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Sediment cores from 41 sites were collected from the Laurentian Great Lakes during 2010–2014, sectioned into
0.5–2.0 cm intervals, and the activities of 210Pb, 137Cs, and 226Ra were measured in the upper 25 to 40 cm of the
sediment column by gamma spectrometry. Sediment mass accumulation rates (dry mass) calculated from 210Pb
profiles range from0.006±0.001 to 0.59± 0.06 g cm−2 yr−1 and are similar to those reported in previous Great
Lakes sediment studies. Sediment mass accumulation rates decreased with increasing water depth. 210Pb-based
models in cores exhibiting favorable characteristics (i.e., those having the highest unsupported-210Pb activity at
the sediment-water interface, exponential decrease of unsupported-210Pb with increasing depth in sediment
cores, and a clear peak in 137Cs activity at some depth below the sediment-water interface) give calendar date
profiles that are largely concordant with themaximum 137Cs peak activity at 1963. Sediment focusing factors de-
rived from unsupported-210Pb inventories range from 0.09 to N5.34, and are well correlated with those derived
from 137Cs inventories that range from 0.07 to 4.04, demonstrating the ubiquitous occurrence of horizontal sed-
iment transport processes within the lakes. This more recent survey provides a Great Lakes-wide chronological
framework for comparing the depositional histories and inventories of a wide variety of persistent,
bioaccumulative and toxic pollutants that have been measured in the same sediment cores. This information
will be useful for resolving scientific and practical issues pertaining to the environmental quality and manage-
ment of contaminated sediments in the Laurentian Great Lakes ecosystem.

© 2018 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.
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Introduction

Sediments in large lakes are repositories of environmental change
and can provide chronological records of loadings for various sub-
stances that enter the lakes from atmospheric deposition and riverine
input (Astle et al., 1987; Carroll et al., 1999; Colman et al., 2002;
Johnson, 1984; Tylmann et al., 2016). For the Laurentian Great Lakes
of North America, such records are of particular interest when studying
pollutant loadings over the past ~150 years, as this period includes the
maximum human population growth and industrial activity in the re-
gion. Population and industrial activity are heterogeneously distributed
in the region, with major population centers in southwestern Lake
s City, Missouri, USA.

es Research. Published by Elsevier B
Michigan (Chicago-Milwaukee), western Lake Erie (Detroit-Toledo),
and western Lake Ontario (Toronto-Hamilton).

Watersheds of the Laurentian Great Lakeswere sculpted by repeated
glaciations of bedrock and sediment, which deposited glacial moraines
at the limits of the oscillating ice sheet, along with other glacial land-
forms in the southern portions of the lakes and surrounding landscapes
(Soller and Garrity, 2018). The lake shores consist of a mixture of bed-
rock cliffs, bluffs cut into glacial sediments, lacustrine plains and beach
ridges, and sandy beaches with large dunes (Chrzastowski and
Thompson, 1994; Johnston et al., 2012; Johnston et al., 2014; Karrow
and Calkin, 1985; Kincare and Larson, 2009; Larson and Schaetzl,
2001; Loope and Arbogast, 2000). Sources of sediment to the lakes in-
clude aerosol input, riverine input, bluff erosion and lake bottom ero-
sion, as well as biogenic particulates including silica, carbonates, and
organic matter formed within the lakes (Eadie et al., 2008). Variations
in bathymetry, water currents, and sediment supplies generally result
in inhomogeneous sedimentation patterns within the Great Lakes
(Bell and Eadie, 1983; Cahill, 1981; Eadie et al., 1990; Eadie et al.,
.V. All rights reserved.
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2008; Edgington and Robbins, 1990; Plattner et al., 2006; Waples et al.,
2005). Some locations within the lakes might have nearly continuous
deposition, whereas others are almost completely non-depositional.
Post-depositional events that can alter the chronological record include
sediment disturbances caused by large storms, sediment slumps, wind-
and thermally-driven currents, bioturbation, and anthropogenic activity
such as dredging (Hermanson and Christensen, 1991; Robbins, 1978;
Robbins, 1982; Robbins et al., 1978; White and Miller, 2008).

For determining rates of sediment mass accumulation in lakes, pre-
vious studies have employed methods based on measurements of
210Pb, a radioactive decay product in the 238U decay chain having a
half-life (t½) of 22.2 years (Goldberg, 1963; Krishnaswami et al., 1971;
Robbins, 1978; Appleby and Oldfield, 1978). Determination of recent
(b150 y) sediment mass accumulation rates commonly involves simple
models that are based on either of two fundamental assumptions about
accumulation of 210Pb in sediments: (1) the constant initial concentra-
tion (CIC) model, which assumes that the initial 210Pb concentration in
the deposited sediment is a constant, regardless of changes in the sedi-
ment accumulation rate; and (2) the constant rate of supply (CRS)
model, which assumes that the flux of 210Pb to the accumulating sedi-
ment is constant when averaged over a timescale of 100–200 years
(Robbins and Edgington, 1975). Assumptions and limitations of 210Pb-
based sedimentation models are discussed elsewhere (Robbins and
Herche, 1993; Smith, 2001; Kirchner, 2011; Mackenzie et al., 2011).
The sediment focusing factor (FF) measures sediment redistribution
caused by horizontal movement of sediment particles on the lake bot-
tom due to wind- and thermally-induced water currents, downslope
creep, and other causes (Edgington and Robbins, 1990). It is an impor-
tant parameter for calculating the fluxes of direct deposition of pollut-
ants from the water column to sediment at specified locations. It is
generally assumed that the pollutants of interest are sorbed to sediment
particles in a way that is analogous to the sorption of 210Pb and 137Cs.

This work is part of the Great Lakes Sediment Surveillance Program
(GLSSP), which examined depositional histories and inventories of per-
sistent, bioaccumulative and toxic pollutants in sediments. The radionu-
clide profiles measured in this work provided sediment mass
Fig. 1. Core locations and bathymetry
accumulation rates and focusing factors to allow reconstruction of the
temporal trends of pollutants deposited and sequestered in the Lauren-
tian Great Lakes sediments. Companion papers in this issue (Bonina
et al., 2018, this issue; Li et al., 2018, this issue) and a number of papers
published elsewhere (e.g., Codling et al., 2014, 2018a, 2018b; Guo et al.,
2017; Peng et al., 2016) have used the data from this study to establish
depositional histories of anthropogenic pollutants, and to distinguish
natural from anthropogenic sources of halogenated organics. The prin-
cipal objectives of this paper are to report the data of measured activi-
ties for radionuclides, to examine the spatial patterns of sediment
mass accumulation rates and focusing factors, and to explore synoptic
relationships of the key measured and derived variables. The data set
presented here provides a new baseline for future studies of sedimenta-
tion in the Laurentian Great Lakes.

Methods

Sample collection and preparation

A total of 41 sediment cores were collected in 2010–2014 from the
five Laurentian Great Lakes aboard the EPA research vessel R.V. Lake
Guardian. Coring locations (Fig. 1) were selected from open-lake sta-
tions used for regular EPA water-quality monitoring surveys, at sites
considered likely to have experienced continuous sediment accumula-
tion based on available information from previous studies. A box-corer
and an Ekman-corer were used initially during sampling on Lake Mich-
igan in 2010. The collecting area of the box-corer was 30 cm × 30 cm,
with a maximum depth of 90 cm. Four polycarbonate core tubes
(10 cm o.d., 9.5 cm i.d. and 59.6 cm long) were carefully inserted into
the sediment collected in the box. The tubes were capped on top, and
a polyethylene puckwith two o-ring seals was inserted into the bottom
opening of each tube. The tubes were pulled upwards from the bottom
with a custom-made L-shaped metal puller. During sampling of Lakes
Michigan, Superior, Huron, Erie, and Ontario in 2011–2014, a multi-
corer MC400 (Ocean Instrument, San Diego, CA) was used to collect
four subcores in each deployment. The individual core tubes were
of the Great Lakes (NOAA, 2018).

Image of Fig. 1
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made of the samematerial and had the same dimension as used in 2010
with the box-corer. At each site, the corer was deployed at least twice,
resulting in at least eight subcores. Care was taken to maintain the ver-
tical position of the cores and avoid any disturbance of the sediment in
the coring tubes. Accidentally disturbed cores were discarded.

As soon as the corer was brought to deck, the GLSSP team leader
on duty visually inspected the cores and a decision was made on
whether to accept the retrieved cores, using the following criteria:
(i) for sites in depositional zones, the difference in sediment depth
from the same site was b5 cm, and the visual appearance was sim-
ilar among cores. Exceptions could be made for sites on slopes, near
lake inlets/outlets, or with benthic animals (e.g. mussels); (ii) the
depth of overlying water (the distance from top of the tubes to
the sediment-water interface) was no b12 cm, in order to ensure
proper handling during core sectioning; and (iii) no sign of sedi-
ment disturbance, thus the sediment-water interface was clear
with no significant suspension of sediment particles in the overlay-
ing water.
Fig. 2.Cumulative drymass (g cm−2) vs. log activities of 137Cs, total-210Pb, and unsupported-210P
accumulation rates (g cm−2 yr−1) as determined from the best-fit CRS or CIC models, and valu
At each coring site, five to seven cores at each location were ac-
cepted, extruded, and sectioned in the General Laboratory of the ship,
using hydraulic extruders. Due to the beveled upper opening of the
polycarbonate tubes, a specially designed extension tube (“collar”)
was secured on the top of the tube to prevent the widening of core seg-
ment when it came up to surface. To minimize the “smearing” effect
that could cause lower chronological resolution (Chant and Cornett,
1991), a stainless-steel trimmerwasused to trimoff a 2-mmrind of sed-
iment that touched the coring tube. This was done for all core segments
except the top layers that were generally too watery to cut. Cutting was
performed using stainless-steel scrapers, and sample material was
transferred carefully into Pyrex mixing bowls, without losing sediment
particles or water.

Sectioning schemeswere designed considering the targeted chrono-
logical resolution (≤5 yr), length of core sufficient to reach sediments
deposited back to at least 1900 CE, mass of each section sufficient for
various laboratory analyses, and feasibility of handling. Same-depth sec-
tions from all of the subcores from a single site were homogenized in
b in Lake Superior sediment cores. Also shown are values of apparentmean sedimentmass
es of FFPb and FFCs.

Image of Fig. 2
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Pyrex bowls with stainless steel spoons, and distributed into six con-
tainers for analysis in different laboratories. Dry bulk density was calcu-
lated from weight loss of a known mass and volume of wet,
homogenized sediment after heating at 105 °C for 48 h as described
by Buckley et al. (2004). Water contents of core-top sediments ranged
from 66 to 95 wt%, and increased to 40 to 81 wt% at the maximum
Fig. 3. Cumulative dry mass (g cm−2) vs. log activities of 137Cs, total-210Pb, and unsupported-2

mass accumulation rates (g cm−2 yr−1) as determined from the best-fit CRS or CIC models, an
core depths (25 to 50 cm). Sample aliquots used for radionuclide analy-
seswere frozen shipboard, and later freeze-dried and pulverized using a
mortar and pestle. Samples were then placed into pre-weighed poly-
propylene vials of two types: 1.0 cm diameter, 4 cm length (first three
measured cores only) and 1.5 cm diameter, 5.7 cm length, polypropyl-
ene “Omni-vials” (all other cores) and lightly packed by tapping.
10Pb in Lake Michigan sediment cores. Also shown are values of apparent mean sediment
d values of FFPb and FFCs.

Image of Fig. 3
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Heights and weights of samples in each vial were measured prior to
quantification of radionuclide activities by use of gamma spectrometry.
As part of sampling quality control, additional corer deployments were
made at two convenient locations where time was available for more
sampling (ER15 andON30). The same-depth segments from the four in-
dividual sub-cores from these deployments were not combined, but in-
dividually packed, characterized, and dated, in order to assess the
difference among the sub-cores in a single multi-corer deployment.
The results for each of the sub-coreswere comparedwith the composite
samples from these two stations, to evaluate whether combining sub-
cores caused any sampling bias or loss of temporal resolution.

Quantification of radionuclides

Three high-purity Ge gamma spectrometers (2 Model GWL-170-
15-LB-AWT with 15-mm well diameter, and 1 model GWL-170-10-
LB-AWT with 10 mm well diameter, EG&G Ortec, Ametek, Inc.)
were used to measure gamma emissions. Radionuclide photopeaks
Fig. 4. Cumulative dry mass (g cm−2) vs. log activities of 137Cs, total-210Pb, and unsupported-210

accumulation rates (g cm−2 yr−1) as determined from the best-fit CRS or CIC models, and valu
quantified in this study were 210Pb (46.5 keV), 137Cs (661.6 keV)
and 226Ra (186.2 keV). Gamma spectrometers were calibrated
using efficiency equations based onmeasurements of certified radio-
nuclide standards, including DL-1A (Reference Uranium-Thorium
Ore, Canada Centre for Mineral and Energy Technology, Ontario,
Canada) for 210Pb and other U- and Th-series radionuclides, and
NIST 4357 (Standard Reference Material 4357, National Institute of
Standards and Technology, Gaithersburg, Maryland, USA) for 137Cs,
adjusted for decay from the date of certification. Specific activities
and one sigma counting errors were calculated using standard
counting techniques (Mook, 2001) and are reported in becquerels
per kilogram dry mass (Bq/kg). Reported activities were corrected
for detector background and decay from time of sampling to the
starting time of the gamma spectrometry measurement. Limits of
quantification for radionuclides were defined as three times the
standard deviation of the background under the peak used for the ac-
tivity quantification, and values less than the limit of quantification
are not reported.
Pb in Lake Huron sediment cores. Also shown are values of apparentmean sediment mass
es of FFPb and FFCs.

Image of Fig. 4
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Calculation of sedimentmass accumulation rate, focusing factor, and calen-
dar year of deposition

The approachwas to apply simple 210Pbmodels uniformly to all sed-
iment cores to obtain net apparent mean sediment mass accumulation
rates, and to validate these models using the anthropogenic radionu-
clide 137Cs (t½=30.08 years) as an independent constraint on sediment
age at the 1963 horizon that marks the global maximum deposition of
137Cs from above-ground nuclear weapons tests. Independent valida-
tion of 210Pb model ages is critical for accurate assignment of calendar
year dates to specific sediment horizons (Kirchner, 2011; Robbins and
Edgington, 1975; Smith, 2001).

According to the CIC and CRSmodels, site-specific sedimentmass ac-
cumulation rates were derived from the slopes of least-squares linear
regressions of ln C0/Cz and ln A0/Az, respectively, versus cumulative sed-
iment dry mass. CIC variables C0 and Cz are the 210Pb activity, and the
CRS variables A0 and Az are the cumulative 210Pb activity, in the sedi-
ment surface segment (subscript 0) and below a particular depth z, re-
spectively. The sediment mass accumulation rate was then estimated
from the slope of the linear regression (Eq. (1)).

Sediment mass accumulation rate gcm−2 yr−1� � ¼ Slope� γ ð1Þ

where λ=(ln 2) / half life of 210Pb= 0.693 / 22.26 yr = 0.3114 yr−1 is
the radioactive decay constant of 210Pb.

Both the CIC and CRS models were used in this study. Supported
210Pb values (for cores reaching the depthwhere unsupported-210Pb ac-
tivity was undetectable) were calculated as themean value (±standard
deviation) of total-210Pb activity for the deepest 4 to 10 sections of the
core, where activities of total-210Pb were approximately constant with
depth. Unsupported-210Pb was then obtained for each core section by
Fig. 5. Cumulative dry mass (g cm−2) vs. log activities of 137Cs, total-210Pb, and unsupported-2

accumulation rates (g cm−2 yr−1) as determined from the best-fit CRS or CIC models, and valu
subtracting this value for supported-210Pb activity from the measured
value of total-210Pb. Most cores gave statistically better results using
CRS models, and showed good agreement between the depth of the
137Cs peak (~1963) and the corresponding deposition year calculated
from the CRS (or CIC) model by use of 210Pb. Although most cores
reached a depth where unsupported-210Pb activity was less than the
limit of quantification, which is a necessary condition for application
of the CRS model, there were a number of exceptions at locations
where coring depth did not reach this depth. These exceptions were
in Lake Huron (H001 and H012), Lake Erie (ER09, ER15, ER37, and
ER73), and Lake Ontario (ON06). At these locations of relatively rapid
sedimentation, core depths did not reach the 137Cs peak nor did
unsupported-210Pb reach undetectable levels, so themean 226Ra activity
in the corewas used as a proxy for supported 210Pb. Thiswas justified by
the relatively constant values of 226Ra activity with depth in each of
these cores, but bears the caveat that 222Rn mobility within the sedi-
ments might have caused some 210Pb\\226Ra disequilibrium as ob-
served by Thomson et al. (1975) and Robbins et al. (1978).

The focusing factor obtained from the unsupported-210Pb (FFPb) in-
ventory at each sampling location was calculated as the ratio of the cu-
mulative unsupported-210Pb activity to that expected from the regional
atmospheric input, which was reported as 15.5 pCi cm−2 (=
0.573 Bq cm−2) for the Great Lakes region (Simcik et al., 1996; Urban
et al., 1990). The focusing factor obtained from the 137Cs (FFCs) inven-
tory was similarly calculated using the atmospheric input values of
137Cs from Robbins (1985). In cores that were not sufficiently deep to
reach zero unsupported-210Pb activity or zero 137Cs activity, owing to
relatively high sedimentation rates, FFPb and FFCs values are reported
as lower limits. We realize that the 210Pb deposition flux to the lake de-
pends on precipitation amounts and therefore at a given location these
might vary substantially on an annual basis (Baskaran andNaidu, 1995).
10Pb in Lake Erie sediment cores. Also shown are values of apparent mean sediment mass
es of FFPb and FFCs.

Image of Fig. 5


699M. Corcoran et al. / Journal of Great Lakes Research 44 (2018) 693–704
Thus, we consider the FF values to represent approximations that de-
pend on the specific value assumed for the annual 210Pb deposition flux.

The calendar date of deposition and its error calculated for each core
section is based on the 95% upper and lower confidence limits of the
slope the corresponding CRS or CIC regression. The 95% confidence
limits for the slope are calculated (Eqs. (2) and (3)) (Sokal and Rohlf,
1981):

L95 ¼ slopeð Þ−t 0:05;dfð Þ � se ð2Þ

U95 ¼ slopeð Þ þ t 0:05;dfð Þ � se ð3Þ

where, L95 and U95 = Lower and Upper 95% confidence limits, re-
spectively, on slope; df = degrees of freedom for the t-test, calcu-
lated as (n − 2); n = number of sections used in the regression; t
(0.05,df) = t-distribution for the 95% confidence limit and the specific
df; and se = standard error of the slope.
Fig. 6. Cumulative drymass (g cm−2) vs. log activities of 137Cs, total-210Pb, and unsupported-210

accumulation rates (g cm−2 yr−1) as determined from the best-fit CRS or CIC models, and valu
Results and discussion

Profiles of radionuclides in the sediment cores collected during this
study from Lakes Superior, Michigan, Huron, Erie, and Ontario are
portrayed in Figs. 2-6, respectively. A summary of the results of this
study, including selected datingmodels, sedimentationmass accumula-
tion rates with errors, and sediment focusing factors from both 210Pb
and 137Cs inventories is given in Table 1. Complete analytical data for
all core profiles, including dry bulk densities, radionuclide activities
(137Cs, 226Ra, total 210Pb, unsupported-210Pb), and calculated calendar
date profiles, are included with the Electronic Supplementary Material
(ESM, Table S1). Data for comparisons of composite cores with individ-
ual subcores from ER15 and ON30 are also included with the ESM
(Figs. S1 and S2). Additional figures provided in ESM include CRS and
CIC regression plots and calendar date profile plots (Figs. S3–S12).

210Pb activities

The highest measured activity of 210Pb for each site was observed in
the top section of each core, at the sediment-water interface (with one
Pb in Lake Ontario sediment cores. Also shown are values of apparentmean sedimentmass
es of FFPb and FFCs.

Image of Fig. 6
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exception, S022). The range of unsupported-210Pb activities in the top
sections of the sediment cores was from 146 to 2150 Bq/kg.
Unsupported-210Pb activity generally decreased exponentially with
depth to reach an undetectable level (~10 to 20 Bq/kg) which occurred
within the sampled depth range of most cores, except those having rel-
atively high (N0.15 g cm−2 yr−1) sediment mass accumulation rate
(H001, ER09, ER15, and ON06) (Figs. 2-6). For most cores, the results
were sufficient to allow determination of sediment mass accumulation
rates by use of unsupported-210Pb profiles. In contrast to the relatively
large range of unsupported-210Pb activities observed in the top sections
of cores (146 to 2150 Bq/kg), the supported-210Pb activities based on a
summary of those derived by use of the 210Pb dating models had a rel-
atively small range of mean ± standard deviation, at 47.7 ± 8.1 Bq/kg
(n=9) in Lake Superior, 74.8 ± 22.3 Bq/kg (n=10) in Lake Michigan,
54.7 ± 13.1 Bq/kg (n = 9) in Lake Huron, 50.5 ± 6.3 Bq/kg (n = 6) in
Lake Erie, and 67.4 ± 14.7 Bq/kg (n = 7) in Lake Ontario.

137Cs activities

Profiles of 137Cs activity in most cores had well-defined maxima,
with relatively high activities occurring from the surface to the depth
of the peak activity, followed by a steep decrease in activity with
depth (Figs. 2-6). The depth of the 137Cs peak (where present) gave a
Table 1
Core locations, depths, sediment mass accumulation rates and focusing factors.

Core Lat Long Water Depth, m

S001MC 46.9930 −85.1612 95
S002MC 47.3603 −85.6208 154
S008MC 47.6058 −86.8177 301
S011MC 48.3438 −87.8250 230
S012MC 47.8553 −88.0418 238
S016MC 47.6212 −89.4633 180
S019MC 47.3703 −90.8535 188
S022MC (0–3.5 cm) 46.8002 −91.7508 54
S022MC (3.5–25 cm) 46.8002 −91.7508 54
S114MC 46.9095 −86.5980 398
M008EC 41.9842 −87.0142 66
M009BC 42.3850 −86.5915 62
M011BC 42.5283 −86.9220 164
M018BC 42.7338 −86.9995 165
M024BC 43.4830 −87.4882 150
M028MC 43.8000 −86.8005 133
M032BC 44.3715 −86.9333 257
M041MC 44.7367 −86.7213 266
M047BC 45.1783 −86.3745 200
M050BC (0–7 cm) 45.1165 −87.4165 33
M050BC (7–28 cm) 45.1165 −87.4165 33
H001MC 43.9374 −83.6142 13
H006MC (0–10 cm) 43.5265 −82.0185 62
H006MC (10–14 cm) 43.5265 −82.0185 62
H012MC 43.9007 −82.1130 99
H032MC 44.3542 −82.3596 94
H037MC 44.7619 −82.7836 76
H038MC 44.7507 −82.2024 166
H048MC 45.2614 −82.5912 183
H061MC 45.7498 −83.9164 122
H095MC 44.3328 −82.8326 70
ER09MC 42.5387 −79.6163 51
ER15MC 42.5171 −79.8930 65
ER37MC 42.1097 −81.5748 25
ER73MC 41.9778 −81.7571 25
ER78MC 42.1168 −81.2501 24
ER92MC 41.9506 −82.6867 12
ON02MC 43.3713 −79.3533 101
ON06MC 43.3360 −79.0700 69
ON13MC 43.5414 −78.3143 181
ON17MC 43.5902 −78.0111 183
ON25MC 43.4180 −77.3762 200
ON30MC 43.5429 −76.9066 220
ON36MC 44.0780 −76.4125 26

na - not applicable.
a Errors on mass accumulation rates are 95% confidence limits.
1963 reference horizon for validation of calendar dates obtained from
210Pb model regressions. Several cores from locations having relatively
high sedimentation rates exhibited gradually increasing activities of
137Cs activity as a function of depth, but exhibited no clear maxima
(H001, ER09, ER15, and ON06), which indicated that the 1963 reference
horizon might not have been reached at total core depth. In other cores
from Lake Superior (S001, S002, S008, S016, S114) and Lake Huron
(H037, H038), the highest 137Cs activities were found in the top sec-
tions. These cores also had relatively low values of FFCs (ranging from
0.07 to 0.77) and FFPb (ranging from 0.09 to 1.01), indicating net loss
of deposited sediment by horizontal sediment transport processes
(Edgington and Robbins, 1990).

To use 137Cs profiles to validate calendar dates predicted by models
based on 210Pb requires confidence that the peak 137Cs activity has
remained at a fixed horizonwithin the core. High 137Cs activities in sur-
ficial sediments as well as broadened 137Cs peaks at depth have been
widely reported, which may indicate considerable 137Cs mobility by
horizontal transport of sediments, biologicalmixing, and pore-scale ver-
tical migration (Abril and Gharbi, 2012; Davis et al., 1984; Guinasso and
Schink, 1975; Klaminder et al., 2012; Robbins, 1986; Robbins et al.,
1977). Somemodels predict that the 137Cs peak could move downward
within the sediment column (Crusius et al., 2004; Crusius and Kenna,
2007; Robbins, 1986; Robbins and Edgington, 1975; Smith et al.,
Model MAR, g cm−2y−1a 210Pb FF 137Cs FF

na na 0.09 0.07
CRS 0.007 ± 0.001 0.82 0.49
CRS 0.007 ± 0.001 0.76 0.57
CRS 0.015 ± 0.001 2.45 1.72
CRS 0.010 ± 0.001 1.84 1.32
CRS 0.007 ± 0.001 1.01 0.77
CRS 0.009 ± 0.001 0.62 0.39
CRS 0.017 ± 0.002 0.60 0.56
CRS 0.025 ± 0.004
na na 0.63 0.28
CRS 0.021 ± 0.003 2.58 1.14
CRS 0.065 ± 0.005 2.20 3.12
CIC 0.041 ± 0.005 2.76 2.84
CRS 0.018 ± 0.002 1.52 1.37
CRS 0.019 ± 0.001 1.98 1.78
na na 0.30 0.16
CRS 0.018 ± 0.002 2.09 1.18
CRS 0.022 ± 0.003 2.11 1.31
CRS 0.031 ± 0.002 2.64 1.54
CRS 0.043 ± 0.003 2.85 N1.48
CRS 0.020 ± 0.003
CIC 0.155 ± 0.020 N3.24 N2.86
CRS 0.032 ± 0.003 2.17 2.49
CRS 0.008 ± 0.003
CIC 0.057 ± 0.005 N3.49 4.04
CRS 0.044 ± 0.003 3.16 3.54
na na 0.87 0.49
CRS 0.009 ± 0.002 0.89 0.51
CRS 0.017 ± 0.003 1.60 1.83
CRS 0.006 ± 0.001 0.60 0.52
CRS 0.014 ± 0.003 1.13 0.79
CIC 0.452 ± 0.063 N5.34 N1.59
CIC 0.591 ± 0.123 N4.67 N1.41
CIC 0.141 ± 0.015 N3.63 1.89
CIC 0.155 ± 0.021 N3.44 2.86
CIC 0.090 ± 0.010 1.80 1.00
CIC 0.205 ± 0.033 2.28 1.71
CRS 0.018 ± 0.001 0.92 0.70
CIC 0.237 ± 0.028 N3.50 N1.62
CRS 0.018 ± 0.003 1.11 1.08
CRS 0.032 ± 0.002 1.36 1.36
CRS 0.026 ± 0.002 1.44 1.10
CRS 0.025 ± 0.002 1.37 1.11
CRS 0.033 ± 0.007 1.65 2.22



Fig. 8. Sediment dry mass accumulation rates (g cm−2 yr−1) vs. water depth (m) for
sediment cores measured in this study.

Fig. 7. Lake-by-lake comparison of the sediment dry mass accumulation rates
(g cm−2 yr−1) obtained in this study. Outliers having anomalously high rates are labeled.
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2009). A study of varved sediments from a location in northern Sweden
that was sampled multiple times before and after the 1986 Chernobyl
accident showed that the location of the 137Cs maximum in the sedi-
ment core remained fixed despite apparent diffusive relaxation of the
peak (Klaminder et al., 2012). In the present study, there is evidence
for diffusive relaxation of the 137Cs peak, because the onset of the hori-
zon for 137Cs predated 1951 in some of the cores (ESM Tables S1–S5).
Apparent early appearance of 137Cs in dated sediment profiles has also
been observed in other studies, and this phenomenon has been attrib-
uted to downward diffusion of 137Cs (Appleby, 2001; Davis et al.,
1984) or downward advection of fine particles with sorbed 137Cs
(Abril and Gharbi, 2012).

Sediment mass accumulation rates

A comparison of the sedimentmass accumulation rates among lakes
demonstrated that four of the 41 cores were not suitable for estimating
such rates, and these all had low (≤1.0) FFPb and FFCs values (Fig. 7).
Three of the cores were clearly best-fit by two-slope CRS models
(S022, M050, and H006). Rates of sediment mass accumulation in all
other cores were satisfactorily fitted by either a one-slope CRS or CIC
model. All regressions obtained by use of the CRSmodel had coefficients
of determination (R2) values ≥0.89, while all regressions for CIC models
had R2 values ≥0.84 (ESM Figs. S3–S7). Profiles of 137Cs activities were
used to provide independent validation of the calendar year age profiles
obtained from the 210Pb models. The model used to estimate calendar
year age profiles was defined as the one that best agreed with the
depth associated with the maximum 137Cs activity defined to be
~1963 (Kirchner, 2011; Robbins and Edgington, 1975). Nineteen of the
41 regressions of unsupported-210Pb yielded calendar date profiles
that agreed with that determined by the maximum 137Cs activity. The
date of deposition determined to be 1963 by use of 210Pb was always
near to that predicted to be the 1963 maximum activity observed for
137Cs. If not in the same segment of the core, it was in an immediately
adjacent section. Of the 22 cores for which such agreement was not ob-
tained, nine had maximum 137Cs activities at the top of the core as well
as relatively low (≤1.0) FFPb and FFCs values, and four cores did not ap-
pear to have reached the depth of the 137Cs peak at the bottom of the
core. In those cores not yielding agreement between 137Cs maxima
and 210Pb-based calendar dates of ~1963, most yielded apparently rea-
sonable sediment mass accumulation rates.

Calendar dates and concentrations of persistent organochlorine pol-
lutants such as PCBswere also comparedwith knownhistories of indus-
trial production for polychlorinated biphenyls and other legacy
pollutants (e.g., Li et al., 2018, this issue). For example, in the core
from site M050 in Green Bay, Lake Michigan, the 210Pb activity profile
is noticeably discontinuous (Fig. 3). Applications of the 2-slope CRS
model, separately to the upper 0–7 cm and below 7 cm core segments,
yielded calendar dates of 1920–1937 for the onset of PCB deposition and
1969 for the peak of PCB deposition in the sediment. These timings are
in agreement with the history of PCB production and its deposition his-
tory for the Lower Fox River, Wisconsin, and Lake Michigan (ATSDR,
2006; Durfee, 1976; Golden et al., 1993).

Sediment mass accumulation rates derived from 210Pb models
ranged from 0.007 to 0.065 g cm−2 y−1 in Lakes Superior, Michigan,
Huron and Ontario, except for the outliers from sites H001
(0.155 g cm−2 yr−1) and ON06 (0.237 g cm−2 yr−1) which are located
proximal to the outlets of the Saginaw and Niagara Rivers, respectively.
Relatively high sedimentmass accumulation rates in Lakes Superior and
Michigan were also associated with outlets of the St. Louis River at Du-
luth, MN at site S022 (0.025 g cm−2 yr−1) and the Fox River at Green
Bay, WI at site M050 (0.043 g cm−2 yr−1), as well as a region of sedi-
ment accumulation in southeastern Lake Michigan offshore near the
outlet of the St. Joseph River at site M009 (0.065 g cm−2 yr−1). The
high sedimentation rates near the outlets of the St. Louis and St. Joseph
Rivers are largely fed by erosion of lake bluffs inWisconsin, which is the
largest source of sediment to both Lakes Superior and Michigan
(Edgington and Robbins, 1990; Kemp et al., 1978). Lake Erie has much
higher sediment mass accumulation rates (ranging from 0.090 to
0.591 g cm−2 yr−1) than the other lakes, especially in its Eastern
Basin. Relatively high sediment mass accumulation rates in Green Bay
and in the basins of Lake Erie may be partly due to enhanced preserva-
tion of sedimentary organic matter under conditions of persistent hyp-
oxia in these locations (Paytan et al., 2017).

Sedimentmass accumulation rates in depositional basins of the Lau-
rentian Great Lakes are apparently related to the depth of thewater col-
umn; a power-law relationship describes this relationship, where log of
the rate of sediment mass accumulation is inversely proportional to log
of water depth (Fig. 8). A similar relationship occurs between the
unsupported-210Pb activity measured in the top section of each sedi-
ment core and the sedimentmass accumulation rate at the core location
(Fig. 9). This is due to the lesser flux of deposition of sediments in
deeper portions of the lakes, and thus a concomitantly greater loading
of unsupported-210Pb onto available surfaces of particles. Where sedi-
ment mass accumulation rate is higher, the unsupported-210Pb is di-
luted with material having lower specific activity of

Image of Fig. 8
Image of Fig. 7


Fig. 10. FFCs vs. FFPb values and a least-squares linear regression indicates that the ratio of
FFCs/FFPb is ~0.82, with values diverging at FF values N1.5.

Fig. 9. Unsupported-210Pb activity (Bq/kg) measured in the top section of each sediment
core vs. sediment dry mass accumulation rate (g cm−2 yr−1).
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unsupported-210Pb. For example, sediments eroded from lake bluffs
typically have negligible amounts of unsupported-210Pb. The overall
trend in sediment mass accumulation rates, from lowest rates in Lake
Superior to highest rates in Lake Erie, is roughly consistent with the ra-
tios of lake catchment areas (km2) to lake surface areas (km2); these ra-
tios increase in the following order: Superior (1.86), Michigan (2.04),
Huron (2.25), Erie (3.04), and Ontario (3.37). Sedimentmass accumula-
tion rates determined in this study agree well overall with previously
reported rates (Bruland et al., 1975; Robbins and Edgington, 1975;
Robbins et al., 1977; Robbins et al., 1978; Evans et al., 1981;
Hermanson and Christensen, 1991; Johnson et al., 2012; Klump et al.,
1989; O'Beirne et al., 2017).

Some of the measured 210Pb profiles from this study have a
steepening-upward slope in the top several cm of the core, including
several in Lake Superior and about half of those in Lake Michigan. This
may indicate local biological mixing (Crusius et al., 2004; Guinasso
and Schink, 1975; Robbins and Edgington, 1975; Robbins, 1978;
Robbins et al., 1977, 1979). Most of our 210Pb profiles do not show this
effect, including all of the Huron, Erie, and Ontario cores, therefore it
was not included in our calculations of sediment mass accumulation
rates. Where upward-steepening 210Pb profiles occur, a more accurate
assessment of sedimentmass accumulation could be obtained by incor-
porating a diffusion-like mixing term at the sediment-water interface;
this describes the near-surface mixing caused by typical feeding pat-
terns of benthic amphipods (Guinasso and Schink, 1975; Robbins
et al., 1979). Despite the large-scale ecological changes observed in
the Great Lakes since the early 1980’s with steep decline of benthic am-
phipod populations and increase of dreissenid mussels (Thayer et al.,
1997; Vanderploeg et al., 2002), as well as more effective sediment
load management of croplands (Ouyang et al., 2005), our 210Pb profiles
do not appear to indicate substantial changes in sediment mixing or
mass accumulation rates in the past three decades since similar studies
were published in the 1970’s and 1980’s (Bruland et al., 1975;
Edgington and Robbins, 1990; Evans et al., 1981; Klump et al., 1989;
Robbins and Edgington, 1975; Robbins et al., 1977, 1978).

Sediment focusing factors

Focusing factors derived from 210Pb and 137Cs inventories ranged
widely from 0.09 to N5.3 for FFPb and from 0.07 to 4.04 for FFCs. These re-
sults demonstrate the dynamic processes that redistribute sediments
within the lakes, such as landslides, wind-generated currents, and ther-
mal overturn. The FFPb and FFCs values were well-correlated and a least-
squares linear regression indicated that the ratio of FFCs/FFPb is ~0.85,
with values diverging at FF values N1.5 (Fig. 10). The generally lower
value of FFCs is expected, because 137Cs was not present in the
Laurentian Great Lakes system prior to 1951, while unsupported-210Pb
was being deposited and focused continuously with sediments over a
time period much greater than its 22.3-year half-life. Therefore, even
if the focusing behavior of these two radionuclides had been identical
since the start of 137Cs deposition in 1951 in a steady-state scenario,
about 9% of the 210Pb inventory present in 2011 was already present
when 137Cs deposition began, and about 22% was present when the
137Cs peak was deposited in 1963. The divergence of FFPb and FFCs at
values higher than 1.5 might indicate that subtle differences in geo-
chemical behavior of Cs and Pb are accentuatedwithmore extensive re-
suspension and redeposition of sediments. Earlier studies in Lake
Michigan also noted differences between 210Pb and 137Cs focusing fac-
tors, and discussed their significance (Robbins and Edgington, 1975;
Edgington and Robbins, 1976; Edgington and Robbins, 1990;
Rossmann, 2010).

Atmospheric deposition of radionuclides onto the surface of water is
directly related to amounts of precipitation and is thus partly dependent
on latitude (Baskaran and Naidu, 1995). Therefore, the assumption of
constant region-wide mean depositional fluxes could result in artifacts
in focusing factors between sampling sites. In addition, the differences
in geochemical behavior of Pb and Cs, as well as the continuous deposi-
tion of 210Pb in contrast to the pulse-like deposition of 137Cs that was
greatest in 1963, produce contrasting outcomeswhen subject to the dy-
namic limnologic processes (including sediment resuspension caused
by large storms, sediment slumps,wind- and thermally-driven currents,
and bioturbation) that affect transport and deposition of sediments
(Edgington and Robbins, 1990). Focusing factors are used for computa-
tion of fluxes of deposition of contaminants into sediments. It is gener-
ally assumed for this purpose that 210Pb and 137Cs have similar affinities
for sorption to particle surfaces as do the hydrophobic pollutant com-
pounds of interest (Eadie and Robbins, 1987). Because, over time, the
flux of 210Pb via atmospheric deposition is fairly constant, the value of
FFPb is more suitable than that of FFCs for use in the normalization of
contaminant flux calculations.

Summary and conclusions

Sediment coreswere collected during the period of 2010–2014 from
41 locations in all five Laurentian Great Lakes. Gamma spectrometry
was used to measure profiles of the activities of 210Pb, 137Cs, and 226Ra
in each core. The 210Pb datawere applied to estimate apparent net accu-
mulation rates of sediment mass by using the conventional Constant
Rate of Supply (CRS) and Constant Initial Concentration (CIC) models
for each coring site that yielded an applicable data set. In addition, sed-
iment focusing factors were derived from 210Pb and 137Cs inventories.
Sediment mass accumulation rates determined in this study ranged

Image of Fig. 10
Image of Fig. 9
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from0.007 to 0.065 g cm−2 yr−1 in Lakes Superior,Michigan, Huron and
Ontario, with only two outliers having greater rates (~0.2 g cm−2 yr−1)
near outlets of the Saginaw and Niagara Rivers in Lakes Huron and On-
tario, respectively. Greater rates of sediment mass accumulation were
observed for Lake Erie than those for the other lakes, ranging from
0.090 to 0.591 g cm−2 yr−1. The sediment mass accumulation rates de-
termined in this study were similar to those obtained in previous stud-
ies of sediment cores from the same (or nearby) locations (Bruland
et al., 1975; Robbins and Edgington, 1975; Robbins et al., 1977;
Robbins et al., 1978; Evans et al., 1981; Hermanson and Christensen,
1991; Johnson et al., 2012; Klump et al., 1989; O'Beirne et al., 2017).
The sediment mass accumulation rates in depositional basins among
the Laurentian Great Lakes are a function of water depth resembling a
power-law relationship by which the accumulation rate declines with
increasing water depth. Sediment focusing factors derived from 210Pb
and 137Cs inventories ranged widely from 0.09 to N5.3 for FFPb and
from 0.07 to 4.04 for FFCs, reflecting contrasting outcomes for these
two radionuclides when subjected to the dynamic sediment redistribu-
tion processes within the lakes over time. The FFPb and FFCs values are
well-correlated and a least-squares linear regression indicates that the
ratio of FFCs/FFPb is ~0.85, with values diverging at FF values N1.5. Of
the cores for which 210Pb and 137Cs profiles exhibited favorable charac-
teristics (i.e., highest 210Pb activity at the sediment-water interface, ex-
ponential decrease of unsupported-210Pb with depth, and maximum
137Cs activity at some depth below the sediment-water interface),
most yielded good agreement between calendar date profiles calculated
from the 210Pb-based sediment mass accumulation rates and the 137Cs
activity peak at 1963. The results of this studyprovide afirmbasis for es-
tablishing comprehensive pollutant inventories and depositional chro-
nologies of persistent, bioaccumulative and toxic compounds across
the Laurentian Great Lakes. Concentrations for thousands of such com-
pounds were measured in the dated core profiles, along with basic
physical and chemical characteristics of the sediments (e.g., Bonina
et al., 2018, this issue; Codling et al., 2014, 2018a, 2018b; Guo et al.,
2017; Li et al., 2018, this issue; Peng et al., 2016). These associated stud-
ies have yielded new knowledge and insights into the variety andmag-
nitude of pollutants sequestered in Laurentian Great Lakes sediments,
and will comprise an important source of information for resolving sci-
entific and practical issues pertaining to the environmental quality and
management of the contaminated sediments of the Laurentian Great
Lakes.
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Table	S1.	 Core	 section	 depths	 (cm) ;	 section	 thicknesses	 (cm);	 dry	 mass depth	 (g/cm2);	
supported	 and	 unsupported-210Pb	 activities	 and	 1-sigma counting	 errors	 (Bq/kg) ;	 226Ra	
activities	and	1-sigma	counting	errors	 (Bq/kg);	 137Cs	activities and	 1-sigma	 counting	 errors	
(Bq/kg) ;	 selected	 210Pb	model	 and	 calendar	 dates	 with	 95%confidence	limits.

Table	 S2.	 Comparison	 of	 data	 for	 composite	 cores	 from	 sites	 ER15	 and	
ON30	 with	individual	subcores	from	a	separate	cast at each location.	

Figures	 S1-S2.	 	 	 Comparison	 of	 data	 for	 composite	 cores	 from	 sites	 ER15	 and	 ON30	
with	individual	cores	from	a	separate	cast.	

Figures S3-S7.  CRS and CIC plots for cores from all samples Great Lakes sites, 2010-2014.  
Error bars are 95% confidence intervals as defined  in text.

Figures S8-S12.  Calendar date profiles for cores from all samples Great Lakes sites, 
2010-2014.  Error bars are 95% confidence intervals as defined  in text.
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
Total

Pb-210

Total
Pb-210 
error

Unsup-
ported
Pb-210

Unsup-
ported
Pb-210 
error Ra-226

Ra-226 
error Cs-137

Cs-137 
error

Selected 
model (top 
line) and 

average date 
of section

Error in 
years (95% 
confidence)

ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
S001MC Not Datable
S001MC-01 0-0.5 0.5 0.25 0.27 177 5 146 14 9 2 22 1
S001MC-02 0.5-1 0.5 0.75 0.65 57 6 26 14 9 3 19 1
S001MC-03 1-1.5 0.5 1.25 1.07 15 5 12 4 2 0
S001MC-04 1.5-2 0.5 1.75 1.44 10 3 19 2
S001MC-05 2-2.5 0.5 2.25 1.86 22 6 17 4
S001MC-06 2.5-3 0.5 2.75 2.31 23 7 21 4
S001MC-07 3-3.5 0.5 3.25 2.79 20 6 14 4
S001MC-08 3.5-4 0.5 3.75 3.23 12 5 19 4
S001MC-09 4-4.5 0.5 4.25 3.66 25 3 23 3
S001MC-10 4.5-5 0.5 4.75 4.25 20 3 18 3
S001MC-11 5-6 1 5.5 5.18 21 5 23 4
S001MC-12 6-7 1 6.5 6.37 25 3 26 3
S001MC-13 7-8 1 7.5 7.44 24 5 20 4
S001MC-14 8-9 1 8.5 8.53 34 6 30 5
S001MC-15 9-10 1 9.5 9.56 38 4 29 3
S001MC-16 10-11 1 10.5 10.58 39 6 27 4
S001MC-17 11-12 1 11.5 11.71 39 3 33 2
S001MC-18 12-13 1 12.5 12.85 46 6 33 3
S001MC-19 13-14 1 13.5 13.92 43 4 32 3
S001MC-20 14-15 1 14.5 15.06 47 5 35 4
S001MC-21 15-17 2 16 17.44 38 5 38 4
S001MC-22 17-19 2 18 19.66 39 6 34 5
S001MC-23 19-21 2 20 22.07 46 5 40 4
S001MC-24 21-23 2 22 24.50 58 8 48 5
S002MC CRS
S002MC-01 0-0.5 0.5 0.25 0.05 2197 25 2150 26 37 8 261 3 2007 6
S002MC-02 0.5-1 0.5 0.75 0.17 1529 18 1482 19 48 7 231 3 1995 14
S002MC-03 1-1.5 0.5 1.25 0.34 752 13 706 15 38 5 181 2 1974 22
S002MC-04 1.5-2 0.5 1.75 0.56 255 7 208 10 33 3 86 1 1946 33
S002MC-05 2-2.5 0.5 2.25 0.84 100 8 54 11 25 4 26 1 1910 46
S002MC-06 2.5-3 0.5 2.75 1.15 47 4 0 9 24 3 10 0 1866 58
S002MC-07 3-3.5 0.5 3.25 1.43 45 6 40 5 3 0 1823 63
S002MC-08 3.5-4 0.5 3.75 1.68 52 7 36 4 3 1 1785 69
S002MC-09 4-4.5 0.5 4.25 1.93 46 4 33 3 2 0 1748 77
S002MC-10 4.5-5 0.5 4.75 2.22 32 5 34 4 1 0 1708 88
S002MC-11 5-6 1 5.5 3.02 30 6 35 4 1629 149
S002MC-12 6-7 1 6.5 3.61 39 8 46 5 1527 152
S002MC-13 7-8 1 7.5 4.16 54 4 50 3 1444 165
S002MC-14 8-9 1 8.5 4.70 50 5 42 3 1365 181
S002MC-15 9-10 1 9.5 5.24 53 3 42 3 1285 198
S002MC-16 10-11 1 10.5 5.82 45 8 50 6 1203 217
S002MC-17 11-12 1 11.5 6.38 51 8 39 5 1120 234
S002MC-18 12-13 1 12.5 6.97 42 6 50 6 1036 253
S002MC-19 13-14 1 13.5 7.56 42 7 47 5 950 271
S002MC-20 14-15 1 14.5 8.16 50 5 36 4 863 289
S002MC-21 15-17 2 16 9.32 58 7 45 5 735 366
S002MC-22 17-19 2 18 10.53 56 6 46 4 562 406
S002MC-23 19-21 2 20 11.72 54 5 44 4 387 440
S002MC-24 21-23 2 22 12.92 42 5 52 4 212 477
S002MC-25 23-25 2 24 14.12 49 6 45 4 37 513
S008MC CRS
S008MC-01 0-0.5 0.5 0.25 0.07 1792 24 1742 25 50 8 342 4 2006 6
S008MC-02 0.5-1 0.5 0.75 0.15 1391 15 1340 16 46 6 299 3 1995 8
S008MC-03 1-1.5 0.5 1.25 0.25 819 9 768 11 51 5 226 2 1981 10
S008MC-04 1.5-2 0.5 1.75 0.37 483 14 432 15 44 8 184 3 1965 13
S008MC-05 2-2.5 0.5 2.25 0.49 337 8 286 10 57 5 137 2 1948 15
S008MC-06 2.5-3 0.5 2.75 0.63 204 6 153 9 57 5 54 1 1928 17
S008MC-07 3-3.5 0.5 3.25 0.79 126 9 75 11 52 6 13 1 1906 21
S008MC-08 3.5-4 0.5 3.75 0.95 92 8 41 11 47 7 4 1 1882 23
S008MC-09 4-4.5 0.5 4.25 1.15 48 8 44 7 1856 27
S008MC-10 4.5-5 0.5 4.75 1.35 65 9 53 7 1826 30
S008MC-11 5-6 1 5.5 1.79 46 6 60 5 1779 52
S008MC-12 6-7 1 6.5 2.28 52 4 38 4 1710 62
S008MC-13 7-8 1 7.5 2.76 53 8 43 7 1638 67
S008MC-14 8-9 1 8.5 3.25 56 8 53 7 1565 73
S008MC-15 9-10 1 9.5 3.78 56 6 40 4 1490 81
S008MC-16 10-11 1 10.5 4.30 53 8 46 5 1412 87
S008MC-17 11-12 1 11.5 4.83 44 8 42 7 1334 93
S008MC-18 12-13 1 12.5 5.37 60 8 39 6 1254 100
S008MC-19 13-14 1 13.5 5.93 48 7 39 6 1173 107
S008MC-20 14-15 1 14.5 6.49 40 7 47 7 1091 114
S008MC-21 15-17 2 16 7.62 44 8 37 6 965 169
S008MC-22 17-19 2 18 8.83 53 8 30 6 792 188
S008MC-23 19-21 2 20 10.09 52 7 40 5 608 206
S008MC-24 21-23 2 22 11.48 44 7 33 6 411 231
S008MC-25 23-25 2 24 12.77 47 5 44 4 213 237
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S011MC CRS
S011MC-01 0-0.5 0.5 0.25 0.13 1975 25 1931 26 58 10 232 3 2007 5
S011MC-02 0.5-1 0.5 0.75 0.26 1851 25 1807 26 56 8 250 3 1999 5
S011MC-03 1-1.5 0.5 1.25 0.41 1517 14 1473 14 50 5 292 2 1989 7
S011MC-04 1.5-2 0.5 1.75 0.59 1253 18 1209 19 36 6 333 3 1979 8
S011MC-05 2-2.5 0.5 2.25 0.77 978 16 934 17 61 7 387 3 1967 9
S011MC-06 2.5-3 0.5 2.75 0.97 715 14 671 15 45 6 287 3 1954 10
S011MC-07 3-3.5 0.5 3.25 1.17 367 6 323 8 46 4 120 1 1941 11
S011MC-08 3.5-4 0.5 3.75 1.36 228 10 184 11 41 6 77 2 1928 12
S011MC-09 4-4.5 0.5 4.25 1.56 186 6 142 8 49 4 64 1 1916 12
S011MC-10 4.5-5 0.5 4.75 1.75 141 8 97 9 36 5 49 1 1903 13
S011MC-11 5-6 1 5.5 2.16 86 9 42 10 37 6 13 1 1883 21
S011MC-12 6-7 1 6.5 2.57 71 7 27 8 31 5 1 0 1856 23
S011MC-13 7-8 1 7.5 3.00 52 6 41 6 1829 25
S011MC-14 8-9 1 8.5 3.39 52 7 36 5 1802 26
S011MC-15 9-10 1 9.5 3.77 42 6 47 6 1777 27
S011MC-16 10-11 1 10.5 4.15 37 7 44 6 1751 28
S011MC-17 11-12 1 11.5 4.55 44 3 35 3 1726 30
S011MC-18 12-13 1 12.5 4.96 43 6 37 5 1699 32
S011MC-19 13-14 1 13.5 5.35 45 4 35 3 1673 33
S011MC-20 14-15 1 14.5 5.73 47 5 40 4 1647 34
S011MC-21 15-17 2 16 6.49 39 6 34 5 1610 49
S011MC-22 17-19 2 18 7.28 52 7 44 5 1560 53
S011MC-23 19-21 2 20 8.07 43 5 35 4 1507 57
S011MC-24 21-23 2 22 8.88 41 6 48 5 1455 60
S011MC-25 23-25 2 24 9.73 37 6 28 4 1400 64
S012MC CRS
S012MC-01 0-0.5 0.5 0.25 0.11 1974 15 1918 17 55 6 266 2 2006 7
S012MC-02 0.5-1 0.5 0.75 0.23 1664 16 1607 18 46 6 289 3 1994 9
S012MC-03 1-1.5 0.5 1.25 0.37 1472 22 1415 23 58 10 346 4 1981 11
S012MC-04 1.5-2 0.5 1.75 0.52 1109 17 1053 18 49 8 393 4 1966 13
S012MC-05 2-2.5 0.5 2.25 0.65 884 11 827 13 49 5 346 2 1952 14
S012MC-06 2.5-3 0.5 2.75 0.78 623 15 566 16 53 9 269 3 1938 15
S012MC-07 3-3.5 0.5 3.25 0.92 417 13 360 16 54 9 137 2 1924 17
S012MC-08 3.5-4 0.5 3.75 1.06 274 12 218 14 46 9 34 2 1910 18
S012MC-09 4-4.5 0.5 4.25 1.20 148 11 92 13 54 8 8 1 1896 20
S012MC-10 4.5-5 0.5 4.75 1.35 113 6 56 10 43 4 2 0 1881 22
S012MC-11 5-6 1 5.5 1.68 92 8 36 11 61 7 1856 34
S012MC-12 6-7 1 6.5 1.99 64 10 52 7 1824 37
S012MC-13 7-8 1 7.5 2.33 72 9 52 7 1790 42
S012MC-14 8-9 1 8.5 2.69 58 5 50 4 1755 47
S012MC-15 9-10 1 9.5 3.05 65 6 48 4 1718 51
S012MC-16 10-11 1 10.5 3.40 51 8 51 7 1681 54
S012MC-17 11-12 1 11.5 3.77 51 8 44 8 1644 59
S012MC-18 12-13 1 12.5 4.15 49 5 44 4 1606 64
S012MC-19 13-14 1 13.5 4.56 55 8 53 7 1565 70
S012MC-20 14-15 1 14.5 4.99 69 11 48 8 1522 75
S012MC-21 15-17 2 16 5.89 60 8 51 6 1454 109
S012MC-22 17-19 2 18 6.83 50 9 37 7 1360 121
S012MC-23 19-21 2 20 7.77 52 6 48 4 1264 131
S012MC-24 21-23 2 22 8.64 50 8 51 6 1171 137
S012MC-25 23-25 2 24 9.46 54 9 45 7 1084 142
S012MC-26 40-42 2 41 9.46 47 8 44 6 n/a n/a
S016MC CRS
S016MC-01 0-0.5 0.5 0.25 0.07 1685 14 1636 15 38 5 272 2 2007 7
S016MC-02 0.5-1 0.5 0.75 0.16 1349 17 1301 18 54 6 259 3 1996 10
S016MC-03 1-1.5 0.5 1.25 0.26 1084 19 1035 20 40 8 238 3 1983 14
S016MC-04 1.5-2 0.5 1.75 0.37 903 17 854 17 45 6 250 3 1968 17
S016MC-05 2-2.5 0.5 2.25 0.52 606 13 557 14 38 6 211 2 1951 23
S016MC-06 2.5-3 0.5 2.75 0.71 252 7 204 8 44 3 102 1 1928 30
S016MC-07 3-3.5 0.5 3.25 0.95 143 9 94 10 41 7 53 1 1899 41
S016MC-08 3.5-4 0.5 3.75 1.19 68 8 19 9 45 5 18 1 1867 47
S016MC-09 4-4.5 0.5 4.25 1.46 49 8 33 7 2 1 1832 55
S016MC-10 4.5-5 0.5 4.75 1.74 45 4 40 4 1795 64
S016MC-11 5-6 1 5.5 2.30 51 8 40 6 1738 97
S016MC-12 6-7 1 6.5 2.84 41 7 45 7 1664 109
S016MC-13 7-8 1 7.5 3.37 52 8 44 6 1591 123
S016MC-14 8-9 1 8.5 3.93 54 10 47 8 1517 139
S016MC-15 9-10 1 9.5 4.49 53 5 47 4 1441 153
S016MC-16 10-11 1 10.5 5.05 50 8 39 6 1366 167
S016MC-17 11-12 1 11.5 5.59 40 8 41 6 1292 179
S016MC-18 12-13 1 12.5 6.19 45 7 42 6 1215 199
S016MC-19 13-14 1 13.5 6.75 48 8 56 7 1136 211
S016MC-20 14-15 1 14.5 7.32 53 9 43 6 1059 226
S016MC-21 15-17 2 16 8.46 45 6 49 5 943 293
S016MC-22 17-19 2 18 9.62 56 8 46 7 788 325
S016MC-23 19-21 2 20 10.73 51 8 49 6 635 350
S016MC-24 21-23 2 22 11.83 46 7 41 5 485 378
S016MC-25 23-25 2 24 12.98 45 7 43 6 333 411
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S019MC CRS
S019MC-01 0-0.5 0.5 0.25 0.08 1258 12 1206 16 30 5 181 2 2007 5
S019MC-02 0.5-1 0.5 0.75 0.17 919 18 867 20 35 8 194 3 1997 7
S019MC-03 1-1.5 0.5 1.25 0.26 518 15 466 18 32 8 196 3 1987 8
S019MC-04 1.5-2 0.5 1.75 0.38 421 10 369 13 36 6 167 2 1975 10
S019MC-05 2-2.5 0.5 2.25 0.49 354 8 302 12 42 5 91 1 1962 11
S019MC-06 2.5-3 0.5 2.75 0.62 243 8 191 12 46 5 17 1 1948 13
S019MC-07 3-3.5 0.5 3.25 0.79 177 12 125 15 47 6 3 1 1931 17
S019MC-08 3.5-4 0.5 3.75 0.97 103 11 51 15 54 8 1911 19
S019MC-09 4-4.5 0.5 4.25 1.18 84 7 32 11 51 4 1889 23
S019MC-10 4.5-5 0.5 4.75 1.40 60 8 49 7 1864 25
S019MC-11 5-6 1 5.5 1.92 68 10 34 5 1822 47
S019MC-12 6-7 1 6.5 2.43 58 9 57 8 1763 51
S019MC-13 7-8 1 7.5 3.01 53 8 49 7 1701 60
S019MC-14 8-9 1 8.5 3.56 55 5 53 4 1637 64
S019MC-15 9-10 1 9.5 4.12 51 6 46 5 1574 69
S019MC-16 10-11 1 10.5 4.70 38 8 58 6 1509 76
S019MC-17 11-12 1 11.5 5.32 55 5 49 4 1440 84
S019MC-18 12-13 1 12.5 5.98 47 8 40 6 1367 92
S019MC-19 13-14 1 13.5 6.64 36 8 44 8 1292 98
S019MC-20 14-15 1 14.5 7.25 43 6 39 4 1220 101
S019MC-21 15-17 2 16 8.54 52 7 47 5 1112 151
S019MC-22 17-19 2 18 9.75 51 4 47 3 969 158
S019MC-23 19-21 2 20 10.90 65 7 65 6 835 165
S019MC-24 21-23 2 22 12.12 59 5 43 3 700 180
S019MC-25 23-25 2 24 13.32 40 5 59 5 562 189
S022MC CRS 2-slope
S022MC-01 0-0.5 0.5 0.25 0.08 631 13 573 15 51 6 98 2 2009 3
S022MC-02 0.5-1 0.5 0.75 0.16 668 13 610 15 58 6 105 2 2005 4
S022MC-03 1-1.5 0.5 1.25 0.25 582 8 524 11 56 4 117 1 2000 5
S022MC-04 1.5-2 0.5 1.75 0.35 434 11 376 13 40 5 141 2 1994 5
S022MC-05 2-2.5 0.5 2.25 0.46 295 8 237 11 47 5 176 2 1988 7
S022MC-06 2.5-3 0.5 2.75 0.58 213 7 155 10 57 4 178 2 1982 8
S022MC-07 3-3.5 0.5 3.25 0.70 170 9 112 12 44 6 140 2 1975 9
S022MC-08 3.5-4 0.5 3.75 0.84 177 10 119 13 46 6 80 2 1968 9
S022MC-09 4-4.5 0.5 4.25 0.98 148 9 90 11 48 6 43 1 1963 10
S022MC-10 4.5-5 0.5 4.75 1.13 134 9 75 12 63 7 12 1 1957 12
S022MC-11 5-6 1 5.5 1.43 129 8 71 11 55 6 2 1 1948 17
S022MC-12 6-7 1 6.5 1.75 95 5 37 9 51 4 1936 20
S022MC-13 7-8 1 7.5 2.08 86 7 28 10 50 6 1922 23
S022MC-14 8-9 1 8.5 2.43 87 7 29 10 54 5 1909 26
S022MC-15 9-10 1 9.5 2.80 76 9 18 11 51 6 1894 29
S022MC-16 10-11 1 10.5 3.17 71 7 13 10 51 6 1880 32
S022MC-17 11-12 1 11.5 3.56 60 7 48 6 1864 35
S022MC-18 12-13 1 12.5 3.95 52 6 51 5 1849 39
S022MC-19 13-14 1 13.5 4.34 57 7 50 6 1833 42
S022MC-20 14-15 1 14.5 4.73 62 7 54 6 1817 45
S022MC-21 15-17 2 16 5.49 51 5 49 3 1794 58
S022MC-22 17-19 2 18 6.24 63 8 40 5 1764 64
S022MC-23 19-21 2 20 7.02 73 10 54 6 1733 71
S022MC-24 21-23 2 22 7.83 55 5 52 4 1701 78
S022MC-25 23-25 2 24 8.65 49 4 50 3 1669 84
S114MC Not Datable
S114MC-01 0-0.5 0.5 0.25 0.22 808 11 766 15 18 4 86 1
S114MC-02 0.5-1 0.5 0.75 0.54 477 11 435 15 22 5 72 2
S114MC-03 1-1.5 0.5 1.25 0.83 206 6 164 12 23 4 40 1
S114MC-04 1.5-2 0.5 1.75 1.09 66 7 24 13 20 5 15 1
S114MC-05 2-2.5 0.5 2.25 1.42 33 8 36 5 2 1
S114MC-06 2.5-3 0.5 2.75 1.79 38 8 36 6
S114MC-07 3-3.5 0.5 3.25 2.16 41 7 30 5
S114MC-08 3.5-4 0.5 3.75 2.53 33 6 38 6
S114MC-09 4-4.5 0.5 4.25 2.86 42 6 39 4
S114MC-10 4.5-5 0.5 4.75 3.18 44 7 40 5
S114MC-11 5-6 1 5.5 3.84 38 5 36 4
S114MC-12 6-7 1 6.5 4.63 33 7 30 5
S114MC-13 7-8 1 7.5 5.45 25 7 29 5
S114MC-14 8-9 1 8.5 6.26 37 4 28 4
S114MC-15 9-10 1 9.5 7.01 39 7 31 5
S114MC-16 10-11 1 10.5 7.77 34 7 24 4
S114MC-17 11-12 1 11.5 8.56 42 8 33 7
S114MC-18 12-13 1 12.5 9.42 29 4 30 4
S114MC-19 13-14 1 13.5 10.20 34 4 35 3
S114MC-20 14-15 1 14.5 10.88 41 4 34 3
S114MC-21 15-17 2 16 12.11 52 7 38 5
S114MC-22 17-19 2 18 13.42 59 8 55 6
S114MC-23 19-21 2 20 14.71 60 8 39 5
S114MC-24 21-23 2 22 16.16 61 6 43 4
S114MC-25 23-25 2 24 17.73 53 6 43 4
S114MC-26 40-42 2 41 18.85 56 8 52 7
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M008EC CRS
M008EC-01 0-1 1 0.5 0.11 1371 27 1321 29 76 19 127 2 2008 4
M008EC-02 1-2 1 1.5 0.26 1229 45 1178 47 67 30 130 4 2002 6
M008EC-03 2-3 1 2.5 0.43 1225 40 1174 42 63 24 136 4 1994 8
M008EC-04 3-4 1 3.5 0.62 1098 40 1047 41 88 29 142 4 1986 10
M008EC-05 4-5 1 4.5 0.83 1020 85 969 85 82 19 131 4 1976 12
M008EC-06 5-6 1 5.5 1.11 734 34 683 35 52 13 129 2 1965 16
M008EC-07 6-7 1 6.5 1.49 569 33 519 35 55 19 106 3 1949 22
M008EC-08 7-8 1 7.5 1.97 246 23 196 25 36 16 69 3 1928 28
M008EC-09 8-9 1 8.5 2.45 169 27 118 29 62 17 31 2 1905 32
M008EC-10 9-10 1 9.5 2.93 92 20 42 23 69 19 12 2 1882 36
M008EC-11 10-12 2 11 3.94 63 15 51 9 4 1 1847 57
M008EC-12 12-14 2 13 5.14 31 14 54 17 1794 72
M008EC-13 14-16 2 15 6.25 55 17 41 15 1739 79
M008EC-14 16-18 2 17 7.39 76 21 1685 90
M008EC-15 18-20 2 19 8.53 57 13 38 10 1631 100
M008EC-16 20-22 2 21 9.68 43 11 46 10 1576 109
M008EC-17 22-24 2 23 10.84 52 15 1521 120
M008EC-18 24-26 2 25 11.99 52 19 38 13 1466 129
M008EC-19 26-28 2 27 13.11 44 18 50 15 1412 138
M008EC-20 28-30 2 29 14.17 59 22 49 14 1360 145
M009BC CRS
M009BC-01 0-1 1 0.5 0.21 711 15 629 17 41 8 60 2 2009 2
M009BC-02 1-2 1 1.5 0.47 647 9 565 12 41 4 63 1 2006 3
M009BC-03 2-3 1 2.5 0.75 558 14 476 16 36 7 77 2 2001 3
M009BC-04 3-4 1 3.5 1.07 424 13 342 15 44 7 102 2 1997 4
M009BC-05 4-5 1 4.5 1.45 379 11 297 13 38 6 120 2 1991 5
M009BC-06 5-6 1 5.5 1.83 337 11 255 13 31 6 133 2 1986 5
M009BC-07 6-7 1 6.5 2.21 285 14 203 16 37 6 143 2 1980 6
M009BC-08 7-8 1 7.5 2.58 298 7 216 10 36 4 155 1 1974 6
M009BC-09 8-9 1 8.5 2.95 247 7 165 10 32 4 188 2 1968 7
M009BC-10 9-10 1 9.5 3.34 204 12 122 14 39 8 211 3 1963 7
M009BC-11 10-12 2 11 4.16 172 10 90 12 38 5 182 2 1953 11
M009BC-12 12-14 2 13 4.96 171 7 89 10 38 5 68 1 1941 12
M009BC-13 14-16 2 15 5.79 139 11 56 13 43 7 16 1 1928 13
M009BC-14 16-18 2 17 6.71 116 9 34 12 58 8 2 1 1915 15
M009BC-15 18-20 2 19 7.61 108 10 26 13 36 7 1901 16
M009BC-16 20-22 2 21 8.47 103 9 21 12 45 6 1888 17
M009BC-17 22-24 2 23 9.36 89 10 45 9 1874 18
M009BC-18 24-26 2 25 10.31 81 12 35 9 1860 20
M009BC-19 26-28 2 27 11.29 72 8 35 4 1845 21
M009BC-20 28-30 2 29 12.30 86 15 30 11 1830 23
M011BC CIC
M011BC-01 0-1 1 0.5 0.14 928 19 855 20 68 11 183 3 2009 2
M011BC-02 1-2 1 1.5 0.32 875 17 801 17 59 7 176 3 2005 3
M011BC-03 2-3 1 2.5 0.53 859 17 786 17 53 8 173 3 2000 4
M011BC-04 3-4 1 3.5 0.74 789 11 716 12 57 6 177 2 1995 5
M011BC-05 4-5 1 4.5 0.96 735 15 662 15 54 7 172 3 1990 6
M011BC-06 5-6 1 5.5 1.20 684 16 611 17 39 6 174 3 1984 7
M011BC-07 6-7 1 6.5 1.45 579 16 505 17 54 9 188 3 1978 8
M011BC-08 7-8 1 7.5 1.70 522 16 449 17 43 7 207 3 1972 9
M011BC-09 8-9 1 8.5 1.96 435 16 361 16 46 9 225 3 1966 10
M011BC-10 9-10 1 9.5 2.22 361 9 288 9 46 5 221 2 1960 11
M011BC-11 10-12 2 11 2.78 300 16 227 17 55 10 180 3 1950 17
M011BC-12 12-14 2 13 3.33 237 7 163 8 56 6 105 1 1936 19
M011BC-13 14-16 2 15 3.88 172 11 99 11 55 8 31 1 1923 21
M011BC-14 16-18 2 17 4.42 111 8 38 9 52 7 3 1 1910 23
M011BC-15 18-20 2 19 4.97 96 10 22 11 52 7 1896 25
M011BC-16 20-22 2 21 5.53 79 10 57 7 1883 27
M011BC-17 22-24 2 23 6.09 75 8 44 6 1869 29
M011BC-18 24-26 2 25 6.68 71 9 49 6 1855 32
M011BC-19 26-28 2 27 7.26 70 4 54 4 1841 34
M011BC-20 28-30 2 29 7.84 70 7 53 5 1827 36
M018BC CRS
M018BC-01 0-1 1 0.5 0.13 1061 20 984 21 73 10 174 3 2007 4
M018BC-02 1-2 1 1.5 0.28 950 15 873 17 45 6 188 2 2000 6
M018BC-03 2-3 1 2.5 0.48 864 16 787 17 58 8 198 3 1990 9
M018BC-04 3-4 1 3.5 0.72 702 15 625 16 69 8 203 3 1978 11
M018BC-05 4-5 1 4.5 0.97 527 13 450 15 43 7 236 3 1965 13
M018BC-06 5-6 1 5.5 1.25 333 12 256 14 57 8 207 3 1950 16
M018BC-07 6-7 1 6.5 1.52 260 7 183 9 44 4 99 1 1935 18
M018BC-08 7-8 1 7.5 1.82 207 10 131 12 56 7 19 1 1919 20
M018BC-09 8-9 1 8.5 2.11 134 10 57 12 49 6 3 1 1903 22
M018BC-10 9-10 1 9.5 2.38 89 7 12 10 53 6 1888 23
M018BC-11 10-12 2 11 2.96 98 9 21 12 58 6 1865 35
M018BC-12 12-14 2 13 3.53 71 4 61 4 1834 39
M018BC-13 14-16 2 15 4.09 72 5 53 4 1803 42
M018BC-14 16-18 2 17 4.63 77 10 64 7 1773 45
M018BC-15 18-20 2 19 5.20 71 8 55 6 1743 49
M018BC-16 20-22 2 21 5.75 73 5 56 4 1712 52
M018BC-17 22-24 2 23 6.28 87 8 62 6 1682 56
M018BC-18 24-26 2 25 6.82 73 4 57 4 1653 59
M018BC-19 26-28 2 27 7.40 79 9 55 5 1622 64
M018BC-20 28-30 2 29 7.97 88 9 58 6 1591 67
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
Total

Pb-210
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Pb-210 
error

Unsup-
ported
Pb-210
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ported
Pb-210 
error Ra-226

Ra-226 
error Cs-137

Cs-137 
error
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model (top 
line) and 

average date 
of section

Error in 
years (95% 
confidence)

ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
M024BC CRS
M024BC-01 0-1 1 0.5 0.13 1034 16 962 17 50 7 207 3 2007 7
M024BC-02 1-2 1 1.5 0.28 1029 10 958 12 53 4 214 2 2000 7
M024BC-03 2-3 1 2.5 0.45 969 9 897 12 51 4 218 2 1992 7
M024BC-04 3-4 1 3.5 0.64 873 8 802 10 42 3 223 1 1983 7
M024BC-05 4-5 1 4.5 0.84 783 15 711 16 43 6 250 3 1972 8
M024BC-06 5-6 1 5.5 1.03 664 14 592 15 41 6 283 3 1962 9
M024BC-07 6-7 1 6.5 1.25 551 14 480 15 52 7 271 3 1951 10
M024BC-08 7-8 1 7.5 1.48 421 13 350 14 39 7 177 3 1940 11
M024BC-09 8-9 1 8.5 1.72 272 13 200 15 48 7 80 2 1927 13
M024BC-10 9-10 1 9.5 1.98 173 10 102 12 48 6 30 1 1914 14
M024BC-11 10-12 2 11 2.50 130 6 58 9 53 4 13 1 1894 23
M024BC-12 12-14 2 13 3.03 95 9 23 12 51 6 1867 25
M024BC-13 14-16 2 15 3.56 82 5 10 8 57 4 1839 27
M024BC-14 16-18 2 17 4.10 71 8 45 7 1811 29
M024BC-15 18-20 2 19 4.63 82 9 52 6 1783 31
M024BC-16 20-22 2 21 5.18 63 8 48 5 1755 33
M024BC-17 22-24 2 23 5.75 79 9 58 6 1726 36
M024BC-18 24-26 2 25 6.33 65 8 52 6 1696 38
M024BC-19 26-28 2 27 6.92 72 7 49 5 1666 40
M024BC-20 28-30 2 29 7.52 71 5 60 4 1635 43
M028MC Not Datable
M028MC-01 0-1 1 0.5 0.51 286 8 251 11 32 4 43 1
M028MC-02 1-2 1 1.5 1.31 94 6 59 11 16 4 15 1
M028MC-03 2-3 1 2.5 2.35 20 4 23 4
M028MC-04 3-4 1 3.5 3.42 19 3 18 2
M028MC-05 4-5 1 4.5 4.33 24 3 21 2
M028MC-06 5-6 1 5.5 5.23 33 6 38 5
M028MC-07 6-7 1 6.5 6.05 32 4 31 3
M028MC-08 7-8 1 7.5 6.83 40 5 30 3
M028MC-09 8-9 1 8.5 7.66 44 7 36 5
M028MC-10 9-10 1 9.5 8.45 40 5 35 4
M028MC-11 10-12 2 11 9.94 37 3 35 3
M028MC-12 12-14 2 13 11.47 32 5 36 4
M028MC-13 14-16 2 15 13.00 44 6 39 5
M028MC-14 16-18 2 17 14.61 38 4 32 4
M028MC-15 18-20 2 19 16.28 41 3 30 3
M028MC-16 20-22 2 21 17.99 45 7 36 5
M028MC-17 22-24 2 23 19.55 33 6 36 5
M032BC CRS
M032BC-01 0-1 1 0.5 0.10 1312 14 1237 16 69 7 158 2 2008 4
M032BC-02 1-2 1 1.5 0.23 1203 22 1128 23 71 10 161 3 2002 5
M032BC-03 2-3 1 2.5 0.39 1115 24 1041 25 72 11 165 3 1994 7
M032BC-04 3-4 1 3.5 0.55 975 20 901 21 56 9 173 3 1985 9
M032BC-05 4-5 1 4.5 0.73 883 20 808 22 47 10 182 3 1976 11
M032BC-06 5-6 1 5.5 0.91 751 21 676 23 59 10 206 3 1966 12
M032BC-07 6-7 1 6.5 1.10 602 14 527 16 64 8 193 2 1956 14
M032BC-08 7-8 1 7.5 1.30 454 19 379 20 42 11 153 3 1946 16
M032BC-09 8-9 1 8.5 1.51 317 13 242 15 49 7 84 2 1935 18
M032BC-10 9-10 1 9.5 1.73 236 8 161 11 51 5 16 1 1923 20
M032BC-11 10-12 2 11 2.18 191 7 116 10 52 5 2 0 1905 30
M032BC-12 12-14 2 13 2.67 134 11 59 13 46 7 1879 35
M032BC-13 14-16 2 15 3.17 85 6 10 9 50 4 1852 39
M032BC-14 16-18 2 17 3.70 75 9 64 8 1824 44
M032BC-15 18-20 2 19 4.23 81 6 53 4 1796 48
M032BC-16 20-22 2 21 4.79 63 10 57 8 1766 54
M032BC-17 22-24 2 23 5.34 79 11 52 8 1736 58
M032BC-18 24-26 2 25 5.90 68 12 46 7 1706 63
M032BC-19 26-28 2 27 6.47 83 12 70 10 1675 67
M032BC-20 28-30 2 29 7.03 75 10 61 7 1644 72
M041MC CRS
M041MC-01 0-1 1 0.5 0.11 1359 13 1291 17 84 7 158 2 2009 3
M041MC-02 1-2 1 1.5 0.26 1265 23 1197 26 96 11 165 3 2003 5
M041MC-03 2-3 1 2.5 0.43 1039 21 970 24 59 11 170 3 1996 6
M041MC-04 3-4 1 3.5 0.61 830 18 762 21 59 9 190 3 1988 8
M041MC-05 4-5 1 4.5 0.80 684 20 616 23 51 11 209 4 1979 10
M041MC-06 5-6 1 5.5 1.00 629 20 561 23 65 9 216 3 1971 11
M041MC-07 6-7 1 6.5 1.21 494 19 426 22 50 11 187 3 1961 12
M041MC-08 7-8 1 7.5 1.42 363 17 295 21 52 9 129 3 1952 14
M041MC-09 8-9 1 8.5 1.66 281 9 213 15 62 7 51 1 1942 16
M041MC-10 9-10 1 9.5 1.89 240 13 172 18 65 11 17 1 1931 17
M041MC-11 10-12 2 11 2.36 183 8 114 14 56 5 4 1 1915 26
M041MC-12 12-14 2 13 2.86 135 13 67 18 53 9 1893 29
M041MC-13 14-16 2 15 3.37 104 9 36 15 52 7 1870 33
M041MC-14 16-18 2 17 3.91 85 6 17 13 62 5 1 0 1846 37
M041MC-15 18-20 2 19 4.44 71 10 3 15 44 6 1822 40
M041MC-16 20-22 2 21 5.00 63 10 56 7 1798 44
M041MC-17 22-24 2 23 5.54 60 5 54 4 1773 47
M041MC-18 24-26 2 25 6.08 63 10 55 8 1748 51
M041MC-19 26-28 2 27 6.62 88 11 68 9 1724 54
M041MC-20 28-30 2 29 7.19 67 8 54 6 1699 58
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
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Pb-210
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Pb-210 
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ported
Pb-210
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ported
Pb-210 
error Ra-226

Ra-226 
error Cs-137

Cs-137 
error
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line) and 

average date 
of section

Error in 
years (95% 
confidence)

ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
M047BC CRS
M047BC-01 0-1 1 0.5 0.12 1354 29 1247 32 100 18 152 3 2009 2
M047BC-02 1-2 1 1.5 0.28 1185 44 1078 45 64 29 125 4 2004 3
M047BC-03 2-3 1 2.5 0.46 1165 39 1058 41 93 18 158 3 1999 4
M047BC-04 3-4 1 3.5 0.66 1043 46 936 48 115 31 181 5 1993 5
M047BC-05 4-5 1 4.5 0.88 846 24 739 27 55 17 190 3 1986 5
M047BC-06 5-6 1 5.5 1.10 759 43 652 45 98 32 210 5 1979 6
M047BC-07 6-7 1 6.5 1.34 646 38 540 40 92 28 218 5 1972 7
M047BC-08 7-8 1 7.5 1.57 438 44 331 45 94 29 177 5 1964 7
M047BC-09 8-9 1 8.5 1.81 400 20 293 23 70 13 104 2 1956 8
M047BC-10 9-10 1 9.5 2.07 333 28 227 31 77 16 49 2 1948 9
M047BC-11 10-12 2 11 2.59 301 32 195 34 96 24 10 2 1936 14
M047BC-12 12-14 2 13 3.13 236 33 130 35 59 20 1919 16
M047BC-13 14-16 2 15 3.73 110 23 76 25 1901 18
M047BC-14 16-18 2 17 4.35 129 53 96 41 1881 20
M047BC-15 18-20 2 19 4.95 100 17 54 15 1861 20
M047BC-16 20-22 2 21 5.55 110 29 96 25 1842 22
M047BC-17 22-24 2 23 6.16 102 26 73 18 1823 23
M047BC-18 24-26 2 25 6.77 90 31 92 25 1803 25
M047BC-19 26-28 2 27 7.39 73 22 1783 26
M047BC-20 28-30 2 29 8.01 106 17 71 16 1763 27
M050BC CRS 2-slope
M050BC-01 0-1 1 0.5 0.05 1587 114 1478 115 187 51 75 5 2010 1
M050BC-02 1-2 1 1.5 0.12 1481 65 1373 66 98 30 80 4 2009 1
M050BC-03 2-3 1 2.5 0.20 1389 37 1280 39 115 26 87 3 2007 1
M050BC-04 3-4 1 3.5 0.28 1255 52 1146 53 88 24 97 4 2005 1
M050BC-05 4-5 1 4.5 0.38 992 40 883 42 90 20 114 3 2003 2
M050BC-06 5-6 1 5.5 0.49 854 28 745 31 149 23 123 3 2001 2
M050BC-07 6-7 1 6.5 0.61 766 42 657 44 129 31 123 4 1998 2
M050BC-08 7-8 1 7.5 0.73 936 46 827 48 77 35 141 4 1993 5
M050BC-09 8-9 1 8.5 0.86 954 49 845 51 135 32 159 5 1987 7
M050BC-10 9-10 1 9.5 1.01 881 25 772 28 128 18 174 3 1980 8
M050BC-11 10-12 2 11 1.30 795 40 686 42 140 32 216 5 1969 15
M050BC-12 12-14 2 13 1.60 652 26 543 29 138 19 200 3 1953 17
M050BC-13 14-16 2 15 1.93 503 19 394 23 103 11 115 2 1937 21
M050BC-14 16-18 2 17 2.27 416 29 307 32 112 19 46 2 1920 24
M050BC-15 18-20 2 19 2.58 244 37 135 39 101 14 16 1 1904 26
M050BC-16 20-22 2 21 2.90 206 26 97 30 118 21 8 2 1888 29
M050BC-17 22-24 2 23 3.23 153 27 44 30 126 21 3 1 1871 32
M050BC-18 24-26 2 25 3.62 137 16 28 20 66 11 2 1 1852 37
M050BC-19 26-28 2 27 4.03 109 13 65 10 3 1 1832 42
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
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Pb-210
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Pb-210 
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ported
Pb-210
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ported
Pb-210 
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error Cs-137

Cs-137 
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ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
H001MC CIC
H001MC-01 0-1 1 0.5 0.09 471 6 428 7 43 4 47 1 2012 0
H001MC-02 1-2 1 1.5 0.20 460 15 434 17 26 8 49 2 2012 1
H001MC-03 2-3 1 2.5 0.32 454 7 409 8 44 4 48 1 2011 1
H001MC-04 3-4 1 3.5 0.47 445 7 403 8 42 4 50 1 2010 1
H001MC-05 4-5 1 4.5 0.63 429 8 399 9 30 4 49 1 2009 1
H001MC-06 5-6 1 5.5 0.81 401 7 357 8 44 4 47 1 2008 1
H001MC-07 6-7 1 6.5 0.99 435 13 390 15 46 8 48 2 2007 2
H001MC-08 7-8 1 7.5 1.18 446 6 399 7 47 4 49 1 2006 2
H001MC-09 8-9 1 8.5 1.38 418 12 368 14 50 7 50 1 2004 2
H001MC-10 9-10 1 9.5 1.58 420 16 371 18 49 9 52 2 2003 2
H001MC-11 10-11 1 10.5 1.79 409 7 365 9 44 5 52 1 2002 2
H001MC-12 11-12 1 11.5 2.00 389 14 346 15 43 7 55 2 2000 3
H001MC-13 12-13 1 12.5 2.22 377 12 328 14 49 7 54 2 1999 3
H001MC-14 13-14 1 13.5 2.43 381 13 343 15 38 8 56 2 1998 3
H001MC-15 14-15 1 14.5 2.66 345 11 302 13 43 7 60 1 1996 3
H001MC-16 15-17 2 16 3.11 322 9 277 10 45 4 65 1 1994 4
H001MC-17 17-19 2 18 3.59 306 20 266 21 40 7 66 2 1991 5
H001MC-18 19-21 2 20 4.09 237 26 191 27 46 8 72 2 1988 6
H001MC-19 21-23 2 22 4.59 170 34 136 35 34 8 83 2 1985 6
H001MC-20 23-25 2 24 5.09 175 24 125 25 50 6 86 2 1981 7
H001MC-21 25-27 2 26 5.61 225 7 183 8 41 4 94 1 1978 7
H001MC-22 27-29 2 28 6.15 201 11 150 14 52 8 96 2 1975 8
H001MC-23 29-31 2 30 6.70 187 12 137 14 51 8 100 2 1971 8
H001MC-24 31-33 2 32 7.26 187 6 139 7 48 4 108 1 1968 9
H001MC-25 33-35 2 34 7.85 149 12 114 15 35 8 99 2 1964 10
H006MC CRS 2-slope
H006MC-01 0-1 1 0.5 0.09 1301 12 1243 13 52 5 126 1 2011 2
H006MC-02 1-2 1 1.5 0.20 1186 13 1128 14 72 7 135 2 2008 2
H006MC-03 2-3 1 2.5 0.36 976 12 918 14 55 6 148 2 2004 3
H006MC-04 3-4 1 3.5 0.55 785 8 727 10 54 4 182 1 1999 4
H006MC-05 4-5 1 4.5 0.76 670 12 612 14 54 6 197 2 1993 5
H006MC-06 5-6 1 5.5 1.00 601 8 543 10 50 4 203 2 1986 6
H006MC-07 6-7 1 6.5 1.25 484 5 426 8 50 3 241 1 1978 7
H006MC-08 7-8 1 7.5 1.52 451 9 393 11 49 5 266 2 1970 8
H006MC-09 8-9 1 8.5 1.81 354 8 296 10 48 5 284 2 1961 9
H006MC-10 9-10 1 9.5 2.09 295 10 237 12 50 6 247 3 1952 10
H006MC-11 10-11 1 10.5 2.40 244 10 186 11 56 6 139 2 1929 51
H006MC-12 11-12 1 11.5 2.72 155 9 97 11 44 6 38 1 1892 81
H006MC-13 12-13 1 12.5 3.02 96 5 38 7 47 4 8 0 1855 106
H006MC-14 13-14 1 13.5 3.32 70 4 12 7 44 4 3 0 1819 133
H006MC-15 14-15 1 14.5 3.65 59 6 54 5 1781 164
H006MC-16 15-17 2 16 4.28 50 7 44 5 1723 239
H006MC-17 17-19 2 18 4.92 50 7 48 6 1646 296
H006MC-18 19-21 2 20 5.55 66 5 49 4 1570 351
H006MC-19 21-23 2 22 6.17 66 5 50 4 1495 407
H006MC-20 23-25 2 24 6.81 53 9 60 7 1419 464
H006MC-21 25-27 2 26 7.47 54 7 49 5 1341 524
H006MC-22 27-29 2 28 8.13 55 10 43 7 1262 583
H006MC-23 29-31 2 30 8.78 64 9 53 6 1183 641
H006MC-24 31-33 2 32 9.42 59 8 53 7 1105 698
H006MC-25 33-35 2 34 10.06 61 3 54 3 1028 755
H012MC CIC
H012MC-01 0-1 1 0.5 0.10 1116 13 1060 15 56 8 94 1 2012 1
H012MC-02 1-2 1 1.5 0.26 1024 37 978 42 46 19 111 5 2010 2
H012MC-03 2-3 1 2.5 0.44 878 22 810 25 68 12 139 3 2007 2
H012MC-04 3-4 1 3.5 0.63 764 35 699 40 65 20 161 5 2003 3
H012MC-05 4-5 1 4.5 0.84 752 11 696 12 56 5 188 2 2000 3
H012MC-06 5-6 1 5.5 1.07 690 28 646 31 44 11 208 5 1996 4
H012MC-07 6-7 1 6.5 1.32 633 25 586 27 47 12 222 4 1992 4
H012MC-08 7-8 1 7.5 1.56 575 19 535 22 41 11 233 4 1987 5
H012MC-09 8-9 1 8.5 1.81 496 16 449 18 47 8 260 3 1983 5
H012MC-10 9-10 1 9.5 2.06 458 15 393 19 65 10 279 3 1979 6
H012MC-11 10-11 1 10.5 2.32 433 14 376 16 57 9 303 3 1974 6
H012MC-12 11-12 1 11.5 2.57 416 18 341 22 75 13 330 4 1970 7
H012MC-13 12-13 1 12.5 2.82 345 15 309 18 36 10 336 4 1965 7
H012MC-14 13-14 1 13.5 3.07 326 8 270 10 55 7 272 2 1961 7
H012MC-15 14-15 1 14.5 3.32 305 6 252 7 53 3 211 1 1957 8
H012MC-16 15-17 2 16 3.89 250 14 203 16 47 9 98 2 1949 12
H012MC-17 17-19 2 18 4.47 192 9 138 11 54 7 32 1 1939 13
H012MC-18 19-21 2 20 5.04 141 11 80 13 61 6 8 1 1929 14
H012MC-19 21-23 2 22 5.62 96 8 51 9 44 5 2 1 1919 15
H012MC-20 23-25 2 24 6.20 77 7 27 9 50 5 1909 16
H012MC-21 25-27 2 26 6.78 1899 17
H012MC-22 27-29 2 28 7.34 1889 18
H012MC-23 29-31 2 30 7.91 1879 19
H012MC-24 31-33 2 32 8.50 1869 20
H012MC-25 33-35 2 34 4.47
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
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Pb-210
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Pb-210 
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ported
Pb-210

Unsup-
ported
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ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
H032MC CRS
H032MC-01 0-1 1 0.5 0.10 1126 21 1049 27 64 9 122 3 2012 3
H032MC-02 1-2 1 1.5 0.24 1085 17 1008 25 50 7 164 3 2009 3
H032MC-03 2-3 1 2.5 0.40 906 15 828 23 55 8 196 3 2005 3
H032MC-04 3-4 1 3.5 0.59 857 16 779 24 70 9 215 3 2002 3
H032MC-05 4-5 1 4.5 0.79 818 9 740 20 63 4 225 2 1997 4
H032MC-06 5-6 1 5.5 1.00 730 14 652 23 55 7 238 3 1993 4
H032MC-07 6-7 1 6.5 1.22 691 14 614 23 57 8 260 3 1988 5
H032MC-08 7-8 1 7.5 1.45 631 13 553 22 62 7 285 3 1982 5
H032MC-09 8-9 1 8.5 1.68 521 12 443 22 57 8 322 3 1977 6
H032MC-10 9-10 1 9.5 1.92 463 12 385 22 63 8 353 3 1972 6
H032MC-11 10-11 1 10.5 2.15 399 10 322 20 57 5 372 3 1967 7
H032MC-12 11-12 1 11.5 2.39 341 13 264 22 63 8 320 3 1961 7
H032MC-13 12-13 1 12.5 2.63 311 12 233 21 48 7 207 3 1956 8
H032MC-14 13-14 1 13.5 2.87 322 6 244 19 64 4 109 1 1950 8
H032MC-15 14-15 1 14.5 3.12 241 11 163 21 38 7 34 1 1945 9
H032MC-16 15-17 2 16 3.61 228 8 150 19 73 6 10 1 1937 12
H032MC-17 17-19 2 18 4.10 198 5 121 19 58 3 1925 13
H032MC-18 19-21 2 20 4.58 171 10 93 21 67 8 1914 14
H032MC-19 21-23 2 22 5.07 126 11 49 21 60 7 1903 15
H032MC-20 23-25 2 24 5.56 143 9 65 20 57 6 1892 16
H032MC-21 25-27 2 26 6.07 117 6 39 19 65 5 1881 17
H032MC-22 27-29 2 28 6.59 88 7 59 6 1869 18
H032MC-23 29-31 2 30 7.12 89 7 66 6 1857 19
H032MC-24 31-33 2 32 7.65 51 13 59 8 1845 20
H032MC-25 33-35 2 34 8.19 83 5 59 4 1833 21
H037MC Not Datable
H037MC-01 0-1 1 0.5 0.15 1107 18 1058 19 36 7 143 2
H037MC-02 1-2 1 1.5 0.39 737 9 689 12 43 4 122 1
H037MC-03 2-3 1 2.5 0.84 288 11 239 13 32 6 82 2
H037MC-04 3-4 1 3.5 1.30 96 6 47 9 51 5 29 1
H037MC-05 4-5 1 4.5 1.72 63 5 14 9 40 4 2 0
H037MC-06 5-6 1 5.5 2.10 128 9 79 11 112 7
H037MC-07 6-7 1 6.5 2.44 86 12 38 14 67 9
H037MC-08 7-8 1 7.5 2.84 52 6 34 5
H037MC-09 8-9 1 8.5 3.27 51 5 40 4
H037MC-10 9-10 1 9.5 3.71 50 9 31 5
H037MC-11 10-11 1 10.5 4.14 39 6 39 4
H037MC-12 11-12 1 11.5 4.56 43 4 41 3
H037MC-13 12-13 1 12.5 4.94 42 5 40 5
H037MC-14 13-14 1 13.5 5.33 46 6 37 4
H037MC-15 14-15 1 14.5 5.70 48 5 46 4
H037MC-16 15-17 2 16 6.43 48 5 41 4
H037MC-17 17-19 2 18 7.16 55 6 41 5
H037MC-18 19-21 2 20 7.92 65 6 46 5
H037MC-19 21-23 2 22 8.67 54 5 48 4
H037MC-20 23-25 2 24 9.48 41 6 50 5
H037MC-21 25-27 2 26
H037MC-22 27-29 2 28
H037MC-23 29-31 2 30
H037MC-24 31-33 2 32
H038MC CRS
H038MC-01 0-0.5 0.5 0.25 0.06 1318 21 1272 22 65 10 172 3 2010 5
H038MC-02 0.5-1 0.5 0.75 0.13 1159 10 1112 10 60 5 161 1 2002 8
H038MC-03 1-1.5 0.5 1.25 0.21 1025 18 978 18 59 9 155 3 1993 10
H038MC-04 1.5-2 0.5 1.75 0.32 863 10 817 11 57 5 159 2 1982 15
H038MC-05 2-2.5 0.5 2.25 0.46 612 13 565 13 55 7 131 2 1968 20
H038MC-06 2.5-3 0.5 2.75 0.64 369 10 323 11 34 5 87 2 1950 28
H038MC-07 3-3.5 0.5 3.25 0.86 230 7 183 8 48 5 63 1 1927 36
H038MC-08 3.5-4 0.5 3.75 1.10 93 8 46 8 31 7 21 1 1900 44
H038MC-09 4-4.5 0.5 4.25 1.34 52 8 35 5 6 1 1872 51
H038MC-10 4.5-5 0.5 4.75 1.60 51 8 41 6 1844 58
H038MC-11 5-6 1 5.5 2.09 42 7 47 6 1801 85
H038MC-12 6-7 1 6.5 2.59 43 7 38 5 1744 99
H038MC-13 7-8 1 7.5 3.10 47 7 36 5 1685 114
H038MC-14 8-9 1 8.5 3.64 47 6 46 4 1625 130
H038MC-15 9-10 1 9.5 4.25 48 4 43 3 1559 150
H038MC-16 10-11 1 10.5 4.84 46 5 39 4 1490 166
H038MC-17 11-12 1 11.5 5.45 47 6 36 5 1421 183
H038MC-18 12-13 1 12.5 6.01 1354 196
H038MC-19 13-14 1 13.5 6.57 43 4 36 3 1289 211
H038MC-20 14-15 1 14.5 7.10 47 4 43 4 1227 223
H038MC-21 15-17 2 16 8.13 1137 280
H038MC-22 17-19 2 18 9.14 1020 307
H038MC-23 19-21 2 20 10.11 906 331
H038MC-24 21-23 2 22 11.05 797 354
H038MC-25 23-25 2 24 11.99 688 381
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
Total

Pb-210
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Pb-210 
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ported
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Ra-226 
error Cs-137

Cs-137 
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line) and 
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Error in 
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ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
H048MC CRS
H048MC-01 0-1 1 0.5 0.13 1074 20 1000 21 54 10 174 3 2009 6
H048MC-02 1-2 1 1.5 0.36 820 20 746 21 62 10 208 3 1998 11
H048MC-03 2-3 1 2.5 0.61 643 19 569 21 47 10 245 4 1983 15
H048MC-04 3-4 1 3.5 0.88 555 19 480 20 53 11 300 4 1968 19
H048MC-05 4-5 1 4.5 1.15 426 10 352 12 49 7 285 2 1952 22
H048MC-06 5-6 1 5.5 1.43 353 12 278 14 150 8 209 2 1935 26
H048MC-07 6-7 1 6.5 1.73 322 15 248 16 40 11 79 2 1917 31
H048MC-08 7-8 1 7.5 2.05 236 14 162 16 45 8 27 2 1899 35
H048MC-09 8-9 1 8.5 2.35 157 8 83 10 53 6 3 1 1880 39
H048MC-10 9-10 1 9.5 2.67 114 11 40 13 37 9 1861 43
H048MC-11 10-11 1 10.5 2.99 90 9 16 12 49 7 1842 47
H048MC-12 11-12 1 11.5 3.32 82 11 8 13 36 9 1823 52
H048MC-13 12-13 1 12.5 3.65 62 9 45 6 1802 56
H048MC-14 13-14 1 13.5 4.03 80 8 59 7 1781 62
H048MC-15 14-15 1 14.5 4.39 83 14 76 10 1759 66
H048MC-16 15-17 2 16 5.09 76 5 56 4 1727 85
H048MC-17 17-19 2 18 5.75 76 8 59 6 1686 92
H048MC-18 19-21 2 20 6.46 71 5 58 4 1645 102
H048MC-19 21-23 2 22 7.16 73 7 92 5 1602 111
H048MC-20 23-25 2 24 7.85 1560 119
H048MC-21 25-27 2 26 8.56 1518 129
H048MC-22 27-29 2 28 9.30 1474 138
H048MC-23 29-31 2 30 10.08 1428 150
H048MC-24 31-33 2 32 10.90 1380 161
H048MC-25 33-35 2 34
H061MC CRS
H061MC-01 0-0.5 0.5 0.25 0.04 1239 23 1197 24 57 15 189 3 2010 4
H061MC-02 0.5-1 0.5 0.75 0.09 1140 39 1098 40 39 15 196 6 2002 8
H061MC-03 1-1.5 0.5 1.25 0.16 994 20 952 21 43 10 191 3 1993 11
H061MC-04 1.5-2 0.5 1.75 0.25 783 9 741 11 47 6 186 2 1981 16
H061MC-05 2-2.5 0.5 2.25 0.38 468 15 425 16 43 8 157 2 1963 24
H061MC-06 2.5-3 0.5 2.75 0.55 267 8 225 10 33 4 129 1 1939 32
H061MC-07 3-3.5 0.5 3.25 0.77 108 9 66 11 28 6 57 1 1908 44
H061MC-08 3.5-4 0.5 3.75 0.97 58 5 15 8 31 5 21 1 1875 50
H061MC-09 4-4.5 0.5 4.25 1.18 38 6 29 4 6 1 1842 57
H061MC-10 4.5-5 0.5 4.75 1.39 38 7 36 5 1810 64
H061MC-11 5-6 1 5.5 1.80 37 5 32 4 1761 95
H061MC-12 6--7 1 6.5 2.22 45 8 32 6 1695 110
H061MC-13 7-8 1 7.5 2.63 37 7 37 5 1629 124
H061MC-14 8-9 1 8.5 3.10 38 5 33 4 1559 144
H061MC-15 9-10 1 9.5 3.57 35 5 33 4 1486 161
H061MC-16 10-11 1 10.5 3.99 44 5 36 4 1415 171
H061MC-17 11-12 1 11.5 4.41 51 7 37 5 1349 186
H061MC-18 12-13 1 12.5 4.80 52 5 23 4 1285 197
H061MC-19 13-14 1 13.5 5.23 49 8 39 7 1220 215
H061MC-20 14-15 1 14.5 5.64 45 7 18 5 1153 228
H061MC-21 15-17 2 16 6.50 1053 292
H061MC-22 17-19 2 18 7.31 922 317
H061MC-23 19-21 2 20 8.12 793 345
H061MC-24 21-23 2 22 9.09 652 391
H061MC-25 23-25 2 24 10.47 467 472
H095MC CRS
H095MC-01 0-1 1 0.5 0.09 1247 22 1199 24 70 10 179 3 2009 5
H095MC-02 1-2 1 1.5 0.22 1060 17 1011 20 68 6 190 3 2001 10
H095MC-03 2-3 1 2.5 0.42 798 13 750 17 75 6 164 2 1989 17
H095MC-04 3-4 1 3.5 0.71 537 7 489 13 72 4 139 1 1972 27
H095MC-05 4-5 1 4.5 1.11 294 7 246 13 56 4 86 1 1947 41
H095MC-06 5-6 1 5.5 1.70 78 7 30 13 36 4 22 1 1911 62
H095MC-07 6-7 1 6.5 2.28 33 3 31 2 4 0 1869 75
H095MC-08 7-8 1 7.5 2.81 46 5 36 4 1829 86
H095MC-09 8-9 1 8.5 3.41 34 4 32 3 1789 103
H095MC-10 9-10 1 9.5 3.87 62 5 40 4 1751 109
H095MC-11 10-11 1 10.5 4.31 50 5 46 4 1718 119
H095MC-12 11-12 1 11.5 4.77 41 5 36 4 1686 130
H095MC-13 12-13 1 12.5 5.21 50 6 43 4 1654 141
H095MC-14 13-14 1 13.5 5.64 58 4 47 3 1622 150
H095MC-15 14-15 1 14.5 6.11 61 8 47 6 1590 163
H095MC-16 15-17 2 16 7.28 1531 216
H095MC-17 17-19 2 18 8.42 1448 242
H095MC-18 19-21 2 20 9.52 1367 267
H095MC-19 21-23 2 22 10.56 1290 290
H095MC-20 23-25 2 24 11.76 1209 324
H095MC-21 25-27 2 26 13.28 1111 373
H095MC-22 27-29 2 28 14.35 1018 381
H095MC-23 29-31 2 30 15.41 942 407
H095MC-24 31-33 2 32 16.31 871 422
H095MC-25 33-35 2 34 17.13 809 439

Table S1. (continued)

11



Sample Depth Thick Ave Depth
Dry Mass 

Depth
Total

Pb-210

Total
Pb-210 
error

Unsup-
ported
Pb-210

Unsup-
ported
Pb-210 
error Ra-226
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ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
ON02MC CRS
ON02MC-01 0-1 1 0.5 0.10 873 24 810 24 91 14 76 3 2011 3
ON02MC-02 1-2 1 1.5 0.25 814 19 751 20 98 11 75 2 2004 5
ON02MC-03 2-3 1 2.5 0.43 663 21 601 22 90 11 94 3 1995 6
ON02MC-04 3-4 1 3.5 0.62 451 20 389 21 95 12 127 3 1985 7
ON02MC-05 4-5 1 4.5 0.83 305 19 243 19 66 11 188 3 1973 8
ON02MC-06 5-6 1 5.5 1.08 238 11 176 13 71 7 133 2 1961 10
ON02MC-07 6-7 1 6.5 1.40 171 9 108 11 70 6 30 1 1945 13
ON02MC-08 7-8 1 7.5 1.77 147 12 84 13 102 7 2 1 1926 15
ON02MC-09 8-9 1 8.5 2.15 74 8 75 6 1905 16
ON02MC-10 9-10 1 9.5 2.52 71 7 45 6 1884 17
ON02MC-11 10-12 2 11 3.27 79 10 55 5 1853 30
ON02MC-12 12-14 2 13 3.98 61 8 49 5 1812 30
ON02MC-13 14-16 2 15 4.69 93 10 47 6 1773 32
ON02MC-14 16-18 2 17 5.43 70 8 43 5 1732 35
ON02MC-15 18-20 2 19 6.18 66 8 44 5 1691 38
ON02MC-16 20-22 2 21 6.96 68 5 46 4 1648 40
ON02MC-17 22-24 2 23 7.73 55 8 52 6 1605 42
ON02MC-18 24-26 2 25 8.49 68 6 46 5 1563 44
ON02MC-19 26-28 2 27 9.25 56 4 47 3 1520 46
ON02MC-20 28-30 2 29 10.04 64 6 42 4 1477 49
ON02MC-21 30-32 2 31 10.82 56 6 34 4 1434 51
ON02MC-22 32-34 2 33 11.57 56 9 52 7 1391 52
ON02MC-23 34-36 2 35 12.34 58 7 55 5 1349 54
ON02MC-24 36-38 2 37 13.09 63 5 46 4 1306 56
ON02MC-25 38-40 2 39 13.90 68 6 39 4 1263 60
ON06MC CIC
ON06MC-01 0-1 1 0.5 0.26 331 8 294 8 44 5 9 1 2013 1
ON06MC-02 1-2 1 1.5 0.64 272 12 235 12 46 9 9 1 2012 1
ON06MC-03 2-3 1 2.5 1.06 304 16 268 16 38 9 10 1 2010 1
ON06MC-04 3-4 1 3.5 1.46 293 15 257 15 50 8 8 1 2008 2
ON06MC-05 4-5 1 4.5 1.87 295 7 259 7 41 5 10 1 2007 2
ON06MC-06 5-6 1 5.5 2.31 295 16 259 16 38 12 9 1 2005 2
ON06MC-07 6-7 1 6.5 2.76 297 14 261 14 42 9 10 1 2003 3
ON06MC-08 7-8 1 7.5 3.22 205 10 169 10 22 7 8 1 2001 3
ON06MC-09 8-9 1 8.5 3.68 291 8 255 8 33 6 13 1 1999 3
ON06MC-10 9-10 1 9.5 4.12 315 18 279 18 47 12 14 2 1997 3
ON06MC-11 10-12 2 11 5.03 207 7 171 8 34 6 9 1 1994 5
ON06MC-12 12-14 2 13 5.99 187 12 151 13 46 9 13 1 1990 5
ON06MC-13 14-16 2 15 7.05 190 13 154 13 40 10 16 1 1986 6
ON06MC-14 16-18 2 17 8.17 170 7 134 7 32 5 15 1 1982 7
ON06MC-15 18-20 2 19 9.46 127 13 91 13 32 8 18 1 1976 8
ON06MC-16 20-22 2 21 10.78 110 11 74 11 28 6 13 1 1971 9
ON06MC-17 22-24 2 23 12.29 89 7 53 8 19 4 14 1 1965 10
ON06MC-18 24-26 2 25 13.53 102 11 66 11 33 7 24 1 1959 10
ON06MC-19 26-28 2 27 14.85 77 10 41 10 25 6 28 1 1954 11
ON06MC-20 28-30 2 29 16.14 83 6 47 7 35 4 39 1 1948 12
ON06MC-21 30-32 2 31 17.41 80 6 44 6 33 4 42 1 1943 12
ON13MC CRS
ON13MC-01 0-1 1 0.5 0.08 1215 26 1149 30 109 14 76 3 2011 3
ON13MC-02 1-2 1 1.5 0.19 999 19 933 24 104 10 78 2 2006 5
ON13MC-03 2-3 1 2.5 0.36 738 11 672 18 67 6 91 1 1998 8
ON13MC-04 3-4 1 3.5 0.55 472 17 406 22 66 10 98 2 1988 11
ON13MC-05 4-5 1 4.5 0.76 371 11 305 19 65 7 150 2 1977 13
ON13MC-06 5-6 1 5.5 0.96 327 8 261 17 55 5 188 2 1966 15
ON13MC-07 6-7 1 6.5 1.16 238 23 173 27 40 13 187 4 1955 17
ON13MC-08 7-8 1 7.5 1.37 224 19 158 24 41 11 165 4 1943 20
ON13MC-09 8-9 1 8.5 1.61 255 19 189 24 37 11 98 3 1931 23
ON13MC-10 9-10 1 9.5 1.89 143 16 77 22 42 10 19 2 1916 27
ON13MC-11 10-12 2 11 2.49 75 16 80 12 1892 42
ON13MC-12 12-14 2 13 3.15 81 12 60 9 1857 50
ON13MC-13 14-16 2 15 3.76 75 11 39 8 1821 55
ON13MC-14 16-18 2 17 4.33 38 9 48 8 1788 59
ON13MC-15 18-20 2 19 4.87 40 8 43 8 1758 64
ON13MC-16 20-22 2 21 5.46 67 6 44 5 1726 71
ON13MC-17 22-24 2 23 6.04 72 12 66 9 1694 77
ON13MC-18 24-26 2 25 6.63 80 8 47 6 1661 83
ON13MC-19 26-28 2 27 7.25 72 5 51 4 1627 90
ON13MC-20 28-30 2 29 7.86 75 8 52 5 1593 96
ON13MC-21 30-32 2 31 8.49 77 8 47 6 1559 103
ON13MC-22 32-34 2 33 9.15 53 9 52 6 1523 110
ON13MC-23 34-36 2 35 9.84 73 8 43 5 1485 118
ON13MC-24 36-38 2 37 10.49 73 5 46 4 1448 124
ON13MC-25 38-40 2 39 11.15 76 7 56 5 1411 130
ON17MC CRS
ON17MC-01 0-1 1 0.5 0.09 1217 31 1144 32 55 13 66 2 2012 2
ON17MC-02 1-2 1 1.5 0.18 1026 24 952 25 60 11 68 2 2009 2
ON17MC-03 2-3 1 2.5 0.31 878 22 805 24 69 11 73 2 2006 3
ON17MC-04 3-4 1 3.5 0.47 638 19 564 21 60 11 76 2 2001 4
ON17MC-05 4-5 1 4.5 0.67 408 19 334 21 63 12 96 3 1996 5
ON17MC-06 5-6 1 5.5 0.87 339 18 266 20 55 11 136 3 1989 5
ON17MC-07 6-7 1 6.5 1.05 288 19 214 21 57 12 152 3 1983 6
ON17MC-08 7-8 1 7.5 1.23 291 18 217 20 54 11 177 3 1978 6
ON17MC-09 8-9 1 8.5 1.42 260 20 186 22 52 11 196 3 1972 7
ON17MC-10 9-10 1 9.5 1.62 242 16 168 18 67 13 187 3 1966 7
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ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
ON17MC-11 10-12 2 11 2.10 202 16 128 18 62 11 103 3 1955 13
ON17MC-12 12-14 2 13 2.62 155 16 82 19 61 11 24 2 1939 15
ON17MC-13 14-16 2 15 3.17 128 13 54 16 59 9 1922 17
ON17MC-14 16-18 2 17 3.73 86 11 60 7 1905 19
ON17MC-15 18-20 2 19 4.32 84 10 57 8 1887 21
ON17MC-16 20-22 2 21 4.90 75 7 41 6 1868 22
ON17MC-17 22-24 2 23 5.46 74 5 48 3 1850 23
ON17MC-18 24-26 2 25 5.99 68 8 56 5 1833 24
ON17MC-19 26-28 2 27 6.54 78 6 55 4 1816 26
ON17MC-20 28-30 2 29 7.09 62 5 47 4 1799 27
ON17MC-21 30-32 2 31 7.64 63 7 51 5 1781 29
ON25MC CRS
ON25MC-01 0-1 1 0.5 0.07 1342 28 1267 29 76 13 59 3 2012 2
ON25MC-02 1-2 1 1.5 0.17 1260 34 1151 36 109 16 63 3 2009 2
ON25MC-03 2-3 1 2.5 0.30 1002 24 931 26 71 11 66 2 2005 3
ON25MC-04 3-4 1 3.5 0.46 755 24 679 25 76 12 65 2 1999 4
ON25MC-05 4-5 1 4.5 0.66 455 25 390 27 65 13 83 3 1992 5
ON25MC-06 5-6 1 5.5 0.86 384 27 311 28 73 13 132 4 1984 6
ON25MC-07 6-7 1 6.5 1.06 315 21 263 23 52 13 188 4 1977 6
ON25MC-08 7-8 1 7.5 1.26 297 14 238 17 59 9 216 3 1969 7
ON25MC-09 8-9 1 8.5 1.47 254 13 189 16 65 8 180 2 1961 8
ON25MC-10 9-10 1 9.5 1.71 201 23 149 25 52 15 99 3 1953 9
ON25MC-11 10-12 2 11 2.23 127 21 96 23 31 13 15 2 1938 15
ON25MC-12 12-14 2 13 2.76 108 17 54 20 54 12 3 1 1918 17
ON25MC-13 14-16 2 15 3.30 73 13 45 8 1897 18
ON25MC-14 16-18 2 17 3.83 80 13 43 9 1877 19
ON25MC-15 18-20 2 19 4.36 94 12 28 8 1857 21
ON25MC-16 20-22 2 21 4.91 60 10 53 8 1836 22
ON25MC-17 22-24 2 23 5.47 74 6 48 5 1815 24
ON25MC-18 24-26 2 25 6.05 74 8 42 6 1793 26
ON25MC-19 26-28 2 27 6.63 79 7 48 5 1771 27
ON25MC-20 28-30 2 29 7.21 66 6 47 4 1748 29
ON25MC-21 30-32 2 31 7.78 73 8 37 5 1726 30
ON25MC-22 32-34 2 33 8.37 74 8 41 5 1704 32
ON25MC-23 34-36 2 35 9.00 66 6 43 4 1681 34
ON25MC-24 36-38 2 37 9.60 56 9 40 6 1657 35
ON25MC-25 38-40 2 39 10.20 65 7 43 4 1634 36
ON30MC CRS
ON30MC-01 0-1 1 0.5 0.07 1357 28 1278 30 105 15 56 2 2012 2
ON30MC-02 1-2 1 1.5 0.14 1250 21 1171 24 81 11 59 2 2009 2
ON30MC-03 2-3 1 2.5 0.25 1038 12 959 17 88 6 66 1 2006 3
ON30MC-04 3-4 1 3.5 0.39 799 19 720 22 63 11 79 2 2001 4
ON30MC-05 4-5 1 4.5 0.59 547 17 467 20 63 10 107 2 1994 6
ON30MC-06 5-6 1 5.5 0.79 377 13 297 17 65 9 143 2 1986 7
ON30MC-07 6-7 1 6.5 1.00 326 15 247 19 67 12 187 3 1978 8
ON30MC-08 7-8 1 7.5 1.18 304 9 224 15 60 7 232 2 1971 8
ON30MC-09 8-9 1 8.5 1.38 291 15 211 19 55 12 179 3 1963 9
ON30MC-10 9-10 1 9.5 1.58 212 15 133 19 49 11 96 3 1955 10
ON30MC-11 10-12 2 11 2.07 168 10 89 15 63 6 22 1 1941 18
ON30MC-12 12-14 2 13 2.57 152 7 73 14 46 5 2 1 1922 20
ON30MC-13 14-16 2 15 3.09 106 14 27 18 61 9 1902 23
ON30MC-14 16-18 2 17 3.63 102 9 41 7 1881 25
ON30MC-15 18-20 2 19 4.17 98 6 57 5 1860 27
ON30MC-16 20-22 2 21 4.71 88 5 51 4 1838 30
ON30MC-17 22-24 2 23 5.27 78 7 60 5 1817 32
ON30MC-18 24-26 2 25 5.84 73 8 45 7 1795 35
ON30MC-19 26-28 2 27 6.42 78 7 47 6 1772 37
ON30MC-20 28-30 2 29 6.99 70 6 54 4 1749 39
ON30MC-21 30-32 2 31 7.59 78 7 60 7 1726 42
ON30MC-22 32-34 2 33 8.18 72 5 48 4 1703 45
ON30MC-23 34-36 2 35 8.79 72 6 47 4 1679 47
ON30MC-24 36-38 2 37 9.41 62 10 38 7 1655 50
ON36MC CRS
ON36MC-01 0-1 1 0.5 0.12 902 22 823 22 34 9 32 2 2012 3
ON36MC-02 1-2 1 1.5 0.28 761 9 682 9 36 4 41 1 2007 5
ON36MC-03 2-3 1 2.5 0.48 610 17 532 17 38 10 69 2 2002 7
ON36MC-04 3-4 1 3.5 0.71 458 13 380 14 26 6 89 2 1995 9
ON36MC-05 4-5 1 4.5 0.94 423 17 345 17 38 9 124 3 1988 10
ON36MC-06 5-6 1 5.5 1.16 334 9 256 9 46 5 177 2 1982 12
ON36MC-07 6-7 1 6.5 1.38 302 14 224 14 44 9 209 3 1975 14
ON36MC-08 7-8 1 7.5 1.59 265 13 187 13 45 7 226 3 1968 15
ON36MC-09 8-9 1 8.5 1.81 248 10 170 10 47 6 198 2 1962 17
ON36MC-10 9-10 1 9.5 2.04 230 8 152 9 51 5 195 2 1955 19
ON36MC-11 10-12 2 11 2.50 228 10 150 10 45 6 184 2 1944 26
ON36MC-12 12-14 2 13 3.01 179 10 100 10 47 6 84 1 1930 30
ON36MC-13 14-16 2 15 3.61 164 7 85 7 37 5 32 1 1913 36
ON36MC-14 16-18 2 17 4.26 136 8 57 8 45 6 13 1 1894 42
ON36MC-15 18-20 2 19 4.92 117 8 38 8 47 5 3 1 1874 47
ON36MC-16 20-22 2 21 5.58 100 12 21 12 30 7 1854 52
ON36MC-17 22-24 2 23 6.21 80 10 2 10 41 7 1834 56
ON36MC-18 24-26 2 25 6.85 85 6 39 4 1815 61
ON36MC-19 26-28 2 27 7.46 86 9 36 6 1796 65
ON36MC-20 28-30 2 29 8.10 65 9 32 6 1777 70
ON36MC-21 30-32 2 31 8.74 72 8 50 5 1757 75
ON36MC-22 32-34 2 33 9.37 80 9 47 6 1738 80
ON36MC-23 34-36 2 35 10.02 82 10 43 7 1718 85
ON36MC-24 36-38 2 37 10.71 47 7 48 5 1698 91
ON36MC-25 38-40 2 39 11.43 60 8 45 6 1677 97
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Sample Depth Thick Ave Depth
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ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
ER09MC CIC
ER09MC-01 0-2 2 1 0.36 440 12 389 12 55 7 12 1 2014 1
ER09MC-02 2-4 2 3 0.95 332 9 280 10 55 6 16 1 2013 1
ER09MC-03 4-6 2 5 1.54 316 15 265 15 56 9 19 2 2012 1
ER09MC-04 6-8 2 7 2.12 316 12 264 12 50 7 17 1 2010 1
ER09MC-05 8-10 2 9 2.77 296 8 244 8 43 5 15 1 2009 2
ER09MC-06 10-12 2 11 3.47 297 8 246 9 56 5 18 1 2008 2
ER09MC-07 12-14 2 13 4.15 252 13 201 13 53 7 19 1 2006 2
ER09MC-08 14-16 2 15 4.82 302 14 250 14 49 8 19 1 2005 2
ER09MC-09 16-18 2 17 5.53 271 11 219 12 43 6 19 1 2003 3
ER09MC-10 18-20 2 19 6.27 281 7 230 7 52 5 17 1 2001 3
ER09MC-11 20-22 2 21 6.99 276 11 225 11 48 7 19 1 2000 3
ER09MC-12 22-24 2 23 7.76 240 14 189 14 45 8 16 1 1998 4
ER09MC-13 24-26 2 25 8.55 240 11 189 11 51 7 19 1 1996 4
ER09MC-14 26-28 2 27 9.32 244 12 192 12 46 8 16 1 1995 4
ER09MC-15 28-30 2 29 10.10 228 7 176 7 49 4 18 1 1993 4
ER09MC-16 30-32 2 31 10.86 221 10 170 10 58 7 20 1 1991 5
ER09MC-17 32-34 2 33 11.62 191 14 140 14 53 10 19 1 1990 5
ER09MC-18 34-36 2 35 12.42 199 17 148 17 56 11 23 2 1988 5
ER09MC-19 36-38 2 37 13.17 194 9 143 10 61 7 32 1 1986 6
ER09MC-20 38-40 2 39 13.95 180 11 129 11 48 7 34 1 1984 6
ER09MC-21 40-42 2 41 14.75 163 11 111 11 44 7 36 1 1983 6
ER09MC-22 42-44 2 43 15.56 169 11 118 11 58 8 44 1 1981 6
ER15MC CIC
ER15MC-01 0-2 2 1 0.58 274 8 233 8 44 5 8 1 2014 1
ER15MC-02 2-4 2 3 1.42 261 9 220 9 47 6 8 1 2013 1
ER15MC-03 4-6 2 5 2.28 257 12 216 12 55 8 7 1 2011 2
ER15MC-04 6-8 2 7 3.16 198 8 157 8 35 5 8 1 2010 2
ER15MC-05 8-10 2 9 4.09 208 11 166 11 41 7 10 1 2008 3
ER15MC-06 10-12 2 11 4.99 232 7 190 7 51 5 13 1 2007 3
ER15MC-07 12-14 2 13 5.94 184 10 143 10 39 6 12 1 2005 3
ER15MC-08 14-16 2 15 6.86 181 14 139 14 48 9 12 1 2004 4
ER15MC-09 16-18 2 17 7.85 201 11 160 11 43 6 11 1 2002 4
ER15MC-10 18-20 2 19 8.84 153 12 111 12 42 8 12 1 2000 5
ER15MC-11 20-22 2 21 9.90 160 7 118 7 42 4 11 1 1999 5
ER15MC-12 22-24 2 23 10.91 153 10 112 10 37 6 14 1 1997 6
ER15MC-13 24-26 2 25 11.92 155 12 113 13 42 8 12 1 1995 6
ER15MC-14 26-28 2 27 12.92 164 12 122 12 34 8 14 1 1993 7
ER15MC-15 28-30 2 29 13.89 164 10 123 11 55 7 18 1 1992 7
ER15MC-16 30-32 2 31 14.84 164 12 122 12 29 8 18 1 1990 7
ER15MC-17 32-34 2 33 15.79 142 12 101 12 41 6 19 1 1989 8
ER15MC-18 34-36 2 35 16.74 141 11 99 11 34 7 23 1 1987 8
ER15MC-19 36-38 2 37 17.70 152 10 111 10 36 7 24 1 1985 9
ER15MC-20 38-40 2 39 18.69 132 12 90 12 40 7 26 1 1984 9
ER15MC-21 40-42 2 41 19.65 129 11 87 11 38 7 34 2 1982 10
ER37MC CIC
ER37MC-01 0-2 2 1 0.32 440 16 381 17 57 12 21 1 2013 3
ER37MC-02 2-4 2 3 0.77 437 23 378 23 106 12 22 2 2011 3
ER37MC-03 4-6 2 5 1.29 363 14 304 14 61 9 26 1 2007 3
ER37MC-04 6-8 2 7 1.86 318 12 259 12 63 8 23 1 2003 4
ER37MC-05 8-10 2 9 2.44 357 14 298 14 58 9 24 1 1999 4
ER37MC-06 10-12 2 11 3.04 318 8 259 8 53 5 25 1 1995 5
ER37MC-07 12-14 2 13 3.67 279 12 220 12 65 7 29 1 1991 5
ER37MC-08 14-16 2 15 4.29 260 12 201 12 46 7 41 1 1986 6
ER37MC-09 16-18 2 17 4.88 278 13 219 13 58 8 45 2 1982 6
ER37MC-10 18-20 2 19 5.43 256 12 196 13 55 8 55 2 1978 7
ER37MC-11 20-22 2 21 5.99 240 12 181 12 63 9 61 2 1974 7
ER37MC-12 22-24 2 23 6.55 232 9 173 9 61 6 71 1 1970 8
ER37MC-13 24-26 2 25 7.08 207 12 148 12 68 8 106 2 1966 8
ER37MC-14 26-28 2 27 7.62 183 13 124 13 51 8 102 2 1962 9
ER37MC-15 28-30 2 29 8.21 154 12 95 12 61 8 54 2 1958 9
ER37MC-16 30-32 2 31 8.85 127 10 68 10 54 6 13 1 1954 10
ER37MC-17 32-34 2 33 9.49 114 8 55 8 51 6 5 1 1949 11
ER37MC-18 34-36 2 35 10.15 112 10 53 11 50 8 1945 11
ER37MC-19 36-38 2 37 10.83 95 10 36 10 53 8 1940 12
ER37MC-20 38-40 2 39 11.51 103 10 44 10 54 7 1935 12
ER37MC-21 40-42 2 41 12.19 97 10 38 10 75 8 1930 13
ER37MC-22 42-44 2 43 12.89 81 9 22 9 51 7 1925 14
ER37MC-23 44-46 2 45 13.62 87 6 28 6 58 4 1920 14
ER37MC-24 46-48 2 47 14.37 92 9 33 9 45 7 1915 15

Table S1. (continued)
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Sample Depth Thick Ave Depth
Dry Mass 

Depth
Total

Pb-210

Total
Pb-210 
error

Unsup-
ported
Pb-210

Unsup-
ported
Pb-210 
error Ra-226

Ra-226 
error Cs-137

Cs-137 
error

Selected 
model (top 
line) and 

average date 
of section

Error in 
years (95% 
confidence)

ID (cm) (cm) (cm) (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (date) (± years)
ER73MC CIC
ER73MC-01 0-2 2 1 0.27 470 15 415 15 44 9 28 1 2014 1
ER73MC-02 2-4 2 3 0.70 421 17 365 18 72 12 31 2 2011 2
ER73MC-03 4-6 2 5 1.20 368 6 312 6 63 5 34 1 2008 3
ER73MC-04 6-8 2 7 1.72 348 14 292 14 52 7 34 1 2005 3
ER73MC-05 8-10 2 9 2.24 289 18 234 18 58 10 35 2 2002 4
ER73MC-06 10-12 2 11 2.79 271 12 216 12 68 7 42 1 1998 5
ER73MC-07 12-14 2 13 3.35 273 11 218 11 46 7 42 1 1995 5
ER73MC-08 14-16 2 15 3.90 273 11 217 12 52 7 45 1 1991 6
ER73MC-09 16-18 2 17 4.41 269 14 213 14 47 9 61 2 1988 6
ER73MC-10 18-20 2 19 4.93 230 11 174 12 51 8 71 2 1984 7
ER73MC-11 20-22 2 21 5.45 220 14 164 14 55 9 80 2 1981 7
ER73MC-12 22-24 2 23 5.95 241 14 185 14 64 9 92 2 1978 8
ER73MC-13 24-26 2 25 6.46 221 13 166 13 49 8 129 2 1974 8
ER73MC-14 26-28 2 27 6.99 208 16 153 16 63 10 152 3 1971 9
ER73MC-15 28-30 2 29 7.50 191 13 135 13 48 8 134 3 1968 9
ER73MC-16 30-32 2 31 8.06 163 9 107 9 50 6 103 2 1964 10
ER73MC-17 32-34 2 33 8.66 165 13 109 13 50 9 49 2 1961 10
ER73MC-18 34-36 2 35 9.26 150 10 94 10 61 7 9 1 1957 11
ER73MC-19 36-38 2 37 9.88 106 13 51 13 62 9 1953 12
ER73MC-20 38-40 2 39 10.52 98 12 42 12 60 8 1949 12
ER73MC-21 40-42 2 41 11.20 100 10 45 11 47 8 1944 13
ER73MC-22 42-44 2 43 11.87 99 13 43 13 62 9 1940 14
ER78MC CIC
ER78MC-01 0-2 2 1 0.36 348 12 289 13 48 7 16 1 2012 17
ER78MC-02 2-4 2 3 0.95 341 12 282 13 61 7 18 1 2007 17
ER78MC-03 4-6 2 5 1.62 283 11 224 13 58 7 21 1 2000 17
ER78MC-04 6-8 2 7 2.34 214 7 155 9 49 5 29 1 1992 17
ER78MC-05 8-10 2 9 3.05 222 13 163 14 55 9 32 1 1984 17
ER78MC-06 10-12 2 11 3.67 213 11 154 13 51 8 47 1 1977 17
ER78MC-07 12-14 2 13 4.29 191 11 132 12 53 8 84 2 1970 17
ER78MC-08 14-16 2 15 5.01 137 11 78 12 39 7 53 2 1962 17
ER78MC-09 16-18 2 17 5.74 115 10 56 12 43 6 18 1 1954 17
ER78MC-10 18-20 2 19 6.55 98 6 39 8 52 5 7 1 1946 17
ER78MC-11 20-22 2 21 7.35 95 8 36 9 37 6 3 1 1937 17
ER78MC-12 22-24 2 23 8.15 91 11 32 12 44 8 1928 17
ER78MC-13 24-26 2 25 8.97 76 8 17 9 56 6 1919 17
ER78MC-14 26-28 2 27 9.78 71 9 12 10 48 6 1910 18
ER78MC-15 28-30 2 29 10.66 56 5 51 3 1900 20
ER78MC-16 30-32 2 31 11.63 65 7 41 5 1890 21
ER78MC-17 32-34 2 33 12.80 68 4 50 3 1878 24
ER78MC-18 34-36 2 35 14.01 59 5 52 4 1865 26
ER78MC-19 36-38 2 37 15.26 53 5 44 4 1851 28
ER78MC-20 38-40 2 39 16.50 54 5 44 4 1837 30
ER92MC CIC
ER92MC-01 0-2 2 1 0.46 248 10 200 12 61 8 21 1 2013 2
ER92MC-02 2-4 2 3 1.12 240 11 192 12 62 7 22 1 2011 3
ER92MC-03 4-6 2 5 1.89 231 12 183 13 61 8 23 1 2007 4
ER92MC-04 6-8 2 7 2.76 167 11 119 12 42 7 18 1 2003 5
ER92MC-05 8-10 2 9 3.71 179 10 131 11 60 7 20 1 1999 6
ER92MC-06 10-12 2 11 4.62 173 12 125 13 38 7 22 1 1994 7
ER92MC-07 12-14 2 13 5.50 172 7 124 9 54 5 23 1 1990 7
ER92MC-08 14-16 2 15 6.48 169 10 121 11 43 8 25 1 1985 8
ER92MC-09 16-18 2 17 7.48 136 9 88 11 46 7 28 1 1980 9
ER92MC-10 18-20 2 19 8.52 116 10 68 11 49 7 30 1 1975 10
ER92MC-11 20-22 2 21 9.55 109 11 61 12 43 6 33 1 1970 11
ER92MC-12 22-24 2 23 10.59 103 9 55 11 42 7 39 1 1965 12
ER92MC-13 24-26 2 25 11.66 87 9 39 10 53 7 34 1 1960 13
ER92MC-14 26-28 2 27 12.86 75 5 28 7 46 4 26 1 1955 15
ER92MC-15 28-30 2 29 14.30 58 8 35 7 10 1 1948 17
ER92MC-16 30-32 2 31 15.94 50 7 38 4 3 1 1941 19
ER92MC-17 32-34 2 33 17.63 44 8 42 6 1933 21
ER92MC-18 34-36 2 35 19.40 46 4 43 3 1924 22
ER92MC-19 36-38 2 37 21.22 39 6 37 4 1915 24
ER92MC-20 38-40 2 39 23.07 51 6 41 4 1906 26
ER92MC-21 40-42 2 41 24.96 51 5 41 4 1897 28
ER92MC-22 42-44 2 43 26.84 44 5 42 4 1888 30

Table S1. (continued)
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Table S2.

Sample Depth Thick Ave depth   Dry mass depth  Total Pb-210
Total Pb-210

error

Unsupported
Pb-210

Unsupported
Pb-210 error Ra-226 Ra-226 error Cs-137 Cs-137 error

Average
Date of
Section

95%

confidence

error

ID cm cm cm (g/cm2) (Bq/kg) (Bq/kg) (Bq/kg) (Bq/kg) (Bq/kg) (Bq/kg) (Bq/kg) (Bq/kg) (year A.D.) (± years)

0

0-2 2 1 0.576 274 8 233 8 44 5 8 1 2013.9 0.7

2014-ER15MC (Composite core) 
2014-ER15MC-01
2014-ER15MC-02 2-4 2 3 1.420 261 9 220 9 47 6 8 1 2012.7 1.3

2014-ER15MC-03 4-6 2 5 2.280 257 12 216 12 55 8 7 1 2011.3 1.7

2014-ER15MC-04 6-8 2 7 3.163 198 8 157 8 35 5 8 1 2009.8 2.1

2013-ER15MC-05 8-10 2 9 4.090 208 11 166 11 41 7 10 1 2008.3 2.6

2013-ER15MC-06 10-12 2 11 4.991 232 7 190 7 51 5 13 1 2006.7 3.0

2013-ER15MC-07 12-14 2 13 5.943 184 10 143 10 39 6 12 1 2005.2 3.4

2013-ER15MC-08 14-16 2 15 6.864 181 14 139 14 48 9 12 1 2003.6 3.8

2013-ER15MC-09 16-18 2 17 7.845 201 11 160 11 43 6 11 1 2002.0 4.3

2013-ER15MC-10 18-20 2 19 8.841 153 12 111 12 42 8 12 1 2000.3 4.8

2013-ER15MC-11 20-22 2 21 9.901 160 7 118 7 42 4 11 1 1998.6 5.3

2013-ER15MC-12 22-24 2 23 10.909 153 10 112 10 37 6 14 1 1996.8 5.7

2013-ER15MC-13 24-26 2 25 11.917 155 12 113 13 42 8 12 1 1995.1 6.1

2013-ER15MC-14 26-28 2 27 12.915 164 12 122 12 34 8 14 1 1993.4 6.6

2013-ER15MC-15 28-30 2 29 13.887 164 10 123 11 55 7 18 1 1991.8 7.0

2013-ER15MC-16 30-32 2 31 14.845 164 12 122 12 29 8 18 1 1990.1 7.4

2013-ER15MC-17 32-34 2 33 15.787 142 12 101 12 41 6 19 1 1988.5 7.8

2013-ER15MC-18 34-36 2 35 16.745 141 11 99 11 34 7 23 1 1986.9 8.2

2013-ER15MC-19 36-38 2 37 17.697 152 10 111 10 36 7 24 1 1985.3 8.6

2013-ER15MC-20 38-40 2 39 18.686 132 12 90 12 40 7 26 1 1983.7 9.1

2013-ER15MC-21 40-42 2 41 19.655 129 11 87 11 38 7 34 2 1982.0 9.5

2014-ER15MC-A (Subcore A)
2014-ER15MC-A1 0-2 2 1 0.485 272 8 232 8 44 5 7 1 2014.0 0.8

2014-ER15MC-A2 2-4 2 3 1.296 241 10 200 10 41 6 7 1 2012.8 1.6

2014-ER15MC-A3 4-6 2 5 2.130 233 11 193 11 43 7 9 1 2011.4 2.2

2014-ER15MC-A4 6-8 2 7 3.026 200 10 159 10 45 6 9 1 2009.8 2.8

2014-ER15MC-A5 8-10 2 9 3.958 213 10 173 10 40 6 9 1 2008.2 3.5

2014-ER15MC-A6 10-12 2 11 4.917 181 6 140 6 41 4 9 0 2006.5 4.2

2014-ER15MC-A7 12-14 2 13 5.837 183 10 142 10 38 7 13 1 2004.9 4.8

2014-ER15MC-A8 14-16 2 15 6.775 183 11 142 11 34 7 12 1 2003.2 5.4

2014-ER15MC-A9 16-18 2 17 7.722 159 10 118 10 42 6 11 1 2001.5 6.1

2014-ER15MC-A10 18-20 2 19 8.789 146 9 106 9 40 6 9 1 1999.8 6.9

2014-ER15MC-A11 20-22 2 21 9.793 162 6 121 6 44 4 12 1 1997.9 7.5

2014-ER15MC-A12 22-24 2 23 10.789 138 9 98 9 36 6 13 1 1996.1 8.2

2014-ER15MC-A13 24-26 2 25 11.796 157 11 116 11 32 7 11 1 1994.4 8.9

2014-ER15MC-A14 26-28 2 27 12.784 139 9 98 9 45 6 10 1 1992.6 9.5

2014-ER15MC-A15 28-30 2 29 13.720 149 11 109 11 33 7 16 1 1990.9 10.1

2014-ER15MC-A16 30-32 2 31 14.678 151 6 111 6 46 4 16 1 1989.2 10.8

2014-ER15MC-A17 32-34 2 33 15.594 161 7 121 7 48 5 19 1 1987.5 11.3

2014-ER15MC-A18 34-36 2 35 16.515 138 9 98 10 37 6 20 1 1985.9 12.0

2014-ER15MC-A19 36-38 2 37 17.450 142 10 102 10 38 7 23 1 1984.3 12.6

2014-ER15MC-B (Subcore B)
2013-ER15MC-B1 0-2 2 1 0.699 238 8 197 8 46 5 6 1 2013.8 1.1

2013-ER15MC-B2 2-4 2 3 1.572 229 11 188 11 36 6 5 1 2012.5 1.8

2014-ER15MC-B3 4-6 2 5 2.422 232 12 191 12 47 8 6 1 2011.0 2.4

2014-ER15MC-B4 6-8 2 7 3.317 228 11 187 11 23 7 8 1 2009.5 3.1

2014-ER15MC-B5 8-10 2 9 4.230 208 10 167 10 45 7 8 1 2008.0 3.7

2014-ER15MC-B6 10-12 2 11 5.186 199 7 157 7 45 4 12 1 2006.4 4.4

2014-ER15MC-B7 12-14 2 13 6.118 202 11 161 11 42 7 14 1 2004.8 5.0

2014-ER15MC-B8 14-16 2 15 7.075 187 11 146 11 30 8 14 1 2003.2 5.7

2014-ER15MC-B9 16-18 2 17 8.046 198 11 157 11 46 7 11 1 2001.5 6.4

2014-ER15MC-B10 18-20 2 19 9.108 154 10 113 10 39 7 11 1 1999.8 7.2

2014-ER15MC-B11 20-22 2 21 10.121 165 7 123 7 41 4 14 1 1998.0 7.9

2014-ER15MC-B12 22-24 2 23 11.121 129 9 87 9 48 7 15 1 1996.3 8.6

2014-ER15MC-B13 24-26 2 25 12.159 142 11 101 11 31 7 14 1 1994.6 9.3

2014-ER15MC-B14 26-28 2 27 13.172 148 9 107 9 41 6 15 1 1992.8 10.0

2014-ER15MC-B15 28-30 2 29 14.117 154 6 113 6 46 4 18 1 1991.1 10.6

2014-ER15MC-B16 30-32 2 31 15.058 157 8 116 8 49 5 17 1 1989.5 11.3

2014-ER15MC-B17 32-34 2 33 16.012 153 10 112 10 42 7 20 1 1987.9 11.9

2014-ER15MC-B18 34-36 2 35 16.962 160 10 119 11 43 7 23 1 1986.3 12.6

2014-ER15MC-B19 36-38 2 37 17.923 143 6 102 6 41 4 25 1 1984.7 13.3

2014-ER15MC-C (Subcore C)
2014-ER15MC-C1 0-2 2 1 0.520 264 6 220 6 45 3 7 0 2013.9 0.8

2014-ER15MC-C2 2-4 2 3 1.359 246 10 203 10 45 6 6 1 2012.7 1.7

2014-ER15MC-C3 4-6 2 5 2.179 218 11 175 11 38 7 8 1 2011.1 2.3

2014-ER15MC-C4 6-8 2 7 3.010 212 10 169 10 29 6 8 1 2009.6 2.9

2014-ER15MC-C5 8-10 2 9 3.962 203 6 160 6 39 4 9 1 2007.9 3.7

2014-ER15MC-C6 10-12 2 11 4.885 207 11 164 11 41 7 12 1 2006.2 4.3

2014-ER15MC-C7 12-14 2 13 5.821 192 10 149 10 44 7 12 1 2004.4 5.0

2014-ER15MC-C8 14-16 2 15 6.771 203 11 160 11 46 7 12 1 2002.7 5.6

2014-ER15MC-C9 16-18 2 17 7.718 164 9 120 9 47 6 11 1 2000.9 6.3

2014-ER15MC-C10 18-20 2 19 8.770 134 7 90 7 40 4 10 1 1999.0 7.1

2014-ER15MC-C11 20-22 2 21 9.780 151 11 108 11 38 7 12 1 1997.1 7.8

2014-ER15MC-C12 22-24 2 23 10.736 168 10 124 10 44 7 14 1 1995.3 8.4

2014-ER15MC-C13 24-26 2 25 11.701 149 10 106 10 50 7 10 1 1993.5 9.1

2014-ER15MC-C14 26-28 2 27 12.685 141 10 98 10 48 7 11 1 1991.7 9.8

2014-ER15MC-C15 28-30 2 29 13.651 148 10 105 10 37 6 14 1 1989.8 10.5

2014-ER15MC-C16 30-32 2 31 14.610 153 6 110 6 51 4 16 1 1988.0 11.2

2014-ER15MC-C17 32-34 2 33 15.558 157 10 114 11 36 7 20 1 1986.3 11.8

2014-ER15MC-C18 34-36 2 35 16.508 133 12 90 12 50 8 19 1 1984.5 12.5

2014-ER15MC-C19 36-38 2 37 17.432 146 9 102 9 51 6 26 1 1982.7 13.1

2014-ER15MC-D (Subcore D)
2013-ER15MC-D1 0-2 2 1 0.547 246 10 199 10 47 6 7 1 2013.8 1.1

2013-ER15MC-D2 2-4 2 3 1.379 229 10 192 10 37 6 6 1 2012.3 2.2

2014-ER15MC-D3 4-6 2 5 2.219 192 10 145 10 48 6 7 1 2010.6 3.0

2014-ER15MC-D4 6-8 2 7 3.088 201 6 167 6 34 4 9 1 2008.7 3.9

2014-ER15MC-D5 8-10 2 9 4.030 190 9 147 9 44 6 8 1 2006.8 4.9

2014-ER15MC-D6 10-12 2 11 4.975 204 10 162 10 41 6 12 1 2004.8 5.8

2014-ER15MC-D7 12-14 2 13 5.957 184 11 140 11 44 7 11 1 2002.7 6.8

2014-ER15MC-D8 14-16 2 15 6.909 175 9 138 9 37 6 12 1 2000.6 7.7

2014-ER15MC-D9 16-18 2 17 7.862 204 8 157 8 47 5 15 1 1998.6 8.6

2014-ER15MC-D10 18-20 2 19 8.920 129 10 88 10 41 6 10 1 1996.5 9.7

2014-ER15MC-D11 20-22 2 21 9.908 176 10 137 10 39 6 14 1 1994.3 10.6

2014-ER15MC-D12 22-24 2 23 10.838 168 9 133 10 35 7 14 1 1992.2 11.4

2014-ER15MC-D13 24-26 2 25 11.834 159 11 105 11 54 7 14 1 1990.2 12.5

2014-ER15MC-D14 26-28 2 27 12.829 141 10 111 10 30 6 14 1 1988.0 13.4

2014-ER15MC-D15 28-30 2 29 13.785 139 6 93 6 46 4 19 1 1985.9 14.3

2014-ER15MC-D16 30-32 2 31 14.775 162 10 119 10 43 7 19 1 1983.9 15.3

2014-ER15MC-D17 32-34 2 33 15.773 108 13 61 13 47 9 22 2 1981.7 16.3

2014-ER15MC-D18 34-36 2 35 16.733 136 8 93 8 42 5 23 1 1979.6 17.1

2014-ER15MC-D19 36-38 2 37 17.704 120 9 80 9 39 6 24 1 1977.6 18.1
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Table	S2.	(continued)

Sample Depth Thick Ave	Depth Dry	mass	depth	 Total	Pb-210	
Total	Pb-210	

error
Unsupported	

Pb-210	
Unsupported	
Pb-210	error Ra-226	 Ra-226		error Cs-137	 Cs-137		error

Average	
Date	of	
Section

95%	
confidence	

error

ID cm cm cm (g/cm2) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg) (year	A.D.) (±	years)

2013-ON30MC	(Composite	core)
2013-O030MC-01 0-1 1 0.5 0.071 1357 28 1278 30 105 15 56 2 2012.2 1.7
2013-O030MC-02 1-2 1 1.5 0.140 1250 21 1171 24 81 11 59 2 2009.4 1.9
2013-O030MC-03 2-3 1 2.5 0.250 1038 12 959 17 88 6 66 1 2005.9 3.2
2013-O030MC-04 3-4 1 3.5 0.394 799 19 720 22 63 11 79 2 2000.9 4.4
2013-O030MC-05 4-5 1 4.5 0.588 547 17 467 20 63 10 107 2 1994.2 6.2
2013-O030MC-06 5-6 1 5.5 0.794 377 13 297 17 65 9 143 2 1986.3 7.2
2013-O030MC-07 6-7 1 6.5 0.998 326 15 247 19 67 12 187 3 1978.3 8.0
2013-O030MC-08 7-8 1 7.5 1.184 304 9 224 15 60 7 232 2 1970.6 8.4
2013-O030MC-09 8-9 1 8.5 1.376 291 15 211 19 55 12 179 3 1963.1 9.3
2013-O030MC-10 9-10 1 9.5 1.585 212 15 133 19 49 11 96 3 1955.2 10.5
2013-O030MC-11 10-12 2 11 2.074 168 10 89 15 63 6 22 1 1941.5 18.0
2013-O030MC-12 12-14 2 13 2.569 152 7 73 14 46 5 2 1 1922.1 20.1
2013-O030MC-13 14-16 2 15 3.092 106 14 27 18 61 9 1902.0 22.7
2013-O030MC-14 16-18 2 17 3.630 102 9 23 15 41 7 1881.1 25.2
2013-O030MC-15 18-20 2 19 4.174 98 6 19 13 57 5 1859.8 27.5
2013-O030MC-16 20-22 2 21 4.713 88 5 9 12 51 4 1838.5 29.6
2013-O030MC-17 22-24 2 23 5.268 78 7 60 5 1816.9 32.1
2013-O030MC-18 24-26 2 25 5.843 73 8 45 7 1794.7 34.8
2013-O030MC-19 26-28 2 27 6.419 78 7 47 6 1772.0 37.1
2013-ON30MC-20 28-30 2 29 6.993 70 6 54 4 1749.3 39.4
2013-ON30MC-21 30-32 2 31 7.585 78 7 60 7 1726.4 42.1
2013-ON30MC-22 32-34 2 33 8.179 72 5 48 4 1703.0 44.6
2013-ON30MC-23 34-36 2 35 8.792 72 6 47 4 1679.2 47.4
2013-ON30MC-24 36-38 2 37 9.405 62 10 38 7 1655.1 49.9
2013-ON30MC-A	(Subcore	A)
2013-ON30MC-A-01 0-1 1 0.5 0.102 1315 26 1235 32 114 14 49 2 2011.8 2.0
2013-ON30MC-A-02 1-2 1 1.5 0.225 1178 13 1099 23 73 7 61 1 2008.0 2.6
2013-ON30MC-A-03 2-3 1 2.5 0.369 1091 24 1012 31 68 12 66 3 2003.5 3.4
2013-ON30MC-A-04 3-4 1 3.5 0.551 491 15 411 24 47 12 73 3 1998.0 4.5
2013-ON30MC-A-05 4-5 1 4.5 0.757 491 20 412 28 79 13 81 3 1991.4 5.4
2013-ON30MC-A-06 5-6 1 5.5 0.975 378 18 298 26 67 11 128 3 1984.3 6.2
2013-ON30MC-A-07 6-7 1 6.5 1.187 340 11 261 22 60 7 169 2 1977.0 6.6
2013-ON30MC-A-08 7-8 1 7.5 1.375 324 18 245 26 60 13 249 4 1970.2 6.7
2013-ON30MC-A-09 8-9 1 8.5 1.561 309 18 229 26 43 11 286 4 1963.9 7.1
2013-ON30MC-A-10 9-10 1 9.5 1.741 230 20 150 28 51 13 147 3 1957.7 7.4
2013-ON30MC-A-11 10-12 2 11 2.187 195 17 115 25 63 12 28 2 1947.1 13.1
2013-ON30MC-A-12 12-14 2 13 2.687 166 9 86 21 59 6 1931.1 15.2
2013-ON30MC-A-13 14-16 2 15 3.203 134 16 55 25 47 11 1913.9 16.8
2013-ON30MC-A-14 16-18 2 17 3.737 121 14 42 23 64 11 1896.1 18.4
2013-ON30MC-A-15 18-20 2 19 4.291 111 6 31 20 52 4 1877.7 20.2
2013-ON30MC-A-16 20-22 2 21 4.844 78 15 56 10 1858.9 21.6
2013-ON30MC-A-17 22-24 2 23 5.394 86 9 53 8 1840.2 22.9
2013-ON30MC-A-18 24-26 2 25 5.931 80 8 43 5 1821.9 24.0
2013-ON30MC-A-19 26-28 2 27 6.520 87 9 43 7 1802.8 26.4
2013-ON30MC-A-20 28-30 2 29 7.134 70 9 37 7 1782.4 28.4
2013-ON30MC-A-21 30-32 2 31 7.726 62 8 38 6 1762.0 29.5
2013-ON30MC-A-22 32-34 2 33 8.321 65 4 43 3 1741.9 31.0
2013-ON30MC-A-23 34-36 2 35 8.933 68 10 37.1 7.8 1721.5 32.9
2013-ON30MC-A-24 36-38 2 37 9.546 65 12 65.0 8.7 1700.7 34.4
2013-ON30MC-A-25 38-40 2 39 10.166 57 8 60.3 5.7 1679.9 36.1
2013-ON30MC-B	(Subcore	B)
2013-ON30MC-B1 0-1 1 0.5 0.057 1367 29 1293 33 105 18 53 3 2012.6 2.2
2013-ON30MC-B2 1-2 1 1.5 0.135 1349 13 1275 21 96 8 55 1 2010.4 2.2
2013-ON30MC-B3 2-3 1 2.5 0.258 1121 22 1047 27 73 11 60 2 2007.2 3.2
2013-ON30MC-B4 3-4 1 3.5 0.407 902 23 828 28 77 13 68 2 2002.7 4.4
2013-ON30MC-B5 4-5 1 4.5 0.597 627 25 553 30 54 15 77 3 1997.2 5.9
2013-ON30MC-B6 5-6 1 5.5 0.806 368 11 294 19 51 7 84 2 1990.7 7.3
2013-ON30MC-B7 6-7 1 6.5 1.026 343 11 269 19 56 6 149 2 1983.7 8.5
2013-ON30MC-B8 7-8 1 7.5 1.225 338 22 264 27 84 14 183 4 1976.9 9.1
2013-ON30MC-B9 8-9 1 8.5 1.404 322 6 248 17 54 4 263 1 1970.8 9.6
2013-ON30MC-B10 9-10 1 9.5 1.578 309 14 235 21 60 9 288 3 1965.0 10.4
2013-ON30MC-B11 10-12 2 11 1.994 211 11 137 19 57 8 84 2 1955.4 16.3
2013-ON30MC-B12 12-14 2 13 2.475 164 18 90 24 57 12 5 2 1940.8 19.7
2013-ON30MC-B13 14-16 2 15 2.987 165 15 91 22 61 11 3 1 1924.7 22.7
2013-ON30MC-B14 16-18 2 17 3.522 135 15 61 22 56 13 1907.6 25.6
2013-ON30MC-B15 18-20 2 19 4.049 98 17 24 23 52 11 1890.3 28.0
2013-ON30MC-B16 20-22 2 21 4.580 87 10 13 19 47 8 1873.1 30.6
2013-ON30MC-B17 22-24 2 23 5.138 88 7 13 17 56 5 1855.4 33.7
2013-ON30MC-B18 24-26 2 25 5.674 96 9 22 18 56 7 1837.6 35.9
2013-ON30MC-B19 26-28 2 27 6.240 96 10 22 19 52 7 1819.6 39.1
2013-ON30MC-B20 28-30 2 29 6.841 60 11 67 9 1800.6 42.6
2013-ON30MC-B21 30-32 2 31 7.434 73 8 45 6 1781.2 45.3
2013-ON30MC-B22 32-34 2 33 8.028 71 5 54 4 1761.9 48.2
2013-ON30MC-B23 34-36 2 35 8.640 64 5 55 4 1742.3 51.4
2013-ON30MC-B24 36-38 2 37 9.253 73 6 56 5 1722.3 54.3
2013-ON30MC-B25 38-40 2 39 9.874 47 10 55 7 1702.2 57.4
2013-ON30MC-C	(Subcore	C)
2013-ON30MC-C1 0-1 1 0.5 0.093 1271 28 1192 34 94 15 47 2 2011.9 6.0
2013-ON30MC-C2 1-2 1 1.5 0.200 1256 52 1177 56 93 24 56 4 2008.4 6.0
2013-ON30MC-C3 2-3 1 2.5 0.337 1032 24 953 31 87 12 53 2 2004.1 6.0
2013-ON30MC-C4 3-4 1 3.5 0.506 757 12 679 23 57 6 61 1 1998.6 6.0
2013-ON30MC-C5 4-5 1 4.5 0.710 530 20 451 28 62 10 67 2 1992.0 6.5
2013-ON30MC-C6 5-6 1 5.5 0.927 414 19 336 27 45 11 92 3 1984.6 7.6
2013-ON30MC-C7 6-7 1 6.5 1.153 318 16 240 25 65 10 137 3 1976.7 8.6
2013-ON30MC-C8 7-8 1 7.5 1.353 315 17 237 26 54 12 168 3 1969.2 9.0
2013-ON30MC-C9 8-9 1 8.5 1.541 306 10 228 22 57 7 246 2 1962.3 9.5
2013-ON30MC-C10 9-10 1 9.5 1.725 282 19 203 27 52 11 236 4 1955.7 10.2
2013-ON30MC-C11 10-12 2 11 2.177 220 15 141 24 57 10 78 2 1944.5 16.7
2013-ON30MC-C12 12-14 2 13 2.667 168 7 90 21 44 5 15 1 1927.8 19.4
2013-ON30MC-C13 14-16 2 15 3.225 123 12 44 23 36 8 1909.2 22.8
2013-ON30MC-C14 16-18 2 17 3.774 119 9 40 21 52 7 1889.6 24.9
2013-ON30MC-C15 18-20 2 19 4.342 112 11 33 22 60 7 1869.8 27.5
2013-ON30MC-C16 20-22 2 21 4.895 93 8 15 21 39 5 1850.0 29.5
2013-ON30MC-C17 22-24 2 23 5.470 67 8 51 6 1830.0 32.2
2013-ON30MC-C18 24-26 2 25 6.015 90 11 39 7 1810.1 33.8
2013-ON30MC-C19 26-28 2 27 6.619 71 8 42 5 1789.8 37.3
2013-ON30MC-C20 28-30 2 29 7.247 61 9 58 8 1768.0 40.3
2013-ON30MC-C21 30-32 2 31 7.840 70 12 51 9 1746.3 42.0
2013-ON30MC-C22 32-34 2 33 8.434 60 4 51 3 1725.3 44.4
2013-ON30MC-C23 34-36 2 35 9.046 70 7 49 5 1704.0 47.2
2013-ON30MC-C24 36-38 2 37 9.659 69 7 46 5 1682.2 49.7
2013-ON30MC-C25 38-40 2 39 10.280 60 9 47 6 1660.4 52.3
2013-ON30MC-D	(Subcore	D)
2013-ON30MC-D1 0-1 1 0.5 0.058 1337 25 1251 43 135 14 49 2 2012.5 2.7
2013-ON30MC-D2 1-2 1 1.5 0.149 1317 24 1231 43 92 11 53 2 2009.8 2.7
2013-ON30MC-D3 2-3 1 2.5 0.279 1156 11 1070 37 84 6 64 1 2005.8 3.0
2013-ON30MC-D4 3-4 1 3.5 0.440 795 17 708 39 74 10 71 2 2000.6 3.9
2013-ON30MC-D5 4-5 1 4.5 0.631 574 24 488 42 74 12 71 3 1994.2 4.9
2013-ON30MC-D6 5-6 1 5.5 0.840 398 12 312 37 67 8 99 2 1987.0 5.7
2013-ON30MC-D7 6-7 1 6.5 1.054 314 10 228 36 53 6 148 2 1979.4 6.2
2013-ON30MC-D8 7-8 1 7.5 1.248 349 16 263 38 49 11 218 3 1972.0 6.3
2013-ON30MC-D9 8-9 1 8.5 1.427 323 19 236 40 48 13 295 4 1965.3 6.4
2013-ON30MC-D10 9-10 1 9.5 1.600 270 17 183 39 59 14 239 4 1958.9 6.7
2013-ON30MC-D11 10-12 2 11 2.031 209 11 123 36 56 8 51 1 1948.0 12.3
2013-ON30MC-D12 12-14 2 13 2.531 189 14 103 37 53 9 4 1 1931.2 14.7
2013-ON30MC-D13 14-16 2 15 3.042 162 14 76 38 55 11 1913.0 16.1
2013-ON30MC-D14 16-18 2 17 3.575 127 6 41 35 50 5 1894.1 17.6
2013-ON30MC-D15 18-20 2 19 4.129 119 12 33 37 55 10 1874.5 19.3
2013-ON30MC-D16 20-22 2 21 4.661 100 7 14 36 57 5 1854.9 20.1
2013-ON30MC-D17 22-24 2 23 5.228 92 9 6 36 41 7 1835.1 22.0
2013-ON30MC-D18 24-26 2 25 5.766 107 17 21 39 34 11 1815.1 22.7
2013-ON30MC-D19 26-28 2 27 6.338 74 10 55 7 1795.0 24.5
2013-ON30MC-D20 28-30 2 29 6.937 72 10 51 8 1773.9 26.4
2013-ON30MC-D21 30-32 2 31 7.529 56 10 52 8 1752.4 27.6
2013-ON30MC-D22 32-34 2 33 8.124 65 10 52 8 1731.0 29.0
2013-ON30MC-D23 34-36 2 35 8.736 33 10 30 7 1709.2 30.7
2013-ON30MC-D24 36-38 2 37 9.349 69 10 37 7 1687.1 32.0
2013-ON30MC-D25 38-40 2 39 9.969 44 9 29 7 1664.8 33.6
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Figure	S1.		Comparison	of	composite	core	results	for	ER15	with	individual	cores	from	a	separate	
multi-corer	cast	at	the	same	location.			
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Figure	S2.		Comparison	of	composite	core	results	for	ON30	with	individual	cores	from	a	
separate	multi-corer	cast	at	the	same	location.			
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Figure	S3.	 CRC	and	CIC	model	plots	for	data	from	Lake	Superior.		
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Figure	S4.	 CRC	and	CIC	model	plots	for	data	from	Lake	Michigan.		
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Figure	S5.	 CRC	and	CIC	model	plots	for	data	from	Lake	Huron.		
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Figure	S6.	 CRC	and	CIC	model	plots	for	data	from	Lake	Erie.		
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Figure	S7.	 CRC	and	CIC	model	plots	for	data	from	Lake	Ontario.		
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Figure	S8.		Calendar	date	profiles	for	cores	from	Lake	Superior.	

25



Figure	S9.		Calendar	date	profiles	for	cores	from	Lake	Michigan.	
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Figure	S10.		Calendar	date	profiles	for	cores	from	Lake	Huron.	
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Figure	S11.		Calendar	date	profiles	for	cores	from	Lake	Erie.	
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Figure	S12.		Calendar	date	profiles	for	cores	from	Lake	Ontario.	
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