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Introduction eneral Legend The Geology of Ecola State Park
Oregon'’s state parks are treasures that make Oregon an ideal place to live and explore. Ecola
State Park (Ecola) is located on the northern Oregon Coast in Clatsop County between the
cities of Seaside and Cannon Beach. Landslide hazards have plagued Ecola since its
designation in 1932.

The purpose of this project is to evaluate the current and future landslide susceptibility and
risk within and surrounding Ecola to assist the Oregon Parks and Recreation Department
(OPRD) in making decisions to reduce landslide risk, with an emphasis on roadways.

. - The geology of Ecola and the surrounding region has been studied and mapped by Schlicker and others
Modern restroom X summit Bl suicing (1961), North and Byrne (1965), Schlicker and others (1972), Niem and others (1973, 1990, 1994),

Niem (1975), Carson and Hankel (1975), Neel (1976), Niem and Niem (1985), and Witter and others
(2009). Many of these publications also discussed landslide hazards. New detailed geologic mapping in
the region by Niem and others (unpublished data, 2024) updates the geologic framework for the area
Shelter — Elmer Feldenheimer State National Site boundary and serves as a basis for landslide analysis in this study.

All of the geology in Oregon stems from the position on an active plate margin between the overriding

Pit restroom m— Highway Ecola State Park boundary
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Landslide susceptibility is the relative likelihood of the landslide hazard occurring in a certain Adirondak shelter - — - Trail John Yeon State Natural Site boundary North American Plate and the subducting Pacific Plate (Madin, 2009). The geologic setting is

portion gf the study area. Landsli(.ie risk is the possibility of damage. or lo.sses to assets commor.lly referred to as the Cascadia Sgl?duction Zone (CSZ), where the Juan De Fuca Plate is
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) ) The next rupture of the CSZ is anticipated to cause widespread destruction throughout the Pacific

 Anew lidar topography dataset was collected in 2023. Day-use fee station Walkway / sidewalk Northwest, including thousands of landslides and a tsunami along the coast. We expect many of the

e The distribution of landslides was mapped throughout the park. . existing landslides along the Oregon Coast to be triggered and move in the next CSZ major earthquake.

¢ A new/updated geologic map of the park was created. 'MEI Trailhead = Stream Qb In general, the geology of Ecola consists of three primary bedrock units: the Oligocene Smuggler Cove

¢ Existing and future landslide susceptibility was analyzed. 8 Formation (Tsc), lower Miocene Astoria Formation (Tac, Tacl), and lower Miocene Columbia River

¢ Recommendations for future risk reduction were provided. 'M Trail ——— 40-foot contour Basalt Group (CRBG; Tgww, Tgwws, Tgwwd, Tgsbi, Twfgi). Quaternary sediments deposited on top of

bedrock formations include: Late Pleistocene and Holocene coastal-fluvial terrace deposits (Qpt, Qft),

Landslide susceptibility and risk were analyzed using several methods, including: L. Viewpoint 200-foot contour Holocene fluvial and estuarine deposits (Qal) along streams, Holocene dune sand (Qds), and Holocene
™ ) beach deposits (Qbs, Qbd).

« Landslide inventory: an inventory of contemporary and historic landslide activity was Pichi The oldest geologic unit in Ecola, cropping out only in the northern part of the park, is the Oligocene

created by examining the 2023 topographic lidar dataset. SR L Smuggler Cove Formation (Tsc; Neel, 1976; Niem and Niem, 1985). This sequence of tuffaceous

bioturbated claystone and tuffaceous muddy siltstone was deposited in a deepwater bathyal
environment (Cressy, 1974; Niem and Cressy, 1973; Niem and Niem, 1985; Niem and others, 1994).
The Astoria Formation (Tac, Tac1) is a widespread, scattered coastal litho-stratigraphic unit exposed

e Serial lidar change analysis: landslide activity was identified by examining changes in the
topography during a window of time using lidar datasets (2023 and 2009).
¢ Serial orthophoto change analysis: landslide activity was identified by examining changes
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in the vegetation and other visual details using multiple orthorectified aerial images Information -, A y in four sedimentary basins from Astoria to Newport, Oregon (Snavely and others, 1976) and in
spanning 1939 to 2022. $ ; southwest Washington (Wolfe and McKee, 1968). The Cannon Beach Member is the only part of the
¢ Geologic mapping: geologic mapping data from the region was collected, corroborated and West Point // ' : A & Astoria.Forr(nati;)n mhfipped in Ecolaf, whﬁrle it.disc%nf(()irmkably over'lies t}.le OligocenedSmuggler Cove
further investigated with several field days during this study, and combined to build a z Py bt Formation (Tsc). This sequence of well-laminated, dark-gray, micromicaceous and carbonaceous
robust geologic map that can be used in the development of a landslide susceptibility map mudstone (Tac) and fine-grained quartzo-feldspathic turbidite sandstone (Tac1) was deposited in a
and provide additional understanding of landslide mechanisms. calm deep-marine depositional environment (anoxic to burrowing organisms) on the upper
continental slope or outer-shelf (Rau in Niem and others, 1973; Niem and others, 1994, unpublished
Finally, landslide inventories, geologic mapping data, and modern topography were ng data, 2924)- o _ _ _
combined to create a susceptibility and risk map that classifies every portion of the study area Sedimentary rock units in Ecola are intruded by invasive lava flows of the CRBG (Tgww, Tgwws,
into one of the seven susceptibility zones, from None to Low to Active susceptibility of future TgWV_\{d_, Tgsbi, Twfgi; Niem .and CreS_sy, 1973). The CRBG is an extensive succession oflf)w.er Miocene
landslide activity and risk of damage and losses to existing infrastructure. Each zone includes tholc}sll.ltlc basalt and bazalgchandi51te llava f{lowslthatlcover m((i)rfe than 130.45_31?_ ml;_ in p:;rts of
an estimate of past landslide-recurrence activity (e.g., every ~50 years to 150 years) and Washington, Oregon, and Idaho. These lava flows largely erupted from NNW-striking linear fissure
recommendations for future development to reduce risk. systems in the eastern part of the Columbia Plateau between 16.2 and 15.9 million years ago and
flowed west through the Columbia trans-arc lowland to the Miocene Pacific coastline of Oregon and
Washington (Wells and others, 2009; Camp and Wells, 2021). When some lava flows reached the early
Miocene Pacific Ocean, they formed westward-inclined foreset-bedded lava deltas above older marine
Location Ma P sediments (Wells and others, 2009). Relatively dense lava flows invaded soft, water-saturated,
semi-consolidated deep-marine sediments of the Astoria Formation, forming a complex network of
- - sills, dikes, and irregularly shaped invasive intrusive bodies (Schlicker and others, 1961; Niem and
Y S Cressy, 1973; Niem and others, unpublished data, 2024). Pervasive invasion of the lava flow bodies into
the marine sediment was accompanied by formation of basalt breccia and peperitic contacts, complex
deformation (chevron folding) of the sediments, and local hydrothermal contact baking metamorphic
Fort Stevens SP \= offects.
B Most of the larger deep landslides in Ecola originate within the Cannon Beach Member of the Astoria
Formation (Tac, Tacl), an overall fine-grained lithology that is characterized by weak bedding planes,
relatively low material strength, and deformation by several processes. Schlicker and others (1961)
Sunset Beach SP Location Map proposed that deformation caused by basalt intrusions may have weakened the sedimentary rock and
Extent made them more landslide prone. About one-third of the exposed Smuggler Cove Formation in Ecola is
associated with overlying basalt landslides sourced from the West Point fault scarps.
Del Rey Beach SP Geologic units shown on this plate, following the work of Niem and others (unpublished data, 2024),
Gearhart |
Gearhart Ocean SP S id are as follows:
v easide
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Explanation of Geology Symbols
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~_ Inclined bedding- Showing strike and dip

\i 55 Inclined generic (origin not known or not specified)
foliation- Showing strike and dip

Contact — long-dashed line where approximate, short-dashed where inferred,
dotted where concealed.

Fault — long-dashed line where approximate, short-dashed where inferred,
dotted where concealed, queried where uncertain.

Normal fault — ball and bar on downthrown block. Long-dashed where approximate,
short-dashed where inferred, dotted where concealed, queried where uncertain.
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Source Data:
Oregon Lidar Consortium (OLC) one-meter digital elevation model for Ecola State Park and surrounding area. Water
features from USGS National Hydrology Dataset (NHD) (2017). Road features outside of the park from Oregon
Department of Transportation (ODOT) (2015) or digitized by Oregon Department of Geology and Mineral Industries
(DOGAMI) from 2022 orthophotos. Park infrastructure GIS data (transportation centerlines, recreation point
B ’ locations, transportation structures) from Oregon Parks and Recreation Department (OPRD) (2023). Building
I [ ] footprints from DOGAMI Statewide Building Footprints for Oregon (SBFO), Release 1.1 (2021). Additional place
- locations from US Geologic Survey, Geographic Names Information System (GNIS) (2006). Orthophoto imagery
(2022) from Oregon Statewide Imagery Program (OSIP).
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