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Geology of the Coos Estuary 
and Lower Coos Watershed
Summary:     

 § Tectonic interactions between the 
Pacific, Gorda, Juan de Fuca, and 
North American plates, and the Juan 
de Fuca and Gorda oceanic ridges 
are the source of incremental , long-
term coastal uplift and infrequent 
earthquakes when coastal lands 
suddenly subside.

 § Tectonic processes, along with long-
term cyclical changes in climate and 
related glacial spread and retreat, 
have created the bedrock and soil 
formations found in the project 
area.

What’s happening? 

This summary describes local geology (e.g., 
soil and bedrock types), in the context of larg-
er geological processes (e.g., plate tectonics) 
in four sections: 

1. Plate Tectonics – which examines interac-
tions between continental plates, faults, 
and folds, as well as earthquakes and 
tsunamis affecting the project area;

2. Geologic Formations – which describes 
the project area’s geologic formations, 
superficial deposits, and geologic age;

Landslide along the Smith River in the Oregon coast range.

Local geologic formations are revealed at Coos Head.

3. Soils – which provides information on soil 
types within the project area; and 

4. Landslides – which describes  areas within 
the project area most at risk for landslides 
and debris flows. 

These four sections are followed by a Back-
ground section which provides more in-depth 
information for each of the sections in this 
data summary.
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Plate Tectonics

Plate Movement: The underlying geology of 
the Coos estuary and surrounding watershed 
results from the tectonic interactions be-
tween the Pacific, Gorda, Juan de Fuca, and 
North American (i.e., North American conti-
nent) tectonic plates, and oceanic spreading 
from two ridges (Juan de Fuca and Gorda)
(Figure 1)(see also Geology Terminology side-
bar). Large-scale plate movements (e.g., slip 
of the Juan de Fuca plate along the Blanco 
Transform Fault, and subduction of the Juan 
de Fuca plate beneath the North American 
plate) have been coupled with localized sea 
floor spreading along two ridges: the Gorda 
Ridge at a rate of 2.3-5.5 cm (0.9-2.2 in) per 
year, and the Juan de Fuca Ridge at a rate of 
4.0 cm (1.6 in) per year (Komar 1997; Clague 
1997). Along the Oregon coast, pressure from 
these tectonic movements of the earth’s crust 
have resulted in the folded and warped outer 
continental shelf margin and cycles of long-
term, incremental uplift of the coastal lands 
followed by rapid subsidence events (i.e., 
earthquakes)(Rumrill 2006).

Stratigraphic (i.e., study of rock layers) investi-
gations of  rock outcroppings by Nelson et al. 
(1996, 1998) and analysis of the composition 
and age of buried microfossils indicate that 
the South Slough tidal basin has undergone 
catastrophic subsidence of 0.50-1.0 m (1.64-
3.28 ft) at least three times over the past 
4,000 years, and possibly as many as nine 
times. 

Geology Terminology

Tectonic Plate – The rigid outermost shell 

of the planet (crust and upper mantle), 

is broken into major (e.g., continental 

plates) and minor tectonic “plates”.

Ocean Ridge – Underwater mountain 

range formed by rising magma in a zone 

on the ocean floor where two tectonic 

plates are moving apart.

Subduction Zone – An area where two 

tectonic plates converge causing one plate 

to slide beneath the other.

Cascadia Subduction Zone – The area 

where the Juan de Fuca Plate slides be-

neath the North American Plate.

Faults – Fractures in the earth’s crust 

caused by compression, tensional, or 

shearing forces, often associated with the 

boundaries between tectonic plates. 

Slip or Strike-slip Fault – Vertical fractures 

in the earth’s crust where the blocks of 

land have mostly moved horizontally. 

Paleoseismic Faults – Faults that were the 

source of significant earthquakes (magni-

tude 6.0 or greater) in the past 1.6 million 

years

Sources: USGS 2014a; DOGAMI 2009; 

PNSN n.d.
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Figure 1: Tectonic components (ridges and plates) in the Pacific 
Northwest. Arrows on ridges indicate direction of spread. 
Cascadia Subduction Zone is where the Juan de Fuca Plate 
is pushed under the North American Plate. Amended from 
Rumrill 2006

Figure 2: Faults and folds 
occurring within project 
boundaries. Paleoseismic faults 
are highlighted, designating 
faults that were the source of 
significant earthquake (6.0 or 
greater) in the past 1.6 million 
years. Data: USGS 2005; DOG-
AMI 2009.

Faults and Folds: The chief geological fea-
ture of the Coos estuary is the South Slough 
Syncline, which is an asymmetric fold with 
steep sandstone and shale on its western 
side and gently sloping marine terraces on its 
eastern side, all of which are offset by several 
minor cross faults (Rumrill 2006; McInelly and 
Kelsey 1990)(Figure 2). According to Rumrill 
(2006), “South Slough marks the point where 
the Cascadia fold and thrust belt comes on-
shore; north of Coos Bay most compressional 
structures occur offshore on the continental 
shelf and slope”.

Paleoseismic faults in the project area – or 
faults that were the source of significant 
earthquakes (magnitude 6.0 or greater) in the 
past 1.6 million years – were found almost ex-
clusively in the South Slough subsystem  (Fig-
ure 2). Similarly, nearly all non-paleoseismic 
faults and folds in the project area are found 
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Figure 3: Seismic events between 1969 and 2015. 
Data USGS 2015

Table  1: Seismic events (between 1969 and 2015) with magnitudes 6.0 or higher. Depth is kilometers 
below the earth’s surface. Data USGS 2015
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in its southern portions (i.e., South, Isthmus 
and Catching Slough subsystems).

Earthquakes and Tsunamis: Of the over 2,100 
earthquakes measured off the Oregon coast 
since 1965, only nine have been a magni-
tude 6.0 or higher (Figure 3). The strongest 
of these (magnitude 6.9) occurred in July 
1991 (Table 1). The average magnitude of all 
earthquakes during that time period was 3.5 
and the average depth was 10.7 km (6.6 mi) 
below the earth’s surface. Many earthquakes 
were concentrated around the Blanco Trans-
form Fault. In contrast, only a few earthquake 
events were located in close proximity to the 
project area and those were much smaller in 
magnitude during the same time period (Fig-
ure 4). The largest of these closer proximity 
earthquakes (2.5 magnitude) occurred just off 
Cape Arago in September 2012.

Figure 4: Seismic events 
(occurring between 1969 and 
2015) closest in proximity to the 
project area. Dates and strength 
of the highest magnitude events 
are labeled. Data USGS 2015

Stratigraphic investigations conducted over 
the past few decades have provided evidence 
that much of the Pacific Northwest coast has 
experienced significant (magnitude greater 
than 8) Cascadia megathrust earthquakes and 
accompanying tsunamis repeatedly over the 
past 5,500-6,500 years. These earthquakes 
occurred every 500-600 years on average 
(varying from a few hundred years to almost 
1,000 years)(Kelsey et al. 2002; Witter et 
al. 2003). For example, soil cores provide 
evidence for historically reoccurring rapid 
coastal subsidence events. Cores taken from 
current-day tidal marshes in the project area 
show ancient marsh soils (full of organic 
materials such as march plant roots) abruptly 
buried by fine intertidal mud when the coast-
al land mass rapidly subsided during historic 
earthquakes. Often these abrupt transitions 
in the soil  cores include a coarse sandy layer 
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full of woody debris deposited during earth-
quake-generated tsunamis.  

The most recent Cascadia megathrust earth-
quake (magnitude 9) and tsunami on the 
Oregon coast (including the Coos estuary) oc-
curred on January 29, 1700, caused by a sud-
den slip of the Juan de Fuca plate beneath the 
North America plate along the 1,000 km (621 
mi) long Cascadia subduction zone (Satake et 
al. 1996; Rumrill 2006). This caused the land 
mass to subside an estimated 0.6 m (2.0 ft) 
(Leonard et al. 2004). Estimates of subsid-
ence from future mega-thrust earthquakes 
in Coos Bay range from 0-1.5 m (0-4.9 ft)
(Leonard et al. 2004) while maximum subsid-
ence, modeled for this area, could be as high 
as 2 m (7 ft)(Witter et al. 2011). According to 
Rumrill (2006), “the probability of a future 
earthquake and coastal subsidence event is 
conservatively estimated at 10-20% within 
the next 50 years (or 20-40% within the next 
100 years)”.

Lately, seismic activity along the subduction 
zone appears to have fallen off, leaving the 
zone “eerily quiet” (Banse 2014). Quoted in 
several northwest media outlets in December, 
2014, Doug Toomey, a geophysics professor at 
the University of Oregon, said, “all of Casca-
dia is quiet. It’s extraordinarily quiet when 
you compare it to other subduction zones 
globally” (Banse 2014).  In 2011, Toomey and 
other scientists began the Cascadia Initiative, 
a four-year study in which seismometers were 
deployed at 160 sites along the entire Casca-
dia subduction zone to help determine what 
that silence means. If they find the bound-

ary between the two plates is fully locked, 
pressure will continue to build until another 
serious earthquake occurs. “If it is completely 
locked, it means [the Cascadia subduction 
zone] is increasingly storing energy and that 
has to be released at some point.” (Toomey, 
on Banse 2014). 

Geologic Formations and Deposits

Tyee and Coaledo formations make up the 
vast majority of the underlying bedrock in 
the project area (71% combined)(Figure 5). 
Both formations are sandstones with minor 
siltstone embedded within (Beaulieu and 
Hughes 1975)(see definitions in sidebars and in 
Table 2). Landforms surrounding most of the 
South Slough shoreline and eastern portions 
of the lower bay are composed primarily 
of marine terrace deposits (Figure 5). The 
remainder of the lower bay is made up of 
eolian deposits (wind-generated deposits: 
in this case, dune sand) and beach deposits, 
while alluvial deposits (river-formed) are 
found under and along each major tributary 
to the Coos estuary. Man-made fill deposits 
can be found under most of the project area’s 
low-lying urban centers.

The Coos Bay Coal Field (oriented north to 
south and roughly 30 mi long by 12 mi wide, 
overlaps the Coaledo formation), lies under 
North Bend, Coos Bay, Isthmus Slough and 
Catching Slough (and their tributaries), and 
the Lower Coos River, and extends down to 
the Coquille River (DOGAMI n.d.)(Figure 5). 
From the late nineteenth century through the 
mid-twentieth century extensive coal mining 
and geologic testing occurred in the Coos 
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Figure 5. Spatial distribution of geological formations and deposits within the 
project area.  Inset pie chart shows percentage of each formation/deposit in the 
project area. The category “Other (<1%)” includes terrace and landslide depos-
its. The Coos Bay Coal Field overlaps the Coaledo formation within the project 
area, but the coal field is not shown in its entirety. Data: DOGAMI 2009

Geologic Formation

A geological formation is a rock unit that 
is distinctive enough in appearance that a 
geologic mapper can tell it apart from the 
surrounding rock layers. It must also be 
thick enough and extensive enough to plot 
on a map.

Source: Wilkerson 2001

Geologic Deposits

Geologic deposits (superficial) are recent 
(quaternary: 2.6 million years old or less) 
unconsolidated  sediments, soil or rocks 
added to a landform, generally named 
according to their origin (e.g., beach 
deposit, landslide deposit). Older deposits 
are referred to as bedrock.

Source: Wikipedia 2015b

Sandstone 

Sandstone (sometimes known as arenite) is 
a medium-grained sedimentary rock com-
posed primarily of minerals or rock grains 
cemented together.

Siltstone

Siltstone is sedimentary rock made up of 
cemented together silt particles, similar to 
shale, but does not demonstrate fissility 
(breaking along planes into sheets).

Source: USGS 2014b
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Table 2: Descriptions of geological formations and deposits in the project area. Source: Beaulieu and Hughes 1975; except those 
marked with an asterisk* sourced from USGS 2014b

Bay Coal Field. Nearly 2.5 million tons of coal 
were extracted from this coal field between 
1882 and 1918 (Duncan 1953; DOGAMI n.d.). 
Mining ceased in the 1920’s primarily due 
to competition from California fuel oils and 
higher grade coal from Utah and Wyoming 
(Duncan 1953; DOGAMI n.d.). Although coal 
mining no longer occurs in the project area, in 
the mid-2000s, portions of the coal field were 
explored to determine its potential for natural 
gas production using hydraulic fracturing 
techniques. 

Geologic Age of the Project Area
The project area is composed of bedrock 
formed in the Cenozoic era (65 million years 
ago-present), most of which was created 
during its Eocene epoch (Figure 6; Table 3). 

According to Rumrill (2006), sandstone, silt-
stone, and shale were deposited deep in the 
Pacific ocean and in shallow coastal waters 
over the past 50 million years, from the Eo-
cene epoch through the Quaternary period. 
During the marine regression in the middle to 
late Eocene epoch (38-45 million years ago), 
sea level dropped, which allowed Coos Bay 
to emerge as a distinct, wave-dominated (as 
opposed to river-dominated) deltaic coastal 
basin.
Beginning in the middle Eocene epoch (about 
40-48 million years ago), sediments that 
largely form the present-day bedrock were 
laid down during repeating marine transgres-
sions (period of high sea level) and regres-
sions (period of low sea level)(Rumrill 2006). 
These fluctuations were caused primarily by 



Physical Description in the Coos Estuary and the Lower Coos Watershed 8-69

Geological Time Scale

Span of time since the Earth’s creation, 
divided by major geological events, strata 
composition, or radiometric dating. Eon 
is the largest division, followed by Era, 
Period, Epoch and finally Age.

Source: Wikipedia 2015a

Figure 6: Spatial distribution the project area’s geologic  time  
scale.  Legend ordered from oldest to most recent. Data: 
DOGAMI 2009

Table 3: Definition of geological ages in the Cenozoic era.

cyclical changes in climate that led to ad-
vances and retreat of continental glaciers, 
and subsequent rise and fall of sea level. 
These periods of major seal level fluctuations 
caused the continental shoreline to migrate 
back and forth tens of kilometers between 
the sea level extremes. 

For example, beds of siltstone, mudstone, and 
sandstone formed  in the middle Coaledo For-
mation beds (see “Formations” above) were 
laid down in deeper coastal waters during a 
marine transgression, while upper Coaledo 
beds (siltstone, mudstone, coal, and conglom-
erate) were deposited in shallow water during 
a subsequent regression (Rumrill 2006). 

According to Rumrill (2006), absence of 
sediments for nearly 30 million years, dating 
from the Oligocene and early Miocene (8-36 
million years ago), indicates a significant 
period of non-deposition, probably related to 
a combination of the onset of “tectonic plate 
deformation along the Cascadia subduction 
zone”, glacial advance, and periods of low sea 
level. Rumrill (2006) discusses another gap 
of about four million years long occurring 6-2 
million years ago, separating older formations 
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such as the Miocene epoch’s Empire forma-
tion from more recent Pleistocene marine 
terraces and Holocene estuarine and sand 
deposits. 

Soils

This section discusses soil types found in the 
project area. Definitions of soil types dis-
cussed in this section can be found in Table 4.

Estuarine Soils
Sediments in the estuarine tidal channel vary 
from coarse-grained sand to fine-grained 
sand, silt and clay (Rumrill 2006).  See “Sedi-
ment Composition” summary in “Chapter 10: 
Sediment” for more detail on estuary sedi-
ments.

Tide flat sediments are primarily open sand 
flats and mudflats, which are composed of 
Udorthents, a combination of sand, silt, mud 
or organic materials, largely devoid of emer-
gent vegetation (Haagen 1989). Mudflats 
typically occur in regions of the estuary that 
experience low tidal energy while sand flats 
occur in areas of high tidal energy (Rumrill 
2006). 

In the South Slough estuary, sand flats fre-
quently occur on the inside of major bends in 
the tidal channel. These sand flats frequently 
have sand ripples or waves, the patterns of 
which are directly related to water velocity 
(Rumrill 2006). 

According to Rumrill (2006) tidal beaches 
within South Slough are generally steep (9-
15% slope) and sediments increase in mean 

grain size with depth, and decrease in mean 
grain size along the estuarine gradient (i.e., 
sediment is more fine further away from the 
mouth of the estuary). Most beach sediments 
are well-sorted. The decrease in mean sedi-
ment grain size along the estuarine gradient 
(from the high-energy estuary mouth to the 
low-energy upper estuary) is most likely a re-
sult of the gradual decrease in velocity of tidal 
currents, which in turn reduces their capac-
ity to carry larger sediment particles (Arkett 
1980, in Rumrill 2006). 

Tidal Wetland Soils
Soils in the tidal wetlands of the Coos estuary 
are predominately Fluvaquents-Histosols, 
which, typical of permanently or frequently 
saturated soils, are particularly rich in organic 
matter (Haagen 1989). 

Rumrill (2006) described surface soils within 
South Slough riparian areas, forested wet-
lands, and emergent freshwater marshes as 
typically sandy loams, also rich in organic 
matter. 

Soil Complex

Soil complex is defined as two or more 
soils which are so integrated that they 
cannot be separated at the map scale.

Soil Association

Soil association is defined as two or more 
soils that are intricately mixed but could 
still be separated at the map scale (al-
though it’s not practical to do so).

Source: Haagen 1989



Table 4: Most com-
mon soil types, soil 
complexes, and soil 
associations found in 
the project area. 
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Dune Soils
The Coos Bay Dune Sheet is a mass of sand 
that extends, unbroken but for the mouths 
of rivers and streams, from Haceta Head to 
Cape Arago, making it the largest dune sheet 
in North America and the only ‘oblique-ridge 
dune’ in the world (Cooper 1958; Crook 
1979). Dune lands in Coos County are gener-
ally made up of DuneLand-Waldport-Heceta 
soil types. Extensive portions of the dunes 
have been stabilized by plantings of the 
invasive European beachgrass (Ammophila 
arenaria), which began in 1910 (for more in-
formation on this, see “Vegetation” summary 
in “Chapter 18: Non-Native/Invasive Spp.”). 

Upland and Lowland Soils
Fifteen principle soil types are found in the 
lower Coos basin (Figure 7). Of those, three 
predominate and are found in distinctly differ-
ent areas of the landscape. Most common are 
Preacher-Bohannon loams (24% of total soil 
cover), found in a patchy, north-south orient-
ed band of uplands east of the bay, along the 
western slopes and foothills of Blue Ridge, 
and in the Millicoma highlands. Templeton silt 
loam (23% of soil cover) extends from the up-
lands of the South Slough basin east through 
the drainages of Isthmus and Catching 
Sloughs, across the highlands of Pony Creek 
Reservoir, along the eastern slopes of Coos 
Bay and across the uplands between North 

Figure 7: Distribution of different soil types in the project area.  Inset 
pie chart shows percentage of each soil type that makes up the 
project area. Soil types for both figures were grouped by series (e.g., 
Bandon Sandy loam 0-7% slopes and Bandon Sandy Loam 7-12% 
slopes were grouped as Bandon Sandy Loam).  Data: USDA 2000
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Slough and Haynes Inlet. The Milbury-Bohan-
non-Umpcoos association (18% of cover) is 
interspersed with the Preacher-Bohannon 
series in the upper watershed. 

Except where otherwise noted, the following 
soil descriptions for several major sub-basins, 
are taken from an assessment of Coos estu-
ary tributary basins conducted by the Coos 
Watershed Association (CoosWA 2006).

North Slough 
North Slough differs in its soils from other 
sub-basins in that it is dominated by the 
very soft, highly erosive sandstones of Dune 
Land-Waldport-Heceta and Bullards-Ban-
don-Blacklock soils.

Palouse and Larson Sloughs
Three general soil types dominate the  
Palouse and Larson Slough sub-basin: Dune 
land-Waldport-Heceta, which is common 
to dune areas, Templeton and Salander 
loams, common to the lowland area, and 
Milbury-Bohannon-Umpcoos, found in the 
uplands.

Kentuck Slough
Soils in the Kentuck Slough sub-basin consist 
of Templeton and Salander loams in the low-
lands, and Preacher-Bohannon loams in the 
uplands. The headwaters of Kentuck Creek 
are on the Milbury-Bohannon-Umpcoos soil 
type.

Willanch Slough
General soil types in the Willanch Slough 
sub-basin are Templeton and Salander loams 

(lowlands) and Preacher-Bohannon loams, 
(uplands).

Echo Creek 
The Echo Creek sub-basin hosts three general 
soil types: the Coquille-Nestucca-Langlois soil, 
found in level areas, areas along the bay, and 
Coos River; Templeton and Salander loams 
(lowlands), and the Preacher-Bohannon 
loams (uplands).

Lower Millicoma and South Fork Coos Rivers
According to CoosWA (2008), Preacher-Bo-
hannon loams are the most prevalent soils in 
Lower Millicoma and South Fork Coos River 
sub-basin. Other soils include Milbury-Bo-
hannon-Umpcoos on steep slopes and poorly 
draining, clay Coquille-Nestucca-Langlois soils 
along floodplains.

South Slough
Haagen (1989) shows the primary soils in this 
sub-basin as Templeton loams, with some 
Bullards-Bandon-Blacklock group. 

Landslides

According to Wang et al. (2002), Oregon 
economic losses due to landslides exceed 
$10 million/year. In years with heavy storm 
events, losses can exceed $100 million. These 
losses are expected to increase as the state’s 
human population increases, expanding cur-
rent land uses.

Landslides occur frequently in the Coos 
region, as they do throughout much of the 
central Coast Range. The Oregon Department 
of Geology and Mineral Industries (DOGAMI) 
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has compiled an inventory of historic land-
slide locations, which helps identify areas po-
tentially prone to future land failures (Figure 
8). 

Oregon Department of Forestry (ODF) devel-
oped debris flow (a type of landslide – see 
Background below) hazard maps, based on 
slopes derived from USGS digital elevation 
models. Slopes >40% and an area greater 
than 150,000 ft2 were considered moderately 
hazardous. Tyee Formation slopes >65% over 
an area of 100,000 ft2 or >60% for more than 
⅓ the total basin area were considered a high 
risk for debris flows. Other formations were 
considered a high risk if they had a slope 
>70% and an area exceeding 150,000 ft2 or ¼ 
total basin area. Extreme hazard values were 
assigned to locations where debris flows have 
occurred frequently over the past 35 years. 

Areas of high and moderate debris flow risk 
have been mapped for the project area using 
these data (Figure 9). The hills east of the 
main Coos estuary are at considerably higher 
risk for debris flow occurrences than lands 
closer to the ocean. In fact, the Coos River 
subsystem has the highest percentage of 
both high (9.5%) and moderate (18%) lands at 
risk for debris flow events (Figure 10). When 
taken as a whole, 33% and 12% of the entire 
project area is at moderate and high risk, 
respectively, for debris flows.

Background

Plate Tectonics
Rumrill (2006) describes the Coos estuary as 
being formed by the interactions of “several 
coastal geomorphic processes in the recent 
geologic past” (thousands to tens of thou-
sands of years ago), including “slow coastal 
uplift and sudden subsidence” (driven by tec-
tonic movement of offshore crustal plates); 
“regional transgression and regression of the 
sea as a result of ice-age glacial advance and 
retreat”; and “fluvial erosion of a major riv-
erine drainage system caused by differential 
coastal uplift”.

Folds and faults
Long-term seismic shifting of the North Amer-
ica and Juan de Fuca plates contributed to 
east-west compression that formed the South 
Slough syncline and other folds throughout 
the southern Oregon coastal region.  Fold-
ing and faulting cause different areas of the 
coast to rise at different rates, significantly 
altering the topography of the Coos drainage 
basin (Kelsey et al. 2002). For example, before 
the creation of the current coastal terraces 
(which were created by folding and faulting 
processes), the Coquille River drained into 
the Pacific Ocean through Isthmus and South 
Sloughs (Baldwin 1945; Nyborg 1993 as cited 
in Rumrill 2006).  Evidence of this can be seen 
along several outcrops in the South Slough 
where Pleistocene alluvial floodplain mate-
rials  (including aquatic invertebrate fossil 
assemblages) are identical to those found at 
the mouth of the Coquille River (Nyborg 1993 
as cited in Rumrill 2006). 
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Figure 8: Inventory 
of historic landslides 
(1849-2013), identifying 
landslide-prone areas, 
which may be suscepti-
ble to future landslides. 
Landslide deposits 
include debris flow fans 
and talus extent. Data: 
DOGAMI 2014

Figure 9: Distribution of 
lands that are highly or 
moderately at risk of de-
bris flows in the project 
area. Data: ODF 2000.



Physical Description in the Coos Estuary and the Lower Coos Watershed8-76

Other evidence of subduction processes were 
described by Witter et al. (2003), who found 
that stepped marine terraces occurring in the 
hills surrounding the Coos estuary are a result 
of ocean-derived sediments scraped off the 
Juan de Fuca plate as it slid down under the 
North American Plate.

Earthquakes 
Pressure that accumulates in the earth as a 
result of forces and movements of plates is 
released episodically during earthquakes. 
Three types of earthquakes affect coastal Or-
egon: Cascadia megathrust, deep intraplate, 
and crustal earthquakes (see sidebar). The 
most frequently occurring of these are crustal 
earthquakes, which occur along active fault 
lines (Rumrill 2006). Seismic studies conduct-
ed near the Coos estuary’s Jordan Cove indi-
cate fewer deep intraplate earthquakes occur 
in the Coos Bay area compared with areas to 
the north and south (GRI 2013). The largest 
earthquakes in our area tend to occur along 
the Cascadia Subduction Zone boundary and 
can cause sudden coastal subsidence of from 

Figure 10: Percentage of each subsystem and entire project 
area that is at high and moderate risk for debris flow. Data: 
ODF 2000.

0.5-2 m (1.64-6.56 ft)(Darienzo and Peterson 
1990 as cited in Rumrill 2006). 

According to NOAA’s Pacific Northwest 
Seismic Network (PNSN n.d.), the Casca-
dia Subduction Zone is locked by friction at 
depths shallower than 30 km (16.6 mi). Strain 
continues to build slowly as the tectonic 
forces act (including expansion at the Juan de 
Fuca Ridge). Eventually, when the frictional 
strength is exceeded, the plates will slip past 
each other, causing a megathrust earthquake. 
The fault’s frictional properties change with 
depth, such that immediately below the 
locked part is a strip (called the transition 
zone) that slides slowly and slips a few centi-
meters every year or so. These small slips re-
lieve the stress on the plate boundary in one 
location, but add to the stress on the fault 
elsewhere. Below the transition zone geo-
detic evidence suggests that the faults slide 
continuously and silently past one another. 

Tsunamis
Tsunamis are triggered when the elevation of 
the coastal margin suddenly changes, displac-
ing a large volume of water. Tsunami waves 
propagate rapidly through the open ocean 
and can reverberate throughout the entire 
Pacific Ocean basin in the 24-hour period fol-
lowing a sufficiently strong earthquake. In the 
Pacific Ocean, tsunamis move at speeds of 
~435 mph, losing little energy as they travel 
(Petroff n.d.).

Geologists examined sediments deposited in 
the Coquille River estuary (Witter et al. 2003) 
and those of coastal lakes (Kelsey  et al. 2005) 
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for evidence of periodic tsunamis, and to 
improve their understanding of the impact of 
movements and interactions of crustal plates 
of the Cascadia Subduction Zone on the land-
forms and elevation of the southern Oregon 
coast, including the Coos estuary. Witter 
and colleagues traced 12 cycles of uplift and 
subsidence in the record of low-lying forests 
and tidal wetlands over the last 6,700 years 
while Kelsey and colleagues found a record of 
repeated local tsunamis in the sediments of 
Bradley Lake in Curry County.

Soils

Tidal Areas
According to Rumrill (2006), tide flats in the 
Coos estuary likely formed during the past 
1,000-2,000 years as estuarine sediment 
eroded from marine terraces, filling in the 
Coos estuary tidal basin and creating the tide 
flats we see today. 

Other sources of tide flat sediments are ter-
restrial runoff, oceanic deposition, and biotic 
material (Rumrill 2006). For example, much 
of the mud, silt, and clay within the estuarine 
tidal basin enters South Slough from Coos Bay 
and the nearshore Pacific Ocean during flood 
tides (Wilson 2003 in Rumrill 2006). 

Sand flats are created largely from land sourc-
es, including erosion of nearby cliffs, then 
transported by high velocity tidal currents 
(Rumrill 2006). 

Tide flats are often highly channelized with 
shallow drainage channels, which facilitate 
a continued cycle of erosion and deposition 

Local Earthquake Types

Cascadia Megathrust – The most pow-
erful recorded earthquakes in the area 
(magnitude 8-9 or higher), Cascadia 
megrathrust earthquakes are caused 
the by sudden release of built-up energy 
when the Juan de Fuca Plate (locked 
against the North American Plate) is 
suddenly released and the plates slip 
past each other.

Deep Intraplate – Deep intraplate 
earthquakes occur when the Juan de 
Fuca  plate cracks as it is bent deep un-
derneath the North American Plate (at 
depths from 30-70 km [19-43 mi]). Deep 
intraplate earthquakes occur about 
every 30 years at magnitudes as high as 
7.5. Because they usually occur under 
the Cascade and Coastal ranges, these 
earthquakes can be the most damaging 
to population centers.

Crustal –  Crustal earthquakes occur on 
shallow faults (to 35 km [22 mi] deep) in 
the North American Plate and are rela-
tively common off the southern Oregon 
coast (maximum magnitudes <7).

Earthquake Magnitude (i.e., strength), 
originally based on the Richter Scale but 
now based on the moment magnitude 
scale (MMS), quantifies the energy 
released by an earthquake.

Sources:  PNSN n.d.; DOGAMI 1996
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as sediments are re-suspended, transported, 
and deposited with every tidal cycle (Rumrill 
2006). 

Tidal Wetlands
Tidal wetland soils can inform us about sea 
level rise rates. For example, Rumrill (2006) 
explains that “Prevalence of peat layers in the 
upper 1.0-1.5 m (3.28-4.92 ft) of sediment 
cores taken from brackish marshes in many 
parts of the Coos estuary suggests a reduc-
tion in the rate of sea-level rise or an increase 
in the rate of sedimentation over the past 
1,000-1,500 years”.

Landslides

Landslides are typically triggered by heavy 
rain. Less commonly they are caused by 
earthquakes, road construction, rapidly 
melting snow, or a combination of these and 
other events (DOGAMI 2008).

A particularly damaging landslide is known 
as a debris flow. A debris flow (synonymous 
with mudslide, mudflow, or rapidly moving 
landslide) is a fast moving (exceeding 30 mph) 
mixture of water, rock, soil, and vegetation.  
Debris flows begin as small landslides, and 
then, upon entering a steep sloping stream 
channel, gain momentum and more debris, 
until they finally end as massive deposits at 
the outlet of the channel (DOGAMI 2008; 
ODF 2012). 

Debris flows can travel long distances, some-
times scour the channel down to bedrock, 
and frequently cause major structural dam-
age to houses and roads.  They are extremely 

hazardous, especially in populated areas 
(Robison et al. 1999; ODF 2012). It should be 
noted, however, that debris flows also deliver 
large wood to streams where they add com-
plex structure that provide high quality fish 
habitat (ODF 2012).

In 1996, two very large storms severely 
affected western Oregon, one of which was a 
100-year rain event that set an all-time one-
day precipitation record at North Bend (6.67 
inches in 24 hrs)(Robison et al. 1999). Both 
storms triggered large numbers of landslides 
in western Oregon, prompting ODF to take a 
closer look at activities, such as forest-road 
building and logging, that were thought to 
play a role in landslides. This report (Robison 
et al. 1999) examined eight locations affected 
by these two storms and found that lands 
with the highest hazards for landslides were 
found on slopes >70-80% steepness (depend-
ing on surface geology and landform). For 
example, Tyee Core formations are very sus-
ceptible to debris flows generally due to steep 
slopes, shallow low-cohesion soils, with an 
impermeable layer beneath. Lands with mod-
erate hazard were found on slopes 50-70%. 
In addition, concave shaped landforms with 
large drainage areas were most frequently 
associated with landslides. 

Robison et al. (1999) determined that forest 
cover and time since last timber harvest also 
influenced landslide occurrence, with lands 
0-10 years post-harvest being most suscepti-
ble to landslides. However, forest stand age 
did not appear to affect the size of landslides.
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Further, road-associated landslides were 
found to be four times larger (volume of earth 
moved) than landslides not occurring near 
roads. Landslides associated with abandoned 
logging roads (“legacy” roads) were smaller in 
size than those associated with active log-
ging roads. Roads where drainage water was 
diverted (e.g., culvert or other relief struc-
ture), had higher landslide occurrences if the 
water exited on fill slopes.  Roads carved out 
of slopes often deposit excavated fill on the 
downslope edge of the road, further influenc-
ing landslide hazards. 

Rain-induced landslides are also thought to 
be more frequent during La Niña years, when 
the Pacific Northwest experiences increased 
storminess, increased precipitation and more 
days with measurable precipitation (UO 2012; 
NOAA 2002).
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