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Figure M1. Plate tectonic setting of the Cascadia subduction zone. Plate convergence rate and direction (black arrow) between the 
North American plate and Juan de Fuca plate is derived from DeMets and others (2010). The box labeled 'M2' shows the area that 
is included in Figure M2. 
Figure M2. Geologic map of northwestern Washington, United States and southern Vancouver Island, Canada. Bedrock and 
geologic units are simplified from Dragovich and others (2002). Quaternary active faults in Washington are from the U.S. Geological 
Survey Quaternary Fault and Fold Database for Washington (Angster and others, 2020). Quaternary active faults within Vancouver 
Island are from the British Columbia Geological Survey (2018). Abbreviations: (CRF) Canyon River fault; (CLF) Cowichan Lake 
fault; (DDMFZ) Darrington Devils Mountain fault zone; (LCBCF) Lake Creek–Boundary Creek fault; (LRF) Leach River fault; (SMFZ) 
Saddle Mountain fault zone; (SCF) Sadie Creek fault; (SJF) San Juan fault; (SF) Seattle Fault Zone; (SWIFZ) South Whidbey Island 
fault zone; (TF) Tacoma fault. The box labeled 'M3' shows the area that is included in Figure M3. 
Figure M3. Map showing the Sadie Creek fault (this study) and the Lake Creek–Boundary Creek fault (Nelson and others, 2017). 
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GEOLOGIC SYMBOLS

Contact—Solid where location accurate; 
long-dashed where approximate; dotted where 
concealed

Oblique-slip fault, high-angle right-lateral 
offset—relative horizontal motion shown by 
arrows; relative vertical motion shown by U 
and D; solid where location accurate; 
long-dashed where approximate; dotted where 
concealed 

Anticline—Identity or existence questionable, 
location approximate; doubly plunging

Perennial stream

Fluvial terrace—Solid where location 
accurate; short-dashed where inferred; 
hachures point down slope

Moraine crest

Landslide scarp—Hachures point down slope

Glacial striation

Age site, 14C, carbon-14

Age site, optically-stimulated luminescence
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DESCRIPTION OF MAP UNITS

Postglacial Deposits

   Alluvium—Gravel, sand, silt, and clay, all in varied 
amounts; variedly sorted; loose; typically bedded; mobilized 
by fluvial processes and deposited in streambeds and 
floodplains; clasts primarily derived from Olympic 
Mountain sources but may contain lesser amounts of 
material originally transported into the map area by glacial 
ice from Canada. Unit Qal includes all variants of alluvium, 
whereas unit Qt is restricted to alluvium that forms river and 
stream terraces. Such terraces are planar surfaces that gently 
dip down valley and are formed by the aggradation of fluvial 
sediments and the subsequent fluvial incision into these 
sediments. Numeric subscripts of unit Qt delineate terraces 
by age, determined by the relative height of the terrace 
above the stream channel. Smaller numbers indicate older 
(higher) terraces while larger numbers indicate younger 
(lower) terraces. One optically stimulated luminescence 
(OSL) date from unit Qt1 constrains the age of this terrace 
to 8.75 ±0.97 ka.

  Peat—Organic-rich sediments deposited in closed 
depressions; includes peat, silt, and clay in and near 
wetlands.

  Colluvium—Boulders, gravel, sand, silt, and clay, all in 
varied amounts; poorly sorted; loose; slope-parallel coarse 
stratification; composition unique to upslope sediment 
sources, typically derived from Olympic Peninsula bedrock 
or Juan de Fuca lobe till; deposited by gradual and rapid 
hillslope processes (such as soil creep, sheetwash, 
slopewash, and rockfall) along relatively steep hillsides; 
mapped where colluvium is interpreted as being greater than 
2 m thick.

  Landslide—Boulders, gravel, sand, silt, and clay, all in 
varied amounts, forming a slide body and toe; often 
associated with a steep headscarp that exposes underlying 
units; angular to rounded; unsorted; generally loose, 
unstratified, broken, and chaotic, but may include blocks 
that retain primary bedding structure; deposited by mass 
wasting processes; typically in unconformable contact with 
surrounding units. Unit Qls includes both active and inactive 
slides. 

  Mass wasting—Boulders, gravel, sand, silt, and clay, all in 
varied amounts; generally unsorted; typically loose; shown 
along mostly colluvium-covered slopes that appear 
potentially unstable; locally includes small exposures of 
other units (including confidently identified landslide 
deposits that were too small to show on the map); also 
contains features that could be landslide deposits but which 
we could not identify with confidence. 

  Alluvial fan—Boulders, gravel, sand, silt, and clay 
deposited in a fan shape at the edge of the mountain front 
and onto the valley floor; unit includes generally coarser 
sediments in upper reaches and finer sediments toward the 
valley floor; clast or matrix supported, moderately to loosely 
stratified, moderately to poorly sorted, and subrounded to 
angular. In areas with multiple generations of fans, the 
designation of subscript ‘y’ or ‘o’ is given to delineate 
younger and older fans, respectively. Unit Qfo deposits have 
been consistently dated through OSL and radiocarbon at 
~14–17 ka. As such, we interpret unit Qfo to be deposited 
following glacial retreat when the landscape was unstable 
and sediment supply was high (Ballantyne, 2017). Deposits 
from unit Qfy are inset into unit Qfo and are interpreted to 
have formed after ~14 ka. 

Glacial Deposits

  Juan de Fuca lobe till—Boulders, gravel, sand, silt, and 
clay, all in varied amounts; deposited directly by glacial ice 
of the Juan de Fuca lobe; unsorted; highly compacted; 
matrix-supported; rounded to angular; gray in color where 
exposure is fresh, light yellowish brown where oxidized; 
characterized by distally sourced sediment transported by 
glacial ice from Canada but may contain clasts of Olympic 
Peninsula bedrock; includes lodgment till, ablation till, and 
moraines. Lodgment till is characterized by over-compaction 
and is common along valley floors and hillslopes. Ablation 
till is loose, unstratified, unsorted, primarily composed of 
yellowish brown silt and clay with minor amounts of gravel, 
and forms a <2 m thick blanket on top of lodgment till. 
Sublinear, evenly spaced ridges oriented orthogonal to the 
ice flow direction are classified as “ribbed moraines” and 
may have formed as push moraines, grounding line 
moraines, or as till injection into ice fractures 
(Lundqvist, 1997; Hättestrand and Kleman, 1999; 
Boulton, 1986). Unit Qgt lies stratigraphically below units 
Qgo and Qgoi. OSL dating of a sand lens within glacial till 
produced an age of 21.79 ±3.67 ka (Duckworth, 2019). 
Deglaciation within the study area at ~14 ka provides a 
minimum age for unit Qgt.

  Recessional outwash—Dominantly gravel and sand with 
lesser amounts of silt and clay; characterized by distally 
sourced rock types but may locally contain more than 
95 percent Olympic Peninsula bedrock clasts; well-rounded 
to subangular; loose; sorted; stratified; deposited by glacial 
meltwater during recession of the Juan de Fuca lobe. The 
subscript ‘i’ designates outwash interpreted as ice-contact 
deposits. OSL samples collected from unit Qgo and unit 
Qgoi produce depositional ages of 12.67 ±2.11 ka and 
17.93 ±3.12 ka, respectively, and help constrain the timing 
of deglaciation in the study area (Duckworth, 2019). The 
sample from unit Qgoi was collected ~250 m above the 
valley floor and thus represents the onset of deglaciation or 
melting during a recessional period. The sample from unit 
Qgo, which was collected on the valley floor, provides a 
minimum age of deglaciation as the glacier must have 
receded prior to deposition.

Undivided Bedrock

  Bedrock—We mapped the contact between bedrock and 
surficial units throughout the map area, but did not 
differentiate specific bedrock units. According to 
Schasse (2003), bedrock in the map area consists of the 
middle Eocene Aldwell Formation, the upper Eocene Lyre 
Formation and Twin River Group, the Eocene to Oligocene 
Makah Formation, and the Oligocene to Miocene Pysht 
Formation. These are mostly marine sedimentary rocks with 
lesser volcanic rocks that, outside of the map area, overlie 
basalt of the Paleocene to Eocene Crescent Formation 
(Schasse, 2003).

Active deformation in the Olympic Peninsula of Washington 
State is driven by the complex interactions of crustal blocks 
within the Cascadia forearc and from stresses produced by the 
Cascadia subduction zone (Wells and Simpson, 2001; Wells 
and others, 1998; Wells and others, 2014; McCaffrey and 
others, 2007, 2013; Delano and others, 2017). Shortening and 
translation from these processes manifests in a series of roughly 
trench-perpendicular crustal or upper-plate faults that bound the 
northern and southern edges of the Olympic Mountains 
(Schasse and Wegmann, 2000; Schasse and Polenz, 2002; 
Polenz and others, 2004; Nelson and others, 2017). The Lake 
Creek–Boundary Creek fault (LCBCF) and an associated 
structure—the Sadie Creek fault (SCF)—are located on the 
northern flank of the Olympic Peninsula (Fig. M1) and 
preserve a geologic archive of surface-rupturing earthquakes 
(Leithold and others, 2019; Nelson and others, 2017). Previous 
studies based on paleoseismic trenching (Nelson and others, 
2017) and stratigraphic analyses of earthquake-induced 
lacustrine turbidites (Leithold and others, 2019) on the LCBCF 
provide evidence for several large (Mw >7) Holocene 
surface-rupturing earthquakes, suggesting that similar events 
have occurred along the SCF.

This mapping focuses on the northwest-striking SCF 
where lidar reveals distinct, laterally continuous fault traces and 
dextrally offset geomorphic markers that record a history of 
late Quaternary faulting (Nelson and others, 2017). The SCF, 
originally identified in gravity anomalies (MacLeod and 
others, 1977) and later named by Joyner (2016), was first 
mapped by Nelson and others (2017) after the release of a 
high-resolution lidar dataset in 2015 (Puget Sound Lidar 
Consortium, 2015). Our new mapping helps constrain the 
post-glacial geomorphic development of the area modified by 
the SCF. Further study of the geomorphic history of the map 
area, including radiocarbon and Optically Stimulated 
Luminescence (OSL) dating, are documented in Duckworth 
and others (2021). The results of the mapping aid 
understanding of how deformation along upper-plate faults 
contributes to the evolution of the Cascadia forearc. Our 
mapping can also inform communities in the northern Olympic 
Peninsula and adjacent Puget Lowland who may be at risk from 
the seismic hazards posed by these crustal faults.

GEOLOGIC SETTING
The Olympic Mountains of western Washington represent the 
structural and topographic high of the Cascadia forearc and are 
the only location where the Cascadia accretionary wedge is 
exposed subaerially (Brandon and Vance, 1992; Brandon and 
others, 1998). The accretionary complex consists of marine 
sedimentary rocks underthrust beneath Eocene marine to 
non-marine basalts of the Crescent Formation and Eocene–
Miocene marginal marine sedimentary rocks (Tabor and Cady, 
1978a; Brandon and others, 1998; Brandon and Vance, 1992; 
Dragovich and others, 2002). Subsequent uplift and broad-scale 
doming of these rocks since 18 Ma resulted in a regional 
east-plunging anticline across the Olympic Peninsula 

(Tabor and Cady, 1978b; Brandon and others, 1998). Within the 
northern Olympic Peninsula, Eocene–Miocene marine 
sedimentary rocks dip moderately north to northeast and are cut 
by northeast-dipping reverse faults (Dragovich and others, 
2002; Tabor and Cady, 1978a). Many recently studied active 
faults, including the SCF and LCBCF on the northern Olympic 
Peninsula (Nelson and others, 2017) and the Canyon River 
fault and Saddle Mountain fault zone on the southern Olympic 
Peninsula (Barnett and others, 2015; Walsh and Logan, 2007) 
have geometries that are similar to mapped faults in nearby 
bedrock.

In addition to reflecting structural geology, the landscape 
and surficial geology of the northern Olympic Peninsula 
strongly reflect the impacts of the Juan de Fuca lobe of the 
Cordilleran Ice Sheet. The Juan de Fuca lobe split and a portion 
flowed westward from the Puget lobe at ~48 degrees latitude. 
The ice sheet covered many high ridges in the northern 
Olympic Peninsula, reaching elevations of up to 1 km (Porter 
and Swanson, 1998; Polenz and others, 2004; Thorson, 1980). 
As such, the landscape and surficial geology of the northern 
Olympic Peninsula strongly reflect the impacts of the Juan de 
Fuca lobe (Mosher and Hewitt, 2004; Tabor and Cady, 1978a). 
Alpine glaciers were extensive within the core of the Olympic 
Mountains during the last glacial maximum. However, deposits 
around the SCF and LCBCF were solely derived from the Juan 
de Fuca lobe, except for possible input of alpine-derived glacial 
outwash into the Elwha drainage (Dragovich and others, 2002; 
Polenz and others, 2004; Schasse, 2003). Existing radiocarbon 
ages suggest that the Juan de Fuca lobe of the Cordilleran ice 
sheet advanced to its maximum extent after about 16 ka and 
had retreated by about 14 ka. The timing of Juan de Fuca lobe 
advance is supported by radiocarbon dating of wood samples 
(13,010–13,380 14C yrs. BP; 15,300–16,200 Cal yrs. BP) from 
Lake Ozette originally published by Heusser (1973) and later 
reinterpreted as pre-glacial wood in lodgment till by Haugerud 
and Hendy (2016). Radiocarbon dating of post-glacial wood 
(12,380 ±90 14C yrs. BP; 14,940–14,095 Cal yrs. BP) from 
near Bellingham (Kovanen and Easterbrook, 2001) and bone 
fragments (11,960 ±17 14C yrs. BP; 13,010–13,380 Cal yrs. 
BP) from the Manis Mastodon site in Sequim (Waters and 
others, 2011) constrain the timing of Juan de Fuca lobe retreat.

Recent work on the LCBCF, including paleoseismic 
trenching (Nelson and others, 2017), coring, and seismic 
imaging of lacustrine megaturbidites within Lake Crescent 
(Leithold and others, 2019), provide constraints on earthquake 
timing and fault slip rate. Nelson and others (2017) found 
evidence for two large surface-rupturing earthquakes at 
1.3 ±0.8 and 2.9 ±0.6 ka and possible evidence for two to three 
earlier ruptures. Through seismic reflection and coring of large 
(up to 2-m-thick) turbidite deposits in Lake Crescent, 
Leithold and others (2019) identified and dated four Holocene 
earthquakes at 7,165–7,005; 5,300–4,860; 4,100–3,840; and 
3,225–2,960 Cal yrs. B.P. and also noted two other (undated) 
turbidites deeper within the lake stratigraphy. The age of the 
second-youngest earthquake dated by Nelson and others (2017; 
2,900 ±600 cal. yrs. B.P.) correlates with the age of the most 
recent turbidite found by Leithold and others (2019; 

3,100 ±100 cal. yrs. B.P.). Discrepancies in the age of turbidite 
emplacement and the timing of surface ruptures on the LCBCF 
suggest that other seismic sources may have induced turbidite 
emplacement and (or) that the LCBCF and SCF are segmented 
and do not always rupture together.

Dextral slip and vertical separation on the LCBCF and 
SCF were measured by Nelson and others (2017) as ~11–28 m 
and 1–2 m, respectively, and, using deglaciation as a maximum 
age, result in a slip rate estimate of ~1–2 mm/yr. Additionally, 
Nelson and others (2017) used empirical relationships based on 
slip per earthquake and maximum rupture length to yield 
moment magnitude estimates of Mw 7.1–7.5. Nelson and 
others (2017) included some analysis of channels offset by the 
SCF, although they did not perform detailed geologic mapping 
or date landforms. The mapping presented here builds on their 
analysis by providing the necessary geologic context for 
understanding the cumulative displacement along the Sadie 
Creek fault.

GEOLOGIC MAPPING
We created a 1:10,000-scale surficial geologic map along the 
SCF using bare-earth lidar (Puget Sound Lidar Consortium, 
2015) and derivative products (hillshade, slope, and contour 
maps) along with field mapping. Lidar was crucial for 
geomorphic interpretations and was processed and visualized 
with Esri’s ArcMap and with Applied Imagery’s Quick Terrain 
Modeler. Our mapping differentiate bedrock from glacial and 
post-glacial deposits, and this serves to highlight the surface 
expression of the SCF in several locations. Using field 
observations from roadcuts, stream exposures, and test pits 
along with observations of the shape, size, and texture of 
deposits in lidar, our mapping identifies and describes 
Quaternary deposits that include: glacial till (unit Qgt), glacial 
outwash (unit Qgo), moraine crests (depicted on map as line 
features), alluvial gravels (unit Qal) and terraces (unit Qt), fans 
(unit Qf), colluvium (unit Qc), and landslides (unit Qls). We 
primarily use relative dating techniques, such as inset 
relationships, to determine age in the map area, and then 
correlate these to established regional ages. We also confirm 
and alter age interpretations in the map area based on absolute 
dates from optically stimulated luminescence (OSL) provided 
in Duckworth and others (2021). We mapped the contacts 
between bedrock and Quaternary units based on field exposures 
and bedding traces revealed in lidar imagery, but we did not 
describe or distinguish between different bedrock units. All 
descriptions of bedrock units that we present come from 
1:100,000-scale mapping of the northern Olympic Peninsula 
(Schasse, 2003). Mapped active faults reflect locations where 
scarps laterally and (or) vertically offset deposits or landforms.

Surficial mapping allows for interpretation of the history of 
the geomorphic and tectonic processes that have sculpted the 
landscape around the SCF. Glacially scoured bedrock overlain 
by glacial till, moraines, and outwash terraces reflect the 
imprint of the continental ice sheets that flowed westward 
across the area during the last glacial maximum. Glacial units 

are reworked by postglacial processes to form colluvial slopes 
(unit Qc), alluvial fans (unit Qf), landslide deposits (unit Qls), 
and alluvial gravel/terrace deposits (units Qal and Qt). The 
surface trace of the SCF is roughly linear, cuts glacial and 
post-glacial deposits and landforms, and is laterally continuous 
for >14 km. We were unable to identify the western terminus of 
the SCF in currently available lidar, but fault scarps are well 
defined to the western edge of the data near East Twin River. 
The scarp associated with the SCF changes facing direction 
near the Lyre River: it faces south to the northwest of the river 
and faces north to the southeast of the river. The fault 
predominantly strikes northwest–southeast, except between 
Sadie Creek and East Twin River where it strikes east-west. 
Changes in scarp facing direction, along with a laterally 
continuous fault trace and dextral offset of stream channels, 
supports the interpretation of Nelson and others (2017) that the 
SCF is a steeply dipping, right lateral-oblique strike-slip fault.

REFERENCES
Angster, S. J.; Sherrod, Brian; Barnett, Elizabeth; Bretthauer, J. L.; Anderson, 

M. L., 2020, 2020 Update to the Quaternary Fault and Fold Database for 
Washington State: U.S. Geological Survey data release. 
[https://doi.org/10.5066/P9X2RR2T]

Ballantyne, C. K., 2017, Paraglacial geomorphology: Quaternary Science 
Reviews, v. 21, p. 1935–2017. 
[https://doi.org/10.1016/S0277-3791(02)00005-7]

Barnett, E. A.; Sherrod, B. L.; Hughes, J. F.; Kelsey, H. M.; Czajkowski, J. L.; 
Walsh, T. J.; Contreras, T. A.; Schermer, E. R.; Carson, R. J., 2015, 
Paleoseismic evidence for late Holocene tectonic deformation along the 
Saddle Mountain fault zone, southeastern Olympic Peninsula, Washington: 
Bulletin of the Seismological Society of America, v. 105, p. 38–71. 
[https://doi.org/10.1785/0120140086]

Boulton, G. S., 1986, Push moraines and glacier-contact fans in marine and 
terrestrial environments: Sedimentology, v. 33, p. 677–698. 
[https://doi.org/10.1111/j.1365-3091.1986.tb01969.x]

Brandon, M. T.; Vance, J. A., 1992, Tectonic evolution of the Cenozoic 
Olympic subduction complex, Washington State, as deduced from fission 
track ages for detrital zircons: American Journal of Science, v. 292, p. 
565–636. [https://doi.org/10.2475/ajs.292.8.565]

Brandon, M. T.; Roden-Tice, M. K.; Garver, J. I., 1998, Late Cenozoic 
exhumation of the Cascadia accretionary wedge in the Olympic Mountains, 
northwest Washington State: Geological Society of America Bulletin, v. 
110, p. 985–1009. 
[https://doi.org/10.1130/0016-7606(1998)110<0985:LCEOTC>2.3.CO;2]

British Columbia Geological Survey, 2018, Geology Faults 2018, 1:100,000 
scale-GIS data, April 2018: British Columbia Geological Survey, 
previously released December 2014. 
[https://catalogue.data.gov.bc.ca/dataset/c94e0c13-5385-49c1-9922-822e1
0135fc6/resource/7bd13434-31dd-405f-9e21-c7b2f2e01fc3/download/geol
ogyfaults2018.zip]

Delano, J. E.; Amos, C. B.; Loveless, J. P.; Rittenour, T. M.; Sherrod, B. L.; 
Lynch, E. M., 2017, Influence of the megathrust earthquake cycle on 
upper-plate deformation in the Cascadia forearc of Washington State, USA: 
Geology, v. 45, p. 1051–1054. [https://doi.org/10.1130/G39070.1.]

Dragovich, J. D.; Logan, R. L.; Schasse, H. W.; Walsh, T. J.; Lingley, W. S., Jr.; 
Norman, D. K.; Gerstel, W. J.; Lapen, T. J.; Schuster, J. E.; Meyers, K. D., 
2002, Geologic map of Washington—Northwest quadrant: Washington 
Division of Geology and Earth Resources Geologic Map GM-50, 3 sheets, 
scale 1:250,000, with 72 p. text. 
[http://www.dnr.wa.gov/publications/ger_gm50_geol_map_nw_wa_250k.p
df]

Duckworth, C. W., 2019, Slip and strain accumulation along the Sadie Creek 
fault, Olympic Peninsula, Washington: Western Washington University 
Master of Science Thesis 896. [https://cedar.wwu.edu/wwuet/896]

Duckworth, C. W.; Amos, C. B.; Schermer, E. R.; Loveless, J. P.; Rittenour, T. 
M., 2021, Slip and strain accumulation along the Sadie Creek fault, 
Olympic Peninsula, Washington: Journal of Geophysical Research Solid 
Earth, v. 126, no. 3, 22 p. [https://doi.org/10.1029/2020JB020276]

Hättestrand, Clas; Kleman, Johan, 1999, Ribbed moraine formation: 
Quaternary Science Reviews, v. 18, p. 43–61. 
[https://doi.org/10.1016/S0277-3791(97)00094-2]

Haugerud, R. A.; Hendy, Ingrid, 2016, Collapse of the Juan de Fuca lobe of the 
Cordilleran ice sheet [abstract]: Geological Society of America Abstracts 
with Programs, v. 48, no. 7. [https://doi.org/10.1130/abs/2016AM-281516]

Heusser, C. J., 1973, Environmental sequence following the Fraser advance of 
the Juan de Fuca lobe, Washington: Quaternary Research, v. 3, p. 284–306. 
[https://doi.org/10.1016/0033-5894(73)90047-1]

Joyner, C. N., 2016, Lacustrine megaturbidites and displacement waves: The 
Holocene earthquake history of the Lake Creek–Boundary Creek Fault at 
Lake Crescent, Washington, USA: North Carolina State University Master 
of Science thesis, 187 p.

Kovanen, D. J.; Easterbrook, D. J., 2001, Late Pleistocene, post-Vashon, alpine 
glaciation of the Nooksack drainage, North Cascades, Washington: 
Geological Society of America Bulletin, v. 113, p. 274–288. 
[https://doi.org/10.1130/0016-7606(2001)113<0274:LPPVAG>2.0.CO;2]

Leithold, E. L.; Wegmann, K. W.; Bohnenstiehl, D. R.; Joyner, C. N.; Pollen, A. 
F., 2019, Repeated megaturbidite deposition in Lake Crescent, Washington, 
USA, triggered by Holocene ruptures of the Lake Creek–Boundary Creek 
fault system: Geological Society of America Bulletin, v. 131, no. 11–12, p. 
2039–2055. [https://doi.org/10.1130/B35076.1]

Lundqvist, Jan, 1997, Rogen moraine—An example of two-step formation of 
glacial landscapes: Sedimentary Geology, v. 111, p. 27–40. 
[https://doi.org/10.1016/S0037-0738(97)00004-3]. 

MacLeod, N. S.; Tiffin, D. L.; Snavely, P. D.; Currie, R. G., 1977, Geologic 
interpretation of magnetic and gravity anomalies in the Strait of Juan de 
Fuca, U.S.–Canada: Canadian Journal of Earth Sciences, v. 14, p. 223–238. 
[https://doi.org/10.1139/e77-024]

McCaffrey, Robert; King, R. W.; Payne, S. J.; Lancaster, Matthew, 2013, Active 
tectonics of northwestern U.S. inferred from GPS-derived surface 
velocities: Journal of Geophysical Research: Solid Earth, v. 118, p. 
709–723, [https://doi.org/10.1029/2012JB009473]

McCaffrey, Robert; Qamar, A. I.; King, R. W.; Wells, Ray; Khazaradze, Giorgi; 
Williams, C. A.; Stevens, C. W.; Vollick, J. J.; Zwick, P. C., 2007, Fault 
locking, block rotation and crustal deformation in the Pacific Northwest: 
Geophysical Journal International, v. 169, p. 1315–1340. 
[https://doi.org/10.1111/j.1365-246X.2007.03371.x]

Mosher, D. C.; Hewitt, A. T., 2004, Late Quaternary deglaciation and sea-level 
history of eastern Juan de Fuca Strait, Cascadia: Quaternary International, 
v. 121, no. 1, p. 23–39. [https://doi.org/10.1016/j.quaint.2004.01.021]

Nelson, A. R.; Personius, S. F.; Wells, R. E.; Bradley, L. A.; Buck, J.; Schermer, 
E. R.; Reitman, N., 2017, Holocene earthquakes of magnitude 7 during 
westward escape of the Olympic Mountains, Washington: Bulletin of the 
Seismological Society of America, v. 107, p. 2394–2415. 
[https://doi.org/10.1785/0120160323]

Polenz, Michael; Wegmann, K. W.; Schasse, H. W., 2004, Geologic map of the 
Elwha and Angeles Point 7.5-minute quadrangles, Clallam County, 
Washington: Washington Division of Geology and Earth Resources Open 
File Report 2004-14, 1 sheet, scale 1:24,000. 
[http://www.dnr.wa.gov/Publications/ger_ofr2004-14_geol_map_elwha_an
gelespoint_24k.pdf]

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, p. 205–213. 
[https://doi.org/10.1006/qres.1998.2004]

Puget Sound Lidar Consortium, WA DNR Lands project, collected between 
Oct. 17, 2014 and Mar. 13, 2015 by Quantum Spatial Inc., 3-ft resolution, 
accessed 2018 at [http://lidarportal.dnr.wa.gov/], metadata available on 
portal [ger_solduc_2015_lidar_report.pdf].

Schasse, H. W., 2003, Geologic map of the Washington portion of the Port 
Angeles 1:100,000 quadrangle: Washington Division of Geology and Earth 
Resources Open File Report 2003-6, 1 sheet, scale 1:100,000. 
[http://www.dnr.wa.gov/Publications/ger_ofr2003-6_geol_map_portangele
s_100k.pdf]

Schasse, H. W.; Polenz, Michael, 2002, Geologic map of the Morse Creek 
7.5-minute quadrangle, Clallam County, Washington: Washington Division 
of Geology and Earth Resources Open File Report 2002-8, 18 p., 2 plates, 
scale 1:24,000. 
[http://www.dnr.wa.gov/Publications/ger_ofr2002-8_geol_map_morsecree
k_24k.zip]

Schasse, H. W.; Wegmann, K. W., 2000, Geologic map of the Carlsborg 
7.5-minute quadrangle, Clallam County, Washington: Washington Division 
of Geology and Earth Resources Open File Report 2000-7, 27 p., 2 plates, 
scale 1:24,000. 
[http://www.dnr.wa.gov/Publications/ger_ofr2000-7_geol_map_carlsborg_
24k.zip]

Tabor, R. W.; Cady, W. M., 1978a, Geologic map of the Olympic Peninsula, 
Washington: U.S. Geological Survey Miscellaneous Investment Series 
Map I-994, 2 sheets, scale 1:25,000. 
[https://pubs.er.usgs.gov/publication/i994]

Tabor, R. W.; Cady, W. M., 1978b, The structure of the Olympic Mountains, 
Washington—Analysis of a subduction zone: U. S. Geological Survey 
Professional Paper 1033, 38 p. 
[https://pubs.er.usgs.gov/publication/pp1033]

Thorson, R. M., 1980, Ice-sheet glaciation of the Puget Lowland, Washington, 
during the Vashon stade (late Pleistocene): Quaternary Research, v. 13, p. 
303–321. [https://doi.org/10.1016/0033-5894(80)90059-9]

Walsh, T. J.; Logan, R. L., 2007, Results of trenching the Canyon River fault, 
southeast Olympic Mountains, Washington [abstract]: Geological Society 
of America Abstracts with Programs, v. 39, no. 6, p. 22-4.

Waters, M. R.; Stafford Jr., T. W.; McDonald, H. G.; Gustafson, Carl; 
Rasmussen, Morten; Capellini, Enrico; Olsen, J. V.; Szklarcyzk, Damian; 
Jensen, L. J.; Gilbert, M. T. P.; Willerslev, Eske, 2011, Pre-Clovis 
mastodon hunting 13,800 years ago at the Manis Site, Washington: 
Science, v. 334, p. 351–353. [https://doi.org/10.1126/science.1207663]

Wells, R. E.; Weaver, C. S.; Blakely, R. J., 1998, Fore-arc migration in 
Cascadia and its neotectonic significance: Geology, v. 26, no. 8, p. 
759–762. 
[https://doi.org/10.1130/0091-7613(1998)026<0759:FAMICA>2.3.CO;2]

Wells, R. E.; Simpson, R. W., 2001, Northward migration of the Cascadia 
forearc in the northwestern U.S. and implications for subduction 
deformation: Earth, Planets and Space, v. 53, no. 4, p. 275–283. 
[https://pubs.er.usgs.gov/publication/70022959]

Wells, Ray; Bukry, David; Friedman, Richard; Pyle, Doug; Duncan, Robert; 
Haeussler, Peter; Wooden, Joe, 2014, Geologic history of Siletzia, a large 
igneous province in the Oregon and Washington Coast Range: Correlation 
to the geomagnetic polarity time scale and implications for a long-lived 
Yellowstone hotspot: Geosphere, v. 10, no. 4, p. 692–719. 
[https://doi.org/10.1130/GES01018.1]

INTRODUCTION

3,500 FEET0 500500 1,000 1,500 2,000 2,500 3,000

0.25 0.5 KILOMETERS0.5 0

00.250.5 0.5 MILES

SCALE 1:10,000

contour interval 40 feet

APPROXIMATE MEAN
DECLINATION, 2022

M
A

G
N

E
TI

C
  N

O
R

TH

TR
U

E
  N

O
R

TH

16°

123°57'30"W

123°52'30"W

123°52'30"W

123°55'0"W

123°55'0"W

123°50'0"W

123°50'0"W

123°47'30"W

123°47'30"W

48°7'30"N

123°57'30"W

48°7'30"N 48°7'30"N

T031N
T030N

T031N
T030N

R10W R09W

R10W R09W

123°46'54"W
48°6'9"N

123°47'59"W
48°5'19"N

123°51'51"W
48°8'20"N

123°55'56"W
48°6'42"N

123°58'36"W
48°7'40"N

123°57'18"W
48°8'50"N

Lambert conformal conic projection, NAD 83 HARN

The map is located in portions of the U.S. Geological Survey 
Twin Rivers, Disque, Mount Muller, and Lake Crescent 

7.5-minute quadrangles.

Shaded relief generated from a lidar bare-earth digital elevation 
model (available from the Washington Geological Survey, 

https://lidarportal.dnr.wa.gov/)

GIS by William C. Duckworth and Alex N. Steely

Digital cartography by Daniel E. Coe

Editing and production by Susan R. Schnur and Maria A. Furtney

Research supported by the U.S. Geological Survey, 
National Cooperative Geologic Mapping Program, 
under USGS EDMAP Award Number G18AC00148. 
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, Washington Geological Survey.

Suggested Citation: Duckworth, W. C.; Perez, Y. E.; 
Amos, C. B.; Schermer, E. R.; Polenz, Michael, 2022, 
Surficial geologic map of the Sadie Creek fault, 
Clallam County, Washington: Washington Geological 
Survey Open File Report 2022-01, 1 sheet, scale 
1:10,000.  
[https://www.dnr.wa.gov/publications/ger_ofr2022-01
_geol_map_sadie_creek_fault_10k.zip]




