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INTRODUCTION

Eocene basalt is exposed in the southwestern two-thirds of the Summit Lake quadrangle 

and Quaternary glacial deposits are mostly exposed in the northeastern one-third. The 

contact area between the two is the locus of large linear isostatic residual gravity and 

aeromagnetic anomalies that have been speculated to represent either a monocline 

dipping to the northeast or a fault (Danes and others, 1965; Gower and others, 1985; 

Magsino and others, 2003) (Fig. 1). This anomaly is also weakly imaged in seismic 

tomography at depths shallower than 10 km but is not apparent below that depth, where 

the model is better constrained (Van Wagoner and others, 2002). We are mapping this 

quadrangle in part as an investigation of deformation associated with this feature.

PREVIOUS GEOLOGIC MAPPING

The glacial history and geology of south Puget Sound are summarized by Bretz (1913), 

who mapped the entire Puget Sound basin in reconnaissance. Noble and Wallace (1966) 

mapped all of Thurston County for a small-scale water resources study and Molenaar and 

Noble (1970) similarly mapped southeast Mason County. The bedrock geology in the 

Black Hills was mapped by Globerman (1981) as part of a paleomagnetism study. The 

Coastal Zone Atlas (Washington Department of Ecology, 1980a,b) provides mapping of a 

2000 ft wide strip along the shoreline at a scale of 1:24,000. Logan (1987), Walsh and 

others (1987), and Palmer and others (1999) compiled and augmented previous mapping. 

Drost and others (1998) interpreted water well logs for northern Thurston County and 

developed a groundwater model.

MAPPING METHODS

For the present map, we inspected available construction site excavations, gravel pits, and 

roadcuts. We surveyed the shorelines by boat and took samples and measured sections at 

cliff exposures. Outcrop is generally poor throughout the quadrangle, and contacts 

between map units are commonly not exposed and are only approximately located on this 

map. They are generally located by outcrop mapping, air photo and Light Detection and 

Ranging (LIDAR) interpretation (Fig. 2), and interpretations of water well logs from 

Washington Department of Ecology. U.S. Department of Agriculture soil maps (Pringle, 

1990) helped guide the location of peats and the contacts between sandy and gravelly 

units. Location accuracy of contacts is judged to be about 200 ft in general. In addition, 

the contacts between some units are gradational. We have tried to consider geotechnical 

significance in mapping geologic units and have attempted to show units only where they 

are thicker than 5 to 10 ft or mask the underlying lithology. However, where very thick 

residual and colluvial soils mask bedrock, as is common on south-facing slopes south of 

State Route (SR) 8, we have shown only bedrock and landslide deposits on the map.

GEOLOGIC HISTORY

The Summit Lake quadrangle is underlain by Lower Eocene basaltic breccia, sills, dikes, 

and possibly flows of the Crescent Formation. The Crescent Formation and related rocks 

in the coast ranges of Oregon, Washington, and Vancouver Island (Roseburg, Crescent, 

and Metchosin Formations) are generally interpreted as products of rifting of the margin 

of North America due to oblique convergence with the Kula plate in Paleocene and 

earliest Eocene time (Wells and others, 1984; Babcock and others, 1992). The age of the 

Crescent Formation in this part of the Black Hills is about 52 to 53 Ma (Duncan, 1982; 

Globerman and others, 1982). A foraminiferal assemblage referable to the Ulatisian Stage 

was collected on the north side of Rock Candy Mountain (NW¼ sec. 31, T18N R3W) 

and is characteristic of a shallow-water (<50 m) littoral environment (Rau in Globerman 

and others, 1982). Squires and Goedert (1994) suggested that the depositional 

environment of this site and a site near Larch Mountain about 3.5 mi to the southwest (off 

this quadrangle) is rocky intertidal and perhaps supratidal. We have also found 

foraminifera in interbeds in two quarries (NW¼NE¼ sec. 16, T18N R3W, and 

NE¼SE¼SE¼ sec. 36, T19N R4W). Pillows, which are characteristic of the lower part of 

the Crescent Formation (Glassley, 1974; Tabor and Cady, 1978), were observed at only 

one locality in this quadrangle (NW¼SW¼ sec. 4, T18N, R3W), suggesting that these 

rocks may be from the upper Crescent Formation. Globerman (1981) suggested that these 

rocks are more similar to upper Crescent than lower Crescent on the basis of chemistry.

The contact between the Crescent Formation and sediments in the Puget Sound basin 

slopes moderately to steeply northeastward (see cross sections) so that in the northeast 

corner of this quadrangle, the basalt is overlain by a thick cover of Pleistocene glacial and 

nonglacial sediments, capped by late Wisconsinan–age Vashon Drift. For a discussion of 

the history of the Puget Lowland fill, see Walsh and others (2003c).

At various times during the Pleistocene, glacial ice covered most of the map area 

north of Rock Candy Mountain. As the ice moved southwestward across the area, it was 

the source of proglacial outwash that was deposited to depths of several hundreds of feet 

on the northeast side of the Black Hills (see cross sections) within this quadrangle. As the 

ice overrode the outwash, it deposited till to variable depths on the advance outwash as 

well as on bedrock. Glacial deposits are generally thickest in valley bottoms or lower 

valley walls, thinning gradually upward and becoming patchy at higher elevations. In 

many upland locations and especially on the ridge on the northwest side of Summit Lake, 

glacial drift is characterized by scattered granitic boulders generally sitting atop bare 

basalt outcrops or on thin residual basaltic soil.

In addition to being depositional, the glaciers were also erosional, forming ubiquitous 

ground moraine characterized by drumlins (Fig 2B) and carving valleys subparallel to the 

ice-flow direction, including the valleys of the Little Skookum Creek, the lower reach of 

Kennedy Creek, the upper reach of Schneider Creek and Summit Lake, and the Perry 

Creek and upper Kennedy Creek valley that is now occupied by SR 8. Of these valleys, 

only Summit Lake was carved deeply by the ice with no subsequent sediment infilling. 

The bedrock high at the north end of Summit Lake was likely responsible for preventing 

the lake from being filled with glacially derived sediment.

The valley currently occupied by SR 8 was filled by ice at least twice during the 

Pleistocene. A rare outcrop of probable pre-Vashon till in the valley bottom (SW¼NW¼ 

sec. 19, T18N R3W) is evidence for pre-Vashon glaciation within the valley. Rounded 

northern provenance rocks are scattered at elevations of 1640 ft (440 m) a mile northeast 

of Rock Candy Mountain along Army Road, indicating that ice may have spilled over the 

drainage divide south of SR 8 into the headwaters of Waddell Creek during either a pre-

Vashon or the Vashon stade. Part of the same lobe of ice that occupied the SR 8 valley 

also moved into the Swift and McLane Creek basins and covered most of the ridge 

between the two basins. Glacial drift, including till, is present to an elevation of at least 

1300 ft (400 m) in the headwaters of Swift and McLane Creeks.

Although structure or uplift may be, in part, responsible for the current 

geomorphology of the map area, ice probably took advantage of variations in 

characteristics of the Crescent Formation basalt while carving the local terrain. Numerous 

nearly horizontal sills and vertical N60°–80°E trending dikes were observed in the mostly 

non-directional pile of basaltic breccia that composes the bulk of the bedrock in the Black 

Hills. Where dikes and sills are most abundant, the bedrock was better defended against 

glacial erosion. The uplands around Summit Lake contain numerous dikes and sills that 

are probably more resistant to erosion than the breccia, which is well exposed in the SR 8 

valley floor. To the south of SR 8, however, where columnar basalt, possibly emplaced as 

flows, is probably even more resistant to erosion than the dikes, the uplands are even 

more prominent. 

STRUCTURE

As noted above, the Crescent Formation in the Black Hills was emplaced in shallow 

marine water. It now stands as high as 2360 ft above sea level at Rock Candy Mountain 

and therefore must have been structurally uplifted. The Black Hills are bounded on the 

northeast by a large, northwest-trending linear gravity and magnetic anomaly herein 

called the Olympia structure (Fig. 1). Danes and others (1965) suggested that this 

structure was either a monocline or a fault. Using marine seismic reflection data in Puget 

Sound, Pratt and others (1997) identified a seismic reflector that they interpreted to be 

Crescent Formation and projected it to outcrop of Crescent, concluding that the Olympia 

structure is probably a monocline. Sherrod (2001) found trees killed by sudden 

subsidence about 1100 years ago on the northeast side of the anomaly that he concluded 

was probably coseismic subsidence, and speculated that the anomaly may be a fault 

propagation fold above a (presumably) northeast-verging blind thrust. A wood sample 

from a subsided stump in Mud Bay near the mouth of Perry Creek (NW¼NE¼ sec. 13, 

T18N R3W) yielded a conventional radiocarbon age of 380 ±50 yr B.P. (Beta-191708). 

The sample was offset inward from the bark by 5 to 25 rings. The intercept of the 

radiocarbon age with the calendar year calibration curve (Stuiver and others, 1998) 

accounting for the offset is A.D. 1495; at two standard deviations, the calendric age is 

between  A.D. 1445 and 1655. We have attempted to map structures that may help to 

determine the nature of the Olympia structure.

We measured attitudes wherever possible, but few outcrops provided the opportunity. 

Sedimentary interbeds are rare and are irregular or distorted. We observed no pillow piles 

that might yield a sense of orientation. Basalt colonnades are commonly lens-shaped and 

enclosed in breccia, suggesting that magma was injected into breccia piles and inflated, 

so that flow (or sill) tops were never exposed to become oxidized or vesiculated. Where 

basalt colonnades have parallel columns that are consistent over significant distances 

(>100 ft), we measured the orientation of the surface normal to the colonnade. In most 

outcrops, however, columns are irregular and their orientation changes over short 

distances, or they fan downward. Many exposures are clearly filled tubes enclosed in 

breccia and yield no information about strike and dip. In short, we found only seven 

exposures where we could measure strikes and dips, and we are somewhat uncertain 

about whether they record primary or structural dip or even if they are truly planar 

features. Taken together, however, the measured attitudes suggested that these rocks are 

not highly deformed and may actually be relatively flat-lying.

We also attempted to identify shears that could be measured, but found that the basalt 

is generally not sheared. A prominent east-west-trending shear was observed in the 

Crescent Formation on the highwall of the Kennedy Creek quarry (SW¼NW¼ sec. 29, 

T19N R3W). This shear can be traced only a few hundred feet before it is covered by 

glacial deposits. Otherwise, shears in Crescent are very local and are associated with 

joints or contacts between basalt columns and breccia. However, because the Crescent, 

where well-exposed, is about 60 to 70 percent breccia, shearing might be taken up in 

breccia and be difficult to discern.

LIDAR imagery (Fig. 2) shows two sets of topographic lineations that trend east-

west and about N60°E, respectively. We investigated these on the ground and found that 

the east-west set typically consists of linear troughs with rounded bottoms cut into basalt 

or basaltic breccia that is apparently not sheared. These troughs are not stream channels 

but may carry minor runoff seasonally. The N60°E lineaments, which are much longer, 

wider, and deeper, are generally filled with sediment or water. We have found no 

evidence that either set is bounded by particularly competent rock, such as dikes or sills, 

although all of the dikes that we have found do trend N60°E. In fact, on the north side of 

Summit Lake, one prominent east-west lineament is apparently cut entirely into breccia.

On the aeromagnetic anomaly map (Fig. 1B) there are several east-west alignments 

of anomalies that are very high or very low, cut by smaller N60°E-trending anomalies. 

The east-west anomalies correspond, where data are available, to normally and reversely 

polarized basalt (Globerman, 1981). Reversely magnetized basalt lies in a belt north of 

SR 8 and south of Kennedy Creek, while the basalt both north and south of this is 

normally magnetized (Fig. 1B, Fig. 2). Broadly, these regions are also at different average 

elevations, separated by deep valleys. The southern belt is generally above 1000 ft, the 

middle belt between 600 ft and 1000 ft, and the northern belt between sea level and about 

1000 ft. The aeromagnetic anomaly associated with the high southern belt (Fig. 1B) 

continues eastward through the Tumwater and Lacey quadrangles (Walsh and others, 

2003b; Logan and others, 2003) and incorporates an anomalous bedrock high that 

includes Tumwater Hill (Fig. 2).

While we have not found structures specifically associated with the topographic or 

aeromagnetic lineaments, we speculate that the N60°E dikes may represent intrusion 

during rifting and that the N60°E alignment may represent normal faulting during or soon 

after emplacement of the basalts. This orientation of lineaments is compatible with rifting 

due to oblique convergence of the Kula Plate with the North American plate (Engebretson 

and others, 1985; Babcock and others, 1992) and could also explain the elevation bands if 

the lineaments are associated with normal block faulting. To the south of the southern 

high belt, elevations decrease again and the depth-to-bedrock increases south of 

Tumwater Hill (Buchanan-Banks and Collins, 1994).

At least some of the uplift of the Black Hills must have occurred in early or middle 

Eocene time. On the west side of the Black Hills, latest Eocene to Oligocene deep-water 

Lincoln Creek Formation laps onto the Crescent Formation whereas middle Eocene 

shallow marine McIntosh Formation laps onto Crescent at the south end of the Black 

Hills (Walsh and others, 1987). The Black Hills must already have been high enough in 

McIntosh time to starve the basin to the west. In addition, we found a large piece of fossil 

wood (0.75 x 2 x 8 in.) in a quarry in the Crescent  (NE¼SE¼SE¼  sec. 36, T19N R4W) 

with intact cellular structure that is not petrified but is weakly coalified (mean maximum 

vitrinite reflectance 0.48%), suggesting that it was never buried more deeply than a few 

thousand feet (Walsh and Phillips, 1983; Walsh and Lingley, 1991).

DESCRIPTION OF MAP UNITS

Quaternary Unconsolidated Deposits

HOLOCENE NONGLACIAL DEPOSITS

Alluvium—Silt, sand, gravel, and peat deposited in stream beds, alluvial fans, 

and estuaries; includes some lacustrine and beach deposits.

Peat—Organic and organic-matter-rich mineral sediments deposited in closed 

depressions; includes peat, muck, silt, and clay in and adjacent to wetlands.

Landslide deposits—Rock, soil, and organic matter deposited by mass 

wasting; depending on degree of activity, location within the slide mass, type 

of slide, cohesion, and competence of materials, may be unstratified, broken, 

chaotic, and poorly sorted or may retain primary bedding structures; may be 

cut by clastic dikes or normal or reverse shear planes. Within the field area, 

slides have occurred as large, slow-moving, deep-seated failures, as small, 

shallow, rapid failures, or as large fast moving failures. The slide surface may 

be hummocky in lower reaches of deep-seated landslides or ‘stepped’ with 

forward- or back-tilted blocks in headward areas; deep-seated slides tend to be 

relatively large, slow-moving slumps (Varnes, 1978) that commonly transform 

into slump–earth flows covered by bowed or randomly tilted trees. Along 

shoreline bluffs, deep-seated slides occur at the interface between poorly 

compacted, poorly cohesive, permeable sands and underlying, relatively 

impermeable silt or clay layers; others originate on south-facing slopes in 

southern part of quadrangle, where Crescent Formation has not been 

overridden by glacial ice. On the south-facing slopes, the slides consist of 

residual clay-rich soils that are tens of feet thick with angular cobbles and 

boulders derived from columnar basalt. In the headwaters of Waddell and 

McLane Creeks these slides have headscarps up to 200 ft high. A large, 

probably rapid-moving, deep-seated landslide crossed the valley of SR 8 

probably shortly after deglaciation. Relatively small, shallow, rapid debris 

flows commonly occur at the interface between impermeable substrate, such 

as till, and shallow, loose, permeable soils that are rich in organic matter. Rock 

topples and (or) falls occur wherever near-vertical bluffs are present, typically 

because silt- or clay-rich layers such as units Qgof or Qps fail along bluffs. 

Unit Qls is shown only where landslides are large or obscure the underlying 

geology. The contacts of landslides were generally mapped from LIDAR 

imagery and have been field-verified.

PLEISTOCENE GLACIAL DEPOSITS OF THE VASHON STADE OF THE 

FRASER GLACIATION

Glacial sediments described in this section consist mostly of rock types of northern 

provenance, mostly from the Canadian Coast Mountains, that were transported by and 

deposited by the Puget lobe of the Cordilleran ice sheet during the Vashon Stade of the 

Fraser Glaciation. A wide variety of metamorphic and intrusive igneous rocks not 

indigenous to the Puget Lowland, as well as generally southerly directed current 

indicators, help distinguish these materials from the volcanic-lithic-rich sediments of the 

eastern Puget Lowland and the Crescent Formation basalt– and Olympic core–rich 

sediments of the western Puget Lowland.

The time of maximum Vashon ice advance in the map area was previously estimated 

to be approximately 14,000 radiocarbon yr B.P., based on apparent post-glacial deposits 

in the central Puget Lowland that were radiocarbon dated at about 13,600 radiocarbon yr 

B.P. (Porter and Swanson, 1998). However, five more-recently obtained radiocarbon 

dates from deposits that directly underlie Vashon till in the southern Puget Lowland, 

including a glaciolacustrine deposit in the Nisqually quadrangle (Walsh and others, 

2003a), indicate a maximum ice advance after about 13,400 radiocarbon yr B.P. (Borden 

and Troost, 2001), which leaves only about 200 years for the glacial advance into and 

recession from the southern Puget Lowland. Most exposures mapped as Vashon till lack 

geochronologic data and are identified based on occurrence at or near the top of the 

stratigraphic section.

Latest Vashon recessional sand and minor silt (Tumwater sand of the 

Vashon Drift of Walsh and others, 2003b) —Moderately well-sorted, 

moderately to well-rounded, fine- to medium-grained sand with minor silt; 

noncohesive and highly permeable; thickness inferred from wells reaches up to 

420 ft in the adjacent Tumwater quadrangle (Walsh and others, 2003b); 

deposited in stream channels, inset terraces, and glacial lake deltas; forms 

terraces along Perry Creek at elevations up to about 160 ft.

Vashon recessional outwash—Recessional and proglacial stratified, 

moderately to well-rounded, poorly to moderately sorted outwash sand and 

gravel of northern or mixed northern and Cascade source, locally containing 

silt and clay; also contains lacustrine deposits and ice-contact stratified drift. 

Some areas mapped as unit Qgo may instead be advance outwash (unit Qga) 

because it is difficult to tell the difference between the two without the 

presence of an intervening till.

Vashon till—Unsorted and highly compacted mixture of clay, silt, sand, and 

gravel deposited directly by glacier ice; gray where fresh and light yellowish 

brown where oxidized; very low permeability; most commonly matrix 

supported but may be clast supported; matrix generally feels more gritty than 

outwash sands when rubbed between fingers, due to being more angular than 

water-worked sediments; cobbles and boulders commonly faceted and (or) 

striated; ranges in thickness from wispy, discontinuous layers less than 1 in. 

thick to more than 30 ft thick; thicknesses of 2 to 10 ft are most common; may 

include outwash clay, sand, silt, and gravel, or ablation till that is too thin to 

substantially mask the underlying, rolling till plain; erratic boulders are 

commonly associated with till plains but may also occur as lag deposits where 

the underlying deposits have been modified by meltwater; typically, weakly 

developed modern soil has formed on the cap of loose gravel, but the 

underlying till is unweathered; local textural features in the till include flow 

banding and apophyses extending 10 to 15 ft downward into underlying sand 

and gravel (or till) and that are oriented transverse to ice-flow direction. Where 

till is shown on the flanks of the basalt uplands, significant outwash and (or) 

ablation till may be present.

Vashon advance outwash—Sand and gravel and lacustrine clay, silt, and sand 

of northern source, deposited during glacial advance; may contain some 

nonglacial sediments, such as cobbles and rip-up clasts of silt or peat, as lag 

along channel sides and bottoms; gray where fresh, light yellowish gray where 

stained; sands (unit Qgas) 100 ft thick locally, well sorted, and fine grained 

with lenses of coarser sand and gravel; locally called Colvos Sand (Garling 

and others, 1965) and thought to be generally correlative to the Esperance 

Sand; generally permeable and porous with low cohesion relative to overlying 

and underlying sediments, and subject to deep-seated landsliding.

PLEISTOCENE DEPOSITS OLDER THAN VASHON DRIFT

Pre-Vashon glaciolacustrine deposits (cross sections only)—Based on 

exposures in the Tumwater quadrangle, consists of parallel-laminated clayey 

and (or) fine sandy silt with rare dropstones; medium gray where fresh to light 

tan where dry and oxidized to olive tan where moist and oxidized; very low 

permeability and porosity cause this unit to readily perch groundwater; soft-

sediment deformation common; locally exceeds 100 ft in thickness; organic 

matter rare; interpreted to have been deposited in proglacial lakes even where 

dropstones have not been found, because interglacial conditions in south Puget 

Sound do not appear to be conducive to large lakes that lack significant 

amounts of organic matter; may include nonglacial lake deposits.

Pre-Vashon sandy deposits—Thin- to thick-bedded to cross-bedded sand 

interbedded with laminated silt and minor peat, diatomite, and gravel; 

commonly in fining-upward sequences; dominated by varied Cascade-source 

volcanic-lithic rock types which give the sand a lavender color; generally 

overlies or is interbedded with unit Qpg; interpreted as nonglacial.

These sediments have previously been referred to the Kitsap Formation, 

and were interpreted to have been deposited during the Olympia nonglacial 

interval (Garling and others, 1965; Noble and Wallace, 1966). Deeter (1979), 

however, has shown the type locality of the Kitsap Formation to include 

radiocarbon-infinite sediments of both glacial and nonglacial origin, and we 

follow his suggestion that the name be abandoned. Additionally, in the 

southern Puget Lowland, these sediments range in age from about 30,000 to 

more than 300,000 years and span at least the last three nonglacial intervals 

(Walsh and others, 2003a,b,c).

Pre-Vashon gravel—Gravel and sand of northern provenance; 

stratigraphically underlies Vashon Drift; most commonly exposed beneath unit 

Qps; gravelly portions are relatively resistant to erosion; commonly tinted 

orange with iron-oxide staining; moderately to poorly sorted; commonly cross-

bedded but may lack primary sedimentary structures; inferred to be of glacial 

origin because interglacial conditions do not appear conducive to streams with 

sufficient competency to deposit widespread gravels in most of the Puget 

Lowland, and because the majority of the exposures include northern-source 

clasts. This unit was mapped by Noble and Wallace (1966) as Salmon Springs 

Drift (now generally thought to be either Possession or Double Bluff Drift 

[Lea, 1984]), who showed it as much more widespread than we show here. 

They interpreted the valley of SR 8 to have been filled with Salmon Springs 

Drift but never covered with Vashon ice. We agree with Bretz (1913) that the 

glacial deposits along SR 8 are mostly Vashon in age.

Pre-Vashon till—Unsorted compact mixture of clay, silt, sand, and gravel and 

of northern provenance; stratigraphically underlies Vashon Drift; weathering 

rinds on basaltic stones from 1 to 2 mm thick.

Tertiary Igneous Rock

Crescent Formation basalt (lower to middle Eocene)—Submarine to 

subaerial(?) plagioclase-pyroxene tholeiitic basalt; commonly amygdaloidal 

with zeolite and (or) chlorite amygdules; dark gray with greenish tint, brown 

where weathered, reddish and variegated along altered contact zones; most 

commonly consists of breccias, columnar-jointed flows or sills, and 

glomerophyric dikes; filled lava tubes common in breccias; north of SR 8, has 

chilled margins against breccia where tops are exposed; orientation of 

columnar joints is commonly highly variable; pervasive zeolite and chlorite or 

chloritoid alteration in the matrix; highly vesiculated units are commonly 

highly altered and contain abundant clay minerals, whereas thick units with 

strong columnar joint formation tend to be less altered. At the south end of the 

quadrangle, at high elevation, some flows have oxidized and vesiculated tops, 

suggesting they may be subaerial. Interbedded sedimentary rocks contain  

fossils ranging from bathyal to supratidal. The age of Crescent Formation in 

this area of the Black Hills is about 52 to 53 Ma by radiometric dating 

(Duncan, 1982; Globerman and others, 1982) and Ulatisian Stage (lower to 

middle Eocene) by fossil assemblages (see Geologic History section). 

Geochemistry and the rarity of pillows suggest that these rocks are from the 

upper Crescent Formation (Glassley, 1974; Tabor and Cady, 1978; Globerman, 

1981).

GEOLOGIC SYMBOLS

Contact

Late Wisconsinan continental ice limit—Hachures point in direction 

of glaciated area

Inclined bedding—Showing strike and dip

Horizontal bedding

ACKNOWLEDGMENTS

We have benefited greatly from discussions with Derek Booth and 

Kathy Troost (Univ. of Wash.) and Ray Wells and Brian Sherrod 

(U.S. Geological Survey). Thanks to Pat Pringle, Michael Polenz, 

and Mac McKay (Wash. Division of Geology and Earth 

Resources) for discovering an apparently coseismically subsided 

forest and collecting and providing the radiocarbon sample from 

the stump in Mud Bay. This map is supported by the National 

Geologic Mapping Program under Cooperative Agreement No. 

03HQAG0086 with the U.S. Geological Survey. Vitrinite 

reflectance analysis was performed by Atoka Coal Labs 

(Englewood, Colo.).

REFERENCES CITED

Babcock, R. S.; Burmester, R. F.; Engebretson, D. C.; Warnock, A. C.; 

Clark, K. P., 1992, A rifted margin origin for the Crescent basalts and 

related rocks in the northern Coast Range volcanic province, 

Washington and British Columbia: Journal of Geophysical Research, 

v. 97, no. B5, p. 6799-6821.

Blakely, R. J.; Wells, R. E.; Weaver, C. S., 1999, Puget Sound 

aeromagnetic maps and data: U.S. Geological Survey Open-File 

Report 99-514, version 1.0 [accessed March 25, 2004 at 

http://geopubs.wr.usgs.gov/open-file/of99-514/]

Borden, R. K.; Troost, K. G., 2001, Late Pleistocene stratigraphy in the 

south-central Puget Lowland, Pierce County, Washington: Washington 

Division of Geology and Earth Resources Report of Investigations 33, 

33 p. [accessed April 1, 2004 at http://www.dnr.wa.gov/geology/pdf/ 

ri33.pdf]

Bretz, J H., 1913, Glaciation of the Puget Sound region: Washington 

Geological Survey Bulletin 8, 244 p., 3 plates.

Buchanan-Banks, J. M.; Collins, D. S., 1994, Map showing depth to 

bedrock of the Tacoma and part of the Centralia 30' x 60' quadrangles, 

Washington: U.S. Geological Survey Miscellaneous Field Studies 

Map MF-2265, 2 sheets, scale 1:100,000.

Danes, Z. F.; Bonno, M.; Brau, J. E.; Gilham, W. D.; Hoffman, T. F.; 

Johansen, D.; Jones, M. H.; Malfait, Bruce; Masten, J.; Teague, G. O., 

1965, Geophysical investigation of the southern Puget Sound area, 

Washington: Journal of Geophysical Research, v. 70, no. 22, p. 5573-

5580.

Deeter, J. D., 1979, Quaternary geology and stratigraphy of Kitsap County, 

Washington: Western Washington University Master of Science thesis, 

175 p., 2 plates.

Drost, B. W.; Turney, G. L.; Dion, N. P.; Jones, M. A., 1998, Hydrology 

and quality of ground water in northern Thurston County, Washington: 

U.S. Geological Survey Water-Resources Investigations Report 92-

4109 (revised), 230 p., 6 plates.

Duncan, R. A., 1982, A captured island chain in the coast range of Oregon 

and Washington: Journal of Geophysical Research, v. 87, no. B13, 

p. 10,827-10,837.

Engebretson, D. C.; Cox, A. V.; Gordon, R. G., 1985, Relative motions 

between oceanic and continental plates in the Pacific Basin: 

Geological Society of America Special Paper 206, 59 p.

Finn, C. A.; Phillips, W. M.; Williams, D. L., 1991, Gravity anomaly and 

terrain maps of Washington: U.S. Geological Survey Geophysical 

Investigations Map GP-988, 5 sheets, scale 1:500,000.

Garling, M. E.; Molenaar, Dee; and others, 1965, Water resources and 

geology of the Kitsap Peninsula and certain adjacent islands: 

Washington Division of Water Resources Water-Supply Bulletin 18, 

309 p., 5 plates.

Glassley, W. E., 1974, Geochemistry and tectonics of the Crescent 

volcanic rocks, Olympic Peninsula, Washington: Geological Society 

of America Bulletin, v. 85, no. 5, p. 785-794.

Globerman, B. R., 1981, Geology, petrology, and paleomagnetism of 

Eocene basalts from the Black Hills, Washington coast range: Western 

Washington University Master of Science thesis, 373 p., 1 plate.

Globerman, B. R.; Beck, M. E., Jr.; Duncan, R. A., 1982, Paleomagnetism 

and tectonic significance of Eocene basalts from the Black Hills, 

Washington coast range: Geological Society of America Bulletin, 

v. 93, no. 11, p. 1151-1159.

Gower, H. D.; Yount, J. C.; Crosson, R. S., 1985, Seismotectonic map of 

the Puget Sound region, Washington: U.S. Geological Survey 

Miscellaneous Investigations Series Map I-1613, 1 sheet, scale 

1:250,000, with 15 p. text.

Johnson, S. Y.; Blakely, R. J.; Stephenson, W. J.; Dadisman, S. V.; Fisher, 

M. A., 2004, Active shortening of the Cascadia forearc and 

implications for seismic hazards of the Puget Lowland: Tectonics, 

v. 23, TC1011, doi:10.1029/2003TC001507, 27 p.

Lea, P. D., 1984, Pleistocene glaciation at the southern margin of the Puget 

lobe, western Washington: University of Washington Master of 

Science thesis, 96 p., 3 plates.

Logan, R. L., compiler, 1987, Geologic map of the south half of the 

Shelton and south half of the Copalis Beach quadrangles, Washington: 

Washington Division of Geology and Earth Resources Open File 

Report 87-9, 15 p., 1 plate, scale 1:100,000.

Logan, R. L.; Walsh, T. J.; Schasse, H. W.; Polenz, Michael, 2003, 

Geologic map of the Lacey 7.5-minute quadrangle, Thurston County, 

Washington: Washington Division of Geology and Earth Resources 

Open File Report 2003-9, 1 plate, scale 1:24,000.

Magsino, S. L.; Sanger, Elizabeth; Walsh, T. J.; Palmer, S. P.; Blakely, 

R. J., 2003, The Olympia structure—Ramp or discontinuity? New 

gravity data provide more information [abstract]: Geological Society 

of America Abstracts with Programs, v. 35, no. 6, p. 479.

Molenaar, Dee; Noble, J. B., 1970, Geology and related ground-water 

occurrence, southeastern Mason County, Washington: Washington 

Department of Water Resources Water-Supply Bulletin 29, 145 p., 

2 plates.

Noble, J. B.; Wallace, E. F., 1966, Geology and ground-water resources of 

Thurston County, Washington; Volume 2: Washington Division of 

Water Resources Water-Supply Bulletin 10, v. 2, 141 p., 5 plates.

Palmer, S. P.; Walsh, T. J.; Gerstel, W. J., 1999, Geologic folio of the 

Olympia–Lacey–Tumwater urban area, Washington—Liquefaction 

susceptibility map: Washington Division of Geology and Earth 

Resources Geologic Map GM-47, 1 sheet, scale 1:48,000, with 16 p. 

text.

Porter, S. C.; Swanson, T. W., 1998, Radiocarbon age constraints on rates 

of advance and retreat of the Puget lobe of the Cordilleran ice sheet 

during the last glaciation: Quaternary Research, v. 50, no. 3, p. 205-

213.

Pratt, T. L.; Johnson, S. Y.; Potter, C. J.; Stephenson, W. J.; Finn, C. A., 

1997, Seismic reflection images beneath Puget Sound, western 

Washington State—The Puget Lowland thrust sheet hypothesis: 

Journal of Geophysical Research, v. 102, no. B12, p. 27,469-27,489.

Pringle, R. F., 1990, Soil survey of Thurston County, Washington: U.S. 

Soil Conservation Service, 283 p., 49 plates.

Sherrod, B. L., 2001, Evidence for earthquake-induced subsidence about 

1100 yr ago in coastal marshes of southern Puget Sound, Washington: 

Geological Society of America Bulletin, v. 113, no. 10, p. 1299-1311.

Squires, R. L.; Goedert, J. L., 1994, New species of early Eocene small to 

minute mollusks from the Crescent Formation, Black Hills, 

southwestern Washington: Veliger, v. 37, no. 3, p. 253-266.

Stuiver, Minze; Reimer, P. J.; Bard, Edouard; Beck, J. W.; Burr, G. S.; 

Hughen, K. A.; Kromer, Bernd; McCormac, Gerry; von der Plicht, 

Johannes; Spurk, Marco, 1998, INTCAL98 radiocarbon age 

calibration, 24,000-0 cal BP: Radiocarbon, v. 40, no. 3, p. 1041-1083.

Tabor, R. W.; Cady, W. M., 1978, Geologic map of the Olympic Peninsula, 

Washington: U.S. Geological Survey Miscellaneous Investigations 

Series Map I-994, 2 sheets, scale 1:125,000.

Varnes, D. J., 1978, Slope movement types and processes. In Schuster, 

R. L.; Krizek, R. J., editors, Landslides—Analysis and control: 

National Academy of Sciences Transportation Research Board Special 

Report 176, p. 11-33, 1 plate.

Van Wagoner, T. M.; Crosson, R. S.; Creager, K. C.; Medema, G. F.; 

Preston, L. A.; Symons, N. P.; Brocher, T. M., 2002, Crustal structure 

and relocated earthquakes in the Puget Lowland, Washington, from 

high-resolution seismic tomography: Journal of Geophysical 

Research, v. 107, no. B12, 2381, DOI:10.1029/20012JB000710, 

p. ESE 22-1 - 22-23.

Walsh, T. J.; Korosec, M. A.; Phillips, W. M.; Logan, R. L.; Schasse, 

H. W., 1987, Geologic map of Washington—Southwest quadrant: 

Washington Division of Geology and Earth Resources Geologic Map 

GM-34, 2 sheets, scale 1:250,000, with 28 p. text.

Walsh, T. J.; Lingley, W. S., Jr., 1991, Coal maturation and the natural gas 

potential of western and central Washington: Washington Division of 

Geology and Earth Resources Open File Report 91-2, 26 p.

Walsh, T. J.; Logan, R. L.; Polenz, Michael; Schasse, H. W., 2003a, 

Geologic map of the Nisqually 7.5-minute quadrangle, Thurston and 

Pierce Counties, Washington: Washington Division of Geology and 

Earth Resources Open File Report 2003-10, 1 plate, scale 1:24,000.

Walsh, T. J.; Logan, R. L.; Schasse, H. W.; Polenz, Michael, 2003b, 

Geologic map of the Tumwater 7.5-minute quadrangle, Thurston 

County, Washington: Washington Division of Geology and Earth 

Resources Open File Report 2003-25, 1 sheet, scale 1:24,000. 

[accessed March 12, 2004 at http://www.dnr.wa.gov/geology/pdf/ 

ofr03-25.pdf] 

Walsh, T. J.; Phillips, W. M., 1983, Rank of Eocene coals in western and 

central Washington State—A reflection of Cascade plutonism?: 

Washington Division of Geology and Earth Resources Open File 

Report 83-16, 21 p.

Walsh, T. J.; Polenz, Michael; Logan, R. L.; Lanphere, M. A.; Sisson, 

T. W., 2003c, Pleistocene tephrostratigraphy and paleogeography of 

southern Puget Sound near Olympia, Washington. In Swanson, T. W., 

editor, Western Cordillera and adjacent areas: Geological Society of 

America Field Guide 4, p. 225-236.

Washington Department of Ecology, 1980a, Coastal zone atlas of 

Washington; volume 8, Thurston County: Washington Department of 

Ecology, 1 v., maps, scale 1:24,000.

Washington Department of Ecology, 1980b, Coastal zone atlas of 

Washington; volume 9, Mason County: Washington Department of 

Ecology, 1 v., maps, scale 1:24,000.

Wells, R. E.; Engebretson, D. C.; Snavely, P. D., Jr.; Coe, R. S., 1984, 

Cenozoic plate motions and the volcano-tectonic evolution of western 

Oregon and Washington: Tectonics, v. 3, no. 2, p. 275-294.

EvcEvc

dikes

Qpt

Qps

Qpg

Qp

Qls

Qgt

Qgos

Qgo

Qpf

Qgas

Qga

Qa

Evc

S
Q

U
A

X
IN

IS
L
A

N
D

S
H

E
LT

O
N

T
U

M
W

A
T
E
R

S
U

M
M

IT
L
A

K
E

L
A

C
E
Y

N
IS

Q
U

A
L
LY

M
cN

E
IL

IS
L
A

N
D

L
O

N
G

-
B

R
A

N
C

H

8

5

101

Olympia

Shelton

7000 FEET1000 10000 2000 3000 4000 5000 6000

0.5 1 KILOMETER1 0

SCALE 1:24 000

0.51 0 1 MILE

Lambert conformal conic projection

North American Datum of 1927; to place on North American

     Datum of 1983, move the projection lines 23 meters north

     and 95 meters east as shown by crosshair corner ticks

Base map from scanned and rectified U.S. Geological Survey

     7.5-minute Summit Lake quadrangle, 1981

Shaded relief generated from U.S. Geological Survey 10-meter

     Digital Elevation Model; vertical exaggeration 3x

Digital cartography by J. Eric Schuster, Anne C. Heinitz,

     and Charles G. Caruthers

Editing and production by Karen D. Meyers

WASHINGTON DIVISION OF GEOLOGY AND EARTH RESOURCES

OPEN FILE REPORT 2004-10

Division of Geology and Earth Resources
Ron Teissere - State Geologist

Disclaimer: This product is provided ‘as is’ without warranty of any kind, either expressed or implied, including, but not 

limited to, the implied warranties of merchantability and fitness for a particular use. The Washington Department of 

Natural Resources will not be liable to the user of this product for any activity involving the product with respect to the 

following: (a) lost profits, lost savings, or any other consequential damages; (b) the fitness of the product for a particular 

purpose; or (c) use of the product or results obtained from use of the product. This product is considered to be exempt 

from the Geologist Licensing Act [RCW 18.220.190 (4)] because it is geological research conducted by the State of 

Washington, Department of Natural Resources, Division of Geology and Earth Resources.

contour interval 10 meters

Geologic Map of the Summit Lake 7.5-minute Quadrangle, Thurston and Mason Counties, Washington

by Robert L. Logan and Timothy J. Walsh

June 2004

supplementary contour interval 5 meters

Figure 1. A. Isostatic residual gravity anomaly map of southern Puget Sound (Finn and others, 1991). B. Total field aeromagnetic anomaly map of the same region (Blakely and 

others, 1999). (Maps modified from Johnson and others, 2004.) The rectangle in the lower left marks the Summit Lake quadrangle. Approximate location of the Olympia structure is 

shown by white line. Dashed black lines show smaller northeast-trending anomalies. Note that the aeromagnetic anomaly map is of higher resolution than the gravity anomaly map.
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Figure 2. Shaded-relief LIDAR (Light Detection and Ranging) images (vertical exaggeration 6x), scale 1:100,000. A. Low sun angle (35°) image of the Summit Lake quadrangle and the west 

part of the adjacent Tumwater quadrangle, illuminated from the northwest. Note that low-angle illumination enhances lineaments that are approximately normal to the azimuth of illumination. 

Blue circles represent reversely magnetized basalt; red circles represent normally magnetized basalt (Globerman, 1981). Yellow lines mark prominent lineaments that separate bands of 

relatively high (south), medium, and low (north) elevation. The deepest of the troughs is marked with a red line. Green arrows point to some east-west-trending lineaments.  B. Vertically 

illuminated image of the Summit Lake quadrangle in which flat surfaces are light and steep surfaces are dark. Note that vertical illumination enhances deep-seated landslides. The azimuth of 

illumination does not preferentially enhance any orientation of lineaments, and lesser lineaments are visible in orientations other than that emphasized in (A).
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