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This material has been mapped as the Lawton Clay Member of the

122°26'15" 122°26' 122°25' 122°24' 122°23' 122°22'30"
47°4300" ' ' ' 47°4300" Vashon Drift (unit Qvic), of which the coastal bluff exposures
NONGLACIAL DEPOSITS southeast of West Point constitute the type section (Mullineaux
i N N R I s cr T - e }Holocene and others, 1965). . | |
SCICIPRLEA i Coarser advance outwash deposits (unit Qva) mark direct,
YOUNGER GLACIAL DEPOSITS actlYe ice-sheet deposition by streams fl(?wmg from the advancing
glacier. Sandy advance outwash deposits at least a few tens of
- Qur meters thick (and locally as thick as 90 m) underlie the broad
S| o . .
g2 uplands in the central part of the map area. The outwash deposits
g = Qut inundated the pre-Vashon-age topography of the lowland,
{8\ = e 14.5 ka L . :
o) e ’ resulting in a south-sloping surface that is now about 150 m (490
5] 2] . . .
2 g Qua QUATERNARY ft) high at this latitude elsewhere across the Puget Lowland
- . (Booth, 1994); this surface only achieves a maximum elevation of
Quie Pleistocene 110 m (360 ft) in the Seattle NW map area owing to synglacial
and postglacial erosion.
OLDER GLACIAL AND NONGLACIAL DEPOSITS As ice covered the region, till (unit Qvt) was deposited by the
Qb | T 18 ka* melt-out of debris at the base of the glacier. The ground surface
ST 70 ka* underlain by both advance outwash deposits and till locally is
Qp fluted with elongated hills that have a weak but uniform north-
south orientation (azimuth approx 177°) across the map area. The
fluting is expressed more clearly in the southern half of the map
* Dates correspond to boundaries of the Olympia nonglacial interval (Booth and others, 2004) area, on the hill at Magnolia. Immediately north of the Ship
Canal, ridges and valleys trend in the same orientation but are
DESCRIPTION OF MAP UNITS GEOLOGIC SUMMARY Il als is mueh more widespread in this northern area, and it
NONGLACIAL DEPOSITS INTRODUCTION elevation descends to at least as low as modern sea level along
e : . The city of Seattle is located at the center of the intensely the north side of the Ship Canal, as well as across the canal on the
PUGET SOUND Modified land (Holocene).—Flll or extensively developing urban core of the Puget Lowland region. This extreme north point of the hill at Magnolia. Glacial fluting is not
graded natural deposits that obscure or . . . N . . .
. . . . geologic map (herein known [informally] as "the Seattle NW limited to till-covered areas, however, suggesting that surfaces
substantially alter original deposit. Consists of: " . . . .
' map") covers much of the northwestern part of the city of Seattle. underlain by advance outwash deposits (unit Qva) represent
\ Grgdeq areas—Extensively graded areas. Sqme The map area includes almost all of the west half of the Seattle regions where till either was never deposited or was deposited
"- vl ( aut fill likely present. Excludes roadways, parking North 7.5' x 15' quadrangle (in other words, west of longitude and removed while still covered with ice. Where present, till
J e, \ lots, and landscaped areas. Deposits are shown by 122°22'30"). Not included are small parts of Bainbridge Island provides a low-permeability cover to underlying aquifers, which
\ LN NW. 1008 St overprint pattern; underlying units are shown and Kitsap Peninsula along the west edge of the quadrangle; also reduces infiltration and groundwater recharge but also offers
[ e R beneath pattern not included is a small piece of the Puget Sound mainland at the protection from surface contaminants. Till thicknesses average
( - P 2 \ af Artificial fill—Veneer of gravel, sand, and silt, north edge of the quadrangle because it is separated by more than 2.6 m across the map area a}nd are as great as 27 m in some
47°42' + | . "\ intermixed with concrete and other materials; 2 km of water from the rest of the Seattle NW map area (note that boreholes. Even thicker till is exposed northeast of West Point
. = placed as direct result of human activity. Shown this area will be added on to the adjacent [informal] Seattle NE and northwest of the "Ballard Locks" in a near-vertical 30-m-high
A | qarae where borehole data id ffici map to the east, which is in preparation) cliff that faces Shilshole Bay Marina.
provide sufficient p ) prep . ' oay ) '
/ﬁ F NW. 96th St. | information to delineate extent and where greater The Seattle NW map area covers the part of the city of The matrix of the till differs from place to place in relative
S \ than about 3 m (10 ft) thick over at least tens of Seattle that straddles Salmon Bay and the west end of the Lake proportions of silt, sand, and (usually sparse) clay. The till
. ( meters in lateral extent. Thickest fill overlies Washington Ship Canal, which connects Puget Sound to Lake mostly is gravelly silty sand to gravelly sandy silt; in many
H \ tideflats of Interbay, where as much as 6 m (20 Washington, about 8 km east of the map area. Land uses are places, it is crudely stratified and contains lenses of sand, gravel,
\ ft) of fill overlie 15 m (50 ft) of refuse. Thin mainly residential; however, associated local commercial centers and silt. Cobbles and boulders are scattered throughout the till;
\ deposits of fill are present elsewhere throughout are present in the neighborhoods of Magnolia, Ballard, Crown boulders more than 3 m in diameter are rare. Unoxidized till is
( map area but are not mapped owing to lack of Hill, and North Beach, and some industrial activities take place light gray and compact; where oxidized, till is light yellowish
l information. Loose to dense. On map, deposits adjacent to the Ship Canal. Within the boundaries of the map gray and generally is moderately dense. Although a weak brown
/_/ ° are shown by overprint pattern; underlying units area are located a regional wastewater treatment plant at West soil is developed on the till, oxidation rarely extends more than
/ DY NW. 90th St are shown beneath pattern. Labeled (as af) only Point, the Chittenden Locks (also known as the "Ballard Locks") about a meter into the deposit.
L ( ]\\ ’ T e on cross section. Locally consists of: near the west end of the Ship Canal, cargo and fishing-fleet Vashon till typically is very dense and has a fine-grained
Qpf—= %, “ . . : facilities at the port of Seattle, two salt-water marinas, and large matrix, but structural or stratigraphic discontinuities locally can
olden Garadens rari R J . . . . municipa arks in Magnolia an at olden ardens Park. 1ncrease 1ts permeabilit several orders of magnitude, allowin
Golden Gard park \ Qva r { El?:rﬂ:iled dvjzfllscorirrizg’brlscaknsd’ coa:illld wc?cl)l(;’ icipal parks i gnoli d Gold Gard k ' its p bility by Iord f magnitude, allowing
N oL ; Elevations range from sea level to a maximum of more than 120 faster transmission of water and contaminants. Depending on
\ Vi . refuse, and other types of debris materials; placed . . . . o . .
. . . m (400 ft) on a till-covered knob in Magnolia in the southern part subglacial conditions at the time the till was formed, as well as on
o | { CROWN over tideflats of Interbay during first half of 20th . . . . o . . L . .
¢ . of the map area. Previously published geologic maps of this area postdepositional strain, the discontinuities consist of intercalated
o — e \ | HILL century. Maximum depths of refuse exceed 20 m . . . ..
\{ TN | | (70 ft). Deposits are shown by overprint pattern: include those of Waldron and others (1962), Galster and Laprade sand and silt layers, bedding planes, and (or) joints.
NORTH o ) ’ Shortly after 17,400 (14,500 radiocarbon) yr B.P., the ice
-<l/ BEACH s \ ) / underlying unit is shown beneath pattern (1991), and \.(ount.an.d others (1993). . y : (14, )y ’
- =N NW. 85th St. H — . Seattle lies within the Puget Lowland, an elongate structural margin, which extended more than 50 km south of the map area,
@ | ’ \ \\ ° Q'b -.| Beach deposits (Holocene)—Loose sand and gravel; and topographic basin between the Cascade Range and the began to melt back. Meltwater from the ice sheet combined with
< [ | \/K deposited and (or) TCWQIKGd b}{ modern wave Olympic Mountains. The Seattle area has been glaciated runoff from the Cascade Range and drained southward and
é , \ action.  Includes organic material accumula'ted repeatedly during the past two million years by coalescing westward, spilling over divides that later were abandoned as ice
o l | at or near sea level, particularly at.WCSt Pomt. glaciers that advanced southward from British Columbia. The pullback exposed lower divides farther north. By the time that
%, | | Deposits above 2.7 m (9 ft) CICV?UOH (City of landscape we see today was molded by cyclic glacial scouring the Seattle NW map area was uncovered by the retreating ice,
Yy ) l Seattle datum) are concealed by f11'1, except for and deposition and later modified by landsliding and stream proglacial drainage was well established across most of the
%/4/ | l part of Golden Gardens Park, wherein lies one of erosion. The last glacier reached the central Puget Sound region eastern and southern lowland. Water was impounded in a lake
2 J s | very few remnants of unmodified beach in city of about 17,400 (14,500 radiocarbon) yr B.P., as measured by 14C that inundated much of the central and southern Puget Lowland,
- NW. 80th St. | Seattle. Unit is commonly present, but generally dating, and it had retreated from this area by 16,400 (13,650 including the map area, because more than 1,000 m of glacial ice
/ | . not mapped, along shoreline below 2.7 m (9 ft). radiocarbon) yr B.P. (Porter and Swanson, 1998). Seattle now still filled the Strait of Juan de Fuca.
\ Loose to dense sits atop a complex and incomplete succession of interleaved The first of two main recessional lakes (Glacial Lake
| | Qtf Tideflat deposits (Holocene)—Silt, sand, and organic glacial and nonglacial deposits that overlie an irregular bedrock Russell) drained out through the Black Hills into the Chehalis
) . | sediment and detritus; historically exposed in surface. These glacial and nonglacial deposits vary laterally in River, many tens of kilometers south of the map area (Thorson,
/ S | broad coastal benches at low tide but now fill both texture and thickness, and they contain many local 1980). Although the elevation of the Black Hills spillway was
o / ‘ l covered. Loose to moderately dense unconformities. In addition, they have been deformed by faults only about 41 m (134 ft), the ancient shoreline of Glacial Lake
47°41" ¢ / | T Tamw Mass-wastage deposits (Holocene)—Colluvium, soil and folds at least as recently as 1,100 years ago, further Russell is now higher because the land surface of the Puget
/ \ ‘ SPPTR Y E S 5 P . . TS complicating the geologic record. Lowland has rebounded following the removal of the weight of
1 47°41 and landslide debris having indistinct . . . -
o / | morpholo Mapped on  steep  slopes The landforms and near-surface deposits that cover much of the ice sheet. More rebound occurred in the north than in the
§ ( \ partiiularliyélong ra\I/)ilrjles i coastai) bluffs o% the Seattle NW map area record a relatively brief, recent period in south because the ice sheet was thicker to the north. In the center
ic hi ion. i i of the Seattle NW map area, rebound has been about 45 m, and so
N \ /AJ Puget Sound.  Loose to moderately dense and the geologic hlst.ory of th§ region. The topography is dominated ' p
ol \ o soft to stiff. Thickness typically about 3 m (10 ft) by two broad hills that rise from sea level to form part of an the shoreline of Glacial Lake Russell should have a present-day
y /@ . \ 4 but locall ‘ma exceedylle my(30 ft). On ma extensive upland plain. This plain is mantled by a rolling surface elevation of nearly 90 m (300 ft). Most of the land in the map
S § S \ / cally may J P, of mainly sand (unit Qva) and till (unit Qut) that was deposited area therefore was submerged, and so little or no record of this
N < S deposits are shown by overprint pattern; . ) . . . ) .
S N G \\ Ve . underlvine units are shown. on the basis of during the last occupation of the Puget Lowland by a continental interval remains here; much clearer expressions are found farther
Cg()D ,,"l,z'l 3: —_—— _/___/J subsuri‘]acf data. beneath at’tern Labeled (as ice sheet. Beneath these ice-sheet deposits is a Complex north (see, for example, Booth, 1987) The Seattle NW map area
g Qmw) only on cr<’)ss section pLocali consists of: succession of older sediments that extends far below sea level became ice free during the existence of Glacial Lake Russell.
i « y ) ' ) y ’ across most of the map area. These older sediments are now The second water body, Glacial Lake Bretz, was formed
L Landslide deposits—Diamict of broken to exposed where modern erosion and landslides have sliced through when ice retreated far enough north to uncover a lower spillway
. ."l,r"'Q A . internally coherent surficial deposits that have the edge of the upland, most notably in coastal bluffs along Puget on the northeast corner of the Olympic Peninsula, about 40 km
%V?l - been transported downslope en masse by gravity. Sound. northwest of the map area (Thorson, 1989). As with Glacial Lake
. i N -, Discriminated from other mass-wastage deposits Russell, the ancient shoreline of Glacial Lake Bretz now slopes
e o o, { . ot by thickness of identifiable slide deposits, by STRATIGRAPHY AND HISTORY southward because of differential rebound. In the Seattle NW
el a o ¢ ¢ lateral continuity, and by presence of coherent Bedrock map area, the calculated elevation of the lake surface ranges from
. . . . . , . . . blocks of geologic materials. Located primarily ) ] ) ) about 37 m (to the south) to 47 m (to the north) (approx 120-150
‘ i ¢ . Fl along coastal bluffs of Puget Sound, particularly Eocene t(? M¥ocene Vqlcanlc an}i sedimentary rocks deposited ft). Glacial Lake Bretz likely did not persist for more than a few
‘ N - u where coarse-grained deposits (most commonly, as forearc basin fill underlie the entire east-central Puget Lowland decades because of rapid rates of glacier retreat (Porter and
e . % " - unit Qva) overlie fine-grained deposits (either unit (Yount and Gower, 1991; Tabor and, others, 2000). Bedrock Swanson, 1998), and so thick lake deposits are not likely. The
. Lo ot g Quic or Qpf). Slumped blocks hundreds to throughout the Seattle NW map area is concealed beneath more single large patch of recessional outwash deposits (unit Qur)
N L thousands of meters in lateral extent are than 500 m of unconsolidated sediments (Jones, 199'6); t.he c'losest mapped on the north side of North Beach, which has a maximum
s o prominent above Golden Gardens Park and along bedrock crops out about 8 km to the south on Alki Point, in the elevation of 43 m (140 ft), likely is a subaqueous fan containing
. ° ‘ south shoreline of Magnolia; a large slide, adjacent [informal] Seattle SW map area (see Troost and others, sediment derived from several upslope gullies incised into
. BALLARD inferred from topography, likely offsets contacts 2005). advance outwash deposits (unit Qva) along the margin of Glacial
= 2 ' R . i diatel t of West Point. O , . . i i i
] | e - . e immediately east o est roint. n map Quaternary Stratigraphic Framework Lake Bretz. Although exposures of this deposu ('unlt er) are
o ) R ‘. o o deposits are shown by overprint pattern; ] ) o ) very poor, shallow subsurface data show that it consists primarily
- . \ 1\ - underlying units are shown beneath pattern. At 'lea'st seven 1invasions 9f glaleal ice and 'alternatlgg of medium-density silty sand and at least one local area of
i op Quic . .t Labeled (as Qls) only on cross section nonglacial intervals have left a discontinuous geologic record in gravelly sand and gravel.
Qut Qvie o u . . y Qf Alluvial fan deposits (Holocene)—Sand, silt, gravel, the Puget .Lf)Wlénd '(Blunt and o.thers, 19.8.7; Booth ar}d Othe.rs’ Further retreat of the ice sheet reconnected Puget Sound to
o 8 ] . i ; : ’ the open ocean, allowing regional water levels to ta about an
. . .'- -' and cobbles; deposited in lobate form where 2004). Originating in the mour'ltalns of British Columbia, the ice he op llowing regional level fall by ab
. Qob ” J\'({ ° o o . . . streams emerge from confining valleys onto areas was part of the Cordilleran ice sheet of northwestern North additional 40 m (Thorson, 1989). Thus, the late-glacial marine
: [Jf . ), . o o, o® of reduced gradients. Mapped deposit grades America. During each successive glaciation, the ice advanced limit is near the south edge of the Seattle NW map area; farther
s 2N o O e’ « * e SN . upvalley into alluvium lacking fan morphology into the lowland as a broad tongue, named the Puget lobe by south, any deposits associated with this recessional stage are now
P . . . . . .
47740’ - . o % N . 4 . Loose to dense Bretz (1913). In an area where each glacial and interglacial submerged below modern sea level because the amount of
) .y . % 5 * . ; ° Qvic ’ ) . depositional sequence looks alike, differentiating glacial and isostatic rebound has been exceeded by that of postglacial eustatic
. s A, (/— (T A};"' "2 - 47°40 Ol Alluvium  (Holocene)—Sand, silt, gravel, and nonglacial deposits requires laboratory analyses and age sea-level rise. A low terrace 10 to 20 m (35-65 ft) high along the
. Cowt / \ . | L Qvic A m |\ cobbles; deposited along Pipers Creek by running determinations (Troost, 1999). east side of the hill at Magnolia, which has been included in unit
° %0 o e . — n ° ° . . .. . . .. & . .
L [ ,,,\‘. ' { ~— |\ o - S '\': R TLS "Ballard Locks" . water. Loose to dense Different depositional environments yielded distinctly Qur, probably dates from this stage of ice retreat, but its
. ‘ .“:ﬂQV‘C”/.' ‘ YU, ° ) ~ . K . different glacial deposits, the following of which are recognized intermediate elevation relative to the specific glacial-lake and
Bota 64765 : >, /,:;’ | . { AT~ \Qf. P o YOUNGER GLACIAL DEPOSITS in the region: (1) proglacial lacustrine silts and clays that resulted marine water levels makes its origin somewhat enigmatic.
° ° Bet 6477:a ” BRI —~ Qua / | \\ (7r Ve . 7 <s ¢ N s Deposits of the Vashon stade of the Fraser glaciat- from the damming of the Strait of Juan de Fuca; (2) advance
. Peta- ..."‘ . a " { ) [/ A N/ e P 4 . ion of Armstrong and others (1965) (Pleistocene)— outwash sand and gravel deposited by streams exiting the front of Postglacial Processes and Deposits
WEST o *Bota-64761 3, .’:"' ¢ 2Ng N/ | (e 8 -f! g ‘ Consists of: the advancing glacier; (3) till—a heterogeneous mixture of silt, Geologic activity since glaciation includes soil formation,
POINT . '# Eéta:-f:s;G;:.-..' . .;‘ .'_{" \ . J ; \/ oo - . ° " 6’))9 Qvr Recessional outwash deposits—Stratified sand, s}elmd,lgrgvel,ma)nd clay.—deiposited lllmderdanddalong lth; malﬁgig of widespread slope failure and cliff retreat, beach erosion and
e ] S . ¢ « " g s moderately sorted to well sorted; less common the glacier; recessional outwash sand and gravel deposiied as deposition, stream-channel erosion, and tectonic deformation. As
Qb o B%tfés (ﬁ:{g: /" :,‘~‘_'Beta,-58038 . : Pl . . . . ~ .. : o silty sand?] silt, and gravel; locally may include the ice melted nortl‘lward'3 (5) re'cessional lake depos'its of silF e.md a fesult of the lowered base level occasioned by the drainage of
Bega;.. M o . ‘ ¢ ] :, .°..° ] = o . A o plastic swelling clay. Deposited in outwash sand; and (6) glaglomarlne erft—sanQy, clayey Sllt‘ contgmmg Glacial Lake Bretz, several streams in the map area began to
Ve . o . . T . S . S, channel through Interbay, which carried glacial dropstones—deposited as mar.lne water inundated the isostatically incise the sequence of glacial and nonglacial deposits that
" {.“ . - i ¢ meltwater southward during ice retreat. Adjacent depressed 12}“‘1 and ﬂoateq d1sta'1 part§ of the Puget lobe. _AH 9f underlies the upland surface. Yet drainage areas are so small, and
. O, 3.‘: ” D l', e’ - ° to Puget Sound, unit also includes broad fan- tEesg de;;osll\;ivexcept glacul)\lmanile ‘dr11fit hana been r'ecolgr(;med m stream erosion accordingly so feeble, that only the valleys of
"o ° ’ " . . . the Seattle map area. Nonglacial deposit types include peat; :
o o 0 & o o shaped deposit of silty sand and local sand . Pipers Creek (northeast corner of the map area) and of two
e o 3‘;.'? ’ o ¢ ;: grasel th:t accumula)t/ed in or adjacent tg ;’Olcin(ilc asl'l and volcanogenic mudflows; and lake, river, and unlilamed channels on the north and south psides of the hill at
eoo o ° o' . : : each deposits. :
o oo w (00 B 4 recessional lake. Deposits less than about 1 m (3 Magnolia are now graded to modern sea level.
o %o © Ve o ° .'t. . . . . . .o
D/SCOVéRY.-':: - A % ft) thllck ‘illre gldesptread but aret:hnot6shozxgz) (f)tl; Deposits and Landforms Predating the Vashon Stade OI:j tge ulplarlld sglrtfacie, Sﬁll fﬁrma}tlloél s1ncfe deilaﬁla;orll hE'lS
. e L i =g’y S map; locally, deposits are more than 6 m of the Fraser Glaciation proceeded slowly but locally has had profoun ydrologic
PARRK ¢ Y 3 thick. Loose to dense consequences. The first meter or so beneath the ground surface
i I s Lo = e o1 ' Stratigraphic uni dating the Vash de of the F N 3 : i : "
N R Y . L . tratigraphic units predating the Vashon stade of the Fraser usually consists of topsoil underlain by silty weathered parent
=3 g = ° o Vashon till—Compact diamict of silt, sand,.and glaciation are identified on the map as either pre-Fraser-age ; ; ; ; ; ;
. 2 subrounded to well-rounded eravel: olaciall material, colluvium, or fill. Where Vashon till (unit Qvt) is
- . : gravel; g y deposits (unit Qpf) or Olympia beds of Minard and Booth (1988) : :
£ transported and deposited under ice. Commonl ) ] L - A present, the unweathered till deposit absorbs water only very
S wransp PosIl : y (unit Qob). We did not subdivide the pre-Olympia-age deposits lowly. 1 h f soil that h 1
. ™ is fractured and has intercalated sand lenses \ ¢ ! slowly. In contrast, the meter or so of soil that has developed on
. ‘ %, °° Generally forms undulating, fluted surface; tends into named units because absolute age control is sparse, and so the till since deglaciation has high infiltration capacities and a
A W, Emerson St. to drape topoeraphy and is,found at both ,lowest the risk of spurious correlation is high. large capacity to store and slowly release subsurface runoff. This
! ’ pe topography ; X The Olympia nonglacial interval was defined originally by M-deri " " eoi
» . ®ue and hichest elevations in map area. Unit ~@ O : till-derived "Alderwood" soil (Snyder and others, 1973) once
. ’I"\ .. . . typicallfl is 1m (3 ft) thick but capn be at' least 30 'Armstr'ong and chers (1965) ~as "the. climatic episode blanketed about one-half of the upland plateau. The compaction
L5 . . m (100 fo) thick: thickest known deposit in ma immediately preceding the last major glaciation, and represented or removal of that soil during typical urban or suburban
A&‘ un ) ’ pos! Ap by nonglacial strata beneath Vashon Drift." The Olympia beds of development has had dramatic hydrologic effects.
Sae o\ area 1s well' exposed on northernmost point of hl,” Minard and Booth (1988) accumulated across the Puget Lowland lai hon- h i
P o, at Maenolia. Uppermost meter generally is e On areas underlain by Vashon-age advance outwash deposits
"ZA o° MAGNOLIA & : PP 8 Y between about 60,000 and 15,000 yr B.P.; this interval closely (unit Qva), however, infiltration through both the soil and the
9, ogds TN Weathereq z.md moderately dense; deeper levels approximates the temporal limits for oxygen-isotope stage 3 and ial i ; i i
L ova characteristically are unweathered and very dense ‘ ! o2 ’ parent material is relatively fast. Water permeates rapidly into
- a* S 3 ‘\/ | v ‘ immediately predates the Fraser glaciation (oxygen-isotope stage the sand and then moves downward to the top of an underlying
4739 - g~ 1 ant ) Qua Advance outwash deposits—Well-sorted sand and 2) (Winograd and others, 1997). fine-grained unit, here almost exclusively the Lawton Clay (unit
;‘......‘. \% /_/ /f\ s gravel;. df?posited by streams issuing fr(?m Depqsits gf unequivocal Olympia age' are exposed at only Qulc). Groundwater then moves laterally to the steep hillsides
t.A‘- l.". J/ / \ anancmg ice sheet. Ma.ly grade upward into till. two locations in the S.eattle NW map area: in tbe W?lve—cut bench along the coast and in deep ravines, where it emerges as springs
!é s - y / Silt lenses are common in lower part b1.1t .are less ngrtheast of West Point, a.nd along the bluff in l?1scover|3: Park (Tubbs, 1974). In general, steep slopes that contain fine-grained
Lo < - / j abundant upward. Generally unoxidized to directly south of West Point. The southern locality (see "South deposits overlain by coarse-grained deposits are particularly
A % = / s . slightly oxidized. May include overlying areas Beach" measured section, fig. 1), which is designated as the type susceptible to landslide failure. This mass-wasting condition is
.@‘ S i/“‘ ( Ef Vﬁshon ti1160too irznoaélft;) ilholzv Zt map scale. locality for Olympia-age deposits in the Puget Lowland found in most of the steeply sloping parts of the map area.
A g S N ocally over m t) thick; dense to very (Mullineaux and others, 1965), displays fluvial and nearshore ; - ; ; ;
' W. Barrett St. ’ ’ Although colluvium, other mass-wasting deposits, and fill are
"@‘-.. . c;u” /§ // ° dense. Includes the Esperance Sand Member of marine sand and gravel interbedded with layers of scattered widespread, they are shown on the map only where they are more
o Jda 0 /j 2 / . the Vashon Drift (Mullineaux and others, 1965). detrital organic debris. The 14C ages of three samples of wood than a meter or two thick, a thickness sufficient to alter the
. / + / . Grades downward into unit Qvlc with increasing and peat range from between 23,350 to 19,750 (18,100+£700 ground-surface topography or obscure the underlying deposits.
A (] 0 . .
fqQ k. . | S « silt content rad}ocarbon) yr B.P. and 26,150 to 22,350 (24,000+900 Colluvium a few centimeters to several meters thick, which
ot § Qulc Lawton Clay Member of the Vashon Drift—Stiff radiocarbon) yr B.P. (Ives and others, 1964; see also, table I). covers nearly all the valley walls and slopes, consists of a mixture
: . s to hard, laminated to massive silt, clayey silt, and Elsewhere in the map area, thg presence of Olympl.a beds is of locally derived materials and is principally a loosely
: silty clay; deposited in lowland or proglacial suggested, but not required, by borings along the coastline north consolidated silt, or silty sand and gravel.
‘ :%_ lakes. Dropstones locally present.  Marks of Golden Gardens Park and along the west edge of Interbay. Small landslides, common on steep bluffs and slopes, consist
. s s . transition from nonglacial to earliest glacial time, ;)utclfo.ps are few anld n(;l material has lbeeg ddate.d at these of slumps and earth flows that are chiefly caused by surface
ool o N 4 " ., although unequivocal evidence for glacial or ocalities; consequently, the more general unit designator Qpf erosion or spring sapping. Individual slides generally are small at
o ~ : ° . . : C o re-Fraser-age deposits) is used. In borings, the presence of unit :
oo |/_\_\ ~ ’ " Lo nonglacial origin may be absent. Locally may (pre-F ged P its) i d. In borings, the p f uni map scale but can be extremely hazardous in populated areas.
: o a_oral : : Qpf beneat e silt- and clay-rich Lawton Clay Member of the : :
PUGET SOUND / A . . R include fine-grained sediment of unit Qob. fb h th > It d _1 h L Cl. Member of th Some of the landslides in the Seattle NW map area, however, are
W, N . ae o Absent in places to over 30 m (100 ft) thick in Vashon Drift (unit .Qvlc) is inferred from the existence of abundagt quite large. The most extensive landslide complex is found along
J \\ . . . ¢ map area sandy or gravelly interbeds. Although the upper contact of unit the southwest-facing bluffs of Magnolia, where winter storm
[r \| Je . ., ngls( gin?ﬁlly 111—6;1xposed owing t(()i qverlylng li‘indShd_e. debES waves driven by prevailing south winds maintain a steep bluff
B W McGraw St. o ° f OLDER GLACIAL AND NONGLACIAL DEPOSITS and (or) fill, we have constrained its mapped position by face and spring-sapping by groundwater collected from
/) » ; ‘ determining its elevation in nearby boreholes and projecting it to o ; ; ; ;
; £ : } P ) | - infiltrating rainwater on the till-free uplands further contributes to
o ' ek ol Qp Dep(()ls;;t§t of ) pIret Fbra:jsdel;l gdlaCIatl(l)n . a_ie. the ground surface at constant elevation. The maximum elevation continued slope instability. Here, the landslide mechanism
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with the City of Seattle through 1999 (Shannon & Wilson, Inc.,
2000) are included on this map for reference.

Modern beach deposits (unit Qb) are shown on this map only
where extensive: at West Point, along the coastline between
Shilshole Bay Marina and Golden Gardens Park, and in the lee of
the hill at Magnolia. Except for one small, nearly unique patch of
unaltered shoreline at the north end of Golden Gardens Park,
these deposits are almost everywhere overlain by fill, which at
some localities is over 10 m thick. Fill also overlies tideflat
deposits (unit Qtf) east and southeast of Magnolia, where borings
typically penetrate 6 m of sand-and-clay fill over as much as 15 m
of refuse before encountering organic silt and sand in place.

Human Modification of the Landscape

Several areas within the map area have been modified by the
addition of fill, by grading, or by the removal of sand and gravel.
The affected areas visible at map scale include the entire Interbay
area, a former tidal channel between Magnolia and the rest of
Seattle; the regional wastewater treatment plant at West Point;
marina complexes at Shilshole Bay and at the south base of the
hill at Magnolia; a flat-graded and now-abandoned rifle range in
Discovery Park; and several school and community playfields.
Near the north tip of the hill at Magnolia, an anomalous flat-
topped ridge is the apparent legacy of early development activity,
as shown by topographic maps from the early 1900's.

Regional Structure and Recent Seismicity

The entire area of the Seattle NW map lies within the Seattle
Basin, the deepest of the structural blocks formed in western
Washington in Tertiary time as a result of north-south-directed
shortening in Oregon and Washington (Pratt and others, 1997;
Wells and others, 1998). The east-west striking Seattle Fault
Zone forms the border between the Seattle Basin (to the north)
and the Seattle Uplift (to the south), passing through Seattle 8 to
10 km south of the south boundary of the Seattle NW map area
(see Troost and others, 2005).

During a large (M ~7.5) earthquake on the Seattle Fault
1,100 years ago, land in the Seattle NW map area dropped by as
much as 1 m. The best evidence of this subsidence consists of
sub-sea-level deposits on West Point exposed by construction
excavations for expansion of the West Point sewage treatment
plant (Atwater and Moore, 1992). The plant sits on an
archaeological site that shows evidence of fault subsidence and a
tsunami. The West Point spit accreted over the past 5,000 years,
building outward by longshore drift and upward by sea-level rise.
Prior to 1,100 years ago, perimeter beach berms protected a
backbeach tidal marsh. Native Americans occupied dry ground
around the marsh and used the land as a seasonal shellfish
processing area; radiocarbon data (table 1) provide a range of
dates (4,237 calibrated yr B.P. through 150 calibrated yr B.P.) for
Native American occupation of the spit and backbeach area
(Troost and Stein, 1995). The earthquake on the Seattle Fault
1,100 years ago resulted in 1 m of subsidence and deposition of a
tsunami sand layer. Beach and shallow-marine sediments
concealed the tsunami sand until the early 1990's, when
excavation for the treatment plant exposed the layer.

Map Summary and Acknowledgements

This map is the first of four geologic maps prepared for the
City of Seattle using a larger scale base map, which allows a more
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relations shown on this map are based on several sources,
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subsurface data compiled in a digital geologic database,
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geologic map of the Seattle area (Waldron and others, 1962).
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a result of both the dramatic increase in data from construction-
related exposures and the revised understanding of the regional
stratigraphic framework of the Puget Lowland.
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