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SBection in Bea Cliff Between Des Moines and
Saltwater State Park

APPENDIX II = TENTATIVE REGIONAL CORRELATION
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the location of Seattle in relation to the last continental
ice sheet that covered this area during the Pleistocene

glacial epoch.

Seattle is composed of rounded hills and troughs
that have a north=south trend, parallel to the north=south
trending Puget Sound lowlands ’the hills are generally below
500 feet above sea level, while the troughs vary from inter~
hill lowlands near sea level to lakes and salt water embaye
ments with thelr bottome considerably below sea level,

Bedrock in Seattle is early Tertiary warine and
continental bgdl whieh have been mapped and described hy
Weaver (1916), who assigned them to the Blakely formation of
Oligocene age. These rocks consist chiefly of marine shales
and sandy shales together with minor amounts of sandstones
and conglomerates which strike about N70W with & high gmgle
of aip (Figs 2). | |

Bedrock is not well exposed in Seattle except in the
southeast quarter of the city where the Blakely formation
erops cut in a belt extending WAV across Beacon Hill from
Seward Park to the Duwamish Valleyj bedrock appears again
along this same WNW trend at Alki Point in West Seattle,
where it passes beneath Puget Sound.

Purpose and Scope of Investigation

This thesis stems from the need for complete, syste~
matically recorded data on the glacial geclogy of the area



Pigure 2, BLAEELY FUHKATIGNVGN BEWARD PENINSULA SBHOWING
b : HIGH ANGLE OF DIP, Beds strilke about N7P0W,

Figure 3. BLAKELY FORMATION AT ALKI POINT, WEST SEATTLE,
Beds are fossiliferous shales and sandstones,




L

ineluded within the city limit: of Seattle., The primary aim
is to establish a groundwork for the assembling of detailed
information needed by engineers on types of waterials and
the localities where they may be expected to ocour at and
below the surface within the eity.

A secondary aim is to work out & general stratie
graphie succession for the Pleistocene Epoech in soittlo which
may be used by other workere in regional correlation when the
FPleistocene stratigraphy and history is integrated over tbo
entire Puget Lowland,

The field work was done between April 1949 and May
1950« The field procedure consisted of recording on twenty-
five foot contour maps every exposure in Seattle whieh could
be relied upon as showing material that had not been moved
since its deposition. BSea ecliffes and artiﬂciai excavations
have given the best data., In addition to complete coverage
of the area within Seattle, visits were made to exceptionally
well exposed neighboring areas; although these so_nniom were
not tied to Seattle by detailed mapping they are 1ncorpcrated

in an appendix for the light they shed on problems of age and

origin of units within Seattle.
Previous Work

Emm reports have dbeen published on phases of the
Pleistocene geology in the Puget Lowland but few have dealt
directly with the Seattle area., Willis (1898) described some
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tion of a soil profile on the :m:fnm of the clay. Vhere
laminated clay is being eroded on hill sides, small tabular |
fragments of eclay are often found in the soil below the oute
erope

Laminated elay is simllar to massive clay in resis~
tanece to erosion, although weaker along bedding plenes and
coarser laminae. Benches and steep slopes are often de~
veloped on layers of laminated elay in the same manner as
those developed on layers of massive clay.

Thiekness and reguiarity of laminae are highly vari-
able, The term “laminated" is sometimes reserved for sedi-
ment in which the layers are less than one centimeter thick,
and those with thicker layers are galled stratified or
bedded. Such deposits grade into massive elay and are not
separately discussed here.

Varved clay (Fige %) is made up of 2 series of simi~
lar pairs of laminations., Bach individual varve is composed
of two wmembersy one thick and one thin, The thick layer is
composed mostly of silt, with some clay and fine sand, but
the thin layer is composed almost entirely of elay., Each
goarse layer grades slowly upward into the everly&ng fine
layer, but the transition from that fine layer upward to the
next overlying coarse layer is abrupt. '

Varved clays sre usually grey, and the fine member is
usually darm than the eoarse. The lo.mn of fine material
are smooth, but the coarse layers are often gritty. Indivie
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dual layers are hard and oohcaiw. but the deposit is easily
broken along bedding planes. |

Varved clays are the most permeable of the three
typgp of glays discussed. Water @vu more rapidly through
coarser layers of the varves than through lsminated or mase
sive clay. Hwovar, as in the case of the other elay depo=
sits, water ecan only move slowly into the varved clays, and
tends to drain out of the hill at the top of the varves.

Each varve (Swedish varve-a periodie repetition or
revolution) represents one year's deposition in 2 glaeial
lake, Varves are usually formed in quiet, cold water lakes,
fed by glaeial meltwaters carrying roeck flour. During the
summer seeson when maximum melting ocecurs, an abundance of
the rock flour is carried into the lake. The coarser silt.
fraction is deposited scon after being carried into the lake,
but the finer eclay particles are held in suspension in the
celdy fresh water. As colder winter temperatures decrease
the volume of meltwater, less coarse material is carried out
into the lzke, and finally only the fine particles from susw
pension are being deposited. The thick coarse layer is
- ealled the summer layer, and grades up into the fine thin_
layer, called the winter layers Increase of mlung and
floods of roek flour in the spring cause an sbrupt change at
the base of the next summer layer, , |

#oathermg in varved clay proceeds in & similar mane
ner to weathering in other clays, although it penetrates into
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Sand deposits may be dssentially massive, or may
show wellwdeveloped horizontal bedding and eross bedding.
Cross bedding is stratification with a layering developed at
an angle to the horizontal, usually within 2 given horizon-
talibcd (Fige 6)e Bedding in sand is often shown by varia-
tion in general grain size, or by secattered coarser material
along & dedding plane, A few pebbles along a bedding sure
face is a common oceurrence in cross bedded sands, and varie
ation through all the range of sand, and even silt and
gravely is common in successive layers of bdedded sand.

The color of sands depends in part upon the type of
meterial from which it was derived, but more on the size of
the grains and the extent of oxidation and staining, Fine
sands and silty sands often have a gray-blue color very
simllar to clays, particularly when wet., Coarser sands are
typieally light brown to light gray. If staining has been
slight the sands are yellowish to light brown, but if
staining has been extreme the sandes will be reddish brown to
dark browne In general the extent of oxidation varies di-
rectly with permesbility, whieh is in turn & funetion of
grain size.

Deposits of sand in Seattle are of both fluvial and
lacustrine origin. The greater portion of sands are probably
fluvial, deposited by aggrading streams in shifting channels,
ususlly &s cross bedded depoeitss The eross bedding is
caused by ourrent action and is typleal of -nand deposited in
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Figure 6. CROSS BEDDING IN SAND PHASE OF THE LAWTON UNIT

L

Figure 7. PEAT BED AT SEA LEVEL SOUTH OF ALXI POINT, WEST
SEATTIE, Clay beds above and below the peat are
iess resistant and have been eroded away by wave
aetions Photograph taken on beseh at low tide,
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river channels, Iacustrine sﬁadz, deposited in shallow
water bodies where current sction is slight, are typically
horizontally bedded and have more uniform and eontinuous
beddi;ins than the fluvial sands,

Band beds in general are weak and easily eroded,
Sand nn.h finer material acting s&s a binder is considerably
stronger than loose sand with little or nc binder. Rapid
erosion in sand beds often produces benches or terraces on
underlying stronger beds. Movement of ground water out of
sand layers juet above more impermeable layers increases
slumping and eliding, which are common in sand units throughe
out the eity. ’

Gravel

Gravel (particle size more than 2 wm) in Seattle is
actually gmveny sandy oontaining enough pebbles and cobbles
to cause the coarse material to appear dominant upon casual
inspection. The size of the gravel renges from the upper
limit of sand to a few boulders o foot or more in diameter.
The gravel is dominantly eomposed of rounded or subw-rounded
fragments of pre-existing roeks, but may also contain
boulders of elay and till.

Bedding in gravelly deposits is similar to bedding
in sand dgmifs, with horizontal bedding and eross bedding
coOmmOns m color of the gravel deposits as 2 whole is
usually light brown to light gray.
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being filled. A peat deposit mhy be formed wherever there
ie an abundance of vegetation and stagnant water in which the
plant material may be laid down and covered. It may be pare
tunta but not completely decomposed by basterial action
before final burial. Continmed accumilation forms a thick
deposit of woody material, and subsequent ecompression gives
the peat the hard and compaet character
in the Pleistocene sediments of Seattle.
Hard silty peat deds, contailning small pebbles,
often have an appearance very similar to silty till, The
hardness, compactness, and virtual impermeabdility of the
peaty layers make them very resistant to erosion. ?nt
layers interbedded with other Pleistocene sediments often
form projecting ledges due to differential erosion (Figs 7).

FOwmmoOn in th' p@&tﬂ

Glaeial Ti1d

Ti1l is an unstratified and unsorted aggregate of
elay, silt, eand, sand gpravel resulting from direct deposie
tion by ice. No sorting or bedding is present. Fresh
glaeial till i usually some shade of gray in color.

Tilil has a sandy, silty, or clayey matrix containing
scattered pebbles, cobblee and boulders, and where these
stones are dbroken out of the $ill, a hard cast is left in
the matrix .(l'ig. 8). Most t1l11 is hard and cchesive due to
the presence of particles of all sizes tightly compressed
together,
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Although till is not bekzhd, an apparent stratifica-
tion is often prement, c¢alled sheeting (Fig. 9)s Sheeting
is structure probably developed in the £ill during its depo=
aitia;n by the thrust of the overlying ise. Another structure
present in till, also due to the movemeni and pressure of
overlying ice, is callsd kneading, and gives the till a mas-
sive, compact, somewhat swirled appearance.

Till 1s deposited at the base of a glacier as it
moves over the ground, and represents, primiu, rearrange=
ment of the original material in a mtiemu location with
Aintroduction of varying amounts of fosrsi&n wamu and
boulders. Ae the glacler advarices,y ti1ll iz plastered over
a;.l the surface over which it rides, leaving a mantle on the
pre~existing topographys. |

Permeability of till varies with the properties of
constituent materialsj clayey till is least permeable, sandy
till more permeable, and gravelly or rocky till most perme=
able. Vesthering proceeds relatively slowly through a clayey
till, bat more rapidly through a sandy till. Development of
2 soll cover on the surface destroys the strength and com~
pactness of the till, making it more susceptible to erosion.
¥here weaihering has been extreme, till becomes & loose,
vrownish aggregate of sand and gravel.

Hardnese, compaciness }";and lack of permeadlility malke
glacial till one of the strongest sediments in the Pleistow
cane uwim; Over wueh of the hills, capping till ies
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Figure 13, VASHON AUVARCE GRAVEL IN A CHARNEL CUT IN THE
LAVWTON Ep'\:}ik‘i:t’l&ylﬁ::o iiii"ﬁ indieﬂtﬁs Chaamlﬁl houn-
darye A block of till (T) and a block of clay
{C) can be seen in the gravel.
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gravel can be traced southward from the e¢ity gravel pite at
Vest Findlay Street through the Xlinker pits to West Myrtle
Street. It is this occcurrence that was previocusly deserided
as the type locality in Seattle of Vashon advance gravel.

The highest unit stiratigraphically, and the one
generally mantling the upland surfaces is Vashon till. The
til1l sheet is thin and in wany cases difficult to recognize
in VWest Beattle, being represented only by somewhat re-
arranged sand or sandy till already weathered beyond recog-
nition, In many other instances, however, this unit is
readily recognized ag a strong till sheet.

Beacon Hill Pistriet

The Beacon Hill distrlot is bounded on the west by
the Duwamish Valley and on the northeast by Rainler Valley.
The northern end tapers to a point at the larine Hospital
where it was formerly separated from Capitol Hill by a shale
low divide between the two valleys just mentioneds This
shallow depression was deepened considerably by the Jackson
and Dearborn Street regrades, giving Beacon and Capitol
Hills a better defined separation than they had originally.
To the south, Beacon Hill is illedefined on its easiern and
southern borders, following approximately Empire Vay where
it departs from Rainier Valley at the junction with Rainier
Avenue (Figs 14).

Stratigraphically the lowest tmit. exposed in Beacon
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Kagnolia distriet are thin dezm;ita of poste=glacial alluvium
deposited over Vashon tills The alluvium is for the most
part bedded silt and sand which varies up to thirty feet in
thiskness, partieularly low on the northern and eastern slope
of Magnolis Hill and the northern slope of Queen Anne Hill.

North Seattle District

The area north of lake Union and the ship ecanal from
Puget Sound to lake Washington is included in the North
Seattle distriet (Pig. 18). : |

 “fhe lowest stratigraphic unit seen in Horth Seattle

distriet is the lawton formation, which is widely exposed
from sea level to 350 feet elevation. On the west side of
North SBeattle distriot, there is little variation from the
type section of the Iawton formation. Thfa ;iautim of the
sand-elay ccntact is about 150 feet, but on the east side the
sand phase-clay phase contact rnu‘ as high as 275 feet above
sen level in the same manner as 1t does in the Capitol Hill
District. \ _ |

The upper part of the sand phase aiong the crest of
Phinney Ridge about 350 feet above sea level has a consider-
able amount of gravel, especially near the contaet with the
overlying till, Similar increase in gravel in the upper part
of the sand pﬁue ogeurs in the West Seattle distriet and the
Magnolia distriet at similar elevations, but not as conspi=
ocuously &3 in the Horth Seattle disirict.
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The next younger unit ;n the North Seattle &:La‘tmet
is Vashon advance gravels In the Send Point Naval Air
Station, gravel pits have been opened up which show a thiek
gequence of gravels in a channel cut in the lawton formation.
The base of these gravels ranges from lake level or lower to
a maximum of thirty-five feet in alevation, and in all cases
where lts base is exposed, it is underisin by clay. The
 gravels themselves range from fifty to more than one hundred
feet in thickness, They can be seen in spotty exposures for
slightly over two miles along the lake shore between Sand
Point and Webster Point. 8o far as it can be determined the
gravel 18 only present along the east margin of the hill,
being represented by clay at & eomparable elevation only a
short distsnce to the west. ‘

The grevel is very little different from the section
of Vashon advance gravel in Weet Seattle. However, the ele-
vation of the bhase of the West Seattle gravel is adbout 250
Teet above sea levels The differsnee indleates that the lce~
warginal streams that deposited the gravels were flowing at
different elevations, and were probably held at these levels
by ice contact with the hill at these elevations.

Vashon till deposition followed immediately after
deposition q_!' the advance outwash gravel, The till in North
Seattle distriet varies from a few feet of nearly unrecoge
nizable till to till as thick as 125 feet. North Seattle is
wore completely mantled with thiek t111 than any other part
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