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P l / G E T \ INTRODUCTION MAPPING METHODS agr | Vashen till—Unstratified and, in most exposures, highly compacted REFERENCES CITED
' The Nisqually quadrangle is located at the south end of Puget Sound, straddling For the present map, we inspected available construction site excavations, gravel pnxture of clay, silt, sand, e.md gravel er051ted directly b}.] glamer Armstrong, J. E.; Crandell, D. R.; Easterbrook, D. J.; Noble, J. B., 1965, Late
\ . . . . . . ice; gray where fresh and light yellowish brown where oxidized; . . . o .
the Nisqually River, which is the boundary between Thurston and Pierce pits, and roadcuts. We surveyed the shorelines by boat and took samples and . o Pleistocene stratigraphy and chronology in southwestern British Columbia
f . . . . . . . . unsorted and, in most exposures, of very low permeability; most . > . . i
Counties. It includes part of Fort Lewis, which has limited access to areas used measured sections at cliff exposures. Contacts between map units are commonly . . and northwestern Washington: Geological Society of America Bulletin,
\ f . . . . . . . commonly matrix-supported but may be clast-supported; matrix
or artillery training, and part of the Nisqually Indian Reservation, which also not exposed and are only approximately located. They are generally located by . v. 76, no. 3, p. 321-330.
Qb . 4 A . . . . . . Sy L . generally has a more gritty feel than outwash sands when rubbed
DeWolf Bight N = has restricted access. The rest of the quadrangle is rural residential or outcrop mapping, air photo and lidar interpretation, interpretations of water well . . . - . .
® d\ . : . . . between fingers, due to being more angular than water-worked Bodle, T. R., 1992, Microzoning the likelihood of strong spectral amplification
Qps \Sﬂ\ agricultural land. logs from Washington Department of Ecology geotechnical site reports, and, in . ) L . . )
Qps o) 7wy . . . . sediments; cobbles and boulders commonly faceted and (or) striated; of earthquake motions using MMI surveys and surface geology: Earthquake
0 I28Ye part, modified from Drost and others (1998). USDA soil maps (Pringle, 1990; L . . . .
Qga O = \ 2 . . ranges in thickness from wispy, discontinuous layers less than 1 in. to Spectra, v. 8, no. 4, p. 501-527.
o GEOLOGIC HISTORY Zulauf, 1979) helped guide the location of peats and the contacts between sandy more than 30 ft thick: thicknesses of 2 to 10 ft are most common: ) R
Qmw Qa N I S Q U AL LY Z ] ) ) and gravelly units. Location accuracy of contacts is judged to be about 200 ft in 44l 1’ nelud b clav. sil d | ’ Booth, D-_ B., 1994, .(}lacfloﬂuv1al 1nﬁ1.111%g and scour of the Puget Lowland,
ab & %\ : Laj[e Wisconsinan—age Vashon Drift covers most of the quadrangle. Pre-Vashon general. In addition, the contacts between some units are gradational. We have n;)e;ppe tl'll c}c:mrpon y an udes l;)utwa.s HC ay, Sli tilsan égﬁa\"e » Or Washington, during ice-sheet glaciation: Geology, v. 22, no. 8, p. 695-698.
/Beac chEst ‘ units are generally exposed only along coastal or river bluffs, where mass tried to consider geotechnical significance in mapping geological units and have ablation Uil tha t'ls too thin to substantially mask the underlying, Booth, D. B.; Goldstein, B. S., 1994, Patterns and processes of landscape
— O?ﬁ wasting is common. Landslides and colluvium disrupt and obscure the attempted to show units only where they are thicker than 5 to 10 ft or mask the rolling till plain; erratic boulders are commonly associated with tl development by the Puget lobe ice sheet. /n Lasmanis, Raymond; Cheney, E.
- ges continuity of exposures so that pre-Vashon geologic history is not easily o T plains but may also occur as lag deposits where the underlying . . ” LD
— ! b ! underlying lithology. . . L S., convenors, Regional geology of Washington State: Washington Division
b deciphered. In the Puget Lowland south of Tacoma, all finite radiocarbon ages deposits have been modified by meltwater; typically, weakly of Geology and Earth Resources Bulletin 80, p. 207-218
Nisqually reported before 1966 are suspect due to laboratory contamination (Fairhall and ACKNOWLEDGMENTS develop.e ¥ mod@m sofl has formed on the cap of 10056' gravel., butthe Borden, R. K.; Troost, K. G., 2001, Late Pleistoéer;e strati r;1 hy in the south-
Head others, 1966, p. 501). Stratigraphic assignments based on these radiocarbon ages ynderlymg till is u.nweathered; local textural features mn the till cen';ral. Pu" o Low,lan.d i;ierce E?ount Washineton: Wishri) nyton Division of
Luhr Beach are now questionable and need to be re-evaluated. We have systematically Nick Foit (Wash. State Univ.) and Andrei Sarna-Wojcicki and Tom Sisson (U.S. include ﬂo‘fV banding a1.1d apophyses commonly extenfllng 10 to 15 ft Geolo afri d Barth Res’ources Re ortyZ)f Invest? ati;)ns 13 3% [On the
sampled all datable material from nonglacial sediments subjacent to the Vashon Geological Survey) provided support for identification of tephra. We benefited downward mt.o underly¥ng s.and and gravel that are oriented DGERg ?Nebsite at http://www. dnrri)va ov/ eolog Todf/ri3 ?’, dfli.
Drift and found them to be older than previously reported. With a few greatly from discussions with Derek Booth and Kathy Troost (Univ. of Wash.) transverse to ice flow direction. . p.. (ni-wa.govig g.y P ..p '
= exceptions, these sediments have been beyond the range of radiocarbon dating. and Ray Wells and Brian Sherrod (U.S. Geological Survey). Thanks also to Jeff Ice-contact deposits—Mix of deposits from undifferentiated Bretz, JH., 1913,.Gla01at1on of the Puget Sound region: Washington Geological
The antiquity of the pre-Vashon units causes radiocarbon dating to be of Foster of the Fort Lewis Forestry Program for gaining us crucial access and for Qgic dynamic ice and dead ice. Dynamic ice deposits include lodgment till, Survey Bulletin 8, 244 p., 3 plates.
little help for making correlations, and abrupt facies changes within glacial and his enthusiastic support. This map was supported by the National Geologic drumlins, and advance outwash; dead-ice deposits include ablation Colman, S. M.; Pierce, K. L., 1981, Weathering rinds on andesitic and basaltic
s / Q Qa nonglacial units also render correlations tenuous. Despite these difficulties, we Mapping Program (Cooperative Agreement No. 02HQAG0047) of the U.S. till, subglacial water flow deposits (such as eskers), and recessional stones as a Quaternary age indicator, western United States: U.S. Geological
a hgve developed a cpnceptqal model for thg more recent pre-Vashon geolggic Geological Survey. New radiocarbon ages were provided by Beta Labs, Inc. outwash; typically lacks thick, continuous, or widespread deposits of Survey Professional Paper 1210, 56 p.
, history that is cogsmtent with our obser.vatlons but by no means comp.elll.ng.. lodgement till at the ground surface, though small till exposures and Deeter, J. D., 1979, Quaternary geology and stratigraphy of Kitsap County,
A Ehe oxygens—lsot(c)lpe stage ﬁlgleicmtlon, called the Pdoss(essmn Glac1at13n m DESCRIPTION OF UNITS detrital till fragments are common; topography formed by a mix of Washington: Western Washington University Master of Science thesis, 175
northern Puget Sound, was mild relative to stages 2 and 6 (Mix, 1987, an 0l ice. ; ;
Fig. 1), represented by the Vashon and Double Bluff Drifts respectively in the Quaternary Unconsolidated Deposits subglacial, ice-marginal, and recessional processes. P2 plfltes: _ _ . .
Puvet Lowland. The P ion ice sheet probably did not extend £ th of Eskers—Sinuous, steep-walled mounds of loose gravel and sand Dorn, T. F.; Fairhall, A. W.; Schell, W. R.; Takashima, Y., 1962, Radiocarbon
ol uger Lowland. 11 FOSSESSION Ice sheet probably did hot extend fat South o HOLOCENE NONGLACIAL DEPOSITS Qge cad i ; dating at the University of Washington I: Radiocarbon, v. 4, p. 1-12
Seattle (Lea, 1984; Troost, 1999). Because the ice sheet blocked drainage out of deposited in ice-confined channels by glacial meltwater. & Y ' gron & > dpr | ’ q
22 Z Puget Sound to the Strait of Juan de Fuca, a proglacial lake was impounded Fill—Clay, silt, sand, gravel, organic matter, shells, rip-rap, and Vashon advance outwash—Sand and gravel and lacustrine clay, silt, Drost, B.' W; Turey, G. L.,.Dlon, N.P; Jones, M. A., 1998, Hy © Ogy an
z 0 covering most of the southern Puget Lowland. Streams flowing into this lake, of debris; includes engineered and non-engineered fills; shown only Q928 | 1d sand of northern or mixed northern and Cascadian source, quality ° f ground water in northern Thurstqn C'ounty, Washington: U.S.
Qa such as the Nisqually, Puyallup, and Skokomish Rivers, formed an alluvial plain where fill placement is extensive, sufficiently thick to be of deposited during glacial advance; locally contains nonglacial Geo.logécal Survey V\{ater—Resources Investigations Report 92-4109
/ N\ and deltas grading to lake level. These nonglacial sediments, deposited during geotechnical significance, and readily verifiable. Qgaf | sediments, typified by silt rip-ups, cobbles, and peat rip-ups as lag (revised), 230 p., 6 plates.
Qa stage 4, are all radiocarbon-infinite and overlie and interfinger with Possession ; . ; ; Fairhall, A. W.; Schell, W. R.; Young, J. A., 1966, Radiocarbon dating at the
T19N f\ T19N g g along channel sides and bottoms; gray where fresh, light yellowish g g
T18N Tian outwash deposits. Once Possession ice no longer impounded the lake (but sea ami Modified land—Soil, sediment, or other geologic material that has gray where stained; isolated exposures of lacustrine silt and clay (unit University of Washington III: Radiocarbon, v. 8, p. 498-506.
Qay level was still significantly b§10W modern sea leve.l), existing d.ramage.S, such as been 109311}1 reyvorked to modify the topography by excavation and Qgaf) resemble older glaciolacustrine units. Age of maximum Vashon Garling, M. E.; Molenaar, Dee; and others, 1965, Water resources and geology
the lequal}y and Puyallup Rivers, deeply and I'.aplfily incised into their former (or) redistribution. ice advance in the map area was previously estimated to be of the Kitsap Peninsula and certain adjacent islands: Washington Division of
. Qa ( alluv1a1. plains and.be.came entrenched. At least initially, stage 3, called the . Alluvi il q L and q od beds and approximately 14,000 radiocarbon yr B.P., based on apparent post- Water Resources Water-Supply Bulletin 18, 309 p., 5 plates.
O e [ o T T ™ SR oo b P Lo it oo K K W T o . Wil oy, ., 190,
\ = cc})]nﬁned to thfse entrenche(i channels Beca%lse stage ?’) sea 1everl) was probably ’ | 195%). Howes 13’500 radlocarbonlyr ]?).P" (Pcci) rteé'and iwagson, fi Soismic grounderesponse studies In @wmpia, tHashington. and vicioiy:
about 100 feet lower than modern sea level (Ludwig and others, 1996, and Qb Beach deposits—Mud and sand deposited in the intertidal zone or ézgggitljf}z: Ylirée;;;: 1\1}1;);;(—;3:5;1:3 tﬁetsa cl)?iherr?l i:faert EI;W?:]Z rom Seismological Society of America Bulletin, v. 80, no. 3, p. 1057-1078.
Qa Qf references therein), stage 3 deposits were areally restricted. As Vashon ice residual gravel on a wave-cut platform. cepost . . o e ’ Lea, P. D., 1984, Pleistocene glaciation at the southern margin of the Puget lobe,
38 ’ ¢ el : ‘ including a deposit of unit Qgaf in this quadrangle, indicate a . i . . .
af advanced and sea level fell again at the beginning of stage 2, these rivers Colluvi d alluvial £ L | and elacial sand and maximum ice advance after about 13,400 radiocarbon years B.P. western Washington: University of Washington Master of Science thesis,
g preferentially downcut in the same channels, thereby eroding most of the late Qmw offuvium and afluvial fans—Loose sotl and giacial sand an (Borden and Troost, 2001, and this study), leaving very little time for 96 p., 3 plates.
Qga ol ia d it that finit 40l ia d it b level gravel deposited by soil creep and shallow ravelling on hillslopes and ) ? p A Y)> g very Ludwie. K. R.: Muhs. D. R.: Si K_R.: Hallev. R. B.- Shinn. E. A.. 1996
ympia deposits, so that finite-aged Olympia deposits are rare above sea level. . 7. . . ) the glacial advance and recession into the southern Puget Lowland; udwig, K. R.; Muhs, D. R.; Simmons, K. R.; Halley, R. B.; Shinn, E. A, ,
Qa am| As Vashon i d hward and ded he Strait of Juan d alluvial fan deposition, some of which occurred during the waning X . Sea-level d 80 ka f call ble platf Florida and
Qf. s Vashon ice moved southward and grounded across the Strait of Juan de .. most exposures mapped as Vashon till lack geochronologic data and ea-level records at ~ a from tectonically stable plattorms—TFlorida an
Qmy: Fuca during stage 2, it dammed the northern outlet of the Puget Sound basin. stages ,Of the Vashon St?de of the Frasgr Gla(.zlatlon. Shown where int ted as Vashon till based t the top of Bermuda: Geology, v. 24, no. 3, p. 211-214.
Qa Proclacial ied fluvial sedi hward i he P Lowland colluvium or fan deposits are of sufficient thickness to mask arc Interpreted as vashon fill based on occurrence at or near the top o ) ) o .
Qf Trotter roglacial streams carried fluvial sediments southward into the Puget Lowlan derlvi logic strat the stratigraphic section. Mix, A. C., 1987, The oxygen-isotope record of glaciation. /n Ruddiman, W. F.;
o Woods filling proglacial lakes and eventually the Puget Sound basin, first with silts, underlying geologic strata. Wright, H. E., Ir., editors, North America and adjacent oceans during the last
Qml — . ¢ . '7 . - ey ) 5 i ‘
f t}llen :anclls and gra\(/iels},IThesedsedlments form the great'f 11(1)W1an('1 }f;lH.HOf Booth Peat—Organic and organic-matter-rich mineral sediments deposited PLEISTOCENE DEPOSITS OLDER THAN VASHON DRIFT deglaciation: Geological Society of America DNAG Geology of North
Qa 43 (199 )a }cle overrode t dese s¢ {rlrllzrllts, cloverlng mo\s; Oht em dwlt ul, Sorb lacial e in closed depressions; includes peat, muck, silt, and clay in and America, v. K-3, p. 111-125.
S Qa o o oo P s 1o e iments. Dubglacia adjacent to wetlands. aps | Fre-Vashon sand-size or finer deposits—Massive to cross-bedded Morrison, R. B., 1991, Introduction. » Morrison, R. B., editor, Quaternary
f o 37 am impounded in these (?hanne}is at different elevat.ions Ebove today’s sea level as sand 1nt'e rbedd'ed with la'mlnated silt and e peat, diatomite, and nonglacial geology—Conterminous U. 8. Geological Society of America
f g g ice impinged on divides. The former lakebeds are presently the southernmost PLEISTOCENE GLACIAL DEPOSITS grav;:l% 1mme'd13telylsﬂﬁl‘ajace.nt' to}:/ aShl? y Dtr)lft ?ld gerllerfclliy o DNAG Geology of North America, v. K-2, p. 1-12.
S . : ) ; ; overlying unit Qpg. This unit is thought to be of nonglacial origin, . )
Qa A ;: ot inlets of Puget Sound. (For a more thorough d1scu§51on of the subglacial chapnel Deposits of Continental Glaciers—Cordilleran Ice Sheet and is dominated by varied Cascade-source volcanic lithic rock types. NObF}%qu'SE)'r’l \é]c?gs:;’vlifé:ﬁi 1122)?1"?72(1)111(1)1%2, 2&1 n&iﬁﬁ ;t (:Jrvlalt)eir\;:is (:) rlll EC; \SN(;‘e .
15 network., see Booth, 1994, anq Booth.and Goldstein, 1994.) As these proglacial These sediments have previously been referred to the Kitsap > > ) :
S of lakes spilled into lower-elevation basins and channels near the end of the VASHON STADE OF THE FRASER GLACIATION Formation and were inferred to be of Olympia age, although all Resources Water-Supply Bulletin 10, v. 2, 141 p., 5 plates.
Qa 2 Pleist.ocene, they deposited coarse, steeply dipping deltaif: gravels along the Glacial sediments described in this section consist mostly of rock types of known deposits in the south Puget Lowland are older than the type Palmer, S. P, Walsh, T. J.; Gerstel, W. J., 1999a, Qeologic fglio of the
1 _cg; margins of the channels apd basins. Some of these deposits can be found near northern provenance, most from the Canadian Coast Range. A wide variety of section of the Olympia nonglacial interval (Armstrong and others, Olympl.a—'Iiacey—Tumwa'Fer urban.ar.e.a, Washington—Liquefaction
2 *f; 2 Steilacoom and Foﬂ.Lew1s. S . metamorphic and intrusive igneous rocks not indigenous to the Puget Lowland 1965) and most are radiocarbon-infinite or suspect. Previously suscept%blhty map: Washington Division of Geol(?gy and Earth Resources
% Qml Much of the drainage orlglnat?ng from the ice sheet ﬂoyved southward and and gf.:nerally southerly di.recj[ed. cu%’rent in.dicators help distinguish these reported finite radiocarbon ages in the southern Puget Sound area Geologic Map GM-47, 1 sheet, scale 1:48,000, with 16 p. text.
47@9) 2 Nishat southwestward toward the Chehalis River. Some of the drainage probably materials from the volcanic-lithic-rich sediments of the eastern Puget Lowland range from 27,900 to 50,500 yr B.P. (Yount and others, 1980; Walsh, Palmer, S. P.; Walsh, T. J.; Gerstel, W. J., 1999b, Investigation of earthquake
b 18 a H H H . . .
3 (O/))@ % quaity OCC}IITC.d as glac1al—lake outburst floods as Valley—blocklng ice dams b.I'eaCheC.l and the Crescent Basalt/olymplc core—rich sediments of the western Puget 1987), although all finite ages other than the 50,500 yr B.P. age are ground motion ampliﬁcation in the Olympla, Washington, urban area
- v - duru}g ice ;etriat. Deep t(rloughs lwerte carved 01;'[ ‘t:)f Fgedﬁlilby s%bglacmjlf ﬂuv131 Lowland. suspect due to laboratory contamination (Fairhall and others, 1966, [abstract]: Seismological Research Letters, v. 70, no. 2, p. 250.
erosion and extensive and complex terraces and braided channels were formed. : : : . . .
S ¥ As the ice receded. northwar. d—gowing streams near Olympia filled the deep Latest Vashon fine-grained sediments—Lacustrine clayey and (or) p. 501). We have obtained two finite radiocarbon ages on this ' Porter, S. C.; Swanson, T. W., 1998, Radiocarbon age constraints on rates of
= & . > . . Qgof | o candv silt with sparse. disseminated dropstones: laminated and quadrangle (Table 1). Deeter (1979) has shown that the type locality advance and retreat of the Puget lobe of the Cordilleran ice sheet during the
@ S Qa troughs with sandy sediments characterized by northward-directed paleocurrent Y parse, p ’ ; S : s : .
g o : : . : - commonly vertically jointed; medium gray where fresh to pale yellow of the Kitsap Formation includes radiocarbon-infinite sediments of last glaciation: Quaternary Research, v. 50, no. 3, p. 205-213.
? S indicators. These sediments provide evidence that drainage reorganized to flow y 1Y ’ gray whe pale ye both elacial and nonelacial oriein. and we follow his suggestion that
af = northward through the recently formed outwash plain. The thickness of these where dry and oxidized. In both fresh and oxidized exposures, this h & be aband y i B e, blish hgg 1 Pringle, R. F., 1990, Soil survey of Thurston County, Washington: U.S. Soil
sediments (unit Qgos) varies substantially throughout the area, reaching more unit is distinguished by relatively darker (chocolate brown in oxidized the name be 211 andoned. because we canpot estahls that all pre- Conservation Service, 283 p., 49 plates.
40 than 400 ft just south of the map area at the Port of Olympia. exposures) horizonta.ll.bands about. Iin. thick that may represent ;]Sa:ig?:lﬂ?:;gazzz{dsgijgﬁie: Lsa?;:'correlatlve, we have chosen ot to Troost, K. G., 1999, The Olympia nonglacial interval in the southcentral Puget
8@ < In the waning stages of the Fraser glaciation, glacial Lake Russell covered a annual winter depositional layers in a varve sequence; no more than Lowland, Washington: University of Washington Master of Science thesis,
16

<o,

about 20 apparent varves were counted in any exposure, suggesting a
short life for the glacial lake(s) in which unit Qgof was deposited; Qpg
present in deposits ranging up to 10 ft thick over much of southern

Puget Lowland and most commonly found at elevations below about
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large area of the southern Puget Lowland and deposited a relatively thin layer
(1-10 ft) of fine grained varved sediments (unit Qgof) to an elevation of about
140 ft. These lacustrine silts (and rare clays and peats) commonly overlie unit

Pre-Vashon gravel—Gravel and sand, generally of mixed northern 123 p.
and Cascade Range provenance; moderately to poorly sorted; Walsh, T. J., compiler, 1987, Geologic map of the south half of the Tacoma
commonly cross bedded but may lack primary sedimentary quadrangle, Washington: Washington Division of Geology and Earth

o .
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Qgos sands and Vashon till (unit Qgt). Unit Qgos is important because it is . . structures; commonly tinted orange with iron-oxide staining; Resources Open File Report 87-3, 10 p., 1 plate, scale 1:100,000
: 140 ft; mapped where it is thought to be at least about 5 ft thick or . . . . ’ ’ N ’ T
widespread throughout the populous South Sound area and appears to behave . . | . stratigraphically underlying the Vashon Drift; most commonly ) PR . )
- . . where it masks the underlying geomorphology; includes deposits of : : o Walsh, T. J.; Korosec, M. A.; Phillips, W. M.; Logan, R. L.; Schasse, H. W.,
5 differently from the rest of the Vashon Drift during earthquakes (Palmer and d diately und th funit Qps: 11 . . .
3 . . . exposed immediately underneath exposures of unit Qps; gravelly . .
) Wi glacial Lake Russell and other lakes of the Vashon glacial recession. : . ) . N 1987, Geologic map of Washington—Southwest quadrant: Washington
' others, 1999a,b; Bodle, 1992; King and others, 1990). portions of unit Qpg are relatively resistant to erosion; inferred to be Division of Geology and Earth Resources Geologic Map GM-34, 2 sheets
\ The oxygen-isotope stage 6 glaciation, called the Double Bluff Glaciation in a Latest Vashon recessional sand and minor silt—Moderately well- of glacial origin because interglacial conditions do not appear scale 1:250,000, with 28 p. text ' ’
northern Puget Sound, was probably as extensive as the stage 2 or Vashon Stade 908 sorted, moderately to well-rounded, fine- to medium-grained sand conducive to streams with sufficient competency to deposit Walters K. L. I’( ' LG.E. 1968.G dowat d strati b
of the Fraser Glaciation (Mix, 1987; Fig. 1). The end moraines of this glaciation with minor silt; noncohesive and highly permeable; thickness inferred widespread gravels in most of the Puget Lowland and because the a efrs T l’cllnln:fci i cont lrfc’)}ln -an er tocc\;rrel?ce ?n ' ;&a Lgral)t y
o lie a short distance beyond the inferred limit of the Vashon ice in the vicinity of from wells reaches up to 100 ft; deposited in and around the margins majority of the exposures include northern-source metamorphic rock ol unconsofidated deposits, central Fierce Lounty, Washington. washington
/ Qf Tenino (Lea, 1984) Subglacial erOSiOn ‘was prObably Similar to the erOSiOn that Of glacial lakes; surrounds numerous steep_walled lakes and Clasts‘ Department Of Water Resources Water-supply Bulletln 22’ 428 p" 3 plates'
4 Booth (1994) documented beneath Vashon ice and would have left more depressions (kettles), evidence that this unit was largely deposited Washington Department of Ecology, 1979, Coastal zone atlas of Washington;
'/ accommodation space for deposition during the interglacial time of oxygen- during deglaciation when there was stagnant ice occupying much of o Pre-Vashon sediment of Cascade Range source, volume 7, Pierce County: Washington Department of Ecology, 1 v., maps,
isotope stage 5. For pre-Vashon nonglacial deposits that are radiocarbon-infinite, the southern Puget Lowland. i undifferentiated—Gravel, sand, silt, clay, peat, and diamicton; scale 1:24,000.
i, 29 therefore, it is difficult to distinguish deposits of stage 3 from deposits of stage 5 . . lithologically dominated by volcanolithic clasts of Mount Rainier or Washington Department of Ecology, 1980, Coastal zone atlas of Washington;
% 19 il and we have not attempted to do so in the present mapping. Qgog Vashon recessional Outwgsh gravel (Steilacoom Gravel)—Pebble other Cascade Range sources; paleocurrent indicators at a prominent volume 8, Thurston County: Washington Department of Ecology, 1 v., maps,
e Qa In some outcrops, however, tephras are present that provide a tool for to boulder gravel exposed in the southegst corner of the Lacey exposure near the southeast corner of the quadrangle suggest a scale 1:24,000.
510 ings geochemical correlation to known eruptions on nearby Cascade stratovolcanoes. quadrangle and the eastern half of the Nisqually quadrangle. At southerly source (Figs. 2, 3); large boulders (<8 ft in diameter) in this . .,
Qpe . .. . . Dupont, just outside of the map area. the sravel is about 200 ft thick . . . Yount, J. C.; Marcus, K. L.; Mozley, P. S., 1980, Radiocarbon-dated localities
4 Tephra correlations appear promising but will require more data. upont, J X P -the g unit are deeply weathered (notches with chisel end of hammer to a ’ ’ ’ ’ . ; ’ . .
v p with large foresets that dip west-northwest toward Puget Sound, depth of at least several inches); most cobbles and boulders, however from the Puget Lowland, Washington: U.S. Geological Survey Open-File
Nisqua i i i i . ’ - ’ Report 80-780, 51 p., 1 plate.
an ke Y PREVIOUS GEOLOGIC MAPPING fqrmmg the Sequallf:hew Delta of Bretz (1913), who interpreted it as have weathering rinds less than 1 mm; some boulders are glacially P ’ p P ) ) )
o ’ discharge from glacial Lake Puyallup. striated, suggesting that this unit may be a Cascade- (Mount Rainier-) Zulauf, A. S., .1979, Sqll survey of Pierce County area, Washington: U.S. Soil
The glacial history and geology of south Puget Sound are well-summarlzed by Vashon recessional outwash—Recessional and proglacial stratified, source alpine drift; weathering rinds suggest both late Pleistocene and Conservation Service, 131 p.
Ilzre;lz (19;3\2; \ﬁ/ho mfgggdltgze;ége Plégat, Slfund bssll(l? n relcoilggggssfzcge'ooo Qgo moderately to well-rounded, poorly to moderately sorted outwash carly Pleistocene drifts (Colman and Pierce, 1981); we tentatively
0 q N arcli al lacel( or ros, ) ant g a e"ltlsl anc 1trn1n;e ( Ades ) sand and gravel of northern or mixed northern and Cascade source, suggest correlations to Hayden Creek and Wingate Hill Drifts, but
produced smati-scale water resources studics. 1he Loastal Zone Atlas locally containing silt and clay; also contains lacustrine deposits and this unit also contains scattered exposures of lahar deposits, lake
(Washmgtgn Department of Ecology, 1979, 1980) provides mapping of a 2000- ice-contact stratified drift. Some areas mapped as unit Qgo may sediments, and alluvium of both glacial and interglacial origin.
ft-wide strip along the shoreline at a scale of 1:24,000. Walsh (1987), Walsh and instead be advance outwash (unit Qga), as it is difficult to tell the
other; (1987), and Palmer and others (1999a) compiled and augmented previous difference between the two without the presence of an intervening till.
mapping.
Qgog
28
A )
\\
@ Qp Table 1. Radiocarbon ages reported and referenced in this study. *, township (townships are all north, so are not designated with ‘N’) -Range-
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