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INTRODUCTION

This pamphlet provides unit descriptions, interpretations, and data for the accompanying geologic map sheet for the
Seabeck and Poulsbo quadrangles, which straddle Hood Canal in the Puget Lowland. The Seabeck—Poulsbo map is
part of a systematic effort to develop 1:24,000-scale geologic maps along all of Hood Canal, an increasingly
populated, strategically important, geologically active, and ecologically sensitive region. Our map and cross sections
build on previous mapping (Grimstad and Carson, 1981; Yount and Gower, 1991; Yount and others, 1993; Deeter,
1979, and unpub. field notes; Birdseye, 1976; Kahle, 1998; Haugerud, 2009) by adding detailed field observations
and new geological analyses. We incorporate review of hundreds of well records, boring records, and geotechnical
reports from multiple sources (Wash. Dept. of Ecology [WADOE]; U.S. Geological Survey [USGS]; Kitsap County;
Wash. Dept. of Transportation [WSDOT]; Robinson Noble, Inc.; City of Poulsbo). Appendix A presents bedrock
elevation estimates that we developed from passive seismic survey data, Appendix B presents new radiocarbon and
luminescence dates, Appendix C presents tephra data, and Appendix D presents photographs of selected sites.

GEOLOGIC SETTING
Tectonic Framework

The map area is in the Cascadia subduction zone forearc, where oblique convergence causes active structures to
accommodate margin-parallel shortening (Johnson and others, 2004). The map area is bounded to the south by the
active Seattle fault zone (Kimball, 1897; Raisz, 1945; Danes$ and others, 1965; Gower and others, 1985; Bucknam
and others, 1992; Blakely and others, 2002; Brocher and others, 2004; Kelsey and others, 2008; Tabor and others,
2011; Lamb and others, 2012) and straddles the transition from the Seattle basin on the east to the Olympic
Mountains on the west (Fig. 1). The Hood Canal fault has been inferred along this transition (Danes and others,
1965; Gower and others, 1985), but in the map area the transition is structurally complex with multiple faults and
structures that are not necessarily explained by the meeting of the Seattle and Hood Canal faults—a notion also
reinforced by Mace and Keranen (2012), who pointed out that much of the crustal seismicity beneath the Puget
Lowland, including our map area, is not explained by known structures. If the Hood Canal fault traverses the map
area, we do not know where and to what local effect. To the northeast of the map area is the northwest-trending,
right-lateral, transpressional southern Whidbey Island fault zone, which accommodates margin-parallel transport of
southwestern Washington relative to North America (Johnson and others, 1996; Sherrod and others, 2008; Blakely
and others, 2011).

Tomographic modeling (Van Wagoner and others, 2002; Brocher and others, 2001) suggests that the map area
marks the western limit of the Seattle basin. Previous mapping (Kahle, 1998), well and boring records, and total-
field and residual acromagnetic and gravitational field strength data (aeromagnetic data not reduced to pole)(Richard
Blakely, USGS, written commun., 2012, 2013) are consistent with that interpretation. We verified bedrock depth by
reviewing hundreds of geotechnical and well records and using passive seismic data
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Figure 1. Shaded relief map of regional structure in the report area. Faults in and adjacent to the quadrangles (red rectangles) are
shown as indicated by current field investigations (Contreras and others, 2013; Polenz and others, 2013), while regional faults were
redrawn from previous investigations (Lamb and others, 2012; Blakely and others, 2009; active faults layer of the Washington
Interactive Geologic Map, accessed May 2013 on the Washington State Geologic Information Portal at http://www.dnr.wa.gov/

geologyportal). Geophysical studies (Pratt and others, 1997) provided the information on uplifts and basins.
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Figure 2. Harding diagram for dextral transpression. The diagram shows forces and a composite of structures (normal faults and
normal fault-parallel hanging-wall folds, thrust or reverse faults and folds, synthetic and antithetic faults) that can result from
wrenching deformation. To approximate orientations of structures observed in the map area, the diagram is oriented as if the master
strike-slip structure was the southern Whidbey Island fault zone. Revised from Harding (1974) and Sanderson and Marchini (1984).

to estimate depth to bedrock at HVSR (horizontal-vertical spectral ratio) sites 1 to 16 (map sheet, Appendix A). Our
analyses mostly yielded minimum depth to bedrock estimates, and to the extent that our measurements suggested
possible bedrock response, it was for sedimentary rock, not basalt basement. The only exception is at site HVSR15.
Several sites yielded resonant frequency (fr) values of about 0.2 (Appendix A), near the lower detection limit of our
equipment and perhaps suggesting a response to sea waves, although somewhat higher fr values (higher-frequency
sea waves) would likely prevail in our inland coastal setting (http://www.geopsy.org/documentation/geopsy/hv.
html#idea). Because most of our estimates are minimum depths to bedrock, they do little to locate the western and
southern boundaries of the Seattle basin. However, the -3,312 ft bedrock elevation estimate for HVSR4 (sec. 13,
T25N R1W) next to the -2,526 ft estimate for HVSRS (9,000 ft east of HVSR4) is inconsistent with an eastward-
deepening of bedrock expected at the western margin of the Seattle basin. It may instead support the postulated
presence of the Apex anticline and Anderson Creek syncline at the southern margin of the northwest-trending fault
system shown on the map and along cross section A—A'—-A".

Structural observations, lineaments, acromagnetic and gravity field strength orientations, selected bedrock depth
estimates, seismic reflection data, and regional structural trends suggest to us that a dextral, northwest-trending
strike-slip fault system traverses the map area and is locally expressed in right-stepping en echelon(?) faults with a
surface pattern that suggests an underlying positive flower structure. We call this fault system the Dabob Bay fault
zone (Fig. 1) because, even though the fault set we show extends farther east than Blakely and others’ (2009) “DBF”
(possible en echelon faults through Dabob Bay), Blakely (written commun., 2013) confirmed that the fault character,
orientation, and geographic distribution that we propose match those envisioned by Blakely and others (2009). Our
structural observations include faulted, distorted, disrupted, locally offset, and folded sediments at several sites that
exhibit deformation expected within a northwest-trending, dextral transpression (or dextral wrench?) strike-slip fault
system (Fig. 2) that likely extends southeastward into Bainbridge Island. We illustrate this apparent fault zone with
several individual strands, some supported by observations of locally folded and/or sheared sediment, others only by
geophysical data and well records analysis (see Quaternary Structure and Neotectonics, p. 7). Seismic profiles,
aeromagnetic anomalies, and field exposures permit alternative interpretations and suggest that the fault zone is
more complex and includes structures not shown on our map. We therefore query most fault strands and intend them
mainly to illustrate the trends in the data we believe best explain the orientations of the structures in the map area.


http://www.geopsy.org/documentation/geopsy/hv.html%23idea
http://www.geopsy.org/documentation/geopsy/hv.html%23idea

4 MAP SERIES 2013-02

Landscape Development

The map area is dominated by Pleistocene sediment. Bedrock is exposed only west of Hood Canal and includes
Eocene marine sedimentary rocks (unit Em) north of Pulali Point (Squires and others, 1992) and basaltic and
sedimentary rocks of the Eocene Crescent Formation (unit Evc) at and near Pulali and Wawa points (Tabor and Cady
1978; Yount and Gower, 1991).

PRE-VASHON SEDIMENT

On both sides of Hood Canal, we observed deposits derived from rock units found in the Olympic Mountains
(Olympic-sourced ) and delivered by pre-Vashon sedimentation into an otherwise ice-free Puget Lowland, most
likely associated with ice advances in the Duckabush and Dosewallips basins west of the map area. These deposits
typically contain clast assemblages of basalt, sandstone, and their common accessories and weathering products
(chlorite, calcite, monocrystalline and polycrystalline quartz, and zeolites). Subsurface deposits in the Kitsap County
portion of the Seabeck quadrangle are dominated by Olympic-sourced pebble gravel that we mapped as unit Qapo
and interpret as braid-plain deposits from multiple pre-Vashon Olympic ice advances. We saw Olympic-sourced till
among similar deposits (combined into unit Qad) only on the Toandos Peninsula and speculate that the recognition
of till there and not elsewhere may be the result of superior exposure along the coastal cliffs of that peninsula and
(or) that the till did not everywhere extend as far as the braid-plain deposits. We did not observe Olympic till on the
Kitsap Peninsula, even where we had ample exposure (in and east of Big Beef Creek valley). Two possible
exceptions are highly weathered till exposures at significant site S4 (sec. 22, T25N R1W) and paleomagnetic site N1
(sec. 12, T25N R1W). The lack of Olympic-sourced till on the Kitsap Peninsula suggests that Olympic ice advances
did not extend much east of the Toandos Peninsula. Alternatively, the Olympic-sourced tills may be products of
more proximal ice production in the Quilcene watershed. Elsewhere on the Toandos Peninsula, sediments lack till
and include more sand, silt, clay, and peat. We interpreted these as nonglacial (unit Qc and subunits Qco and Qcw).

On the Kitsap Peninsula, Olympic-sourced pebble gravel ceases to dominate the sedimentary section roughly at
the boundary between the Seabeck and Poulsbo quadrangles. Deposits farther east and north increasingly
incorporate northern-sourced glacial constituents deposited by or in response to southward advances of the
Cordilleran ice sheet and nonglacial and proglacial constituents deposited by rivers from the Cascade Range
(Cascade-sourced). In addition to sandstone and basalt, these sediments consist mostly of sand and silt derived from
granitic and high-grade metamorphic rocks. They interfinger with unit Qapo. Peat and wood fragments, relatively
rare in exposure but noted in a number of well records, suggest that in both the Seabeck and Poulsbo quadrangles,
much of the silt, and to a lesser extent the sand, is nonglacial (unit Qc).

Exposures of moderately to well-sorted, gray to tan sand, and in some areas, silt, suggest uniform sand (or silt)
packages at least a few tens of feet thick (units Qpos, Qpf, and Qgas). This sand is particularly prominent around
Liberty Bay, east and west of Dyes Inlet, in the Anderson Creek basin, and at higher elevations in and near the Naval
Base Kitsap at Bangor (NBK-B). The exposures generally lack organics, in places contain dropstones, and are
marked by diverse clast compositions and dominantly south- to east-directed paleocurrent indicators. These
attributes suggest a mostly Cordilleran-ice proglacial lacustrine setting for these units, with east-directed
paleocurrents presumably documenting eastward deflection of outwash drainage around Green and Gold Mountains.
Petrographic thin-section review of selected samples of unit Qpos revealed that some include a sand mineralogic
mix equivalent to Snohomish River alluvium (Joe Dragovich, oral commun., 2013; Dragovich, 2007; Dragovich and
others, 2007, 2010a,b, 2012). With the caveat that we have not excluded the possibility of similar mineralogy for
deposits derived from some northern sources, we therefore suggest that some proglacial outwash may be older
Cascade-sourced sediment reworked from the Puget Lowland. Some exposures mapped as proglacial outwash may
also include nonglacial deposits. Unrecognized nonglacial deposits are also suggested by some well records that
seem to report more organics than found in surface exposures.

Deposition of Cascade-sourced sand and silt at the western margin of the Puget Lowland during nonglacial
times would imply a relative absence of coeval Olympic-sourced sedimentation. Such an absence is unlikely since
the sedimentary section in most of the Seabeck quadrangle is dominated by Olympic-sourced braid-plain deposits
(units Qapo and Qad). Voluminous Olympic Mountains sediment production is also recorded by extensive
Olympic-sourced (proglacial) sedimentation on the west side of the Olympic Mountains during the Olympia
nonglacial interval (MIS 3)(Fig. 3) and the Possession glaciation (MIS 4)(Thackray, 2001; Thackray and others,
2012; Glenn Thackray, Idaho State Univ., written and oral commun., 2012, 2013). Mineralogic similarity of the sand
fraction in unit Qpos to Cascade-sourced alluvium might be explained by reworking of Cascade-sourced deposits
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Multiple pre-Vashon tills suggest that the oldest exposed sediment is of Defiance glaciation age (MIS 8)(Troost
and others, 2003; Troost and Booth, 2008) or older. We observed three pre-Vashon tills (unit Qpt) in Big Beef Creek
valley (map) and used well records to infer an additional, queried pre-Vashon till (unit Qpt) east of Big Beef Creek
above 350 ft elevation (map and cross section A—A"). If this inference is correct, it implies pre-Defiance age for the
oldest till (significant site S4, sec. 22, T25N R1W). Considerable weathering of that oldest till also supports
relatively advanced age. Four pre-Vashon drifts are suggested by a composite section constructed from observations
in the eastern Anderson Creek basin and along Hood Canal shoreline bluffs north of Anderson Creek (composite
columnar section on map). The oldest till in that section, exposed a few feet above the beach along the Hood Canal
shore (paleomagnetically normal site N1), is also very weathered. Review of well records and Anderson Creek—area
field observations suggest three pre-Vashon tills in the Anderson Creek basin alone (cross section A—A"). A
widespread stratigraphic contact at about 200 to 250 ft between Anderson Creek and the east shore of Dyes Inlet
separates Vashon from Possession outwash and appears to rise to 400 ft both toward the northeast and southwest.
We have consequently mapped as pre-Vashon most of the outwash associated with Cordilleran ice. We favor the
interpretation that tectonic activity at least partly explains a trough at Anderson Creek valley and exposure of several
pre-Vashon drifts in the map area (Quaternary Structure and Neotectonics, p. 7, and cross section A—A'—-A").
Alternatively, the gentle north-down slope from Green and Gold Mountains south of the map area to Hood Canal in
the southern part of the Seabeck quadrangle may simply have produced plentiful pre-Vashon sediment exposures
due to incision by relatively large drainages (Big Beef and Anderson Creeks).

To better constrain the age and character of the sediment in the map area, we obtained new paleomagnetic,
pollen-based paleoenvironmental clast count and thin section petrographic, radiocarbon, and luminescence data.
Specific inferences are noted in the relevant unit descriptions.

VASHON DRIFT

The modern landforms of fluted uplands and intervening troughs in the map area are largely a construct of the Fraser
glaciation (MIS 2). Initial deposition of proglacial advance outwash in the “great lowland fill” was followed by



6 MAP SERIES 2013-02

subglacial erosion and deposition of till (Booth, 1994). At the end of the glaciation, ice-dammed lakes and then
marine waters filled the troughs (Bretz, 1910, 1913; Thorson, 1981, 1989; Dethier and others, 1995). As the ice
dam(s) in the northern Puget Lowland wasted, lake levels dropped in stages, leaving behind a series of progressively
lower and younger relict shorelines at discrete elevations (Haugerud, 2009; Ralph Haugerud, USGS, oral commun.,
2013). Many of these relict shorelines are shown on our map, clustered at elevation ranges shown in Table 1. The
shorelines are accompanied by relict drainage mouths and outwash channels, outwash terraces, alluvial fans, and
deltas, some of which are mapped as unit Qgoaf. For example, at significant site S8 (sec. 25, T26N R1W), a relict
shoreline is apparent north and south of a relict delta fan (unit Qgoaf) that is dissected by a modern drainage, which
in turn terminates in a smaller, modern fan downslope. Association of relict shorelines with recessional
glaciolacustrine conditions is best illustrated at date site GD15, where a quarry wall exposes lacustrine outwash sand
(unit Qgos) in more than 20 rhythmites between two relict shorelines (see Fig. D2).

Table 1. Elevation ranges for clusters of relict shorelines noted within the map area (and shown on map).

Relict shoreline elevation range (ft)

Bretz or

Likely associated relict lake Russell(?) Russell Bretz A
marine

Upper elevation within cluster of relict shorelines | 500 420 400 380|310 275| 220 200 180 130 120 100 80 35|40 30 10
Lower elevation within cluster of relict shorelines | 480 400 380 360 (290 245| 200 180 160 110 100 80 50 25(30 20 10

Like Haugerud (2009) and Haugerud and Troost (2011), we relate shoreline elevation to specific water bodies
and thus associate shorelines above 240 ft with Lake Russell (Bretz, 1910) and those below with Lake Bretz (Waitt
and Thorson, 1983). We note that shorelines above 325 ft are unexpectedly high relative to the Lake Russell of
Thorson (1981) but correspond to the combined clustering of Lake Russell shorelines and outwash channels graded
to Lake Russell as identified by Haugerud (2009). However, our impression is that these shorelines, at least below
400 ft, correspond to lake or delta settings, not outwash channels (which could be significantly elevated above
lakes). We do not know if the higher elevations of some shorelines resulted (partly?) from later land-level changes or
from local lakes that may have been perched higher than Lake Russell. Our highest shorelines are near the southern
map edge near the center of the map, conspicuously close to where cross section A-A'—A" identifies pre-Vashon
sediment at relatively high elevations, suggesting possible uplift of Pleistocene sediment.

Some shorelines below 40 ft are probably associated with glaciomarine inundation, at least in the northeast part
of the map area, as also noted in the adjacent Suquamish quadrangle by Haugerud and Troost (2011), but we have
been unable to separate those from lower Lake Bretz shorelines.

We note that shoreline elevation clusters occupy particular parts of the map area. For example, shorelines
between 275 and 245 ft elevation tend to be found in a 2.5-mi-wide northwest-trending swath across the center of
the Poulsbo quadrangle. Their locations overlap but are generally slightly southwest of those between 310 and 290 ft
elevation. These distribution patterns are in part an expression of the extents of the lakes and of the isostatic rebound
tilt documented by Thorson (1989), but we suspect that subtle tectonic signals also lurk among the distributions. For
example, a shoreline between 360 and 340 ft elevation north of significant site S9 (sec. 17, T26N R1E) seems to be
systematically 5 to 10 ft lower than the continuing(?) shoreline at 380 to 360 ft elevation to the south. Whether a
similar offset is present in lower elevation shorelines to the west is unclear, in part due to apparent land surface
modifications.

After draining of the glacial lakes and marine inundation, postglacial isostatic rebound raised the crust in the
Puget Lowland, and local relative sea level dropped to below modern sea level (Dragovich and others, 1994; Mosher
and Hewitt, 2004), causing valleys to incise to below modern sea level. This lower base level is recorded in many
Puget Lowland drainages, where loose postglacial valley fill in the lower reaches extends below sea level. Such
postglacial cut-and-fill to an elevation of at least -21 ft (below datum) is documented by subsurface sediment density
contrast in a geotechnical report south of Stavis Bay, 35 ft south of the map boundary (Myers, 2011). We infer that
since this early postglacial incision, geomorphic activity at the scale of the landscape has been minor—limited to
coastal retreat, drainage extension (by headward erosion and deepening of upper valley reaches), and associated
mass wasting.

Despite the relatively static condition of the modern environment, the distribution and character of sediments in
the map area shows that geologic activity continues in the modern environment. This is illustrated along the shores
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of Hood Canal by a transition from mostly steep coasts with narrow pebbly beaches or exposed bedrock along
southern Hood Canal to broader shelves of sand or mud along northern Hood Canal. This steep coast-broad shelf
transition seems to roughly coincide with the southwest edge of the Seattle basin as inferred near Holly by Contreras
and others (2012b), suggesting that the structural transition from Seattle uplift to Seattle basin has controlled the
distribution and character of past glacial and nonglacial deposition (and of modern exposure), which in turn has
affected the type of sediment available for modern transport and nourishment of beaches.

Quaternary Structure and Neotectonics
SEATTLE FAULT

Many investigators have noted evidence for the west-trending Seattle Fault a few thousand feet south of the map
area (Kimball, 1897; Raisz, 1945; Danes and others, 1965; Gower and others, 1985; Bucknam and others, 1992;
Haug, 1998; Blakely and others, 2002; Brocher and others, 2004; Kelsey and others, 2008; Tabor and others, 2011;
Lamb and others, 2012). Lamb and others (2012) and Polenz and others (2012c) suggested that two south-up reverse
faults and four folds associated with the Seattle Fault enter the map area beneath Hood Canal (southwest Seabeck
quadrangle). Based on our review of supporting offshore seismic profiles, geomagnetic field strength, gravity and
other previous work (Haug, 1998), we show these structures slightly modified from Lamb and others (2012). Like
Lamb and others, we did not extend the structures eastward, where we were unable to satisfactorily interpret
complex seismic profile data.

A new radiocarbon date from the east shore of northern Dyes Inlet (date site GD1) constrains the distribution of
land level changes associated with activity on the Seattle Fault. A western redcedar stump and at least one other
nearby stump are rooted in growth position in a relict peaty marsh mat that is overlain by more peat. Both peat
layers are exposed in the modern intertidal zone and are being eroded by beach retreat (see Table B1; Fig. D1). We
infer from the preservation of multiple stumps rooted in the lower woody peat mat that environmental change led to
the death of the trees. A dense web of roots in the lower peat, in contrast to its absence in the upper peat, suggests
that following tree death, environmental conditions inhibited resumption of tree growth, which is consistent with
submergence after tree death. Abundance of mold spores, coupled with a lack of pollen and marine dinoflagellates in
the upper peat, caused Estella Leopold (Univ