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ESTIMATES OF COASTAL SUBSIDENCE FROM GREAT EARTHQUAKES IN 

THE CASCADIA SUBDUCTION ZONE, VANCOUVER ISLAND, B.C., 
WASHINGTON, OREGON, AND NORTHERNMOST CALIFORNIA. 

 
By Curt D. Peterson1, Elson T. Barnett1, Greg G. Briggs1, Gary A. Carver2,  

John J. Clague3, and Mark E. Darienzo1 
 

ABSTRACT 
In this report, we estimate amounts of coseismic subsidence at the Cascadia sub-

duction zone (CSZ), based largely on plant macrofossil data. Paleosubsidence can be 
estimated to ±0.5 m on the basis of relative peat development and diagnostic fossil as-
semblages. Three regional data sets document the spatial and temporal variability of 
episodic coseismic subsidence at the Cascadia margin. 

The first data set includes two different types of paleosubmergence records in 
coastal Oregon. In northern Oregon all coastal wetlands with peaty deposits extending 
to at least 1.5 m depth record episodic subsidence. Coastal localities in central and 
southern Oregon show either episodic subsidence or continuous submergence. 

The second data set comprises paleosubsidence estimates for the last great Cas-
cadia earthquake (about A.D. 1700) from Vancouver Island, Washington, Oregon, and 
northernmost California. Coseismic subsidence ranges from a maximum of 2±0.5 m in 
southwest Washington, to generally 1±0.5 m in northern Oregon and western Vancou-
ver Island, to 0±0.5 m in central Oregon. Paleosubsidence from this event is variable 
(0–1 m) over small distances (several kilometers) in large bays of southern Oregon and 
northernmost California. Inland sites from Vancouver Island and the Columbia River 
constrain the landward reach of regional paleosubsidence from this latest great earth-
quake. 

The third data set includes subsidence estimates from older earthquakes between 
300–3,500 years ago. Up to five earthquake events are inferred at nine bays in Wash-
ington and Oregon. The long-term paleosubsidence records at most of the localities are 
characterized by significant variability between events. The range of variation between 
detectable events shows a regional trend, with the largest variation (0±0.5–2±0.5 m) 
occurring in southwest Washington and the smallest variation (0±0.5 m) occurring on 
the central Oregon coast. 

The study results provide constraints for evaluating post-subsidence shoreline ero-
sion and coastal flooding in the CSZ. They are also of use in helping to test fault dislo-
cation models and associated tsunami excitation parameters. 

 
__________  

1Geology Department, Portland State University, Portland, Oregon 97207-0751. 
2Department of Geology, Humboldt State University, Arcata, California 95521. 
3Geological Survey of Canada, Suite 101, 605 Robson Street, Vancouver, BC, Canada V6B 5J3.  
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INTRODUCTION 
Great subduction-zone earthquakes can result in coastal subsidence of one to sev-

eral meters (Plafker, 1972; Heaton and Hartzell,1986). At the Cascadia subduction 
zone (CSZ), prehistoric events of episodic coseismic subsidence are recorded by wet-
land soils that were abruptly buried by intertidal bay mud (Atwater, 1987). At least five 
such events are inferred between 300 and 3,500 years B.P. at bays in Oregon (Dari-
enzo and Peterson, 1995) and Washington (Atwater and Hemphill-Haley, 1996) (Figure 
1). Some of the buried peats are capped by sand deposits attributed to near-field tsu-
namis. The most recent coastal subsidence (A.D. 1700) is linked to widespread paleo-
liquefaction in the lower Columbia River valley (Obermeier, 1995). 

Coseismic subsidence results in coastal flooding and beach erosion (National 
Academy of Sciences, 1972) that may persist for decades. It has been estimated that 
50 m of beach retreat would result from a possible coseismic subsidence of 75 cm at 
Siletz Bay, Oregon (Doyle, 1996). Such catastrophic beach erosion would lead to ac-
celerated bluff undercutting and sea cliff failures. The frequency of seasonal flooding in 
the bay would also increase depending on the amount of abrupt sea-level rise. 

Estimates of coseismic subsidence from presumed (prehistoric) Cascadia earth-
quakes can be derived from the examination of paleotidal indicators recorded in late 
Holocene marsh deposits. In addition to the prediction of erosion and flooding hazards 
the subsidence estimates are needed for testing fault dislocation models (Savage, 
1983; Hyndman and Wang, 1995) and modeling tsunami runup (Baptista and others, 
1996). 

In this report we compile reported and published data that constrain estimates of 
coastal subsidence associated with great Cascadia earthquakes and/or local fault rup-
tures. The results from this compilation should be of use to coastal planners, engineers, 
and coastal residents for the mitigation of Cascadia earthquake hazards. 

 

BACKGROUND 

Indicators of Paleotidal-Level Change 
Subsidence estimates are based on a variety of paleotidal-level indicators taken 

from deposits above and below the submergence "event" horizon (Figure 2). Paleo-
tidal-level indicators used at the Cascadia subduction zone (CSZ) include plant macro-
fossils (Atwater, 1987), diatoms (Darienzo and Peterson, 1990; Jennings and Nelson, 
1992; Hemphill-Haley, 1995), foraminifera (Guilbault and others, 1995), and sand-to-
clay ratios (Peterson and Darienzo, 1996). The usefulness of these paleotidal indica-
tors depends on widespread applicability, preservation potential, and recognition of 
sudden submergence in stratigraphic sequences. 

Plant macrofossils provide the most reliable evidence of prolonged emergence and 
persistent submergence in the Pacific Northwest coastal zone. This is due to their in 
situ development and their tolerance of brief submergence by storm surges, river 
floods, and El Niño-driven rises in sea level (Peterson and Darienzo, 1996). Plant mac-
rofossils can also be used through a broad range of paleotidal elevations and salinity 
conditions (Table 1).  
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Microfossils provide independent records of paleotidal-level change. However, their 
regional applicability is restricted by several environmental conditions. For example, the 
foraminifera microfossils are limited to marine/brackish water conditions, and like the 
diatoms and pollen, they are susceptible to transport prior to deposition. Diatoms grow 
in a wide range of salinities, from full-marine to freshwater (Whiting and McIntire, 1985; 
Hemphill-Haley, 1993) but might not differentiate between different intertidal levels in 
freshwater settings. 

Plant macrofossils record paleotidal elevations in two ways. Some species are diag-
nostic of particular elevation ranges, such as Sitka spruce roots (supratidal) and Sali-
cornia (middle-intertidal) (Jefferson, 1975). The relative abundance of roots, rhizomes, 
stems, and leaves (peat) also provides an indication of tidal elevation, particularly 
where plant parts are decayed beyond recognition. As wetland surfaces emerge above 
the reach of tides, the production of organic materials outpaces the tidal supply of silt 
and clay (Redfield, 1972). Increases in peat development generally correspond to in-
creases in elevation of the intertidal setting. The abundance of peaty material can be 
estimated visually in the field and/or by loss on ignition (LOI) in the lab (see "Methods"). 
Reconnaissance investigations of paleosubsidence events are based on observations 
of buried wetlands, i.e., rooted-peaty layers, in cutbanks and cores. 

There are two substantial drawbacks to the use of plant macrofossils in paleosubsi-
dence studies. Firstly, they suffer from oxidation in supratidal settings. Supratidal condi-
tions start at 1.5–2 m above mean tidal level (MTL) in many bays along the Cascadia 
margin. Secondly, because the elevation range of most intertidal plants is large, and 
peat development is variable, the plant macrofossils are relatively insensitive to minor 
changes in some intertidal levels. 

Contact Relations for Coseismic Subsidence 
 Sharp burial contacts have been used to help identify coseismic paleosubsidence in 

Cascadia margin studies (Atwater and others, 1995). However, gradual burial contacts 
above buried wetlands do not rule out the possibility of abrupt paleosubsidence. For 
example, paleotsunami deposits have been traced laterally to coseismic subsidence 
contacts that are gradational, i.e., greater than 1 cm in width, in Alsea Bay and Yaquina 
Bay (Peterson and Priest, 1995; Peterson and Darienzo, 1996). Burial contacts from 
the Alaskan 1964 earthquake are reported to range from sharp to gradational within a 
single outcrop in settings that experienced 1–2 m of coseismic subsidence (Rodney 
Combellick, pers. comm., 1996). Tidal settings characterized by fresh water and small 
amounts of paleosubsidence might be expected to yield the slowest responses to 
abrupt subsidence. In such settings the widespread distribution and continuity of buried 
wetland horizons are probably better indicators of coseismic subsidence than sharp 
burial contacts.  

Tectonic Versus Settlement Subsidence 
During great earthquakes submergence can occur from tectonic subsidence and/or 

sediment compaction. Whereas tectonic subsidence is important in testing fault dislo-
cation models, the total subsidence is important in assessing potential flooding haz-
ards. Discrimination of the two components of subsidence is aided by examination of 
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shallow peaty deposits that extend over compaction-resistant substrata. In this report 
we identify some shallow marsh sites that overlie indurated Pleistocene deposits or 
bedrock. Anomalous coseismic settlement might be localized around channel bank 
slumps or sand geyser fields (National Research Council, 1985). To reduce bias from 
localized coseismic settlement we document paleotidal-level change from multiple sites 
in the paleosubsidence localities. 

Last Great Cascadia Earthquake (circa A.D. 1700) 
Of the last half dozen subsidence events at the Cascadia margin, an event or series 

of events, regionally dated at 300 ±150 years ago, is the most thoroughly documented 
(Atwater and others, 1995). The time of subsidence has been constrained in some lo-
calities by high-precision radiocarbon dating and tree-ring dating of subsidence-killed 
trees to about A.D. 1700 (Atwater and others, 1991; Nelson and others, 1995; Jacoby 
and others, 1995). A singularity of subsidence and paleotsunami deposition appears to 
have occurred at this time from Vancouver Island to northernmost California (Clague 
and Bobrowsky, 1994; Darienzo and Peterson, 1995; Carver and others, 1996), imply-
ing long rupture length(s) for this event. 

Another important factor is the young age of the last great CSZ earthquake. The brief 
period (300 years) since the earthquake increases both the preservation potential of 
fossil paleotidal indicators, and the relative similarity between past and present tidal-
basin conditions. We do not expect successive dislocation events at each locality to 
repeat the same amounts of coseismic subsidence. In this report subsidence records 
of presumed pre-A.D. 1700 earthquakes are compiled from several coastal sites in 
Washington and Oregon. These results allow a test of whether the last great CSZ 
earthquake might be representative of earlier events. 

 

METHODS 
In this first regional compilation of paleosubsidence estimates we rely primarily on 

plant macrofossil evidence from tidal basins. Diatoms are used to verify some subsi-
dence records and to establish tidal influence (brackish water) in prehistoric time. Fo-
raminifera are used to verify subsidence records at Vancouver Island and Humboldt 
Bay, California (Figure 1) where diatom analyses have not been performed. Other pa-
leosubsidence data, e.g., pollen, FeS abundance, and clay-sand abundance, are avail-
able for some of the Cascadia bays, but they are currently too restricted in distribution 
for use here. The tidal basins used in this compilation are large bays, fjords, or tidal-
riverine systems, with year-round mean tidal ranges (MTR) of 1–3 m. These require-
ments preclude the use of wetlands in small coastal streams or back-dune lakes for es-
timating the amount of prehistoric coseismic subsidence. 

Calibration of Paleotidal-Level Indicators  
Paleotidal-level indicators, such as plant fossils, are calibrated by establishing their 

tidal ranges in modern settings. Surveys of modern plant assemblages, total organic 
abundance, and diatoms have been conducted in some CSZ bays. Previously pub-
lished results are supplemented by new data obtained for this compilation. The new 
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data are from representative traverses of modern tidal wetlands at Grays Harbor, 
Neawanna Creek, Tillamook Bay, and Siletz Bay in the central Cascadia margin (Fig-
ure 1).  

About 20 sites per traverse were surveyed for dominant plants, elevation, and plant 
macrofossils. This corresponds to 3–5 samples each for four tidal settings, forest edge, 
high marsh, low marsh, and colonizing marsh, based on recognized plant assemblages 
(Table 1). Elevation surveys were performed with a total station (local accuracy ±1 cm) 
and tied into registered bench marks (regional control ±0.1 m). Core tops from the 
modern marsh surfaces were logged for (1) presence or absence of in situ marsh plant 
roots or rhizomes, (2) presence or absence of in situ tree roots, and (3) relative abun-
dance of peat, i.e., partially decomposed leaves, stalks, rhizomes, and vertically de-
scending roots. Visual estimates of peat abundance include peat=>80% peat, muddy 
peat=50–80% peat, peaty mud=20–50% peat, slightly peaty mud=5–20% peat, rooted 
mud=<5% peat, and barren mud=no marsh-plant roots or rhizomes. Rooted mud and 
slightly peaty mud also differ qualitatively in that rooted mud contains vertically descend-
ing roots and/or rhizomes but not horizontally matted leaves and stems, i.e., peaty ma-
terial.  

Laboratory analyses include semi-quantitative analysis of diagnostic diatoms (Dari-
enzo, 1991, Briggs, 1994), quantitative analysis of diagnostic diatoms (Barnett, 1997) 
and measurement of total organic carbon content by loss on ignition (LOI). Identified 
diatoms that are diagnostic of freshwater, brackish, and marine conditions are shown in 
Table 1. Semi-quantitative analyses of diatom assemblages (Darienzo, 1991, Briggs, 
1994) are reported as dominantly freshwater (FW), freshwater>brackish-marine (FBW), 
and brackish-marine>freshwater (BW).  

Quantitative analyses of diatom assemblages are reported as percentage of identi-
fied oligohalobous (freshwater), mesohalobous (brackish), and polyhalobous (marine) 
diatoms in three samples each per tidal level setting. Fifty diatoms are identified to 
species level for each of the three samples, i.e., 150 total identified diatoms per tidal 
setting. Individual species counts and species variability between samples and be-
tween tidal settings are presented by Barnett (1997). All diatoms, i.e., whole valves or 
major valve fragments, in each of fifty fields per tidal level setting are tallied to establish 
relative diatom abundance. Diatoms are counted at 500x magnification and identified 
to species at 1,250x magnification using standard taxonomy references (Barnett, 
1997).  

For the total-organic loss-on-ignition (LOI) analysis thin intervals of target horizons, 
i.e., 3–5 cm thick or 5–10 grams of sediment, are sampled by hand. Prior studies in 
Alsea Bay (Peterson and Darienzo, 1996) showed that small peat samples (5–10 g) do 
not adequately represent small changes in peat development on the basis of organics 
lost on ignition. This is due to the patchy distribution of roots, rhizomes, and other or-
ganics in buried wetland deposits. However, an evaluation of previous LOI results 
(Darienzo, 1991) required sampling techniques similar to those used in previous stud-
ies. Peaty samples are air dried, weighed, then combusted at 550°C for 3 hours, then 
reweighed for organic carbon loss. The combusted organic carbon (LOI) is reported as 
the percentage of the air-dried sample weight. 
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Compilation of Marsh Subsurface Records 
This study is largely based on reported and/or published core logs and cutbank sec-

tions (reference sites) from about two dozen bays (localities) in the CSZ. All reference 
site UTM coordinates presented in this report are based on NAD1927. Detailed core 
logs and dating and correlation of the coseismic events within the bays are addressed 
in cited theses and publications. For this regional compilation, we have divided the re-
ported paleosubsidence data into three sets. The first data set includes reference sites 
from Oregon that generally demonstrate either coseismic subsidence or continuous 
submergence of coastal wetlands. The second data set includes superior reference 
sites from throughout the Cascadia margin that record the magnitude of subsidence 
associated with the A.D. 1700 event. Key reference sites identified in the data set are 
substantiated by surrounding core sites, as documented in the first data set and/or 
cited references. The third data set on paleosubsidence includes 10 representative lo-
calities from the central Cascadia margin that record the amounts of paleosubsidence 
from events prior to the A.D. 1700 earthquake. 

 

RESULTS AND DISCUSSION 

Modern Marsh-Wetland Surveys 
The results of new marsh surveys (Barnett, 1997) at Grays Harbor (Elliot Slough and 

Johns River), Seaside (Neawanna), Tillamook Bay (Kilchis River delta), and Siletz Bay 
(Schooner Creek) are presented in Table 2, along with previously published marsh data 
from seven other bays. The older surveys include fewer replicate stations, and only the 
high-marsh and colonizing-marsh settings were routinely analyzed for total organics by 
loss on ignition (LOI). 

The distribution of plants summarized in Table 2 supports previous work which shows 
a general correspondence between tidal level and diagnostic plant assemblages. Su-
pratidal forest edges are about 2 m above the upper edge of barren tidal flats. Forest 
edges are characterized by incipient growth of spruce, alder, and/or willow. High 
marshes, average about 1 m above corresponding tidal flats and contain Potentialla, 
Grindilla, and Juncus, sp. The low marshes, contain Salicornia, Disticilus, and 
Triglochin. Triglochin, Carex, and Scirpus are common colonizers of modern tidal 
flats. 

Plant communities define relative tidal levels along a forest-mudflat traverse to about 
0.5 m (Table 2). However, some freshwater-dominated marshes lack plant species that 
can discriminate between high or low marshes. Many of the salt marshes lack plant 
species that discriminate between low and colonizing marshes. In such instances, other 
tidal-level indicators are required to differentiate tidal settings. Finally, the vegetation 
surveys are all from tidal settings where the mean tide ranges (MHW-MLW) are be-
tween 1.4 and 2.5 m. The elevation separation of the tidal vegetative zones is expected 
to diminish with decreasing tidal range.  
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Relative Peat Development 
Abundance of total organics provides an additional constraint on tidal level (see 

"Background"). Summaries of the visual estimates of peat development (dominant 
lithology) and loss on ignition (LOI) are presented in Table 2. Dominant lithology typi-
cally ranges from peaty mud or muddy peat in high marshes to rooted mud in colonizing 
marshes. Rooted mud distinguishes colonizing marsh from established marsh and mud 
tidal flat along all surveyed traverses. In contrast, forest-edge, high-marsh, and low-
marsh settings are not reliably distinguished from one another on the basis of dominant 
lithology. As previously noted (see "Background"), reconnaissance surveys of subsided 
wetlands are based on observations of rooted-peaty layers buried by bay mud, i.e., 
field descriptions of dominant lithologies. A semi-quantitative evaluation of observed 
dominant lithology is provided by laboratory combustion (loss on ignition) of peaty ma-
terial. 

Loss-on-ignition (LOI) data demonstrate a significant decrease in total organic con-
tent from high marsh to colonizing marsh along each traverse (Table 2). Decreases in 
LOI range from 24 to 80 percent over these transitions. The colonizing marsh settings 
yield 15 percent or less total organics in 9 of 11 traverses. By comparison, there is 
much greater variation in LOI values in high-marsh and forest settings. High-marsh set-
tings varied from 20 to 42 percent total organics. Forest soils yielded 16–60 percent 
total organics. The wide ranges of LOI values for the forest soils are likely the result of 
variable oxidation of organic materials. Whereas relative peat development discrimi-
nates colonizing marsh, it does not distinguish between forest edge and high marsh, or 
between high marsh and low marsh. 

Diatom Salinity Indicators of Tidal Level 
Diatoms were collected from the modern wetland traverses surveyed in Grays Har-

bor, Seaside, Tillamook Bay, and Siletz Bay. Identified diatoms are grouped into three 
salinity-tolerance divisions (Table 1). The percentages of each salinity division 
(fresh/brackish/marine) for each tidal level setting are shown in Table 2. The relative 
abundances of all diatoms are also shown for corresponding samples.  

Relative percentages of freshwater diatoms distinguish between high-marsh and low-
marsh settings in the wetland traverses studied (Table 2). At the Johns River site in 
Grays Harbor the freshwater diatoms vary as follows: low marsh (15 percent), high 
marsh (61 percent), and forest edge (63 percent). The high marsh and forest edge set-
tings have about the same percentage of freshwater diatoms. The forest edge settings 
from most of the study sites also retain a significant percentage of marine diatoms. The 
origin(s) of the marine diatoms in the forest soils have yet to be established but might 
arise from wind drift of spray. 

In the modern wetlands the total abundance of all diatoms generally shows a de-
crease from high-marsh to forest-edge settings. For example, ranges of abundance in-
clude (1) colonizing marsh (15–30 diatom valves per field), (2) low and high marsh (20–
60 diatom valves per field), and (3) forest edge (5–15 diatom valves per field) (Table 
2). The factors causing such large variability of diatom abundance in the same tidal 
level setting from different marsh localities are not known. 
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In summary, the diatom analyses confirm previous reports of increasing freshwater 
diatom abundance in higher tidal-elevation settings (Darienzo, 1991) and declining total 
abundance from marsh to forest soils (Hemphill-Haley, 1995). Whereas the diatoms do 
differentiate between high and low marsh, they do not reliably distinguish between high 
marsh and forest edge, or between low marsh and colonizing marsh. Statistical treat-
ment of diatom data is presented in Barnett (1997). 

Critical Limits of Tidal-Level Change 
Based on the results presented above it is clear that none of the paleotidal-level indi-

cators discussed above can individually distinguish the modern forest edge, high 
marsh, low marsh, and colonizing marsh settings. However, tree roots differentiate for-
est-edge from all marsh settings, and rooted mud differentiates colonizing marsh from 
barren tidal flat and established low marsh. Upcore transitions between these distinc-
tive environments permits quantitative evaluation of the amount of corresponding pa-
leosubmergence. Microfossil assemblages serve as independent tests of paleosub-
mergence in brackish water bays but are not used here for quantitative estimates of pa-
leosubsidence. Large variabilities of individual species abundances and total diatom 
abundances within same tidal-level settings (Barnett, 1997) indicate effects of biologi-
cal factors that are beyond the scope of this single-season sampling study. 

Transitions from forest edge to tidal flat or colonizing marsh are assumed to repre-
sent tidal-level changes in excess of 1.5 m (Table 3). This is a conservative limiting 
value as forest edge and tidal flat environments are unbounded (Table 1). For this rea-
son, such transitions are assigned tidal-level change values of 2±0.5 m (Table 4). Up-
section transitions from low marsh to forest edge or from colonizing marsh to high 
marsh are assigned tidal-level change estimates of 1±0.5 m. Upsection transitions of 
vertically adjacent environments, such as forest edge to high marsh, high marsh to low 
marsh, and low marsh to colonizing marsh, are problematic. Overlap of plant communi-
ties and inherent variability of associated environmental indicators (Tables 3 and 4) 
place these transitions below the limits of tidal-level change that are recognized in this 
study (±0.5 m) (Table 2). Such transitions are assigned tidal-level change estimates of 
0±0.5 m.  

Empirical evidence that about 0.5 m of submergence is needed to cause substantial 
lithologic change in marshes of freshwater and dilute-brackish estuaries is provided by 
several casual observations. Removal of dikes in Salmon, Siletz, and Alsea Bays dur-
ing the last decade effectively raised mean sea level by 10–40 cm in desic-
cated/compacted pasture lands. Measured relative subsidence of 20–30 cm has had 
little impact on recolonized plant assemblages or peat development, compared to ad-
jacent (unaltered) marshes in these bays. However, dike breaching in marshes with 
higher salinity in South Slough, Coos Bay, has caused hypersalinity and retarded plant 
recolonization there (Mike Graybill, pers. comm., 1993). 

Another measure of local marsh response to submergence is provided by small 
slump blocks (1–2 m2 in surface area) that have dropped (10–100 cm) into tidal chan-
nels of Netarts and Tillamook Bays. Nearly horizontal marsh blocks that have dropped 
some 10–30 cm below surrounding high-marsh surfaces show no substantial changes 
in plant assemblages or peat accumulation relative to the adjacent intact marsh. Large 
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amounts of subsidence (50–75 cm) have clearly retarded the apparent plant growth on 
the slumped marsh blocks. Low-marsh slump blocks have yet to be examined for their 
response to small amounts of subsidence in these Oregon bays. Additional macrofossil 
and microfossil analyses of the marsh slump blocks are warranted to rigorously estab-
lish the minimum subsidence that can be detected by the tidal-level indicators in Pacific 
Northwest estuaries. 

Macrofossil-Lithologic Categories of Paleotidal-Level Change 
Many of the wetland stratigraphic records from Oregon do not contain documentation 

of identified plant body parts. Plant fossils are decomposed beyond recognition in 
many of the older buried peaty horizons. As a result, tree roots, rooted mud (identified 
fossils), and relative peat development (lithology or LOI) are used to establish fossil-
lithologic categories of paleotidal level (Figure 3). Upsection stratigraphic changes that 
cross six fossil-lithologic categories are assumed to represent 2±0.5 m subsidence. 
Upsection changes that span only one or two categories are arbitrarily assigned 0±0.5 
m subsidence. All other transitions are assigned 1±0.5 m subsidence. 

There are two significant limitations to the use of these fossil-lithologic categories. 
Firstly, small amounts of subsidence, i.e., less than 0.5 m, might not result in significant 
changes of peat development. The requirement that stratigraphic sections cross three 
fossil-lithologic categories runs the risk of missing minor subsidence events. So, adja-
cent reference sites that show minor but consistent lithologic changes across two fossil-
lithologic categories (Figure 3) are qualitatively designated as possible submergence 
sites, i.e., 0±0.5 m (+). Secondly, colonizing marsh plant roots can grow to a depth of 
0.5 m subsurface. Paleosubsidence could be underestimated by 0.25–0.5 m based on 
the presence of colonizing plant roots descending down into initially barren "tidal flat" 
mud. This underestimation of paleosubsidence is most likely to occur in areas that ex-
perience rapid interseismic rebound relative to sedimentation rate (Guilbault and oth-
ers, 1995). 

Tests of Precision In Estimating Paleosubsidence 
An estimated resolution of tidal-level change is based on the observed elevation 

ranges of modern wetland settings, i.e., ±0.25 m about corresponding means (Table 2). 
Uncertainties in distinguishing between some vertically adjacent environments leads to 
the estimated paleosubsidence resolution of ±0.5 m (Table 4). To test the precision of 
paleotidal-level estimates based on the fossil-lithologic categories above, we analyzed 
previously published stratigraphic records from four localities. Paleosubsidence data 
were compiled for the ca. A.D. 1700 earthquake from small marshes at Willapa, 
Netarts, Siletz, and Alsea bays (Table 5). Ten core logs were analyzed for each of the 
Oregon bays, whereas tens of cutbank sites formed the data base for Willapa Bay 
(Brian Atwater, pers. comm., 1996). 

The analysis yields consistent interpretations of paleosubsidence at Willapa (=2±0.1 
m), Netarts(=0.9±0.2 m), and Alsea(=0.2±0.3 m), where the deviations from the mean 
are one standard deviation (Table 5). However, the Siletz Bay marshes show substan-
tial variability of estimated paleosubsidence (0.6±0.5 m). We infer that the split in pa-
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leosubsidence estimates at Siletz Bay reflects an actual paleosubsidence value near 
the 0.5 m cutoff. 

The tests of precision shown in Table 5 validate the estimated resolution of ±0.5 m 
when applied to the 0-m, 1-m and 2-m criteria cutoffs, for three out of the four localities. 
Therefore, paleosubsidence is reported to the nearest 1 m, i.e., 0±0.5 m, 1±0.5 m, and 
2±0.5 m. Averages of interpreted paleosubsidence from several sites at each locality 
can be used to reduce potential bias from the midpoint cutoff values, i.e., 0.5 and 1.5 m 
subsidence.  

The subsidence ranges above are established for tidal basins with mean tidal ranges 
(MTR) that fall within 2±0.5 m (see "Methods"). Tidal wetlands with lower MTR (1–1.5 
m) are designated as tidally restricted, and they are assigned subsidence values that 
are reduced by 0.5 m. In localities where MTR has not been established, a vertical 
separation between forest edge and colonizing marsh that falls under 1.5 m is used to 
identify the tidally restricted settings. 

Distribution Of Coastal Paleosubsidence Records 
Paleosubsidence data for 329 reference sites in coastal Oregon (Columbia River to 

Coquille River) are presented in the Appendix. Reference sites are located to the near-
est 10 m UTM coordinates as approximated from the original air photos and topog-
raphic maps (1:24,000 scale) marked in the field. Subsurface depth to the first buried 
wetland is listed, as are the number of possible subsidence events and the thickness of 
peaty deposits. 

The Oregon reference sites are distributed unevenly in 16 localities including the Co-
lumbia River, Youngs Bay, Neawanna, Cannon Beach, Tillamook, Netarts, Nestucca, 
Salmon, Siletz, Yaquina, Alsea, Siuslaw, Umpqua, Coos, Coquille, and Elk River (Ap-
pendix). All suitably long core logs from northern Oregon display evidence of episodic 
subsidence, as defined by two or more abrupt burial events in 1.5 m of peaty deposits 
(Briggs, 1994; Barnett, 1997). In contrast, some reference sites on the central and 
southern Oregon coast demonstrate continuous submergence, i.e., no abrupt subsi-
dence events recorded in the last one or two thousand years. 

Stratigraphic data have been published for southwest Washington localities, includ-
ing Copalis, Grays Harbor, Willapa Bay, and Columbia River (Atwater, 1988; Atwater, 
1992; Atwater and Hemphill-Haley, 1996). The southwest Washington sites consistently 
demonstrate evidence of episodic wetland burial. There are published core logs for 
Humboldt Bay in northern California (Vick, 1988; Clarke and Carver, 1992, Vallentine, 
1992, and Li, 1992) and from the Tofino and Ucluelet areas on Vancouver Island in Brit-
ish Columbia (Clague and Bobrowsky, 1994; Guilbault and others, 1995). The Hum-
boldt Bay localities include episodically subsided sites. Some sites in Humboldt Bay 
and Eel River delta show no abrupt subsidence for the most recent events, i.e., less 
than 1,000 RCYBP, indicating locally variable response to some earthquake events. 
The two localities from the west coast of Vancouver Island contain short intertidal re-
cords. However, one subsidence event assigned to the A.D. 1700 plate-boundary 
earthquake is consistently recorded at many sites at both Tofino and Ucluelet (Clague 
and Bobrowsky, 1994). 
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There are two major gaps in the distribution of coastal paleosubsidence localities: (1) 
northwest Washington and southwest coast of Vancouver Island and (2) the Oregon-
California border area between Coquille and Humboldt Bay (Figure 1). These two ar-
eas have little or no coastal plain and lack large tidal marshes. The two contiguous data 
gaps represent more than 50 percent of the coast in the northern and southern parts of 
the Cascadia margin. Tidally sensitive sites are absent at distances greater than 20 km 
inland from the coast in most of Oregon and northern California. This precludes investi-
gations of the maximum landward reach of coseismic paleosubsidence, based on tidal 
marsh stratigraphy. 

Estimated Paleosubsidence From the A.D. 1700 Event 
Paleosubsidence estimates for the most recent (A.D. 1700) great Cascadia earth-

quake at 100 reference sites are compiled in Table 6. Maximum values of 2±0.5 m are 
recorded in the southwest Washington localities. Because the maximum elevation 
range of the paleotidal-level indicators used here is 2±0.5 m, possible subsidence 
greater than 2.5 m is not addressed in this compilation. Estimated paleosubsidence 
drops to 1±0.5 m along the northern Oregon coast, and at Tofino-Ucluelet coastal areas 
on Vancouver Island. Little or no paleosubsidence (0±0.5 m) is estimated for some 
coastal sites in central Oregon. Subtle evidence of possible paleosubsidence, denoted 
by 0±0.5 m (+) in the data base, is found to be localized in bays of southern Oregon. 
Larger amounts of estimated subsidence (1±0.5 m) are also localized in prominent 
synclines and fault valleys of Coos and Humboldt Bays. 

Paleosubsidence associated with the A.D. 1700 event in central Vancouver Island 
drops from 1±0.5 m at the coast to 0±0.5 m at Port Alberni, about 60 km inland (Table 
6). West-east traverses of Grays Harbor, Washington, show a possible increase of 
subsidence, about 0.5 m, over west-to-east distances of 20–30 km. For the lower Co-
lumbia River valley the paleosubsidence estimates range from 0–1 m at the coast to 
about 1–2 m at a distance of about 15–20 km inland, to 0 m at a distance of 40–50 km 
inland (Table 6). Netarts and Tillamook Bay (Figure 1) which are separated by about 7 
km distance east-west, display similar amounts of paleosubsidence (1±0.5 m). Inland 
reference sites near Toledo (Yaquina Bay) and Karnowsky Creek (Siuslaw) show 0.5–1 
m greater subsidence than their seaward counterparts, located some 10–15 km to the 
west. 

Eleven reference sites in this compilation are denoted as tectonic subsidence sites 
(Table 6). Peaty sections at these sites overlie shallow bedrock or other compaction-
resistant substrata. Comparisons of the tectonic sites with other reference sites at the 
same localities show no consistent differences between the amounts of subsidence. 
Furthermore, 17 reference sites in south-central Oregon show no evidence of paleo-
subsidence greater than the 0.5 m cutoff during the widespread A.D. 1700 event. This 
suggests that coseismic settlement during this event was less than the resolution of pa-
leosubsidence estimates (±0.5 m) used here. 

Comparison of pre-A.D. 1700 Paleosubsidence Events  
Paleosubsidence estimates for presumed earthquakes from A.D. 1700 to 3,500 

RCYBP are compiled for nine bays in the central Cascadia margin (Table 7). Data are 
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currently insufficient to correlate the youngest 3–5 events within and between some of 
the bays. For this reason, the latest 3–5 recorded events are used for analysis, inde-
pendent of relative age. At reference sites where there is no evidence of abrupt subsi-
dence, an assumed number of events per core length is based on event records from 
nearby core sites (Appendix). 

Five of the bays have multiple burial records listed for a single site, in order from 
youngest (at top) to oldest (at bottom). All of the bays contain compilations of multiple 
burial records from several reference sites, yielding a composite reference site. About 
3–5 events from several individual sites are stacked to form the composite reference 
site. The composite reference sites are compiled to reduce bias from a single event or 
from a single reference site within each locality. The results of the compilations for both 
single and composite reference sites indicate substantial variability of estimated pa-
leosubsidence between different events. The largest variability is found in southwest 
Washington (0±0.5 to 2±0.5 m) and the least variability is found at the western ends of 
Siuslaw and Umpqua bays (0±0.5). 

By comparison to the longer periods of record the A.D. 1700 event is near the upper 
end of predicted paleosubsidence for Grays Harbor and Willapa Bay (Table 7). The 
A.D. 1700 event is generally representative of the middle range of paleosubsidence 
records for the northern Oregon coast, but it falls near the bottom of the predicted range 
for Alsea Bay and western Yaquina Bay. With the exception of Joe Ney and South 
Slough sites (Table 6) the A.D. 1700 event is generally not recorded in Coos Bay. 
Searches for the A.D. 1700 event have been hampered in several bays, e.g., Tilla-
mook, Coos, Coquille, and Elk, where rapid progradation of tributary bay-head deltas 
restricts the areal extent of subsidence-sensitive wetlands. Focused studies utilizing 
close-spaced coring traverses of the bay-head deltas are needed to better establish 
the possible evidence of the youngest prehistoric subsidence events in such settings. 

CONCLUSIONS 
(1) Plant macrofossils and relative peat development in tidal basin wetlands serve as 

tidal-level indicators that can establish paleotidal-level change to the nearest 0-, 1-, and 
2-m intervals in the Cascadia margin. Microfossil diatoms and forams independently 
confirm paleosubsidence events under appropriate environmental conditions. 

 
(2) A regional compilation of several hundred late Holocene stratigraphic sections 

from Oregon bays demonstrates consistent records of episodic subsidence in northern 
Oregon but a mix of either continuous submergence or localized episodic subsidence 
in the south-central Oregon bays. 

 
(3) Estimated paleosubsidence from the A.D. 1700 Cascadia plate-boundary earth-

quake varies from about 2 m in southwest Washington, to 0–1 m along the northern 
Oregon coast and central west coast of Vancouver Island, to 0 m on the central Oregon 
coast. Subsidence of 0–1 m is locally recorded in prominent fold axes and/or fault val-
leys of large bays in southern Oregon and northern California. Several bays in north and 
central Oregon demonstrate increasing subsidence (at least 0.5 m) with increasing dis-
tance inland from the coast.  
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(4) The estimated paleosubsidence for the A.D. 1700 earthquake is generally repre-

sentative of (1) the largest vertical-displacement events for southwest Washington, (2) 
middle events for the northern Oregon coast, and (3) middle to smallest events for 
some localities of the central and southern Oregon coast. 

 

ACKNOWLEDGMENTS 
Data in this report were obtained from more than a dozen different studies (cited in 

text) supported by Federal, State, and Provincial grants and contracts during the last 
decade. We thank Brian Atwater for supplying core logs from southwest Washington 
localities, and for his reviews of early versions of this report. Ian Madin reviewed the fi-
nal manuscript. This compilation was supported by grant no. NA36RG0451 (project no. 
R/CP–28) from the National Oceanic and Atmospheric Administration to the Oregon 
State University Sea Grant College Program and by appropriations made by the Ore-
gon State Legislature. The views expressed herein are those of the authors and do not 
necessarily reflect the views of NOAA or any of its subagencies. 

 

REFERENCES 
Atwater, B.F., 1987, Evidence for great Holocene earthquakes along the outer coast of 

Washington State: Science, v. 336, p. 942–944. 
———1988, Geologic studies for seismic zonation of the Puget lowland: U.S. Geologi-

cal Survey Open-File Report 88–16, p. 120–133. 
———1992, Geologic evidence for earthquakes during the past 2,000 years along the 

Copalis River, southern coastal Washington: Journal of Geophysical Research, v. 97, 
p. 1901–1919. 

———1994, Geology of Holocene liquefaction features along the lower Columbia River 
at Marsh, Brush, Hunting, and Wallace Islands, Oregon and Washington: U.S. Geo-
logical Survey Open-File Report 94–209, 64 p. 

Atwater, B.F., and Hemphill-Haley, E., 1996, Preliminary estimates of recurrence inter-
vals for great earthquakes of the past 3,500 years at northeastern Willapa Bay, 
Washington: U.S. Geological Survey Open File Report 96–001, 87 p. 

Atwater, B.F., Nelson, A.R., Clague, J.L., Carver, G.A., Yamaguchi, D.K., Bobrowsky, 
P.T., Bourgeois, J., Darienzo, M.E., Grant, W.C., Hemphill-Haley, E., Kelsey, H.M., 
Jacoby, G.C., Nishenko, S.P., Palmer, S.P., Peterson, C.D., and Reinhart, M.A., 
1995, Summary of coastal geologic evidence for past great earthquakes at the Cas-
cadia subduction zone: Earthquake Sprectra, v.11, p. 1–18. 

Atwater, B.F., Stuiver, M., and Yamaguchi, D.K., 1991, Radiocarbon test of earthquake 
magnitude at the Cascadia subduction zone: Nature, v. 353, p. 156–158. 

Baptista, A.M., Qi, M., and Meyers III, E.P., 1996, Siletz Bay: A pilot investigation of 
coastal inundation by Cascadia subduction zone tsunamis, in G.R. Priest, ed., Ex-
planation of mapping methods and use of the tsunami hazard map of the Siletz Bay 
area, Lincoln County, Oregon: Oregon Department of Geology and Mineral Industries 
Open File Report O–95–5, 24 p.  



 14 

Barnett, E.T., 1997, The potential for coastal flooding due to coseismic subsidence in 
the central Cascadia margin: Portland, Oreg., Portland State University master’s the-
sis, 144 p. 

Briggs, G.G., 1994, Coastal crossing of the elastic strain zero-isobase, Cascadia mar-
gin, south central Oregon coast: Portland, Oreg., Portland State University master’s 
thesis, 251 p. 

Briggs, G., and Peterson, C.D., 1993, Neotectonics of the central Cascadia margin as 
recorded in south-central Oregon coastal deposits: U.S. Geological Survey-National 
Earthquake Hazards Reduction Program, Final Report, 77 p. 

Carver, G., and Burke, R.B., 1989, Active convergent tectonics in northwestern Califor-
nia, in Aalto, K.R., and Harper, field trip leaders, Geologic evolution of the northern-
most Coast Ranges and western Klamath Mountains, California: Field Trip Guide-
book T308, 28th International Geologic Congress, p. 64–82. 

Carver, D.H., and Carver, G.A., 1996, Earthquake and thunder—Native oral histories of 
paleoseismicity along the southern Cascadia subduction zone: Geological Society of 
America, Abstracts with Programs, v. 28, no. 5, p. 54. 

Carver, G., Jayko, A.S., Valentine, D.W., and Li., W.H., 1994, Coastal uplift associated 
with the 1992 Cape Mendocino earthquake, northern California: Geology, v. 22, p. 
195–198. 

Carver, G.A., Peterson, C.D., Garrison, C.E., and Koehler, R., 1996, Paleotsunami evi-
dence of subduction earthquakes from northern California: Geological Society of 
America Programs with Abstracts, v. 28, no. 5, p. 55. 

Clague, J.J., and Bobrowsky, P.T., 1994, Evidence for a large earthquake and tsunami 
100–400 years ago on western Vancouver Island, British Columbia: Quaternary Re-
search, v. 41, p. 176–184. 

Clarke, S.H., Jr., and Carver, G.A., 1992, Late Holocene tectonics and paleoseismicity, 
southern Cascadia subduction zone: Science v. 255, p. 188–192. 

Darienzo, M.E., 1991, Late Holocene paleoseismicity along the northern Oregon coast: 
Portland, Oreg., Portland State University doctoral dissertation, 176 p. 

Darienzo, M.E., and Peterson, C.D., 1990, Episodic tectonic subsidence of late Holo-
cene salt marshes, northern Oregon central Cascadia margin: Tectonics, v. 9, p. 1–
22. 

———1995, Magnitude and frequency of subduction-zone earthquakes along the 
northern Oregon coast in the past 3,000 years: Oregon Geology, v. 57, p. 3–12. 

Doyle, D.L., 1996, Beach response to subsidence following a Cascadia subduction 
zone earthquake along the Washington-Oregon coast: Portland, Oreg., Portland 
State University master’s thesis, 113 p. 

Gallaway, P.J., Peterson, C.D., Watkins, A.M., Craig, S., and McLeod, B.L., 1992, Pa-
leotsunami runup at Cannon Beach, Oregon: Final Report to Clatsop County Sheriffs 
Office, Clatsop County, Oregon. 36 p. 

Geomatrix Consultants, Inc., 1995, Seismic Design Mapping, State of Oregon: Final 
Report to Oregon Department of Transportation, Salem Oregon., 245 p. 

Guilbault J.P., Clague, J.J., and, Lapointe, M., 1995, Amount of subsidence during a 
late Holocene earthquake—evidence from fossil tidal marsh foraminifera at Vancou-



 15 

ver Island, west coast of Canada: Paleogeography, Paleoclimatology, Paleoecology, 
v. 118, p. 49–71. 

Heaton, T.H., and Hartzell, S.H., 1986, Source characteristics of hypothetical subduc-
tion earthquakes in the northwestern United States: Bulletin of the Seismological So-
ciety of America, v. 76, p. 675–708. 

Hemphill-Haley, E., 1993, Taxonomy of recent and fossil (Holocene) diatoms (Bacil-
lariphyta) from northern Willapa Bay, Washington. U.S. Geological Survey Open-File 
Report 93–289. 

———1995, Intertidal diatoms from Willapa Bay, Washington: Application to studies of 
small-scale sea-level changes. Northwest Science, v. 69, p. 29–45. 

Hyndman, R.D., and Wang, K., 1995, The rupture zone of Cascadia great earthquakes 
from current deformation and the thermal regime: Journal of Geophysical Research, 
v. 100, p. 22133–22154. 

Jacoby, G., Carver, G.A., and Wagner, W., 1995, Trees and herbs killed by an earth-
quake 300 yr ago at Humboldt Bay, California: Geology, v. 23, p. 77–80. 

Jefferson, C.A., 1975, Plant communities and succession in Oregon coastal salt 
marshes: Corvallis, Oreg., Oregon State University doctoral dissertation, 192 p. 

Jennings, A.E., and Nelson, A.R., 1992, Foraminiferal assemblage zones in Oregon 
tidal marshes: Relation to marsh floral zones and sea level: Journal of Foraminiferal 
Research, v. 22, p. 13–29. 

Li, W.H., 1992, Late Holocene stratigraphy and paleoseismology in the lower Eel River 
valley, northern California: Arcata, Calif., Humboldt State University, master’s thesis, 
78 p. 

Merritts, D.J., 1996. The Mendocino triple junction: Active faults, episodic coastal 
emergence, and rapid uplift: Journal of Geophysical Research, v. 101, p. 6051–
6070. 

National Academy of Sciences, 1972, Seismology and geodesy, in The great Alaska 
earthquake of 1964: Washington D.C., National Academy of Sciences, p. 174–176. 

National Research Council, 1985, Liquefaction of soils during earthquakes: National 
Academy Press, Washington D.C., 240 p. 

Nelson, A.R., 1992, Holocene tidal-marsh stratigraphy in south-central Oregon—
evidence of localized sudden submergence in the Cascadia subduction zone, in 
Fletcher, C.P, and Wehmiller, J.F., eds., Quaternary coasts of the United States—
marine and lacustrine systems: SEPM Special Publication 48, p. 287–301. 

Nelson, A.R., Atwater, B.F., Bobrowsky, P.T., Bradley, L., Clague, J.J., Carver, G.A., 
Darienzo, M.E., Grant, W.C., Krueger, H.W., Sparks, R., Stafford, T.W., Jr., and 
Stuiver, M., 1995, Radiocarbon evidence for extensive plate-boundary rupture about 
300 years ago at the Cascadia subduction zone: Nature, v. 378, p. 371–374. 

Obermeier, S.F., 1995, Preliminary estimates of the strength of prehistoric shaking in 
the Columbia River valley and the southern half of coastal Washington, with emphasis 
for a Cascadia subduction zone earthquake about 300 years ago: U.S. Geological 
Survey Open-File Report 94–589. 34 p. 

Peterson, C.D., and Darienzo, M.E., 1996, Discrimination of flood, storm and tectonic 
subsidence events in coastal marsh records of Alsea Bay, central Cascadia margin, 
USA., in Rogers, A.M., T.J. Walsh, W.K. Kockelman, and G.R. Priest., eds., Assess-



 16 

ing Earthquake Hazards and Reducing Risk in the Pacific Northwest, Volume 1: U.S. 
Geological Survey Professional Paper 1560, p. 115–146. 

Peterson, C.D., Darienzo, M.E., Burns, S.F., Burris, W., 1993, Field trip guide to Cas-
cadia paleoseismic evidence along the northern Oregon coast: Evidence of subduc-
tion zone seismicity in the central Cascadia margin. Oregon Geology, v. 55, p. 99–
114. 

Peterson, C.D., Darienzo, M.E., Doyle, D., and Barnett, E., 1996, Evidence for coseis-
mic subsidence and tsunami deposition during the past 3,000 years at Siletz Bay, 
Oregon, in G.R. Priest, ed., Explanation of Mapping Methods and Use of the Tsu-
nami Hazard Map of the Siletz Bay Area, Lincoln City, Oregon, Oregon Department 
of Geology and Mineral Industries Open File Report 0–95–5, 25 p. 

Peterson, C.D., and Madin, I.P., 1997, Coseismic paleoliquefaction evidence in the 
central Cascadia margin, USA: Oregon Geology, v. 59, no. 3, p. 51–74. 

Peterson, C.D., and Priest, G.R., 1995, Preliminary reconnaissance of Cascadia pa-
leotsunami deposits in Yaquina Bay, Oregon: Oregon Geology, v. 57, p. 33–40. 

Plafker, G., 1972, The Alaskan earthquake of 1964 and Chilean earthquake of 1960, 
Implications for arc tectonics: Journal of Geophysical Research, v. 77, p. 901–925. 

Redfield, A.C., 1972, Development of a New England salt marsh: Ecological Mono-
graphs, v. 42, p. 201–237. 

Savage, J.C., 1983, A dislocation model of strain accumulation and release at a sub-
duction zone: Journal of Geophysical Research, v. 88, p. 4984–4996. 

Vallentine, D.W., 1992, Late Holocene stratigraphy as evidence for late Holocene pa-
leoseismicity of the southern Cascadia subduction zone: master’s thesis, Humboldt 
State University, Arcata, California, 99 p. 

Vick, G.S., 1988, Late Holocene paleoseismicity and relative sea level changes of the 
Mad River Slough, northern Humboldt Bay, California: master’s thesis, Humboldt 
State University, Arcata, California, 87 p. 

Whiting, M.C., and McIntire, C.D., 1985, An investigation of distributional patterns in the 
diatom flora of Netarts Bay, Oregon by correspondence analysis: Journal of Phycol-
ogy, v. 21, p. 655–661.  


























































