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No. of 

samples 21 21 107 107 15 15 

SiO2 65.57 0.88 65.09 1.24 63.17 1.39 

Al2O3 16.52 0.30 16.62 0.47 16.70 0.23 

TiO2 0.597 0.026 0.592 0.066 0.660 0.056 

FeO  3.96 0.23 4.03 0.46 4.44 0.29 

MnO 0.084 0.020 0.083 0.007 0.084 0.012 

CaO 4.66 0.35 4.79 0.40 5.20 0.38 

MgO 2.12 0.23 2.31 0.28 2.73 0.43 

K2O 2.27 0.10 2.04 0.16 1.88 0.15 

Na2O 4.07 0.09 4.12 0.12 3.97 0.24 

P2O5 0.157 0.006 0.155 0.022 0.192 0.036 

Ni 19 3 18 5 23 10 

Cs 1.83 0.14 1.59 0.40 1.42 0.49 

Cr 19 5 18 5 23 14 

Sc 12 1 12 1 13 2 

V 84 8 81 12 78 9 

Ba 546 27 495 38 459 27 

Rb 42.1 3.7 36.9 4.3 35.3 3.9 

Sr 467 31 480 50 515 50 

Ta 0.45 0.03 0.44 0.25 0.41 0.02 

Zr 150 7 130 8 136 7 

Y 17.46 0.63 14.96 1.32 15.85 0.99 

Nb 5.24 0.30 4.94 0.40 5.63 0.59 

Hf 4.12 0.17 3.44 0.51 3.57 0.12 

Ga 17 1 17 1 18 1 

Cu 8 3 10 4 15 5 

Zn 57 3 57 6 59 3 

Pb 10.21 0.78 9.38 1.14 9.48 1.07 

La 18.19 0.79 16.02 1.23 16.36 1.14 

Ce 35.37 1.39 31.23 2.65 32.51 2.08 

U 2.15 0.15 1.79 0.32 1.85 0.25 

Th 6.41 0.38 5.39 0.58 5.20 0.44 

Nd 16.12 0.58 13.83 2.15 16.19 1.93 

Sm 3.56 0.12 3.08 0.50 3.57 0.29 

Eu 1.00 0.03 0.92 0.15 0.97 0.05 

Gd 3.22 0.10 2.75 0.45 2.96 0.17 

Tb 0.51 0.02 0.44 0.07 0.47 0.03 

Ho 0.63 0.03 0.54 0.09 0.59 0.04 

Tm 0.26 0.01 0.22 0.04 0.24 0.01 

Yb 1.69 0.06 1.43 0.23 1.66 0.12 

Table 1.  Geochemical comparison between dacite pebbles collected from 

nonglacial units on northern Whidbey Island (Whidbey Island dataset) with 

Glacier Peak dacite collected east of the study area (Glacier Peak dataset; 

Dragovich and others, 1999, 2000a,b,c,d, 2002a,b,c, 2003a,b, 2004, unpub. 

data). The Glacier Peak dataset is mostly dacite clasts from Pleistocene (~11 ka) 

and Holocene (5 ka and 1,800 14C yr B.P.) lahar and lahar runout collected from 

near Glacier Peak to the lower Skagit River valley. This dataset includes older 

Glacier Peak dacite from flows and pyroclastic deposits collected on the Glacier 

Peak edifice, as well as a few Glacier Peak dacite clasts collected from Skagit 

River alluvium (Dragovich, unpub. data; Taylor, 2001). The Whidbey dataset 

includes 21 dacite pebbles collected during this study and by Polenz and others 

(2005) from the Whidbey Formation (units Qcwv and Qcwc), with fewer clasts 

from the Olympia beds (unit Qco). (See dacite geochemistry sites and columnar 

sections 1–5.) Petrographic examination of both datasets indicates that they 

contain similar plagioclase-hypersthene-hornblende±augite phyric vesicular 

dacite. The Glacier Peak flows are most likely 60+ ka old (T. Sisson, U.S. 

Geological Survey, written commun., 2002). The datasets show that Glacier Peak 

dacite is remarkably homogeneous over time. (A majority of the Whidbey Island 

pebble samples are within one standard deviation of the Glacier Peak dataset.) 

Slightly elevated K2O and some trace elements in the Whidbey Island dataset 

probably reflect a slightly more evolved magma source than the Glacier Peak 

dataset. The Glacier Peak flow dataset and the Whidbey Island dataset show a 

strong trace element correlation. This may indicate that the older Glacier Peak 

flows and Whidbey Island dacite pebbles ultimately tapped the same or a similar 

60+ ka magma source
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Lambert conformal conic projection

North American Datum of 1983

Base map from scanned and rectified U.S. Geological Survey 7.5-minute Oak Harbor, 

Crescent Harbor, and Smith Island quadrangles (all 1998)

The dashed line at the bottom of this map is the southern boundary of a sliver of geology that 

has been added to fill in the gap between this map, which has a NAD83 datum, and the 

Coupeville 7.5-minute quadrangle (GM-58) to the south, which has a NAD27 datum; the 

gap is due to the offset between the two datums

Shaded relief for Oak Harbor and Crescent Harbor quadrangles generated from lidar; sun 

azimuth 315; sun angle 60%; vertical exaggeration 4x

Shaded relief for the Smith Island inset, Goat Island, Ika Island, Fidalgo Island, and Camano 

Island generated from U.S. Geological Survey 10-meter digital elevation model; sun 

azimuth 315%, sun angle 60%; vertical exaggeration 4x

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

Editing and production by Jaretta M. Roloff

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.

DESCRIPTION OF MAP UNITS

Quaternary Sedimentary and Volcanic Deposits

HOLOCENE NONGLACIAL DEPOSITS

Artificial fill and modified land (Recent)—Fill at 

major construction sites.

Beach deposits (Holocene)—Sand, gravel, pebbly 

sand, and boulder gravel.

Nearshore deposits (Holocene)—Estuarine mud and 

fine-sand tidal flat deposits.

Saltwater marsh deposits (Holocene)—Organic-rich 

silt and mud, commonly with lenses and layers of peat.

Peat (Holocene)—Peat and organic sediments of 

fresh-water bogs and swamps.

Dune deposits (Holocene)—Wind-deposited, well-

sorted, and well-rounded sand and silty sand.

Landslide deposits (Holocene–latest Pleistocene)— 

Poorly sorted and unstratified diamicton.

PLEISTOCENE DEPOSITS

Deposits of the Fraser Glaciation

EVERSON INTERSTADE

Glaciomarine Facies

Glaciomarine drift—Clay and clast-rich diamicton 

(unit Qgdmed) and mud (unit Qgdmec).

Glaciomarine sand deposits—Sand with local thin 

interbeds of silt.

Emergence (beach) deposits—Pebbly sand or sand 

and gravel, locally with boulders.

Ice-Contact Facies

Diamicton—Sandy, silty pebble gravel to bouldery, 

gravelly sandy silt.

Moraine deposits—Bouldery cobble gravel with 

interbeds of sand and minor diamicton.

Stratified ice-contact deposits—Bouldery cobbly 

gravel, diamicton, pebbly sand, and sand.

Kame deposits—Sandy gravel, sand, and cobble 

gravel, locally with silt pods and lenses of diamict.

Lake deposits—Silt, silty clay, silty fine sand, and fine 

sand.

Terrestrial, Deltaic, and Undivided Facies

Fluvial deposits—Cobble and sandy pebble gravel, 

pebbly sand, and rare silt.

Deltaic deposits—Sandy and cobbly pebble gravel, 

pebbly sand, and sand with thin beds of silt.

Gravel deposits—Pebble cobble gravel to pebbly 

cobbly sand with minor beds and lenses of sand.

VASHON STADE

Till—Diamicton consisting of clay, silt, sand, and 

gravel in various proportions.

Advance outwash—Sand, pebbly sand, and sandy 

gravel.

Deposits of the Olympia Nonglacial Interval

Olympia beds—Sand, silt, silty clay, peat, pebbly 

sand, organic sand, and silt.

Deposits of the Possession Glaciation

Glaciomarine drift—Silty clay and clay with 

scattered gravel dropstones.

Till—Diamicton consisting of clay, silt, sand, and 

gravel in varied proportions.

Advance outwash—Sandy gravel, sand, pebbly sand, 

and scattered lenses of cobbly gravel.

Whidbey Formation

Whidbey Formation—Fluvial flood-plain facies (unit 

Qcwf) and channel facies (unit Qcwc); locally mapped 

as undivided (unit Qcwcf).

Lahar runout of Oak Harbor—Pebbly sand and 

sand, locally overlain by water-laid ashy silt.

Deposits of the Double Bluff Glaciation

Till—Diamicton with rare lenses of sand and gravel. 

Tertiary Sedimentary Rocks

Rocks of Bulson Creek (Oligocene–Eocene)—Pebble 

and cobble conglomerate and lesser pebbly sandstone.

Jurassic to Cretaceous Metamorphic Rocks

GOAT ISLAND TERRANE

Metavolcanic greenstone (Jurassic–Cretaceous)— 

Greenstone with interbeds of metachert.

Metasedimentary rocks (Jurassic–Cretaceous)— 

Metasandstone with lesser metagraywacke, slaty or 

phyllitic metasiltstone, and metaconglomerate.

METAMORPHIC ROCKS OF ROCKY POINT

Mixed metasedimentary and metavolcanic rocks 

(Jurassic?–Cretaceous)—Phyllitic meta-argillite, 

metaconglomerate, and metasandstone.

Submerged units (between high and low tide) are lighter in color 

than the same units on land and have a blue stipple pattern. The 

low-tide line is indicated by a dashed blue line.

See Sheet 2 for more complete unit descriptions.
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GEOLOGIC SYMBOLS

Contact—Dashed where inferred and (or) location poorly known

Shoreline—Dashed line represents extent of land exposed at low tide on coast

Fault, unknown offset—Dashed where inferred; dotted where concealed; queried where 

location uncertain

Left-lateral strike-slip fault—Long dashed where approximately located; short dashed 

where inferred; queried where location uncertain; arrows show apparent relative motion

Oblique-slip fault—Long dashed where approximately located; short dashed where 

inferred; queried where location uncertain; U on upthrown side, D on downthrown side; 

arrows show apparent relative motion

Right-lateral strike-slip fault—Dashed where inferred; dotted where concealed; queried 

where location uncertain; arrows show apparent relative motion

Reverse fault—R on upthrown side; dotted where concealed; queried where location 

uncertain

Reverse left-lateral strike-slip fault—R on upthrown side; dashed where inferred; dotted 

where concealed; arrows show apparent relative motion

Anticline—Arrowhead shows direction of plunge; dotted where concealed; queried 

where location uncertain

Syncline—Arrowhead shows direction of plunge; dotted where concealed; queried 

where location uncertain

Late Pleistocene to Holocene terrace—Hachures point downslope

Late Pleistocene strandline (Everson Interstade beach terrace)

Age-date sample, radiocarbon (14C)

Age-date sample, thermal luminescence (TL)

Age-date sample, amino acid (AA)

Geochemistry sample (Glacier Peak dacite)

Water well or geotechnical boring used in cross sections

Critical site—Area of geologic importance mentioned in the text

Neotectonic site (NT)—Area of inferred Holocene deformation where ‘up’ indicates 

relative uplift and ‘down’ indicates downdrop

Inclined bedding—Showing strike and dip

Horizontal bedding

Bedding in unconsolidated sedimentary deposits—Showing strike and dip

Foreset bedding in unconsolidated sedimentary deposits—Showing strike and dip

Foliation in metamorphic rock—Showing strike and dip

Inclined slickensided surface—Showing bearing and plunge of offset

Minor inclined fault—Showing strike and dip

Minor vertical or near-vertical fault—Showing strike

Slip lineation or slickenside on a fault or shear surface—Showing bearing and plunge of 

offset

Stretching lineation—Showing bearing and plunge

Minor anticline—Showing bearing and plunge

Minor first-generation (F1) fold—Showing bearing and plunge

Current flow-direction indicators (flutes, pebble imbrication, etc.)—Showing bearing 

Glacial striae—Showing bearing and plunge
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Figure 1. Schematic north–south cross section 

showing major faults, undivided Quaternary pre-

Vashon Stade deposits (unit Qpu), bedrock, and 

the maximum inferred elevation of the Olympia 

beds as determined from subsurface data (cross 

sections A–D), surficial mapping, and provenance 

data (columnar sections 1–5). Cross section 

roughly parallels cross section C and projects into 

the Coupeville (Polenz and others, 2005) and 

Anacortes South (Dragovich and others, 2000d) 

7.5-minute quadrangles to the north. Surface 

topography not shown. The figure is not intended 

to show the exact relationship between structural 

features such as folds and faults, but to show the 

overall elevated nature of the Olympia beds within 

fault zones. UPF, Utsalady Point fault; SPF, 

Strawberry Point fault; OHF, Oak Harbor fault, and 

DMF, Devils Mountain fault with fault numbers 

corresponding to those on the map. Red 

numbers: 1. During Tertiary deposition of the 

rocks of Bulson Creek, the main strand of the 

DMF was an oblique strike-slip extensional fault. 

2. We suggest that during the Quaternary, the 

DMF reactivated as a reverse fault resulting from 

north–south compression in the Puget Lowland. 

This reverse fault may shallow into a regional 

décollement as suggested for the main strand of 

the DMF east of the study area (Dragovich and 

others, 2003a, 2004). 3. Olympia nonglacial 

sediments (unit Qc
o
), 34,610 ±510 14C yr B.P. 

(Polenz and others, 2005). 4. Olympia nonglacial 

sediments, 37,610 ±380 14C yr B.P. (this study).  

5. Olympia nonglacial sediments, 23,110 ±140  
14C yr B.P. (this study). 6. Olympia nonglacial 

sediments, 35,850 ±1100 14C yr B.P. (this study).

Qpu Qpu
Qpu

Qpu

Qpu

Qpu

2

3

5

4

1
COLUMNAR SECTIONS

Quaternary�offset

Tertiary�offset

1

5

2

4

3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


