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Geologic Map of the Eldon 7.5-minute Quadrangle, Jefterson, Kitsap, and Mason Counties, Washington

by Trevor A. Contreras, Eleanor Spangler, Logan A. Fusso, David A. Reioux, Gabriel Legorreta Paulin, Patrick T. Pringle,

Robert J. Carson, Emily F. Lindstrum, Kenneth P. Clark, Jeffrey H. Tepper, Domenico Pileggi, and Shannon A. Mahan

MAJOR FINDINGS

* The Saddle Mountain and Seattle fault zones converge in the Eldon area in a complex network of faults.

* Five locations provide evidence for faulting of pre-Vashon deposits.

* Some areas previously interpreted as landslides are stagnant-ice features.

* Radiocarbon age estimates from stumps preserved in Johns Creek suggest a landslide may have dammed
the drainage during an earthquake between 827 to 1017 cal yr AD.

* Luminescence age estimates and limited exposures of glacial drift suggest that during the Possession
Glaciation, ice advanced at least as far south as the map area; Possession and alpine drift overlie deposits
of the Whidbey Interglaciation.

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

Quaternary Unconsolidated Deposits

HOLOCENE NONGLACIAL DEPOSITS

ml

Qa

Qm

Qoam

Modified land—Clay to gravel and diamicton; imported; reworked by excavation and
redistributed to modify topography.

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

Tide-flat deposits—Sand to cobble gravel, locally includes silt, clay, and peat; typically tan;
generally unweathered; loose; clasts subrounded; moderately to well-sorted and moderately to
well-stratified.

Relict alluvium and salt-marsh deposits—Silty sand and pebble to cobble gravel, locally
includes silt, clay, peat, and detrital wood; tan; generally unweathered; loose; clasts subrounded;
moderately to well-sorted and well-stratified. Radiocarbon dates suggest land-level changes
1000 to 1100 years ago.

HOLOCENE TO LATEST PLEISTOCENE NONGLACIAL DEPOSITS

Qp

Qls

Qmw

Qaf

Qob

Qoa

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

Landslide deposits—Clay, silt, sand, and gravel (diamicton); loose or soft; clasts angular 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—Clay, silt, sand, and gravel (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; gray; loose; clasts
subrounded to rounded; forms concentric lobes where streams emerge from confining valleys.

Older beach deposits—Sand to cobble gravel with shell fragments; gray to brown-gray; loose;
clasts subrounded; well-sorted; mapped at elevations between 135 and 85 ft.

Older alluvium—Sand and silt with minor gravelly sand, sandy pebble gravel, peat, and
organic detritus; gray; loose; clasts subrounded; well-sorted and well-stratified; forms terraces
above modern channels in Johns, Jorsted, and Waketickeh Creeks and the Hamma Hamma
River.

PLEISTOCENE GLACIAL AND NONGLACIAL DEPOSITS

Recessional Deposits of the Fraser Glaciation

Qae

Qao

Qgo

Qgic

Esker deposits, Olympic-sourced—Pebble to boulder gravel and sand; tan to brown; loose;
clasts moderately to well rounded; well-sorted; deposited as sinuous ridges.

Recessional outwash, Olympic-sourced—Pebble to cobble gravel to fine sand; orange-brown;
loose; clasts subangular; moderately to well-sorted.

Vashon recessional outwash—Cobble gravel to fine sand; gray; clasts rounded to subangular;
loose; moderately to well-sorted; represents fluvial deposition by Vashon meltwater.

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

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

Qalk Vashon kame delta deposits—Sandy pebble to cobble gravel and sand; gray to tan;
9 loose to dense; clasts subrounded; moderately to well-sorted and -stratified.

Proglacial and Subglacial Deposits of the Fraser Glaciation

Qgt

Qad

Vashon lodgment till—Sand, pebbles, cobbles, silt, and clay (diamicton); gray; compact; clasts
subangular to rounded; unsorted and unstratified.

Alpine drift, Olympic-sourced—Diamicton, dominantly locally derived basalt, and outwash;
gray to red-brown; loose to very compact; typically subangular to subrounded; mostly unsorted
and unstratified; present only in the Hamma Hamma River valley.

Deposits of the Possession Glaciation

Qgdp

Possession(?) drift, Olympic-sourced—Till and outwash; red-brown to gray; medium to very
dense; moderately sorted to unsorted; subangular to subrounded; mapped in lower portions of
the Hamma Hamma River drainage; deposited on Whidbey-age sediments; includes patches of
northern-sourced drift too small to show at map scale. Unit Qapd is mapped as Possession age,
but the top may be as young as early Fraser.

Possession Drift—Outwash and diamicton; brown to gray; varied weathering; compact; poorly
to well-sorted; mapped on the west side of Hood Canal; overlies nonglacial deposits of the
Whidbey Interglaciation and may be unstable.

Deposits of the Whidbey Interglaciation

Whidbey Formation—Silt, clay and sand; gray; clasts subrounded; well-sorted and -stratified;
thinly laminated to thickly bedded; represents calm-water deposition during nonglacial times.
Optically stimulated and infrared luminescence ages are 132 £7.19 to 133 £9.74 ka,
respectively.

Pre-Fraser Deposits, Undivided

Qguca

Qpd

Pre-Fraser glacial and nonglacial deposits—Predominantly oxidized glacial outwash gravels
and diamicts of both Olympic and northern sources; minor nonglacial silts and sands that were
scoured by Vashon-age ice; likely younger than the Double Bluff Glaciation.

Pre-Fraser glacial drift—Primarily weathered northern-sourced till and outwash; red-brown to
gray; compact; clasts subangular to subrounded; mostly unstratified; inferred from its extent at
higher elevations and stratigraphic position at lower elevations to be Double Bluff in age;
mapped with minor Possession-age drift and older drift.

Deposits of the Double Bluff Glaciation

Double Bluff Drift—Diamicton and outwash; brown to gray; compact; likely of Double Bluff
age, but could be older.

Pre—Double Bluff Deposits, Undivided

Qgucq

Pre—Double Bluff glacial and nonglacial deposits—Predominantly glacial outwash gravels
and diamicts of both Olympic and northern sources and minor nonglacial deposits; includes at
least three paleosols; lower sediments are likely magnetically reversed. Locally divided into:

Pre—Double Bluff outwash, Olympic-sourced—Sandy pebble to cobble gravel;
orange-brown to gray; dense; clasts subrounded to subangular; typically poorly sorted
but stratified; clasts dominantly basalt, representing outwash from multiple Olympic
Mountains glaciations; stratigraphically below deposits thought to be Double Bluff in
age.
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Pre—Double Bluff nonglacial deposits—Sand, sandy pebble gravel, silt and clay,
and minor organic materials and ash; tan to dark-gray; very stiff to hard; well-bedded

and -stratified; typically laminated; magnetically reversed, thus older than 780 ka.

Tertiary Sedimentary and Volcanic Rocks (Early to Middle Eocene)

Siltstone and sandstone—Marine siltstone and feldspathic sandstone; dark-gray to green-gray;
fine- to coarse-grained; moderately to well-sorted; massive; locally fossiliferous and deformed;

interbedded with flows of the Crescent Formation.

Crescent Formation—Mostly submarine basalt flows; black to olive-green; fine- to
coarse-grained; includes zeolite- and chlorite-group alteration minerals; locally metamorphosed

to prehnite-pumpellyite facies.

Tectonic zone—Cataclasite, fault breccia, clay-rich fault gouge, basalt, and strongly
slickensided and fractured basalt in fault zones; variously colored, mottled, and veined as a

result of local hydrothermal alteration or strong weathering.
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Contact—TIdentity or existence certain; solid where location accurate; long
dashed where approximate; short dashed where inferred; dotted where
concealed; queried where identity or existence questionable

Fault, unknown offset—Identity or existence certain; solid where location
accurate; long dashed where approximate; short dashed where inferred;
dotted where concealed; queried where identity or existence questionable

High-angle, dip-slip fault—Identity or existence certain; long dashed where
location approximate; short dashed where inferred; dotted where concealed;
queried where identity or existence questionable; relative motion shown by U
and D

Strike-slip fault, right-lateral offset—Identity or existence certain; solid
where location accurate; short dashed where inferred; dotted where
concealed; queried where identity or existence questionable

Strike-slip fault, left-lateral offset—Identity or existence certain; long dashed
where location approximate; dotted where concealed; queried where identity
or existence questionable; arrows show relative motion

Oblique-slip fault, normal right-lateral offset—Identity or existence certain;
long dashed where location approximate; dotted where concealed; queried
where identity or existence questionable; arrows show relative motion, bar
and ball on downthrown block

Oblique-slip fault, reverse right-lateral offset—Identity or existence certain;
long dashed where location approximate; short dashed where inferred; dotted
where concealed; queried where identity or existence questionable; arrows
show relative motion, rectangles on upthrown block

Oblique-slip fault, reverse left-lateral offset—Identity or existence certain;
long dashed where location approximate; short dashed where inferred; dotted
where concealed; queried where identity or existence questionable; arrows
show relative motion, rectangles on upthrown block

Oblique-slip fault, high-angle right-lateral offset—Identity or existence
certain; solid where location accurate; long dashed where approximate; short
dashed where inferred; dotted where concealed; queried where identity or
existence questionable; arrows and U and D show relative motion

Oblique-slip fault, high-angle left-lateral offset—Identity or existence certain;
solid where location accurate; long dashed where approximate; short dashed
where inferred; dotted where concealed; queried where identity or existence
questionable; arrows and U and D show relative motion

Anticline—Identity or existence questionable, location concealed

Syncline—TIdentity and existence certain; short dashed where location
inferred; dotted where concealed

Lineament—Identity and existence certain; solid where location accurate;
short dashed where inferred

Continental ice limit, late Wisconsinan—Identity and existence certain; long
dashed where location approximate; short dashed where inferred; queried
where identity or existence questionable

Alpine ice limit—Identity or existence certain; solid where location accurate;
short dashed where inferred; queried where identity or existence questionable

!
A Cross section line

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

Geophysical data collection line—Location accurate

Qpd

45
A Overturned bedding—Showing strike and dip; top direction of beds known from local
features Table 1. Age-control data. Analytical methods used are “C, radiocarbon analysis; AMS, radiocarbon analysis by atomic mass spectrometry;
. . . . OSL, optically stimulated luminescence analysis, and IRSL, infrared stimulated luminescence. All radiocarbon age estimates are presented as
57 Joint—Showing strike and dip ‘conventional radiocarbon age’ with quoted errors representing one relative standard deviation (68% probability). Radiocarbon ‘greater than’ age
. . . . statements (for example, >43,500 yr BP) include a 2-o variance against background radiation. Uncertainty statements reflect random and lab
70 Minor fault—Showing strike and dip 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
— Minor vertical or near-vertical fault—Showing strike bluffs.
2430 Slip lineation or slickensides on a fault or shear surface—Showing bearing and plunge of o
offset Age Analytical ~ Age estimate C/"*C Material Geologic Lab Elev.
site Site name method  (**C yr BP or ka) (0/00) dated unit no. (ft) Notes
67 Slickensided surface—Showing strike and dip GD1 Hamma et modern =254 detrital Qm Beta ~4 In bank of Hamma Hamma River
T Bedding in unconsolidated sedimentary deposits or unconsolidated fragmental deposits of Hamma 4 wood 313383
volcanic origin—Showing strike and dip GD2  Eagle Creek AMS' 260 +30 yr BP -23.7 charred Qa Beta ~686  In alluvial terrace near fault
material 315581
29F Foreset bedding in unconsolidated sedimentary deposits or unconsolidated fragmental o
; : i : : : GD3 Hamma C 330 +30 yr BP -243 wood Qoa Beta ~15  Incised alluvial terrace
deposits of volcanic origin—Showing strike and dip Hamma 2. J 315586
M . . . . .
64 Extensional vein—Showing strike and dip GD4 Hamma AMS' 330 +30 yr BP -23.0 charred Qoa Beta ~15.5 Incised alluvial terrace
— Glacial striae—Showing bearing Hamma 2-1 material 315584
. . . . .. .. . GDS Hamma et 930 +60 BP -25.0 aleosol N/A Beta ~9.8  In paleosol in Hamma Hamma delta
BT Dip of fault (if the strike bar exactly overlies the fault, it is deleted, leaving just the dip bar) Hamma delta P 167006 (Lil1)1dstrum, 2002)
o Flow layering in lava flow or fluidal layering in plutonic rock—Showing strike and dip GD6  Johns Creek 1401 970430 yr BP  -28.5 twigs Qoa Beta ~121  1In alluvial terrace
304391
NP2 Age sample, “C, carbon-14
. . . . . . GD7  Johns Creek AMS' 1,160 £30 BP -21.7 tree stump Qoa Beta ~118  Three rings taken 47 rings inward of bark
D12 Age sample, optically stimulated luminescence (OSL) or infrared stimulated luminescence 318212 on tree preserved in alluvial terrace; tree
(lRSL) died between 827 and 1017 AD
NS Geochemistry sample location GD8 Hamma AMS' 1,290 £30 yr BP  -26.7 charred Qoa Beta ~15  Inincised alluvial terrace above paleosol
Hamma 1- E material 315582
Ows Water well
L. i . . . GD9 Hamma AMS' 1,890 £30 yr BP  -23.6 charred Qoa Beta ~14 In incised alluvial terrace below paleosol
s1o’ Significant site; includes geophysical soundings Hamma 1- G material 315583
Q Geologic unit too small to show as a polygon at map scale; includes units Evg, Emyc, and GDI10 Jorsted Creek “C! 8,600 +1000 yr BP  N/A wood Qs  WW-61  ~139 Below a landslide deposit (Gryta, 1975)
Eve Qgdp slide
: H : : H H GDI11  Waketickeh lict >43,500 yr BP -27.1 wood Qecw Beta ~383  Upper portion of unit Qe
<>,y Location of stratigraphic column (HH1) or stratigraphic section (SS7) v yr 08006 pper p w
GD12 OSL-Qtz osL? 132 +7.19 ka ———  quartz grains Qcw  65-E-595  ~20  OSL sample of quartz grains from unit Qcw
from
180-90 um
GDI13 IRSL-feldspar  IRSL? 133 £9.74 ka ——— feldspar grains  Qcw  65-E-595 ~20  IRSL sample of feldspar grains from unit
in4-11 pm Qew
polymineral silt
! Analysis by Beta Analytic (Beta) except as noted
? Analysis by Shannon Mahan (U.S. Geological Survey)
References
Gryta, J. J., 1975, Landslides along the western shore of Hood Canal, northern Mason County, Washington: North Carolina State University Master of Science
thesis, 120 p., 3 plates.
Lindstrum, E. F., 2002, Stratigraphic analysis of Holocene deltaic deposits on the western margin of the Puget Lowland, Hood Canal, Washington: University of
Oregon Master of Science thesis, 77 p.
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The area for which lidar was available is shown by the hillshade image above. (White indicates areas of no data.) Where available, lidar was used in the
preparation of this map, but in order to provide a consistent map image, the hillshade backdrop shown on the map plate was generated using a 10-m digital
elevation model not derived from lidar. To assist map users in relating locations on the map plate to locations on this figure, township, range and section (TRS)
lines are shown on this figure. Because TRS lines are occasionally resurveyed and adjusted, there may be minor discrepancies between TRS lines on this

figure and those shown on the base map.
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