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Research Approach 

et al., 2014) and in 2011 in Japan (e.g., Minoura et al., 2001; Sawai et al.,
2012). Reconstruction of the history of tsunami inundation is often
based on identifying anomalous beds of overwash sand in low-energy
environments where they would not normally occur, such as salt- and
freshwater marshes, coastal lakes, and swales (e.g., Dawson et al.,
1996; Hemphill-Haley, 1996; Bourgeois et al., 1999; Bondevik, 2003;
Gelfenbaum and Jaffe, 2003; Kelsey et al., 2005; Garrett et al., 2013).

Recent storms in the Philippines (Haiyan in 2013), Australia (Yasi in
2011), Taiwan (Morakot in 2009), and the United States (Katrina in
2005, Sandy in 2012) highlighted the socio-economic and environmen-
tal repercussions of the largest events. The study of past storm activity,
bymeans of geological proxies (known as paleotempestology), seeks to
reconstruct and explain the geographical and temporal variability in
frequency and intensity of storms during past centuries to millennia
(e.g., Liu and Fearn, 1993, 2000; Nott, 2003; van de Plassche et al.,
2006; Donnelly and Woodruff, 2007; Toomey et al., 2013). Similar to
tsunami deposits, sediments deposited by storm surge are most
commonly recognized as anomalous sand layers washed over into
low-energy environments where “normal” conditions between storms
are characterized by deposition of organic and fine-grained sediments
(e.g., Liu and Fearn, 1993). At locations along the U.S. Atlantic coast
(Connecticut and New Jersey), repeated sequences of erosion and
rapid infilling of the resulting accommodation space have been
interpreted as a record of landfalling storm surges (e.g., van de
Plassche et al., 2006; Nikitina et al., 2014).

Some of the best reconstructions of land-level movements related
to earthquakes and coastal inundation from tsunamis and storms are
derived from diatoms, foraminifera, and pollen. Microfossils are used
as a proxy, because their assemblages reflect subtle changes in

environmental conditions (e.g., Murray, 2006). Species of diatoms and
foraminifera show distributions that correlate with tidal elevation
(e.g., Scott and Medioli, 1978, 1980; Zong and Horton, 1999; Horton
and Edwards, 2006) and, thus, are strong proxies of relative sea-level
change. Allochthonous marine assemblages within a terrestrial setting
are indicative of a short-lived, abrupt marine incursion from a tsunami
or storm. The species and taphonomic (e.g., surface condition) composi-
tion can be used to qualitatively estimate the origin of overwash
sediment, depth of scour, and distance of transport (e.g., Hawkes et al.,
2007; Pilarczyk and Reinhardt, 2012a; Tanaka et al., 2012). Here, we
summarize the growing body of information obtained from diatoms,
foraminifera and pollen as they apply to coastal environments. We
provide examples of reconstructions from marshes and intertidal
flats, salt ponds, nearshore and subtidal environments, lagoons and
sinkholes. We discuss the application of quantitative microfossil-based
techniques in producing records of earthquakes, and highlight advance-
ments and challenges in using microfossils as proxies for overwash
from tsunamis and storms.

2. Microfossils and coastal environments

Microfossils commonly occur in large numbers in coastal deposits,
and because of their small size (silt- to sand-size particles), make
it possible to acquire statistically significant populations with core
samples (Birks, 1995). High preservation potential in coastal sedi-
ments enables reconstructions that span several thousands of years
(e.g., Shennan et al., 2000). The use of microfossils as a proxy for marine
inundation in coastal sequences is particularly effective because of their
diverse ecological niches, which span the entire environmental gradient
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Northern Humboldt Bay Research 
Previous investigations: Vick, 1988; Clarke and 
Carver, 1992: Pritchard, 2004; & Valentine et al., 2012 

- How many large EQ’s over the past 2000yrs? 
 
1.   Refine the paleoseismic chronology 

 - 21 new AMS 14C dates and Bayesian age models 

2.   Assess spatial variability 
 - South Slough, Oregon <45m (Milker et al., 2016) 

 Validated transfer function 
•  Transplant experiment (Engelhart et al., 2013) 
•  Bandon Marsh (poster session tomorrow, Milker et. al., 

2017) 
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Mad River Stratigraphy 
•  Four peat-to-mud 

sequences 
 
•  Tight max. & min. 

AMS 14C dates 
for contact 3 

•  Limited extent of 
subsidence 
contact 4 

•  Relatively 
complicated 
stratigraphy 
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McDaniel Creek Stratigraphy 
•  Four 

subsidence 
contacts 

 
•  Soils for 

contacts 2&3 
have weak 
expressions 

•  Tight min. & 
max AMS 14C 
dates for 
contacts 2&4 
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Jacoby Creek Stratigraphy 
•  Three 

subsidence 
contacts 

•  No contact 2 

•  Relatively 
smaller site 
location 

 
•  Tight max. & 

min. dates for 
contact 4 
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Paleoseismic Chronology 

Calibrated years before present

D
en

si
ty

-  OxCal phase -  BchronBayesian Age Models:

•  Oxcal phase 
 - uses sample relative positions

•  Bchron 
- uses sample actual depth and 
models a sedimentation rate

EQ 1 
250 yr BP 

EQ 2 
870 +/- 56yr BP

EQ 3 
1125 +/- 82yr BP

EQ 4 
1600 +/- 51 yr BP



Synchronicity 

(format after Milker et. al., 2016) 

•  Each location has evidence 
for the CSZ AD 1700 
earthquake 

•  Tighter age control on the 
northern Humboldt Bay 
subsidence contacts 

 
•  Timing corresponds with 

single turbidite chronologies 



Lanphere Dunes 
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EQ4 Subsidence McDaniel Creek 
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Subsidence Estimates 
EQ 1  

 

250 yr BP 
 

0.29 +/- 0.24m 
0.48 +/- 0.24m 
0.22 +/- 0.24m 
0.23 +/- 0.24m 
0.13 +/- 0.24m 
0.37 +/- 0.24m 
0.33 +/- 0.24m 
0.62 +/- 0.24m 

------------------------ 
0.33m Average 

0.13 to 0.62  

EQ 2  
870 yr BP

0.38 +/- 0.24m
0.30 +/- 0.24m
0.50 +/- 0.24m
0.09 +/- 0.24m
0.38 +/- 0.24m

------------------------
0.33m Average

0.09 to .50

EQ 3  
 

1125 yr BP 
 

0.35 +/- 0.24m 
0.30 +/- 0.24m 
0.33 +/- 0.24m 
0.50 +/- 0.24m 
0.40 +/- 0.24m 

------------------------ 
0.37m Average 

0.30 to 0.50 

EQ 4  
 

1600 yr BP 
 

≥ 0.39 +/- 0.18m 
≥ 0.82 +/- 0.18m 
≥ 0.57 +/- 0.18m 
≥ 0.48 +/- 0.18m 

------------------------ 
≥0.64m 



Conclusions 
Four subsidence events: 

250 yr BP   0.33m +/- 0.24m 
870 yr BP   0.33m +/- 0.24m 
1125 yr BP  0.37m +/- 0.24m 
1600 yr BP       ≥0.64m  

 
Inter-site variability: 
Min - 0.22 m for the 1125 cal yr BP contact 
Max - 0.49 m for the AD 1700 contact.  
 
Intra-site variability: 
Min - 0.01 m - AD 1700 contact at McDaniel Creek. 
Max - 0.41 m - 870 yr BP contact at Mad River.  
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Subsidence Contact Context 

Subsidence Estimate Derivation 
 

•  above and below contact 
•  tsunami deposit 
•  mixing 
•  delayed response 
 
 
 

Traditionally one estimate has been 
considered acceptable for an area of 
interest 

Hawkes et al., 2010 


