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Owing to that enduring uncertainty, we have chosen not to show the Tacoma fault on
this map, though it may be present.

Structure). Such older fans typically are dissected by a distinctly incised
modern stream channel. The unit post-dates Vashon ice and is

exposure (>43,000 14C yr B.P,; see Table 1, Beta 253253). A map
boundary mismatch with the Fox Island quadrangle to the south resulted
where Logan and others (2006) included narrow exposures of pre-Vashon
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L / yQgt 4 . S B 7 o e 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
pas b beach terrace surface. In all cases, the elevation of emergent coastal terraces appears near the top, foreset beds in the center, and quiet-water A 1 E. Crandell. . R - Easterbrook. D. .- Noble. 1. B.. 1965. Late Plei
o 27 : : : : . : : : : : . : C trong, J. E.; Crande . R.; Easterbroo .J.; Noble, J. B. ate Pleistocene
Pl i 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 rmstrong, N ’ ich > | ’ W > B > b C i b'j d > 0
p%\g 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. i;;:st;lgi;alz oz'ageoclor(;rcla?l OS%)};iI:t;(;L? Av;f:ﬁiecr;BljiI;iin \(1) 1711611 112 a;l n(;rzt lv;zs(;ern
7 4 « 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 Blakelv. R f W I RgE W C S Joh S Y, 2'002’ L ’ ,t'p. ot ' q
the man area ' record can be difficult to separate from glaciolacustrine terracing and the potentially distribution. akely, R. J.; fe hSa S . 1, fealVer, . “} (;1 nson, .E > ; s : ocation, structure, an
pesee complx icsio istony f e postglcilsams ity oSl Gl sVl EOs o s
o Weathered bedrock exposures a few miles north of the map area may have Qgic Vashon glacial ice-contact deposits—Sand, gravel, lodgment till, and Bulletin V’ gll 4 fo ) pp pl 69g_’177 ’ g vy
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 e ’ , ) )
o . . . . compact; massive to well stratified; locally includes over-steepened beds Boothf D. B, Troost, K. G.; Clague, J. J.; Waitt, R. B., 2004, The Cordllleranhlce .sheet. In _
° Ub1qu1t0u§ subglacial channels and fluvial sedlm.en.t are evidence that the Vashon Surficial deposits in the map area generally consist of a diverse mix of glacially that typically reflect sub-ice flow, but their dip may, along with Slllengl, A. R, Poft;r:‘ 35 C.; Atwater, B. F., editors, The Quaternary period in the United
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 tatés' seviet. p- 1 ' o .
e 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 BOUI{%GSOISGa Jo;anqe, 12208, Hazard; lnfei(rre;il fron; ts}:lnaml deI;:osus 1r} Washm}g:xton and Or;'gori:
map area and record several late-elacial 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 . Geological Survey, Earthquake Hazards Program, External research support—~Fina
P g . . . . . technical reports—Funded research, Pacific Northwest, [34 p.]. [accessed Jun. 18, 2009 at
. . . . . . unweathered, but deep weathering of some exposures is confirmed by their thus commonly accompanied by stagnant-ice features, such as kettles and htt://earthauake.uses.cov /research;extemal Ireports /07’H 9 GRO 009.pdf] T
* Stagnant-ice deposits a.nd subglacial erosion channels.hkely 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 P quatce-usg g P o P
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, {;{arlﬁ;’ 192(4)‘,8C21§§1a1 lakes of Puget Sound—Preliminary paper: Journal of Geology,
unweathered particles alongside significant quantities of weathered ones. This morphologies that support conceptual association with both ice and V- 18, 10. 9, p. A36-458. . .
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. L; Fisher, M. A.; Wells, R. E.;
The man area is located in the central Pueet Lowland. where repeated elaciations unweathered and proximally sourced, previously weathered particles and causes is mapped in the presence of fluted topography, it is commonly only a ;I;Hi S Workm§ Gr;)u}}, 200111’ Ug;;r gn_lSta,l St}rlucmze IIn Puget L_OWla.ndl’) Sound:
P & L P £ 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—Results from the cismic Hazarcs Investigations in Puget Sound:
have covered forearc rocks of the Cascadia subduction zone with allochthonous . . . . . . . . . Journal of Geophysical Research, v. 106, no. B7, p. 13,541-13,564.
lacial sediment. No bedrock is exposed in the Burley quadrangle. 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 Buch Banks. J. M. Collins. D, S... 1994, Man showine denth to bedrock of the T
in d Collins (199' 4) estimated sedimentary thickness above Tertia ) bedrock in the area remains largely undocumented, but we attribute the mixing to entrainment of also includes poorly consolidated till commonly accompanied by ue agan' anf il’ C ” l(') 131};’ 6 O'.’ d > 1ap SWOWl?g ep‘tUtg é r(ic ° lt Se acoma
. Yy . Y 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 entralia 5U"x 60" quadrangles, Washington: U.5. Geologieal Survey
map area at under 330 ft in the northwest, over 650 ft in the south, and between . . . . . . Miscellaneous Field Studies Map MF-2265, 2 sheets, scale 1:100, 000.
1000 and 1,300 ft in the northeast. However, Haeussler 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 Bucknam. R C.. 1998, P Sound paleoseismoloav. In U.S. Geological S Annual
2 denth to bedrock n the Union River vallev rear the northwestern man edee at close 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 ucknam, . L., 1956, 1\1/g<;t 0“;9 Il’)a ef’f_sel;molfgy' n o co Oglcz Durvzy,wrglgua
7 QQ'C}',‘;)/ b7 f north (') fthe Pierce-Kitsap county line (well location per Was(}]lin ton%)ivision’o £ feldspathic-volcanolithic rocks assigned to the Blakeley Formation by Fulmer Qgos, Qgof, and Qgol). A discrepancy between this map and the Fox pHierp T g8 P ' PIVPIL o ] o
NN {/ o Geoloav and Barth Resourfes web};i te. htto://erol.dnr wI; ov/) no ti  basalt bedrock (1975) and McLean (1977). We speculate that the deeply weathered sediment in the Island quadrangle to the south resulted where dead-ice topography north Bucmar}?’ R‘k Cs BLaSI’ G'lf’" 19?)4’ Angmprgved.estqu\?tehc_)fthe tlm}: ofa p.r(éllstlorlf: |
7 \\ 79 from 6g2y0 ft below the surface to the b;se (I))f thgp vx;ell ét 6%88 ft below the surface map area resulted from reworking of this bedrock. of the boundary reveals sandy deposits mapped as unit Qgos by Logan Zirgiguao: Anrlntereicsao/lifbs‘:/rzsctts ;%:}E P(r)cl)1 nrarrr?sg 1i)/n’26 211180 117lgt012[§5282tra0t]- e
ghr £ (Union Ol Company of California and Standard Oil Cor;1 any 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 ' ) ErAmS, v 20, 10- 1, b o
' : \ cee also McFarlagl p yl 983, p. 38-39). Surficial exposures (ff Tzrtia volcanic and surficial cover to be of geotechnical significance, generally requiring a thickness of discrepancies resulted where subglacially reworked till was included with Bucl?;%?, R.C; Hsemrilhﬂl'lljaley’SEllee;;VI\}eo}E’,Old’ E. ]SB"_ 1992, A?r;};;uphftlxév;tlhllnglhj past
{omeous intrusive r(;cks at’ é)feen an d Gold Moun‘zlins WO 10 Six mr?les northwest of 5 ft, although where stiff, impermeable, or geotechnically challenging units (for unit Qgic on this map but mapped as till (unit Qgt) by Logan and others. years at Southern Uget' ound, Washington, .Clence’ VOl 299, Pp- T
Qgic tﬁe 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: Clark, Kenneth P., 1989, The stratlgraphy a_nd geochemistry of the Crescent FO@atlon basalts
v 1001 p b ﬁp d(i/' o Clark 1989 s > | | Clark (2000 we locally mapped thinner deposits. In most areas, exposure or access was t0o and the bedroc.k geology. 0fa§s001ated igneous rocks near Bremerton, Washington:
( ) as mostly basalt and diabase. Clar ( ) and Haeussler and Clark ( ) limited to d . it thick d lied :derabl hol Vashon glacial eskers—Sand and gravel; tan to brown; loose; Western Washington University Master of Science thesis, 171 p., 1 plate.
ted ophiolitic tend th Ks. and 1 : d Clark (2000 imited to determine unit thickness, and we relied considerably on geomorphology, @ '
noted ophiolitic tendencies among the rocks, and Hacussler and Clark (2000) field relations, or, where available and helpful, subsurface records. A U.S. Geologic moderately to well sorted; moderately to well rounded with Dane§, 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 D . prut, S : ity . : H.: Malfait, Bruce; Masten, J.; Teague, G. O., 1965, Geophysical investigation of the
Mountains, Fulmer (1975) described Tertiary volcaniclastic bedrock of the marine Survey 7.5-minute topographic map was used as the base map, but contact locations good porosity and permeablhty, dfsposned subglaglally by . h P’ S ’ d ’W’ hi o : J " 1 f’G IL y' IR gh 70 22
’ . . Yy . were generally refined by reference to lidar, aerial photos, and field observations. Vashon melt-water in areas occupied by stagnant ice; forms southern Puget Sound area, Washington: Journal of Geophysical Research, v. /0, no. 22,
Blakeley and the overlying terrestrial Blakely Harbor Formations, and McLean low, elongate, sinuous hills that seem to rest like slugs on p. 5573-5580.
(1) el el Formn e St S50 untrnary Uncansoided Deposis
: ’ be seen to merge into channel incisions (fig. 1 in Polenz and ormations. caver, L. W.; Hornaday, Gr. K.; 11pton, Ann, editors, ralcogene
(basalt) rock at Hofert # 1 well suggest that bedrock beneath the map area includes HOLOCENE NONGLACIAL DEPOSITS others, 2009) g (fig 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" | ‘ Vi 27'30" Repeated Pleistocene incursions into the map area of northern-source ice sheets r 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.
7, 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; Qat sand, and gravel; typically supported by a sandy matrix; gray but locally Garrison-paney, C. E., 2003, Subsifience Within the pasF 600 years at P}lget Sound,
' Stade of the Fraser Glaciation of Armstrong and others (1965); we were unable 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.
W 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.
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; Yqunt, J. C.; Crosson, R S., 1985, Sgismotectonic map gf the Puget.Sound
Lowland, based on generally significant and locally intense weathering and the 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, mi Modiﬁed lan'd—Local sediment ranging frpm clay to grav'el qnd . 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; mlxed and reworked by excavation aI'ld (or) redlanbutlon that striated and faceted, with angular or rounded edges. Boulders are Haeussler, P. J.; Clgrk, K. P., 2000, Preliminary geqlogic map of the Wi.ldcat Lake 7.5' .
northern-sourced glaciers and thereby may have caused younger pre-Vashon notably .modlﬁes topography; shown whgre felatlvely 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?nt to be preferentially removed by erosion during successive glacial underlying geology, and geotechplcally s1gn1ﬁcanF (grea'ter than 5 ft); metamorphic rock are common on till surfaces. Some exposures include Repf’rt 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-//PUbS~er-USgS-gOV/USg.Spl.le/Ofr/ 0fr00356] .
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]. /n 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. Scientific Association, The Pacific Northwest in a changing environment—Northwest
Landforms include both deposition and scour features from ice and meltwater. Booth o Beach depOSltS.—Sand, pebbles, pebbly sand, cobbles, silt, clay, and Tt typically dominates, but is also locally discontinuous on, fluted Sc1ent.1ﬁ? Association 81st annual meeting; Program with abstracts: Northwest Scientific
and others (2004) associated the Fraser Glaciation with marine oxygen isotope stage shells;. clasts .typlt.: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 Association, p. 27-‘28.
2, and Morrison (1991) assigned the glaciation to the period between 28 and 10 ka. sortf:d, loose., derived from shore bluffs, stregms, and underlying deposits. 1.3 mi long and the long axis aligned with the direction of ice flow. Till Haugerud, R A Hardl?g, D J.; Johnson, S. Y.; Harless, J. L.; Weaver, C S.; Sherrod, B. L.,
Fraser Drift in the map area is herein associated exclusively with the Vashon Stade Qob | Uplifted (relict) beach .terraces are apparent in parts of the map area and, typically is in sharp, unconformable contact with underlying units, most ?003, Iﬁgh.-resol.ugglg lflfieg topoglrglphy 06f the4P;1§et Lowland, Washington—A bonanza
because no evidence encountered 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 . or earth science: oday, v. 13, n0. 6, p. 4-10. . ' ' . .
other parts of the glaciation. . ] ) ) ] stratigraphically below unit Qgo. It may include unrecognized exposures Heiskanen, W A, 195'1, On Seattle earthquakes and gravity anomalies: Seismological Society
Surficial glacial deposits are mapped as Fraser Drift, except where stratigraphic om | Marsh deposits—Organic sediment 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 tldal,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
draping of proximal, generally subtle, relict, fluvio-deltaic terraces that mark a Qp; includes layers of freshwater peat in some areas, due to relative Vashon advance outwash—Pebble to cobble gravel, sand, and layers shortening of the Cascadia forearc and implications for seismic hazards of the Puget
paleo-lake surface near the top of the unit. This unit is very likely more widespread sca-level changes. We excluded from unit Qm mudflat areas identified as 993 | 4nd lenses of silt and clay; gray to tan; typically stratified, well rounded Lowland: Tectonics, v. 23, TC1011, doi:10.1029/2003TC001507, 27 p.
than shown by our mapping, but most exposures form only a thin (less than 10 ft) water on the USGS topographic base map. well sorted, and clean (<5% silt or clay in matrix), except in less-sorted Kelsey, H. M.; Sherrod, Brian, 2005, Earthquakes generated from bedding-plane reverse
dre}ping of loose' deposits. The presence of ﬂuVio-dcjltaic terraces assgciated with . HOLOCENE AND LATE PLEISTOCENE NONGLACIAL DEPOSITS and more angular ice-pro?(imal deposiFs; compact (see fig. 4 of Polenz faults of the Seattle fault zone—The roof thrust is not passive [abstract]: Eos (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—Organic and organic-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. - ) i R ’ » ST ded bed t-and-fill structures. t h and rippl “bed d from bedding plane-parallel reverse faults above an active wedge thrust, Seattle fault
/ SRR @ clay; typically in closed depressions; includes all recognized upland e S e, TS S PP Sesa e s, zone: Geological Society of America Bulletin, v. 120, no. 11-12, p. 1581-1597
T23 N T23 N Haugerud (2009) noted that deglaciation in the southern Puget Lowland Hand d flat surf: 0 closed d . ) different foresets; thickness not well constrained by this mapping but ranges from : g Y » V- 140, 1O - p- :
T22N T22N probably began with stagnation of the ice sheet, which resulted in preservation of erit ir; ste;rrfgisnan at:r Su;szce:clirfliga(l)lsei deflIt)'r geszfll(()indse’:r?tr'lﬁ?astiinlo fesrzrr;e 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
subglacial drainage features. Within the map area, these features include eskers (unit " NCINE water was sp Y e e deltaic sediment during Vashon glacial advance and typically overlain by from seismic reflection data [poster]: American Geophysical Union Fall Meeting 2008,
Qge; 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.
til% p]ain (locallsmarked on our map by ,elonga‘;e po%ygons of units Qgic and Qgo; field data were unavai'lable, mappeq on the basis of topography, ae.rial ¢ ¢ » . Y . Kimball, J. P., 1897, Physiographic geology of the Puget Sound basin [in 2 parts]: American
see fig. 2 in Polenz and others, 2009), and locally voluminous stagnant ice deposits photos, or prior mapping such as soil maps (U.S. Bureau of Chemistry 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].
(unit Qgic). In some areas that generally slope south toward larger basins, locally and SOII.S’ 1934;. McMurphy, 1980 ; Zulauf, 1979). The' unit post-dates SR include minor layers and lenses of gravel; lacustrine facies Laprade, W. T., 2003, Subglacially reworked till in the Puget Lowland [abstract]: Geological
. . X . . Vashon ice and is predominantly Holocene but locally includes some late include 1 dl fsilt: - typicall 1 . ’ . .
permeable and relatively loose till that is typically 2 to 10 ft thick and commonly Pleistocene deposits may include lenses and layers of silt; gray to tan; typically we Society of America Abstracts with Programs, v. 35, no. 6, p. 216
overlies angular sand was found below 350 ft in elevation. These deposits appear to ' rounded, well sorted, and clean (<5% silt or clay in matrix); Liberty, L. M., 2005, Land seismic profiling of the Tacoma fault, Washington—Final
be 'the “§ubglacially reworke'd till” noted by Laprade (2003) and were included with o Landslide deposit—Clean sand; gray; medium- to fine-grained; ig:::;iilﬁleigr‘zzic;(l)a;; (;11;; (;o‘izlclkrgi 1(1:3‘131;?10; icr):ﬁlly ecl)gﬁzsirs E:chnica}l1 rseport:rtU.FS. (31631(1?1031 SErI\:/gy F?rﬂ;qqu'akf; Hazards Prograrg, l\l;xte;?)alzoog t
., Qg}c. Thest SedlmentS e vt tO' e prosence to the south of moderately to well sorted; loose; structureless, except for inclusions of and permeable; deposited during Vashon ’licial ad\}//arr)lce' htisé/?;;rthull::ﬁe lilS usrl SV/reesSeZi;/exltr:rinaljrce néﬁi/osi%)g;(gggieszeﬂ o ’
proglacial or subglgcml lakes that. caused the overlying ice to float. . compact, bedded sand blocks derived from outwash sand that served as ron[; R ian(fslides where%estin . r;%im B ; . p: quake.usgs.g p -p ‘
' Subglacial drainage szatures in the map area are commonly late.rally contlnqous sediment source for the single slide documented in the map area. This Eubstrate p g p L1be;tty,t L. I\I:II., Pr.att., EtL.f, 2008,.Str1.1cturfel: of.the gatSthl 1S1€étl‘tﬂe ffaﬁlt ;qne, V;/asmn]gtson "
:Vlth — aprt)ea:)r to gr;d;:tmto cllea'rlif subtae.:naLoutvlvaShI te\:;]rﬁgles (ur}lt Qi?gfthattm outwash is mapped as Vashon advance outwash sand (unit Qgas) south : on em*ericez":/“;lf ni TTE ng;“iggs cction data: Bulletin of the Seismological Society
urn appear o be graded fo a glaciolacustrine base fevel. While various ditieren and north of the slide, which is located on the west shore of Burley . : : . : oo i '
: : 0 X Undifferentiated glacial drift—Heterogeneous patchwork of stratified . : : :
base levels are locally apparent, 'the most prominent one points to a lake surface at Lagoon, where additional slides were also observed but are too small to Qgd and unstratified sand, silt, clay, gravel, and diamicton: may locally Logan,d Ii/[ L. Wélsh, tT I, v%/OO}Z" GteOI-O%xl/c r}Ill?.p of t}g.\/.agghn Zé_nimute qga]ijir?&gll:’ Pierce
flf)ﬁl ghly 3?(9) Sf? agparenltly assolmati:.d w1thtgla0ﬁatl Lake Rtﬁsieu (13:‘16'5[2, 11919’ | Lak show at map scale. Absence of a mapped slide does not imply absence of include till, subglacieil ouitwasﬁ, advan’ce outwash, pr(;ximal recessional ZneologaisconMaslgll\;ﬁsés f Sshl:e% osr;.ale 3-15.21:%2;)(;1 [e:cvclzls(s)reldoMaf Ozgg;(;i(;lg ata s
25 ;2 25’ Ruzzzi)ln’ roved)aif(f)illlzlt(zzvzé-eaf;z lf(;:)ln(il;:(/lafna elii)accaﬁﬁ bi: iiilid:dev&%italllc;iorea ‘ Slidipg or hazarq, and the single mapped slide is.unlikely to lane a . outwash, and ice-dammed-lake sediment; gray to tan; loose to compact; http://Www.dnr.wa.gO\;/Publice;tions/ge} g’m65 geol_map Val:lghryl 24k.pdf]
gl prov \ p ¢ may y : . persistent deposit because shore erosion may quickly remove slide debris. typically forms geomorphologically complex patchwork of mounds Losan R. L Walsh. T. 1 Troost. K. G.. 2006. Geologic man of the Fox Island 7.S-minut
: rF:cent 'alluV1um (}mlts QaT Qoa). The cgmbmahon o£ gbundant stagna’l,lt ice depos'lts, A mid-slide bench and boulders on the beach below the slide suggest that ferraces, incipient to fully developed channels, closed depressions e:nd ogarlll,adr.an.,le z; iser,ce.c.(;u nrtoo;}asmn.,ton. “,/asﬁi)notg; IS?\]])i zon (e)f Go>e<01s0 an an& ]-Er;l;:lhu e
till plain surface irregularities (subglacflal channels, “ripples on ﬂut§s ; see fig. 3 in the pre-Vashon drift we mapped south of the slide is also present in the 3 ’1 fold s: oredomi ,tl Vashon Drift b ,t q gle, : Ys gton: g. gy
Polenz and others, 2009), and subglacially reworked and/or otherwise poorly lid diti lear if th d d by the slide is Vash 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
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shown alopg mostly colluvium-covered or densely Vegetated slopes that Pre-Vashon drift, undivided—Till and compact clay, silt, sand, and 257-283.
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Geologic Map of the Burley 7.5-minute Quadrangle,
Kitsap and Pierce Counties, Washington

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
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)

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
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
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

Cooperative Geologic Mapping Program, Agreement No. 08HQAGO0104, 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.
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Washington: U.S. Geological Survey Open-File Report 91-147, 37 p., 4 plates.
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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.

. . . . : P : : :
by MlChael POlel’lZ N Katelll’l Alldl’ltt, NlChOlaS J . Hehemann, al’ld ROb GI"[ L Logan and Bourgeois (2008) similarly noted uplifted mud-flat deposits capped by sand and recognition of a fluvial landscape development pattern. Some Ezc ?Mg(ej es:ll;n i‘,t§ (%CD; ¢ A::lilt);lt:);al Mda;g:ial Ge:lll(i)tglc Lab no. Elev Reference Notes
upland deposits. Sherrod and others (2003a, 2004) suggested that more distinctly of these terrace distinctions are reflected in the soil map of : yre.r.
uplifted shorelines at North Bay three miles west of the map area (see also Polenz McMurphy (1980), however. Sltetsgn ElI:-S. I\}lli:ila{erCagl\l;or site ctoriﬁntn ?05 tf,t sam;;le eievfatl‘l’\r&%l%
. exploration boring suggests that elevation estimate 1or map
J uly 2009 21(]1)0;}17658’ ZdO(I)?é(I)n ay have resulted from a large Tacoma fault earthquake between Vashon recessional lak inal out h—G | d 1 >48,000 -28.4 "C AMS ozgamc t Qps* 2?;;251 0 “305” (Jenny Saltonstall, projection is 302 ft. AESI interpreted sample site as pre-Vashon
- an ) . Qgol tonal fake marginal outwas .rave 540G, sedimen AESI, Inc., written ~ nonglacial deposits (unit Qps) beneath ~8 ft Vashon 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 o .
2 ~43 400 6.5 4o wood Qps Beta this report Sampled from ﬂatteped wood in stiff clay exposed by erosion at
’ 253253 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.
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