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a b s t r a c t

The peak fallout in 1963 of the radionuclide 137Cs has been used to date lake, reservoir, continental shelf,
and wetland sedimentary deposits. In wetlands such dating is used to project the ability of wetlands to
keep pace with sea level rise and develop strategies for mitigating carbon pollution using biological
carbon sequestration. Here we demonstrate that reliable 137Cs profiles are increasingly difficult to obtain
fromwetland soils. Among 58 soil cores recently collected from a range of wetland types and 137Cs fallout
densities across the United States, 25% contain no identifiable 137Cs peaks. Less than 40% of 137Cs ages are
consistent with 210Pb dating. We provide a new measure of 137Cs peak clarity (t) for our core dataset by
comparing the 50% interquartile range of data around the 137Cs peak for “ideal” cores profiles determined
using 137Cs fallout data to that of observed core profiles. Our results show that overall t is approximately
10 times greater for observed cores than ideal cores. The deterioration in the 137Cs peak has occurred due
to radionuclide decay, 137Cs migration in situ, which is ubiquitous in this study, and 137Cs amendments
from surface waters. Such deterioration likely extends to both Mexican and non-permafrost, Canadian
wetlands. We recommend continued use of 137Cs only if the full bound of dating uncertainty for both
137Cs and an additional method such as 210Pb is propagated into estimates of wetland vertical accretion
and carbon sequestration.

Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

137Cesium is a radionuclide (half-life¼ 30.17 years) whose
environmental presence is solely from nuclear fission, which
occurred mainly as a result of atmospheric nuclear weapons testing
(Krishnaswamy et al., 1971; Ritchie and McHenry, 1990). 137Cs at-
mospheric fallout first began in 1952± 2 years (Robbins, 1978),
with measurable global fallout occurring in 1954 (Ritchie and
McHenry, 1990). The first fallout peak was recorded in 1959 and
the second, in most geographic areas, was in 1963 (Hardy, 1971;
Ritchie et al., 1973). A third peak from the 1986 Chernobyl accident
occurred in Europe, particularly Scandinavia and the Baltic region,
but is largely absent from North America (Wang et al., 2017).

The two peak global fallout years, 1959 and 1963, were first used
in the early 1970s as single-event chronomarkers to determine
recent sedimentation rates in reservoirs, lakes, and marine

sediments (Krishnaswamy et al., 1971; Hardy, 1971; Robbins and
Edgington, 1972; Simpson et al., 1976; Ritchie and McHenry,
1990). By the late 1970s, the technique had also been applied to
coastal wetlands for the purpose of comparing vertical accretion
rates in marshes to loss of elevation in the tidal frame due to
relative sea-level rise (DeLaune et al., 1978). To date, this technique
has been used widely in coastal and terrestrial wetland systems to
estimate rates of vertical accretion (depth of organic and inorganic
matter deposition on the wetland surface, cm yr�1), inorganic
sedimentation (mass of inorganic sediment deposition per unit
time, g m2 yr�1), and carbon accumulation or sequestration (mass
of carbon-containing compounds accumulated on the wetland
surface per unit time or sequestered (stored) over a set period of
time, g C m2 yr�1) (Table 1). Early on, however, researchers noted
the potential for erroneous 137Cs profiles, which were attributed to
large increases in sand-sized particles, uptake by vegetation, bio-
logical activity, and/or diffusion of 137Cs (Ritchie and McHenry,
1990; DeLaune et al., 1978; Oldfield et al., 1979). Accordingly, it
has become common to corroborate 137Cs dating with an inde-
pendent dating method such as 210Pb and visa versa (Smith, 2001;
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