !\lossy Rock. In the \'icinity of 
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Ethel it is several miles wide, and well s 150 feet deep fail to 
penetrate t hrough it. It constitutes an almost flat divide be· 
tween L acamas Creek nnd Newaukum Ri ver, nnd its gravels 
were carried down the latter toward the Chehalis. 

Thus we find that no outwash trom Puget Sound glaciation 
ever crossed to the Cowlitz Valley, but on the contrary, drain­
age from the south side ot Mount Rai nier actually invaded the 
province ot the Puget Sound Glacier. 



CHAPTER IV. 

VASHON RECESSIONAL MORAINES AND ATTEND­
ANT OUTWASH. 

SYNOPSIS. 

REGION' OF FRONTAL MORAINES. 

RECESSIONAL iUORAlNES AXD OUTWASH OF THE EASTERN' LOBE. 

INTRODUCTORY. 

TENALQUAT AND neCK\" PRAIRIE O UTWASH. 

THE IXTERLOBATE MORAINE, AND DRAINAGE UNDER ITS COX­

TROL. 

RECESSIONAL F EATURES OF PIERCE COUNTY. 

INTRA-l\foRAINIC OUTWASH OF THE " 'ESTERN LOBE. 

MORAINES NORTH OF THE CASCADE MOUNTAIN SPUR OF THE 

PUGET SOUND BASIN. 

WUATCOM COUNTY l\IORAINES. 

SAN JUAN COUNTY IHOBAINEs. 

REGION OF FRONTAL MORAINES. 

The great relicf of much of the Pugct Sound basin was un­
favorable to the development of distinct moraine ridges. As a 
consequence, they are well developed only (1) on the upland 
plains between the Sound and the Chehalis Valley, and about 
Matlock, and (2) on the lower plains in \Vhatcom County, near 
Bellingham. Their complete absence elsewhere seems to indi­
cate that there were no long pauses as the edge of the ice re­
treated northward. The absence of frontal moraines was noted 
by Willis in 1897. 

RECESSIONAL MORAINES AND OUTWASH OF THE EASTERN 
LOBE. 

INTROD UCTORY. For the succcssful delineation of the sys­
tematic relations of moraine ridges, a forested country is about 
the last place to choose. Since much of the Puget Sound region 
possessing these moraines is densely wooded, the data herewith 
presented, and the correlations suggested, are to be considered 
as the result of reconnaissancc only. 
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Except the Bellingham area, the recessional moraines lie 
so close to the terminal moraine of Puget Sound that they 
might almost be considered as parts of that moraine belt. Dut 
changes of some magnitude in the dl·ainage during the early 
stages of retreat, and in the outline of the glacier's margin, arc 
thought to justify the use of the term " recessional." 

T he belt of recessional moraines extends from ncar Orting 
and Kapowsin all t he east to L ittle R ock on the west, lying 
through~ 011 the Puget Sound drift plain. Its one great 
feature is an interlobate moraine, the most massive moraine of 
Puget Sound, which records the resolution of the eastern glacial 
lobe into two during retreat. 

I ntra-morainic outwash plains and drainage channels offer 
the best data with which to work in a ny attempt to resolve the 
recessional moraine ridges of Puget Sound into a sequential 
scheme. They have been relied on entirely in the present chap ter. 

\Vhen the glacier was at its maximum, four different routes 
carried escaping waters fl·om its easten l lobe to fhe Chehalis 
R iver; the Stony P oint channel, the outlet of a small glacial 
lake just south of McIntosh, the T enino-Bucoda route, and the 
Gate P athway. The Stony P oint channel, so named from 
Stony P oint schoolhouse where this valley train enters the 
Skookum Chuck, received all drainage from t he entire glacial 
margin cast of it at maximum advance, and remained in lise 
during the ea rly stages of reheat. The glacial lake outlet and 
the Tenino-Bucoda route soon ceased to car ry glacial water, 
while the Gilte P athway remained a drainage line as long as the 
glacier kept the bas in closed north of the Olympic )'lountains. 
(See P late XXIII for ureal distribution o( moraines and out­
wash.) 

'l'ENALQUAT AND H.OCKY P RAI RlE OUTWASH. T enalquat P rai­
rie is a gravel plateau, several square miles ill extent, lying north 
of the villilge of H.ai nier. I ts surface is disposed in great ter­
races running cast and west, the series descend ing northward. 
In general, the surface of each terrace has a westward slope. 
The highest Ilnd largest plane surfllce of the prairie descends 
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southwestward. The faces of the steep descents between the 
terraces are in some places clean cut erosion scarps, and in others 
dellnite ice contact slopes. The eastern margin of the prairie, 
like the northern, descends by broad terraces which arc separated 
by ice contact or erosion slo pes. 

Tcnalquat Prairie is composed of horizontally stratilloo 
gra"cl, good sections of which are exposed in cuts along the 
Chicago, Milwaukee and Pugct Sound Railway, wcst of Hainier, 
where the deptn of such material is at least 50 feel. 

The prairie reaches a maximum altitude of about 510 feet 
ncar the northeastern portion of its highest plane surface. 
This wide tract of unforested country overtops all adjacent 
land. The floor of the glacial drainage channel on which 
Rainier is built lies at the foot of an abrupt slope descending 
70 feet or more to the south and southwest. The descending 
eastern and northeastern slopes from this high plane are 
covered with till, and the flora is characteristic of tiD. Further, 
the presence of bowlders up to several feet in diameter on the 
slopes, makes it clear that the front of the glacier rested against 
them while the gravel plain to the south was aggraded. Mo­
rainic surfaces to the no rth and east lie about 75 feet lower 
tnall the highest plane of the p rairie. 

T enalquat Prairie, thus bounded on the north and east by 
slopes which prove the presence of the glacier when the high 
plain was built, and with a surface descending southwestward 
away from the icc, is clearly an outwash plain built up at the 
front of the retreating Fuget Sound Glacier. The steep south· 
ern and southwestern slopes are the result of erosion by later 
glacial drainage. The altitude of this prairie and the direction 
of slope of its highest portion, indicate that glacial waters were 
escaping by the Stony Point channel when it was formed. 
(See fig. 5) . A descent of approximately 50 feet to the mile 
exists between the southern margin of the gravel plateau and 
the present col in the Stony Point channel. The gravel filling 
probably once continuous ncros! this interval, has been re­
moved by .subsequent glacial drainage in the development of 
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the Rainier channel, and by the post-glacial erosion of the 
Des Chutes Ri,'er. 

That the original gravel filling between T enalquat Prairie 
and the Stony Point channel did not possess a gradient of 50 
feet to the mile is shown by the slope of the highest level of 
the prairie, which probably does not exceed 20 feet to the 
mile. If Stony Point channel received drainage from Tenal­
quat Prairie, the present low col could not have existed at the 
time. 

North. 

' \ 

\ c 

, , , , 

FIG. (I. DI.gramm.tle Cro .. ·ae.:t!oll lit Teo.lq".t Prairie. 

A. PI.teao portion. W.len Oowlll& aoutb .... rd to Ston1 Point Cb.nnel. 
Glacier tront .t l. 

Soutl~ 

B. Terr.etl ot Nortbern Slo~. W.t~ra lIowlllg wu t ..... rd to ROCky Prllrle 
(towlrd observer). m"der tront at 2 .. hel: Indlvld".1 lerr.ce above B, 
.nd let·cont.ct I lope from B 10 C, were formed. 

C. Marginll Draluage Cbanocl for let at 3, dlscbarge weiliward to Rocky 
Prairie. 

D. )Jor.'ne. 

The icc front immediately west of T enalquat Prairie reached 
its maximum position a mile south oC McIntosh on the rock hills 
of that region, 650 feet abO\'e tide. The vulley of Clear Lake 
at l\lc1ntosh was exposed by ice retreat only after the highest 
levels of Teunlquat Prairie had been aggraded and after the 
Stony Point channel had been lowered by the erosion of less heav­
ily laden waters. The altitude or the col at the west elld of this 
valley is but little abo\'e 350 feet, and the Tenino Valley is 0. 

westward continuation of the same axial line. But the abund­
ant outwash gravels about Tenino were not carried through 
the Clear Lake valley. No evidence is known that glacial 

-3 
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waters ever used this valley as a drainage route. Its altitude 
appears to have been just enough higher than that of the 
Stony Point channel to keep it (ree (rom the invading gravels. 
Not until the glacier had withdrawn from the northern slope 
of the moraine which is banked up on rock hills from McIntosh 
to Tenino, did glacial drainage abandon the Stony Point 
channel. 

The lower route then exposed led westward across Rocky 
Prair ie, and through the Maytown channel to Rutledge and 
Mirna prairies, south of Little Rock, there crossing the mo­
raine and entering the Chehalis Valley a few miles farther 
south. (See fig. 4.) 

Glacinl drainage from the cast, crossing the southern and 
lower portion of the plain, soon cut a channel that separated 
the T enalquat Prairie gravels from the head of Stony Point 
channel (fig. 4). To this later drainage course belong the out­
wash plains of Smiths Prai rie, Ruths Prairie and the channel 
floor on which the town of Rainier stands. 

T erraces r ise above the eastern end of Rocky Prairie. 
South of Lnke Offut they are 285 feet abOl·e tide on the north­
ern flanks of the moraine, 15-!W feet above the adjacent prairie 
level. Rocky Prairie thus was aggraded to a higher level by 
early g lacial drainage and eroded by later drainage at its 
head to the depth indicated. Many outwash areas of the 
Puget Sound Glacier record the same glacial history of early 
maximum deposition, and subsequent remo\·al of a portion of 
the deposit. Such has al ready been noted for the outwash 
about Tenino and on the Mock Chehalis and Satsop valley 
trains. It will be sem to be true also of Tenalquat Prairie, 
Mirna Prairie and other outwash areas. 

The minor trans-morainic channel a mile and a half east of 
Tenino (fig. 3) had no part in the history of the Rocky l)rairie 
outwash. It is a narrow valley without gra,'ei terraces, 
with a swampy floor and with its col 335 feet above sea level. 
This altitude shows that drainage from Tenalquat Pra.irie 
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never used this roule, which obviously was of but local Im~ 

porlance. 
By the time that retreat of the ice had opened Rocky 

Prairie as a drainage route, the front of the glacier had with~ 
drawn from the northern scarp of T enalquat Prairie plateau, 
and drainage which issued from its retreating edge built the 
successive terrnces that characterize the northern part of 
Tenalquat Prairie. Each terrace is genetically a broad ,·alley 
floor, possessing but the southern wall, the ice having formed 
its northern side. (See fig. 5.) The s('ries, descending in 
order toward the north is to be correlated probably with the 
terraces of Rocky Prairie. There is a slope of nearly 50 feet 
to the mile between the first terrace on the northern descent 
from the Tenalquat plateau, and the highest terrace of Rocky 
Prairie to the west. As on the south side of the plateau, so 
on the west, the later work of glacial and postglacial drainage 
has isolated T enalquat Prairie from the gravels which lie Carther 
down the former courses of drainage. 

West from Rocky Prairie, glacial waters convHged into an 
irregular channel among moraine hills, leading to Rutledge 
and 1\Jima prairies, and constituting the drainage route here 
described as the Maytown channel. [This is shown on Plate 
L""UII and fig. 4.] Locally, as at 1\1aytown, small prairies 
c,''{ist on the outwash grtH'el in the channel, though swamp 
and forest cover much of this drainage course. The l\lnytown 
channel is now drained by Denver Creek which enters Black 
River at Little Rock. 

THE INT£RLOBATE l\IORAlNE. AND DRAINAGE UNDER ITS 
CONTROL. Fragments of recessional moraine lie north of 
Rocky Prairie and W alricks Prairie, and probably indicate 
position s of the glacial margin while the drainage was following 
the courses mentioned above. North of Tenalquat Prairie, the 
morainic surface gradually becomes more pronolmced until it 
reaches a maximum altitude of 200 feet above the plain, in a 
great spur of moraini c hills projecting northward between 
Lake St. Clair and the Nisqually River. The material of these 
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hills is till. Erratic bowlders of granite arc common, and 
lakelets, bogs, and und rained depressions among short, choppy 
hills characterize the topography. No outcrops of bed rock arc 
known by residents of the region who are fami liar with these 
hills. This northward projcetion of the moraine, graphically 
shown on accompanying maps, (Plates XXII und XXIII and 
fig. 6) records a considerable indentation in the glacial margin, 
in which deposi tion took place from the ice on both sides, fo rm· 
iug t.he interlobate moraine. 

As long as the glacier lay against this high moraine deposit, 
which is the gn'atest produced by the Puget Sound Vashon 
Glacier, glacial drainage from the cast was forced to pass 
south of 'l'enalquat Prairi e and across Rocky Prairie to the 
Maytown channel. ' Vhen the ice retreated from this spur, a 
lower pass was opened around its northern end for the water 
coming from the glacier margin and from local drainage east 
of this point. The Rainier channel, Walricks P rairie, and the 
cnst end of )locky Prairie were abandoned, nnd a new gravel 
plain was built, lying along the easte rn flank of the high 
morainic area. Sec fig. 6. The portion of this plain which 
is now treeless, is known as Yelm Prairie. The water flowed 
toward the northwest, and aggraded a plain whose slope is not 
more than 15 feet to the mile. The altitude at the northern 
angle of the interlobate hills is about ~no feet above the sea . 
The course of the current, after rounding th is spur, was sou th· 
ward for n few' mil~s. t urni ng west again nea r the southern 
part of the \Vm. White donation claim, and contin uin g thence 
to the prescnt course of the Des Chutes River. 

During the earlier period of thi s drainage, a gravel plain 
was built along the route described, to the northern end of 
Rocky P rairie. The northern end of Hocky P rairie is too high, 
however, to allow correlation with the ~170-foot terrace north of 
the moraine hill s ncar Lake St. Clair, and must be considered 
as a deposit of waters directly from the ice. 

Later use of this drainage route from Yelm Prairie and Lake 
St. Clair, de\'eloped a definite channel from the prairie land oc· 
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cupicd by the '''m. White donation claim, to the course of the 
D es Chutes. All drainage from the Pugct Sound Glacier east 
of this chan n<!l and from Mount Rainicr (except the Cowlitz 
River) flowed in the clean cut old river bed now occupied by 
Spurgeon Creek. (Sec fig. 6.) 

Anothcr northward projecting morainic arca exists west of 
nocky Prairie, and in a way similar to that already described, 
the glacial drainage found its lowest route north of the hills. 
On the west side of this second moraine spur, the waters spread 
out a broad, flat gravel plain in the vicinity of South Union. 
Between this place and Little Rock, the country is le\'el and 
except where ditched, is co,'ercd with swamp. It is doubtless 
an outwash plain of exceptional flatness, and is probably com­
posed of material finer than the prentiling g rn,'ei. 

Thc high morainic hills lying north of 'l'enalquat Pra irie, 
which controlled the forma tion of Yelm llrairie and the deposi­
tion of outwash south or Lake St. Clair, are interlobate in origin. 
The ridges which compose them in their northern and most 
emphatically morainic portion, lie parallel to the two sides of 
the acute angle which the moraine mass forms. The wllter 
which flowed northward along Yelm Prairie directly toward thc 
ice front met some obstacle which does not now exist, Ilamely, the 
glacier itself, and turned it back to the south for three or four 
miles to the Spurgeon Crcek course, whereas lower su rf/lces at 
present lie farther north. Two morainic hills lie on the north 
side of this southward loop, and doubtless Illark the position of 
the ice front when it had first ..... ithdrawn from the interlobate 
deposit. 

There is difficulty in mapping moraine and outwash areas in 
the northern part of Thurston County. R elief of the morainic 
tracts is slight in most places, and they may bear but a thin out­
wash gra\'el cover and yet be effectually concealcd unless exca­
"ations reyeal their true nnture. K ettles cannot be taken as 
criteria for distinguishing between morainc and outwash because 
they arc common in areas of deep outwash gra\·eIs. Both topog­
mphy and soil may fail to distinguish the two types, and, ho\\,-
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ew!r the present mapping may delineate the respecti \'e areas, it 
is probable that succeeding students of the region will disagree 
with it. 

RECESSIONAL FEATURES I N PIERCE COUNTY. East of the 
Nisqually R iver little record has been found of varied and 
changing conditions during glacial retreat from the temlinal 
moraine. Much of the region is heavily forested, and roads 
across it arc few. On the whole, the region between McKenna. 
which is 7 miles east of Ra inier, and the Ohop Valley may be 
characterized as ground moraine, and an area south of McKenna 
and west of the Nisqually River also possesses this character. 
The Ohop Valley and Yelm Prairie alone give data on which to 
base conclusions regarding the position of the ice front. These 
will be considered presently. 

Morainic elevations just west of Eatonville rise 150 feet 
above the outwash on which the to\\"I1 is situated. They are 
situated wilh longer diameters cast and west, and are probably 
o( recessional moraine character. Their parallelism with 
the southenJ drift boundary and entire indifference to the 
much nearer eastern margin o( the Puget Sound drift which 
lies at a right angle to their cour~e, indicates that the Pugel 
Sound Glacier was not wasting on its eastern margin in a way 
at all comptlrablc with the retreat of its southern edge. These "­
elevations near Entonville constitute the only known recessional/" 
lIloraine deposits in this part of the country. From here north­
ward and northwestward the country is apparently a uniform 
plain of till, here and there incised by minor glacial drainage 
lines. The region is traversed from north to south in its central 
part by the ~Iount Rainier high\l·ay .. Another good road between 
McKenna and Eatonville allows examination of the region. To 
the north, and at a lower altitude, lie the great Steilacoom out­
wash plains o( Pierce County situated northeast of all outwash 
thus far described in this paper. Ascent from the Steilacoom/" 
plains, most of which are prai rie, to the densely forested till 
plain, is in Illany places over definite morainic ridges whose 
orientation parallels lhe line of contact between gravel and till. 
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An ascent o( 200 (eet is made in one mile on the M'ount Rainier 
highway, over morainic country, on the northern margin of the 
till plain. South of Muck and three miles west of the Mount 
Hainier highway, sharp, morainic ridges exist, bearing small 
kame-like hills o( gravel on their southern slopes. Again, be­
tween Roy and McKenna a series of at least three till ridges lies 
eRst o( the Chicago, Mil\\'aukee and Puget Sound Railway, trend­
ing NNE-SSW. Their trend is out of harmony with evidence 
from the outwash as to the position of the edge of the ice on this 
area, as will be shown a little later. 

The till plain east of McKenna on the Eatonville road is 
abundantly strewn with angular granite bowlders. R ecent road 
grading has left them freshly exposed in a region where a he/H'y 
growth of lichen and moss ordinarily effectually conceals the 
character of roadside bowld('rs. A few cuts in the construction 
of the road show the characteristic Vashon till of the Puget 
Sound Glacier. 

To understand the correlation here attempted between mo­
raines and outwash of this region, and the same o( that portion 
of Thurston County already described, lying west of the Nis­
qually Ril'er, a bit of glaci~ 1 lake hi story must be considered. 
From Orting northward, the Puyallup River flows in one of the 
troughs o( the interglacially eroded topography which Vashon 
glaciation failed to obliterate. Being a northward trending 
valley, it held a marginal lake while the glacier withdl'ew along 
its length. This lake, named from the river now flowing in 
the trough, first had its outlet into the Ohop VaHey, which then 
carried the discharge from the White, Carboll and Puyallup 
rivers in addition. Bu t most of the western margin of the 
Puyallup trough is lowel' than the col in the Ohop Valley south 
of L ake Kapowsin, und to hold the lake and the rivers named 
to this course, the ice edge must have lain as (ur south as Orting. 
(See fig. 7.) 

Now the altitude of the Ohop Valley floor where crossed by 
the Mount Rainier road near Eatonville, 465 feet, allows a 
descent of about 10 feet to the mile from this crossing to the 
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lowest terrace Qf the glacial Nisqually at McKenna. This ter­
race lies toO' low to be correlated with the !l7O-foot terrace on 
the northern spur of the interlQbate moraine, and hence is 
younger than the Spurgeon Creek channel, itself younger than 
aU other outwash features of Thurston County thus fur de­
scribed. 

It thus may be cO'ncluded with sO'me degree of confidence 
that the Puget SQund Glacier hugged the northern flank of 
lUO'unt R ai nier, nO't retreating nO'rth O'f Orting, until the mQ­
rainic lake region of Thurston County was eXPQsed by the re­
treat Qf the icc. Chambers Prairie, just SQuth O'f these lakes, 
is thQught to' have carried the drainage of thi s time west to 
Bush Prairie and the Black River chann el. 

The correlative of ¥e]m Prairie is found in Nisqually Prairie 
on the east side O'f the NisqualJy River. The river valley be­
twccn these twO' prairies is younger than the depositiQn O'f the 
gravels and is consequent on the northward slope of a once CQn­
tinuous outwash plain. The erO'siO'n of this valley has divided the 
original plain intO' twO' lQngitudinal portions, constituting Nis­
qually and Yelm prairies respectively. 

From the g rade of the outwash gravels on both sides of the 
interlobate spur w~t of the river, the ice front is known to 
have PO'ssessed an acute re-entrant angle in this part O'f the east­
ern lobe. Persistence o( this angle as the (ront O'f the glacier 
retreated is indicated by phenQmena Df Nisqually Prairie, de­
scribed in the fDllQwing paragraph. 

AlQng the nDrtheastern side of this prairie, sharp crested 
hills of VashQn till rise in thrcc Dr four grQUps abQve the gravel 
plains. They separate Nisqually Prairie (rQm the brQad Steila­
coom grAvel plains farther nDrtheast. Through the gaps be­
tween these grDups, Dutwash gravels appear to have bC()n 
PQured laterally ontO' Nisqually Prairie whDse descent is to'­
ward the nQrthwest, at right angles to' the directiQn O'f this 
tributary flQw. Only with ice well removed frDm the lake 
country of Thurston CO'unty, could glacial drainage on Nis­
qually Prairie flDW so far toward the northwest; and only with 
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the icc front resting on or directly behind this linear series of 
moraine hills, could glacial drainage have been poured simul­
taneously from the gaps among them onto Nisqually Prairie. 
Unless error has been made in observation, the conclu sion is 
\'alid that there is here recorded the eastern side of the re-entrant 
angle which developed early in the retreat of the larger lobe of 
t.he Puget Sound Glacier. 

In Pierce County, furt.her retreatal stages of the glacier 
arc poorly recorded. The great prcdominancc of outwash 
gravel on the Steilacoom Plains south of Tacoma, is the s trik­
ing feature of the topography. Since t.hey are uninterrupted 
by morainic eminences, it has not been possible in this study 
to differentiate them in the manner which has been attempted 
for the outwash of Thurston County. Thei r northcrn portion 
will, howuer, be discussed in connection with the glacial lake 
history, in which the area played an important part. 

INTRA·MORAINIC OUTWASH OF THE WESTERN LOBE. 

The difficulty of examination of the region occupied by this 
lobe has been noted in the chapter on the terminal moraine. In 
four traverses between tidewR.ter of Puget SOund and this 
moraine, covering about all the routes of travel which exist in 
the region, no recessional moraines have been found . 

Outwash plains back of the moraine of the western lobe arc 
identical in almost all detai ls with outwash of the eas tern lobe. 
There is the same clean, well-rounded gravel of perfectly fresh 
appearance in sections, and the same topographic disposition in 
terraces, with low gradients of the plane surfaces. These plains, 
unlike the plains of the eastern lobe, arc forested, but the forest 
is thin. It consists of a scattered stand of fir, with the forest 
floor entirely free from bushes or young trees in many places. 
From an agricultural view point, the country is nearly hopeless. 
There is no inhabitant for II miles along the rond between Mat­
lock and Shelton, and for 15 miles no stream is crossed by the 
road. 

Basalt hills rise abo\'e the ground moraine and outwash about 
the headwaters of Shelton and Goldsborough creeks, and com-
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pletely enclose Gosnell~~lill and Little Skookum creeks south 
and southwest of Shelton. They may be considered as a low 
northern portion of the lllack J-lills. 

The western lobe of the glacier discharged its drainage into 
the Satsop and Cloquallum ,'alleys across a summit altitude 
or approximately 400 feet, while drainage from the eastcrn lobe 
crossed the terminal moraine on a floor no higher than 175 feet, 
at the beginning of retreat. It is therefore to be expected that 
when the ice of the re-entrant angle about the Black Hills with~ 
drew to an altitude below about 350 fcet, the lowest glacial chall­
nel known across the Matlock Pathway, diversion of the drainage 
of the western lobe from the Satsop to the Gate ,·alley train 
would follow. But the hills above described beneath the ice 
at this re-entrant angle offered successively exposed barriers, so 
that not until the interglacial ,'alley of Shelton Creek was ice­
frcc, did the diversion result. And because the opcn valley of 
Shelton Creek became an arm of Lake Russell as soon as 
cleared of ice, all outwash gravel carried southward by the 
shifted currents came to rest in a great delta whose lakeward 
face constitutes the northern valley bluff at Shelton. About 15 
miles of standing water in Lake llussell intervened between the 
Shelton delta and Black River channel, by which drainage of the 
western lobe reached the Chehalis at Gate. 

By the time this dh'ersion occurred, the whole history or the 
eastern lobe reviewed in this chapter had been consummated, 
and the succeeding history of the glacial lakes was being enacted. 
The tardy recession of the western lobe of the ice may find ex­
planation in its more northern location and its somewhat higher 
altitude. It is also to be noted that the r egion of the western 
lobe recei,'es at present about 30 inches more rain annually than 
the region covered by the eastern lobe. If a similar greater 
precipitation prevailed during the Vashon glaciation and came 
in the form of snow, it should have effectively retarded retreat 
of the western lobe. 

In adjustment to the new and lower levels, only those intra­
morainic gravel plains lying between the Skokomish River and 
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Shelton Creek were altered. A persistent terrace scal'p along 
the road from Scotts Prairie, northwest of Shelton, to the 
Skokomish Ri\'er is attributed to such adjustment by glacial 
drainage from the head of Hoods Canal to Shelton. The scarp 
possesses features which no ice-contact slope or delta face could 
have, and lacks characters they should possess. T er race scarps 
descending eastward, are crossed between Scotts Prairie and 
Lake Nahwatzcl, and are thought to be att ributable to the same 
cause. The laler changes on the gravel plai n between the 
Skokomish River and Shelton belong proper ly to the history 
of the glacial lakes, and will be discussed under that subject. 

IUORAlNES NORTH OF THE CASCA.DE MOUNTAIN SPUR OF THE 
PUGET SOUND BASIN. 

THE WHATCOM COUNTY MORAINES. The plain region of 
Whatcom County lies west of the Cascades and north of the 
spur of mountninous hills which were described in the introduc· 
tion as interrupting the Puget Sound basin. It is included in 
the Blaine and Sumas quadrangles of the U. S. Geological Sur­
vey, and its topog raphy is almost entirely determined by ground 
moraine and by the post-glacial alluvial deposits of the Nooksak 
River. A few areas ex ist where the glacial till has been left 
in true frontal moraine ridges, among the first to be built in 
the retreat of the Puget Sound Glacier after those of Pierce 
and Thurston counties. 

A moraine ridge begins southeast of F erndale and extends 
northeastward for five miles, passing just south of Laurel. An­
other moraine ridge lies immediately east of this. Other mo­
rainic areas, somewhat scattered, occur along the Belli ngham 
Bay and British Columbia Railroad, near 'Wahl and Goshcn, 
and also close to Clearbrook and Sumas. Yet other areas o( 

similar character lie between Nooksak and Geary School (Dam­
tOll'n) . 

The Laurel moraine is the one of most intcrest. Its orienta· 
tion affords a. clue to the fonn of the Pugct Sound Glacicr's 
front on withdrawal from the mountainous interruption of the 
basin. The moraine's ground p lan describes a cun'c, I", ith its 



Glaciation of the Puget SOlmd Regkm, 77 

concavity to the north. The hell\'y frontal moraine deposits on 
the eastern face of the large interglacial hill west of Ferndale, 
together with the Laurel moraine, give a complete outline for 

this portion of the front of the g lacier. It indicates that the 
ice was moving almost directly from the north when the de­
posits in question were formoo. 

Corroborati"e e"idence for this conclusion is 5ecurOO from 
glacial groO\·ings on the Chuckanut sandstone in the southern 
part of the city of Bellingham, the trend of which is magnetic 
north and south. An element of doubt remains as to exact d i­
rection of movement because it could not be determined whether 
the edges of outcropping strata were responsible for the exact 
direction taken. In general, however, the ice must have moved 
approximately south in production of the groovings. 

Another item of considerable interest attaching to the Laurel 
moraine is the fact that marine shells oecur in it. An isolated 
moraine hill two miles west and one mile south of Laurel was 
opened some years ago under the impression that it was a drift­
covered rock outcrop, with the hope of finding coal which exists 
in the Tertiary sedimentaries of the region. The tunnel which 
was driven penetrated a stony hardpan so firm that no timbering 
was required. Clam shells were reported as occurring in large 
numbers in this till. The writer picked up a few fragments of 
barnacle shells from the old dump of the tunnel. 

Half a mile south of Laurel, II. gravel pit has been opened in 
the same moraine. The section thus made shows about three 
feet of Vashon till at the top, very like that near the surface 
in the most southern deposits of the Puget Sound Gillcier. Be­
low it is three feet of a stony clay, different from the overlying 
till. It contains sand and gra,'cl, but has no foliation like the 
overlying till. Instead, it is cut by roughly vertical, crudely 
conchoidal joints, along which the clay parts on drying. These 
surfaces llre stained a dull purplish~browl\ by pel'colating water, 
the clay else\\'here being gray. Besides their prevailing verti­
cality, these joints also radiate to a minor degree in all dircc­
tions from the larger pebbles in the mass. A sharp line of con-
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tact exists between the till and this clay. In the clay were 
found a number of fragi le marine shells, some with the valves 
still attached. 

Ben,eath the shell-bearing clay is stratified sand, and beneath 
this in turn is the gravel for which the pit was opened. The 
gravel is undoubtedly of Vashon age. It shows foreset beds 
which dip toward the south and southwest. The upper surface 
of these beds was irregularly eroded by rUIln ing water before 
deposi tion of the overlying sand. All these evidences indicate 
that the moraine was subaerially deposited, and the included 
marine shells of the peculiar clay apparently must be explained 
as having been plowed up by the glacier. The shell-bearing 
clay, therefore, is a till of peculiar facies. Further discussion 
of this subj ect will be found in Chapter X, in connection with 
data on shell-bea ring ground moraine of the region. 

TH E SAN J UAN COUNTY MORAlNE. The rocky San Juan 
I sland group, constituting the county of the same name, lies 
in the line of prolongation of the Cascade Mountain spur which 
is south of Bellingham. As a rule, the drift deposits of these 
islands arc limited to the valleys. Ground moraine, however, 
constitutes a large part of L opez I sland, and is present on much 
of San Juan Island. Bu t the only topographic features of con­
siderable relief which are composed of glacial drift, occur on 
San Juan Island. 

Cattle Point, the most southeastern tip of San Juan I sland, 
is an elongated peninsula trending a little south of east. It 
bears a t riple crested hill of d rift near the end , rising nearly 
300 feet above the sea at its foot. Between the hill and the main 
part of the island is a ridge of drift, less than half the height 
of the hill. 

The Cattle Point hill (PI. XX, Fig. 2) is forested only on 
the northern slope, and the ridge is completely treeless. The 
soil where the forest has failed to grow is gravelly, and bears 
the flora of the outwash pra iries south of the Sound. On t he 
northern slope, borings with soil auger by Mr, GeQ. B. R igg of 
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the University of Washington have shown the presence of a 
clayey gravel or till beneath the forest humus. 

A seacliA' along the southern foot of the hill shows the sur· 
tace gravel to attain depths of ~o to 50 feet. Below it is a zone 
of intimately mingled till and gral·el strata, the product of 
water escaping in the presence of glacial ice. Vashon till of 
typical facies appears beneath this zone, and in turn, rests on 
strongly glaciated country rock, with grooves as much as six 
inches deep. Plucking has interrupted the grool'es to some 
extent. 

The gravelly southern face of this great hill of Vashon drift 
is interpreted as having been originally a steep alluvial fan built 
on a frontal till ridge at the debouchure of a glacial stream. 
The gravel in the seacliff shows an imperfect and variable south· 
ward dip, which is never as steep as the foreset structure of a 
delta. It is believed to be the original alluvial fan bedding. The 
till on the northern slope records the ice wall against which the 
deposit was banked. 

The ridge which connects the trifid hill with the main part of 
the island constitutes the most perfect frontal moraine in the 
Puget Sound country. Its southern slope is an outwash apron 
of more gentle descent than that of the Cattle Point hill. It 
bears many large bowlders strewn over the surface. The north· 
ern slope is steeper and is similarly bowlder·strewn. 

This moraine ridge was the site of the American military camp 
during the years when Great Dritain and the United States 
held joint possession of the islands. Excavation for the earth­
works thrown up in 18.59 exposed till which has never subse­
quently become covered with vegetation. 

A tew miles north of the Cattle Point moraine, and within a 
mile of the lown of Friday Harbor, is South Hill, almost a 
replica of the Cattle Point hill, except that it has not the trifid 
crest. Its southern slope is composed of treeless prairie gravel, 
and its forested northern slope is composed of till. Till inti­
mately associaled with lhe gravel is shown in a seacliA' on its 
southern slope. No moraine ridge is associated with it, as with 
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the Cattle Point hill, and it is considered to record a briefer 
pause of the retreatin g edge of the ice. 

The absence oC fo rest on the southern slope of these two hills 
has been explained as due to the stron g winds from the broad 
St raits oC J uan de Fuca, to which these slopes a re exposed. The 
trees at the crest a re gna rled and wind-twisted, and the wind 
is certainly of some importance in the ecological problem in­
volved. It is here held, however, that the difference in soil 
on the two slopes is the chief cause for the distribution oC the 
Corcst. The moraine ridge oC Cattle P oint, with a gravelly 
soil on both slopes, is un forested, and the rock hills of the 
islands are forested on all slopes alike. The gravelly slopes are 
trceless for the samc reason that the outwash plains south of 
Puget Sound are prairie. 

The San Juan I slands e.xhibit many fine illustrations of 
striated rock surfaces. Space cannot be gi,'en to a catalogue 
of them, and such is not lIecessary. since all known striae and 
grooves trend between true north and south, and magnetic 
north and south, a range of 24°. The Cattle P oi nt moraine 
lies at right angles to this direction, as is to be expected. 
The great glacier which overrode these islands, overtopping 
even Mount Constitution, 2,409 reel above tide, had a dominant 
southward movement toward Puget Sound, a movement re­
corded alike 0 11 the broad top or Mount Constitution, and 011 the 
rock shores or the island group. 



1I t;I.U:TIS So. 8 

fo~lO . 1. Mounds or Rocky Prairie. 

~'(lI ~ 1'I(I" ... .'ry (It ~ IlOs. lllly I",""dlng rorest. 

FlU. 2. Mounds of Hocky Prairie. 

I'I.ATE V, 



CHAPTER V. 

THE MOUNDS OF THE VASHON OUTWASH. 

SY"!\OPSIS. 

CHARACTER OF THE REGION. 

NATURE OF THE ~IOUNDS. 
TYPES OF MO UNDS. 

THE Muu TYPE MOUNDS. 

FORM AND SIZE. 

GROUPING, SPACING. 

COMPOSITION OF ?tiOUNDS A"!\D INTERMOUND AREAS. 

STRUCTURE. 

THE FORD TYPE MOUNDS. 

Foul AXD SIZE. 

GROUPING, SPACING. 

COMPOSITIOX OF i\{OUNDS AND I XTERMOUND AREAS. 

STRUCTURE. 

TABU LATED COllPARISON OF CHARACTERS OF THE FORD AND 

MUlA TYPE MOUNDS. 

AREAL DISTRIBUTION OF THE l\{OUXDS. 

DISTRIBUTIOX OF i\{OUNOS WITH RELATION TO PRArRlES. 

DISTRIBUTION OF i\10UNOS WITH RELATION TO :MORAlNES. 

DlSTRmUTION OF i\fou~ms WITH REL~TION TO ALTITUDE OF 

PRAlBlES. 

DISTRIBUTION OF ?tfOUNOS WITH RELATION TO DIFFERENT 

AGES OF THE O UTWASH GRAVEL. 

DISTRIBUTION OF l\IOUNDS WITH RELATION TO SLOPE OF 

PLAn,' SURFACES. 

AREAL INTER-RELATIONS OF THE Two l\{OUNJ) TYPES. 

SUMMARY OF AREAL DISTRIBUTION OF THE 1\{OUNDS. 

HYPOTHESES. 

THE MJMA TYPE. 

CONDITIONS CONTROLLING CONSTRUCTION OF ACCEPTABLE 

'VORKING HYPOTHESES. 

HYPOTHESES PRE\' IOUSLY ADVANCED. 

WEAKNESS OF ABOVE HYPOTHESES. 

LUUTATIONS OF A SUCCESSFUL HYPOTlIEstS. 

THE FORD TYPE. 

LIMITATIONS OF A SUCCESSFUL HYPOTHESIS. 



B2 Bulletin No. 8. lVa8hington Geological Survey 

CHARACTER OF THE REGION. 

The Vashon drift of Puget Sound may be divided into two 
different areas, the northern portion being predominantly 
ground moraine and the southern part being charncterized by 
outwash plains. These plains are largely prairies, because of 
the coarseness and sterility of the soi l. The latitude of Tacoma 
affords a convenient division line between these two areas. 

The outwash from the Vnshon Glacier of Puget Sound di s­
charged into the Chehalis Uiver by two main routes, one on 
either side of the Black Hills. The B lack H ills lie on the west 
side of the ax is of the structu ral valley containing Puget 
Sound. They bear till on their northern flanks and are entirely 
surrounded by outwnsh g ravel. 

NATURE OF THE MOUNDS. 

The remarkable mounds which have oHen been referred to, 
eover large areas of these gravelly outwash plains. Their char­
acter, distribution and genesis a re the subject of this chapter. 

TYPES Ot.' MOUNDS. 

At the outset two types of these mounds a re to be distin­
guished. They will be termed the Mirna type and the Ford 
type. Though a casual observer might fa il to discriminate be­
tween them, they are belie"ed to be distinct in orlgm. 

THE MUlA TYP.E MOUNDS. 

FOUl AND SIZE. 'Where best developed, the open prame 
bearing mounds of this type appears like a meadow dotted with 
haycocks. The mounds have a symmetrica l, flowing outl ine, 
appearing to the eye to be segments of spheres, though their 
lower slopes blend into the adj acent ground with a surface con­
cave upward. They range in height from those so little as 
to be just preceptible, to a maximum of seven or eight feet, 
and in diameter from six to seven feet to sixty feet or more. In 
anyone locality there is a striking uniformity in the size of these 
mounds. Almost none exceed the dimensions prevnlent in that 
locality, and few fall below. This is the testimony of the eye, 
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though if careful measurements are mude a number will be found 
failing to reach the average dimensions, which by reason of in­
conspicuousness were not noted in a \'isunl survey.(IIlustrations 
of the :Mirna type mounds are presented on Plates II to VII. ) 

They are uniform in shape us well as size. There is common­
ly an elongation so thnt one diameter exceeds the other at right 
angles to it by a small fraction. Two mound crests may be so 
closely placed thnt the bases blend with only a saddle between 
tJlC crests. The elongation. when present, does not conform to 
nny definite orientation. 

GROUPING, SPACING. All observers agree that no orderly ar­
rangement of the mounds in ground plan can be detected. Plate 
VIII is a map of an area on i\limn Prairie, 400 by 500 feet, 
on ~'hich the mounds have been carefully located and measured. 
The lack of orderly grouping is apparent. 

In the matter of spacing, the l\:Iima type mounds are usually 
closely set. There is but rarely an intermound area with a clia­
meter g reater than that of the larger mounds of the vicinity. 
An exception to this statement is found on certain prairies. 
The surface of Rocky Prairie in particular is affected by long 
sags ond swells with a relief of scarcely more than ten feet. 
The mounds are almost without exception limited to the higher 
portions and from these portions, more like platforms than 
swells, the descent is abru.pt to the bottom of the sags. 

COMPOSITION" OF MOUN"DS AND IN"TERMOUND AREAS. A con­
stant feature of the gravel outwash bearing the mounds is the 
presence of a black surficial silt. This silt is present in many 
places where no mounds ~rc developed, but is never lacking in 
mound-bearing areas, Road and railroad sections on several 
different prairies show that the mounds are composed of a 
mixture of loose g ravel and black silt. The gravel below the 
mounds is stratified and free from the black silt. The transi­
tion between ~he mound material und the underlying clean gravel 
is sharp. 

A gravel pit, 40 feet deep, is being worked in :Mirna Prnirie 
by the Northern Pacific Railroad, in which cross seetions of 
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mounds are constantly being made. The black silt hcre has a 
thickness of but a few inches between the mounds. In the 
mound sections, however, the silt is seen to descend lower than 
in the intermound spaces, gi\'ing, with the mound·· profi1e, a 
distinct double convex lens shape to the black silt aggregation, 
as shown in Plate n, fig. 1-

The lower limit of the silt in the Mirna sections in many 
places has broad, blunt, root-like downward projections, seldom 
more than a foot in length. These bend abru ptly here and 
there in the plane of the section, or appear as patches of black 
silt in the gravel just below the mounds, where the section 
crosses their direction of bend. Roots of the herbaceous plants 
which gro\\' on the mounds a re found practically as abundant 
at the lower margin of the silt as elsewhere in it, but they term­
inate abruptly in contact with the clean gravel below, except 
where seepage lines occur. 

Samples of the mingled gravel and silt composing the mounds 
on Mirna Prairie were washed and the fine black material was 
thus removed. An ordinary gravel and sand like that immed­
iately below the mounds was left. Practically all of the sus­
pended black material settled in twenty-four hours. A sample 
of it was ignited to dctermine the organic content. Almost no 
loss of weight resulted, the material simply losing its dark 
color and becoming a fine gritty clay. The organic content 
thus is very small. Black silt, ullmingled with gravel or sand, 
taken from Chamber's Prairie, a mound less outwash area, gave 
the same evidence of slight organic content. This conclusion 
fails to harmonize with the general impression of the character 
of the black silt. It is usually considered as having a high per­
centage of humus and is so described in the soil surveys of 
Puget Sound. 

In prairics other than l\Iimll, some mound sections show a 
g reater abundance of gravel but where best devcloped, the com­
position of l\Iima Prairie mounds is practically duplicated. 

In Rocky Prairie typically, the intcrmound areas arc thickly 
covered with cobble stones and small bowlders, (Plate V, fig, 1 
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and Plate VI, figs. 1 and !). None were seen with a maximum 
diameter of more than two feet. There is no hint of a closer 
spacing or piling up of these boulders on the margin of the 
mounds than elsewhere, such as would occur if they had been dis­
tributed evenly at the outset ovcr the whole area and had since 
gravitated to the intermound spaces. A t the west end of the 
prairie, mounds of pronounced development, with abundant 
intermound cobbles, lie with a sharp line of separation adjacent 
to lower mounds on a lower surface, and with no cobbles what­
ever among them. Among these lower mounds is an area 200 
feet long and 20 feet wide, elongated east and west, which has 
no hint of mounds, but is covered with cobbles, (Pl. VI, fig. !). 
It is on this prairie also that the best de,'elopment of sags and 
platforms is found. In many cases the cobbles cease as abrupt­
lyon the upper edges oC the platforms as do the mounds, here 
and there overlying the brink, but showing no tendency to 
move down and accumulate at the foot of the slope. Numerous 
rond and railroad I>eetions on this prairie show the mounds 
themselves to contain no cobbles or bowlders. 

Other prairies sho\l' this illtermound cobble accumulation in 
varying streng th of development. In places the ston(!s are 
very few, and only large pebbles in size. This is the case over 
much of Mima prairie and here deep sections show the entire 
gravel bed to he lacking in cobbles and bowlders, while a well 
in Ro('ky Prairie shows the underlying clean gravel to possess 
many large stones, comparable in size to those in the int(!rmound 
areas. On Walrieks Prairie, railroad sections exhibit the struct­
ure of a mound-bearing portion with bowlder-slrel'm intcrmound 
spaces. The bowlders or cobbles here arc seen in the sections to 
continue from one side of n mound in a plane directly beneath 
it and reappear in the intemlOlllld area 011 the opposite side. 

STRUCTURE. No stratification or other structure has ever 
been obse rvcd in sections oC the iUirna type mounds. (See Plate 
II, fig. 1.) All observers who have published on the subject 
find this unrescrvedly true. There is shown in all sections a 
loose, homogeneous mass of small gravel mix(!d with black silt. 



86 Bulletin No. 8, lVa,1Iillgtan Geological S,Lrvey 

There docs not seem to be 1\ greater proportion of silt Ilear the 
surface of the mound mass than at the base. In prairies lacking 
the mounds but having the surfici al silt deposit, gravel pebbles 
do not occur distributed through the si lt as they do in the 
mounds. 

THE YOllO T\'PE :MO UNOS. 

FORM AXD SIZE. 'Vhere a beautiful symmetry and un ifonn ity 
characterize the l\.I ima type mounds, those of the Ford type a re 
unsymmetrical and irregular in fonn, and variable in size. The 
largest area of these mounds is on Cedan oiile Prairi!! in the Che­
hali s Valley. The su rface of this pmirie in some places is almost 
tumultuously heaped with the gravel piles; in olher places it is 
nearly plane, and in others it is di sposed in long gentle slopes. 
Enclosed hollows are common, drainage by seepage being per­
fect however. Circular or slightly elliptical mounds arc not 
common. The maximum range in altitude between mound top 
and adjacent depression is about 20 feet. On Grand Mound 
Prairie, one Ford type mound stands 25-80 feet above its su r­
roundings. This particular mound (Plate I X, fig. 1) pos­
sesses seven peculiar saucer-like depressions on its summit, ar­
ranged in a somewhat elong ate group tranSl'erse to the length 
of the medial brond ridge of the prairie. W ith the narrow rims 
as in ter-saucer areas, they cover the entire summit. Thei r aver­
age diameter is ten feet and average depth U -18 inches. E ach 
bears a small flat mound in the center and thus consti tutes only 
a marginal circular depression, being nearly filled in the center. 
Cobbles occur in these ann ular depressions, and also strew the 
sides of this Ford mound. These saucers, with the mounds in the 
center, are strikingly similar to those described in the vicinity 
of Muck. The general character of the form of the Ford type 
mounds may be best described as essentially kame-like, a state­
ment which cannot be made concerning the Mima type mounds. 

GROUPING, SPA CI XG. No trace has been found of any sys­
tematic disposition of these mounds or of the hollows among 
them. 
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COMI'OSITION OF ~fOUNDS AND INTERMO UND AREAS. Numer­
ous excavations show the Ford type mowlds to be wholly of 
gravel. There is no more black silt 011 their surfaces than on 
the intermound spaces, and none enters il\,to the composition of 
the mass of the mound. No aggregation of cobbles among 
these mounds has been nbserved. 

STRUCTURE. In Ford Prairie below Cedarville, excavations 
by the Oregon-Washington Hailway and Na\'igntion Company 
for railroad ballnst have afforded sections of the mounds of this 
type, comparable to the sections of the Mirna type mounds in 
the Mirna pit. The material is mainly horizontally bedded but is 
overlain in one part of the pit by delta bedded gravel dipping 
westward down the valley, the depth of these beds not exceed­
ing 8 feet. A.bove the delta.lbeds the structure is confused, cur­
rent bedding prevailing with no definite roreset or horizontal 
stratification. This extends to the top of the cut and at the 
time or the writer's examination included sections of several 
Ford type mounds. The beds in the mound sections in a few 
cases showed foresd structure, dipping toward the center. One 
such roreset stratum had grown from one side of the mound 
across almost to the opposite side. 

TABULATED COMPARISON OF TilE CHARACTERS OF FORD 

AND :MUlA TYPE MOUNDS. 

The following tabulation gives the points of distinction be­
tween the two mound types above described: 

lHMA TYPE 

Named from the perfection at 
development on the upper portion 
of Mlma Prairie. 
1. Symmetry of form. 
2. Untrormlty of size In anyone 

area. 
3. StructureleB8. 
4. Black prairie solI to hase. 
5 Maximum relief hetween 

mound 8umml18 and In· 
termound areaa.7 feet. 

6. Usually with Intermound cob­
hies. 

7. Closed deprCilslonB rare. 
8. Uniformity of distribution the 

rule. 

FORD TYPE 

Named from Ford Prairie which 
has given aectionB that reveal the 
origin of this type. 
1. ABymmelry or torm. 
2. Lack of uniformity of Size. 
3. Foreset bedding dipping to­

ward center. 
4. No Increaaed thickness of 

vralrls soil. 
5. Maximum relief between 

mound summits and Inter­
mound areas 30 feel. 

6. Never with Intermound col). 
bleB. 

7. Closed depressions common. 
S. No uniformity of dlslrbbUon. 
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AREAL DISTRI BUTION OF THE MOUNDS. 

DISTRIBUTION" OF T HE MOUNDS WITH RELATION" TO PRAIRr.ES. 

'1'hcl'c arc three classes of prairies in the Puget Sound coun~ 
try, (1) those occurring on rock hill slopes, where the soil does 
not suppor t a forest growth, (2) those where the soil is too wet 
for tree g rowth, and (3) those on the glacial outwash. Our 
problem deals only with prairies on glacial gravels. 

Thc outwash gravels dea lt .... ith in this chapler are of Vashon 
age, probably to be correlated with the Wiseonsin drift. They 
occur largely as outwash plains, with moraine or ice contact 
slope along their highest margin. Since all discharging water 
frOIll Puget Sound was recei\'ed by the wide Chehalis Valley, 
the gravels carried farthest take the form of a valley train, 
which differs in no essential detail from the outwash plains. 
Fragments of the valley train between Gate and Aberdeen 
which have escaped postglacial erosion constitute prairies with 
all the features of those of the gravel plains nearer the glaciated 
region. In all prairies of the outwash gravel, evidence of flow~ 
ing water at the time of their formation is to be found (1) in 
terraces, (2) in the bedding, where exposed, or (3) simply ill 
the general slope. 

In the maps accompanying tillS bulletin, the areas of gla~ 
cial outwash are shown, and the outel' margin of the tenninal 
moraine is indicated. The mound~bearing prairies are indicated 
on Plate XXlII. In order of development of the Mirna type 
mounds, :Mima and Rocky Prairies lead all the others, though 
each has areas without mounds. Walricks or Eaton Prairie 
follows in order with numerous but lower mounds. Grand 
Mound Prairie possesses a strongly accented mound surface 
near the eastern end, but the mounds gradually become flaUer 
westward until they die out in the vicinity of Grand Mound. 

Cedarville Prairie possesses the best development of the Ford 
type mounds. Gate or Bakers Prairie and Oakville Prairie 
follow. Ford Prairie, l\Iima Prairie and Grand Mound Prairie 
also possess a few mounds of this type. 

The prairies above noted are all located on the outwash gravel 

\ 
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of the glacial lobe lying east of the Black Hills re-entrant angle. 
The escaping water from this lobe converged at Gate into one 
,'alley, and produced a ,'alley train which, reinforced by acces­
sion of outwash from the western lobe, was originally continuous 
from Gate to Grays Harbor. Mound-bearing portions do Dot 
occur below Malone, at the mouth of the Mock Chehalis, which 
is the first point of entrance of gravel from the western lobe into 
the Chehalis Valley. 

The largest area of prairie country lies northeast of the 
NisquaJly River, the region being known in general as the 
Steilacoom Plains. Imperfect l\lima type mounds arc found 
here and there on this area, well within the limits of the terminal 
moroine. 

On the outwash from the western lobe, between the Black 
Hills and the Olympic Mountains, prairies arc less common in 
proportion to the extent of gravel-covered surface than cast 
oC the Black Hills. Mounds are known in but one place. This 
is OD Lost Lake Prairie, within the limits of the moraine. The 
mounds are low and inconspicuous, and do not occur over the 
whole prairie. There can be little doubt, however, that these 
mounds are oC the same genesis as those so well developed on 
Mirna and R ocky Prairies. 

DLSTRmUTIOX OF MOUNDS WITH Rl:LATIOX TO MORAINES. 

In general distribution, the mound-bearing prairies are asso­
ciated with deposits of the eastern and lower lobe oC the glacier. 
The Mirna type attains its maximum development on Mima 
Prairie, just outside the tcrminal moraine, and on Rocky Prairie, 
betweell: the terminal moraine and a recessional moraine. Grand 
Mound Prairie, fourth in order of development of Mirna type 
mounds, flanks the terminal moraine on its outer side. 

On Mirna Prairie the mounds may be traced up on the basal 
slopes oC the low mominic area which lies north of the prairie. 
In this position they arc irregular in size, form and spacing, 
and are associated with a few shallow kettle holes. One kettle 
(PI. IV, Fig. 2) is 20 feet deep and 120 feet in diameter, and 
bears a few weakly developed mounds on the side and bottom. 
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On Grand Mound Pra irie, in the places examined, they arc 
lacking in proximi ty to the moraine. On Rocky Prairie they 
e.xist within less than 200 feet of the front of the recessional 
moraine, uniform in size, shape and spacing with those else­
where on thi s prairie. At this distance from the moraine 
slopes, they termin ate on the prairie surface, a moundless level 
zone of the indicated width margining the frontal edge of the 
moraine. 

Walricks or Eaton Prairie lies just cast of Rocky Prairie, 
and, like it, is bounded on the north and south by the tenninaI 
and a recessional moraine. Its mounds are low in relief. No 
relation between the proximity of the till ridge at the north and 
the character of the mounds was seen. 

North of Offut Lake is a thinly forested country with small 
prairie areas in terspersed. The topography is very much 
broken by kettles, but no morainic knobs occur in the immediate 
vicinity, the area being apparently a pitted plain . :Mima type 
mounds are com mon on the level areas between the kettles, but 
do not occur on the sides or boltom of the depressions. 

A drift surface, bearing mound-like forms, which should be 
noted here, is to be found 0 11 the frontal or southern slope of 
t he most northern ridge of the till area south of Muck Post 
Officc. The mounds he re arc scattered and irregular in form, 
both Ford and l\lima types apparently being present. About 
a dozen l\lima type mounds were seen on the southern slope of 
the ridge, which is hea,'ily covered with outwash gravel. T ill 
exposed beneath the grtl"el shows the r idge to be of morainic 
ongm. Each mound lies in a more or less distinct saucer­
shaped depression, the rim of which is broken in most cases, 
and the depth of which was about equal to the height of the 
mound. T hese mound-and-saucer arrangements do not oceur 
on the steeper slopes, but lie at the foot. Cobbles and small 
bowlders lie in the saucer surrounding the mound. The gravel 
outwash herc is 20 fcct or more in depth. The forms described 
are thus of outwash de,'elopment, and not morainic ill nature. 

The eastern portion of Grand Mound Prairie bea rs a median , 
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8at, higher area, elongated east and west in hannony with the 
longer diameter of the prairie and parallel to the moraine at 
the north. On it are the few Ford type mounds possessed by 
this prairie, while l\Iima. type mounds are distributed every­
where except along the present floor of Scatter Creek Valley, 
and the steeper descents to it. 

Mima Prairie is disposed in two levels, the higher bei ng almost 
plane, and abutting against a moraine. A long spur of this 
higher portion runs southward across the lower level and bears 
the l~ord type mounds of this prairie. l\lima type mounds are 
common on much of the lower surface. 

Both north and south of the tenninal moraine, the mounds 
diminish in degree of deyelopment, though they extend farther 
beyond it than back within the glaciated area. Cedan'iIle 
Prairie, 1~ miles beyond the moraine, has the greatest develop­
ment of Ford type mounds of the region. 

DISTRlBUTION OF MOUNDS W ITH RELATION TO ALTITUDE OF 

PRAl1I.l£S. 

An examination of the altitudes of the mound-bearing and 
Illoundless prairies of both lobes of the Puget Sound Glacier 
shows the 1\iima type of mounds on the highest, 'I'enalquat 
Prairie, 500 feet above tide, and on one of the lowest, near 
Elma, 60 feet abo\"e tide. Grand Mound Prairie descends from 
270 feet to 160 feel in ten miles, and the Mirna type mounds 
are largest and best de\'eloped at the head and lacking at the 
foot, while on Rocky Prairie these mounds al'e best developed 
on the lower extent and absent at the head. Ford type mounds 
have their highest known occurrence on Grand i\Jound Pmirie, 
~80 feet tlbo"e tide, and their lowest on Ford Prairie •. 60 feet 
above tide. 

DISTRIBUTION o~· MOUNDS WITU RELATiON TO DIFFEItENT AGES OF 

TilE OUTWASI I GRA\'EL. 

Outwnsh from the ice at the time of maximum extent formed 
certain gravelly areas which were abandoned by escaping water 
as soon as the ice retreated Ii mile or so from the terminal 
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moraine and exposed lowe!' drainage lines. One of the earliest 
outwash areas to be abandoned was the Tenino end of Grand 
Mound Prairie and the "alley train which ex tends south from 
T enino to the Skook um Chuck at Bucoda. These gravels just 
west of Tenino arc mound~bCll.ring. Doth types are well de­
veloped, though the Ford type mounds are few in number. The 
black silt and intenllound cobbles of the ,Mirna type are present. 
South of Bucoda the mounds disappear, and none have been 
found 011 the wide gravel plain about Centralia. 

Discharging glacial Imter ceased to flow through the mar­
ginal drainage channel debouching at Tenino at the head of 
Grand Mound P rairie when the ice retreated to a position north 
of Rocky PI·airie. ( See Fig. 4). D eposition of outwash gravel 
t herefore ceased at the head of Grand ~found Prairie and o.t no 
subsequent time was renewed. T he mounds near Tenino there" 
fore lie on the oldest Vashon outll'ash. 

DUl'ing the pause at the recessional moraille Ilorth of ' Val­
ricks and nocky Prairie, the gravels of these prairies werc de­
posited. The escaping wa ter flowed westward along the rear 
of the terminal moraine to i\Iima P mirie. Several small prairies 
exist along the route, on!! of these, Uutlooge ]) rairie, bearing 
well developed i\I ima type mounds. Mimn Prairie therefore was 
an area of aggradation during the two pauses of the icc front , 
and the mounds of at least its lower portion arc no older than 
those of Walricks And Rocky P rairie, despite the ex tm moraini c 
position. 

}'arth!!r back from the terminal moraine of the eastern lobe 
than the pl'A.il·ies abol'e discussed, there are but four g roups of 
mounds known to the writer, nnd these at'e all of the Mima t.vpe. 
They arc relativdy insignificant, being faint, irregular and 
scattering. 

Lost Lake P rnil'ie, on the area covered by the western lobe, 
lies 0. few Illiles back of the limits attained by the glacier. 
Its mounds are faintly dcvelop!!d an d constitute the ollly known 
occurrence of these forms on the outwash f rom this lobe. 

- -rrom the above survey, it would appear that only outwash 
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gravels immediately associated with morainc deyelopment are 
mound-bearing, and that only oub'Elsh of early deposition bears 
mounds. This generalization is somewhat. weakened, howel-er, 
by the following data concerning the Chehalis Valley train. 

----A~nhe eastern lobe of the Vashon Glacier retreated north of 
the latitude of Olympia, the troughs of Puget Sound became 
gradually uncovered, and standing water at the ice front re­
sulted . Except on local di"ides and over the troughless area 
south of Tacoma, out.wash gravel ceased to be depos ited. Es­
caping water from Lake Russell* ponded in front of the ice, 
Rowed close along the eastern foot. of the Black Hills to Gate, 
there entering the Chehalis Valley. This water rehandled the 
drift over which it. flowed, and ca rried a considerable quantity 
of gravel into the Chehalis Valley. It ('roded its outlet. channel 
at least. 40 feet. deep at the present col. It appears to have 
eroded a wide channel on the ('ast side of l\Jima Prairie. The 
discharge of Lake 1l.ussell continued to flow through this ,'alley, 
now occupied by Black Lake and Black Ri,·er, and thence down 
the Chehalis, until the ice had retreated at. least as far north 
as Foulweather Bluff, Jx>tween Hoods Canal and Admiralty I nlet. 
Somewhel'e north of th is headland the ice dam fa iled, and the 
level of Lake Russell was lowered to that of the sea. The out­
wash grlH'els along the Black-Chehalis drainage line thus may 
have received thei r uppermost deposit at a time when the ice 
front was many miles to the north in its final retreat. An 
alternative "iew is that the discharge of Lake Russell eroded 
a channel in the Chehalis valley train and did not spread over 
the whole surface. Let us now examine this surface. 

--- Mirna Prairie is disposed in two great le\"els, scparated by a 
more or less abrupt slope desccnding about 20 feet. Mounds 
are best developed 011 the upper lc,'el, but occur in typical devel­
opment on the slope and 011 the lower le,'el. This lower surface 
gradually descends eastward to the present floodpl ai n of Black 
River, and bears mounds so far down the slope that flood water 

• J. H, Bretz. "Glaelal Lakes of Puget Sound," Jour. Geo!., Vo!. 18, 
No.5, and chapter VI of tbls bulletin. 
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of the present river almost reaches them. Their occurrence 
here possibly may be associated with the operation of the Black 
Lake outlet of L ake Russell. 

At Gate, the prairie is mound-bearing, the mounds belong­
ing to the Ford type. Scattered Ford type mounds occur on 
the higher areas of the Oakville Prairie. Cedarville Prairie pos­
sesses splendid Ford type mounds over most of its surface. Ford 
Prairie has a few of this type. Three miles above Elma is a 
low fragment of the vaUey train whose gravels probably came 
from the eastern lobe, though below the point of entrance of 
the Mock Chehalis vaUey train. It bears faint mounds of the 
Mirna type, the lowest and most western occurrence known. 
There is thus abundant e\'idence to suggest that the causes of 
mound formation operated at a considerable distance from the 
edge of the ice, and perhaps late in Vashon deglaciation. 
These mounds of the Chehalis valley train belong to the Ford 
type, there being but one occurrence of weak Mirna type mounds. 
The alternative view considers that later discharging water 
through the Black-Chehali s drainage line did not occupy the 
whole width of the gravel-fiUed vaUey, and hence mounds 011 the 
higher portions of the valley train may ha\'e been formed at an 
early date. Postglacial erosion has remoyed so mueh of the 
Chehalis valley train that this question can hardly be settled 
satisfactorily. 

DUTBlBUTION OF MOUNDS W1TH RELATION TO SLOPE OF I'LAL'I' 

SUR .·ACE. 

Most of the flat gravel plains of the region possess a gentle 
grade descending in the d irection the water flowed at the time 
of thei ,' deposition. H ere and there arc steeper slopes of the 
gravels, occurring on the flanks of moraine ridges, on the slopes 
l:ietween terraces, or on the sides of kettles. In one direction 
the gravel plains may extend from an almost le\'el surface up on 
low moraine flanks. the mounds here lacking characteristic form 
and arrangement; in an opposite direction the plains may 
descend across a terrace scarp, without notable change in the 
character of the mounds. 
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In general, mounds on a moraine slope do not possess char· 
actcristic form and dishibution. They are best developed on a 
gravel plain with a slope too gentle to be detected by the eye, 
and they are rarely present on the slopes oE kettles. 

AREAL INTER·RELATIOXS OF THE TWO MOUND TYPES. 

:Mirna and Ford type mounds have 1I0t been found associated 
with each other in maximum areal development. Grand Mound 
and Mima prairies possess a few Ford type mounds, on the 
higher portions of the prairie surEace, surrounded by thou· 
sands of the 1\1ima type mounds. The reverse relation, a few 
Mirna type mounds distributed among many oE the larger kind, 
has not been Eound. On both the above--named prairies 
1\fima type mounds lie undoubtedly up on the flanks of the Ford 
type. Nothing has been seen to suggest superposition of the 
Ford type on mounds of the Mima type. 

SUMMARY OF AREAL DISTRIBUTION OF TilE MOUNDS. 

(1) The mounds occur on outwash gravel Erom the eastern 
and lower lobe of the Puget Sound Glacier, only one occurrence 
of faint Mimn type mounds and none oE the Ford type being 
known for the western lobe. 

(2) The best :I\lima type development is Eound on prairies 
closely associated with the terminal and earliest recessional mo­
raines, though EainUy de\'eloped mounds oE this type are found 
on the Chehalis Valley train far from the moraines. 

(3) Ford type mounds have been found almost entirely on 
the Chehalis Valley train and adjoining extra·morainic outwash 
plains. 

(4) No significant relation has been found between the 
altitude of the gravel plain and the occurrence of mounds of 
either type. 

(5) Mima type mounds arc most typically developed on 
the earlier outwash of Vashon age, though large areas of this 
are moundless. The Ford type finds its best development on 
that portion of the Chehalis YHlley train which entered by the 
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Gate Pathway. The question regarding its age has been 
indicated. 

(6) Mirna type mounds altain their best development on 
nearly plane gravel surfaces, depressed or steeply sloping areas 
being commonly moundless. Ford type mounds, where scattered , 
occur on the higher prairie areas, isolated above the surround­
ing surface. 

HYPOTHESES. 

Previous field work on the mounds of Puget Sound glacial 
drift has been limited to hasty examination of the chief prairies 
bearing the Mima type. The Ford type mounds have not been 
previously recognized. The Mirna type mounds are so striking 
in appearance, and so different from topographic fonns ordi­
narily seen , that even the car-window obsef'\'er is at once inter­
ested, and the range of hypotheses for their origin has been 
considerable. T.he study herewith presented will be justified if 
it succeeds in showing the intricate nature of the problem, and 
in narrowing the range of hypotheses. Distinction of the two 
mound types must be made, hence each will be treated independ­
ently. 

THE MIMA TYPE. 

CONDITIONS CONTROLLL'\'"G THE CONSTRUCTION OF Acc:ePT­
ABLE \VORKING HYPOTHESES. Any working hypothesis for the 
origin of these mounds to be of value must include recognition 
oC the following general facts: 

(1) The mounds have a regularity of form that is remark­
able. In the hundreds of acres of the mound prairies, there 
are but few exceptions to the general form of a spherical 
segment. 

(2) Mounds in any onc locality arc nearly uniform in size. 
There are nowhere large mounds scattered in an area of small 
mounds, though the converse is true in some places . For any 
one region there is a maximum size, abo\'e which almost none 
go and to which most attain. 

(3) There is almost invariably an accumulation oC cobbles 
or pebbles on the sur face among the mounds. \Vhere sections 
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are afforded, stones of the size of those in intermound areas in 
some places continue as a cobble stratum through the mounds 
themselves, In other places where the intl'mlound areas are 
cobble-bearing no cobbles are found in the mound sections, 

(4) All prairies of the region bear a surficial black silt, In 
the mounds, the silt has accumulated to a thickness as great 
as the mound height, and in plncl's greater, so that it forms a 
lens-shaped accumulation, while between the mounds the silt 
is thin. 

(5) The mounds are best del·eloped on plane surfaces of 
slight grade. They never occur on surfaces other than those 
of glacial gravel. 

(6) The mounds are struclureless. 

HYPOTHESES PUVIOUSLY ADVANCEO. (1) Wilkes . The 
earliest discussion of the Mirna type mounds known to the 
writer is that of Charles Wilkes in volume four of the "Report 
of t,he United States Exploring Expedition during the years 
1888-1842." Wilkes twice crossed one of the mound prairies, 
probably Mima, and on the second trip he had three of the 
mounds exca"ated in the endea\'or to find rl'lics of human 
agency which he conceived as responsible for their origin. Noth­
ing was found iJldicative of the "savage labor" of which he 
notes that they possess the marks, except a "pavement of round 
stones at the base." He was certain that they were not places 
of burial and was inclined to attribute them to the Indian 
medicine men, though he found no tradition existing among the 
Indians concerning their origin. 

(~) Gibbs (Agassiz). In the Joumal of the American 
Geographical Society for 1873, George Gibbs describes a 
reconnaissance of the northwestern boundary of the United 
Stales in which J}e examined a number of the mound prairies 
of Puget Sound. On his return to the eastern states he de­
scribed the structure and exhibited a sketch of the mounds to 
Louis Agassiz, who "unhesitatingly" pronounced them to be 
the nests of a species of sucker. Agassiz staled that this fish 

-I 
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was at that time constructing si milar mounds in the ponds abou t 
Boston. Gibbs accepts the explanation, noting that it agrees 
with the occurrence of "lacustrine" terraces which are com~ 
monly associated with the prairies. 

(5) LeConte. In the same year Joseph LeConte pub~ 
lished a hypothesis for the origin of these puzzling features, in 
the Proceedings of the California Academy of Science. He con~ 
ceived that the gravel and silt were sediments in the waters of 
Puget Sound, which he assumed to have once covered the re­
gion. Succeeding the withdrawal of the Sound waters, erosion 
attacked the surface and removed the finer soil in certai n a reas. 
Vegetation encroached at the same time and obtained a foot~ 

hold in the higher regions, holding them while the inter~areas 
were lowered. Increasing dryness of the climate has caused 
the disappearance of this vegetation. 

(4) Newberry. In 1884 J ohn Newberry presen ted a paper 
before the New York Academy of Science on the origin of the 
fiords of Puget Sound. He frankly confessed the mounds to be 
inexplicable. 

(5) Rogers. The Ameri can Geologist for June, 1893, con~ 
tained an article by G. O. Rogers on "Drift Mounds near Olym· 
p ia, Washington." This writer reviewed LeConte's description 
and arguments, and objected to hi s statements that the inter· 
mound areas contain larger pebbles than occur in the mounds, 
LeConte having presented tlus as evidence of the erosion. of the 
finer materitll. E vidently Rogers examined that portion of l\fima 
Prai rie which is without cobbles among the mounds, while L e­
Con te may have seen Rocky or Grand Mound Prairie, where 
cobble distribution is remarkably developed. Rogers's hypoth· 
esis is that the gravel plain was covered by a piedmont ice sheet 
which, on ablation, was traversed by escaping drain age in 
floods so that the entire surface was covered by washed debris. 
Such material on coming to rest tended to accumulate in heaps. 
Insolation caused these heaps to sink in the ice, and sliding of 
scattered material into the depression further tended to con-
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centrate the washed drift. Final melting of the stagnant ice 
deposited the heaps as the prescnt mounds. 

(6) Upham. In 1904, Warren Upham published in the 
American Geologist some hasty observations from a reconnais­
sance of a part of the Puget Sound country. He crossed Mima 
and Gate or Baker prairies and concluded that the mounded 
surfaces were Hcorrelative with the commonly hilly moraine 
belts of other drift areas." From personal observation of these 
two prairies and from verbal descriptions of other prairies of 
the region having mounds, he mapped the terminal moraine belt 
of Puget Sound as a broad curve, convex southward, with the 
most extended portion reaching to Gate. 

(7) Other Explanations.- Conceptions o( the origin or 
the mounds, more or less related to those presented above, have 
emanated (rom many sources. Most are valueless because based 
on no careful study of the region. Two leading ideas are those 
of plant or animal origin. One farmer who has lived on Mima 
Prairie for a number of years is convinced that the mounds 
which bear clumps of the stunted oak common to the gravelly 
soil are increasing in height. He stated that in leveling the 
mounds (or a roadway, the horses plunged knee deep repeatedly 
in the gravel and silt after the sodded surface of the mounds 
had been broken, inferring from this that hollows existed where 
tree roots had decayed. 

WEAKNESSES OF THl!: ABOVE. HYPOTHESES. From the pre­
ceding description o( the structure, form, number, and distri­
bution of the mounds, and from the fact that no relics of human 
origin have ever been found in or associated with them though 
hundreds have been opened, the hypothesis of human origin for 
any purpose whatever must be abandoned. It is not held today 
by residents of the region, though it is the most seductive of all 
explanations to the common mind . 

• ~t R. Campbell discusses "Natural Mounds" In the Journal ot 
Geology, Vol. 14. No.6. His study was devoted to mounds in the 
valley of the Arkansas, dltrerlng widely In composition, and In char­
acter of the subsoil, from those features found In the Puget Sound 
country. His conclUsion of animal origin cannot apply here. 
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No one who has been in the region and seen the splendid 
sweep of billowy topography over a thickly mounded prairie 
surface can give credence to the idea that fi sh have heaped up 
the Mirna type mounds. It is obviously much farther from the 
truth than tile hypothesis of human origin. The prairies have 
never been submerged in fresh water, and probably only the 
lower ones were beneath the postglacial sea water, and that but 
fo r a short time. Mirna type mounds also occur on the plateau­
like summit of T enalquat Prairie, 500 feet above tide, untouched 
by any water but direct rainfall since cessation of the glacial 
outwash. 

The impossibility of deposition of the gravels in Pu~t Sound 
does not weaken LeConte's idea. The objection which is fatal 
to his conception is that the porous gravel so effectively absorbs 
rainfall that hardly a trace of erosion has been detected on 
any prairie, save that of a few traversing streams whose run­
off is largely secured from other areas. Considerable streams 
flow on to some of these prairies from adjacent and more impervi­
ous surfaces after heavy rains, and the water is so greedily ab­
sorbed by the gravel that the stream disappears in a fraction 
of a mile. The pits in Mirna Prairie show "open work" gravels 
for a depth of 50-40 feet below the surface soi l. In the face 
of this evidence, LeConte's comparison with the mounds pro­
duced by erosion in eastern Oregon is invalid. 

Uogers's conception of the inter-action of glacier ice and 
escaping water fails to explain the mounds of Grand Mound 
Prairie about Bucoda, and just above Elma on the Chehalis, 
all of which lie beyond the tCnllinal moraine and some of which 
were perhaps fonned on the Chehalis valley train during the 
last stages of glacial retreat from the Puget Sound basin. Fur­
ther, the many sections in the outwash prairies back of the 
terminal moraine fail uniformly to record any re-advanee of 
the ice over their surfaces after stream aggradation on them 
had ceased, and Rogers's hypothesis fails here as well. 

In "iew of this last point, and since the tenninal moraine 
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of lhe Puget Sound Glacier is a definite lill ridge, at one place 
two miles wide and 250 feet high, flanked by these outwash 
prairies, Upham's hasty conclusion cannot be cOllsidered seri­
ously. In order to fit his hypothesis this writer also guessed 
Lake Kapov.·sin to lie in a kettle hole, which it does not, and 
mapped the moraine as trayersing the Black Hills from Gate 
to Elma, all of which stretch is driftiess, and some of it 1,500 
feet or more aboye tide. Many other errors in the paper re­
ferred to make it almost valueless. 

A species of large black ant, Formica languinea .• inhabits the 
sparse fir forest growing in many places on the gravelly areas 
of Puget Sound outwash, and constructs hills some five feet 
high. Such ant hills arc built almosl entirely of bits of twigs 
and pine needles. No ant hills could contain the pebbles found 
in the mounds. Neither ants nor burrowing animals could pro­
duce the regularity of form and the uniformity of size in any 
one locality. The g ra,'el strata below the 1\1ima mounds are 
undisturbed and no burrows have ever existed beneath them in 
any way competent to account for the mass of the mounds. 

That trees have grown on the Mirna mounds where none now 
exist is suggested by the looseness of the interior, which allowed 
horses to plunge to the knees in silt and gravel, by the occasiontl.l 
occurrence of sunken areas a foot or so across on these mounds, 
and by the root-like forms in which the black si lt in places pene­
trates the underlying gravel The small sunken areas are 80 

recent that the sod has not healed over the marginal cracks. 
To test this hypothesis more carefully, an area was sought 
",·here the oak and other forest trees are growing on the mounds. 
Such a region was found on a part of Rocky Prairie. But no 
hint of tree clumps or groups could be made out, the distribu­
tion and thriftiness of the trees not being relnted in any way 
to the occurrence on mounds or intermound areas. 

It is stated that the Indians formerly burned over these prai­
ries annually, and destroyed the trees growing on them. It is 
certain that today the forest is encroaching. In retracing sur­
yeyor's lines run 50 years ago, the limits of forest growth are 
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found to hzne advanced on the prairies.- The western part of 
Roc'ky Prairie bears many scattered small firs. (PI. VI, Fig. 1.) 
These were found to possess from eight. to ten annual rings at 
the base, though some were ten feet high and some hardly ten 
inches. Evidently a wet season a few years ago allowed the 
seedlings to send their roots deep enough to survive the drought 
of ordinary summers. The older residents all testify to the 
former greater extent of the prairies. Many gnarled skeletons 
of the brond~spreading prairie oaks are found mouldering in a 
dense growth of young fir which has killed them in the last half 
century. (Sec PI. X, Fig. 1.) Though much prairie land 
thus is being invaded by the forest, there are large rnound~ 
bearing areas where the dry soil probably never can support 
tree growth and probably never has. 

LIMITATIONS OF A SUCCESSFUL HYPOTHESIS. (1) The 
mounds were formed at the time of deposi tion of the gravel out­
wash. 1\Jany facts already cited lead toward thi s general con­
clusion. The absence of mounds on the kettle slopes and their 
presence between the kettles of the pitted plain north of Offut 
Lake, and the entire lack of topographic change over the prairie 
surfaces since glaciation, save rare stream incisions, are the 
most definite facts supporting this conclusion. 

(2) The mounds were formed only during the last stages 
of outwash action over anyone area. No trace of their forma­
tion during deposition of the stratified gravel on the grad~ 
ualJy aggrading plain in front of the ice, now constituting Mirna 
Prairie, is shown in the Northern Pacific Railroad gravel pit. 
The sect.ion whi ch this pit affords is haU a mile long and 30 
feet in mean depth, and is di sposed parallel to the direction of 
flow of escaping water. The same conclusion is drawn from the 
Chicago, Milwaukee and Puget Sound Railroad cut of the same 
prairie, disposed at right angles to the above direction. Were 
the mounds formed at any earlier horizon, structureless lenses of 
gravel should appear in the sections . 

• Communicated by Henry Landes, State Geologist or Washington. 
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(3) The mounds are essentially constructive forms. The 
evidence against postglacial erosion of the gravel plains has 
b~n presented above. The form o( the mounds is strongly op­
posed to any conception of partial erosion, by glacial water, 
o( previous deposits. In Plate VIII is shown one o( the most 
definite channel-like areas among the mounds on Mirna Prairie. 
The impossibility of channel origil\ for that area is at once ap­
parent from the map. The sags of Rocky Prairie might be 
accounted for by the assumption of erosion by escaping glacial 
water, but the mounds and inlermound cobbles are found on 
the intervening platforms and are rarely in the sags. 

(4) The intermound cobbles were probably not deposited 
or aggregated by the agency which fonned the mounds. It 
has already been explained that they have not gravitated to 
the intennound areas from an original equable distribution over 
the prairie surface, subsequent to formation of the mounds. 
'rhe Walricks Prairie sections show beyond any doubt that a 
portion of this prairie surface was uniformly cobble stre\\'n, and 
that subsequent to this, the Mirna type mounds were con­
structed on this floor, burying the cobbles beneath them, and 
leaving the portions in the intermound areas still cobble strewn. 
Cobbles o( the intermound type arc not known to occur in the 
gravel and silt of the mounds, but are found in the stratified 
gravel immedi~ely below them. Where the cobbles arc large, 
the gravel below contains large stones, and where the cobbles 
arc lacking or represented only by large pebbles, the subjacent 
gravel is deficient in fragments o( cobble stone size. 

The cobbles on Grand Mound Prairie decrease in size to ac­
company decrease in dimensions of the mounds westward. Dut 
in the town o( Tenino, at the head o( this outwash area, mounds 
are not prevalent though the surface cobbles are veritable 
bowlders, and of great abundance. In order to secure lawns, in 
the eastern part of the town. the inhabitants dispose o( them 
by constructing stone walls about their property. The 
explanation of decrease in size of bowlders and cobbles westward 
(rom Tenino is, plausibly, that of weakening current of escap-
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ing g lacial drainage. It does not follow that this proves their 
distribution to have been contemporaneous with the formation 
of the mounds, since the mounds may be due (a) to a rehan­
dling of the upper few feet of gravel, assorting the coarser from 
the finer and heaping the latter into the mounds, (b) to addi­
tional deposition to form the mounds after the cobble strewn 
surface had been produced, as well as (c) to the possible forma­
tion at the lime when the upper few fed of gravel were first 
deposited. 

(5) The origin of the black silt is not believed to be inti­
mately related to that of the mounds. The black silt seelllS 
best e.' .. plained as being largely the clay and fine sand of the 
original unsorted drift, not thoroughly removed from the gravel. 
In the Mima Prairie sections, beds of clay occur interstratified 
with the gravel and considerable clayey material may be seen on 
close examination on pebble surfaces and in interstices among 
the pebbles, though the "open work" effect is found practically 
t hroughout. The black color appears to be a colol' only, the 
vegetal material imparting it being insignificant in amount in 
the silt. 

This same black silt has been found on small level prairies 
of the Chehalis valley train as far down as l\fontesano, and on 
steeply sloping prairies of glacial outwash as far north as the 
San Juan Islands, in neither place being accompanied by a sug­
gestion of mound topography. The prairie vegetation and the 
dryness of the soil arc believed to be in some way intimately 
related to its occurrence. The subj ect affords an interes ting 
ecological problem. 

The mounds are thus to be considered as composed virtually 
of all the constituents or tilll sa\'e bowlders, and to be as lack­
ing in structure as till. There is a great difference, however, 
in the appearance of the loosely aggregtlted mound material, 
and the compact till of the adjacent mOI'aine, beside that of 
color. 

The sharp demarkation between black silt and gl'avel at the 
base or the mounds is thought to be due to some local factors 
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F IG. I. t ord Type Mound on Grand Mound Prairie. 

t~w. 2. Bedding or MIIll:l Pr:lirle Outwash Gran'l. 
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controlling the prairie vegetation. Results of such factors are 
perhaps expressed (a) in the abundance of small plant rools 
in the silt and gravel, and (b) their abrupt termination at the 
upper surface of the clean gravel, and possibly also (c) in the 
downward extension of black silt beneath some of the mounds, 
resulting in the double convex lens form of the black soil in 
mound sections. 

(6) Agencies which might have operated under the limita­
tions above enumerated are practically limited to ice and water, 
either of which may have been standing, or mO"ing, or both. 
The time of operation was during Vashon glacial retreat and 
deposition of the outwash. Current bedding and delta bedding 
in the Mirna gravel pit show that water operated in both 
ways during the aggradation of the gravel plain. If ice was 
present, it obviously was in fragmentary masses from the ad­
jacent glacier, or had fOnllOO on the surface of standing water 
beyond the ice. If it operated in dYllflmic phase in construction 
of the mounds, its motion must have come from the energy of 
flowing water, or from eJ: pansion due to freezing, since no gla­
cial ice thrust could have occurred in lIlany mound localities , 
nor in most of them where adjacent to the moraine, without hav­
ing lett sOllle indisputable record or its occurrence. 

It may be suggested tentatively that if a sheet of ice several 
feet thick could be rormed over the surface of an outwash gravel 
plain and could subsequently be ftooded so that stream-carried 
debris would be deposited on ils surface, it might, on melting, 
develop pi ts into which the surficial debris would gravitate. 
Since water is densest at S9° F., the lower interstices of the 
gravel in the pits of the postulnted sheet of ice would become 
filled with water at this temperature. Since such water would 
be 7° wanner than the adjacent ice, it would cause deepening 
and enlarging of the pits after the earthy accumulation had 
become so thick that warming of the gravel by the sun ceased 
to be a direct factor in formation of the pits. Sliding and 
washing of the surface debris into these pits would expose inter­
pit a reas, and the melting of such areas would then proceed 
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more slowly than when rock fragments strewed it, and l!-bsorbed 
the sun's heat. 

Some such set oC conditions might give rise, on final melting 
of the ice, to mounds; these being without structure, without 
assortment, and superposed on current-bedded g ravels as are 
the Mirna type mounds. Cobble strewing of the prairie su r­
faces is known at least locally to have antedated the formation 
of the mounds, and requires no place in the conception. 

The great range in altitude and the widespread distribution 
of the 'Mirna type mounds constitute a serious objection to this 
hypothesis. We might conceive of an outwash plai n beeoming 
flooded with water and a sheet of ice forming over the whole 
t l11·ough some exceptional and local combinntion of conditions. 
but it is almost impossible to postulate the repetition of such an 

-3ccurrence on every mound-bearing surface, especially slopes. 

- The e."(planation of the origin of the Mirna type mounds of 
Vashon outwash of Pugct Sound glaciation is believed to lie in 
some combination of water and ice action under the limitations 
imposed above, such effective combination being unique so far 
as the writer is aware. Details of this explanation can prob­
ably go no farther until observation has detected the formation 
of similar deposits in the outwash of existing piedmont glaciers 
or ice sheets. 

FORD TYPE. 

LIMITATIONS OF A. SUCC ESSF UL HYPOTH£SIS. A satisfactory 
hypothesis for the genesis of the Ford type mounds must rec­
ogmze--

(1) Their prevailing extra-morainic position. 
(2) Their notable development on that part of the Chehalis 

vaUey train which entered the valley at Gate. 
(8) Their great variability in size and form. 
(4) Their relation to adjacent Mirna type mounded sur­

(aces. 
(5) Their composition, and 
(6) Their structure. The hypothesis need not necessarily 
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explain each item, but it must contain no incongruous elements 
in their consideration. 

The composition and structure of these mounds, items (5) 
and (6), form the basis for the explanation to be advanced. 
Numerous sections show that these mounds are composed entire­
ly of stream gravels. The sections of Ford Prairie have shown 
the structure of these gravels to be largely foreset, with the beds 
dipping toward the center of the mound from different sides. 
Thi s delta structure is confused and imperfect, the layers dip­
ping in diverse directions, some being superposed on others 
with a different dip. But every bed shows the original flow of 
the water which deposited the gravel to have been roughly cen­
tripetal with reference to the center of the mound. 

The only satisfactory explanation of the phenomenon of hum­
mocks or mounds composed largely of centripetally foreset 
gravel is that the mound sites were originally pools, and that 
water flowing into these pools, and carrying the gravel which 
filled them, came from adjacent surfaces higher than the pres­
ent hummock summits, lying where the depressions and intA!r­
mound areas arc situated now. j<"'rom this it seems that we must 
admit the presence of ice blocks stranded on the surface of the 
delta- and stream-bedded gravels on which the mounds are built, 
deposition of stream gravel taJcing place in the spaces among 
them. 

The supposed ice blocks may have been derived from the Puget 
Sound Glacier or the breaking up of lake or stream ice, and 
then transported down the glacial Chehalis, or they may have 
been marine floe ice drifted back up the Chehalis. All the evi­
dence favors glacial, stream. or lake origin for the ice. The 
practical limitation of Ford type mounds to the Chehalis valley 
train, item (~). is significant. Limitation to that portion which 

• received its supply through the Gate Pathway may be taken to 
show that the ice blocks were river-borne glacial bergs. because 
the greatest volume of escaping glacial water passed through 
here, and at Little Rock, but a few miles from Gate, the Vashon 
Glacier front reached its lowest altitude. 
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The grcat variations in (orm and size among the l;'ord mounds, 
item (3), with the consequent production of undrained hollows 
among them, and the lack o( any oricntation of hummocks or 
hollows, are (acts wholly consonant with the hypothesis ad­
vanced ; indeed, wholly corroborative of it. An extra-morainc 
position, item (I), suggests formation at the maximum of 
Vashon glaciation, though occurrences in in tra-morainic situa­
t ions would not necessarily weaken the hypothesis. 

Mirna type mounds lie on the flanks of the few Ford type 
mounds of Mima and Grand Mound prairies. T his appears to 
show the same relation that is believed to obtain between the 
Mima type mounds and thei)· intermound cobbles; namely, that 
subsequent superposition has placed the smaller symmetrical 
mounds on the slopes of the older kame-like pile. 

The absence of the black sil t throughout the mass of the Ford 
type mounds and its presence in the Mirna type mounds is har­
monious with the preceding views. The Ford type mounds are 
composed. or strealll gravels, which would contain little or no 
silt; the Mima type mounds, according to the explanation ten­
tatively held, should possess a considerable proportion of silty 
material. In both cases, this is the observed (act. If the black 
silt has had the origin suggested, it should be (ound throughout 
the l\1ima type mounds which have Ilfforded a better soil than the 
"open work" gravels and not at all in mounds of the Ford type. 
This also is borne out by obse rvation . 

• 



CHAPTER VI. 

THE GLACIAL LAKES AND DRAINAGE CHANGES OF 
THE VASHON GLACIATION. 

SYNOPSIS. 

INTRODUCTION. 

GLACIAL LAKES DURWO ADYANCE OF TlIE VASIION PUGET 

SOUND GLACIER. 

GLAClAL LAKES OF THE Ton: OF MAXIMUM VASHON GLACIATION. 

:MINOR LAKES OF THE BALD HILLS. 

GLAClAL LAXE OF THE DES CHUTES RIVER. VALLEY. 

GLACIAL LAKE SOUTH OF McINTOSH. 

LAKE BUCODA. 

LAKE CHEIIALIS. 

LAKES OF THE CHEHALIS VALLEY T1I.AIN. 

WADDELL CaEEK LAXE. 

GLACIAL LAKES DURING RETREAT OF THE VASHON PUGET SOUND 

GLAClER. 

EAllLY LAKE RUSSELL. 

BLACK LAKE OUTLET. 

SHEllLOCK DELTA. 

LAXE PUYALLUP. 

OIlOl' CllANNEL. 

CLOVEll GREZK CHANNEL. 

LAKE TACOMA. 

TACOMA DELTA.. 

SOUTH TACOMA CllANNEL. 

CORRELATION OF TACOMA DELTA AND CHANNEL. 

AUBURN DELTA. 

KENNYDALE DELTA. 

CORRELATION OF LAKES PUYALLUP, TACOMA AND RUSSELL. 

STEIl.ACOOM PLAINs. 

STEILACOOM DELTA. 

SEQUALlCH:EW DELTA. 

LAKE NISQUALLY AND OBLITERATION 0)" EMILY LAKE 

RUSSELL. 
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GLACIAL LAKES ON NORTH:ERN SLOPE OF TIn: BLACK HILLS. 

LATER LAKE RUSSELL AND THE SHELTON DELTA. 

LAKE SKoKOlirum. 

!.AXE HOOD. 

CLIFTON OUTT,ET. 

BRINNON DELTA. 

POULSBO CHANNEL. 

LACK OF VASHON DELTAS OF OLYJUPIC RIVERS. 

GLACIAL LAKE SAMMAMISH. 

FntST STAGE. 

SECOND STAGE. 

THIRD STAGE, REO"'fONO DELTA. 

LAKE SNOHOMISH. 

HIsTORY OF LATER LAKE RUSSELL. 

RICHMOND DELTA. 

HlO· YOOT LEVEL OF LAKE RUSSELL. 

NORTHERN LalIT OF LutE RUSSELL. 

LAC.K OF VASHON DELTAS OF CASCADE Rn'ERs. 

KAME TERRACES. 

DRALXAG:E !\{ODJFICATIONS OF TIlE STILLAGUA~USH RIVER. 

GLACIAL LAKE WHATCOlit. 

INTRODUCTION. 

The general topogrnphic relations of the Fuget Sound basin 
-closed on the east and west by mountain ranges, at the south 
by a low divide, and open to the north whence came the invading 
Cordilleran ice--favored the accumulation of standing water in 
the basin while the ice front retreated northward. Because the 
last glaciation found a topography of strong relief in the Puget 
Sound basin, and fai led to obliterate it by erosion or depos ition, 
the opportunity for a lake history of varied character during the 
epoch of Vashon glaciation was greatly increased. 

The lake hi story may be subdivided into three periods, deter­
mined by the advance, the maximum and the retreat of the 
Vashon Puget Sound Glacier. Lakes of only the last of these 
divi sions of the Vashon epoch have left records of much impor­
tance. Little is known of lakes of the advance of the Vashon 
Glacier. Those of the maximum glaciation were but small bodies 
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FIG. 1. Time and Space RelaUOD$ of the Glada' Lat~ dUrlD &" Vuhon 
Retreat. 
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of water fringing the margin of the glacier where it closed the 
mouths of the earlier stream valleys. 

The retreat of the Vashon Puget Sound Glacier permitted the 
fonnation of L ake Russell, a water body occupying t he vaIleys 
of Puget Sound and di scharging to the Chehalis Ri\'er at Gate. 
The le\tcI of the lake throughout most of its existence was 160 
feet above present mean tide, perhaps 130 feet above sea level of 
that time. The lake was lowered 40 feet by erosion of its outlet 
during the later stages of its history. 

During the early history of Lake Russell, the retreating 
Puget Sound Glacier readvan ced a few miles with an altered 
marginal outline, nearly destroyed the master lake, and forced 
the ponded water in the pre-Vashon valleys to discharge by a 
higher outlet. This gave origin to Lake Nisqually. The levels 
of two contemporary tributary lakes, Puyallup and Tacoma, 
were not changed by thi s read vance. 

Subsequent retreat destroyed Lake Nisqually and allowed Lake 
Russell to re-form, Lakes Puyallup and Tacoma early merging 
with it. No more oscilJations of the glacier front are known to 
have occurred while Lake Russell lengthened northward to its 
maximum extent. On the west, tributary Lakes Skokomish and 
Hood were formed, and then destroyed by uncovering of lower 
outlets during this retreat; on the eas t, g lacial Lake Sammamish 
and Lake Snohomish were formed. The latter maintained an 
independent existence until failure of the ice dam eventually 

brought the glacial lake hi story of Puget Sound to a close. 
Figure 7 indicates the time relations of the glacial lakes dur­

ing VasllOn retreat. T he space relations are also approxi­
mated if the top or the diagram be considered as south, and the 
right and left sides as west and enst. 

The following synopsis correlates the more important events 
of the glacial lake hi story during Vashon retreat. 
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S/O(/U of .lI11./tr Lllh. COII/emlltwllneo... COII/e"''ItwlllltoQ 
Del/d' 0/ JIAoflcr Lllite. Ttibu/o .... LtUu. 

EIIrEr Lake nu.~EI. Sherlock Delli. Lake "uyaltul). 
(160 (t. Blick Lake outlet.) Stellae/lOm IOd Eltly LIke TirolI'lL 
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(120 ft. l'ercl"ll Creel! cbaboel nrlDDOo Deltl. 
to Blacll Lab outlet. IAllel Itedmond Delli. 
Puyallup, Tiroli'll. SlIol!omllh. Sherlock Dttla. 
Hood and Sammamish roalc.c:e4 
wltb Like nU.III'II . 

Lake Silotoml,h. 
wte Hood. (mltb 
Glldlll""e SimII'll' 
Lake Snohoml,h. 

LIke Sbohomlib. 

GLACIAL LAKES DURING THE ADVANCE OF THE VASHON 
PUGET SOUND GLACIER. 

The low di,·ide between the Sound and the Chehalis Ri,'er 
has been shown to be due largely to deposits of the Vashon 
Glacier. Evidence has been found which argues that the Che­
halis-Sound divide was at the Narrows near Tacoma during 
the interglacial epoch, instead of where it is now. If this 
conclusion is correct, the streams flowing in the interglncial 
valleys south or the Narrows were then tributary to the Chehalis. 

Less satisfactory evidence suggests that the Hoods Canal 
interglacial river flowed to the Chehalis through the :Matlock 
Pathway. If the interglacial drainage was disposed as sug­
gested above, the ad\'ancing Vashon Glacier could have ponded 
water in front of it only in the trough of Admiralty Inlet and 
its tributary valleys. Early drainage of this ponded water 
should have occurred across the low country about the northern 
part of Hoods Canal to that trough and thence to the Chehalis. 
Advance of the ice would early close this, however, and would 
.. hift the outlet of the supposed lake to the site of the Narrows. 
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Here it may be considered to ha\'e remained until advance of 
the glacier to that latitude destroyed the lake. I 

LitUe positive data can be expected on such a subject. The 
hypothetical lake level lay below 250 feet at its highest, and 
doubtless became lower while it existed, by the down·cutting of 
the Narrows. Delta deposits should have been formed in such 
a lake, but they are not likely to have been preserved, since 
tlley were immediately o\'erridden by a great glacier. 

A delta deposit which may be connected with this hypothet­
ical lake of Vashon advance occurs in the city of Seattle, on 
the harbor slope of First Hill. Its structure has been weD 
exposed by street grading, especially at the corner of Seneca 
Street and Sixth Avenue. (PI. VU, Fig. 1.) Its maximum 
thickness is about SO feet, its beds dip sou thwest, tmd it rests un· 
conformably on the stratified Admiralty clay, which, beneath 
the Vashon till, forms the hills of the city. The Vashon till 
covers the delta beds and has a maximum thickness here of 15 
feet. 

The striking feature of the delta sections is the presence 
of frngments of lignite which in some strata constitute half of 
the material of the fo reset beds. The smaller pieces arc wel1 
rounded, many of them being fragments of wood. A well 
worn fragment of a mammoth tooth has also bC1!n found in 
these foreset beds. . 

The line of contact between the foreset beds and the Vashon 
till is about fWD feet above sea level, a figure which would 
bring the water level within the limits imposed by theoretical 
considerations. 

These forescl gravel strata are exposed along the slope for 
nell.rly five blocks. They have not been seen to run back into 
the hill, and thus to belong to the Admiralty series. They 
apparently constitute a deposit on the hiU slope, intermediate 
in time, as in place, between the underlying clays and the over· 
lying till. 

The stream which built the delta came from the north, 
northeast, or efl8t, and must have incised an old swamp bed 
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which was rapidly eroded. A considerable current must have 
existed to detach and bear along the larger fragments. The 
destroyed lignite bed lay fairly near the delta, else the weak 
material would have been disintegrated and reduced to smaller 
fragments. The lignite bed was soon cut through and the 
foreset beds lying south of, and therefore younger than, those 
so heavily charged with lignite, contain little or nOlle of it. 
This is further evidence of a rapidly eroding stream. 

The position of the delta high on the hill slope, and the dip 
of its beds, makes it difficult to explain the source of the deposit­
ing stream. Capitol Hill to the east could never collect suf­
ficient water to form the stream which here left its record, and 
if the stream came from the direction its foreset beds indicate, 
it flowed over su rfaces which do not now exist, and derived 
its gravel from them. The swamp which gave origin to the 
lignite was destroyed, and its deposits consolidated by burial 
beneath other material long before the stream was formed 
which tore up the old swamp bed and redeposited its debris in 
the delta. 

The stream which built the Seneca Street Delta is believed 
to have taken origin from the melting of the advancing Vashon 
Pugct Sound Glacier, and to have crossed a stretch of land 
somewhere on the northern part of Capitol or First hills, here 
incising the lignite bed, itself a portion of the Admiralty sedi­
mentary series. Deposit was inferentially in the supposed lake 
caused by the ad'·ance of the Vashon Puget Sound Glacier. 
Shortly after the delta's formation, the glacier passed over it, 
and sealed it beneath a cover of Vashon till. 

This conclusion explains 
(1) the source of the stream, 
(ft) the volume and strength of the stream, 
(5) the rapidity of removal of the lignite bed, 
(4) the consolidation of the peat, 
(5) the unconformity on the underlying clay, and 
(6) the freshness of the gravcl, which is not stained m a 

manner comparable to that of the Admiralty gravels. 
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The ice overrode this unconsolidated delta material without 
di storting it sensibly. In one section a cobble was found to 
have projected for half its diameter above the subj acent gravel 
surface, and to have been held so rigidly that a furrow at least 
three feet long was formed in the under side of the till sheet 
by it. It offers positive e\'idcnce that the gravel was solidly 
frozen when the g lacier passed Ol'er, find this explains the lack 
of distortion. 

GLACIAL LAKES OF THE TIME OF MAXIMUM VASHON 
GLACrATION. 

In impinging on the northern slopes of the rock hills which 
lie south of the drift plain, the Vashon Puget Sound Glacier 
undoubtedly dammed many small valleys, and produced a series 
of marginal lakelets which have left no record except in a few 
cases where surviving driCt·dalllmed lakes and swamps attest 
their fonner existence. Larger marginal lakes of the maximum 
stand of the ice as a rule left better records. 

MINOR. LAKES OF THE BALD HILLS. 

The front of the Puget Sound Glacier crossed the NisquaUy 
Valley at LeGrande where the r iver emerges from the foot~ 

hills of Mount Rainier to the plain. Though an ideal situation 
for a glacial lake if U1e valiey above were empty, the probable 
presence of ice from Mount Rainier is U10ught to have pre­
vented the formation of a lake. 

On the northern slope of the Bald Hills, there were small 
glacial lakes, noted in the chapter on the terminal moraine 
(Ch. II ). These arc recorded by marshes and drift~dammed 
lakes which still exist. There are seyeral bold southern slopes 
among U1esc hills where the volcanic agglomerate has been 
weathered so deeply as to leave the larger bowlders of its mass 
isolated on pedestals, fanning anvil· and obelisk·shaped projec~ 
tions. Among these are scattered errntic pebbles. Since 
these pebbles lie higher than the moraine, and on slopes facing 
away from the glacier, they are referred to ice floating in 
marginal water glacially dammed Among the hills. 
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GLACIAL LAKE OF THE DES CHUTES RIVER VALLEY. 

The Puget Sound Glacier crossed the Des Chutes River 
valley where it emerged from the Huckleberry Mountains. 
The upper part of the Des Chutes Valley was protected by the 
Huckleberry Mountains against invasion of ice from Mount 
Rainier, and it was dammed by Puget Sound ice at its de­
bouchure on the plain. This gave rise to a glacial lake. The 
pebbly clay deposited in this lake probably is responsible for the 
flat on which is the group cf small farms and the Bald Hill 
School, a mile or two above the moraine crossing. 

The lake deposits and the moraine have been responsible for 
the superposition of the river on a rock spur of its pre-Vashon 
valley, and the consequent formation oE the Des Chutes Falls, 
a beautiful double cataract with a picturesque canyon below 
it. (Plate X, Fig. 2). 

An interesting problem is afforded by a comparison between 
the Ni squally and Des Chutes rivers where they enter the 
Puget Sound drift plain. Both were diverted after the glacia­
tion, and forced to cut through rock for a short distance. 
Both possess deep post-glacial canyons, but the Des Chutes 
has a cataract at the head of its canyon while the grade of 

f the Nisqually rises gradually through the canyon until it is 
at the level of the pre-Vashon valley. The rock is a fairly 
uniform dense lava in the Nisqually canyon, and a volcanic 
agglomerate in the Des Chutes canyon. Both are cut by dikes 
of more resistant rock which project 011 the canyon slopes. The 
Des Chutes carries over its fall debris secured by the erosion 
of the rock in the upper part of its valley while the Nisqually 
carries outwash gravel from the present Nisqually Glacier on 
Mount Rainier. The reason why one stream possesses a fall 
in its postglacial gorge while the other docs not may be found 
in this difference of amount oE debris carried, or may lie in 
other factors. 

GLACIAL LAKE SOUTH OF MC INTOSH . 

Near McIntosh and T enino, the glacier at its maximum ex­
tent reached a mile or more beyond the southern margin oE the 
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terminal moraine. This is recorded in scattered glacial gravel 
on the hills south of the Clear Lake va lley, the moraine lying 
north of the valley. 

The southern slope of the moraine here has numerous rock 
outcrops and it appears that n line of low rock hills, nearly 
paralleling the edge of the ice, was here overridden a short dis­
tance. These hills appear to have caught the basal debris on 
their northern flanks and thus to have determined the location of 
the moraine. The extra-morainic gravel above noted does not 
represent a deposit from ponded water, because over most of 
the hill slopes the topography is such that a lake could not 
have existed, wherever the ice front stood. 

There is further evidence that the ice crossed the Clear LakL-­
Tenino Valley south o{ the moraine, and rested against the hills 
on the south side of this valley. This evidence is found in the 
delta deposits of the two glacial lakes whose existence required 
an ice dam hard against the hills south of Clear L ake and 
T enino. 

Back among these forested hills, there is a beautiful valley 
flat lying a little west of south from McIntosh, and a little 
south of cast from T enino. It ramifies in several green meadow 
a rms among the hills, and drains northward to Scatter Creek. 
At the g lacial maximum, this northward-draining valley was 
dammed, and outflow {rom the resultant lake was across the 
divide to the Skookum Chuck on the south. (See Figure 2.) 
Sediments deposited in the lake contributed to the filling of the 
valley, though subsequent swamp deposits haVe done mu ch 
also. A delta deposited in the lake is crossed by a road which 
enters the valley {rom Tenino. Its surface is 450 feet above 
the sea, and its structure, exposed in a roadside gravel pit, 
is perfectly and uniformly foreset, the beds being 20 feet thick 
and dipping to the south. The level top of this delta is a 
noticeable feature of the local topography. Though the outlet 
channel has not been found, the delta probably records the 
chief level of the lake. 

The valley today has an outlet northward 100 feet or so 
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lower than the delta, and eroded in a drift filling in the lower 
part of the valley. This drift dam held a lake for some time 
after the ice withdrew, and the outlet meandered in crossing 
the glacial accumulation of sand and clay. The strellm has 
subsequently entrenched these meanders, and, with the assistance 
of encroaching vegetation, has destroyed the lake. 

LAKE nUCODA. 

A little more than a mile south of T enino, near Dlumauer's 
Mill, delta beds, dipping southward, are exposed in a 
terrace of glacial gravel whose surface is 825 feet above 
sell. level. The delta lies just within the Tenino-Bucoda­
Centralia through valley, which carried glacial drainage 
to the Chehalis. The valley is widely open direetly north 
of this delta, and could have been closed there only by advance 
of the ice front at least S miles south of the terminal moraine. 
(See Fig. 2.) In Chapter m, the outwash gravels which 
floor this valley, about 45 feet lower than the delta, are shown 
to prove also that the ice front closed the Tenino-Bucoda­
Centralia valley at the north. 

The delta gravels are only half explained, however, when 
the existence of a glacial dam is proved. The valley today is 
open to the south; but it must hnve been closed at the time 
of deposition of the delta gravels near lllumauer's Mill. The 
same two hypotheses are entertained to e.''l:plain such damming 
that were advanced in Chapter III for the low gradient o{ the 
gravel between Tenino and Bucoda. (1) Either there was a 
low preglacial divide in the valley south of Bucoda, cut down 
by glacial drainage, or (2) the Stony Point valley, train, 
which joins the Tenino-Centralia valley at Bucoda, caused the 
damming. In either case, glacial gravels of Vashon age 
should be found near Bucoda at altitudes approaching 825 
feet. Inves tigation has not been exhaustive, but as far as it 
has gone, it has {ailed toJind Vashon gravels above 270 feet 
about Bucoda, at which level they occur in a terrace on the 
west side of the valley south of the village. Nor have gravel 
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terraces higher than the present Stony Point , 'alley train been 
found along its course. The need of more careful study of the 
region is evident. 

LAKE CREHALIS. 

The gra\'eis which entered the Chehalis River valley Ilt Cen­
tralia, coming from the Tenino-Bucoda and Stony Point routes, 
constitute the most southern occurrence of Vashon ouh'ash of 
Puget Sound. They entered the larger "alley from the north­
east and were swung back to a northwest course, at an angle 
acute to their route to the Chehalis. Their volume was so great 
as to fill the Chehalis ValJey up to an altitude of 188 f!!et, con­
siderably above the pre-Vashon valley bottom. Excavation at 
Centralia penetrates these eiean, fresh gravels for 75 feet with­
out reaching their base. 

The city of Chehalis is about four miles up the river from 
Centralia, and stands at the same altitude on the same flood 
plain, But whereas outwash gravels are at least 75 feet deep 
beneath Centralia, Chehalis is built on a valley filling of river 
alluvium and lacustrine deposits, and no trace of glacial gravel 
has been found in the region, SM'e where transported by human 
agency. The region of the city of Chehalis received no gravel, 
because the flowing water turned downstream on entering the 
Chehalis Valley at Cen trali a and the invading gravels were 
carried back toward the glacier. Only standing water could 
have existed at the site of Chehalis when the gravels were de­
posited, for the valley was dammed by outwash about Centralia 
and water mllst have backed up the Newaukum, Chehalis and 
"Big Swamp" valleys. 

Dammed by Vashon outwash, Lake Chehalis (Plate XXIII) 
came into existence at the time of maximum glaciation. It 
slowly d\l'indled as ri,'er and swamp deposi ts filled the depres­
sion, never being lowered more than a fe\!' feet by incision of 
the gravel filling. Dammed by a permanent barrier, it prob­
ably was longer lived th~n any other g lacial lake of the region. 
Its position is the most southerly or all water bodies originating 
in consequence of Vashon glaciation. 
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Evidences for the existence of Lake Chehalis are largely in 
the topographic configuration of the region and in the pre­
sence of the gravel filling at the north. As the gravel front 
advanced southward on the outside of the curve in the glacial 
drainage course at Centralia, a delta structure must have been 
formed in the lake; but ground water is so close to the surface 
of the flood plain at Centralia, that excavations are filled to 
within ten or fifteen feet of the surface and the gravel structure 
is concealed. The few feet of gravel seen above the water 
possess stream bedding with southward dip. 

Wells about Chehalis have frC<luently brought buried timber 
to light, oak tree trunks having been found 50 feet down III 

clay and sand. No gravel is reported in the well records. 

LAKES OF THE CIiEHALIS VALLE\' TRAI:!>". 

When the flood of glacial gravel was poured down the length 
of Chehalis Valley, it dammed the mouths of the tributary val­
leys which bore no contributing gravel trains. In these ob­
structed valleys lakes arose in the same manner that Lake Che­
halis was produced. None of the valleys so dammed were of 
considerable size and no lakes of consequence were produced. 
Several linear swamps among the driftless hills about Centralia 
are referred to damming of preglacial stream valleys by the 
valley train. A terrace deposit composed entirely or local 
material exists in the lower course of Porter Creek, which Rows 
from the Black Hills. It reaches a mile back from the Chehalis 
Valley, and its level probably represents the altitude reached 
by the granl filling in the main valley. This deposit affords 
the soil and the plane surface which have permitted several 
farms to be developed in the lower valley. 

WADDELL CREEK LAKE. 

Waddell Creek, which enters Black R i\'er from the Black 
Hills, was dammed by the glacier at the point where it emerged 
from the hills. Standing water accumulated here to a height 
of 650 feet, at which altitude a pass westward through the hills 
to the head of Cedar Creek permitted escape of the rising water. 
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(See Figure fl.) Floating icc carried glacial drift back In 

the valley and distributed the pebbles throughout the finer clay 
which settled in the lake. Much of the clay is fine residual 
soil which was derived from the surrounding hill slopes. The 
scattered pebbles a re found no higher thnn 650 feet on the 
valley sides. A lacustrine flat resulted from this lake, similar 
to that of the D es Chutes, and in 0. similar \\'ay it is responsible 
for several fo.rms back in a hilly region which is most unpromis­
ing agriculturally. 

GLACIAL LAKES DURING THE R ETREAT OF THE VASHON 
PUGET SOUND GLACIER. 

The wane of Vashon glaciation afforded ideal condition s for 
the development of a complicated series of glacial lakes in the 
Puget Sound basin. In many ways this region resembles the 
Finger Lakes country of central New York. In both, the 
trend of the topographic features is north and south, and in 
both, the major {onns were produced beCore the last glaciation. 
Ponding in the linear valleys occurred in both regions during 
glacial retreat, and the general rule in both was that with­
drawal of the icc opened successive lower outlets to the north. 

But in Puget Sound all water escaping from glacial lakes 
in the different valleys was forced to pass over the Chehalis­
Sound divide into one drainage line. The result of this control 
of glacial drainage by one pass W/LS to limit subsidence of 
ponded waters whose valleys had successively lower outlets ex­
posed by icc retreat. Gradually, waters in the troughs and 
fiords of sufficient depth ill the southern part of the area united 
at a common level; that determined by the present Chehalis­
Sound divide cast of the Black Hills. The water body whose 
level was thus controlled has been named Lake Russell-. Its 
inception was coeval with g lacial retreat Crom Budds Inlet, 
the most southern arm of Puget Sound. Its maximum was at­
tl;l.ined just before its final disappearancc, the lake then extend-

• J. H. Bretz, "Glacial Lakes of Puget Sound," Jou\". Geol., Vol. 18, 
No.5. 
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iug from Olympia nearly to Everett, a distance of at least 
fifty miles. 

EARLY LAKE RUSSELL. 

DLACK LAKE OUTLET. ~ GltlCial retreat across Thurston 
County developed a low drainage line close to the eastern foot 
of the Dlack Hills, the use of which by discharge from Lake 
ll.ussell was continued after the edge of the ice had withdrawn 
from the region. There were two, and perhaps more, channels 
leading out of this lake but converging within a fcw miles 
into one which continues as a wide, swampy valley of low grade 
to the Chehalis. It is now occupied by Dlack Lake and lllack 
River. Two of these converging channels lenve the ,'alley of 
Dudds Inlet, and onc may come from the head of Eld Inlet 
valley. (See Plate XXII.) 

The two channels from Budds Inlet are separated by a 
basaltic hill west of Tumwater. Closely hugging the south 
side of this hill, Ii channel floor 10:0 to 155 {eet above sea level 
passes west from Dudds Inlet valley to Black Lake. '.fhe alti­
tude of the gravel plain immediately to the south is oilly ]60 
feet plus, there being an imperceptible rise southward. It was of 
course formed by glacial drainage, probably by drainage direct 
from the ice rather than from the glncial lake, The first ap­
pearance of a lake would favor concentration of this drninage 
and development of a channel. 

The channel on the north side of the rock hi1l has been 
largely destroyed close to Budds Inlet, by the de"clopment of 
the P~cival Creek post-glacial ,'alley. The head of this "al­
ley has receded a little more than a mile from the water and 
here is cut in a broader valley now abandoned. At the head 
of the creek in the old channel is the divide between drainage 
(or Puget Sound and for the Chehalis River. It is no more 
than two miles from tidcwatc ... in Puget Sound, but more than 
50 miles to the same level in Grays Harbor. 

The Northern Pacific Railroad uses the valley of Percival 
Creek to climb from sea level to the col, or divide in the old 
channel. in a distance of little more than a mile. The col bears 



=li 
U 
~~ 

j j ! 
,t ". ~ . 

• "-o· . -.-o· 
~: ,-
<~ 
•• • 0 
~ . 

• ..s'i 
.;j :; -. 
• 0 



Glaciation of the Puget Sound Region UD 

a long, narrow swamp which is drained both to Puge! Sound 
and to Grays Harbor. A cleared field at the head of the creek 
\'alley (Plate XV, Fig. 2) shows the old channel- here to be 
less than one fourth of a mile wide, and to be thickly bowlder­
and cobble-strewn. Its altitude here is about 120 feet above 
mean tide. The southcrn margin is a gravel bluff rising to 
150-160 feet, and reaching back at this level for a considerable 
distance. The northern margin bears a gravel terrace 140 
feet above sca le,'el, and a few rods wide, and another at 160 
feet, the surface rising Crom this as a fairly definite bluff to 
till surCaces at higher altitudes. One call follow the UO-foot 
floor eastward from the cleared field at the head of Percival 
Creek ravine, along the north side of the valley, until, standing 
on the easternmost remnant, the waters of Dudds Inlet can be 
seen. The terrace surface here is covcred with bowlders and 
cobbles. 

Black Lake, in the col swamp, is two and a half miles long and 
half a mile wide. Its longer axis lies with the channel and its 
surface is nearly 120 fcct abo\'e tide. From its western side 
the shore rises abruptly to a 155-160-Coot stream floor. Gravel 
terraces with broad, !c!\'cl surfaces 130, 135 and 155 feet in alti­
tude a re crossed by the road in the dense swamp at the northern 
end of the lake. The 155-foot terrnce here lies in the middle 
of the channel, with lower surfnces on each side. 

A third suspected channel is of lesser magnitude than the 
first described. It skirts the eastern base of an outlier or the 
Black Hills near the south end of Eld Inlet, perhaps entering 
the swamp above the head or Black Lake. Its altitude near Eld 
Inlet is 135 feel Its definiteness is far lf'sS than that of the 
Percival Creek channel. There is a possibility of a fourth, 
and yet less definite, watercourse htll'ing been in usc early in 
the history of L ake Russell. This doubtful feature lies about 
hall way between Dudds and Eld Inlets. The point of weak-

• Warren Upham (American Geol., Vol. 34, No.4) has noted this 
channel, which Is plainly recognlted from the train, and has lIuggested 
that It may haye carried overflow from a glaeial lake In Puget Sound. 
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ness in both o( these suspected channels is that tl continuous 
tracing across the divide has not been made, because of the 
almost impassable nature of the swamp existing there. 

Withdrawal of the edge of the ice from Thurston Coun ty 
left both the Des Chutes and Nisqually rivers free to flow di­
rectly northward to the growing body of water in the unobliter­
atoo interglacial valleys. The NisqualJy carried a large volume 
of water when it first entered Lake Russell, sin ce the Ohop 
channel still contributed the drllinage of the northern and 
western slopes of Mount Rainier. It appears to have entered 
the western side of the interglacial Gate Pathway Ril'er valley, 
and to have contributed considerably toward the obliteration 
of that valley by deposition of the Sherlock Delta. 

Till'! SnERLocK DELTA. The front of this ancient river 
de1ta rises abruptly 90 (eet above the flood plain sou th o( Sher­
lock. The altitude of its upper margin is 115 (eet above tide. 
Farther west the front is less abrupt, and the altitude of the 
margin is ]20 feet. On both slopes, fine (oreset beds of rounded 
gravel are exposed, dipping northward toward the Sound. The 
forest cOl'ering of the delta is so dense that it was not practicable 
to examine its topography in detail. The delta was found, 
however, to possess the I60-foot portion back from the margin 
and apparently to have a few shallow kettles in its surface. 

The Des Chutes is a minor stream and was carrying no gla­
cial drainage when Lake Russell carne into existence. It is 
doubtful whether delta deposits in Lake Russell can be found 
that may be referred confidently to this stream. 

LAn PUYALLUP. 

The comparlltive study of outwash terraces and channels has 
given satisfactory evidence that L ake Puya.lIup, in the Puyallup 
River trough, did not lengthen north of Orting until the icc 
hud withdrawn somewhere in the vicinity of the group or lakes 
in northern Thurston County, and had e.:<posoo Chambers 
Prairie and Bush Prairie as drain age routes. Since Lake 
Russell came into existence soon after retreat of the ice from 
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this region, it is doubtrul whether the master Inke can claim 
priority in the glacial lake history. 

THZ OHOP CHANNEL. The Ohop channel (PI. XXII and 
XXIII and Fig. 8), which was the outlet of Lake Puyallup, and 
the route of the Carbon and Puyallup rivers to the Nisqually, 
contains Ohop Creek and Ohop Lake south of the present col, 
and Lake Kapowsin and the Puyallup River north of that point. 
The col is 595 feet above sea level and Ohop Creek, entering 
the channel here from the foothills of Mount Rainier, divides 
on the col, the major portion of the stream turning southward 
toward the Nisqually, and the smaller branch entering Lake 
Kapowsin and the Puyallup River. Alluviation by this stream 
has doubtless formed the divide at this point, and produced 
Lake Kapowsin in the same way that Bergh Creek has probably 
produced Ohop Lake in the old channel. The earlier position 
of the divide was probably between the north end of Lake 
Kapowsin, and entrance of the Puyallup River into the old 
channel, and the earlier divide was somewhat lower than the 
present one. ./ 

At the present col, the valley is about 500 feet wide at the V 
bottom, and 340 feet deep. At the crossing of the Mount 
Rainier road, a few miles from Eatonville, it is 200 feet deep 
and perhaps 2000 feet wide. Between these two points there 
is a descent of about ] 4 feet to the mile from the present divide 
in the channel. From this point to the lowest terraces of gla-
cial drainage at McKenna, the grade is about 10 feet to the 
mile. 

The narrows of the Puyallup River valley between Kapowsin 
and Orting are caused by the superposition of the earlier south­
ward-flowing drainage on a rock hiU buried in the drift. and the 
maintenance of this course by the present northward-flowing 
drainage. 

The western side of the Puyallup trough lies at an altitude 
of about 550 feet from a point nearly two miles south of Orting 
to a point three miles north o( that town. West of this rim is 
lower land leading to La1.:e Russell. Whether this altitude suf-
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ticed to hold Lakc Puyallup to the Ohop channel has not been 
yet detinitely determined. If the Kapowsin col has been raised 
50 feet or more by alluviation of Ohop Cret:!k, it is probable that 
the lake discharge held to the Ohop channel and, with the Car­
bon, White, and Puyallup rivers, swelled the volume of the 
NisquaUy until the glacier withdrew nearly to the bifurcation of 
the trough "aUey near the town of Puyallup. 

TilE CLOVER CREEK CUAXNEL. 'When this region was 
cleared of icc, Lake Puyallup found a new outlet westward 
through Clover Creek channel to the Steilacoom Plains south 
of Tacoma and thence to Early Lake ltussell in the vicinity of 
Steilacoom. (See Figure 8.) The col in the Clover Creek 
channel on the summit of the bluff south of Puyallup, is a little 
below 400 feet in altitude. From it a well marked glacial river 
course leads south, and then northwest, to the broad gravel 
plains about Spanaway Lake. Salsich Junction, on the Tacoma 
Eastern Railway, is on the brink of the old valley which the 
railroad crosses at this place. Lake Puyallup persisted with 
gradual northward increase of area until the site of the city 
of Tacoma was cleared of ice. A lower pass was then opened, 
and because of this and other changes, the history of Lake 
Puyallup may be considered to end at this time, its area be­
coming part of Lake Tacoma. 

LAKE TACOMA. 

A very interesting region in the study of the glacial lakes 
of Puget Sound lies in the southeastern part of T acoma. The 
bluff on whi ch this city is built is a large reentrant angle open­
ing northward toward the tide flats of Puyallup River. The 
business section of the city lies on the western side of the angle. 
A residence seelion occupies the southern side, where the glacial 
lake history is to be read. (See Fig. 9.) 

~ THl: TACOMA DELTA . A number of gravel pits arc located 
in this pal·t of Tacoma, forming amphitheater-like niches in the 
face of the blufl'. They all agree in exhibiting delta-bedded 
gravels which dip between north nnd northwest toward the 
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present Sound. The altitude of contact between topset and 
foreset beds, however, is not the same in each pit. 

In thegit t of the Hawthorn School at Thirtieth Street 
South and D Street, topset beds 10 feet thick rest on foreset 
beds at an altitude of 265 feet. The delta surface above the 
pit can be traced easily southward with a rise of 10 feet in 
half a dozen blocks. The delta flat here is a noticeable feature 
of the topography. To the northeast, McKinley Hill, SSo 
feet above tide, rises like a buttress between this delta flat and 
the adjacent Puyallup trough. 

Another pit has been opened on the east side of Gal~hci.s 
Gulch, a few blocks nearer the apex of the right angle described 
by theblufTs. The lower portion of the pit is in interglacial 
gravel, and exposes an intercalated stratum of Admiralty till. 
A thin layer of Vashon till caps the old, stained gravel, and is 
succeeded by fresh, unstained, un~onsolidated gravel, with an 
abundance of granite pebbles of ,;arious kinds, and none of the 
soft, pink, purple, or gray lava pebbles found commonly in the 
lower gravel. This fresh material cnn be traced without break 
to a pit in the delta-bedded gravel near by, and definitely places 
the delta beds as subsequent to deposition of the Vashon till. 

The Harrison pit is located-at Tacoma Aven~~and Thirty­
second Street South, in the apex of the right angle. Its foreset 
strata dip to the northwest, and the altitude of their contact 
with topset beds is 320 feet above tide. The gravel here is 
exposed to a depth of 60-70 feet, all but the upper few feet 
being foreset beds. , 

If the delta flat south of the Hawthorn School be followoo 
southeastward, the direction from which the st-;:;;'m came, as 
indicated. by the foreset beds and the grade of the surface, it 
leads to an abrupt descent to the Puyallup Valley, L Street 
lying along the brink. This slope is somewhat irregular and 
has no pits like the northward slope just described. Wells 
p.enetrate a clayey gravel unlike the material in the Hawthorn 
nnd Harrison pits. Till is exposed in shallow cuts, and at the 
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summit of the slope, gral'el bedding records a current flowing 
northward away from the slope and onto the Bllt. 

On the adjoining higher land abont these delta gravels, there 
are no evidences whatever of a stream course which could have 
supplied them. All evidence collected points to the L Street 
margin of the H awthorn School delta flat as the source of the 
gravel. The bluff here descending to the Puyallup Valley bears - -many of the marks of an icc contact slope. The conclusion is 
evident that the river which deposited the Tacoma Delta came 
directly from the surface of the Puget Sound Glacier when ih 
front lay against the east slope of the delta flat described. 

The lack of harmony among the altitudes of the tops of the 
foreset beds records a water body with changing levels. This 

is to be expected where a glacial margin is adjacent because 
changes in its position may change the location and level of 
the outlet. Such was not, however, the cause of the various 
altitudes of Lake Tacoma's surface, as will be shown. 

THE SOUTH TACOMA CHANNEL. Gallagher'S ~h and 
DeLynn Street Gulch are two postglacial ravines which enter 
the Puyallup trough at the apex of the reentrant right angle 
in the bluffs. Doth are utilized by railroads to llscend the 
bluffs. The Northern Pacinc follows the DeLynn Street 
Gulch to an altitude of 230 feet, ~'here the ravine heads in a 
fiat-floored vallev, one-fourth of a mile wide, with no present 
stream. 'rerraces of this valley floor, into which the DeLyUll 
Strcet Gulch has cut, extend toward the Sound on both sides, 
while westward along the Northern Pacific tracks, the grade, 
which follows the old valley, at once begins a gentle descent 
toward the Steilacoom Plains. The old valley at the head of 
the gulch is 70 feet deep. It here possesses a tcrrace 250 feet 
above tide. Farther south, a high, le\'cl gravel terrace on the 
west side of the abandoned valley at about 310 feet above tide 
ramifies back among the till ridges which bound the valley. I ts 
location is approximately west of South Tacoma, wIDch is built 
on the channel floor. 
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CORRELATION OF TACOM.,\ DELTA AND CHANNEL. Here then 
is the escapeway of a considerable quantity of water whose 
course was southward. The channel heads on the rim of the 
Puyallup trough ncar th!:! apex described. Water discharging 
through it deepened it at least 80 feet. Behind it was the 
water body in which the Tacoma Delta was built, at le"els 
between 9165 and 320 feet. There can be no hesitation in cor­
relating outlet and delta le"els, e\'en though altitudes are not 
the same. It is sufficient that the range in altitude of the out­
let includes the delta le"els. There is no other place (or dis­
charge of Lake Tacoma. If the Narrows had been opell, the 
delta levels would ha\'e correlated with the lllack Lake channel, 
and the Tacoma Delta would belong to Lake Husscll , whose 
highest altitude was more than 100 feet lower than the lowest 
leyel of the Tacoma Delta. The discrepancy in lcyels of delta 
and ot{Uet is simply because the channel continued to carry 
glacial drainage, and was eroded after icc had withdrawn from 
the head of the Tacoma Delta. (See Fig. 10.) 

The most western le"el of the T acoma Delta is the highest, 
and the most eastern is the lowest. In this is recorded the 
position of the icc front on the site of Tacoma while the outlet 
channel was lowered 55 feet. Slight recession during this time 
allowed lower delta surfaces to form successively eastward, 
their position being determined by the unknown course of the 
glacial stream, and the local outline of the ice margin, and 
their altitude by the downcutting of the South T acoma channel. 

Balley Willjs has discussed the T acoma Delta in two papers.­
He concluded that the above described South Tacoma outlet 
channel was the course of the river which deposited the delta I 

gravels. (n regurd to this conclusion, it is to be noted 
(1) that the direction of dip of the fOl"eset beds is in all 

cases toward, not away frolll, the South Tacoma channel, and 
that the neurest beds (Harrison pit) dip ullllost directly toward 
the nearby channel head; 

• Tacoma Folio, No. 54, U. S. Geol. Survey 1899. 
Bull. Ceo!. Soc. Amer., Vol. 9, 1891. 
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(2) that the grade or the Hawthorn School delta flat does 
not permit the: application of his intcrprctation; and 

(3) that the gradc of thc South T acoma channel itself abso­
lutely forbids his interpretation, unless tilting has reversed 
this channel grade in a region where postglacial t ilting has not 
been recogn ized. Data 0 11 the Steilacoom Plains to be pre­
sented shortly will throw fu rther light on the sUbject. 

THE A U lIURN D ELTA. A mile eas t of thc town of Auburn. 
the Northern Pacific Railroad Company has excavated exten­
sively in the face of the valley bluff for ballast gravel. In the 
section thus exposed there are splendid foreset delta beds, some 
of them 50 feet long, dipping west toward the pre-Vashon 
trough in which Auburn lies. The delta nat~ re of the bluff 

. would hardly be recognized from the topography. 'rhe gravel 
has two summit levels, at 235 and 260 feet above tide, but 
almost immediately back from the edge of the delta its surface 
descends in a huge kettl.e that destroys completely all semblance 
to a delta surface, 'Vhite Lake lies in this kettle at an altitude 
of 105 feet. The south side or the kettle completely breaches 
the delta front, and presents a resemblance to a river channel, 
as Willis has interpreted it. The northern rim rises to 160 
feet, however, and the presence of many smaller irregular 
kettles on the delta surrace is satisfactory evidence that the 
Auburn Delta was built on the margin of the waning glacier, 
blocks of whose ice "'ere buried in the river deposit, to melt 
out alter deposition had ceased, 

The Auburn Delta was deposited by Green lliver in g lacially 
ponded water along the margin of an icc tongue lingering in the 
White River t rough, The correspondence of levels in the 
Auburn and T acoma deltas str ongly suggests that Lake 
Tacoma possessed a long marginal arm of water reaching 
northward to Auburn on the east side of the Wh ite R iver 
trough, immediately a fter the Tacoma Delta was abandoned 
and after the ice had withdrawn from contact against the 
bluff at L Street, T Acoma. The lowest level or the Auburn 
Delta corresponds with the col in the South Tacoma channel and 
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completes the record of river deposition to accompany all 
stages of erosion of the South Tacoma channel. No other 
outlet exists for the waters in which the Auburn Delta was 
built c"'{cept the Narrows. and if they had been open, the 
Aubur~ Delta would correlate with the levels of Lake Russell, 
at least 65 feet lower. 

THE KEN~'YDALE DELTA. On the eastern bluffs of Lake 
Washington about Kennydale, lies a brokcn-surfaced deposit 
of sand and gravel, of considerable extent and depth. E lse­
where the lake bluffs arc of till. A level surface exists at the 
summit of the slope, about a mile back from the lake, ~90 feet 
above the sea. May Creek has cut a canyon into this perhaps 
2!5 feet deep. Fine sand constitutes the surface material, 
and well stratified gravel is found in shallow excavations. 

Followed back from the lake, terrace fragments are re­
placed by a continuous floor on both sides of the creek. It 
has a smooth surface, rises gently eastward, and is composed 
of well washed gravel. Definitely cut bluffs border the southern 
side of this valley, and the canyon of May Creek shallows 
rapidly until the stream, three miles from Lake Washington, 
is flowing in a swampy, wide-bottomed old channel, in places 
a quarter of a mile wide, with bluffs 50 feet high. This old 
valley is ,'cry distinct along the foot of Squak Mountain (PI. 
XV, Fig. 1), where a col in it about 315 feet above sea level 
divides the head waters of May Creek and Issaquah Creek. 
'Willis· notes the existence of the upper portion of this old 
valley, and ascribes it to the work of Cedar River sometime 
during glacial retreat. The strength of development shown 
by the channel is equal to that exhibited in the present lower 
Cedar Uiver valley, and suggests a considerable period when 
the river emptied into the pre-Vashon valley, four miles north 
of its present junction, and adjusted its channel to a water 
level about 290 feet above tide. 

The Kcnnydale Delta is too high to be correlated with Lake 

• Tacoma Folio, No. 54. U. S. Geo\. Survey, 1899. Bailey Willi. and 
G. O. Smith. 
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Tacoma levels north of the Tacollla Delta. This latter form 
definitely proves that Lake Tacoma "'as lowered to an alti­
tude of 265 feet at the time the ice contact slope of L Street 
was abandoned, and the lake became free to extend northward. 
The Kennydale Delta is to be interpreted more sati sfactorily 
as tl deposit in a local lake between the ice tongue of the Lake 
Wash ington valley and the bluff, being tributary either to 
Lake Tacoma or to Lake R ussell, which subsequently replaced 
the earlier water levels, 

CORRELATION OF LAKES PUYALLUP, TACOMA A!<O'O RUSSELL. 

THE STEILACOOM PLAINS. This large area of outwash 
gravel possesses a uniform westward descent from the broad­
ening out of Clover Creek channel near Spanaway Lake to the 
abrupt truncation of the plains by the bluff of P uget Sound on 
the west. (See Figs. 8 and ]0.) The grade commonly is 
between 10 and 15 feet to the mile. The su rface of the plains 
is disposed in delta-like terraces in many places, and long 
channels are to be recognized on the western portion, descend­
ing westward with the general slope. Some portions are rolling, 
and suggest morainic topography, but till is rarely exposed in 
sections. Faint Mirna type mounds are found on some of the 
plains, southeast of Hillhurst for eXl;lmple. The area is largely 
natural prairie, interrupted by fOI'ested portions. The coarse, 
gravelly soil provides an e..~cessi\'e under drainage and the 
plains are of little value agriculturally. The region has given 
the U. S. Bureau of Soils their Spanaway type of gravelly soil. 

Lake Puyallup em ptied through the Clover Creek channel 
onto the Steilacoom Plains Ilt their eastern terminus, while the 
northern side of their area reeei,'cd the di scharge from the 
earliest stage of Lake Tacoma, then a smllil body of water in 
the re-entrant angle whi ch conlllins the Tacoma D elta. Fol­
lowing retreat of the ice from the L Street slope, Lake Puy­
allup's wllters found Il lower outlet through the South Tacoma 
channel and became a part of Lake T acomn. By the use of 
both of these dischargewnys, the glnciul gra,'c1s prcyiously 
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deposited on the Steilacoom Plains were rehandled and added 
to. Though the gradient is 10'" for stream-deposited gra\·el.s, 
it is pnraUeled in many places in Puget Sound ouh'ash, where 
other conditions make it certain that such grades were pro­
duced only by glacial drainage, and that they arc without 
discernible subsequent deformation. 

The westward-facing bluff which terminates the Steilacoom 
Plains affords further indisputable e\,idellce that they are 
stream gravel.s. The town of Steilacoom is built on the western 
slope of a hill of morainic aspect which rises above gravel 
plains on the north, east and south, and interrupts the continuity 
of their bluff line on Pugct Sound. (See PI. XXII and Fig. 
10.) Immediately north of Steilucoom the bluff is of fresh 
gravel for two miles, with an even crest line of 180-200 feet. 
North of this to Tacoma the bluff exposes till surfaces and cd~s 
of trun ca ted Admiralty sediments, rising to 400 feet above 
tide. The hill on which Steilacoom is built forms the bluff for 
th ree miles south of the town and is then succeeded by a bluff 
o( (rcsh gravel, with even crest line, nowhere more than 200 feet 
high, this continuing to the mouth o( the Nisqually niver. 
These gravel bluffs constitute the western edge of the Steila­
coom Plains. 

TilE S1'EILACOO~l n .. , LTA. Extensive c-xcavations have been 
made in the (ace o( the bluff north of Steilacoom, by the Pio­
neeI' Sand and Gravel Company of Seattle. The gravel is 
sluiced out by hydraulic methods, carried to the bunkers, and 
there sorted, all by gravity. The pits are abandoned when their 
floors are lowered so that running water "'ill not successfully 
carry the gravel from pit head to bunker. Great amphi­
theaters arc thus formed in the bluff, and the structure of the 
gravel is splendidly shown, (See PI. XI, Fig. 1.) 

Without f!.."{ception, the material from bluff top to sea le\'el 
is fresh, unstained, unconsolidated Vashon gravcl, and this 
gravel is disposed eyerywhere in forcset and topset beds. It 
scem~ evident that the whole wall of Puget Sound here has 
been advanced on the inlet by delta growth. 
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The largest pit has sides 100 feet high in which, a t the 
time of examination, great, unbroken foreset beds, certainly 
more than 100 feet long, were exposed without interruption. 
These beds descend westward toward the Sound with an aver­
age slope of 15°. No faulting or other deformations have 
affected them. 

Above the long, unbroken foreset beds is a stratum of topset 
beds, about 12 feet thick ncar the seaward end. ShalJower 
foreset beds overlie this in turn, with a depth of 10 feet, and 
thei r truncated edges disappear upward in the surface soil. A 
broad ridge of gravel, overlying the upper foreset beds, is cut 
in section by the south side of the pit. 

With such evidence, no hesitation can be fclt in saying that 
the Steilacoom Delta was deposited in rising water. The water 
level stood for a long time at the upper plane of the great 
foreset strata which largely compose the section. The alti­
tude of thi s is between 160 and 165 feet. The delta front was 
extended at this time until it reached much beyond the present 
bluffs, topset beds being U feet thick here. OriginaUy they 
must have reached out with g radually diminishing thickness to 
nothing at the delta edge. 

A rise of the water level to 180 feet ensued. Foreset beds 
were now begun back on the submerged della plain, and were 
advanced seaward until the second fo reset stratum, 10 feet 
thick at the edge of the bluff, was deposited. 

If topset beds ever accumulated on these, they have been 
removed by subsequent changes. The cross section of the 
broad ridge overlying the upper foreset beds has a diagonal 
stratiflcation, which dips landward at about the same angle 
at which the foreset beds dip seaward. The ridge lies parallel 
to the edge of the bluff. No explanation for this fonn has 
been found, save that of a wave~built bar. The strata are 
not a rranged with seaward dip to record accretion all the 
exposed face, and the only satis factory explanation is that 
the bar was being driven inland across the top of the delta 
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by waves which eroded the seaward face, and threw the gravel 
over ita crest to be deposited in the anomalously dipping beds.-

The surface of the delta. was originally thinly forested, but 
to supply the gravel works with fuel the forest has been suffi­
ciently removed to expose several acres of surface. It is sur­
prising that the configuration of the surface is irregular and 
unsystematic, giving almost no hint of the nature of the under­
lying material. 

By the aid of the nearby sections, the irregularities arc iden­
tified, with some reserve, as bars and channels on the top of 
the delta. 

The occurrence of a terrace 200 feet above tide, back a little 
from the head of this pit, and not cut so as to show structure, 
possibly indicates that the water level rose 20 feet above the 
upper foreset beds of the sections. The presence of the sup­
posed bars above the same foreset beds is further eviden« of 
such submergence. This highest water level may be consid­
eroo as of so short a duration that the delta plain was not 
completely built up to the new level. 

The gravel plain back (rom the edge of the Steilacoom Della 
rises very gradually eastward, and widens out as the Steila­
coom Plains. A somewllat lower portion of it gradually narrows 
northward until it becomes the old outlet channel of Lake Ta­
coma. The waters of this lake lowered the grade of the South 
Tacoma channel from about 13 feet to the mile to a little 
more than fh·e feet to the mile. 

THE S£QUALICHEW DELTA. The gravel bluff between Steil­
acoom and the mouth of the Nisquatly River is being exploited 
for gravel by the same company which is operating in the Steila­
coom Della. Two pits have been opened half a mile north of 
Sequalichew Creek, and in one of them the structure of the 
grave] is clearly revealed. 011 the south side of the pit, during 
the summer of 1911, the structure shown was identical with 
that described for the Steilacoom Delta. The highest level 

• Gilbert, In Monograph 1, U. S. Geol. Survey, h81l described a simi­
lar procedure or wave action In Toronto Harbor. 
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o( foreset bedding is here at an altitude o( 185 (eet, instead 
of 180 (eet, and no bars ex ist above it. The same history is 
thus recorded that has be(:n rend (or the Steilacoom Delta. The 
sur(nce o( the Sequnlichew Delta is somewhat irregular and 
(ails to resolve itsel£ into channels or bars. A sat is factory 
explanation (or the irregularities has Dot been (ound. 

Foreset beds exist in the sen cliffs o( the Sequalichew Delta , 
and back in the valley o( Sequalichew Creek. This parallels 
the occurrence o( (oreset bedding in the valley o( Chambers 
Creek whi ch similarly incises the Steilacoom Delta. Both creek 
valleys show the delta gravels on the coast to be the (ull depth 
o( the bluff height, though they become shallower a mile inland. 
At the head o( the Sequalichew Creek, near DuPont, the gravel 
is but 50 (eet thick. It is here cross bedded in intricate (ashion, 
indicating changing currents during a rising water level. From 
the head of the ravine, the level prairie surface extends east­
ward with slowly rising altitude, being one and the same plain 
which (orms the Steilacoom Delta front. 

Thus the Steilacoom Plai ns are proved to be a great tlat of 
stream aggradation, whose materials were rehandled and 
brought to lower gradients by subsequent work o( less heavily 
laden waters coming (rom glacial Lakes P uyallup and Tacoma. 
The abrupt western (ace is clearly a delta (rant in the glacially 
ponded water o( Puget Sound. Elsewhere the plains a re sur­
rounded by ground and recessional moraine surfaces of higher 
alti tudes. 

Willi s and Smith- have interpreted the Steilacoom gravel 
plains as the deposit o( a glacial lake whose discharge was north· 
ward by the Clover Creek and Soulh Tacoma channels to the 
Puyallup trough. This conclusion is untenable (or the (ollow­
ing reasons: 

(1) The lwo channels descend toward, not away (rom, the 
plains . 

• Bailey Willis and G. O. Smith, Tacoma Folio, No. 64, U. S. GeoL 
Survey. 
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(rt) The pillins continue the slope of the channels westward 
to the bluffs of the Sound. 

(3) The delta bedding of the Steilacoom and Sequalichew 
deltas indicates westward-flowing water across these plains. 

(4) There would have been no outlet for the ponded water 
in the Puyallup trough between Tacoma and Puyallup if drain­
age had taken the course they assumed. 

(5) Their Lake Steilacoom had no westward retaining 
wall, it being impossible that the icc could so serve, and their 
lake still have a northward outlet. 

LAKE NISQUALLY AND THE OBLlTERATION OF EARLY LAKE 

RUSSELL. 

The lower foreset beds in hOUl the Steilacoom and Scquali­
chew deltas, at an altitude of 160 feet, are, without questioll, 
to be referred to Lake Uusscll at its highest level. The rise in 
level to 180 feet, and possibly ~oo feet, can only mean a closure 
of Black Luke outlet while the two deltas were still growing, the 
lake finding a new outlet at higher levels corresponding to the 
level of the higher foreset beds. 

Differential crustal movements do not enter as a possible 
cause of this change in outlet, the evidence throughout the 
Puget Sound country being that there has been no warping nor 
tilting since the Vashon ice was at its maximum. Closure ot 
the outlet by landslides would be impossible. There was no 
vulcanism in the region during the Quaternary. All but one 
of the possible ways of causing this rise in water level arc ruled 
out. This one is the closure of outlet by read"ance of the 
glacier. This conclusion has been reached by Il process of 
elimination, because no corroborati"e field evidence for such ad­
Vancc has been found. 

A rcadvance of the glacier sufficient to close the Black Lak!'! 
outlet to drainage (rom the eastern part o( the r!'!gion u!'!cessi­
tated a (ron tal position in the vi!'!inity of Lacy, and the morainic 
country enclosing the lakes of Thurston County. (Se!'! Fig. 
10.) Advance to this position would turn the Nisqually nivC!T, 
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and the drainage of the Steilacoom Plains across Chambers and 
Bush prairies, as before the birth of Lake Russell. It would 
so shorten the area of ponded water in Budds Inlet that. at the 
most, only a small lake would have remained about Tumwater. 

During this advance, the areas of Lake Puyallup and Lake 
T acoma were not seriously encroached on. Both the Clover 
Creek and South Tacoma channels continued to be used, and 
drainage across the gravel plains adjusted grades to the 180-
foot level. At this time the front of the ice had an approxi­
mately northeast-southwest course between Tacoma nnd Olym­
pIa. (See Fig. 10.) 

For this body of water, chan ged in level and in outlet, the 
name Lake Nisqually is proposed. The term Early Lake RUI­
,ell is restricted to the glacial lake occupying the southern por­
tion of Puget Sound before the advance which formed Lake 
NisquaIJy. When the ice retreated again, the lake which re­
occupied the southern part of the Sound did not differ mate­
rially from the fir st in depth or area. It again discharged 
across the Dlack Lake channel at the original 160-foot level. 
It appears, however, that clearing of the Narrows occurred 
during this retreat, and that Lake Tacoma was thus lowered, 
and became a part of Lake Russell. The evidence for this 
conclusion is the fact that the 180-foot level of the Steilacoom 
and Sequalichew deltas was not eroded subsequent to the re­
establishment or the 160-foot level, discharge through the South 
Tacoma channel having apparently ceased. 

If this conclusion is correct, the Auburn Delta of Lake Ta­
coma was building at the time Early Lake Russell was oblit­
era ted; the T acoma Delta had been already constructed and 
abandoned, the ice front having withdrawn from the L Street 
slope. At best, there are weaknesses in the preceding corre­
lation which can be removed only by further study of the region. 

GLACIAL LAKES ON THE NORTHERN SLo'PI: OF THE lILACX HILLS. 

With the retreat which destroyed Lake Nisqually, and gave 
rise to Later Lake Russell, there was sufficient withdrawal or 
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the ice on the northern slope of the Black Hills eventually to 
pennit drainage from the western lobe of the glacier to enter 
Lake Russell. During this retreat, two minor glacial lakes were 
fonned, one in the Little Skookum Creek valley, and one in 
Gosnell-Mill Creek valley. The Little Skookum glacial lake 
discharged at first over the Simpson col to Wildcat Creek, its 
escaping water flowing on the gravel train built here during the 
maximum of Vashon glaciation. It probably early found a 
lower outlet around to the eastern lobe. The head of Gosnell­
Mill Creek valley contained a small glacial lake, discharging 
across the outwash plain of Lost Prairie to the Satsop valley 
train. Both of these lakes owed their existence to the rock 
hills of the region, already referred to as the cause of the tardy 
diversion of drainage from the western lobe to the Gate Path­
way. 

LATER LAn "USSELL AND THE SHELTON DELTA. 

With the clearing of Hammersley Inlet the water of Lake 
Russell backed up into it and into the two tributary valleys of 
Shelton Creek and Oakland Bay. As the edge of the glacier 
withdrew from the vicinity of Shelton, outwash gravels car­
ried. southward across the tract between Hoods Canal and 
Hammersley Inlet were deposited in a large delta on the north 
side of the Shelton Creek arm of Lake Russell. (Fig. 11.) The 
front of this delta now forms at least a mile of the northern 
bluff of the valley. 

Seen from Shelton, a few feet above tide, the crest of the 
delta front is strikingly level. According to the aneroid, it 
ranges between 160 and 175 feet in altitude for the unforested 
mile of length which has been examined. Foreset beds were 
seen in two places on the steep front. The material is gravel, 
with sand in some portions. Back from the edge of the delta, 
the surface is t.he typical outwash prairie of Puget Sound, with 
a thin forest covering much of it a few miles farther north. 
The whole outwash plain slopes gently southward toward the 
delta. 
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There is no grn"el on the south side of Shelton Creek vo'!· 
Icy. The slopes are nil of ground moraine, and rise higher than 
the delta on the north side. From this fact, and from the uni­
form level of the edge of the delta, it is inferred that the Shelton 
Delta was never built completely across the creek valley, though 
ad"ance of the front of the delta considerably constricted the 
valley a mile above Shelton. 

There was outwash across the gnlvel plain beb'een Shelton 
and Hoods Canal before the lingering ice tongues in the ml­
leys of the Hammersley Inlet group had been melted sufficiently 
to allow water of Laler Lake nussell to enter them. The evi­
dence on which this conclusion is based is found in a channel 
from the gravel plain eastwnrd ncross moraine hills to Oak­
land Bay. The channel floor across the mornine deposits is 
about !tIO feet in altitude, the highest terrace overlooking the 
bay being 200 feet above it. 

The deposit at the mouth of this spillway is very irregular in 
frontal outline and in surface. It apparently was deposited 
against, or on, or in crevaSses of, s tagnant icc lying in the 
vaUey of Oakland Bay. The altitude of the high terrace, 200 
feet, proves thnt locally pOllded water, and not the water of 
Lake Russell, was present. 

LAIr.E SKOKOllt8H. 

The depression of Hoods Canal is divided into two great arm~ 
at its head, each recurving in the form of a hook. The eastern 
arm contains tidewater today; the western olle has been exten­
sively filled with allUl'ium by the Skokomish River. 

The glacial lake first forming in Hoods Canal filled these 
two valleys, and a part of the main valley as well. Its oullet 
over the present divide at the south was at an approximate 
altitude of 350 feel. Two or three abandoned channels a.re 
known across the norlilern part of the gravel plain. They 
were cut in th~ higher graded surfaces by waters escaping from 
the lake and flowing to the Shelt.on Delta. This stage of 
glacially ponded water in Hoods Canal may be named Lake 
Skokomj,h (Fig. 11). It was short-li,'ed, because glacial re-
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treat soon exposed a lower outlet from Clifton, at the head of 
the northeast arm, across to that part of Lake Russell in 
Cases Inlet (North Day). 

LAKE HOOD. 

The second sta~ thus inaugurated may be named Lake Hood. 
While the Clifton outlet was used, the waters of Lake Hood 
gradually extended northward for nearly the entire length of 
the Canal. As in the case of Lake Puyallup, the only reeord 
of this lake is its outlet. Figure 12 indicates the area of Lake 
Hood at. its maximum. 

THE CLIFTON CH .... NNEL. The Clifton outlet channel is a 
definite feature across the divide on which it lies. It is 60 feet 
deep at Lake Deborah in thc col, 220 fed above tide. This 
lake now drains both to Cases Inlet and Hoods Canal. Gravel 
terraces exist along the channel, and one terrace on the east 
side continues as a small chl\nnel directly eastward to Cases 
Inlet, on whose slopes it opens. The Clifton channel ends in 
the {orest west of Allyn, 160 feet above tide, corresponding with 
the dominant water plane of Lake Russell. 

THE BRINNON DEl.TA. The only delta of Vashon age known 
in the valley of Hoods Cllnal is at the mouth oE the Dusewallips 
River, on the north side of the valley. (See Fig. IS.) At the 
seaward upper margin, it is 120 Eeet above the Sound. Its 
surEace is a plane, sloping toward the trough of Hoods Canal. 
Its altitude makes it obviously a feature produced. subsequent 
to Lake Hood, whose waters were 100 feet higher, 

THE POULSBO CHANNEl.. The Kitsap County peninsula be­
tween Hoods Canal and Admiralty Inlet is sufficiently high to 
have confined Lake H ood as Ear north as Breidablik, northwest 
oE Dogfish (Liberty) Bay. A meridional trough oE the pre­
Vashon topography, styled the Poulsbo Valley in this paper, 
crosses the peninsula here, Dogfish Bay lying in the southern 
portion. A swampy col occurs midway oE its length at an alti­
tude oE 120 feet, and a stream tcrrace lies on the eastern side 
of the valley near the col, at an altitude of 150 feet. Other 
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terraces, possibly of the same genesis, occur at 190 and 225 
teet. There is evidence here of considerable stream erosion in 
the Poulsbo Valley which can be consistently correlated with 
data already presented on the glacial lake history of Puget 
Sound. 

In the Poulsbo Valley , Lake Hood appears to have found nn 
ouUet lower than the Clifton channel, and to have entered Lake 
Russell at the hend of Dogfish Bay, north of the latitude of Seat­
tle. (Fig. 16.) The l20-foot col and the l50-foot terrace 
record the same changes of level that arc found along the P er­
cival Creek channel. The Brinnon Delta is to be correlated 
with the HW-foot level of Lake Russell. The two lakes may be 
considered as one at this stage, Lake Hood sinking by erosion 
of the Poulsbo channel to the level of Lake Russell, and be­
coming an ann of it. If the ice dam causing Lake Russell re­
mained effective during the next few miles of retreat, as there 
is good reason for believing, Lake Russell le,'cJs obtained in 
Hoods Canal with broad connection across the low northern 
tip of Kitsap County peninsula, a few miles north of the Poulsbo 
channel. 

LACK OF VASHON DELTAS 01' OLYMPIC RIVERS. Several vig­
orous streams enter Hoods Canal from the Olympic Mountains, 
and arc depositing actively in the Sound today; but their valleys 
have no deltas at the levels of the glacial lakes. 

The valley of Quilcene River has a long gravel slope gradu­
ally descending from altitudes above Lake Russell to tidewater. 
Foresel bedding exists in this gravel, and the surface is ter­
raced, but no definite delta levels have been recognized. The 
Duckabush Valley has a long terrace Oil the north side, evi­
dently aggraded to levels higher than those of the water in the 
Canal now, but falling below the le"el of Lake Russell at its 
lower end. The valleys of the Hama Hama and Skokomish 
rivers are densely wooded where Vashon deltas should exist. 
Though some laborious sea rch on the forested floodplains and 
adjacent slopes has been made, no deltas of these streams re­
ferable to the glacial htkes have been found. 



PRESENT 

DELTA 

FlO. 13. The Brinnon Delta at the lJoutb ot the DuRlnlllpol ntnr. A 
rocll ledXe o«un at tbe COllJJtrlctlon hldleated, and h.. "defellded" 
tbe uel.tlog portion or tbe orl~lItJ delta. Dra,..u (fOro Chart 84W ot 
!.be U. S. C . .l G. S. 



150 Bulletin No. 8, JV alhington Geological Survey 

It cannot be considered a serious objection to the interpreta­
tions advanced that deltas have not been found at the mouths 
of all enter ing rivers. Subsequent stream erosion has appar­
ently regraded the late Pleistocene g ravels of two of these val­
leys. The other two have not been sufficiently studied to make 
it certain that no such deltas exist, though if this is true, it 
will not be strange. -

GLACIAL LAKE SAMMAMISH. 

The trough occupied by this ancient lake is parallel to and 
east or that containing Lake Washington. It is about 28 
miles long and has an average width of three-fourths of a 
mile. It deepens gradually southward to its abrupt termination 
by three rock hills 1,500,2,000 and 8,000 feet above tide, near 
I ssaquah. The eastern of the two passes leading south from the 
valley is 315 feet high and the western one is between 350 and 
400 feet high. (See Fig. 14 for a graphic representation of 
the history of this lake.) 

FmsT STAGY.. East of Issaquah, on the northern flank of 
Mount I ssaquah , the highest o r the three rock hills, is a con­
siderable level area at an altitude of 425 fcct, more than 300 
feet above the floor of the trough. Back from the margin the 
t errace rises 20 feet higher, and has a still more extensive level 
area continuing eastward. On the southern margin or this 
high-Ie,·el gravel deposit arc imperfect terraces as high as 
465 feet. At the western foot of this plateau, gravel spreads 
out widely on the vaUey floor in terraces !l5, 195, 175, 160 and 
120 feet above tide. 

The east fork of I ssaqu ah Creek cuts the gra,'el plateau to 
a depth of 1300 feet, and sections in the gorge show stream­
rolled glacial gravel in beds of variable positions, indicative 
of shilting currents with considerable variations in velocity. 
No true delta structure was seen . 

• Tbe remnant of a Vashon delta in the DU ILe walllps Valley Is pre­
served only by an outcrop of rock at lts head In the manner of a 
"defended" terrace of alluvIum. (See Fig. 13.) 
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The grade of the East Fork of Issaquah Creek ascends rap~ 
idly eastward until at High Point the creek is no longer rushing 
along the bottom of a narrow gorge, but. wandering through 
8. wide, Bat-bottomed, swampy valley, in which the stream ap­
pears incongruously small and ineffective. Two miles east of 
High Point, this old Boor suddenly ends at 540 feet above tide, 
with the valley at full width. There is a descent here of about 
100 feet to Raging River, which comes in from the southeast 
and tUrns northward at this point. Represented by terraces, 
the old vaUey Boor continues up the yaUey of Raging River 
for four or five miles where the grade of the latter has risen to 
the level of the old floor. Fragmentary terraces along Sno­
qualmie River, between the Falls and the junction with Raging 
River, and along this river between the junction and Preston, 
indicate that these streams formerly unit.ed at Preston, and 
that. t.heir combined waters built the Issaquah deposit. 

At the time of t.his gravel deposit, the escaping water of these 
rivers was held back, probably by an ice tongue in the Sam~ 
mamish VaUey which dammed the stream where the deposit 
now lies. The cols in the two passes among the hills termin~ 
nating the Sammamish trough at the south are too low to 
have caused t.he ponded water in which the I ssaquah gravels 
were laid down. This, hardly to be considered as a lake de­
posit, is the oldest record of glacial waters in the Sammamish 
Valley. The discharge of the Snoqualmie River through the 
Preston~Issaquah vaUey was caused by ice blockade of the more 
northern and lower routes followed later by that stream. 

SECOND S'fAGE. A glacial lake of limited extent must have 
formed in the southern portion of the Sammamish Valley a little 
after deposition of the Issaquah gravels. Discharge from this 1 
lake was southward through the two rock~walled valleys, b:jth 
of which are Boored with coarse stream g ravel, the eastern on 
carrying the larger amount of water, and for the longer time. 

A channel exists across the till ridge between Lakes Wash­
igton and Sammamish at the north base of Newcastle Hill, the 
lowest of the three rock hills described. I ts altitude is some-
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what above SOO feet abo\'(~ tide. It is floored with coarse gravel. 
Another channel at a slightly lower nltitucle exists a milc 
farther north, along the line of Phantom and Larscn lakes, 
both of these lying in II. definite channel two and a half miles 
long across the ridge. 

Southward disclulrgc from the Sammamish Valley between 
thc hills did not lower the glacial lake surface below about 
3]5 feet abo"e tide, the altitude of the col in the old Cedar River 
channel south of Squak :\Jountain. to l1'hich the lower eastern 
channcl was tributary. The two channcJs just described then 
must havc been in use contemporaneously, or nearly so, with 
the southward escape. (See 11 late XXl1. ) 

These channels show no perceptible dcsccnt on crossing the 
ridge to Lake Washington. The Phantom-Larsen L ake chan­
ncl ends in a swamp almost on the brow of an abrupt dcscent 
of 125 feet, at the base of which lie unmodified kame tcrraccs. 
Thesc must be younger than the channcl, which itself must have 
discha rged to standing wlltcr somewhat. bclow 300 feet abovc 
tide. These two minor escapcways on thc north side of Ncw­
castlc Hill probably led to thc same water body in which the 
Kennydalc Delta was built. The kame terraces, slightly above 
]50 feet above tide, show that ice was present in thc Lake 
\Vashington trough later than the timc of Sammamish di s­
charge by the routcs desc ribed, and therefore mllst ha"c becn 
in thc vallcy at thc timc of thc lakc rcfcrred to. Kettles and 
brokcn topography on the Kcnnydalc Delta arc additional cvi­
dc.nce of the immedillle presence of ice at the time of its growth. 

TIIIRD STAGE. R.£D)IOND DELTA. Therc arc terraces in thc 
Issaqunh grnvcl deposit at altitudes uctween 2]5 and 120 feet, 
lowcr limn I1ny outl et chllllnel thus fllr dcsc ribed for Glacial 
Lake &unmamish. Their origin will be bctter understood !\fter 
consideflltion of the Hedmond Dclta. 

At the north cnd of the present lakc and on the east sidc of 
the vnllcy, there is n dcposit of strellm grfl.\'els which has been 
givcn more study than any other feature of thc entire regIOn. 
It will bc called thc /luimQnd Delta. 
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East of Redmond, a considerable trough from the north unites 
with the Sammamish depression. In common with the majority 
of valleys in the region, it is of pre-Vashon age, not the product 
of postglacial erosion. Deposition by streams has produced a 
fairly level floor in this valley, the altitude near the mouth 
being 50 feet above tide. 

Southeast of this alluvial plain a semicircular scarp rises 
abruptly. It is convex toward the plain, and faces west, north 
and east. It is a conspicuous feature from the valley floor 
wherever the view is unobstructed. Its base line is nearly hori­
zontal nnd about 50 feet above tide. Its summit profile is mnde 
up of four lcvels at 120, ISO, 140 and 160 feet respectively. 

On examination, the scarp is found to be composed of coarse 
gravels, everywhere disposed almost as steeply as they will lie. 
On reaching the top, ie\'el terraces of coarse gravel are seen 
stretching back at the several altitudes noted, covering about 
a square mile. The 160-foot area is the most extensive and 
lies in the south and west portion of the deposit. The north 
and northeast sides are made by the 120- nnd 150-foot ter­
races. A considerable portion of the east side is broken and 
irregular from the presence of two large, roughly linear ket­
tles. The lack of a steep descent along much of the east side 
is due, probably, to breached kettles along that edge. On the 
south, the 160-foot terrace abuts against higher till hills. These 
relations are shown in Fig. 15. 

Evans Creek approaches L ake Sammamish from the east, the 
Redmond Delta lying in the direct continuation of its upper 
course. The stream makes a detour to the north to pass around 
the delta, and reach the lake. It rises in a marshy col in a wide 
valley which e."(tends southeastward for 11 miles, from the Red­
mond Delta to the present Snoqualmie River valley. The broad 
floor at the col is 160 feet in altitude, and two splendidly de­
veloped river terraces between the col and the delta are 140 
and 200 fed above tide. East of the col, fragmentary ter­
races continue the ascending profile of the old floor eastward 
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toward the Cascade Mountains. The relation of this valley 
and the gravel deposit is undoubtedly genetic. 

It seems clear that the Snoqualmie River took the Pattt!rson­
Evans Creek channel to Lake Sammamish as soon as the re­
treat oC the ice had exposed the lower ground which it crosses, 
that glacial Lake Sammamish had by this' time found a lower 
outlet and its su rface slood no higher than 160 feet above tide, 
and that, in the lake "alley near Redmond, ice still lingered 
when the delta began. (Consult Figs. 14, 15 and 16.) The 
successive levels of the Redmond Delta show that the higher 
terraces were being di ssected while the lower ones were being 
developed. The best instance of such dissection occurs in a 
channel 100 fC(!t wide and 10 Ceet deep, crossing the 160·foot 
terrace from east to west, and possessing a miniaturc but clcarly 
discernible delta on the lakeward Cace of the larger feature. 
(Fig. 15.) An c-"{cavation at its foot reveals foreset structure 
in the stratification of the gravel. The occurrence of the 120-
foot portion betwcen the 1130- and 140-foot terraces also shows 
dissection. 

Three-fourths of a mile north of the delta, there is a consid­
erable fragment of this deposit on the east side of the Dear 
Creek trough. Its top is ic"el and HW feet in altitude. It is 
composed of stratified gravel at least 40 feet in depth. Dissec­
tion at 11 period later than that of the delta. growth has de­
stroyed a large pOI·tion of the original deposit, and has left this 
area widely separated rrom the main body. 

The outlet for the glacial lake at the time of deposition of 
the highest terrace of the Hedmond Delta crosses the till ridge 
between Lakes Sammamish and lVashington , in the "icinity of 
York, or Willows, a few miles north of Redmond. (Sec Fig. 
16.) The summit or the York channel is 160 feet high and no 
des~nt is perceptible to the eye in the swampy floor to the west. 
This argues a si milar lcyel of ponded water in the Lake Wash­
ington valley . The lake surCace today is ISO feet lower than 
this col. Discharge Cor the lower stages of the glacial lake 
r ecorded in the Redmond Delta, and in the lowest terraces about 
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Issaquah, passed through the pre-rashon valley to Bothe1l, 
by which the two parallel lakes are connected today at the north. 

The 160- Rnd nO-foot terraces of the Hoomond Delta, with 
short, open channels connecting Glacial Lake Sammamish with 
Lake Washington Valley, indicates that tllis third stage of t he 
local lake, recorded by the R edmond Delta, is really a portion 
of Lake Russell' s hi story. Glacial retreat by this time had 
allowed the northward-extending waters of the master lake to 
occupy the Lake 'Vashington trough and to control the later 
static water records in the Sammamish Valley. 

LAK.E SNOHOMISH. 

The old Snoqualmie R iveI' channel now occupied by E"ans 
and Patterson creeks, leading to the R edmond Delta, does not 
continue uninterruptedly up into the Cascade Mountains. It 
breaks off abruptly on reaching the present Snoqualmie Val­
ley, which is much lower, in the same fashion that the old val­
ley east of High Point breaks off at Preston, except that in the 
present case, subsequent erosion by Patterson Creek has largely 
destroyed the eastern portion of the old stream floor, and it 
is really a projected profile which is abruptly temlinated. 

Snoqualmie Rin!r is flowing in a trough valley of inter­
g lacial erosion which lies parallel to, and cast of, the Sammam­
ish Valley, and is open to Puget Sound at its northern end. 
The abrupt descent which takes place at the cast end of the 
proj ected profile up the valley of Evans and Patterson creeks 
to the present Snoqualmie Ri"er yalley thus is not the work of 
postglacial erosion, as it is at Preston. On the contrary, pond­
ed water mllst have filled this ,'alley to the height of the trun­
cated profile, in order to flow westward across the divide to the 
Redmond Delta. This water constituted Lake SlIo110mi,h. 
(Figs. 14 and ]6.) 

Few definite data can be presented concerning this lake. I ts 
altitude was about 250 feet when discharging to the Redmond 
D elta. Earlier outlet channels to Glacial Lake Sammamish oc­
cur parallel to the Evans-Patterson Creek channel, and south 
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of it, but their alt itudes are unknown. It appears probable 
that this lake backed up at its higher stages to the foot of 
Snoqualmie }"'alls, into which that cataract plunged. The lake 
extended northward a long distance, perhaps nearly to E\'erett, 
but apparently never sank to the level of Lake Russell. 

HISTORY OF LATEB. LAKE RUSSELL. 

The retreat which destroyed Lake Nisqually and allowed the 
re-formation of Lake R ussell, early cleared the Narrows and 
brought abou t the destruction of Lake T acoma also. Lake 
Russell then extended east and south up the Puyallup trough, 
and north into the White R iver trough where the Auburn Delta. 
of Lake Tacoma records the earlier presence of standing water. 

The Hammersley I nlet arm of the lake originated soon after­
ward, and the Shelton Delta was then formed. Lake Skokomish 
quickly passed through its brief history, and Lake Hood be­
gan when the Clifton outlet came into existence. Its level 
persisted while the glacier retreated for a distance of 26 miles. 
During this time, the channel of the Clifton outlet was cut to 
a depth of 60 feet, but at the time it WI\S abandoned its grade 
W!lS still 25~50 f eet to the mile. A rapid retreat for the ice 
for the length of Lake H ood is thus indicated, else the grade 
of the outlet would have been reduced to a lower slope. The 
opening of the Poulsbo channel records the presence of the 
160-foot level of Lake Russell in Dog fi sh Bay, and consequently 
in the g reat t rough of Admiralty I nlet as far north as thi s 
latitude. 

Presumably the history of Glacial Lake Sammamish and 
Lake Snohomish was being enacted contemporaneously with 
that of Lake H ood. Both Glacial L ake Sammamish and Lake 
H ood became a part of L ake Russell before the P ercival Creek 
channel to Black Lake outlet had lowered the master lake to 
the aO-foot level. 

TIlE RICHMONU DELTA. For more than a mile south of 
R ichmond the bluffs of Admiralty Tnlet are composed largely 
of fresh Vashon gravel, with Vashon till usually exposed be-
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neath. Foreset structure is to be recognized in the sea cliffs 
despite the loose character of the material, though the opening 
of a large pit by the Enamel Drick and Concrete Company 
offers the best opportunity for study of the gravel. Predomi­
nance of foreset structure (Pl. X I , Fig. 2) immediately recalls 
the pits in the Stei lacoom and Scqualichew Deltas. T he re­
semblance is complete, except that there is no second set of 
foreset beds above the topset. The altitude of the upper plane 
of these delta strata is 165 feet abo\'e the adj accnt Sound. At 
the head of the pit, topset beds arc 20 feet thick . Back from the 
edge of the pi t the Sllrface is plane, rising from 185 to 200 
feet in half a mile 01' so, to the slopes of higher hills. A breached 
kettle in the face of the delta south of the pit, interrupts the 
continuity of the bluff. The bottom of the kettle bears no gravel, 
and the ice block must have come to the surface of the delta, or 
even projected above, when the gravel was deposited, and must 
have remained until deposition ceased. Another kettle, 60 feet 
deep and with an irregular form, lies back in the plain, the 
seaward face of the delta being unaffecled by it. 

A narrow, elongated deposit sllch as the Hi chmond Delta, 
with the trough of Admiralty Inlet on olle side, and ground 
moraine on the other, hi ghC'r than the aggraded plain, can 
find e.'<planation only in the assumption that ice was prescnt in 
the great trough at the time of delta growth, and fo rmed the 
retaining wall which has now vanished. (See figure 17.) The 
presence of the kettles corroborates thi s hypothesis. 

The foresel beds dip westward, howe\'er, at a right angle to 
the length of the delta. The stream which deposited the gravels 
was confined to a southward course between higher sur faces of 
ice on the west, and ea rth on the cast. On reaching t.he begin· 
ning of the curve of the ice front in Admiralty Inlet, the stream 
turned abruptly west.ward to the trough. As the ice front with­
drew along the mile where the deltt~ now exi sts this procedure 
of the stream was eontin lled. the delta deposit growi ng no rth­
ward as the ice retreated, and the foreset beds dipping wcstward 
throughout. The northern portion of the delta therefore is 
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the youngest, though nearest the channel which gave origin 
to the deposit. 

The stream which made the Richmond Delta entered from the 
north. I ts channel is to be traced with distinctness for a mile 
northward toward Edmonds, to the point where the enclosing 

J"IO. 17. Relation ot tbe lUebmood Delt. to Late nil_ II Alld the l'u~t 
Soulld Glader. 

stream-cut bluff's separate, and the surfuce beeomes broken and 
morainic. In this distance the channel floor rises gradually from 
the altitude of the delta plain to 540 feet. Interesting details oC 
the head of the channel in the morainic tract ha,-e been worked 
out, but space cannot be given for their presentation. Suffice 
it to say. that the stream here originated at the glacier front 

--e 
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and flowed a mile or so before en tering Lake Russell. I ts be­
havior was si milar to that of the stream which built the T acoma 
Delta. 

The edge of the ice over the pre-Vashon ridge which is par­
allel to Admiralty Inlet on the east, apparently lay but 0. 

mile or so north of that in the in let, though the ridge here is 
400 feet above the Sound, and the Point J efferson Deep (PI. 
XXIV), 918 feet below sea level, lies directly off the delta face, 
It would be expected that this relief would cause the ice in the 
trough to linger long after the hill had been bared, and thus 
produce 0. notably fingered margi n to the glacier. 

T fi.E HW~FOOT LEVEL OF LAKE R USS'f.LL. The Richmond 
Delta establishes the presence of the 160~foot stage of Lake 
Russell as far north as the latitude of Richmond (Fig. 16). It 
proves that Lake Hood sank to this stage when the Poulsbo 
channel came into use and establishes the fact of a broad con~ 
nection at the 160-foot level between the Sammamish and Lake 
Washington troughs through the pre-Vashon valley at Bothell. 

The front of the glacier retreated and the Richmond Delta 
was abandoned by the glacial river be{ore the lake sank to 120 
feet.. Yet a retreat of the ice front of but a few miles from the 
Richmond Delta would have allowed open connection between 
H oods Canal and Admiralty Inlet, and the P oulsbo channel never 
would have been eroded to the 1 20~foot level. It is therefore evi­
dent that Lake Russell was lowered to the H2O-foot level immedi­
ately after the Richmond Delta was made, and that a consider­
able pause of the r etreating glacier front just north of the delta 
was necessary to hold Lake Hood to the Poulsbo channel, un til 
it likewise had been lowered to UO feet. 

The Drinnon Delta and the lowest portions of the Sherlock 
Delta and the Redmond Delta are stream deposits in Lake Rus­
sell when its surface was 120 feet above sea level. 

TIlE NORTII.ERN LIMlT 0 1'" LAn R USSELL. It is probable 
that a definite northern limit of Lake Ru ssell will never be de­
termined. Evidences of t.he lake's existence are scattered , and a 
continuous record, such as a shore line, is required to establish 
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a definite margin. The limit can be drawn, however, in the form 
of an east and west zone at the north end of tile lake, north of 
the southern edge of which the ice undoubtedly retreated, and 
beyond the northern edge of which it never retreated during the 
lake's existence. The southern edge of such a zone is drawn 
just north of the Richmond Delta. The northern edge may be 
drawn through the city of Everett for the following reasons: 

(I) The Snohomish trough, which contained Lake Sno­
homish, and now is used by the Snoqualmie River for most of 
its length, is open to Admiralty Inlet only at Everett. Its one 
other opening is the Evans-Patterson Creek channel, the outlet 
of Lake Snohomish, the use of which built the Redmond Delta. 
The e."(istence of the 120-foot level in the Redmond Delta proves 
that the glacier retreated from the 160-foot Richmond Delta, 
and that the lowest stage of Lake Russell was inaugurated 
before the Redmond Delta, the product of the outlet of Lake 
Snohomish, was completed. In other words, Lake Snohomish 
did not share in the 120-foot level, because the glacier front 
still lay south of E,'erett, where open connection exists with 
the trough of Admiralty Inlet. (See Fig. 16.) 

(2) The Pilchuck River, which enters the Snohomish trough 
nt the town of Snohomish (PI. XXII), carried also the waters 
of tile South Fork of the Stilaguamish River for a. time during 
glacial retreat. Conditions thus were favorable a.pparently for 
the forma.tion of a delta in the Snohomish trough, and 8. channel 
floor adjusted to its level. Since no trnce of either has been 
found, but in their place is a glacial river valley whose floor 
is close to present base level, it is evident that no ponded water 
near Lake Russell Ie"eis existed in the Snohomish Va.lley when 
the region north of Snohomish and Everett was bared by glacial 
retreat. Failure of the ice dam which had held up Lake Russell 
and its tributary lakes, is thus indicated to have occurred while 
the glacial margin was somewhere between Richmond and 
Everett. 

LACK OF VASHON D.£LTAS OF THE CASCADE RIVERS. Named 
in order from south to north, the Puyallup, White, Green, Cedar, 
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and Snoqualmie (outlet or Lake Snohomish) rivers entered Lake 
Russell rrom the Cascade Mountains. Only one or these pos· 
sesses a delta built into that lake. 

The Puyallup River has aggraded. its trough so largely in 
the vicinity of Orting that the valley floor now lies above the 
levels or Lake Russell. Any rormer delta that may have ex· 
istOO at those levels is or course completely concealed. 

lVhite and Green rivers enter the meridional White River 
trough but two or three miles from each other. Post·glacial 
deposition has fomled a wide plain here about 100 feet above 
sea level, on which the rivers meander in constantly shirting 
courses. White River has divided until recently into two dis­
tributaries; one, Stuck River, flowing to the Puyallup and thence 
to Commencement Day at Tacoma, the other continuing north 
to Elliott Day at Seattle. 

Though Green River made a delta in Lake Tacoma, no trace 
of a delta made by either of these streams in Lake Russell has 
been found. A sufficient reason may exist in the meandering 
behavior or these rivers which easily could have destroyed such 
former deposits. The Auburn Delta, or such PMt of it as re-­
mains, has been spared because or its location at the tip or the 
divide between the two streams. 

No delta made by Cedar River in Lake Ru ssell remains, but 
gravel pits 011 both sides of the valley at Renton, where it en· 
ters the Lake Washington trough, expose foreset beds dipping 
downstream, and lying against the higher till·coverOO slopes. 
Their altitude falls a little below Lake Russell levels, but the 
upper portion of the delta which would show contact or foreset 
and topset beds has been removed by erosion. These foreset 
strata may be interpreted conflden tly as the remnants of a 
delta of Cedar River in Lake Russell, the main mass of the de· 
posit having been destroyed by lateral planation of the river 
during post-Vashon time. 

LACK OF SHORE LINES AND SEDIMENTS OF LAKE R USSELL. 

The narrow hmd·lockcd anllS of Lake Russell were not favor~ 

able for the development of very effective waves, such as would 
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produce lasting results in a comparatively short time. The 
bluffs are generally so sleep that, were sea cliffs and wave-cut 
terraces once developed, the chances for escape from destruction 
by subsequent sliding, or by wave undercutting at the present 
sea level, which has e1(isled much longer than did Lake Russe1I, 
would be smaU. Under such circumslances, no attempt will be 
made to correlate the few doubtful old shore records lying high 
on the Puget Sound bluff's, which might be ascribed to the 
glacial lakes. 

For the reason that Puget Sound at present occupies most 
of the area covered by Lake Russell, and other porlions once 
occupied by the lakes are now covered by fresh-waler lakes or 
recent alluvium, few occurrences of sediments of this lake can 
he expected. And because, subsequent to the lake's existence, 
the basin was even more deeply submerged, this lime beneath the 
sea, unlossiliferous sediments, found overlying Vashon till below 
the former lake levels cannot be unhesitatingly referred to Lake 
Russell. 

One area only has been found where a clay and sand deposit 
without milch question may be refcrred to deposition in Lake 
Russell. This is a few miles northeast of Olympia, nearly 
1I0rth of Lacy. The area is a pitted plain, grading lalerally 
into ground moraine on all sides . The deposit is composed 
of fine sand and clay, practically free from gravel, and affords 
all excellent soil. The area now is largely cleared and culti­
vated, while adjoining surfaces of ground moraine arc still 
in forest or have a few struggling or abandoned fanlls. It is 
worthy of nole in this connection, that till from the adjacent 
ground moraine has been used on the roads of this tract with 
remarkable success, a surfacing ten years old being loday in a 
satisfactory condition even in the raillY winters. 

KAME TJ;RII.A CJo:S. Kame terraces form a prominent feature ~ 
of the modified drift of the Puget Sound country. They were 
first identified in the region, and have been described in the 
Tacoma quadrangle by Willis. They ha\'e been found by the 
writer to be abundant on the Seattle quadrangle, immediately 
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north of the former. Since kame terraces are the product of 
streams, with ice passively cooperati ng, they should be expected 
to terminate wherever the depositing stream entered standing 
water. And if the water of Lake Russell extended northward 
into aU the troughs which were suffi ciently low, as the fingers 
of ice shrank within the valleys, kame terraces should be com­
pletely lacking below the levels of that lake. 

No kame terraces of the region a re known below the 160-foot 
contour. Several well developed terraces end at about this 
level, and the topography of the gravel becomes very subdued 
where the deposit is continued farther down the valley. North 
Creek, flowing into Lake W ashington near Bothell, has a kame 
terrace six miles long, which, at an altitude of about 200 feet 
behaves as described above. From Bit ter L ake to Green Lake 
in the northern part of Seattle, is a large kame terrace which 
disappears beneath the latter body in a peninsula heavily 
covered with gravel, reappears beyond the lake, and continues 
down the general trough toward Lake Union. It descends be­
low 160 feel in a short distance south of Green Lake, its char­
acter changing at this point to that of a water-laid deposit, 
and its mass diminishing notably. Other ins'tances of the 
same cha raeler might be cited, but these two illustrate the 
distribution and behavior of kame ter races sufficiently to show 
thei r bearing on the existence of L ake Russell. The presence 
of standing water in these valleys at the altitude of 160 feet 
is recorded by the failure of kame terraces to extend below this 
altitude. 

DR.AINAGE MODIFICATIONS 0 . ' TllE 8TlLAGUAMlSH RIVER.. 

The earliest exposed part of the Stilaguamish River valley 
was the South Fork, which emerges from the Cascade Moun­
tains on the drift pl ain at Granite Falls. The river now flows 
eight miles north before joining the North Fork; but when 
fir st exposed by glacial retreat, its waters were turned south­
ward into Pilchuck River, a t ributary of the Snohomish. At 
Grani te Falls, little more than a mile of low land separates the 
two streanlS. (See Plate XXII.) 
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,Vhem retreat o( the ice had progressed sufficiently to free 
the valley of the North Fork, the two streams joined at Ar· 
lington, aud flowed south through ' the broad, interglacial 
Marysville Valley to Port Gardner at the town of Marysville. 
This valley was filled to an unknown depth with sand and gravel 

FIG. 18. Vicinity ot Arllnct;oll a nd MaryulLle. 

which now constitutes a plain about three miles wide by nine 
miles long, descending 145 feet from Arlington to Marysville, 
a grade of 15 feet to the mile. (See Fig. 18.) 

'l'he surface in the vicinity of Arlington is strongly terraced, 
The town is built on two benches, both composed of gravel to 
their base. The business portion is on the lower bench, 110 
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feet above tide, and the residence portion is 011 the higher bench, 
at an altitude of 160 feet. Numerous pits and strcct cuts 
expose the material, which is tumultuously stream-bedded in 
both. The upper terrace corresponds with one across the 
river to the north. Both are obviously remnants of a valley 
train which came down the NOl-th Fork Valley from the Cascade 
Mountains. 

The 110-foot terrace at Arlington is too low to belong to 
drainage which flowed southward from Arlington to Marys­
ville. It was fonned by the first drain age which flowed west­
ward along the present course of the Stilaguamish River from 
Arlington to Stanwood. This later route was blocked by the 
retreating glacier at the time the Arlington-Marysville valley 
train was formed, but when opened, proved to be the lower, 
and has held postglacial drainage to its course. 

Erosion in development of the present route west from Ar­
lington has exposed a section of the filling of the Marysville 
Valley at its northern end. This is composed entirely of sand 
and gravel to a depth of 50 feet. A road cut in one place 
exposes a great deal of pumice and volcanic sand or ash in a 
terrace corresponding to the ] 10-foot Arlington bench. 

The Stilaguamish quadrangle cast of the area discussed in 
the present paper, shows some interesting drai nage changes 
which make it evident that the Sauk, SuiattIe, and Skngit 
Rivers formerly flowed out on the drift plain of Pugct Sound 
at Arlington, and contributed to the formation of the Arling­
ton-Marysville ,'alley train. From the Stilaguamish quad­
rangle the valley train can be traced up the North Fork valley 
to Darrington with a grade of about 16 fcct to the mile. 

Big Lake and McMu rray ;Lake lie in a north and south val­
ley in the diagonal spu r of the Cascade :Mountnins, wh ich juts 
out into t.he drift plnin norlh of Arlington. The "alley at 
Big La.ke is floored with till. No glacial stream pa.ssed through 
the valley, though the till is disposed on the lower slopes in 
huge flutings and furrows that resemble the terraces of a gra,'el 
train. 
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A glacial lake occupied the valley now containing both Big 
Lake and MclHurray Lale, and had its outlet southward to 
Pilchuck Creek, a tributary of the Stillaguamish below Arling~ 
ton . This stream is to be distinguished from the P ilchuck 
which flows to the Snohomish River. The divide in the old 
channel today is just south of McMurray Lake, and about !e50 
feet high. A long glacial drainage channel leads south from 
it to the village of Pilchuck where postglacial erosion has ob~ 
scured the outlet. The two lakes now drain northward to the 
Skagit River. The ice dam held up a glacial lake probably eight 
miles long north of the divide, and turned its drainage to the 
Stilaguamish. A lower spillway appears to have been used 
for a brief time across the drift plain to the vicinity of Mount 
Vernon before final disappearance of the lake. 

GLACIAL LAKE WHATCOM. 

Lake Whatcom occupies the valley of a northward-flowing 
stream of pre-Vashon age, eroded in the northern slope of the 
diagonal mountain spur of the basin. The retreating Vashon 
glacier left a heavy moraine deposit in the mouth of this valley, 
causing the present lake. 

There are two broad drift-filled valleys opening northward 
to the low plain of Whatcom County from the northern end 
of the lake. They are separated by Squalicum Mountain. 
Either of them is oriented favorably for the continuation of 
the preglacial valley, but without data on the depths of drift 
in them, the question cannot be settled. The lake extends 
farther into the western valley and discharges through it. 
\Vhatcom Creek, carrying the outflow, crosses bed rock close 
to the lake, but is so far over to one side of the filled valley 
that the rock in the stream bed is probably only a portion of 
the preglacial valley slope on which the stream has been super­
posed. 

During the retreat of the Vashon ice across this region the 
glacial front formed a dam too high for northward flow and 
glacial Lake Whatcom was formed, with discharge from the 
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southeast tip to !l tributary o( Samish River. The col in 
the outlet valley lies just north o( Mirror Lake at an altitude 
o( 575 (eet. A drift filling here has been incised to a depth 
of SO (eet. 

The valley which carried discharge of the glacial lake unites 
with a larger one Ilt Wickersham. High terraces of glacial 
gravel occur in this larger valley. At Prairie, three miles 
south of Wickersham, these terraces are 840 (eet in altitude 
and (arther south of here they widen out into a broad plain 
which leads to the Skagit River. 

This train which floors the valley to which Glacial Lake 
Whatcom discharged, came down the main valley (rom the 
north. Its extent north of Wickersham has not been studied. 

After the margin of the ice had withdrawn from Squalicum 
Mountain, and after Glacial Lake \Vhatcom had ceased to dis­
charge over the Mirror Lake col, the gravel train was largely 
eroded by the diverted South Fork o( the Nooksak River, which 
for some time after the disappearance of Glacial Lake What­
com, was blocked by ice at the north and (orced to be tributary 
to the Skagit. Its course at this time was southwest {rom 
Prairie to the present Samish, emerging on the Skagit Delta 
three miles north of Burlington. 

At the inception of standing watcr at the south end of Lake 
Whatcom ,'alley, the southwestern arm contained a small in­
dependent lake with outlet to Sarnish River about three miles 
be10w Samish Lake, The outlet channel lies on the north side 
of the drift-filled valley connecting the Whalcom and Samish 
valleys, with nn altitude of about 415 fed, 
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GENESIS 01" TJiE ADMlllALTY SZDIlIIENTS. 

SUMMARY OW THE CUAPTEll. 

THE ADMIRALTY T]LL. 

The history of glaciation in Puget Sound preceding the 
Vashon epoch is very meager in details, and probably always 
wiU remain 50. The conr of Vashon till and outwAsh in the 
Puget Sound basin is almost complete. Drift older than the 
Vashon is exposed only in excavations, in streAm bluff's and in the 
sea cliffs along the shores of the Sound. In such situations the 
Vashon till lies almost everywhere on stained and weathered strat­
ified drift of considerable thickness. This stratified material is 
known in II. few places to rest on an older till sheet, named the 
..4.dmiraUy Till by Willis. 

GBEEY POINT. 

Admiralty and Vashon till are exposed in the same S(>8. cliff 
in a few instances, these affording exceptional opportunity for 
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the comparison of the two tills. The cliff at Green Point, be­
tween Hales Passage and Carrs Inlet (Henderson Bay), shows 
both tills, with brown-stained sand between, the sand consti­
tuting probably only a part of the stratified drift series. The 
two tills are very similar in color, composition, degree of con­
solidation, size, abundance, and rounding of pebbles, absence 
of bowlders, etc. Doth are gray, the Vashon till being some­
what lighter. 

HARTSTENE ISLAND. 

Doth tills, separated by stained sediments, are shown on the 
eastern side of H artstene Island. No great difference in the 
two tills is to be detected, the Admiralty being weathered or 
stained ncar its upper surface, and the Vashon being lighter 
gray throughout. The Admiralty till here may contain a 
slightly larger proportion of pebbles than the Vashon till, and 
they are somewhat more angular. 

DENlI.'Y fULL. 

In the Denny Hill regrade of the city of Seattle, a hill com­
posed largely of Admiralty sediments was removed by hydraulic 
methods from more than twenty city blocks, the maximum cut 
being 125 feet. (See plates XIV, XV, Fig. 3, and XVI.) Vashon 
till capped and veneered the hill with an average thickness of 10 
feet, and Admiralty till was exposed in the deepest sluiceways, on 
Bell Street. The only difference between the two tills thus closely 
juxtaposed was (1) the somewhat weathered condition of the 
upper portion of the Vashon till, involving a difference in color, 
and (2) the greater consolidation of the lower till. 

POSSESS10N HEAD. 

Russell, who first recognized the existence of two till sheets 
in the Puget Sound basin, cites Possession H ead, at the south 
end of Whidby I sland, as exhibiting the two tills separated by 
"medial" sands, gravels and lignite. The writer has found Pos­
session Head to show three distinct till strata, separated by 
stained sediments. There is little difference among the tills, 
each being gray in color, and composed apparently of fresh 
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material. The upper surface or each is somewhat stained. The 
lignite beds reported by Russell lie in the sediments between 
the upper and middle tills. The lowest, whose base is below 
high tide, contains many pockets and lenses of gravel, the 
presence of which may e:!.-piain why Russell did not recognize 
it as a till. 

The Possession H ead section is not closely paralleled in Puget 
Sound. Its suggestion of three glaciations, the till of the 
oldest being apparently as fresh as that or the youngest, is 
not borne out by a study or the sea cliff exposures elsewhere in 
Puget Sound. The explanation advanced tentatively is that 
both or the two lower tiDs arc of Admiralty age, a slight re­
treat and rcadvance of the Admiralty Glacier accounting for 
the intercalated sediments. The stai ned condition of these sedi­
ments beneath unstained Admiralty till is thought to be the 
result of percolation of ground water throughout their mass dur­
ing the interglacial period, while such would occur through the 
non-porous overlying till only along seams, leaving the till mass 
as a whole un stained. 

GENERAL CHARACTERS. 

In the other exposures of Admiralty till known about Puget 
Sound, the character is very similar to that of the younger 
Vashon till. Foliation is shown in many exposures, rounded 
pebbles are usually abundant, the matrix is arenaceous, and the 
color is usually an unweathered gray. Granites of various kinds 
arc as common in it as in Vashon till. There are no essential 
diagnostic differences in the character of the tills themselves, 
and stratigraphic relations must usually be taken into account 
in identi6cation. 

Willis· has described the Admiralty till as changing to a 
dense stratified clay in many places, both horizontally and ver­
tically. A similar relation was exposed in the Denny Hill re­
grade of Seattle, subsequent to Willis's study or the region. 
Elsewhere in Puget Sound the writer has failed to find thi s rela-

• Bailey Willls. "Drltt Phenomena ot Puget Sound," Bul. Geol. Soc. 
Am., Vol. 9, 1897. 
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tion, the till being distinctly d iffcrentiatoo from the overlying 
sedimen ts and rarely containing water-laid deposits. 

The base of the Admiralty till was found in digging the Dell 
Street sluiceway tunnel of the Denny Hill regrade. Dark gray 
quicksand was reported to underlie it, the th ickness of the till 
being about QO feet. An exposure of the base of the till is also 
affordoo in the sea cli ff at the south end of Bolton peninsula, 
Hoods Canal. Post-Admiralty crustal movcment has locally 
tilted the beds of the section so that the base of the till lies 
above sea level. The till is overlain by coarse, dark-stai noo, 
decayed gravels, and rests 011 a weathered and leached stratifioo 
clay containing numerous concretionary masses, but with no 
gravel or sand in it. 'rhe clay outcrops along the beach slope 
below high tide for a quarter of a mile, and possesses through­
out a dip of ~5 ° . It is thus remarkably thi ck for a g lacial 
deposit. It may be interpreted more satisfactorily as T ertiary 
or early Quaternary , than Admiralty in age. 

The Admiralty liJl is generally unwenthered, and is in marked 
contrast with the overlyin g gravels, which are deeply stained 
almost eve rywhere, There arc many cases of direct contact of 
these unlike materials. The cause for this is probably the same 
as that for the simila r contrast of unstained clay strata inter­
stratified with stained gravels; namely, the impervious nature 
of the material, a nd the consequent absence of percolating water. 
In some exposures , a till which is thought to be Admiralty in 
age, and which certainly is not of Vashon age, is considerably 
decayed, so much so that pebbles may be carved with a knife 
blade like shale, though they were originally of igneous and met­
amorphic material. This decayed till has been found in cliffs 
along P ort \Vashington Narrows, in many exposures beneath 
the Vashon terminal moraine about Little Rock and elsewhere. 
It is probably of Admiralty age, but because of position ncar 
the surrace during the interglacial epoch, was weathered. while 
the more deeply buried till of the same glaciation was un­
affected. 

A till occurs in Red Bluff. near Ayers Point, H oods Canal. 
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lU which decay has been more profound than is shown else­
where in Puget Sound. The extent of this decay exceeds that 
shown by the red gravels of the Chehalis Valley. Excepting 
the pebbles of quartz, a knife cuts through pebbles and matrix 
alike without difficulty. The largest fragments , 8 inches in 
diametcr, ha"e no trace of a firmcr central part. Decayed 
granite pebbles retain the appearance of the parent rock, but 
crush to sand and clay between the fingers. The reddish color 
of the whole is deeper than is usual for the drift of Puget 
Sound, and gives the bluff' its name. Above and on both sides 
of this exposurc of old drift the bluff is coveroo with vegeta­
tion. The stratigraphic relations of the decayed drift are there­
fore unknown. It. may be very possibly the deposit of a g lacia­
tion preceding the Adm iralty epoch. 

With but two exposures of the base o( the Admiralty till, no 
estimate of its thickness can be made. It is wholly a matter of 
inference to style it a till shcPt.. \Vhether this t ill overlies older 
glacial drift, or Pleistocene sediments, or rests on Tertiary rock 
is unknown. There are no data regarding the character o( the 
topography overridden by the Admiralty icc, and almost none 
regarding the topography of its deposits. 

No glacial drift in the Puget Sound basin is known to lie 
south of the Vashon tenninal moraine and its attendant out­
wash, and in many places this moraine lies directly on previ­
ously llnglaciated rock. Considering our present meager knowl­
edge of the Admiralty glaciation, it is perhaps idle to inquire 
into the causes which allowed the Vashon ice to exceed the limits 
reached during the Admiralty epoch. A local cause may be 
found to obtain. It may be suggested that if the Puget Sound 
basin lay higher, relative to the Strait of Juan de Fuca, during 
the Admiralty than during the Vashon epoch, a greater propor­
tion of the Cordilleran ice would have passed westward to the 
Pacific during the Admiralty epoch, than in the succeeding 
epoch. 
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THE ADM IRALTY SEDIMENTS. 

GENERAL DESCRIPTION'. 

T he stratified beds between the Vashon and Admiralty tills 
are approximately horizontal in position wherever exposed in 
the hundreds of sea cliffs of Puget Sound. These beds are 
truncated abruptly by the bluffs, and by the lower surface of 
t he Vashon till where that overlies slopes in which a sea cliff 
has been developed. These relations are shown in the accom~ 
panying diagrammatic sketch. (Fig. 21.) Fully nine-ten ths of 
the glacial drift exposed in the sea cli ffs is composed of these 
inter~till sediments. From the few exposures of the Admiralty 
till above sea level, the average alti tude of its upper surface 
lIlay be inferred to be somewhat below that plane, and the total 
thickness of the stratilied beds must be correspondingly greater. 

The material of the deposit ranges from clay to fine gravel. 
Coarse gravel, with pebbles list-size or larger, is known only 
along the border of the Olympic Mountains on the lowland. 
In some places the material is clay for a considerable area and 
depth. The business portion of Seattle and the residence dis­
tricts on First, Capitol, Madrona, Renton and Beacon hills 
are underlain by a finely laminated clay which, in the J ackson 
Street and Dearborn Street regrades, has been excavated to a 
depth of at least 75 feet without exposing its base. Other areas 
show a predominance of sand in the sections. This is notably 
the case in the sea cliffs of Camano and Gedney (Hat) islands, 
and some of those of Whidby and Marrowstone islands. 

As a rule, there are numerous alternations of material, both 
vertically and horizontally. Willis has attempted to classify these 
deposits for the T acoma quadrangle, distinguishing the Puy­
allup sands, the Orting gravels, etc. The method can hardly 
be applied to the entire basin of Puget Sound, since the char­
acter of anyone deposit seldom persists for more than one or 
two miles. 

Usually the gravels are bedded horizontally, but they possess 
stream cross-bedding in almost every section. They rarely form 
extensive or thick deposits, as do the finer materials. 
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STAINING AND DECAY OB Tll.E ADMIRALTY SEDn.o.::NTS. 

The gravel and sand of this series are almost everywhere 
stained by iron oxid, in some places to a color 8.8 deep 8S that 
of the red gravels of the Chehalis Valley. The sand is conunonly 
buff colored, the gravel a yellow or orange hue. Rarely, suffi­
cient iron oxid is present to indurate the gravel so that wave 
erosion sculptures small stacks and caves in it. The stain is 
uniformly distributed in the thickest beds seen. The clay beds 
of the series are not stained, though gravel below clay may 
be notably stained. Though decay has not greaUy affected 
these sediments, none of the gravel is as fresh and firm as that 
of Vashon age. Usually a test with a knife blade will show a 
considerable difference in average hardness. Admiralty gravel 
is not used commercially because of its softness, while the Vashon 
gravel deposits are opened everywhere for building and road 
material. 

VEGETAL REAtAINS. 

Deposits of peat or lignite are interbedded with these strati­
fied materials in many places. The lignite is usually composed 
of swamp deposits, the bulk of it being finely macerated mate­
rial with seeds, cones, twigs, etc., scattered through it. Rarely, 
tree and brushwood stumps arc found in ,itu at the bottom of 
such beds. The deposits in some cases are of water-worn drift­
wood; in other beds, the presence of insect wings, thin-blad,---'d 
grasses, etc., shows accumulation in stagnant water. A bed 
of this lignite with a maximum thickness of 10 feet, was dis­
covered in the Denny Hill regrade, its area covering several 
blocks. Most of it was of finely comminuted organic material, 
in some places with considerable clay, but large tree trunks, 
crushed flat by the pressurc of overlying beds, were exposed 
in the excavatioll. This deposit and one 011 the south side of 
Anderson Island have yielded charred logs and sticks and many 
fragments of charcoal scattered throughout the eomminuted 
malcrial. 

A lignite bed on the cast bluff of Admiralty Inlet at Des 
Moines is composed elltirely of drift wood in one portion, and 
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pebbles of pumice are plentifully dispersed among the drift 
wood fragments, the pumice being likewise stream-dri(t mate­
rial. Such material could not have come from the glacial drift, 
and it records the presence of a Cascade river on tltis central por­
tion of the plain during the deposition of the Admiralty sed­
iments. 

In two instances, at least, the lignite beds of the Admiralty 
sediments have been mistaken for Tertiary coal strata, and 
prospect tunnels have been driven in them. One of these is at 
the head of Hoods Canaln('ar Union City . The other is in the 
valley of Feeny Creek, Colvos (West) Passage. In the latter 
case, two horizontal tunnels were driven for a number of feet 
with the hope that the material would get "hardu" farther 
back from the outcrop. The lignite in this place occurs in two 
beds, three and five feet thick respeetively, separated by 10 
fed of clay. The upper lignite bed is more resistant than the 
clay, and has givcn rise to a pretty little waterfall in the creek. 

Lignite has been found from base to summit of the stratined 
drift between the Admiralty and Vashon till shcels, outcropping 
below low tide in several places along Admiralty Inlet. Any 
explanation of the origin of the stratified beds between the Ad­
miralty and Vashon tills must take account of this vertical dis­
tribution of the lignite. 

ANWAL RZMAINS. 

The Admiralty sediments have yielded mammolh tceth and 
tusks throughout most o( the Puget Sound region. No masto­
don teeth have been found. A fragment of a tusk nve feet long 
and eight inches in diameter at the butt was found in gravel 
below the Vashon till in a bluff along Hoods Canal. Mammoth 
teeth were found in the Denny Hill, Tenth Avenue and Seneea 
Street regrades in Seattle. Many earlier nnds are on record. 

Two occurrences of marine shells in the clays of the Admiralty 
series are known. A stony clay outcrops a (ew feet above tide 
at the base of Foulweather Bluff'. Marine shells are abundant 
in it, fragile specimens occurring with "ah'cs still attached. The 
Admiralty till lies directly beneath. Dr. Wm. H. Dall has 
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kindly examined specimens collected from this bcd, and has 
identified the following species : 

(1) Macoma balthica Lin. 
(i) 
(3) 
(4) 
(5) 
(6) 
(7) 

Macorna calcarea Gmelin . 
Macoma (probably young 'middenoorffii. Dall). 
Cardium ialandicWTlt Fabr. 
Serripc8 grOTllafidicu, Beck. 
Mya trwlcala Lin., young. 
Nucula sp. (like belloti Ads.). 

(8) Sa.ricava arctica L. 
(9) Leda fOlia Baird. 

(10) Bela. sp. indo 
Dr. Dall states that all species found are living at present in 

the colder waters oC Puget Sound, and thence northward to the 
Arctic. 

T",'o clay pih at South Seattle, excavated in the base of the 
western slope oC Beacon Hill, have also renaled marine re­
mains. The c:lay is like that so frequently exposed beneath 
the business portion oC the city of Seattle, in the Jackson, 
Dearborn, and Tenth Ave. regrades, and elsewhere. Much the 
same molluscan fauna was found as in the Foulweather Bluff' 
section, and in addition, crustacean c:law5 were discovered. In 
the southern pit, owned and operated by !\fr. Niedergesaess, 
elk antlers and a whale (?) vertebra have been found a few feet 
above the horizon at which the molluscan remains occur. l\{r. 
Jerbert, the foreman of the pit, who witnessed the discovery 
of the antlers, is careful to distinguish slidden material Crom 
clay in ,itu. and his statement may be taken without hesita· 
tion. 

A care(ul watch was kept for ,·ertebmte remains during the 
destruction o( the Denny HiJllignite bcd, but none werc found. 

The occurrence of marine shells in Foulweather Bluff, close 
to the base o( the Admiralty sediments, affords a problem which 
will be soh·cd only by the disco\'ery of more marine remains in 
these sedjments. The problem is whether the sea entered by 
way of the Strait or Juan de Fuca, or extended back (rom an 

, 
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estuary in the Chehalis Valley. J( these sediments are largely 
outwash from the Admiralty Glacier, it seems impossible that 
the sea could have entered from the Strait at the north at 
the time of thcir deposition. 

The occurrence of marine remains only at the base or close 
to the base of the stratified drift series, so far as observation 
has gone, is a significant fact which must enter into any expla­
nation of the genesis of the sediments. 

INTERCALATED TILL. 

Till beds intercalated with the sedimentary strata have been 
found in a few places. The eastern bluff of Admiralty Inlet 
two miles south of Des Moines, the south side of Danas Passage, 
and T sutslw Point on Toandos Peninsula, exhibit such ~elation. 
The section of Possession Head, desc ribed in a preceding para­
graph, is thought to belong in this category. Deposition of 
till in this position must have been contemporaneous with ac­
cumulation of the sedimentary series, and is explained as the pro­
duct of an oscillatory re-advance of the ice durin g the Admiralty 
retreat. 

THE Me NEILS ISLA)<D SECTION. 

A few instances of considerable deformation of these Admir­
alty sediments are known. The most pronounced case is the 
bluR' of McNeils Island, along the water front o{ the United 
States P enitentiary. The de{ormation here takes the form 
of folding, in places so pronounced that the anticlinal flexures 
arc sharply apex-cd and somewhat overturned. (See Plate 
XII, Fig. 1.) The material affected is unconsolidated sand 
and gravel, and the {olds are probably not more than ten feet 
across. That this disturbance was not produced by the over­
riding o{ the Vashon ice is shown by the existence o{ horizontal 
beds of the Admiralty series above the folded strata, the fresh 
Vashon till overlying both. Sliding or slumping cannot have 
caused the deformation, since it is persistent in greater or less 
degree for a mile along shore, and is in coarse material which 
does not ordinarily slide. There arc also no faults such as 
sliding would produce. 
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Two other e...xplanations remain; ice thrust during deposition 
of the series, and crustal movement subsequent to deposition. 
There is apparently a till layer in the upper part of the bluff 
at the P enitentiary dock, with stained gravels above it. In­
accessibility of the summit of the bluff prevented positive iden­
tification, but the presence of contemporaneous till is practi­
cally required, if ice thrust produced the deformation. 

Crustal movement seems totally inadequate to produce the 
shalp crumpling of the gravel beneath nearly horizontal strata 
of the same nge. The surrounding region has not suffered 
severe diastrophism since the Tertiary. The disturbed grav­
els of McNeils I sland nre therefore interpreted as due prob­
ably to ice thrust immediately subsequent to their deposi tion. 

SECTIONS OF US:eL:eSS BAY. ETC. 

An WIusual distorted structure of stratified sand and clay 
is shown in the bluffs (1) on the north side of Useless Bay on 
Whidbey Island, (!l) ncar Algiers Bay on Camano Island, and 
(8) along Hoods Canal a few miles south of Foulweather 
Bluft'. 

The seacliff of Useless Bay referred to, a mile east of Double 
Bluff, is nearly 800 feet high. It is composed almost entirely 
of stratified clay, sand and gravel, a few feet of Vashon till 
appearing in places at the top of the section. Lignite is pres­
ent in strata not exceeding two and a half feet in thickness. 
The thickest lignite str:ltum is of considerable length, and is 
uniform in thickness, indicating formation on a flat plain in­
stead of in a channel or kettle hole depression. There is no 
evidence of the proximity of ice during deposition of the series, 
and no till is exposed at the base of the section. 

A zone about twenty feet wide is exposed in the lower part 
of the entire bluff, composed of clean gray sand mingled with 
yellow clay in a most striking Cashion. The clay occurs in 
fantastically irregular masses, ten feet or so in diameter, and 
distributed horizontally 80 to 50 Ceet apart. These masses 
are usually elongated vertically, and possess very irregular 
arms projecting vertically and horizontally into the sand. 
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Current.-bedded sand lies below, and horizontally bedded sand 
and clay lie abm·c t.he deformcd st.rata. 

The seacliffs on the cast side of Hoods Canal, three miles 
south of Foulweather Dlufl', present a similar structure. In 
these sections, the yellow clay masses bear a rude resemblance 
to a sheaf of ribbons, bound at the top, and crumpled and spread 
at the bottom under its own weight. Smaller masses of the 
clay resemble spires thrust vertically up into the overlying 
mass. Horizontally stratified clay lies below these distorted 
beds, and practically horizontally stratified, clean gray sand 
lies among the "sheaves." 

Distorted clay strata of the same naturc are exposed in sea.­
cliffs of Camano Island, a littlc south of Algiers Bay. The 
disto rted stratum is about two fcct thick, and in most places 
is so complctely bent and crumpled as to have lost resemblance 
to a stratum, and to possess the ragged appearance of the 
clay masses in the sea cliff north of Useless Day. Some of 
these clot-like masses arc less completely deformed, and the 
stratum of yellow clay can be traced from either side into them 
and to the summit, as shown on Plate XVII, the appearance 
then being more likc the sheaf form of the Hoods Canal 
occurrences. Very little trace of bedding can be seen in the 
sands which lie betwCC!n the crumpled masses of clay. The 
strata of Mnd immediately overlying the distorted zone arc un­
disturbed. 

In the production of the distortion, the clay stratum either 
has been shortened by lateral compression, thus losing a large 
fraction of its original length, or has been squeezed thinner 
by vertical compression which has forced the clay to rise in 
these fantastic "clots" or " sheaves" to dispose or the displaced 
platerial. 

There is no cvidence in any of these sections that the sedi­
ments above or below the deformed zone have been affected. 
In two cases a slight unconformity exists above the deformed 
zone, in one or which the tip of an upthrust mass is truncated 
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(Plate XVII). This indicates deposition of the overlying beds 
after di stortion of the clay. 

The deformation of these beds certainly occurred during 
the deposition of the sand immediatcly overlying the deformed 
clay strata. Crustal mo"ement or aelion of glacier ice can 
hardly have been the cause, either of which would have affected 
the beds above and below, and the latter of which would have 
left its own distinctive deposit superposed. Only vertical com­
pression could produce the deformation and leave the under­
lying strata lIntl./'feeled. 

It is a significant fact that quicksands are e..xposoo at low 
tide at the foot of the premiling sand bluffs of Camano and 
Whidbey Islands. Such beach material is derived without 
doubt from the erosion of these senclifTs of fine sand. Quick­
sands are not known to the writer to occur elsewhere on the 
shores of Puget Sound. 

A combination of plastic clay beneath quicksand, especially 
when the material contains much interstitial water because of 
the recency of deposi tion and the lack of complete settling, 
might possess a mobility which could nllow the deformative 
changes kno"'"n in the Hoods Canal, Whidbey Island and Ca­
mano Island sections. The force producing the deformation 
must have been directly grsvitati,'e. The change produced 
a greater compactness of the material by expulsion of inter­
st.itial water, so that subsequent deposits or quicksand were 
not affected . The suggested genesis of these distorted masses 
is somewhat similar to that advanced by Hilgard for the Mis­
sissippi Delta mud Jumps·, and the cross seelions here de­
sr.ribed possess in some places something of the "onion" struc­
t'lre of the mudlumps. 

DELTAS IN THE ADMIRALTY SEDI :.IEXTS. 

In the identificntion or delta bedding in the Admiralty sedi­
ments, distinction is to be made between the long foreset strata. 
of a. delta. mass, and the shorter and commonly intenupted 

• E. W. Hllga rd, Science, Dee. 28, 1906. 
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foreset beds of small dclta~li.kc deposits built in channel depres­
sions. The laUer are common in the horizontally stratified 
gravel of the Admiralty series, while only four occurrences of 
roreset delta beds of Admiralty age are known. 

(1). A seacliff on DaOOp Bay, about a mile north of Pulali 
Point, exposes horizontally bedded, darkJy stained, coarse 
gravel lying laterally and unconrormably against and over 
finer gravel of the same character but with a dip of ~:WO 

N. N .. E. South of this gravel with northward dip are other 
old gravels or the same character, but with the tumultuous 
bedding produced by swift streams. P ebbles of granite, 
though rare, exist in each of the three portions of the bluff. 

The whole is of Admiralty age. The bedding with ~WO dip 
doubtless originated as the delta deposit of an Olympic river 
in a lake formed during the Admiralty retreat. Later the lake 
was drained, the delta p artially eroded, and the area then 
aggraded with the horizontally-' and currenl~bcddcd coarse 
gravels. The g ranite present was probably earlier carried up 
into the Olympics by Admiralty ice at its maximum, just as 
was done during the Vashon glaciation. 

(2). The peninSUla tipped by Quatsap Point fomls an ex­
ceptional projection into Hoods Canal. I ts northern shore 
is composed of basalt, And its southern bluff presents a splendid 
section of another delta of Admiralty age. The seacliff for a 
length lO r hair a mile is composed of brown~stained, stratified 
gravel, with a northeast dip of about flO o. (See Plate xn, 
Fig. ~.) Vashon till overlies its eroded upper su rface. The 
gravel contains no pebbles of granite or other holocrystalline 
1'IOck. At the west end of the section the delta bedding has 
been truncated by erosion, and a Inter deposit or buff~stained, 
horizontally bedded sand overlaps the gravel. Both are of 
Admiralty age, and overlain by the Vashon till. 

The stratified gravel of QuaLsap Point cannot be interpreted 
as tilted strata for two reasons. (a) The thickness, if the 
strata were horizontal, would rar exceed that of any known 
Admiralty sediments, and would possess the unique feature, 
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among these sediments, of being of one character throughout. 
(b) There is I\n oblique truncation of some of the foreset beds 
by overlying ones which nre disposoo at a slightly flatter angle, 
as in figure 22. This could not be formed in strata deposited 
horizontally, while it is a normal delta st.ructure caused by 
a slight shifting of the direetion of current, just at the de­
bouchure, on t.he edge of the delta top. 

The Quatsap Point Delta was built of Olympic gravel by 
the Duckabush River at the time of Admiralty retreat, and 
in a lake ponded in front of the Admiralty Glacier. Like the 
stream which deposited the Pulali Point Delta, the direction 
of the flow which constructed the portion now existing was 
northward, though in each case this portion may be simply 
the northern part of an originally semi-circular delta. 

The base of the Quatsap Point Delta is below sea-Ie\'el, and 
its summit plnne has been eroded, so that the depth and alti­
tude of the surface of the former Jake can not be known. Thllt 
the two deltas belong to one lake is probable. 

The existing remna.nt of each delta has been protected by 
an outcrop of rock directly north, guarding it from erosion 
by the Pugel Sound Glacier of the Vashon epoch. 

(3). North of Point Lowell, on the west side of Camano 
Island, foreset-bedded gravel appears in the sections, overlain 
by Vashon till. It is irregularly stained, but apparently be­
longs to the Admiralty sediments. The dip is northward, and 
the thickness exposed is about 25 feet. A lake which received. 
drainage from the south during Admiralty retreat is thus 
recorded. Like the Admiralty lake of the Quatsap Point and 
Pulalj Point deltas, it was probably ice-dammed. 

(4). Willis has described and figured della-bedded gravels 
of the Admiralty series in the bluff's above the Northern Pacific 
dock at Tacoma-. They are not as well developed as are the 
foreset beds described above. They are to be referred probably 
to some Cascade River which c..."(isted during the retreat of the 
Admiralty ice. Willis was not fully satisfied that they and 

• Willis, Bailey, Bul. Goo!. Soc. Am., Vol. 9, 1897. 
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the Tacoma (Vashon) Delta were distinctly different deposits. 
Since they are separated by the Vashon till, there is little 
doubt that they a re very different in age. 

GENESIS OF THE ADMIRALTY SED01ENTS. 

The stratifled material between the Admirnlty and Vashon 
till sheets was deposited during the later stages of g laciation 
of the basin by the Admiralty ice-sheet. This conclusion is 
su pported by the following evidence. 

(1) Rock materia.ls, foreign to the neighboring mountains, 
are present in the strata. This is especially notable along the 
Olympic margin of the basin, where splendid exposures by the 
SCtL cliffs of H oods Canal show no dominance, and indeed no con­
siderable propo rtion, of Olympic waste in t he material. 

(2) Till is interbedded with the stratifled depos its. 
(3) The strata in some places are deformed apparently by 

the thrust of glacier ice. 
(4) There is an absence of structures and of gradations 

in material which would indicate derivation of the detritus from 
the flan lcing mountains. 

Two conceptions may be advanced for the origin of the Ad­
miralty sediments, both based on the same premises; that they 
are composed largely of glacially transported material, and 
have bc-cn derived only to a small extent from the drainage basin 
of the Sound. 

I. It may be conceived, first, that tongues of Admiralty ice 
lay where the troughs or inlets of Puget Sound now a re, and 
that the in terspaces became aggraded by water-borne debris 
from melting of the icc, and by deposits from the icc directly. 
Final melling would then leave the present hills or ridges sep­
arnting the depressions which were preserved by the ice during 
the aggradation. By such method of origin, certain struc­
tures would be formed in the deposits, the presence or absence 
of which in the sea cliffs of Puget Sound should reasonably test 
this hypothesis. 

II. The Admiralty sedimcnts also may be conceived as hav­
ing been continuous originally o\'cr the whole of the driCt-cov-
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ercd lowland of Pugcl Sound, the troughs and ridges being the 
result of subsequent erosion of this plain. The melting ice, 
largely responsible for the aggradation, lay to the north, and 
as its margin retrCfltcd, the stream and standing water de­
posits buried its till. The plain, during aggradation, was 
traversed by rivers which were continually tilling their chan­
ncls and shifting their courses over the stretches of low, flat 
land between them. Tracts of quiet, shallow water probably 
stood over considerable arCflS at different times. Dy this method 
of origin of the Admiralty sediments, certain structures also 
would be formed, whose presence or absence in the sea cliffs and 
other scctions will be the test of this hypothesis. 

The difficulty met at once in consideration of the first hypoth­
esis is the lack of a satisfactory explanation, in harmony with 
the facts, for the occurrence of glacial tongues on the Puget 
Sound lowland, oriented in general north and south, and sepa­
rated by intervals of low but ice-free land. Willis, who has 
previously advanced this hypothesis, conceived that a pre-Ad­
miralty topography determincd the presence of tongues of the 
Admiralty ice on the sites of the trough vaUeys of Ptlgct Sound. 
An examination will be marle in the following chapter of the 
evidence which should be found if this hypothesis is correct. 

A glance at the map of Puget Sound will show that if the 
ridges and hills were formed betwccn tongues of ice, most of 
them must have been the site of lakes, since the lateral troughs 
(the casts of ice tongues) generally unite at the south, so that 
free drainage could not have existed. Deposits laid down under 
such condition would have the following characters: 

(1) Except near shores, lake sediments arc clays and fine 
sand, easily carried out from shore in suspension. Since gravel 
cannot be so carried, it is deposited about the shores in the 
foreset and topsct strata of deltas, and in beach accumulations, 
the stratification dipping toward the lake and away from the 
source of the stream. Only on complete tilling or on draining 
of a lake can streams traverse the area and deposit. horizontally 
bedded gravels over the tiner materials. On the other hand, 
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thick lake clays could never overlie horizontally stratified gravels 
unless the lake level rose after the ice-bound depression had 
once been filled. 

(2) Swamp deposits of peat and lignite likewise are possi­
ble in such a series only after the lake has been shallowed by 
filling with sediment, or by lowering of outlet. Lake c1ays 
above peat or lignite might exceptionally be produced by a rise 
in Iah level. . 

(3) 'Marine deposits in the lower beds of such a series would 
be very improbable. 

(4) Ice thrust from the adjacent glacial tongues might 
be of common occurrence. This would give rise to crumpled 
sediments and layers of intercalated tiD. 

(5) Since most of .the series would accumulate under stand­
ing water, erosion uncomformities between strata (caused by 
shifting stream channels) would be very improbable in the 
lower beds. 

(6) There would be no possibility of correlation of strata 
in any two such lake deposits. 

If the Admiralty sedimcnts were deposited by heavily laden 
streams which shi fted to and fro over an aggrading plain, as 
the second hypothesis holds, the following characters should he 
formed in the stratified series: 

(1) Deposits from sw ift streams, sluggish streams and 
standing water would be superposed above each other in all 
parts of the region. without rega rd to what kind of sediments 
lay beneath. Thus there would be no vertical sequence of sedi­
ments, and horizontalIy stratified gravel would belong as much 
among the basal beds as among the uppermost. 

(~) Since swamps might form at all stages of the aggrada­
tion, lignite and peat might occur from base to summit of the 
serIes. 

(8) Marine organisms would be most likely to occur at 
the base of the series, before aggradation raised the level of the 
plain above the sea. Shells of marine molluscs would not occur 
in the upper beds unless the region sank during aggradation. 
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(4) The immediate presence of glacier ice is not required 
by this conception, and crumpling of the sediments by its move­
ment should be rare. Correspondingly, lenses or seams of till, 
interbedded with the stratified materials, should be uncommon , 
and associated chiefly with the lower beds. 

(5) The lateral shifting of streams over a plain which is 
being aggraded would erode the surface of beds already de­
posited, and would produce unconformity in the bedding. This 
phenomenon should be common from base to summit of the 
series. 

(6) Correlation of strata across the present troughs might 
be possible in some places, though the repeated horizontal change 
in character of the sediments would render correlation diw'cult, 
jf not impossible, in most cases. 

To bring the whole problem into concise fonn, a summary of 
the features shown in the sea clift's is herewith presented, and 
their bearing on the two hypotheses is indicated. 

(1) Horizontally bedded gra,'els and clays are inter·strnti· 
fled without reference to the vertical sequence demanded by the 
first hypothesis, but in entire conformity with the second. Delta­
bedded gravels are rare in the great mass of sediments, and 
where present, do not dip from the troughs toward the ridges. 

(2) Lignite beds range from the lowest to the highest por· 
tions of the sedimentary series. This is very improbable under 
the first hypothesis, but in perfect accord with the second. 

(3) Remains of marine organisms have been found only in 
the lowest beds above tide, this evidence favoring the second 
hypothesis. 

(4) Crumpling of the sediments by ice-thrust during depo­
sition of the series is rare, and is practically confined to basal 
beds. It should be fairly common throughout the whole vertical 
range, according to the first hypothesis. Interbedded till is 
rare. By the first hypothesis, it should be a fairly common 
feature in the sections in the periphery of the ridges and hills. 

(5) Unconformities of a few feet in vertical range, caused 
by stream erosion, exist from sea level to the highest sectionll 
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throughout the entire series, being especially common In the 
gravels. This is practically impossible by the first method of 
origin. 

(6) Fairly probable correlations of deposits across troughs 
hal'e been mude, indicating their former extent completely 
across, and origin of the trough by subsequen t erosion. 

A summary of this e...xamilHdion finds the first hypolhesis­
that of aggradation of the ridges between tongues of ice­
hopelessly di sputed on several points, and without definite sup­
port from any. The cumulath'e value of the evidence cited 
should establish conclush·cly that the hills and ridges of Puget 
Sound are remnants of a once continuous plain of stratified 
drift. 

The hypothesis of accretion, or g lacial construction, of the 
Puget Sound ridges and hills may be ap plicable in some cases 
for the Vashon glacial deposi ts. when tongues of Vashon ice 
lay in the valleys of interglacial erosion , and outwash accumu­
lated on hilltops, but it fails for the earlier deposits which com­
pose by far the greater bulk of the drift of Puget Sound. The 
Pugct Sound basin then is to be considered as huving been 
floored from rim to rim with a great plain of minglcd marine. 
lacustrinc, flul'ial and g lacial deposits by the close of the Ad­
miralty epoch. Subsequent erosion has produced the troughs 
in this plain. 

Summit levc1s of the maj or drift hills and ridges of l)uget 
Sound accord strikingly in the profile of a plane extending from 
the Olympics to the Cascades. Where the Cascade diagonal 
mou ntain spur intersects the basin. fiue views are afforded of 
contrasted drift hill and rock hill profiles. Long and nearly 
horizonlnllines mark the summits of the drift hills, above which 
the rock hills rise trom a few hundreds to a few thousands of 
feet. This contrast is as strongly marked 011 the south or lee 
side of the mountain spur as elsewhere, a feature to be expected 
in a plain aggraded hugely by running \\'ater. 

In n study of the Olympic margin of the Puget Sound drift 
plain, alluvial fan and delta structu res, current bedding with 
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FlO. 1. Portlon of Denny HHI Regrade. SeaHle. 
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eastward dip, prevailingly coarse material, and a high average 
level of hill summits have not been found to be important fea­
turcs of the Admiralty sediments. Satisfactory e\·idence is thus 
at hand that the Olympic Mountains did not supply an impor­
tant part of the Admiralty sediments. 

Exposures are more rare along the base of the Cascade 
Mountains. Such as have been examined, chiefly the stained 
gravel of the Cedar River VaUey, indicate outflowing water 
from the Cascades to the Admirnlty drift plain. The material 
is not coarse, however, and in some places contains lignite. That 
the Admiralty plain reached back into the lower Cascade Moun­
tain valleys is well shown on the Cedar Lake quadrangle of the 
United States Gcologicnl Survcy. Its altitude is 800 to 900 
fcct where abutting on the mountain bases ncar the entrance of 
the Cedar and Green rivers on the drift plain. The mid-basin 
altitude of the dissected Admiralty drift plain, in this latitude, 
is 400 to 500 fcct, at a distance of about ~5 miles from the foot 
of the mountains. 

The Cascade Mountains thus appear to have contributed con­
siderably to the building of the Admiralty drift plain, contrast­
ing with the Olympics in a way to be expected, since their area 
is greater and their rivers are larger. Yet the evidence seems 
conclusive that, though both bordering mountain ranges con­
tributed, much the larger portion of the Admiralty sediments 
is outwash from the Cordilleran Glacier and was derived from 
the mountains of British Columbia north of the Puget Sound 
basin. 

The gravest objection to the hypothesis here advocated for 
the origin of the Admiralty sediments is their great thickness, 
<lnd the large amount of fine material and thick beds of lignite 
in them. The length of time represented by this series is per­
haps too great to assign to even a very slow retrea.t of the Ad­
miralty Glacier along the basin of Puget Sound. When the 
northward and westward extension of the Admiralty drift plain 
is studied carefully, more light may be thrown on Ulis question. 

-7 
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The great thickness of the Admiralty sed iments in the Puget 
Sound basin contrasts strikingly with the slight amount of pre­
Vashon Pleistocene aggradation in tile portions of the struc· 
tural valiey to the north and south. This difference clearly 
indicates favorable local conditions and the one dominant con­
dition appears to hal'e been the lingering of Cordilleran ice in 
the basin. 

SUMlItARY OF THE C HA.PTER. 

(1) Stratified sediments between the Admiralty and Vashon 
tills compose at least nine-tenths of the Pleistocene deposits of 
Puget Sound above sea level. 

(2) These sediments were deposited probably largely by 
water Bowing from the melting Admiralty Puget Sound Glacier. 

(3) The level of the sea during their deposition was close 
to present sea level, lig nite being found today from below tide 
to the summit of the series, 400 fcct above tide, and marine 
fossils occurring only in the lower beds, close to the present sea 
level. 

(4) The stratified deposits were laid down as a wide plain 
in the geosyncline of Puget Sound. 

(5) The basal portion of these Admiralty sediments is ma­
rine in part. The greater part of the series is terrestrial. 
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GENERAL DESCRIPTIO~'. 

The most notable feature of the topography of the Puget 
Sound bflSin, south of the Cascade Mountain spur, is the 
meridional parallelism of major Corms. The observer with an 
eye to the origin or this persistent Ceature is at once impressed 
with the Cad that these meridional valleys and divides, at least 
above low tide, have been fashioned almost entirely in glacial 
drift and stratified Pleistocene sediments. 

The only part of the basin south of the mountain spur where 
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the troughed and ridged topography fails, is south of Tacoma 
and Olympia, in the region of greatest deposition during the 
Vashon epoch. 

The greatest trough of Puget Sound occupies the meridional 
axis of the synclinal vulley, and contains Admiralty Inlet. The 
length of this inlet is 60 miJes and its average width is 3 to 4 
miles. It maintains a depth between 575 and 900 feet below 
sea Jevel for a distance of 45 miles. The average height of the 
bounding bluffs is about ~OO feet. The deepest place in the 
trough is probably off West Point, Seattle, where the water 
is 800 feet deep, and the bluffs on both sides are 300 feet high. 

Li.ke the other smaller but still considerable troughs of Puget 
Sound. this great valley is a Pleistocene product. The largest 
trough west of it is Hoods Canal, and the largest on the east 
is the Marysville-Snohomish-Snoqualmie Valley. The vigorous 
rivers from the Cascade Mountains have filled the eastern 
troughs with alluvium, so that the Sound today Boods only the 
middle and western part of the trough system. 

THE ORIGIN OF THE TROUGHS.· 

Three different modes of origin have been suggested for the 
l)uget Sound trough valleys; stream erosion, glacial erosIOn 
and glacial accretion. 

Considered (rom a map alone, the origin of Puget Sound 
appears a simple problem. Many have referred to it as a 
drowned river system o( preglacial development, confusing it 
with the river- and glacier-carved fiord coast northward to 
Alaska. Upham uses it to prove his high continental eleva­
tion which brought on the ice age, and when visiting the region, 
persistently mistook the stratified Admiralty clays for Tertiary 
shales. Kimball hilS argued (or the postglacial erosion of 
these valleys. 

Newberry probably was the first to bespeak an origin by 
glacial erosion for these troughs. He thought the glaciers 

• References to the literature wl1l be round In the IntroducUon to 
this paper. 
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moved northward toward the Strait of Juan de Fuca. Sub­
sequently, others have rc\'ersed the d irection of glacial move­
ment, but have held to the idea that a piedmont ice mass or 
broad glacial tongue developed the plexus of trough valleys 
beneath itself. The seductive feature of this hypothesis of 
glacial erosion is the rude parallelism of the troughs with the 
direction of glacial movement. 

Russell has advanced, and '''illis has supported, the accre­
tion or construction hypothesis for the origin of the Puget 
Sound valleys. This view is essentially the first hypothesis 
advllllced in our discussion of the origin of Admiralty sediments. 
Willis removes the difficulty of securing independent ice tongues 
on the lowland by assuming n pre-existing valley system cor­
responding to that of the present, on the divides of which the 
glacial and sedimentary series was deposited. 

" Dy repetitions of this process, [ice occupancy of the 
troughs, and deposition on the inteNlTeas,] the antecedent 
divides were built out to plateau forms, and the axes of the 
original valleys were maintained as relatively shallow hollows 
whi ch are thus the cash of glacial tongues!'· 

In the above statement Willis definitely commits himself to 
the hypotJlesis of glacial construction, His statement appar­
ently includes Admiralty as well as Vashon glaciation. The 
great improbability of such origin has been shown in the pre­
ceding chapter, and it may be added further that a study which 
has included almost every sea clifT of the Puget Sound country 
has failed unifonnly to find any trace of underlying rock masses 
supposed to exist in the ridges and plateaus of glacial drift. 
Where rock does nppear in a sea cliff, it bears no relation to the 
hills of drift, and in many places interrupts or constricts the 
troughs, a relation which would be impossible if they were pre­
glacial ,'alleys. 

In the volume on "Glaciers and Glaciation," of the Harriman 
Alaska Expedition report, G, K. Gilbert suggests that Admir­
alty Inlet may have been the lower course of the Columbia River 

• Bailey \Vlllls, Bul. Geol. Soo. Am., Vol. 9, 1897. 

, 
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which in pre-glacial time may have flowed northward III the 
structural ,'alley, from Portland to the Strait of Juan de Fuca. 
Data presented in previous chapters of thi s paper make it 
clear that such a hypothesis finds nothin g in the field to sup~ 

por t it, and that there are insuperable objections to it. The 
divide at Nnpa\'ine probably has never been crossed by a stream, 
certainly not since the deep decay of the T ertiary rock. The 
Gate Path~'ay, interrupted by two rock hills, is too narrow 
for the passage of a stream like lhe Columbia. The Pliocene 

J,'I(I.:?1. Relation of Vasho ll T ill to AdmIralty !;edimell!.8. 

Diagram Bhows truDcatlon or BtrBlUlcd Adcolralty sedlmentB by a lea cllll' 
(tllclng ob$(>rfe r) Bod by II. pre· \'uhoo erollon ,lope (on the lett) hear. 
Ing \"IlShOIl till. 

Chehalis Va lley is wide open from Gate to the ocean and the 
Columbia would have taken that course, had it e\'er crossed 
the divide at Napavine. And, finally, the troughs of Puget 
Sound, eroded in Pleistocen e deposits, arc interglacial, not pre~ 
glacial, in age. 

It is believed that any attempt to explain the origin of the 
topog)'aphy of Puget Sound by one process is doomed to fail~ 
Ure, that the troughs ha\'e had a polygenctic origin, and that 
study of each trough is necessary to solve the problem of its 
genesis. Later in this cl18pter, the vurious troughs will be 
considered individually and this conception developed in more 
detail. Se\'eral of UIC hypotheses advanced earli er have touched 
upon the truth, Preglacial and interglacial stream erosion 
have funct ioned, glacinl erosion has operated apparently in eer-
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tain situutions, and glacial deposition has increased the height 
of some hills relative to the adjacent troughs, during the "ashon 
glaciation. Of these several processes, that of interglacial 
stream erosion has been by far the most important. 

The evidence for the predominance of this process may be 
summarized as follows: 1\1ost of the troughs show the char~ 
acter and relations of stream valJeys, and they post·date the 
deposition of the Admiralty sedi ments, and antedate the Vashon 
glaciation. Data have already been presented (eh. VII) 
whieh bear on the above points, and more will be ad,'anced in 
the following paragraphs. 

THE INTERGLACIAL DRAINAGE SYSTEM SOUTH OF THE 
STRAIT OF JUAN DE FUCA. 

After the Admiralty glaciation, uplift of the region of Puget 
Sound occurred, accompanied by local defonnatioll of the gla­
cial deposits. This post-.Admiralty uplift was probably about 
1,000 feet greater than that which has followed the Vashon 
glaciation and produced present alti tudes. A long pause in 
crustal movcmcnt followed, while stream erosion cut deep val­
leys in the surface of the plain. Since the material was un­
consolidated and the stream gradients were high, the work 
of eroding a drainage system was brief compared to the dev­
elopment of such on a rock terrane. 

The stream valleys which were eroded at this time in the 
Admiralty g lacial deposits were masked but little in general 
by the Vashon glaciation. Locally, they were apparently 
deepened by erosion of tile Vashon Glacier. Valleys lying at 
right angles to the course of ice movement were obscured more 
than those with other orientation. In the southern part of the 
basin, the troughed topography was completely obliterated by 
the peripheral deposits of the Vashon Puget Sound Glacier. 

ITEMS CO~TROLUNG THE RECONSTRUCTION OF THE DRAINAce 

SYSTEM. 

Any attempt at reconstruction of the interglacial drainage 
system must recognize the follo\\' ing items: 

(1) The eie"atiolls of the Pliocene topography \\·hich rose 

, 
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above the Admiralty drift plain, and controlled the inception 
of the interglacial drainage pattern: 

(2) The original slope of the Admiralty plain: 
(3) The possible deformations of this slope. 
(4) The orientation of the major troughs of Puget Sound. 
(5) The relation of the Vashon till to the interglacial val-

leys. 

(1) ELEVATIONS OF TilE PLIOCENE TOI'OGRAl'HY ABOVE THE 

AnMI1I;ALTY PLAIN. In the consideration of this item, account 
need be taken of but two areas, besidf's the hills and mountains 
margining the structural basin. 

The Blue Hills /kre situated centrally in the basin. They 
rise !l few hundred feet above the ridges and plateaus of drift 
which separate the troughs of Pugct Sound. These hills lie 
between the two master troughs now flooded; Hoods Canal on 
the west, and Admiralty Inlet on the east. Though not suf­
fi ciently elon1;ated to serve /kS a divide, the area of the Blue 
Hills must have been the effective factor in detcrnlin ing the 
consequent drainage which produced these two g reat troughs. 

The Black Hill, constitute a larger and higher remnant of 
the preglacial topography. (I'hey lie north of the Chehalis 
River, and separate the Gate and Matlock Pathways1l,.which 
are also preglacial topographic features. In the absence of 
deep borings, noth ing is known of the depth of the drift in 
each broad gap. In this lies the weakest point in the recon­
struction of the interglacial drainage system of Puget Sound 
as will appear shortly. It has not been proved yet that the 
red gravels of the Chehalis Valley II.TC outwash of Admiralty 
age carried through the Gate and Matlock Pathways, though 
the current bedding of the Admiralty grilvels in the souther­
most part of Puget Sound possesses a persistent southward dip 
toward the Gate P athway. 

(fi:) SLOPE OF THE Al)MlllALTY PLAIN. Since the Admir­
alty plain was aggraded probably by water flowing toward the 
south (Ch. VII), the debri s and water being supplied largely 
by the Admiralty Glacier at the north, the original slope must 





Gl.aciation of the Pugd Sound Region ~Ol 

have been southward. The common shallow foreset- or current­
bedding of the Admiralty outwash gravels nearly everywhere 
dip in conformity with this theoretical consideration. This 
fact makes it probable that the red gravels of the Chehalis 
Valley are correlatives of the gravels or the Admiralty plain, 
though granite, the characteristic rock of Pugd Sound drift, 
has not been identified in them. 

Though the region of Puget Sound has been elevated and 
depressed repeatedly since the aggradation of this plain, the 
seacliff sections record only local and slight deformation of the 
strata resulting from these movements. The summits of the 
ridges and plateaus of the former plain become gradually lower 

FlO. 22. Oblique Truncation ot th~ FORsee Bed. ot Q"atull polin Delta. 

southward from the latitude of Seattle or Tacoma and this 
descent may record the original slope of the Admiralty plain. 

We have seen that during the retreat of the Vashon Glacier 
from the Sound, diversion of glacial water from the Chehalis 
Valley at the south, to the Straits of Juan de FUCll at the norlh 
occurred before the front of the ice had receded to the Strait. 
It is entirely probable that the hi story was similar during the 
retreat of the Admiralty Glacier. If so, the Admiralty plain 
in the northern part of the basin should han had a northward 
and westward slope, and this slope should be recorded today 
in a northward and westward dip to the current-bedded sedi­
ments and perhaps also in a gradual lowering of summit levels 
in the same general direction. 
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The Tacoma, Seattle, and J\It. Vernon quadrangles together 
cover a meridional distance of about 100 miles in the basin of 
Puget Sound and must include the latitude at which the Admir· 
alty drai nage abandoned the southward course and beglln to 
flow to the Strait. E xcept near the mountai ns, the summits 
of the ridges llnd plateaus of drift for the whole distance are 
about 550 feet in alt itude, and no e\'idence of the former divide 
is found in the presen t topography. 

Current bedding in tine sand of Admiralty age, beneath 
Vashon till, is exposed in the sea cliff on the east side of l\{ar­
rows tone Island. The dip is almost without exception toward 
the north. Sand of much the same character across Admiralty 
In let on W hidbey I sland possesses current bedding with dip 
in the same direction . T hough this dip does not prevail in 
the Admiralty sed iments of this part of the Sound, it is seldom 
di sputed by southward dip in the cross-bedding, llnd the con­
clusion appears sound that water flowed northward or north­
westward ac ross thi s portion of the Admiralty plain during 
the time of its aggradation. 

The deduction from this consideration of the slope of the 
Admiralty plain is that the interglacial drain age pattern was 
probably controlled by a mid-basin low divide which crossed 
from the Cascades to the Olympics south of the latitude of 
Everett. The Chehalis R iver received the water from the 
southern slope. and from rivers debouching on it from the 
bordering mountain s, while the StrAit of Juan de F ucll re­
ceived the direct and contributed runoff of the northern part. 

(3) PosT-ADUIRALTY DEFORMATION. The strata oC the 
Admiralty drift plain have b~n elevated twice since their depo­
sition, a downward movement intHvening. Since, however, the 
plain is made of terrestial deposits with the st rati tication pro­
duced by constantly ,'arying conditions of swift, sluggish, and 
standillg water in different Iocalities, no stratigraphic methods 
Cor detection of deformation, other than continuous traci ng 
of individual beds, can be used. 

Deformations shown in the sea cliffs oC Puget Sound are only 
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local, though sharply accented in places, and by far the larger 
number of exposures give no suggestion of disturbance. What~ 
ever influence these movements may have had in shaping the 
topography and in determining the consequent drainage, it 

IT 0" JUA,. 0'[ 

11'10. :lB. I Dtua:1aclal D.aJolile Pattern of tile AdmlraltJ' Plain. 

probably was not general. The third faclor thus apparently 

is negligible. 
(4) ORIENTATION OP TilE TaOUG HS OF P UG:£T SOUNO. The 

orientation of the vaUeys of Puget Sound is obviously the 
factor of greatest importance in a reconstruction of the inter-
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glacial drainage system. It must be conditioned, however, by 
consideration of (a) relative depth of troughs, (b) relative 
length, (c) relative width, and (d) the existence of troughs 
containing fresh water, or with floors above sea level. The 
fifth and last point must also be considered in this connection; 
namely, the relation of deposits of Vashon till to the troughs. 

Dy construction of bathymetrical lines from the soundings 
on the U. S. Coast Survey charts of Puget Sound, (Plate 
XXIV) . the forms and proportionate sizes of those parts of 
the troughs now below sea level are well shown. For the por­
tions of the troughs above sea level, the proportions are ap­
proximated by !i!O-foot contours on these charts, and are cor­
rectly delineated for the Seattle, Tacoma, and Mount Vernon 
quadrangles on the topographic maps of the U. S. Geological 
Survey. These maps and charts and a field study of the enti re 
region are the basis for the selection of certain troughs as 
trunk channels, and the grouping of others as primary or 
secondary tributaries. 

(5) RELATIONS OF VASHON TILL TO THE TROUGHS. The 
detailed c"'(amination of nearly every trough has shown that 
the Vashon till manUes thei r slopes down to sea level at least, 
truncating the edges of the horizontal Admiralty strata. (See 
Fig. 21.) This position is entirely in harmony with the first 
Lwo topics discussed, and clearly shows the troughed topo­
graphy of Puget Sound to be pre-Vashon in origin. 

RECONSTRUCTION OF THE DRAINAGE PATT;ERN. 

Briefly summerized, the interglacial drainage system of 
Puget Sound south of the Strait is believed to have consisted 
of three rivers; one flowing north to the valley now occupied 
by the Strait of Juan de Fuca, and two flowing south to the 
Chehalis River (Fig. 23). Admirnlty Inlet is the trunk val­
Icy oC the north-flowing river (Admiralty R iver), and Hoods 
Canal is the main valley of the western river (Matlock PllthrcllY 
River) discharging to the Chehalis. The main portion oC the 
valley of the second southward-flowing river (Gate Pathway 
Rive.r) is thought to be largely obliterated by Vashon moraine 
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and outwash accumulations, but to have lain betwC(!n Nisqunlly 
Reach and the town of Gate, passing through the Gate Path­
way to the Chehalis. ~11e lower portion of the Hoods Canal 
river through the Matlock P athway is thought to be buried 
deeply in a similar manner by deposits of Vashon drift. (See 
sketch map, fig. 23.) 

It was noted earlier that the weakest point in the reconstruc­
tion here advanced is the absence of data on the depth of the 
drift in these two pathways. The suggested reconstruction 
must remain hypothetical until deep borings have been made 
in one of these pathways. At the same time there is so much 
evidence corroborative of the view advanced, that this recon­
struction has been ventured. 

The pattern secured by grouping the troughs of Puget 
Sound into three different river systems has some incongruous 
elements, though in general it is harmonious with consequent 
drainage on the Admiralty drift plain. 

THE GATE P ATHWAY RIVER. A remnant of the former 
trunk valley of this river probably exists in the troughed por­
tion of the Nisqually River valley, between the mouth of the 
river and the head of McAllisters Creek. A broad, pre-Vashon 
valley extends here about five miles southward from Puget 
Sound. Early in the history of Lake Russell , the Nisqulllly 
River emptied into this valley, building the Sherlock Delta on 
the southeast margin of the then existing bay of the glacial 
lake. This delta partially obliterated that portion of the in­
terglacial valley which had previously remained because of its 
position north of the zone of greatest deposition. 

The remaining portion of the trough, lying north of the 
Sherlock Delta (See Plate XXIII), is amply proportioned for 
a trunk valley for the region believed to have been tributary 
to it. Toward it, the Carrs Inlet (Henderson Day) and Cases 
Inlet (North Bay) troughs converge, deepening and widening 
like normal consequent tributaries on n sloping plain, and to 
them in turn most of the minor troughs nnd valleys of pre-
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Vashon origin also converge, deepen, and widen. A study of 
the bathymetrical lines on Plate XXIV will show this clearly. 

In this southern portion of Puget Sound. which is the original 
Puget Sound of Vancouver, the average thickness of the Vashon 
till exposed in the sea cliffs, docs not exceed 10 feet. It is 
locally thicker in stoss end or lee end deposits, as on H artstene 
I sland (See PI. XIX, Fig. 1). South H ead, and elsewhere, 
but the evidence is overwhelming that the interglacial topo-

Ii'IO. 24. North Sbore or RaI l'll Pau.age. ahowlng drumllnohl tl1l rldle. trun· 
eated by lEa dlll'.. Drlwn from l pbOtO&",lph. 

graphy of this portion of the Sound basin lies now almost as 
it did before the Vashon glaciation. There are many minor 
bays and inlets in this region, of which \"ollochet Dayan Hales 
Passage and Vaughns Dayan Cases Inlet are typical examples 
of large size. In such valleys, the Vashon till entirely veneers 
the slopes and descends to sea level with long, smooth slopes. 
Where in places these even-flowing outlines arc cut by sea cliffs, 
Vashon till is everywhere exposed at the top. with stained Ad­
miralty sediments below constituting the real relief features. 
It is evident that these minor valleys antedate the Vashon glacia­
tion, from which they have received a veneer of fresh glacial till 
over the weathered and stained surfaces of the interglacial topo­
graphy. 

Hales P assage is a drowned cross-trough of the old river 
system, the former divide in it probably being near the west end. 
Almost at right angles to the direction of glacial movement, 
it shows an interesting modification of the Vashon till veneer. 
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a modification which constitutes the distingui shing topographic 
feature of the passage. The north slope bears many elongated, 
drumlin-like ridges descending toward tide water at right 
angles to the length of the trough. (See Fig. 24.) A few 
exist on the south side also. (See Pl. XVIII, Fig. 2.) At 
sea level these rounded ridges are truncated by sea cliffs, and 
are shown to be composed entirely of Vashon till. The summit 

FlO. 2::;. COUNIe or Radlatlog TllI Ridge. about Wollocbl't Bay. Arrow. 10-
dlcate tb. ridge •. 

of the bluff along the north side oC Hales Passage thus has a 
scalloped appearance in section, as shown in figure 24. 

m the angle between Hales Passage and Wollochet Bay, 
twelve distinct, truncated ridges of till are to be seen along the 
shore. They appear to radiate somewhat from the higher land 
in this angle, as though in descending .the north slope oC the 
passage basal ice was deflected by the ,'alley of Wollochet Bay. 
(See Fig. 25.) 

A few minor valleys opened northward toward the ice which 
overwhelmed them. Three such valleys lie side by side on the 
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south shore of Carrs Inlet (Henderson Day). The northern tip 
of each peninsula between the drowned valleys is a stoss end 
deposit of Vashon till. The till thins out and its base rises 
from sea level with approach toward the mainland along the 
length of the peninsula, until the bluffs expose only pre-Vashon 
material, severely crumpled by the overriding glacier. South 
H ead is the most conspicuous of these stoss end accumulations 
of till. 

The orientation of Eld Inlet (Mud Day), Totten Inlet 
(Oyster Bay), and Skookum and Hammersley Inlets is appar­
ently anomalous for consequent drainage on this portion of the 
Admiralty drift plain. However, since each is the drowned lower 
portion of a stream valley descending the north slope of the 
Dlaek Hills, their orientation does no violence to the hypothesis. 

Hudds Inlet does not lead back to a valley in the Dlack Hills. 
Its course is directly north and appears out of harmony with 
the restored Gate Pathway trunk river. Hut low rock hills 
lie between the head of this inlet and Little Rock , and probably 
decided the original consequent drainage which produced a 
northward-flowing tributary to a southward-flowing river. 

The course of the trunk stream across Thurston County 
to the Chehalis River can be outlined within fairly narrow 
limits. From the vicinity of Sherlock, it probably flowed 
southwest toward the location of Offuts Lake, thence along the 
area now bearing Rocky Prairie, passing close to Grflnd Mound 
on entering the Chehalis. Practically all olher routes are closed 
because of the known existence of bed rock or Admiralty drift 
wcllo.bove the channel level. The crucial region for the future 
study of this question is the western part of Rocky Prairie, and 
the terminal moraine from three to five miles west of T enino. 
The most constricted portion of the entire valley was here, 
rock outcrops being known within !"t or !!lh miles of each other, 
betwccn which the stream must ho.ve passed. 

Since the system of interglacial valleys that discharged 
through Gate Pathway is now in open connection with Admir· 
alty Inlet, direct evidence must be presented that 0. divide exist-
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FIG. 1. Vashon TlIl Sea elllf at Til) or Cape Horn. 

,"'10. 2. Orlllllllnolu ~'Orlllll or Vallhon '1'111 on Fox Islllnd. 
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ed between the Admiralty River and the Gate Pathway River 
previous to the Vashon glaciation. Should this evidence fai l 
to be satisfactory the entirc scheme well may be rejected al too 
tenuous for serious consideration. 

The Narrows, near Tacoma, uniting the troughs of the Gate 
Pathway River with those of the Admiralty River, crosscs the 
supposed former divide at ahout its narrowest place. A tidal 
range, averaging 16 feet for the inlets constituting Van­
couver's Puget Sound results in a current of six miles an hour 
through the Narrows with every change of tide. Undoubtedly 
this cu rrent is widening the passage and perhaps deepening it. 
All indications are that the Narrows has been widened and 
deepened by tidal cu rrents since the retreat of the Vashon ice. 
The passage is a mile wide, and no wind waves of importance 
can develop on it, yet its walls are as steep as the Admiralty 
sand and gravel will stand, and much of them is bare cliff face. 
Only the surging tidal current can be responsiblc for their 
notable de\'elopment in a water body so narrow. 

The maximum depths of the Narrows is 50 fathoms. Colvos 
(West) Passage and Admiralty Inlet, a few miles north, are 
65 and 100 fathoms deep respectively. Five miles south of the 
Narrows, the depth is again 100 fathoms. Though glacial 
erosion probably has had some pari. ill this deepening both 
north and south of the Narrows, the Narrows is much too 
shallow and constricted, even in its present enlarged condition, 
to be considered a trunk channel connecting troughs to the 
north and south of it. 

The relation of the Vashon till to the Narrows Valley forms 
the final argument for the existellce of a pre-Vashon divide at 
this place. The sea cliffs of practically all inlets of Pugel 
Sound fail to reach to the top of the valley slopes, n more 
gentle slope covered with Vashon tilJ lying above the tops of 
the cliffs. In places the Vashon till descends the sides of the 
valleys to sea level, and theoretically did so originally for all 
inlets. Wave work has since steepened the lower portions of 
the sides of the troughs and removed the \'eneel' of till, leaving 

• 
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it capping the sectiolls and covering the slopes above the cliffs. 
In the Narrows, the cliffs reach nearly to the height of the 
surrounding land, and in 'the oint Defiance section, on the 
east side oC the Narrows, a few feet of Vashon till constitute 
0. flnt cover to the summit of the hill. The interglacial hill 
north of Poinl Fosdick, which is at the junction of Hales 
Passage and the Narrows, has n long, gentle slope to Hales 
Passage on the south, covered with Vashon till, while the side 
toward the Narrows is abruptly truncated to the top, Vashon 
till overlying the stratifi ed outwash of Admiralty age. Figure 
21 expresses this relation, the obseT\'er looking west from the 
Narrows along the trough of Hales Passage. 

From such relations, it appears probnble that at the be­
ginning of the Vashon glaciation, there was only a small valley 
at the site of the Narrows, perhaps tributary to the Gate Path­
way River. A low divide at its head was cut across during 
the Vashon epoch. A considerable part or such incision was 
produced probably by diseharge from the hypothetical lake 
which existed during the advance of the Vashon Glacier. 'Vhen 

ake Uusscll levels gave place to the post-Vashon marine sub­
mergence, and tidal currents were initiated across this divide, 
their erosive power is thought to have been sufficient to com­
plete the trough to the present proportions. 

TUE l\U'l'LOCK PATHWAY RIV£R. Evidence for the former 
existence of a river flowing from the Admiralty drift plain 
through the Matlock Pathway is less definite than for the Gate 
Pathway stream. Theoreti cally, Admiralty outwash should have 
passed through both broad valleys in the manner of the Vashon 
outwash of later date. But it does not foUow that both val­
leys would drain the region afterward, the Vashon filling being 
a case in point, the Matlock Pathway being left gOO feet higher 
than the Gate Pathway. 

The troughs which are connected with H oods Canal, and 
which are, with little doubt, stream valleys or the interglacial 
epoch of erosion, afford the most suggestive evidence in favor 
of the existence of the hypothetical river of the Matlock Path-



Glaciatiolt of the Puget Sound Region 211 

way. The valley of the Grent Arm of the Canal, which joins 
'the Canal at its southern end. is a continuation of Union River 
valley, this stream being the successor of the prc-.Vashon river 
which gave origin to the valley. The broad, deep valley of the 
Tahuyeh Rivcr a tributary to this arm, is similarly oriented 
toward the southwest, a normal position for consequent tribu­
taries on a southward-sloping plain. 

Skokomish River valley, the lower portion of which is of inter­
glacial age, is likewise headed toward the Matlock Pathway. 
The Hoods Canal trough continucs south for three miles be­
yond the head of tidewater, and there stops abruptly, with the 
outwash and morainic accumulations of Vashon age apparently 
damming it from further extension in that direction. 

Dewatto Creek occupies another tributary valley of intergla­
cial origin, correctly oriented for southward flow of the trunk 
stream. This arrangement of tributary troughs is found as far 
north as Qujlcene and Dabop Bay. 

Hoods Canal trough itself fail s to hannonize with its tributary 
troughs in deepening and widening southward. It deepens 
gradually from both northern and southern extremities to a 
maximum depth in the middle. Such cannot be duc to original 
stream erosion. Elsewhere in this paper it will be explained 
as a result of Vashon glacial erosion. Whether due to this or 
to crustal movement. which is the only plausible alternative 
view, docs not concern us here. 

The seaeliA' sections in the northern part of Hoods Canal 
fail signally to indicate an interglacial divide, as at the Nar­
rows. From the tip of Toandos peninsula northward to Port 
Gamble, the eastern slopes of the Canal arc low and bear a 
cover of Vashon till with characteri stic flowing contours. The 
till here aHa ins a maximum thickness of more than 50 feet, and 

Admiralty material is seldom exposed. A more favorable 
s tretch for the location of an interglacial divide is between Port 
Gamble and Hoods Head, where Admiralty sediments arc more 
common in the bluffs. nnd where few gentle slopes bearing 
Vashon till exist. 
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A certain feature of the region of F oulwealher Bluff renders 
the location of an interglacial divide difficult; indeed, makes it 
problematical whether any such divide ever ex isted. It is the 
occurrence of "through valleys," troughs which ap pear to have 
crossed the ridges between H oods Canal and Admiralty Inlet, 
though not to have been very deep, being more like considerable 
notches across the hills. Such are (1) the trough containing 
t.he P oulsbo channel of Lake H ood, (9l) the valley across the 
peninsula just south of Foulweather muff, and (8) the valley 
west of Hoods H ead. If formed by interglacial stream erosion, 
they apparently must be referred to head ward erosion of streams 
on opposite sides of a divide. 

The shallowing of Hoods Canal about F oulweather muff ac­
cords with the conception of a former divide in this region, but 
shallowing of the same a ppa rent character e.'Cists at the mouth 
of Admiralty Inlet where, without doubt, a principal drainage 
way to the Strait formerly existed. The whole r egion must 
be treated at present as one too greatly altered during Vashon 
glaciation to permit the interglacial topography to be deciph­
ered with the degree of success possible farther south in the 
Sound. 

THE ADMffiALTY RIVEt. This river system suffered most 
from the Vashon glaciation. (1) Erosive action of the ice in 
the p~exi sting troughs was greater because of its more north­
ern position, and because of the greater capacity of its trunk 
valley. (2) Vashon till is thi cker than in regions farther 
south, in some places attaining a thickness of 100 feet. The 
evidence, however , is convincing that the greatest of t he inter­
g lacial rivers of the Admiralty plain flowed northward through 
the valley now occupied by Admiralty Inlet. 

The Admiralty R iver system is widely at variance with a 
consequent stream pattern. Bathymctrical lines and the sea­
cliff sections make it appear that the Colvos (West) Passage 
river flowed south, possibly from Dogfish (Liberty) Bay, and 
very probably from Blake Island at least, to Tacoma., there 
joining the Admiralty R iver and completely reversing its direc-
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tion of flow, an impossible thing for consequent drainage on an 
aggraded plain. The Dyes Inlet and Washington Narrows 
stream also flowed south to Sinclairs Inlet, which was t ributary 
to the Colvos Passage river. Sinclairs Inlet, and Gorst Creek 
which enters it at its head, lie largely in a preglacial valley ex­
cavated in T er tiary rock, which was re-excavated during the 
interglacial epoch and in some places failed to be located in the 
old course. Its orientation as a cross-trough is due to control 
by the underlying rock. 

The same incongruity is shown in the orientation of the Lake 
Washington and White River troughs east of the master valley. 
Neither of these discharged to the Admiralty River by way of 
the Elliott Bay valley, through wruch they now reach Puget 
Sound. The Duwamish Valley, extending from Seattle Rur­
bar to Renton Junction in the White River trough, is con­
stricted by rock outcrops a l ew miles south of Seattle, and could 
not have been more than a minor interglacial valley. The Puy­
allup trough at T acoma is, howeve r, sufficiently capacious 
lor the purpose. It the interglacial river in the Lake Wash­
ington-White River trough flowed south to the Puyallup Val­
ley before joining the Admiralty River, whose Bow was north­
ward, it duplicates thc Colvos Passage River in its anomalous 
relation to the trunk stream. 

The depth 01 Admiralty Inlet suffers a remarkable diminu­
tion northward toward the Strait. From an average depth of 
100 lathoms, it shallows to 40 lathoms at its entrance into the 
Strait 01 Juan de Fuca. The Strait is also shallow in a way 
that suggests Vashon deposits. In Admiralty Inlet, the shal­
low portion is ind icated on the Coast Survey char ts as pos­
sessing a rocky bottom. If t his is bed rock, and not t ide­
swept drift bowlders, it apparently must indicate a consider­
able bowing up of the basin floor since the Puyallup intergla­
cial epoch, II. movement which has not been found recorded in 
the adjacent hill summits of the Admiralty drift plain. 

From this long recital 01 objections to consideration of the 
Admiralty River as normal, the reader may turn with a sus~ 
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plClOn that river erosion did not produce the trough. All ex­
amination of Bainbridge Island, lying between Admiralty Inlet 
and Port Orchard Inlet, should do much, however, to bring 
conviction that interglacial streams ha\'e formed the northern 
troughs of Puget Sound. 

According to the hypothesis ad"ocated, Bainbridge I sland 
represents 0. divide between two parallel stream valleys, and if 
it has not been too greatly obscured by subsequent glaciation, 
evidence should be found to prove this contention. The island 
possesses six minor drowned valleys which arc easily made out 
from any map of the coast line. Of these, the best dcveloped 
are Dlakcley H arbor and Eagle Harbor on the cast side, and 
Greek Georges Day on the west. 

Eagle Harbor is drowned for more than two miles back from 
Admiralty Inlet and the valley extends nearly a mile farther back 
into the island. A striking fcature of Eagle Harbor valley is 
the presence of drumlinoid fUrrows and ridges descending the 
northern slope of the cast and west valley, and, in less perfect 
form, ascending the southern slope. These broad ridges paral­
lel tIle direction of movement of the Vashon ice, and arc com­
posed of Vashon till, overlying Admiralty sediments. They 
are comparable in every way, except size, to the till ridges of 
Hales Passage and Wollochet Day. Wing Point, at the mouth 
of the harbor, is an exaggerated ridge of this character. 

Greek Georges Day extends back into the island for more 
than half a mile, and possesses a broad embayment at its head. 
Lodge moraine deposits of the reheating Vashon Glacier lie in 
this embayment and clearly indicate, with the Eagle Harbor 
drumlinoid ridges, the pre-Vashon origin of these minor valleys, 
and the failure of the Vashon ice to obscure them. 

Sea cliffs of Bainbridge I sland show the same relations be­
tween the underlying Admiralty sediments and the Vashon till 
that have been found in the southern part of Puget Sound. 
Long-contin ued subaerial exposure has weathered and stained 
the more porous Admiralty material, and stream erosion has 
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carved the minor valleys which today constitute the indentations 
in the island coast; line. 

The 10, QO and SO fathom lines off the east shore of the 
island afford further information on this subject. Blakeley 
Rock, which lies off the mouth of 13lakeley Harbor, is situated at 
the tip of a submerged divide continuing out from Wing Point. 
The Eagle Harbor drowlled valley continues south from the 
mouth of the harbor to the Blakeley Harbor valley, within 
Blakeley Rock and the submerged divide, before entering the 
major trough of Admiralty Inlet. (See Plate XXIV.) This 
disposition of the submerged contours harmonizes perfectly with 
the conception of origin of this topography by stream erosion, 
and can hardly be explained otherwise. The great increase in 
gradient, just after union of the two valleys, shown on Plate 
XXIV, is due to dC(!pening of the main trough subsCXJ.uent to 
development of these minor valleys. It will be dealt with pres­
ently. 

It is evident from the preceding paragraphs that the problem 
of the interglacial drainage system, at least north of the Nar­
rows, is highly complex and still far from solution. Careful and 
detailed e:..-:amination of the troughs by futUre students should 
throw more light on the subject. 

8UB-).tATURITY OF TILE INTERGLACIAL EROSION. 

By the close of the Puyallup interglncial epoch in Puget 
Sound, the streams of the region had brought the Admirnlty 
drift plain Itlrgely to a condition or slopes. The broader plateau 
portions of the drift of Puget Sound at present arc due usually 
to deposition of Vashon till and outwash, as Willis has well 
shown for the Tacoma quadrangle. Few flat-topped divides 
of the interglacial topography, with a width of more than two 
miles, exist in the region. 

INTERGLACIAL DRAINAGE NORTH OF THE STRAIT OF JUAN 
DE FUCA. 

The extent of the Admiralty drift plain north of the mOUll­
tainous spur interrupting the basin has not been satisfac­
torily detennined. Contemporary drift deposits were laid down 
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in the Wha tcom Coun ty lowland, and were eroded during the 
interglacial epoch by the Nooksak River and other streams. 
Post·Vashon marine and alluvial deposits in these interglacial 
valleys have produced the fertile farming land of Whntcom and 
Skagit Counties. 

THE '·DEEPS" OF PUGET SOUND. 

The soundings on t he two Coast Survey charts of Puget 
Sound show a number of remarkably deep depressions in the 
bottoms of the major troughs. (See Plate XXIV.) They a re 
elongated with the length of the trough in all cases, and cur ve 
with the t rough where located at a bend in its axis. Deformation 
is totally inadequate to ex plain them, and their situation in 
stream formed valleys gives no clue to their genesis. They bear 
a definite relation to the fonns of the troughs, however, which 
throws much light Oil their origin. 

The following list tabulates the important data for each 
deep. 
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FIG. 1. Valhon Till Sea cllrr. Brisco Point. South End of Hartatene Island . 

• 'IG. 2. Vashon Till on Marrol'l81one Island, Admlralt)' Inlet. 
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The above catalogue brings out the close correspondence o( 
deeps to constriclions of the troughs of pre-Vashon origin. The 
converse relation is also largely true; that no pre-Vashon con­
striction in a major trough is without an accompanying deep. 

Another relation of these deeps to the pre-Vashon topography 
is their occurrence at the junction of two southward-trending 
troughs. 

These deep places in the Puget Sound troughs are referred 
to erosion by the Vashon Glacier of the basin . The special 
condition for their (ormation was the passage of the basal icc 
through a constricted portion of a trough which otherwise 
afforded free oJlward mo\'ement, or what is the same thing in 
principle, the crowding of basal icc from two troughs into one. 
Such conditions should flwor erosion. It is conceivable that 
erosion might occur here while on the general surface that was 
overridden, deposition took place. The sU rvi"al o( Ute head­
lands and salients which caused the constrictions indicates thal 
the glacial erosion did not notably widen the troughs. 

The idea of glacial erosion may he carried farUter, nnd the 
great depth of the main troughs 1111l)' he ascribed largely to 
Vashon glllciaJ erosion beneath the thicker icc mass which lay 
o,'er these \'alle),s. An extreme view would be that all of Ad­
miralty Inlet helow 40 fathoms or so, the depth of lhat portion 
with rocky bottom Ilear Port TOlVllsend, had been produced 
by glacial erosion. There is a check, however, by which the 
amount of gracial deepening can be limited. The bathymetric 
chart (Phlte XXIV) shows several submerged salients in Ad­
miralty Inlet and other major lroughs \\·hose position is on the 
inside of It curve in the course of the deeper portion. Those 
off J efferson l)oint and Scatehet (Skagit) Head are chnructer­
istic. Whatever their origin, they seem incompatible with the 
Jlypothcsis of glacial erosion of the larger part of the trough. 

MINOR RIDGING OF VASHON ORIGIN. 

Note has nlready been made of rounded till ridges, oriented 
in the direction of glacial movement, nnd composed of Vashon 
till, which occur on the slopes of the interglacial valleys. The 
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best g roup of such in Pugct Sound is on the north slope of 
Hales P assage. (Fig. 24.) The most striking single ridge 
o( this character is Cape Horn on Hammersley Inlet. (Map on 
Plate XXIV, photog raph on Plate XVIII, Fig. 1.) 

\Ving Point, on Eagle Harbor, and Salmon Day Narrows, at 
the Government lock in Dallard Harbor, nre two similar cases, 
though with less pronounced expression. Till r idges are finely 
developed in the Dogfish (L iberty) Day depression. 

This ridging of the ground moraine is not limited to cross­
valleys, where it seems to find its best development. It also 
occurs on the summits of the drift hills throughout the entire 
region. Almost any east and west traverse of Kitsap County 
or the northern part of Mason County on the Great P eninsula 
o( Puget Sound will describe a consisten tly ascending and de­
scending profile across long till r idges. In contrast with this, 
north and south roads may extend (or miles wi thout much grade 
i( they hold to the ridges or adjacent furrows. In the south­
ern part o( T acoma, such ridges of the g round mora ine have been 
cut across in street grading. They are composed o( Vashon till 
to the base. 

These forms originated apparently by local accretion oC 
g round mora ine, the flowing contours being produced by the 
overriding glacial ice. They differ (rom drumlins in being 
more elongated, and in occurring on an earlier topography of 
greater relief. Where no seetion exists, they may be taken 
occasionally for (eatures of the pre-Vashon topography. They 
are usually much smaller, however, than the r idges of the inter­
glacial topography. 



CHAPTER IX. 

RELATIONS OF GLACIATION OF THE FLA.'iKING 
MOUNTAINS TO THAT OF THE PUGET 

SOUND BASIN. 

Very few data are at hand for an intelligent discussion of 
this subject. Field work bearing on it has been not.hing more 
than reconnaissance, and that only in a limited number of moun­
tain valleys. 

THE OLYMPIC MOUNTAIN GLACIATION. 

In chapter II the relation of the Vashon Glacier of Puget 
Sound to the SkokoOlish Glacier was discussed, and it was 
shown that the greater ice mass pushed up into the lower end 
of the Olympic Mountain valley in the face of a descending local 
glacier. 

Theoretically, with the oncoming of glacial climate, glaciers 
(rom the Olympic and Cascade Mountains would descend to 
the Puget Sound plain before the Cordilleran ice sheet entered 
the basin. The Skokomish Glacier then originally may h.ave 
e."ttended some distance farther dO~TJ its valley, and the arrival 
of the far greater ice mass crowded it back, or overrode and 
destroyed its lower portion. No superposition of Puget Sound 
till on Olympic till is known in the Skokomi~h Valley, but a 
locality a few miles north on Hoods Canal affords a section that 
is to the point. 

On the east side of this inlet, midway between the mouth of 
the Lilliwaup Creek and Hama Hama River, a dark-colored till 
overlying the weathered drift of Admiralty age is exposed in a 
sea cliff. The till is unlike either Admiralty or Vashon till any­
where in Puget Sound. Its color is far too dark, its pebbles 
are subangular instead or rounded, and it possesses no granite or 
other holocrystalline rock. Fine-grained, dark-colored rocks 
prevail, some being basalt, some metamorphosed sedimentaries. 
Pebbles with a bright green vein-stuff, and pebbles of bright red 
jasper are conspicuous in it. The till is l'ery firm. A block 
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several feet in diameter fell from a sea cliff for a distance of 40 
feet without disruption , came to rest on the beach between tides, 
and has since bem carved by the wInes into a stack 10 feet high. 

T he characters enumerated stamp this till as Olympic in 
orlgm. Its rreshness indicates Vashon age, and its position 
directly above the old weathered Admiralty drift shows that 
deployment of Olympic glaciers had filled and crossed the pre· 
Vashon H oods Canal trough, before the Cordillcran ice en· 
tered the fie ld. The position of this t ill , in failing to lie oppo­
site a valley from the Olympics, is evidence that a piedmont 
condi tion of the deployed Olympic ice was attained, to be later 
destroyed by the Cordi lleran Glacier from the north. 

Several exposures about the mouth of the Dusewallips R iver 
show an Olympic till, possessing the same general characters 
(ound in the till above described. It underlies the Drin non D elta, 
and appears along the shore for a short distance north of the 
mou th of the valley, again indicating a deployment of Olympic 
ice beyond the mountains berore the Cordilleran invasion . 
Though Puget Sound Vashon till has not been found to overlie 
it, the occurrence of pebbles of g ranite in the Dusewallips Val­
ley, two miles abo\'e its exit from the mountains, proves that 
Puget Sound ice crowded back that far over the local ice. The 
lack of a g round moraine of the g reater glacier, and the scar­
city of Puget Sound driCt material in the Dusewallips Valley 
may mean that the basal portion of the ice j n the valley 
remained Olympic and only the upper )ce of the Pugel Sound 
Glacier was pushed up the valley. 

Till with pebbles of granite lies on the bottom of the Duck­
abush R iver valley, close to its mouth. H ere the P uget Sound 
Glacier e"idently displaced the local glacier, in the lower vaUey 
at least. 

Granitic ermtic8 have been found by P rofessor H enry L andes , 
State Geologist, for 25 or SO miles up the Elwha Ri,'er valley, on 
the northern slope of the Olympics. This is further evidence 
of the dominance of Cordillernn ice on the 10\\·land. 
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THE CASCADE MOUNTAIN GLACIATION. 

Willis and Smith have identified a plane tract of ground 
moraine in Ule eastern part of the Tacoma quadrangle as the 
deposit of a piedmont glacier supplied from the Cascade Moun- ~ 
tains to the east. This they Ilame the Osceola Glll.!:ier. They 
also consider that a broad glacial sheet spread out from Mount 
Rainier, and met the Cordilleran ice on the Puget Sound drift 
plain. The present study has faiJed to verify this latter con­
ception, as has been noted. It is true, however, that Vashon 
outwash in the southern part of the Pugct Sound basin in many 
places bears a large proportion of Mount Rainier lava, even 
as far west as the Rainier-\Valri cks Prairie drainage channel, 
eroded in the earlier-built Tenalquat Prairie (Chap. IV). A 
terrace of the glacial Nisqually Ri"er is traversed for two "miles 
out of McKenna by the road to Eatonville. Its surface is lit­
tered with coarse material, largely of Mount Rainier lava, many 
fragments bei ng four feet in diameter. Granite is not abun­
dant. Ascent from this terrace is to the ground moraine of 
the Puget Sound Glacier which is strewn with large, angular _ 
bowlders of granite, typical of Puget Sound drift, and among 
which not one bowlde.r of Mount Uainier lava was found. 

The writer's observations in the. Ctlscade Mountains have 
been limited to the Snoqualmie and Cedar River valleys';'in 
neither of which has a line of contact bC<!n found between Puget 
Sound drift and Cascade Mountain drift. Cedar River valley 
below Barneston is of post-Vashon origin, and the stream has 
been superposed on an old driCt topography, doubtless of Puy­
allup interglacial age. The Vashon outwash deposits here are 
so deep that little has been made out of the glacial history of 
the region. it..The Admiralty driCt plain is thought to he recog­
nized in the great drift filling which extends back into the moun­
tain valleys. 

Cedar River appears to have flowed originally to the Sno­
qualmie, but by glacial derangement of the drainage to have 
been turned southwestward through a narrow, mountain-walled 

• 
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valley to en ter the Puget Sound drirt plain at a more southern 
point. 

The striking features of the Snoqualmie R iver valley in the 
mountains are the lower falls, 268 feet in height, and the broad 
fl oodplai n which stretches back from the falls for seven miles 
or so up among the mountains. The view of this floodp lai n 
from the summit of Mount Si, 3,700 feet almost directly abm'e 
it, embraces a remarkable assemblage of stream meanders, ox­
bow lakes and crescentic swamps, the whole bei ng most strik­
ing ly contrasted with the cataract whose abrupt plunge suc­
ceeds thi s aimless loitering course of the river. 
;"'The lower part of the fl oodplain described is bounded by 
bluffs which rise to the high plateau of drift along the western 
foot of the Cascade Moun tai ns, the Snoqualmie here having 
incised it deeply. No ex.posures of the structure of thi s plateau 
of drift are known. T he question of its age must be approached 
from another point of view, one that involves the origin of the 
faUs . ..,.. 

Snoqualmie R iver plunges over a cliff of lava whose outcrop 
rises 100 feet or so a bove the falls on the southern side. On 
the northern side of the fall s is the truncated end of a morainic 
ridge which crosses the valley in line with the cataract. E xcll­
vations for a power plant and a ra iJway g rade have a fforded in­
structi "e sections of this moraine, from which it is evident that 
the moraine is the cause of the deflection of the river to the 
south side of the valley. This deflection has caused the stream, 
in its down-cutting, to bc<:ome superposed on a spur of the pre­
Vashon Snoqualmie Valley, which has given rise to the falls. 
The presence of this moraine across the valley, and the lack 
of down-cutting at t he falls have caused the broad, aggraded 
floodplai n which is so out of harmony with the cataract below it. 
""A number of great terracc-li"ke surfaces above present valley 

floors can be seen in the valleys of Cedar Ri ver and the South 
and MiddJe Forks of Snoqualmie River from the mountain sum­
mits of the region. These terraces appear to lie in a common 
plane, and have a perceptible descent westward:)(. Grouse R idge 
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is one of these flut-topped ureas in the South Fork Valley. It 
lies on the north side of the river and is crossed by the Ellens­
burg Road. It is composed of drift and apparently is to be 
correlated with the deposit of drift in which the huge excava­
tions have been made at Uagnar, on the Chicago, Milwaukee 
and Puget Sound Railway, on the south side of the valley. 

These broad tracts in the mountain valleys, several of which 
are known to be composed of glacial debris, probably can be 
correlated in a continuous proflle of a fonner drift filling. Such 
an aggradation of glacial drift in the capacious valleys of the 
Cascade Mountains further probably can be correlated with 
the Admiralty drift plain of Puget Sound. Though no stained 
4nd weathered sediments have been found in the mountain val­
leys, this filling has been deeply and broadly excavated where 
the floodplain of Snoqualmie Uiver abo,te the faUs now lies, and 
in it have bC<!n deposited two or three recessional moraines of 
a Vashon valley glacier, the terminal moraine occurring at the 
falls beyond the mountain-walled portion. 

No evidence has bC<!n found to show that the Puget Sound 
Glacier crowded back into the Cascade I\lountains as it did in 
the Olympics. Such evidence is not to be expected, since thc 
glaciers from the Cascade Mountains were of much greater 
mass than those from the smaller Olympic Mountains. 

-, 



CHAPTER X. 

PLEISTOCENE AND POST-PLEISTOCENE DIASTRO­
PHISM. 

SYNOPSIS. 

At.TITUD.£ DURI~G TUE ADM IRALTY E pOCH. 

l\fOVf::\IENTS AND ALTITUDJ:: DURING THE P UYALL UP EpOCH. 

A L TITUDES DUIUNG T H E VASHON EpOCH. 

T ilE C H EHALIS V ALLEY THAll'. 

T HE CATTLE POINT MORAI NE. 

THE SQUALICU M D E LTA. 

S H.Et.l.-HEARING TILL O}' 'VHAT COM COUNTY. 

P OST-V ASHON CUANGJ::S I N ALTITUDE 0 . ' THE R EGION. 

l:hGlI-LEVEL l\iARI N'F. SHELLS IN SEATTLE. 

!\lAJtINl:! SHELLS ON TH E RICHll OND DELTA. 

M ARINE SHELLS ON THE S.eQUALICHEW DELTA . 

i\!ARINE SELl ,S AT HIGH A L TITUDES IN THE SAN J UAN IsL­

AXDS. 

B EACH R mcEs OF 'VUATCOM COUNTY. 

CHAMBERS CREEK AND TJI"f: STEI LACOOM Dt: LTA. 

GENERAL CON'SlDERATION'S. 

ALTITUDE DURING THE ADMIRALTY EPOCH. 

T he known history or Pleistocene crustal movement of Pugct 
Sound begins with the retreat or the Admiralty Glacier. The 
lower beds or the Admiralty sediments arc known to contain 
marine shells at altit.udes of a few feet above present high tide. 
The alt.it.ude of t.he land was t.hus slightly lower than at pres· 
cnt. Its attitude did not depar t. much. if at all, from that of 
the present. 

MOVEr.fENTS AND ALTITUDES DURING THE PUYALLUP EPOCH. 

Aggradation of thc drift plain was completed while the land 
lay at Lhia low level. Subsequent to the formation of this ter· 
rcstrial deposit, regional uplift elc\'ated western Washington 
at least 1,000 feet above present altitudes. The deeper Puget 
Sound t roughs produced by the interglacial erosion attest a 
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long duration of this high altitude, probably sufficiently long 
to pennit the development of a graded condition in the val­
leys and the beginning of valley widening. 

The duration of this subaerial exposure was sufficiently long 
to allow weathering to soften the gravel and till exposed at 
the surface. Limonite, from oxidation of surficial material, was 
widely distributc9 by ground water in the deeper Admiralty 
gravels, and caused the staining, which is a conspicuous fea­
ture of the porous Admiralty sediments in the sea cliffs in the 
Sound. A duration many times the length of post-Vashon 
time was necessary for the erosion and weathering accomplished 
during the Puyallup interglacial epoch. 

The uplift at the beginning of the interglacial epoch pro­
duced local deformation or the Admiralty sediments. Admir­
alty gravel at the cast end of Fox Island is faulted in places 
and slightly tilted. Deeply stained Admiralty sand in Mag­
nolia Dluff, Seattle Harbor, is somewhat bowed up in the sec­
tion just south of West Point. The beds or the Quatsap Point 
Delta are faulted slightly. (Sec Plate XlI, Fig. 2.) Various 
other sections show comparable deformations of the various 
sediments composing the complex mass of the Admiralty plain. 

The greatest deformation kllO\\"n in the Admiralty sediments 
is at the south end of Bolton peninsula. The Admiralty till, 
and its overlying gravels and underlying clay, arc tilted to 
the northward and have a dip of 25° . The movement which 
produced this deformation WIlS strictly local, for the entire 
eastern side of Bolton peninsula and the western side or the 
adjacent Toandos peninsula are exposed by sea cliffs, and no 
bint of extension or this disturbance into them has been found. 

ALTITUDES DURING THE VASHON EPOCH. 

At the time of the maximum Vashon glaciation, the region 
stood at about its present altitude. The time of lowering from 
the interglacial higher altitudes may have preceded or been 
contemporanoous with the advallce of the Vashon ice epoch; it 
was attained at least by the time outwash reached Grays Har­
bor at the mouth of the Chehalis. The shell-bearing till of the 
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Laurel moraine may indica te that, locally at least, the sea had 
crept back up the interglacial \'alleys before the advancing 
Vashon ice had reached the northe rn portion of the basin. 

TH£ CHJ::HALIS \'ALLEY TRAIN. 

The Chehalis Valley was filled by the Puget Sound Vashon 
outwash to a level mu ch above the rock floor, and the gradients 
in the valley train, described in Chapter II, were adjusted to a 
sea level not far from that of the present. The 35-foot ter­
race of glacial gravel in the city of Aberdeen, at the head of 
Grays Harbor, possesses stream-bedding from top to bottom, 
with cross-bedding in places descending westward. It is possi­
ble that Vashon outwash buill a marine delta in this protected 
bay, but if so it has been completely destroycd by subsequent 
changes. 

Aside trom the western terminus ot the Chehalis vaUey train, 
no record of the alti tude ot the region was left until glacial re­
treat had opened the Strait of Juan de Fuca, and Lake Russell 
had been drained. Outwash gravels, which, except subglacially, 
or in deltas, had never been deposited below Lake Russell's levels 
in Puget Sound, now came to be adjusted to the sea level of the 
Vashon epoch. The evidence from this is not as conclusive as 
might be expected but gives a range of about 40 teet, within 
which the sea level surely lay. 

THE CATTLE POINT MORAINE. 

The material of the southe rn slope of Cattle Point Hill of 
San Juan Island has the stratification of an alluvial fan. There 
is nothing in the stratification to suggest that it was formed 
in standing water. As exposed in the sea cliff, the subaerially 
deposited strata descend to within 25 feet or so of high tide. 
The sea level was evidently somewhat below this level at time 
of deposition. 

In the bluff overlooking the city of Mt. Vernon, in the same 
latitude as Cattle Point, Vashon outwash gravel shows streamM 
bedding to the base of the exposure, altitude 40 feet. Though 
delta-bedding is present, it occurs only in individual horizontal 
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beds in which the gravel is forcset. This section thus indicates 
that the sea was belo\!' 40 feet above tide when the Vashon 
ice retreated across this region. 

Tn£. SQUALICUlII DELTA. 

A marginal ri,'er formed along the edge of the Puget Sound 
Glacier as it withdrew northward from Squalicum Mountain, 
east of Bell ingham. Its channel is followed by the Bellingham 
Day and British Columbiu Railroad between Noon and Belli ng­
ham, and descends westward to open out toward the bay in a 
broad flat of sand and gravel in the northern part of the city 
of Bellingham. Extensive excavations and railroad cuts III 

the valley of Squalicum Creek ex pose the structure of this 
delta, but the stratification is not in any WIly comparable to the 
beautiful structure of some of the Lake Russell deltas. 

Strata dipping seaward are common, though of no great 
length or thickness. Such forese! beds possess no definite up­
per limit by which the sea le,'el may be determined. Stream­
bedding occurs conspicuously at the top, bearing sandy strata 
with fine cross-bedding dipping seaward. But gravels with 
rude horizontal stratification occur beneath the foreset beds, at 
a vertical distance from the sand too great to fall within the 
tidal range of Bellingham Bay. Beneath the whole is an eroded 
surface of sand, which is as fresh as the gravel above, and 
doubtless belongs to the same deposit. In the upper part of 
the gravel is a persistent clay st ratum one to three feet thick. 

Obviously, this is the deposit of a heavily loaded stream 
which flowed through the Squalicum channel. The plain eaused 
by this delta-like deposit has an altitude of 75 feel. From this 
must be subtracted the variable thickness of the topset boos to 
obtain the height oE the sen at the time of deposition. This 
was perhaps 50 feet above present sea level. Horizontal and 
foreset bedding both are to be found within 50 feet of present 
mean tide. . 

The sea cliffs of the northern portion of the Squalicum delta 
plain show 10-flO feet of clay at the top. Since this is at the 
same level as the sandy and gravelly portions, it must be con-
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temporaneous. It may be f!Xplained as part of the della which 
during the last stages of growth was not reached by di stribu­
tary currents, the clay settling in the still water. This con­
ception demands, however, an altitude of 75 feet for the sea level. 

The Squalicum Delta plain is bounded on the north by ground 
moraine which rises 30 feet above it. Sea cliff scctions show 
foreset gravel beneath the till. The till is probably the result 
of a slight rCildvance of the Vashon ice while the delta was being 
built. 

The conclusion drawn from the Sqmdicum Delta regarding 
sea level du ring Vashon retreat is that this plane lay somewhere 
between 30 and 75 feet above present mean tide. 

8HELL-R~:ARING TILL OF W IlATCOM COUNTY. 

The sea cliffs of the Squalicum Delta and of the shore west­
wa rd along Bellingham llay, display two till sheets separated 
by brown sand, and locally by the overridden portion of the 
delta. The basal till is gray, the upper one is yellow ish. The 
brown-stained sands are identical ill color with the stained Ad­
miralty sedjments. Bolh tills are more argillaceous than is 
usual for Puget Sound, and both contain marine shells, the lower 
one the more. A large, thin, enti re Pecten ,'alve was found in 
the lower till, 

The topography of thi s area immediately north of the Squal­
icum Delta, overlying the shell-bearing stony clay, is hum­
mocky, and possesses numerous kettle holes, It is a typical 
morainic surface, The intercalated foreset beds, above de­
scribed, afforded fur ther evidence that the shell-bearing stony 
clay is a true ground moraine and not n deposit from floating 
ice ncar a glacier front. The stained sand is considered as 
contemporaneous with the deltn gravels, the staining being due 
probably to the almost cxclush'e usc of this porous stratum by 
ground wate)'. 

'l'he sheIl-bearing stony clay, overlying the L au rel moraine 
at an altitude of 100 feel, is essentiaUy the same as this till of 
the llellingham Bay sections. If the latter is a till sheet of 
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Vashon age, produced by two successive advances, little hesi­
tancy need be felt in explaining similarly the marine shell­
bearing stony clay of the Laurel morainc, five and II. half miles 
north. The shells of the Laurel moraine, ]00 feet above tide, 
therefore do not enter our prescnt problem of the hcight of the 
sea le\'el during Vashon retreat. 

POST-VASHON CHANGES IN ALTITUDE OF THE REGION. 

From the foregoing imperfect data, Lake ll.us6ell appears to 
have been between 110 and 130 feet above sea level at its maxi­
mum stage, the plane of which now stands 160 feet above tide. 
But. the history of post-Vashon marine occupancy of Puget 
Sound is complicated more than is indicated by this evidence 
of an upward movement of 30-50 {eet. It is obvious that a 
check might be had on the Vashon sea level from mar inc strands 
if, since the last g laciation, thel'c had been but this upward 
movement. But the occurrence of marine shells o\'erlying 
Vashon till up to nearly 300 feet above mean tide, destroys all 
chance of using such a check. 

Numerous obsen-ers have reported marine shell beds on wave­
cut terraces of postglacial age as high as 30-40 feet in Puget 
Sound. The writer has noted earlier the occurrences of marine 
shells up to 100 feet above tide, inferring from limited data 
that the Vashon sea Icvel was at that altitude. More study of 
the region has shown that. post.-Pleistocene marine strands, re­
corded by shell beds, lie 130 feet above the levels of the Pleisto­
cene Lake Uussell, and pcrhllps 250 feet above the altitude of 
the Vashon sea. 

IIfGII-L£VEL MARIN£ SHELLS IN SEATTLE. 

The best occurrence of marine shells at high Icvel known at 
present is on the west slope of Queen Anne Hill, in the city of 

cattle. The shells arc between Tenth alld Eie\'enth Avenues, 
directly west of the end of McGraw Street. They lie on II. slop­
ing terrace, a foot or so beneath sod and loose soil, but above 
the Vashon till. The shells constitute all almost continuous 
deposit between 195 and 210 feet abol'e tide. The gcnera 
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Madra (clam), Paphia (clam), Cardiu1n (cocke!), Natica 
(snail), Thail (periwinkle), Mytilul (mussel) and B alanm 
(barnacle) were found. The amount and the comminuted na­
ture of the material, the distribution, the relation to the ter­
race and the inedibility of some of the species represented, ren­
der origin of the deposit by human or animal agency very im­
probable. It is a true sea beach with the full tidal range rep­
resented. 

Directly across the Interbay Valley from this occurrence, on 
Fort Lawton HilI, a few brittle fragments of Mytilus shells were 
found in plowed ground at an altitude of flOS feet. No terrace 
exists here. Shells were found also at 180 and 140 feet above 
tide on the Fort Lawton side of the In terbay Valley. 

MARINE SHELLS ON THE KICHlIlONO DELTA. 

A shallow cut along a secondary road which traverses the 
surface of the Ri chmond Delta, a quarter of a mile back from 
the edge of its descent to the Sound, has revealed a bed of shell 

·material, largely comminuted, beneath the forest floor. Shells 
of Balanus, Cardiu11t, Mytilus, a gastropod and several other 
pelecypods were found ill this. The altitude of the bed is 190 
feel. 

A mile north of the delta, 011 the sandy floor of the channel 
which lends to it, fragments of BalauU.f, NaUca and Cardium, 
with other unidentified shell fragments, were found at an alti­
tude of 250 feet. 

MARINE SHELLS ON THE SEQUALlCIIEW DELTA. 

A few pieces of weathered sea shells were picked up on the 
su rface of the Scqualichew Delta at an altitude of 190 feet. 
Alone, they signify little, since they may have been carried 
there. The altitude, however, is the same as that of the bed on 
the Richmond Della, which is very probably in situ. 

:\IA.RIN'E SIlELLS AT lUGIl LEVELS IN THE SAN' JUAN' ISLANDS. 

These islands are composed so largely of rock that the com­
mon beach species with heavy shells, such as the clams and the 
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FlO. 1. Sea ClifT In SOUlh H ill. San Jnan Island, wit h Hook A[J]lended. 

~~JO. 2. EnaLie on Vashon Ground Moraine, near POrt Gamble. 
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large sand-burrowing snail, Natica. are rare in the present lit­
toral fauna. For the same reason, they were lacking during 
the earlier high marine levels. Occurrences of shells on these 
islands are limited to the marshes and pockets of accumulated. 
finer materials in embayments of the rock hills. 

The hi ghest postglacial marine shells yet known in the Puget 
Sound country occur on Orcas I sland. Ditching in a marsh on 
the old Cap. Olden place, near the quarry of the Cowell Lime 
Company, disclosed many clam shells in the clay and peat. 
These were so friable that they crumbled completely on expo­
sure to the air. The altitude of the marsh is 210 feet. A well 
on the property of Mr. H. F. Pearmain, of Deer Harbor, has 
yielded fragments of shells at an altitude of 290 feet, this being 
the highest occurrence yet known. The material in which the 
shells occur is clay for the depth of the well, 15 feet. It is 
undoubtedly a marine clay accumulated in a small mud flat near 
the old sea level. 

San Juan and Lopez Islands possess several shell-bearing 
marshes at altitudes above 100 feet . The Beaverton Valley 
between Friday Harbor and Roche Harbor is reported to have 
yielded clam shells in many ditches. Its altitude is about 100 
feet. Shells are found occasionally in stratified clay on Lopez 
I sland near Richardson, the highest occurrence being in a well 
on Mr. lV. F. Bolton's fann, one mile north of Richardson, at 
an altitude or H!5 feet. 

The most conspicuous record of the former marine submerg­
ellce of the San Juan Islands is the terracing of Cattle Point 
Hill and South Hill. Distinct benches are preserved in the 
sod-hound gravel on the southern face of Cattle Point Hill 
(Plate XX, Fig. fl), the two highest being fl40 and 175 feet 
above the adjacent sea. South Hill has a similar bench at 265 
feet, but none below. 

BEACH RIDGES OF WHATCO.\[ COUN'TY. 

The broad plains of postglacial marine and fluvial aggrada­
tion which constitute the fertile farming country of Whalcom 
County in places bear bench ridges recording the former ma-
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rine submergence. Such beaches arc conspicuous on the plain 
north and west of Laurel. They are somewhat irregular in 
crest, and inclined to be duney, and hence are not used for ridge 
roads. Some are very low and scarcely to be detected. They 
arc composed of clean brown sand with rounded grains. Nu­
merous thin, wavy seams or strata of clay occur in them, but 
no shell remains were found in them. 

The largest ridge observed trends northeast to southwest 
along the edge of a terrace, the ridge being ~o feet above the 
plain on the northwest, and 10-12 feet abmre that on the south­
east. Thi s ridge is cut in three places by the road between 
F erndale and Laurel, and once by the Pacific Highway north 
of Laurel. The course of Tenmile Creek is parallel to the ridge. 

Beach ridges are numerous between Lynden and Sumns, and 
nre commonly composed oC fine gravel. A section afforded by 
one of these showed strata dipping westward, ob\·iously pro­
duced by accretion on the sea\l'ard face of the beach. 

The highest known occurrence of beach sand on the What­
com County plain is east of Everson at an altitude of about 100 
feet. It does not have the form oC n ridge, but Crom its sur­
ficial position and freedom from clay, it is best ex plained as a 
shore deposit on the g round moraine. It contains a peaty layer 
in a position in entire harmony with bettch origin but difficult 
to explain otherwise. 

CHAMBEBS CREEK AND THE ST-Ell.ACOOM DEI.TA. 

The above eviden cc indicates that thc region sank after re­
treat of the Vashon ice, and has risen subsequently to an alti· 
tude somewhat greater than that possesscd during the Vashon 
deglaciation. It is not yet es tablished that these movements con· 
stitute the whole oC post-Vashon diastrophism in Puget Sowld. 
Puzzling relations have been found between Chambers Creek 
valley and the Steilacoom Delta which possibly may add to the 
diastrophic history. 

Chambers Creek is a postglacial stream which has deeply in­
cised the Steilacoom Delta. Gravel, with foresci bedding, has 
been recognized on both sides of the mouth of the creek valley, 
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and the delta plain is easily recognizable in the bluff summits 
on either side. It seems evident that the creek vnlley must be 
postglacial. 

Yet this vnlley is drowned fo r a mile back from the Sound at 
high tide. (See Plate L,,(, Fig. ], nnd Fig. 26.) In itself, 
such drowning might be the result of recent sinking, but the 
following fact needs nn entirely different explanation. 

On the south side of the valley, fully ] ,000 fed back from 
the mouth, marine shells have been found at an altitude of 110 
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FlO. 26. Lower "alley (If Cbamber'S Creek and Enl'!ron~. X·OttUrreDCCI 
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feet. Below them and somewhat nea rer the Sound. though yet 
within the valley, heavy shell beds up to 30 feet in altitude are 
conspicuous. 

The sequence of events recorded in Chambers Creek valley is 
apparently as follows: 

til.) Deposition of the Steilacoom Delta in Lake Russell and 
Nisqually. 

(b) Erosion of the lower portion of Chambers Creek valley. 
(c) Submergence in the postglacial high marine stages. 
(d) Emergence lo present a ltitudes. this falling short of 

the immediately post-Vashon altitudes, leaving the Chambers 
Creek valley partially drowned. Since the land during Vashon 
retreat was SO-50 feet lower than at present, and the base level 
to which Chambers Creek valley has been eroded was lower than 
that of today, the above history requires the insertion of item 

(a1 ) An' uplift exceeding 50 fect before erosion of the 
Chambers Creek valley. 

Before acceptance of this additional upliet and depression, 
with a cOllsiderable interval of erosion antedating the marine 
submergence, the hypothesis must be verified from two differ­
ent points of view: 

(1) Other occurrences of marine shells in ,itu in postgla­
cially eroded, and perhaps parlially drowned, stream valleys 
must be found. 

(2) It must be pro,'ed conclusively that the lower part of 
Chambers Creek mIley is not largely an embayment between 
lobations of the delta front. Since neither has been established 
yet, lhe postglacial dias trophic history of lhe Puget Sound 
basin must sland for the present as (a) depression, which suc­
ceeded Vashon retreat and submergro the region to at least !l!90 
feet abD"e prcsent sea level, and (b) uplift to present altitudes. 

GENERAL CONSIDERATIONS. 

It is of interest to note that this crustal movement was down­
ward after the retreat of the ice, not upward as was the case on 
the Atlantic coast. It does not in this instance bear out the 
conception of isostatic adjustment, consequent on deglaciation. 
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The glacial mass was, however, of relatil·ely slight amount com­
pared to the continental icc-sheets of Keewatin and Labra­
dorean origin. 

Marine shells on lhe bluffs oC Puget Sound are rar!;!ly ac­
companied by wal'e-cut terraces. The nO-foot shell bed on 
Queen Anne Hill lies on a fragment oC a terrace, and a 105-
foot shell bed on Hoods Canal, just north of the Hama Hama 
River, occurs on a definite bench. But the duration oC the 
higher marine stages appears to have been too brief for the 
development oE many shore lines strong enough to persist to 
the present. A further eviden ce of the brevity of the submerg­
ence is the lack of stream deltas at the marine levels. During 
the perhaps equally brief existence of Lake Russell, the streams 
were heavily laden with glacial outwash, and deltas probably 
grew far more rapidly than at an)' subsequent time. 

Little warping or tilting of the region has occu rred during 
these post-Vashon movements. The highest level of the Black 
Lake outlet of Lake Russell is 160 feet. The top of the foreset 
beds oC the Richmond Delta, more thnn 50 miles north, is 165 
feet, and the upper margin of the Redmond Delta, 40 miles 
northeastward, is 160 Ceet. These altitudes have been deter­
mined with aneroid, and more refined measurements may show 
slight deCormation. For general purposes, however, we may 
consider the depression and uplift of postglacial times to have 
been about equal in all parts oC the region. 

There is a final point regarding the Pleistocene deformation 
of the region which is intimately concerned with the hypothesis 
of the Admiralty intergl!lcial river. It is the shallowing of 
Admiralty Inlet ncar its junction with the Strait of Juan de 
Fuca, where the Coast Snn'ey chart indicates a rocky boltom. 

If such shallowing is due to Vashon deposition,"\his gives an 
unparAlleled thickness of Vashon drift of at least 900 fcet, the 
inlet here being shallower than the average depth farther south, 
by that amount. The thickest sections of Vashon till above sea 
level are about 100 feet. This supposed deposit lies, further, 
where erosion, instead of deposition, would be expected. The 
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"rky" oC the Coast Survey chart, under this hypothesis, must 
be considered to indicate a bottom strewn with bowldery drift. 

H this shallowi ng is due to a differential upliCt of the region, 
it should affect also the hills between the trough!. No evide.nce 
oC such has been found as yet. The time of the differential 
movement may best be placed in the late Puyallup or early 
Vashon epoch, when lowering occurred from the high intergla­
cial altitudes. 

The depth oC the Strait must be considered here also. The 
depth is 80 fathoms at P ort Angeles, ·gradually increasing to­
ward the ocean, exactly as a stream valley \\'ould deepen, pos­
sessing a grade of about 9 feet to the mile. Cordilleran icc 
discharged westward through the Strait, as well as southward 
into the Puget Sound basi n, but has leCt no hint of its pres­
ence in the configuration of the bottom oC the Strait Valley. 
This valley at its present altitude is too high to have served as 
the outlet of the Admiralty River, though the evidence that it 
did so se rve is convincing. Its present altitude may be due to 
differential movement of the Strait and Sound regions, or may 
be ascribed to a drift filling which has left a regular seaward­
sloping floor. 

The very deep channels among the San Juan Islands, attain­
ing a maximum or ~04 Cathoms (1.2~4 feet), are largely the 
product of preglacial stream erosion, and demand a dt."ep Plio­
cene Strait Valley, as the Admiralty River demands a deep 
valley to the ocean during the Puyallup interglacial epoch. 
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South Prairie ................................................... 24 '( 
South Tacoma Channel ............................ , ..... . ...... . .... 181 
Spurgeon Creek gladal dralnaKe channel. ............ ,. ................ 6' 
Squak Mountain .................................. , ................. 153 
SquaUcum ~lta .................................••............ . .... 229 
Squalleum ;\Iountaln ......... . ............... . •............. 170·229 
Steilacoom Delta .................................. , . . .. 137·234 
Stellacooro Plains ............................... "......... 136 
SUlaguamlsh IUver ...............................• • .............. 163·166 
StollY Poillt Chanllel and valley traIn ................. • ..... . ...... 43'62.119-,,\ 
Summit lAke .............................•........................ 31-40 
Tacoma ............................................................ 220 
Tacoma Delta (Admiralty aKe)........................... . ..... . ...... 181 
Tacoma. (glacIal) Lake and Delta (Vuhon age) ........................ 128 
Tarr. Ralph S....................................................... 15 
Tenalquat PraIrie out"ll8h................................ .. .... . .... . 62 
Tl.lUlno ......................................... . ...... 28·20",,6'65·02·103 
Tenlno..(lra nd Mound gladal drainage ............ , . . .......... 45 
Upham, Warrcn ................................ • ...... , ........ 12·91)·196 
Vasholl glacial epoch .................. , ............. , . . , .. , ....... , 17·221 
Vasbon glaCiation, age ot .. , •. , ..•.. , .. , •. , .. , ..•. , •..•. , •. , .....•... 36 
Yasbon moraine. ....... , ........... , .. " ....... , ................... 17.23 
Yubon outwasb ......... . ............. 17·36·61 
Vasbon till. relatloll of, to tbe trougb~ ot Puget Sound ........... , ...... 204 
Vegetal deposit. In Admlralt,. sedlmellts........... . ....... , ...... 179 
Waddell. Creek , ..... , ........... , .... , ........ , .......... , ...... ,30·121 
Wurlck. PrairIe ...... "., ..... , .. , .. , .......... , .. , .. , .. ,." .. 88·00·103 
Wublngton, Lake .. , .. , ..... , .. ,." .. ,." .......... , .. , ...... 135·151·156 
Wbat<'!(lm count,' moralne_78. beacb rldgel ........•.................. 238 
Whatcom, Glada' Lake " ..... , ..... ,., ..... , ....•... , ............ , .. 1, 0 
Whtdt>e,. hland .................................................. 183·262 
Whlt.ea Mill • • " ••• "" •••.• ,., •. • • , •.•••.• , .•.••.•••• , .• , .••.• , .• , 40 
Wlekersham ........ .. .............................................. 111 
Wildcat Creek .......... , ...... , ........ , ..... , ..... , ..... ,., .. ,.46-49·~1 
Wllkel. ':::barleB ... ,., ..•.. , .. ,., ......... ,., .. " .... , .. , .... " .. ".10·96 
WUII~ Aalle,. .. "., .. , .. , .. , .. 12-14·16·23-61·133·134·140·1715·178-187·189·197 
Wlog Poillt , .. , .. , .. ,., ... "., .. ,." .... , ..... , .. , ................. 220 
Wllbkab Valle,. ........ , ..... , .. ,., .. "., .. , .. ,."."., .. ".... 41 
WynOO~be Yelle,. " ........ , ..... , .... , ..... ,...... 41 

Yehu PraIrie "., .. , .. • .. , .. , .. , . . •• "."., .. . • .. , ....... •• , ..... ,.68·13 
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