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47°22'30" = N | 47°22'30" DESCRIPTION OF MAP UNITS o Lily Creek Formation—Unconsolidated lahar deposits; sand and gravel interbedded with compact
' See pamphlet for detailed unit descriptions. Uncolored units (hollow boxes) are too small to show at map scale and | mudflows; mudflows interbedded with ash and silt to very fine sand and white pumice; wholly or partly
are represented solely by geochronology and (or) geochemical sample locations, and (or) line or point geologic units. altered to clay.
See Tables 1-4 for supporting analytical data.
. Pre-Double Bluff continental glacial and nonglacial deposits— Composite geologic unit that includes
Quaternary Unconsolidated Deposits QOP%pd | o mbinations from among all of the continental glacial and nonglacial geologic units older than the Double
. t Bluff (unit Qgpg). Includes portions of Stuck Drift.
¢ HOLOCENE TO LATE PLEISTOCENE NONGLACIAL DEPOSITS
5 fae | = ;z_:*‘ A g— ogpe Pre-Salmon Springs continental glacial and nonglacial deposits— Composite geologic unit that
e Metedith [~ P A eal W= o of | Artificial fill (Holocene)—Modified land and engineered and unengineered fill that obscure or P | includes some combination of Puyallup Formation (unit Qcp), Alderton Formation (unit Qca), Stuck Drift,
L‘ DAl of o ~ substantially alter the original geologic deposit. and Orting Drift (unit Qgpo).
\ 1 :Chr'istEppHQr y 7R, v ) ) ) )
! (s \/ & 4 / .| Alluvium (Holocene)—Loose, stratified to massively bedded fluvial silt, sand, and gravel; typically well Qcp  Puyallup Formation—Alluvial and lacustrine silt, sand, and gravel; compact peat beds common;
Al NEfiEeal] 7 e\ Q rounded and moderately to well sorted; locally includes sandy to silty estuarine deposits. weathered to clay to a depth of ~10 in.; silt is laminated and pinkish-gray; sand is gray and medium to
' i coarse; yellowish-gray pumice common.
af Peat (Holocene to late Pleistocene)—Loose, locally very soft and wet, organic and organic-rich sediment,
iy including muck, silt, and clay. ac Alderton Formation—Alluvial sand, pebble to boulder gravel, mudflows, and peat, with pumice and tuff.
, 2 | Ash deposition is estimated from an Ar-Ar analysis to be 1.6 Ma (Table 1).
‘ € Qls Landslide deposits (Holocene)—Loose, unsorted, and unstratified clay, silt, soil, and organic matter and ) ) o ) ) )
. angular to rounded sand, gravel, and boulders. Absence of a mapped slide does not imply absence of Qup Orting Drift—Deeply oxidized sand and gravel and minor amounts of till; reversely magnetized; very
e P Yok sliding or hazard. ® | compact, unsorted, and unstratified.
s 5 - (7 Lak&y g
R - St ' (Black Riamorid,, %N
L ogtNEL e mar Q0P Qat | an b A \ij : Alluvial fan deposits (Holocene)—Stratified and typically poorly sorted silt, sand, gravel, and boulders
N NN \ gt‘, % Qa forming concentric lobes where streams emerge from confining valleys and reduced gradients cause Tertiary Sedimentary, Volcanic, and Intrusive Rocks
“Qgpep N ;-»-Mgh'fo\ Q9P Kun ey § sediment load to be deposited.
N 6 i 40 < Hammer Bluff Formation (late Miocene)—Clayey fluvial sand and gravel, with thin silt and clay lenses,
- L) Qoo 8 ) o Electron Mudflow (Holocene)—Unsorted mixture of subangular andesitic rock fragments in a wood fragments, volcanic ash and lignite, and lacustrine sand and clay; cohesive and compact.
N Nagts =2 QY N o T ¢ | purplish-gray, clayey sand matrix; from Mount Rainier.
(PR T S at Mvl Volcanic lahars (middle to late Miocene)—Pumice gravel, several ash layers, and three lahars containing
& 7 | Lahar deposits (Holocene to late Pleistocene)—Unsorted mixtures of andesitic rock fragments in a carbonized wood.
Qv clayey sand matrix; post-glacial; Lahar runout and overbank deposits of three lahars from Mount Rainier ) ) ) ) ) ) o )
_ Summerland eruptive period. Unit Qul is represented on the map by geochronology sample sites no. Intrusive latite (Miocene to Oligocene)—L.ight gray to creamy tan latite; well jointed and breaks into
T21N To1N 178-179 (Table 1). platy fragments; contorted flow banding, drag folding, and many xenoliths.
T20N
T20N . . . . . L .
o 29 47015100 | Osceola Mudflow (Holocene)—Unstratified mixture of subrounded to subangular andesitic rock - Quartz diabase (Miocene to Oligocene)—Sill of dark gray quartz diabase (diorite), weathered to light
47°15'00 i o | fragments in a plastic clayey sand matrix; grayish purple to medium or light gray, oxidizes to mottled greenish gray in places; appears chalky where feldspars have been strongly weathered; holocrystalline and
sy yellowish brown; originated as a volcanic mudflow from Mount Rainier. medium grained.
e f SVT: ,“I"\ \é@; - - -
N s WAt at Terrace deposits (Holocene to late Pleistocene)—Well-sorted, loose, fluvial sand and pebble to boulder MOiad  Intrusive andesite and dacite (Miocene to Oligocene)—Light-gray massive hornblende dacite porphyry
ol S gravel along the White and Green Rivers. ——and porphyritic pyroxene andesite sills and dikes; porphyry is deeply weathered in places; irregularly

shaped cavities common.

PLEISTOCENE GLACIAL DEPOSITS

Continental sedimentary rocks (Oligocene to Eocene)—Tuffaceous sandstone and conglomerate,
mudstone, and shale; generally poorly indurated; locally cemented by calcite and zeolites; strongly
iron-stained; partly weathered to clay.

Deposits of the Vashon Stade of the Fraser Glaciation
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Vashon Drift—Stratified and unstratified sand, silt, clay, gravel, and diamicton; deposited during glacial
advance and retreat; includes undifferentiated advance outwash, recessional outwash, ice-dammed-lake
sediment, and ice-contact features.

Ohanapecosh Formation (late Eocene to Oligocene)—\Volcaniclastic conglomerate, sandstone, siltstone,
and shale; typically greenish gray, though may be black, brown, red, or white; lower volcanic sandstones
are poorly sorted.

iy i Lan;:urng
/9'@2'5”“\“.;1“ 2 Recessional outwash—Silt, clay, sand, and gravel deposited by glacial meltwater; variably sorted; loose to
L R = ) Qgo compact; massive to well stratified; horizontal to steeply dipping beds; includes drumlins, eskers, kettles,
Bl 7 kames, and deltas. Divided into:

Intrusive dacite (upper Oligocene)—Basaltic, andesitic, or dacitic rocks; medium dark gray to dark
greenish gray; porphyritic.

i Jos

oeian  Intrusive porphyritic andesite (Oligocene to Eocene)—Irregularly shaped intrusive bodies and a sill of
porphyritic andesite, probably emplaced at shallow depth.

2 T\
(29 gt A& Recessional glaciolacustrine deposits—\Very fine grained sand, silt, and clay deposited in
' small ice-enclosed, ice-marginal, and ice-dammed lakes; stratified sand with scattered

dropstones and occasional lenses of till or silt.

Continental sedimentary rocks of the Puget Group (early Eocene to early Oligocene)—Sandstone,
siltstone, shale, carbonaceous shale, claystone, and coal; massive to crossbedded. Divided into:

/Q % Recessional outwash, ice-contact deposits—Sand, gravel, silt, and clay; tan to gray; loose;
1

e = moderately to well sorted and rounded; good porosity and permeability; contains a mixture of Northcraft Formation (Eocene)—Andesite breccia; generally brownish or yellowish black,
AN S dynamic-ice and stagnant-ice features, including drumlins, eskers (green lines), kettles, kames, but may be brick red, dark gray, greenish gray, or black; includes tuff and lesser amounts of
‘ s and less-orderly hummocky topography. volcanic conglomerate and volcanic sandstone interbedded with mudflow breccia.
| =¥
# .Qgo™ Recessional outwash, delta deposits—Sand and pebble to cobble gravel, minimal silty sand, Porphyritic intrusive igneous rocks (Eocene)—Greenish-gray rocks composed of zoned and altered
p a4 - and rare boulders; well sorted; predominantly unweathered; deposited beyond retreating ice plagioclase and hornblende phenocrysts.
NJQus % Koo front by meltwater streams.

Intrusive porphyritic basalt and andesite (late Eocene)—Irregular masses of phaneritic igneous rock
containing plagioclase and small crystals of mafic minerals; black to varying shades of brown.

Recessional outwash, Steilacoom Gravel—Pebbles with boulders; local crossbedding; kettles
and other ice-contact depressions.
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Crescent Formation (Eocene)—Plagioclase-pyroxene tholeiitic basalt with local diabase and gabbro;

N Recessional outwash, sand—Sand with lenses and beds of pebble gravel and silt; gray to dark gray with a greenish tint, brown where weathered, and reddish and variegated along altered contact
= ; s | ‘ég? lQgos Qgos brown; moderate to well sorted; matrix free; loose; moderate to well rounded; commonly Zones.

= N ¢ associated with eskers and kettles.
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ST o R QoIS o Vashon Till—Clay, silt, sand, and gravel; gray to brown and yellowish brown where oxidized; unstratified
T 4 Nisqually  \ Flats ; agtL '-f\.;_‘ L _ ¥ E and highly compact; angular to subrounded; low permeability and porosity; includes moraines, drumlins,
 Fukle Cove Qga /g o Wisqually  Mud w Qgpe, i - . striations, and flutes. GEOLOGIC SYMBOLS
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: )Qg’,ég ) Sy B4 - Advance outwa.'_:,h_ Sa_nd a.lnd pebble to cobble gravel; light gray to light brown; poorly to well sorted; Contact—Approximately located

ey 7 0 i very compact. Divided into:
TI9N o R Y - T19N Y S-S _ - short- i - queri identi
T18N ; @;1;?&\?-\_ B - 6\/“'6-.:', T18N Advance outwash, sand—Fine- to medium-grained sand with lenses of silt or gravel; fluvial ' ' Esrsltznclgotazit\;ggzﬁé:oncealed, short-dashed where inferred; queried where identity or
S L 4\ Q98 | and lacustrine facies; typically well rounded and well sorted; prone to deep-seated landslides; g

locally called Colvos or Esperance Sand. —=  _ m?_ _._7m Reverse fault—Solid where location accurate; long-dashed where approximate;

gaic Lawton Clay—Laminated to massive silt, clayey silt, and silty clay interbedded with layers of i&r;—}dz:z?z:}vl\;hfr:folvr:/l;e[)r&(i;kquerled where identity or existence questionable;
crosshedded sand; light gray to dark blue-gray; local ripple marks. g P
D o .D.‘ o " _ inali . . . . . ~
Evans Creek Drift (Fraser Glaciation, Evans Creek Stade)—Till, poorly sorted sand and gravel, and u v !—hgh angle dip-slip fault—Solid _Where. location approx Imate; _short dashed.where i
Qade | oulders: comolexly interbedded: forms moraines and terraces inferred; dotted where concealed; queried where identity or existence questionable;
JF e ’ plexty ’ ' U, upthrown block; D, downthrown block
Jf\ Woods 14 Fraser-age continental glacial and nonglacial deposits—Undifferentiated glacial and nonglacial deposits
S v Qu of the Fraser Glaciation. ey e e Normal fault—Solid where location approximate; short-dashed where inferred; dotted
Cavel | where concealed; bar and ball on downthrown block
S il B g ' vartirsc, \ %’r s | Pre-Vashon Glacial and Nonglacial Deposits —1— -- $ R i -> Anticline—Solid where location approximate; short-dashed where inferred; dotted
g y SP‘ ‘,‘?\: ‘.v " i - = L A . 1 H H H
= "73';"‘ j ! e dn i“ . Sediments of the Olympia nonglacial interval—Thin to thick interbedded sand and silt, with localized where concealed; arrow indicates plunge direction
%\ X . 0 gravel and some laminated silt and clay sequences; abundant plant material, wood fragments, and shells. * ______ * ,,,,, » Syncline—Solid where location approximate; dotted where concealed
R ‘ o Pre-Fraser co.ntiner_ltal sedirr!entar.y deposits, nonglaciaI—SiIt inte_rbedded w_ith fine sand; blue-grayto 2. 1 ........ Monocline, synclinal bend—Location concealed; queried where identity or existence
: . R L EeN ey yellow-brown; massive to laminated; abundant peat and organic debris and pumice layers. questionable; arrows show direction of dip; shorter arrow on steeper limb
o IS ! SN e .. e <5 VNG \:;& ' A _QaL Pre V_ashon alpine glacial drift and nonglacial deposits—Undifferentiated alpine glacial and nonglacial . ... .. $ D, Monocline, anticlinal bend—Location concealed: queried where identity or existence
47°00'00" £ J 2cames SN s '“:’J“’f‘f';_j‘: g0 . , N R ) = NN Jgr:17°00'00" deposits. questionable; arrows show direction of dip; shorter arrow on steeper limb
123°00°00" RZW R1W 122°45'00" 122°30°00" 122°15'00" RSE RGE 12270000 Qgpe Pre-Vashon continental glacial drift and nonglacial deposits—Composite geologic unit that includes Qe Qo Geologic unit too thin to show as polygon—Location approximate; tic separates units
Lamb " | coni L SCALE 1:100,000 ﬁorr;b;natlggs Orf]:”r?(j ;[_Te %ogtlrr:erlnar:dg:zc\llall Ia ndv\r:()ngla:ccrlsl d ipr?\s/'tf - Unit Qgp is widespread in bluffs T Landslide scarp—Location accurate; identity and existence certain; hatchures point downslope
ambert corT ormal conic projection _ 0 5 10 MILES ear Fuget souna a ood Canal al alley walls of majo ers. 50 ) ) ) ) )
North American Datum of 1927; to place on North American Datum of 1983, | 16° 9.~ Inclined bedding—showing strike and dip
move the projection lines approximately 23 meters north and 94 meters 10 KILOMETERS

(.) . . : : 5 —— Vertical bedding—showing strike

- Pre-Olympia continental glacial and nonglacial deposits—Composite geologic unit that includes

east as shown by crosshair corner ticks . 2 combinations from among all of the continental glacial and nonglacial geologic units older than Olympia
1Fi H - g 9 H H 1 H - - - - - - - -
Baseqﬁ‘:é)r;rgre siggried and rectified U.S. Geological Survey Tacoma 1:100,000-scale contour interval 20 meters d ke nonglacial interval (Olympia beds, unit Qco). 6% Inclined bedding in unconsolidated deposits—showing strike and dip
, E
Shad:d relisef gegel_r?ged érom a lidar lr)]afe-/f}‘afth digita:jle_léevation mor?l_el (aVﬁ“aﬂb/')e from This geologic map was funded in part by the o oo Possession Drift—Sand, gravel, compact sandy till, and glaciomarine drift, with lenses of sand and gravel; L@  Geochronology sample, fossil
uget Sound Lidar Consortium, http://pugetsoundlidar.ess.washington.edu APPROXIMATE MEAN p P H i ;
GIS by J. Eric Schuster Nonglacial Deposits U.S. Geological Survey National Cooperative Geologic Mapping Program. DECLINATION, 2015 gray and oxidized near top of unit; locally contains shells and shell fragments. 122 5 Geochronology sample, argon-argon (“Ar/¥Ar)
Digital cartography by by Anne C. Olson and J. Eric Schuster Ma Pre-Fraser continental glacial drift—Clay, silt, sand, and gravel; moderately rounded; laminated to 215 A Geochronology sample, U-Pb, uranium-lead
Editing and production by Jessica L. Czajkowski, Alexander N. Steely, and Jaretta M. Roloff - 0 - Qf avle Q9P| noorly bedded; compact to loose; locally oxidized; gravel clasts of northern provenance deposited by 215 Geochronology sample, radiocarbon (+C)
Qvl glacial ice. '
Holocene % P 126 ;o
. . . . P A Geochronology sample, fission-track
| P . . . . . . L '
- 001 Qaf | Qt | Qb Glacial and Nonglacial Glacial Deposits - Qcyw  Whidbey Formation—Fluvial sands and gravels and massive to laminated marine and lacustrine silt and 12 _
' Deposits Ma I Tl — clay; wide range of oxidation levels; contains organic material. %  Geochronology sample, luminescence
0.0155 | - -----—_ Ll B — 0.0155 - 7 el _ _ _ . _ _ °e  Geochemistry sample
| Qgo @- Qgosg | Qgos - RN Qcpo  Pre-Olympia continental sedimentary deposits, nonglacial—Silt, clay, gravel, sand, and peat; coarse to o
| Qud Qut | FRASER I S . fine grained; massive to laminated; predominately volcanic; abundant organic debris and pumiceous deposits. e Geologic unit too small to be shown as a polygon or line
I g GLACIATION - T~ - . - . .
e - . . I . @ Paleomagnetic sample, transitional magnetization
Il Qu Qga | Qgas | Qgac — - - . IF 0 Hayden Creek Drift—Alpine glacial till and outwash sand and gravel; yellowish to dark brown and g P g
0018 7 I e T T e — 0018 1 Lake Wooten  {/  /Belfair e DS Rigliog Maple Valley” Ph 1 oxidized. ® Paleomagnetic sample, normal magnetization
Qad / o ‘
| e OLYMPIA i, ) ) ) ) o N ) ) : -
0.029 - | Qc, | Qecp =2 — 0.029 NONGLACIAL %, (1715 7 h Wingate Hill Drift—Alpine glacial till and outwash gravel; dark brown and oxidized, with weatherin ® Paleomagnetic sample, reversed magnetization
INTERVAL %, % Qap 9 pine g g g
0.06 : o 0.06 ’)% (0% " | rinds; very compact; weathering rinds on clasts average 0.2 in. thick.
' | j | Qgp ' Qgp ' } POSSESSION % o] - %, ) ) ) ) ) ) ) ) o
0.08 S 1| Qapec N H O  0.08 GLACIATION 90& R 355 Double Bluff Drift—Till, glaciomarine drift, glaciofluvial sand and gravel, and glaciolacustrine silt; wood
o ' | . ‘ ' WHIDBEY 3 v QOPd | ang shells abundant.
|
E:( © Qcy, | Qcp | Qcpo : Ph | INTERGLACIATION .
Z| g 042 o ——F S 0 e e e N T - 012 J _ Salmon Springs Drift—Medium to coarse sand, pebble to cobble gravel, and till, with thin beds and
o S | | | | Qgpg o | | agp . DOUBLE BLUFF Auburn\; | Black Diamond QOPs | |enses of silt and clay; locally contains peat and volcanic ash; clasts covered with iron-oxide stain, some
21l o o3 L L L : 77777 7 ES S L AN S 0 033 J 1, "f 1, strongly weathered and decomposed; well sorted.
3" N N Yo “ %, \
"ARE.
08— s e L T """"""""""""""""""""""" Qapy | [----1 — 0.8 1 Q‘%‘#f’ %
SALMON SPRINGS / % , -
| | | ' Qgps Qgp | GLACIATION ,, ‘ {%, it ‘{%s
10—+ ey : rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e b — 1.0 E i S
| | ( g Y
| | | PUYALLUP \
Qcp, | Qep | Qcpo | 1 1 INTERGLACIATION =
| | | ~ Buckley
15 P ave || Qape e s D
| | ‘ [ Qgp [ GLACIATION $
16— F~~oo -1 : ———— e — 1.6 7
! ! ALDERTON
Qcy | Qep | Qcpg | ! ! [ INTERGLACIATION
e T T B T e — 1.7 9
| | ORTING
Research supported by the U.S. Geological Survey, National Cooperative | Qgpo Qgp GLACIATION ]
Geologic Mapping Program, under USGS award number G14AC00212. LB T T T 18 - /
The views and conclusions contained in this document are those of the _ 2.6 2.6 : 7
authors and should not be interpreted as necessarily representing the Spanaway Frederickson
official policies, either expressed or implied, of the U.S. Government. Bl Sedimentary Volcanic. and Intrusive Rocks
iocene , )
%
— 5.3 - : . . . % .
— - - - — - - — > Modified from Borden and Troost (2001). Time scale from Geological Society of America (2012). Walters and Kimmel, 1968
Disclaimer: This product is provided ‘as is’ without warranty of any kind, either expressed or implied, @ | Miocene - Mari isot t Morri 1991 t that | additi | glaciati d interglaciati v”o !
inclucjing, but not limited to, the implied warranties of merchantability aqd fitness for_ a particul_ar use. The < argfcﬁﬁé%egéize%%easbggte ;(go ggésgza 800 %)(s)ggyge(zs agosevera addiional gaciations sncinfergiaciations <
Washington State Department of Natural Resources and the authors of this product will not be liable to the E . 23 — - o N : ) N L
user of this product for any activity involving the product with respect to the following: (a) lost profits, lost w | Oligocene Most age ranges of geologic units are approximate and most contacts between units are unconformities. e
savings, or any other consequential damages; (b) fitness of the product for a particular purpose; or (c) use of = 339 Uncolored units (hollow boxes) are too small to show up at map scale and are represented by geochronology V. v :
the product or results obtained from use of the product. This product is considered to be exempt from the and (or) geochemical sample locations, and (or) line or point geologic units. I .
Geologist Licensing Act [RCW 18.220.190 (4)] because it is geological research conducted by or for the Eocene R ; . . o Sources of map data. See pamphlet for full citations.
: A Unit Qade is considered an alpine part of the Fraser Glaciation.
State of Washington, Department of Natural Resources, Division of Geology and Earth Resources. . . . L . L
_ 56 — # The Double Bluff Glaciation may also include parts of the Hamm Creek interglaciation and Defiance Glaciation.

http://www.dnr.wa.gov/geology/ © 2015 Washington Division of Geology and Earth Resources



