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MAJOR FINDINGS

Radiocarbon and luminescence age estimates suggest that deposits of the Olympia

nonglacial interval dominate the stratigraphy in the area and include sand from the
central Cascade Range.

* Extensive sand deposits from the Olympia nonglacial interval are the source of material
for nearshore habitat in this part of Hood Canal, in contrast to the material available in
the southern Hood Canal.

* Movement along the Lofall fault may have lifted deposits of the Olympia nonglacial
interval near the Hood Canal Bridge. This tilting contributes to bluff failure in the
vicinity.

DESCRIPTION OF MAP UNITS
(See pamphlet for complete descriptions of map units)

Quaternary Unconsolidated Deposits

HOLOCENE NONGLACIAL DEPOSITS

Qb

Qam

Modified land—Clay to boulder gravel and diamicton; locally derived but
mixed and reworked by excavation and (or) redistribution that notably
modifies topography.

Alluvium—Sand to cobble gravel; loose; gray, generally unweathered; clasts
subrounded; moderately to well sorted.

Beach deposits—Sand to boulder gravel with shells and driftwood; loose;
gray to brown-gray; clasts moderately to well rounded; may be well sorted;
derived from shore bluffs, streams, and underlying deposits.

Relict alluvium and salt-marsh deposits—Silty sand, silt, and pebble to
cobble gravel, locally includes silt, clay, peat, and detrital wood; loose;
typically tan and generally unweathered; clasts subrounded; moderately to
well sorted; stratified to massively bedded. This unit is less than 6,000 years
old.

HOLOCENE TO LATEST PLEISTOCENE NONGLACIAL DEPOSITS

Qp

Qls

Qmw

Qaf

Peat—Organic-rich sediment, including silt and clay; very soft to medium
soft; dark-brown to black; typically in closed depressions.

Landslide deposits—Diamicton; loose or soft; clasts subangular to
subrounded; unsorted to moderately sorted; nonstratified. Not all landslides are
shown, and absence of a mapped slide does not imply absence of hazard.

Mass-wasting deposits—Diamicton; loose; clasts subrounded; unsorted to
poorly sorted; includes colluvium, debris fans, alluvial fans, and landslides
mapped where topography suggests mass-wasting deposits.

Alluvial fan deposits—Debris-flow diamicton and alluvial sand and gravel;
loose; gray; clasts subrounded to rounded; forms concentric lobes where
streams emerge from confining valleys.

PLEISTOCENE GLACIAL AND NONGLACIAL DEPOSITS

Vashon Stade of the Fraser Glaciation (MIS 2)

Recessional deposits

Qgo

Qgoaf

Qgog

Qgos

Qgic

Vashon recessional outwash—Sand and cobble to pebble gravel; loose; gray,
weathering to tan; clasts subangular to rounded; moderately to well sorted;
represents fluvial deposition by Vashon meltwater. Locally divided into:

Vashon alluvial fan deposits—Sand and pebble gravel, silt, and cobbles;
loose; subrounded; moderately to poorly sorted; stratified; forms concentric
lobes where outwash streams emerged from confining valleys.

Vashon recessional outwash gravel—Pebble and cobble gravel and sand;
gray to tan, unweathered; loose; clasts moderately to well rounded; moderately
to well sorted; mapped in outwash channels graded to recessional Lake Bretz.

Vashon recessional outwash sand—Sand; gray to tan; loose; clasts
moderately to well rounded; moderately to well sorted; mapped in outwash
channels graded to recessional Lake Bretz.

Vashon ice-contact deposits—Diamicton, cobbly pebble gravel, and
subglacial melt-out till; yellow-tan to gray; loose to dense; clasts subangular to
subrounded; variously sorted; massive to well stratified; till is friable and
permeable. Locally divided into:

Vashon esker deposits—Gravel and sand; tan to brown; loose;
clasts moderately to well rounded; well-sorted; forms low, elongate,
sinuous hills.

Qge

Subglacial deposits of the Fraser glaciation

Qgt

Vashon lodgment till—Mixture of clay, sand, and gravel (diamicton); gray;
compact; clasts subangular to rounded; unsorted and unstratified.

Pre-Fraser Glacial and Nonglacial Deposits

Pre-Vashon glacial and nonglacial deposits

Qpf

Kingston arch

Pre-Vashon silt—Silt, clay, and some sand and pebble gravel; brown or gray;
compact; unstratified to well stratified; generally thought to be
glaciolacustrine, but may include nonglacial deposits.

Pre-Vashon northern-sourced glacial outwash sand—Sand, silt, clay, and
pebble gravel; brown or gray; compact; unstratified to well stratified.

by Trevor A. Contreras, Kimberly A. Stone, and Gabriel Legorreta Paulin

October 2013

light-brown mud beds; compact.

Deposits of the Olympia nonglacial interval (MIS 3)

Qco

Undivided Quaternary sediment older than Vashon till—Sandy pebble
gravel and sand with mud interbeds; gray, with surficial iron staining and some

Olympia nonglacial deposits—Sand and silt; tan and gray; medium dense
to loose; clasts subangular to subrounded; laminated to very thickly bedded

or massive and well stratified and sorted; locally crossbedded and with
ripplemarks. Represents distal Olympic and Cascade alpine outwash
deposited in a floodplain or lacustrine environment, when the Puget Lowland

was ice free.

Deposits of the Possession glaciation (MIS 4)

Possession Drift—Diamicton and outwash; light brown to gray; very dense
and massive; clasts subrounded to rounded; moderately to well sorted and

unsorted; moderately stratified and medium to thickly bedded.

Deposits of the Whidbey interglaciation (MIS 5)

Qew

Whidbey Formation—Silt, clay, and sand; light gray; dense and stiff; clasts
subrounded; well stratified and well sorted; thinly laminated to very thickly

bedded. Represents calm-water deposition during nonglacial times.

Pre-Fraser deposits, undivided

strata.

Pre-Fraser nonglacial deposits—Predominantly silty clay, sand, and gravel;
brown-gray and blue-gray; very dense and hard. The few wells that penetrated
this unit encountered sand and silt with organics, suggestive of nonglacial

Pre-Fraser glacial drift—Till and minor sandy pebble to cobble gravel; gray;
compact; clasts subangular to subrounded; moderately sorted and stratified to

unsorted and unstratified. The unit may reflect multiple glacial advances.

Deposits of the Double Bluff glaciation (MIS 6)

suggestive of significant glacial strata.

Tertiary Sedimentary and Volcanic Rocks

1972.

Double Bluff Drift (cross section only)—Diamicton; gray to blue gray; very
dense. The few wells that penetrated this unit encountered diamicton

Undifferentiated marine and nonmarine siltstone and sandstone (upper
Eocene to lower Oligocene)(cross section only)—Marine siltstone and
sandstone; light gray to gray and gray-brown. These sedimentary rocks were
reported from the Union Oil Co. Pope and Talbot well No. 18-1 drilled in

Crescent Formation (early to middle Eocene)—Basalt; dark gray to
greenish black; Unit Ev is found in an isolated outcrop along the shore of

Squamish Harbor near Shine and in water wells and borings as far east as the

Hood Canal Bridge.

GEOLOGIC SYMBOLS

cee

L Contact—TIdentity and existence certain; solid where location
accurate; long dashed where approximate; short dashed

where inferred

concealed

High-angle dip-slip fault—Identity or existence questionable,
location concealed; relative movement shown by U and D

Anticline—TIdentity or existence questionable; location

. Syncline—Identity and existence questionable; short dashed
where location inferred; dotted where concealed

Lineament—Identity and existence certain; location accurate

[
A Cross section line

Strand line (former shoreline)—Identity and existence certain; location

accurate

Geophysical data collection line—Location accurate

e Landslide scarp—Hachures on downslope side
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Figure 2. Comparison of geologic time scale, global magnetic polarity, marine oxygen isotope curve and stages (MIS), and ages of climatic
intervals in the Puget and Fraser Lowlands [modified from fig. 6 of Troost and Booth, 2008]. Data sources are explained in Troost and Booth
(2008). Age ranges for the Olympia nonglacial interval, Vashon stade, and Everson interstade were modified by Polenz and others, 2013 and
2012b. We note that the exact time boundaries between the Olympia nonglacial interval, Vashon stade, and the Everson interstade in the

Puget Lowland remain enigmatic.

Foreset bedding in unconsolidated sedimentary deposits—Showing strike and dip

Table 1. List of well and geotechnical boring sites for the Lofall quadrangle. WADOE, Washington State Department of Ecology;
WSDOT, Washington State Department of Transportation.

QUATERNARY

TERTIARY

Geotechnical Boring Site Type Site Location Site Information
B1 WSDOT geotechnical boring sec. 2, T27N R1E 104/1-99 (highway/boring-year)
B2 WSDOT geotechnical boring sec. 14, T27N R1E 3/2-99 (highway/boring-year)
A' B3 WSDOT geotechnical boring sec. 10, T26N R1E 3/1-01 (highway/boring-year)
‘Well Site Type Site Location Site Information
NORTH wi water well sec. 34, T28N RIE WADOE internal no. 48488
i W2 water well sec. 1, T27N RIW WADOE well tag BAT986
500 w3 water well sec. 7, T27N R1E WADOE well tag BAT984
B W4 water well sec. 12, T27N RIW WADOE well tag BAT985
B W5 water well sec. 9, T27N R1E WADOE well tag ACQ536
Woé water well sec. 14, T27N R1E WADOE well tag AES273
Hood Canal w7 water well sec. 23, T27N R1E WADOE well tag ALS596
0 W8 water well sec. 23, T27N R1E WADOE well tag AES206
W9 water well sec. 23, T27N RIE WADOE well tag AKB784
W10 water well sec. 27, T27N R1E WADOE well tag AAA103
’g W11 water well sec. 25, T27N R1W WADOE well tag ALS571
77777777777777777 é w12 water well sec. 34, T27N R1E WADOE well tag AES393
-500 _g W13 water well sec. 4, T26N R1E WADOE well tag AAA105
§ w14 water well sec. 4, T26N R1E WADOE internal no. 62283
é’ W15 water well sec. 2, T26N R1E WADOE well tag AAC682
w16 water well sec. 9, T26N R1E WADOE well tag AES019
W17 water well sec. 11, T26N R1E WADOE well tag AES488
W18 water well sec. 8, T26N R1E Navy Base TH3 (Robinson Noble, Inc.)
+1000 W19 water well sec. 10, T26N R1E WADOE well tag AAA104
W20 water well sec. 17, T26N R1E Navy Base TH10 (Robinson Noble, Inc.)
W21 water well sec. 16, T26N R1E WADOE well tag ACG506
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The views and conclusions contained in this document are those of the
authors and should not be interpreted as necessarily representing the
official policies, either expressed or implied, of the U.S. Government.

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 and the authors of this product 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) 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 or for the
State of Washington, Department of Natural Resources, Division of Geology and Earth Resources.
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Figure 1. Shaded relief map of the Lofall quadrangle (red polygon) region. Faults in and adjacent to the quadrangle 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 outlined by green dashed lines.

Table 2. Age-control data for Pleistocene nonglacial sediments. Analytical methods used are "C, radiocarbon analysis; AMS,
radiocarbon analysis by atomic mass spectrometry; and IRSL, infrared stimulated luminescence. Radiocarbon age estimates are
presented as ‘conventional radiocarbon age’ with quoted errors representing one relative standard deviation (68% probability). Age
estimates stated in ka are in calendar years before 1950 divided by 1,000 with two standard deviations of uncertainty (20 = 95%
confidence interval). Direct AMS samples were calculated using Calib online [http://calib.qub.ac.uk/calib/]. Uncertainty statements
reflect random and lab errors; errors from unrecognized sample characteristics or flawed methodological assumptions are unknown.
Elevations are estimated using Puget Sound Lidar Consortium lidar grid elevations projected to State Plane South, NAD 83 HARN,
supplemented by elevation estimates on bluffs.

Age Site Analytical Age estimate BC/™C  Material ~ Geologic Lab Elev.
site name method (*CyrBPorka) (o/oo) dated unit no. (ft) Notes
2 GD2 AMS! 37,840 +380 yr BP -0.9 shell Qco Beta 8 Marine shells from silt at
(39.45-40.42 ka) 338311 base of bluff. Results do not
include local reservoir
correction.
6 GD6 AMS? 9,924 +41 yr BP -20.3 charcoal -——  D-AMS 160  Charcoal in terrace sand.
(11.231-11.6 ka) 1549 May be recording forest fire.
3 GD3 AMS! 25,850 +120 yr BP  —22.7 wood Qco Beta 9  Well preserved wood
(28.46-28.96 ka) 339711 fragments along Thorndyke
Bay near GDS.
5 GD5 AMS? 37,139 £278 yr BP -34.5 charcoal Qco D-AMS 275  Detrital carbon in well sorted
(41.487—42.428 ka) 1749 sands mapped as Qco and
thought to be the same
material as sampled for GD4.
4 GD4 IRSL? 75.12 3.7 ka R feldspar Qco Lofall-2 275  IRSL sample of feldspar
grains grains from unit
Qco.Thought to be taken
from same material as GDS.
7 GD7 IRSL? 73.15+4.3 ka - feldspar Qco Lofall-1 270  IRSL sample of feldspar
grains grains from unit Qco.
8 GDS8 IRSL? 47.22 £9.56 ka - feldspar Qco Lofall-3 9 IRSL sample of feldspar
grains grains from unit Qco taken

from the same material and
near GD3.

! Analysis by Beta Analytic (Beta)
% Analysis by Direct AMS (D-AMS)
? Analysis by Shannon Mahan, USGS

http://www.dnr.wa.gov/geology/
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