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yr B.P. (Bucknam and others, 1992; Bucknam, 1998) and is capped by peat. The
peat represents an upland setting and includes two separate, discontinuous sand
layers that Bucknam (1998) and Bourgeois (2008) and her collaborator M. Elizabeth
Martin (Univ. of Wash.) have interpreted as liquefaction features. Bucknam (1998)
attributes the liquefaction that produced the older of the two sand layers to the
above-mentioned 1,100 **C yr B.P. coseismic uplift event and suggests liquefaction
during another event “310 to 720 years ago” as cause of the younger sand layer.
Assuming that we correctly located all exposures referred to by Bucknam and
Bourgeois, we mapped these exposures and adjacent mudflat areas at the north end
of Burley Lagoon as unit Qm. Based on morphology, we also included with unit Qm
some adjacent coastal flatland at the north end of Burley Lagoon that is elevated
about 10 ft above the modern mud flat. At the southeast end of Burley Lagoon, we

matrix-free; gray to tan; loose; moderately to well sorted;
moderately to well rounded; generally less compact than but in
some exposures difficult to distinguish from advance outwash
sand (unit Qgas).

Vashon recessional outwash fines—Mostly silt, commonly
Qgof . . .

ranges to fine sand or locally clay; may contain dropstones, but

very few were observed during mapping; gray to brown;

generally angular to subangular, well-sorted, and loose; may be

locally stiff, but not usually compact (see fig. 4 of Polenz and

others, 2009); laminated to structureless; deposited in
ice-dammed lakes near the end of the Fraser Glaciation; locally

Cooperative Geologic Mapping Program, Agreement No. 08HQAG0104, which
partially supported our mapping. We thank Jerry Deeter (Kitsap County) for
geologic insights; Kitsap, Mason and Pierce Counties for sharing geographic
information systems (GIS) addressing and other records; Curtis Koger and Jenny
Saltonstall (AESI, Inc.) and Kathy Troost and Aaron Wisher (Univ. of Wash.) for
unpublished age control data; Tim Walsh and Josh Logan (Wash. Div. of Geology
and Earth Resources) for technical reviews and interpretive assistance; and Josh
Logan for assistance with thin section petrography and interpretation. Last, but not
least, thanks to the many people who permitted us to study and sample geologic
exposures on their land and provided site-specific records and local expertise.

W reter Goldmark - Commissioner of Public Lands Burley 7.5-minute Quadrangle
Division of Geology and Earth Resources JUIy 2009
David K. Norman - State Geologist

. 32)22°4£’ R1W R1E 42'30" 1220374, OI;‘IO
70 14 - o r
Qg O] [ 09 7 099, “agd Ty gt o
Qgt ngtY &égic T - ap Qgt Qp Qa MAJOR FINDINGS (mostly mapped as unit Qob) are about 25 to 35 ft above the top of the modern systematic lake-marginal deltaic assemblage of fluvial beds REFERENCES CITED
L% ‘ Qgt> | p Qgt - 75 Q) . . Qat beach terrace surface. In all cases, the elevation of emergent coastal terraces appears near the top, foreset beds in the center, and quiet-water . . _ .
'~ Qgd :V 7 &/ {g% [yae wn g e Faint scarps and lineaments and elevated relict beaches, stream terraces, and to be at grade with relict fluvial terraces (included with unit Qoa) and alluvial fans lake-bottom beds at the base; fines typically limited to the Armstrong, J'hE" C(;anr:iell, IID' R EaStemeOk’ DBJ'_’ _Nr?l():le,l J 'Z:’ 19%5’ La:]e Pleistocene
Qp <~ Y 0\ P Qgic alluvial fans may be due to post-glacial tectonic activity. (unit Qoaf) in the lower portions of nearby drainages, thus providing another bottomset beds, where the unit grades laterally into unit Qgof. stratigraphy and chronology In southwestern British Columbia and northwestern
J Qp 59 / Washington: Geological S fA Bull 76, no. 3, p. 321-330
. o N i R . . o gton: Geological Society of America Bulletin, v. 76, no. 3, p. .
- J ¢ Q(Q}/C a « The Seattle uplift may be responsible for exposure of relatively old(?) sediment in indirect (and largely unexplored) record of the tectonic activity in the area. That See Geologic Setting for notes on unit thickness and . _ _ i
P ™S et P ( 5 the ma areap y P P y ol record can be difficult to separate from glaciolacustrine terracing and the potentially distribution. Blakely, R. Jt V\]ﬁet';s' g' ftl V;/eal\:er, c. ?N J‘;}hnsi’”’ S.g.,_dzooz,fLocatlon, Str“Ct‘i_re' and
& ° 5025/ 2 pees complex incision history of the post-glacial streams. . . | anomalics, geologic mapping, and seismic-Tefection cata: Geological Society of America
Qgt S P /agos o \Weathered bedrock exposures a few miles north of the map area may have Qgic Vashqn gIa_C|aI ice-contact deposits—Sand, grav_el, lodgment till, and Bulletin v %14 r?o ) pIolfi6 3_1177 : g
. ap Qp 7 agen Y contributed significantly to the polymictic sedimentary deposits in the map area. DESCRIPTION OF MAP UNITS flow till; minor silt and clay beds; tan to gray; variably sorted; loose to o I L
[~ Qp-( ot C‘EP 1 o _ _ _ _ compact; massive to well stratified; locally includes over-steepened beds Booth, D. B.; Troost, K. G.; Clague, J. J.; Waitt, R. B., 2004, The Cordilleran ice sheet. In
e Qgt 48 g Qp & ° UbqultOUS_ SUbglaClal channels and fluvial SEdlm-en_t are evidence that the Vashon Surficial depOSitS in the map area genera”y consist of a diverse mix of gIaCIaIIy that typlcally reflect sub-ice ﬂOW, but their dlp may, along with S:':ESP:EGI, A. .R., PO]I:':;ZBS C.; Atwater, B. F., editors, The Quaternary period in the United
Qgt [0, = Stade glacier stagnated at the end of the last glaciation. derived, plutonic, volcanic, and metamorphic lithic fragments, indicative of small-scale shears, also have developed as collapse features or due to ales: BIsevien, p. 2mas. o _
1 ap ag” v O « Deposits associated with late Wisconsinan ice-dammed lakes are widespread in the sediment contribution from a northern source (including the North Cascades of glaciotectonic and tectonic deformation; formed in the presence of Bourgeois, Joanne, 2008, Hazards inferred from tsunami deposits in Washington and Oregon:
Qp s & Qg map area and record several late-glacial lake levels. Washington and/or Coast Ranges of British Columbia). Most deposits are relatively meltwater alongside ice, generally toward the end of the glaciation, and is :Jsh (_39‘:'09'°‘it' Sulr:"eﬁ 'Zarthq“a‘;]e I;az.z;.rdsN Prc:gramt, E;(Zema' researChdsJ”ppolré_z';g‘;' .
L 0 &0 @ . . . . _ . unweathered, but deep weathering of some exposures is confirmed by their thus commonly accompanied by stagnant-ice features, such as kettles and het(t: -?;Z:rt[\epuogkz_us lfsn gv /rrgzeez:gh/’ex?g:nlacl /r:rorgf§7‘|—|[Q G%]do[ggceg:]e un- 28, @
o b Qp % O * Stagnant-ice deposits and subglacial erosion channels likely provide pathways for petrography and suggests that these are quite old. At least in the Belfair quadrangle less-orderly hummocky topography, eskers (also separately mapped as b: quake.usgs.g ROTSATH p
P ® Qp . o o Qp near-surface water drainage and groundwater infiltration. west of the map area, Polenz and others (2009) also noted exposures that include subunit Qge), and subglacial or subaerial outwash channels. Deposits and Bretz, i;a”eg* 191(31'8 a‘g‘é'a' lakes of Puget Sound—Preliminary paper. Journal of Geology,
Qe 0 Qa-L ) o s @ unweathered particles alongside significant quantities of weathered ones. This morphologies that support conceptual association with both ice and V- 16, 10. 9, P. 446495, ) )
e @ ) {? _ GEOLOGIC SETTING weathering contrast within individual exposures suggests a mix of allochthonous, meltwater are common in the map area and suggest that where unit Qgic Brocher, T. M.; Parsons, T. E.; Blakely, R. J.; Christensen, N. I.; Fisher, M. A.; Wells, R. E.;
Qqt /Y %p & ap | Qgic The ma area is located in the central Puaet Lowland. where repeated alaciations unweathered and proximally sourced, previously weathered particles and causes is mapped in the presence of fluted topography, it is commonly only a \SA'/'”E_S V\t/orkmg Grﬁ”ﬁ; 200t1H li%%%rgr‘.ma.' SEUCt“Le 'I” P”gt'_et ';_(’W'a_”d’P © Sound:
CQ / S k N ﬁQp \ P g . P g some apparent advance outwash to look less “fresh” than deposits of comparable age few feet thick and locally could have been mapped as undifferentiated ashington—Rresults from the eISmIc Hazards Investigations in Fuget sound:
G-ap Qp have covered forearc rocks of the Cascadia subduction zone with allochthonous . . . . . . . . . Journal of Geophysical Research, v. 106, no. B7, p. 13,541-13,564.
ny &/ 7 ap ) lacial sediment. No bedrock is exposed in the Burlev auadranale. Buchanan-Banks elsewhere in the Puget Lowland. To what extent this pattern extends into the map drift (unit Qgd). Elsewhere, the unit may be over 100 ft thick. Unit Qgic . ) ]
Qqt / | ~ap _-Qgof g i ' : XP . y4a gie. : area remains largely undocumented, but we attribute the mixing to entrainment of also includes poorly consolidated till commonly accompanied by Buchanan-Banks, J. M.; Collins, D. 5., 1394, Map showing depth to bedrock of the Tacoma
9 ‘ / d Collins (199 d sed hickness ab bedrock in th X 60 :
Qgt , o o Qp ) and Collins (1994) estlmzflte sedimentary thickness a ove Tertiary bedrock In the deeply weathered sediment and bedrock from between the Seattle fault and the map underlying, angular sand and noted as “sub-glacially reworked till” by and part of the Centralia 30' x 60" quadrangles, Washington: U.S. Geological Survey
Qgd { Qp~¢y- Q \ map area at under 330 ft in the northwest, over 650 ft in the south, and between . . ’ . . O Miscellaneous Field Studies Map MF-2265, 2 sheets, scale 1:100, 000.
~ J) 0= a P y B o qa 1000 and 1,300 ft in the northeast. However, Hacussler and Clark (2000) estimated area. The bedrock is exposed around Bremerton about four miles north of the map Laprade (2003) (see Geologic Setting), especially in fluted areas that lack ] )
/ Qgic 5 Qp / dgt == </, S~ Ggof (50 ; ) e ’ area and consists of terrestrial volcaniclastic rocks assigned by Fulmer (1975) to the dead-ice features. See unit Qgo and fig. 4 of Polenz and others (2009) for Bucknam, R. C., 1998, Puget Sound paleoseismology. In U.S. Geological Survey, Annual
/ i Qgt R / Qaf L depth to bedrock in the Union River valley near the northwestern map edge at close : - . - . . S . . . . project summaries—Volume 39, Pacific Northwest, p. 8-9. [accessed Dec. 2, 1998 at
Qgo | ot / /s » Qgol / Q ; ¥ "-Qgof to 950 ft. The record of the Hofert # 1 well 2600 ft west of the quadrangle and 1,600 Miocene Blakely Harbor Formation and underlying marine, discussion of similarities between units Qgic and Qgo (and its subunits http://erp-web.er.usgs.gov/reports/vol39/pn/pn_vol39.htm]
QA / J A Qge / /di/ - o \ } P Qgic | Qpy /) t north 6f the Pierce-Kitsap county line (well location per Wasﬂingtongll:)ivision,of feldspathic-volcanolithic rocks assigned to the Blakeley Formation by Fulmer Qgos, Qgof, and Qgol). A discrepancy between this map and the Fox Buck - Rpc é_ " ?3?3 1992 AN P g _t' t.  the time of histori
ot ) = N Qgof: p 'Qa NN - H H i ucknam, . C.; blasl, G. F., , An Improvea estimate 0 € ime Ot a prenistoric
. ) - Qgof. Geology and Earth Resources website, http://erpl.dnr.wa.gov/) noted basalt bedrock (1975) and McLean (1977). Wg specula_te that the deeply weathered sediment in the Island quadrangle to the south resultgd where dead ice topography north earthquake in the southwest Puget Sound region, Washington [abstract]: Geological
ple) from 620 ft below the surface to the base of the well at 6,688 ft below the surface map area resulted from reworking of this bedrock of the boundary reveals sandy deposits mapped as unit Qgos by Logan Society of America Abstracts with Programs, v. 26, no. 7, p. A-522
- \ , . . . - . M - . . Lo , V. , L PA- .
Qgt P /\ \\y / 7/ M Uy P (Union Oil Company of California and Standard Oil Company of California, 1950: We sought to show as geologic units those deposits that form a sufficiently thick and others (2006) to be a facies within unit Qgic. Several additional Y _ ) . g P o
(\QafJ ' o2 y / \ ) Ggof - see also McFarIa% 4 y1983 0. 38-30). Surficial exposures opf T?e/rtiary volcanic and surficial cover to be of geotechnical significance, generally requiring a thickness of discrepancies resulted where subglacially reworked till was included with B”C'ig%rg'y Sérg};tginl]tﬁ::rlegee%S?Liedn’vb::ﬁizlgtyoi g;i::fez' \gtl)r;gg“sgﬂl‘g’l'tlh'l”stlh: past
/ a y y M- = . - - - - - - - - - - s y s . y . - .
% v/ \ L igneaus intrusive rocks at Green and Gold Mountains two to six miles northwest of 5 ft, aIthou_gh where stiff, impermeable, or geotechnlcall_y challenging unlt.s (for unit lec_or) thls_ map but mapped as till (unit Qgt) by Logan and others. Clark. Kenmeth B. 1989, The stratiarani and aeochemistry of the Crescent Formation basalts
Qgof N gic the map area were mapped by Reeve (1979), Clark (1989). and Yount and Gower example, till or peat) were encountered or we sought to illustrate a geologic process, Locally divided into: e bedtonk aoel ; g _Ptyd ndg . Yy 5 o i
— s pd ’ ’ | Il d thi d H I an € DedrocCk geology or assoclated Igneous rocks near bremerton, vvasnington:
" , . we locally mapped thinner deposits. In most areas, exposure or access was too _ - O : i
Qg b pr (1991) as _mo_s.tly basalt zflnd diabase. Clark (1989) and Haeussler and Clark (2000) limited to determine unit thickness, and we relied considerably on geomorphology, Vashon glacial eskers—Sand and gravel; tan to brown; loose; Western Washington University Master of Science thesis, 171 p., 1 plate.
| f Qgic noted ophiolitic tendencies among the rocks, and Haeussler and Clark (2000) - . . ’ N Qge . ; & . . - Gi . : .
Qgo ! . . . ’ . field relations, or, where available and helpful, subsurface records. A U.S. Geologic moderately to well sorted; moderately to well rounded with Danes, Z. F,; Bonno, M.; Brau, J. E.; Gilham, W. D.; Hoffman, T. F.; Johansen, D.; Jones, M.
included basalt from this area with the Crescent Formation. East of Green and Gold . prul, g ; i ; ; . i : : ical i igati
) ) . S : Survey 7.5-minute topographic map was used as the base map, but contact locations good porosity and permeability; deposited subglacially by H.; Malfait, Bruce; Masten, J.; Teague, G. O., 1965, Geophysical investigation of the
Mountains, Fulmer (1975) described Tertiary volcaniclastic bedrock of the marine . : : . . Vashon melt-water in areas occupied by stagnant ice: forms southern Puget Sound area, Washington: Journal of Geophysical Research, v. 70, no. 22,
Blakeley and the overlying terrestrial Blakely Harbor Formations, and McLean were generally refined by reference to lidar, aerial photos, and field observations. low, elongate, sinuous hills that speem tg res?like slués on p. 5573-5580.
(197k7) ?;ract_erlzsg té’p'clil Blirlfel]?)t/hFormatlon roclgstss ge:)%sgi’:hlf—vcilcar?ollthlc Quaternary Unconsolidated Deposits fluted uplands or subglacial outwash channels and locally can Fulmer, C. \\, 1975, Stratigraphy and paleontology of the type Blakeley and Blakely Harbor
wacke. 1ne mix or bearock nortn or the map area and the o, orvo ca_nlc be seen to merge into channel incisions (fig. 1 in Polenz and Formatl_ons. IN Weaver, D. W.,_ Hornaday, G. R.; Tipton, Ann, editors, Paleogene
(basalt) rock at Hofert # 1 well suggest that bedrock beneath the map area includes HOLOCENE NONGLACIAL DEPOSITS others, 2009) symposium and selected technical papers—Conference on future energy horizons of the
volcanic and volcaniclastic rocks. ' ' Pacific coast: American Association of Petroleum Geologists Pacific Section, 50th Annual
27'30" Qgic Qoa 27'30" Repeated Pleistocene incursions into the map area of northern-source ice sheets » Artificial fill—Clay, silt, sand, gravel, organic matter, and rip-rap; placed Vashon till—Unsorted, unstratified (but locally banded) mix of clay, silt, Meeting, p. 210-271.
and nonglacial periods O.f e_rosion contributed to sediment older than the Vashon to elevate and reshape the land; may be engineered or non-engineered; Qgt sand, and gravel; typically supported by a sandy matrix; gray but locally Garrison-_Laney, C. E., 2003, Subsi_dence W_ithin the pas_t 600 years at P_uget Sound,
- Stadg qf the _Frase_r Glaciation of Armstrong and others_ (1_965); we were unabl_e to shown where fill is readily verifiable and relatively extensive and appears ranging to tan, light brown, or orange; typically unweathered; lodgment Washington [abstract]: Geological Society of America Abstracts with Programs, v. 35, no.
¢ Qgof subdivide this sediment by age. The pre-Vashon deposits in the map area are likely sufficiently thick to be geotechnically significant (greater than 5 ft); till compact, with well-developed facies resembling concrete, but near the 6, p. 582.
P older than most others in exposures beneath Vashon till throughout the Puget excludes roads, except across water basins. surface commonly hackly and (or) looser and covered by 1 to 6 ft of loose Gower, H. D.; Yount, J. C.; Crosson, R. S., 1985, Seismotectonic map of the Puget Sound
Qgof Lowland, based on generally significant and locally intense weathering and the B _ . ablation till; deposited directly by glacial ice and commonly includes region, Washington: U.S. Geological Survey Miscellaneous Investigations Series Map
absence of any finite radiocarbon age estimates among these deposits. Furthermore, ml I\{Iod!fled Ian.d—LocaI sediment ranging fr_om clay to grav_el a}nd _ clasts or clumps plucked from underlying units. Clasts are commonly 1-1613, 1 sheet, scale 1:250,000, with 15 p. text.
\ the Seattle uplift (see Structure) created a topographic barrier in the path of diamicton; mixed and reworked by excavation and (or) redistribution that striated and faceted, with angular or rounded edges. Boulders are Haeussler, P. J.; Clark, K. P., 2000, Preliminary geologic map of the Wildcat Lake 7.5'
| northern-sourced glaciers and thereby may have caused younger pre-Vashon notably modifies topography; shown where relatively extensive, masking generally sparse within the till but large (erratic) boulders of plutonic or quadrangle, Kitsap and Mason Counties, Washington: U.S. Geological Survey Open-File
_sedim<_ent to be preferentially removed by erosion during successive glacial underlying geology, and geotech_nlcally 5|gn|flcan.t (grea_ter than 5 ft); metamorphic rock are common on till surfaces. Some exposures include Rep_ort 00-356, 1 sheet, scale 1:24,000 [accessed Apr. 15, 2008 at
incursions. excludes roads and abandoned pits where underlying units can be interbands and lenses of sand and gravel, locally with shears and joints. http-//IOUbS-ef-USQS-QOV/USQ_SPl_JbS/Ofr/Off00356] _
Surficial geologic deposits in the map area are dominated by till, ice-contact identified; includes aggregate pits active at time of mapping. Till forms a locally patchy and seemingly randomly distributed cover up Haugerud, R. A., 2009, Deglaciation of the southern Salish lowland [abstract]. In Northwest
deposits, lake sediments, and outwash of the upper Wisconsinan Fraser Drift. ) ) to a several tens of feet thick, with a thickness of 5 to 20 ft most common. Sc!ent!f!c Assoc!at!on, The Pacific Nort_hwest ina chan_glng enwronment—Northv_vest_ _
Landforms include both deposition and scour features from ice and meltwater. Booth ab Beach deposits—Sand, pebbles, pebbly sand, cobbles, silt, clay, and It typically dominates, but is also locally discontinuous on, fluted Scientific Association 81st annual meeting; Program with abstracts: Northwest Scientific
. . - . ) . i . N ) . U Association, p. 27-28.
and others (2004) associated the Fraser Glaciation with marine oxygen isotope stage shells,.clasts .typlc_:ally moderately to well rounded and oblate; locally well surfaces, with individual drumlins measuring 0.1 to 0.3 mi wide by 0.8 to P27
2, and Morrison (1991) assigned the glaciation to the period between 28 and 10 ka. sort_ed, Ioose_, derived from shore bluffs, streams, and underlying deposits. 1.3 mi long and the long axis aligned with the direction of ice flow. Till Haugerud, R. A.; Harding, D. J.; Johnson, S.Y.; Harless, J. L.; Weaver, C. S.; Sherrod, B. L.,
; : ; : P ; i i . ' . . . L for earth science: GSA Today, v. 13, no. 6, p. 4-10.
Y because no evidence e_nc_ountered during this project would indicate deposits from where map scale permits, are separately shown as subunit Qob commonly advance outwash (unit Qga and subunit). Unit Qgt lies i WA 1951, on Seattle ea thotakes and aravi fs: Sefsmological Society
o other parts of the glaciation. e N : : stratigraphically below unit Qgo. It may include unrecognized exposures eiskanen, W. A, 1951, Un Sealtle earthquakes and gravity anomalles: Seismological Socie
( Surficial glacial deposits are mapped as Fraser Drift, except where stratigraphic am | Marsh deposits—Organic sed.lment and (or) loose clay, silt, and sand in of older till. of America Bulletin, v. 41, no. 4, p. 303-305.
\ field relations point to an older origin. The outwash unit Qgol was recognized as tlda}l_flats and coastal wetlands; saltwat_er to brackish equivalent (_)f unit Johnson, S.Y.; Blakely, R. J.; Stephenson, W. J.; Dadisman, S. V.; Fisher, M. A., 2004, Active
g draping of proximal, generally subtle, relict, fluvio-deltaic terraces that mark a Qp; Imcl::dﬁs Iayersv\c;f fresrv(;/a(tje; peat m_tsome areg:l, ?ue to r_edlatlt\(?_ q Qo Vashon advance outwash—Pebble to cobble gravel, sand, and layers shortening of the Cascadia forearc and implications for seismic hazards of the Puget
S paleo-lake surface near the top of the unit. This unit is very likely more widespread seat— eve tCh a&%‘*é's te exclu ﬁ_ brom unit Qm mudflat areas identified as 98 | and lenses of silt and clay; gray to tan; typically stratified, well rounded, Lowland: Tectonics, v. 23, TC1011, doi:10.1026/2003TC001507, 27 p.
than shown by our mapping, but most exposures form only a thin (less than 10 ft) water on the opographic base map. well sorted, and clean (<5% silt or clay in matrix), except in less-sorted Kels]fy.lrl- l}ﬂt-;lsgerrtcild, fBriIatn, 2005,TEharthqt;atﬁeS g:e_nera:ed from ?egciiﬂgt-]plgne r(i/erse_
draping of loose deposits. The presence of fluvio-deltaic terraces associated with HOLOCENE AND LATE PLEISTOCENE NONGLACIAL DEPOSITS and more angular ice-proximal deposits; compact (see fig. 4 of Polenz aults ot the Seattle Tault zone—Tne roof thrust Is not passive |abstract|: £os (American
unit Qgol at various elevations documents the transient existence during deglaciation and others, 2009) and resistant to erosion, except where well sorted and Geophysical Union Transactions), v. 86, no. 52, p. F1438.
of several regional lake levels (Haugerud, 2009, recognized five) and several more Peat—Oraanic and oraanic-rich sediment: includes peat. muck. silt. and well rounded; very thinly to very thickly bedded; contains planar and Kelsey, H. M.; Sherrod, B. L.; Nelson, A. R.; Brocher, T. M., 2008, Earthquakes generated
local ones. ® | oyt icgaII N cIose% deoressions: includes all rech)) Nized unland graded beds, cut-and-fill structures, trough and ripple cross-beds, and from bedding plane-parallel reverse faults above an active wedge thrust, Seattle fault
T23N T23N Haugerud (2009) noted that deglaciation in the southern Puget Lowland Weill:’:ln)(ljpareas%/and ot surfe?ces - cI(;sed depressions Snless . zifferent foresets; thickness not well constrained by this mapping but ranges from zone: Geological Society of America Bulletin, v. 120, no. 11-12, p. 1581-1597.
T22N T22N probably began with stagnation of the ice sheet, which resulted in preservation of . ; o T T a few feet to more than (?) 100 ft; deposited as proglacial fluvial and Karel, Patrick; Liberty, L. M., 2008, The western extension of the Seattle fault—New insights
Qgof subglacial drainage features. Within the map area, these features include eskers (unit unit or stan ding water was s_pec.n‘lcally |dent|f|e_d (|dent|f|cat_|on Of_ some deltaic sediment during Vashon glacial advance and typically overlain by from seismic reflection data [poster]: American Geophysical Union Fall Meeting 2008,
B Que; see also fig. 1 in Polenz and others, 2009), subglacial channels eroded into the polygons is therefore tentative); freshwater equivalent of unit Qm; where unit Qgt along a sharp, unconformable contact. Locally divided into: poster T21B-1951.
NG till p]ain (Iocallynmarked on our map by lelongaie polygons of units Qgic and Qgo; field data were unava{lable, mapped_ on the basis of topography, agrlal , . ' Kimball, J. P., 1897, Physiographic geology of the Puget Sound basin [in 2 parts]: American
Qoal see fig. 2 in Polenz and others, 2009), and locally voluminous stagnant ice deposits phgtgs,_lor Egg;.n':;alpﬁ/:ng ;ucrlgzgc?llzrr}api (fg7sg B#fa“ of Cherr:;stry P Vashon advance outwash sand—Sand; fluvial facies may Geologist, v. 19, no. 4, p. 225-237 [part 1]; v. 19, no. 5, p. 304-322 [part 2].
Y (unit Qgic). In some areas that generally slope south toward larger basins, locally 3,“ N orls, Y ¢ durp_ Y: v Hol utau ‘ot | ) ! e_unllté)ost— ate? ) include minor layers and lenses of gravel; lacustrine facies Laprade, W. T., 2003, Subglacially reworked till in the Puget Lowland [abstract]: Geological
) permeable and relatively loose till that is typically 2 to 10 ft thick and commonly Pﬁjis?c?c:ecrleee:jnep;irge ominantly Holocene but focally inciudes some fate may include lenses and layers of silt; gray to tan; typically well Society of America Abstracts with Programs, v. 35, no. 6, p. 216
i i i i : % silt or clay in matrix); i ismi ili i i
¢ | overlies angular sand was found below 350 ft in elevation. These deposits appear to rounded, well sorted, and clean (<5 r clay ; Liberty, L. M., 2005, Land seismic profiling of the Tacoma fault, Washington—Final
P (Qgof be the “subglacially reworked till” noted by Laprade (2003) and were included with Landslide deposit—Clean sand: gray: medium- to fine-grained: generally compact but due to lack of cohe'smn locally appears technical report: U.S. Geological Survey Earthquakes Hazards Program, External
Ve \ unit Qgic. These sediments likely formed in response to the presence to the south of Qls . . . : loose where well sorted and well rounded; generally porous Research Support, Funded Research Final Technical Reports. [accessed Mar. 30, 2009 at
Qa [\ ° i i inai moderately to well sorted; loose; structureless, except for inclusions of and permeable; deposited during Vashon glacial advance; http://earthquake.usgs.gov/research/external/reports/05hQGR0024.pdf]
e \ \ ) ( ] proglacial or subgl_acnal lakes that_ caused the overlying ice to float. _ compact, bedded sand blocks derived from outwash sand that served as ron?a i iandpslides Wheregrestin ongim o ; . p: 'q -Usgs.g p -p .
> Qgo Qg Lo (o _ Subglacial drainage fgatures in the map areaare commonly Iate_rally contlnu_ous sediment source for the single slide documented in the map area. This Eubstrate p g p leesrtty,t L. I\I<I| Pratt, Th.tL%, 2008,_Strl_1cturf¢|e o{_the gextstgg ?Ier;ttle Iiﬁlt ;o_ne, V}/ashmlgtson "
4 \Qo/a\ ) Qoof with and appear to grade into clea_rly subagrlal outwash terraf:es (ur_nt Qgg) that in outwash is mapped as Vashon advance outwash sand (unit Qgas) south . ofa:A er;ri :;N\I/nglg nf) Lom SféssT_liégseC lon data: Bulletin of the Seismological Society
() { turn appear to be graded to a glaciolacustrine bgse level. Whlle various different and north of the slide, which is located on the west shore of Burley Undifferentiated alacial drift—Heteroqeneous patchwork of stratified , V. 98, no. 4, p. & . .
\ base levels are locally apparent, the most prominent one points to a lake surface at " : Qad o glack geneous p Logan, R. L.; Walsh, T. J., 2007, Geologic map of the Vaughn 7.5-minute quadrangle, Pierce
A . X . _ Lagoon, where additional slides were also observed but are too small to g and unstratified sand, silt, clay, gravel, and diamicton; may locally | Mason Countics. Washinaton: Washinaton Division of Geol d Earth R
Qoa roughly 300 ft, apparently assomate_d with glacial Lake Russell (Bretz, 1919, show at map scale. Absence of a mapped slide does not imply absence of - clude till. subalacial outwach. advarce outwash (; o recescional and Mason Counties, Washington: a§ ington Division of Geology and Earth Resources
Thorson, 1981). Some lower-elevation outwash terraces that post-date glacial Lake sliding or hazard, and the single mapped slide is unlikely to leave a Include tll, subglacial outwash, adv utwash, proximaf recessi Geologic Map GM-65, 1 sheet, scale 1:24,000. [accessed Mar. 28, 2008 at
. , e ; ; i h ; ) Y ) outwash, and ice-dammed-lake sediment; gray to tan; loose to compact; http://www.dnr.wa.gov/Publications/ger_gm65_geol_map_vaughn_24k.pd
25 25 Russell proved difficult to separate from and may locally be included with more persistent deposit because shore erosion may quickly remove slide debris. typically forms geomorphologically comp?ex);)atchwork of moundsIO L pR L.; Walsh T% : Troost, K. G gzoag G _|g ic IO_f tth X Isl po|ﬂ7 5-minut
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till plain surface irregularities (subglacial channels, “ripples on flutes”; see fig. 3 in h \ashon drift d south of the slide is l tin th terraces, incipient to fully developed channels, closed depressions, and quadrangle, Pierce County, Washington: Washington Division of Geology and Earth
Polenz and others, 2009), and subglacially reworked and/or otherwise poorly © pre-vasnhon dritt we mapped south of the SHde IS aiso present in the erosional exposures of older units; predominantly Vashon Drift but may Resources Geologic Map GM-63, 1 sheet, scale 1:24,000. [accessed Mar. 6, 2008 at
developed till in the map area suggests that the ice mass stagnated against the shores Sld'de area, afnd itis unc'ﬁar "; th_e gray sand exposed by the slide is Vashon also include older drift; shown where map scale or exposure do not http://www.dnr.wa.gov/Publications/ger_gm63_geol_map_foxisland_24k.pdf]
- k i advance or from an earlier glaciation. ; L i N _ : .
_LQgt qaf of the large proglacial lakes that filled Carr Inlet south of the map area late in the J support stratigraphic division. Ma, Li; Crosson, R. S.; Ludwin, R. S., 1996, Western Washington earthquake focal
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showntal?_nglgl mos'ijly collutv '%T'Covfrg(lj _Or denlselyl\llegetalltedd slopes that Qpd Pre-Vashon drift, undivided—Till and compact clay, silt, sand, and 257-283.
' STRUCTURE a;e p% erl1 1ally Or.t etr;()tns.trr? y uns alde, nrt1ay oca 3;.;”(::: € expostures gravel deposited prior to the Vashon Stade; shown where map scale or Martin, M. E.; Maxcia, Claudia; Gerardi, Flavia; Bourgeois, Joanne, 2007, Anomalous sand
age Tectonic Setting of underlying Units that erier we could not map contidently or are too exposures do not support distinction among subunits of drift. This unit is deposit associated with evidence of late Holocene uplift near Bremerton, Washington
_ _ _ _ _ small to show, as well as debris fans, alluvial fans, and landslides. clearly identified in the drainage above Henderson Bay 1.3 mi west of the [abstract]: Eos (American Geophysical Union Transactions), v. 88, no. 52, pt. 2,
Broadly_snuated in the forearc of the _Cascadla_subductlon zone, the map area is Absen_ce of g_mapped mass-wastlng deposit does not nn_ply abs_ence of southeast corner of the map, where it consists of compact glaciolacustrine Supplement, p. F1433.
Qb located in tr_le south half of the tectonically active Seattle uplift, a west-trending slope m_stablllty or hazard. The unit post-_dates Vashon ice and is clay underlain by lodgment till and appears to be stratigraphically below McFarland, C. R., 1983, Oil and gas exploration in Washington, 1900-1982: Washington
) structural high between the Seattle fault to the north and the Tacoma fault zone to predominantly Holocene but locally may include some late Pleistocene exposures of deeply weathered sand. ldentification of this unit is more Division of Geology and Earth Resources Information Circular 75, 119 p. [accessed Apr.
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noted by Kimba - Raisz suggested a major fault along a well records, where compatible deposits are noted at similar elevations McLean, Hu [ [ ion, Ki [
. . ] . . S Qi . ; . : ) , Hugh, 1977, Lithofacies of the Blakeley Formation, Kitsap County, Washington—A
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~ lineament, which coincides with what is now considered the Seattle fault in and near ) ' ! ely ; dep presence of a well-developed lodgment till near beach level along the McMurphy, C. J., 1980, Soil survey of Kitsap County area, Washington: U.S. Soil
Seattle. Heiskanen (1951) used Puget Lowland seismicity and a gravitational low at and adjacent banks. The sediment source is most commonly reworked ; ; ; Lo '
| : ) ' PUl - ) L ! : S Henderson Bay shore that contrasts with the typically thin and softer Conservation Service, 127 p., 31 plates.
Seattle to call for detailed gravitational analysis of the region. Geophysical evidence Qoa | recessional outwash, ablation till, advance outwash, and (or) for “ Oqi
' ; ; ; ; ; ; diamicton mapped as unit Qgic on nearby upland surfaces. Compact clay Mitchell, Michael; Liberty, L. M.; Pratt, T. L., 2008, Segmentation of the Tacoma
/ for the Seattle uplift and the faults that bound it has since been summarized b glaciolacustrine deposits, but may include lodgment till and nonglacial ; ; - P e Y. L Vs » 1 L 2000, 969 X . .
P y : i . : on the west shore of Burley Lagoon is also included with this unit based fault—Evidence from seismic and magnetic data [poster]: American Geophysical Union
Danes and others (1965), Rogers (1970), Gower and others (1985), and Brocher and deposits. Exposures locally resemble the unit’s sediment source units, a : : .
) ) ; . . . on the above-mentioned well records and pre-Vashon lodgment till. Fall Meeting 2008, poster T21B-1952.
) others (2001). Interpretations of the exact character and activity level of the Seattle particularly notable feature in the lowlands around Burley and Blackjack ) _ _ _ _
uplift and the faults that bound it continue to develop (for example, Bucknam and Creeks, where the unit is mostly derived from glaciolacustrine and (or) Undifferentiated Deposits Older than Vashon Till MorgsorI], R, E;"SEd'_t(ir’ 1?2\1’ anteg:\?gg%nglfmal g:(’zllogtﬁ;Con_termmlzuZ lé732 8 lat
others, 1992; Bucknam and Biasi, 1994; Blakely and others, 2002; Sherrod and ice-contact deposits (units Qgof and Qgic). Shear-wave velocity profiles ine;)cggrlﬁgan;icr:g Zaze merica eolody of Rorii Amenca, v. -4, 512p., € plates
others, 2003a,b; Sherrod and others, 2004; Johnson and others, 2004; Kelsey and confirm, however, that unit Qa forms a more diverse deposit than unit Undifferentiated sediment older than Vashon till—Gravel, sand, fines o
- N ’ ' ’ i i i~ (i L. . . ’ ! ’ Nelson, A. R.; Personius, S. F.; Sherrod, B. L.; Buck, Jason; Bradley, Lee-Ann; Henley, Gary,
Sherrod, 2005; Liberty, 2005; Martin and others, 2007; Logan and Walsh, 2007; Qgof and at least some deposits of unit Qgic (fig. 4 of Polenz and others, QPU | 2nd diamicton older than Vashon till: compact; may include any I1: Liberty, L. M.: Kelsey, H. M. Witter, R. C.. Koehler, R, D.'ySchermer EIizabei/h' y
Qgic Karel and Liberty, 2008; Mitchell and others, 2008; Liberty and Pratt, 2008; Kelsey 2009). Subunit Qoa is older alluvium that resembles unit Qa in every pre-Vashon unit and units Qga and Qgas where those could not be Nemser, E. S.: Cladouhos, T. T., 2009, Field and laboratory data from an earthquake
and others, 20Q8; I_Dratt and Troost, 2009). These ar_1d many other studies from recent V\:ay bu;tj f l;)rmsl ele\I/a;]ed, rellct_ Ite(;rac_es. Moslt appl)(ta)ar tolbe tlleld toan differentiated from pre-Vashon outwash. A map boundary mismatch with history study of scarps in the hanging wall of the Tacoma fault, Mason and Pierce
years together indicate that the faults are active, with kilometers of post-Eocene elevated base level that prevailed prior to a focal base-level lowering the Fox Island quadrangle to the south resulted where Logan and others Counties, Washington: U.S. Geological Survey Scientific Investigations Map 3060, 3
2 & reverse offset that has led to exposure of bedrock north of the map area and elevated event(s) (see discussion of elevated terraces under Structure). Such (2006) included narrow exposures of pre-Vashon deposits along steep sheets. [accessed Apr. 28, 2009 at http:/pubs.usgs.gov/sim/3060/]
Qob the map area against the Tacoma basin to the south. Earthquake focal mechanisms elevated former base levels are more clearly apparent in the Belfair valley walls with Vashon till (unit Qgt). Polenz, Michael; Alldritt, Katelin; Hehemann, N. J.; Sarikhan, I. Y.; Logan, R. L., 2009,
summarized by Ma and others (1996) suggest north-south compressive stress and a quad_rangle west .Of th? map area (Polenz and others, 2009). Where unit _ ) Geologic map of the Belfair 7.5-minute quadrangle, Mason, Kitsap, and Pierce Counties,
of possible strike-slip component to offset in the area. Evidence of coseismic land level Qoa is correctly identified along the lower reaches of streams that are a Pre-Vashon sand—Compact sand, locally with layers and lenses of silt, Washington: Washington Division of Geology and Earth Resources Open File Report
changes and at least one fault scarp are located within the map area (see map and graded to sea Iev_el, the age of unit Qoa ShC}Ul(_j not exceed about _6,009 PS "1 clay, peat, and minor gravel; moderately oxidized; poorly to well bedded; 2009-7, 1 sheet, scale 1:24,000.
Evidence for Post-glacial Tectonic Effects). These are attributable to either the years because prior to that, sea level was significantly lower, which likely locally iron-oxide cemented; assumed to be nonglacial based on the grain Pratt, Thomas; Troost, Kathy, 2009, Is the Seattle fault beneath downtown Seattle? [abstract].
Tacoma fault zone or other faulting within the Seattle uplift. Sherrod and others resulted in an ero§|onal setting that precluded deposmon_ of alluvium. As size, common presence of organic-rich layers, and sedimentary In Northwest Scientific Association, The Pacific Northwest in a changing
(2003a) have suggested that earthquake effects in and near the map area may mapped, t_he unitis qenerally Holocene but may locally include some characteristics (suggestive of slower sedimentation rates and relative environment—Northwest Scientific Association 81st annual meeting; Program with
represent a Tacoma fault earthquake up to magnitude 7 between A.D. 770 and 1160, unrgcognlzed rece_ssmnal outwash terraces (unit Qgo) and other late paucity of lacustrine settings when compared to sandy glacial deposits), abstracts: Northwest Scientific Association, p. 53-54
but separating such an event from an A.D. 900-930 earthquake on the Seattle fault or Pleistocene deposits. but could locally include glacial deposits. This unit is shown on the map Raisz, E. J., 1945, The Olympic-Wallowa lineament: American Journal of Science, v. 243A
late Holocene activity on other nearby structures (for example, Witter and others, ) ) . only as a single polygon along the west shore of Henderson Bay but is Daly volume], p. 479-485.
Qp / 2008 Walsh and Lo };n 2007) has r}:)ven elusivé (Sherrodpand others. 2004 Alluvial fan—Silt, sand, gravel, and boulders; typically poorly sorted and alsglocall SX c?se()j/giln dee |g incised vallevs such as an interm%ttent [ y_ ) Lp . . .
Qgic / age |) | ; gan, nas prove ro , ; Qaf stratified; forms concentric lobes where streams emerge from confining ally exp p)‘/‘ Y ICh & _ Reeve, William, 1979, Bedrock geology of the Blue Hills, Kitsap County, Washington:
J et /) { / Qgt Nelson and others, 2009). Confident assignment of specific earthquake effects to valleys and reduced gradients cause sediment load to be deposited stream, informally known as “Dry Rocky Creek”; this creek exits the Colorado School of Mines Master of Science thesis, 58 p., 1 plate.
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122°45 : " : former base level (see discussion of elevated terraces and fans under ] Sarikhan, 1. Y.; Walsh, T. J.; Cakir, Recep, 2007, Morphology of the Alderwood landslide—A
Owing to that enduring uncertainty, we have chosen not to show the Tacoma fault on Struct Such older fans tvpicall dissected by a distinctly incised exposure (>43,000 14C yr B.P.; see Table 1, Beta 253253). A map probable origin for tsunami in Lynch Cove, Puget Sound, Washington [abstract]:
; I this map, though it may be present. ructure). Such older fans ypically are dISSeCted by a distinctly incise boundary mismatch with the Fox Island quadrangle to the south resulted i i i i
: Geological Society of America Abstracts with Programs, v. 39, no. 4, p. 31.
Lambert conformal conic projection SCALE 1:24.000 modern stream channel. The unit post-dates Vashon ice and is where Logan and others (2006) included narrow exposures of pre-Vashon
North American Datum of 1927; to place on North American Datum of 1983, 1 05 0 1 MILE ) ) ) predominantly Holocene but locally probably includes some late q . ? I lls withi : P P Sherrod, B. L.; Brocher, T. M.; Weaver, C. S.; Bucknam, R. C.; Blakely, R. J.; Kelsey, H. M;
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did not systematically survey the map area for such lineaments and may have missed outwash (unit Qga), but in some exposures difficult to distinguish from o . Thorson, R. M., 1981, Isostatic effects of the last glaciation in the Puget Lowland,
others of equal subtlety. unit Qga where not separated by till; stratigraphically overlies till. Most Scarp—hachures point downslope Washington: U.S. Geological Survey Open-File Report 81-370, 100 p., 1 plate.
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Service, 131 p.

mapped a terrace that appears to be elevated by a few feet above the modern beach
as older, apparently uplifted beach. Additional, similarly elevated surfaces that we
interpret as uplifted beach elsewhere at Burley Lagoon were too narrow to show
separately from the modern beach but appear to confirm late Holocene net uplift,
despite the suggestion by Garrison-Laney (2003) that the 1,100 *#C yr B.P. uplift
event at Burley Lagoon was followed by subsidence, the timing and rate of which
remain unconstrained. Two miles north of the map area, Martin and others (2007)

grades laterally into units Qgol and Qgos; in the Burley Creek
watershed, includes many terraces that suggest significant
reworking fluvially and (or) by step-wise lowering of lake
levels and episodes of extensive lakeshore terrace erosion.
These terraces were included with unit Qgof because their
deposits resemble undisturbed glaciolacustrine deposits and
the multitude of terraces does not permit straightforward

Table 1. Age control data from the map area. Lab uncertainty values are one standard deviation (68% confidence interval) and include random errors that can be estimated by the lab but exclude
uncertainties that cannot be detected by the laboratory’s analytical procedures. Analyses were performed by Beta Analytic, Inc. (Miami, FL). “14C yr B.P.” signifies radiocarbon years before A.D. 1950.
Radiocarbon ages are ‘conventional’ (that is, adjusted for measured 13C/12C ratio). 14C, radiocarbon analysis by liquid scintillation counting. 14C AMS, radiocarbon analysis by atomic mass
spectrometry. The geologic unit shown in this table is the unit from which the sample was extracted. Where that differs from the unit shown for the sample location on the map, either the sample was
collected from the subsurface or map scale prohibited display of the sampled unit on the map. Elevations are in feet above mean sea level, as estimated in this study using lidar data (supplemented by
visual elevation estimates on bluffs) and referring to VERTCON (http://www.ngs.noaa.gov/TOOLS/Vertcon/vertcon.html) for vertical datum shifts between lidar data and map elevations. Elevations in
quotation marks are reported by referenced source.

Geologic Map of the Burley 7.5-minute Quadrangle,
Kitsap and Pierce Counties, Washington

' 5 5 T H 13~/12, H H R
by M |Cha9| POIenZ, KatEI N AI Id I‘I'['[, N IChOlaS \] HEhemann, and RObert L Log an and Bourgeois (2008) similarly noted uplifted mud-flat deposits capped by sand and recognition of a fluvial landscape development pattern. Some hg? '(61495 E;S:Igg'ft)e (%Cj; C A:;Itxétcl)gal Mda;géal Gel?rll?glc Lab no. E(E)V Reference Notes
upland deposits. Sherrod and others (2003a, 2004) suggested that more distinctly of these terrace distinctions are reflected in the soil map of - - - -
uplifted shorelines at North Bay three miles west of the map area (see also Polenz McMurphy (1980), however. SltetS:?n E;’-8_ {-/'gng(?ngOf site Cffm”tn |305:‘_t sam[t)_le e:e\;atl?\TA%n% ,
. exploration boring suggests that elevation estimate Tor map
Ju Iy 2009 T%O';f;egsénZdogiég]ay have resulted from a large Tacoma fault earthquake between Vashon recessional lake marginal outwash—Gravel, sand 1 >48,000 -28.4 ¥c AMS s(;:ﬁ?r?e:ﬁt Qps* 21386;20 “305” (Jenny Saltonstall, projection is 302 ft. AESI interpreted sample site as pre-Vashon
= ’ . Qgol . . ' ' AESI, Inc., written nonglacial deposits (unit Qps) beneath ~8 ft VVashon advance
On the north shore of Hood Canal, about 4 miles west of the map area, elevated and locally fines; gray to brown; formed by proximal commun., Apr. 1, 2009) sand (unit Qgas).
terraces that Polenz and others (2009) interpreted as probable relict marine terraces reworking of upslope units (usually ablation till) into a Bet Sampled from flattened wood in stiff cl ib ot
_ 14, eta . ampled Trom tiattenea wood In stfT Clay exposea Dy erosion a
2 >43,400 265 c wood Qps 253253 ! this report top of beach; overlain by sand.

*Sample collected from exposure of unit Qps 15 ft below surface in an exploration pit. Surface at site consists of sand mapped as unit Qgas, thus resulting in mismatch between sampled unit and surface unit on map.

http://www.dnr.wa.gov/AboutDNR/Divisions/GER/ © 2009 Washington Division of Geology and Earth Resources
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