IMPACTS OF SEA-LEVEL CHANGE AND HUMAN ACTIVITIES IN THE RARITAN RIVER
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2. STUDY AREA

1. INTRODUCTION

The salt-marsh field study site for the new northern NJ record is south of Raritan Bay at Cheesequake State Park, NJ (Fig. 2). This site is
ideal for high resolution (decimeter vertical and decadal horizontal) sea-level reconstruction due to small tidal ranges, subsiding
coasts, and extensive peat indicative of high-marsh environments where there is abundant datable material. A stratigraphic survey has
been completed in Cheesequake State Park (Fig. 4).
The study of human impacts on the Raritan River required the collection of surface samples and core samples from the marshes
surrounding the river. Coring locations were chosen based on the availability of at least 1 m of datable marsh material. Sampling
locations can be seen in Figure 3 .

Relative sea-level (RSL) reconstructions extend the
20th century instrumental record (tide gauge and
satellite measurements) of spatial and temporal sealevel variability to provide a much longer context for
recent trends and projected RSL rise. Common Era (last
2000 years) RSL reconstructions illustrate patterns of
natural variability and include natural phases of
climate and sea-level which will improve our
knowledge basis for sea-level responses to climate
changes.
The northeast U.S. has exhibited varying rates in
relative sea-level rise through the Common Era,
primarily due to glacial isostatic adjustment. However,
other factors such as ocean/atmosphere dynamics,
sediment compaction, and the static equilibrium
response to land ice changes, further influence the
evolution of relative sea-level. The spatial variability is
manifest in the tide gauge records. The tide gauge at
the Battery, New York City (1856 to 2015) records a
relative sea-level rise of 2.8 mm/yr whereas the tide
gauge at Sandy Hook, New Jersey (1932 to 2015), 25
km southeast, records 4.1 mm/yr (Fig. 1). A Common
Era RSL reconstruction for northern NJ will help to
quantify and decipher the processes responsible for
the spatial variability observed in rates of RSL rise in
the northeast U.S.

Figure 2: Location of Cheesequake State Park and site map with location of sediment
core transects. Black squares on map represent locations where RSL records have been
completed or are in process.

Figure 1: Tide gauge records at the Battery, New York City (1856 to 2015) and
Sandy Hook, New Jersey (1932 to 2015).

Figure 3: Map of surface sediment locations and coring
locations along the Raritan River. Map is from the Raritan
River Sediment Chemistry Study Proposal Narrative.

In addition to changes in RSL changes, northern NJ has also been impacted by human activities, especially industrialization and
urbanization, since the onset of European settlement in the mid 17th century. These activities increase the amount of pollutants, such as
heavy metals, organic pollutants, and nutrient loads. Understanding the spatial and temporal extent of pollution is critical to stakeholders
so that informed decision regarding the management, restoration, and remediation of contaminated sites can be made. While surface
samples have been taken in the past to monitor contamination along the Raritan River, we seek to expand the number of sites assessed, as
well as extend the temporal scale by reconstructing pollutants and the impacts they had on the biology of the Raritan River over the past
250 years.
Figure 4: Stratigraphy at Cheesequake State Park. Sampled core marked by red star.

3. RELATIVE SEA-LEVEL RECONSTRUCTION

4. POLLUTION IMPACT RECONSTRUCTION

• Use microfossil indicators preserved in
salt-marsh sediments as a proxy
• Salt-marsh foraminifera’s modern
distribution is strongly linked to tidal
elevation
• Microfossil-based
transfer
function
enables continuous records of RSL to be
produced with a full consideration of
uncertainty
• Transfer function applied to fossil
foraminifera preserved in the sediment
cores

• Diatoms are extremely sensitive to environmental changes
• In particular, some species are able to survive and thrive in altered
environments while others will disappear due to the sample changes
• Changes in community composition can be used to understand how the
ecology of a region was impacted
• To assess human impact in the Raritan River, we will take diatom samples
throughout the core, focusing on the past 250 years in order to see how
community composition changed from pre-industrial times through the
present
• Diatoms will be extracted and 300-500 valves will be identified to species
and counted
• A variety of metrics, such as the ratio of centrics to pennates, which can
indicate productivity or water clarity (Fig. 7), and known environmental
preferences of species will be observed through time in order to see how
pollution events impacted the ecology of the system

RSL = Altitude – RWL

Figure 7: A centric (or radially symmetrical diatom) and pennate (or
bilaterally symmetrical diatom).

Figure 6: Modern distribution of foraminifera and their relationship with tidal level.

5. CHRONOLOGY
At Cheesequake State Park, we observed sedimentary sequences dating back 2000 cal. yrs.
BP with sufficient microfossil indicators, which are suitable for relative sea-level
reconstructions. We use a composite chronology of AMS 14C (Table 1), pollution histories
(Fig. 8), and a 137Cs spike (AD 1963) to achieve multi-decadal temporal precision and to
create an age-depth model (Fig. 9).
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Table 1. Radiocarbon dates from Cheesequake marsh.
Depth in core (cm)
62
122
132
141
157
170
189
239

2
3
4

Sample ID
OS-123395
OS-123396
OS-126937
OS-126938
OS-126939
OS-123397
OS-126940
OS-123398

Age (14C years)
155
315
545
795
1,080
1,600
1,650
2,010

Age error (14C years)
15
20
15
15
15
20
20
15

Radiocarbon ages from macrofossil plant rhizome samples reported by the National Ocean Sciences
Accelerator Mass Spectrometry (NOSAMS) facility. Sample ID is the unique identifier assigned to each
radiocarbon age by NOSAMS.

In the Raritan River pollution study, metals and organic pollution markers will also be used to
determine the geochronology of the core. In addition, three radiocarbon dates will be obtained
using either macrofossil plant rhizomes (if the cores include salt marsh sediments) or macrofossil
roots in growth position (if the cores include freshwater marsh sediments). 137Cs and 210Pb will be
obtained through gamma and alpha spectroscopy, respectively, in order to determine ages of
sediments deposited in the past 150 years. Pollen chronohorizons, specifically those related to
known regional deforestation events, such as initial land clearance and maximum deforestation,
can also be used to constrain the geochronology of the cores. The abundance and ratio of ragweed
(Ambrosia) and oak (Quercus) are often used to identify deforestation events in sediments (Fig.
10). As deforestation occurred, the abundance of ragweed increased and the abundance of oak
decreased.
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Figure 8: Geochemistry pollution markers included are Pb pollution onset and peak, Pb isotope decline,
rise in Cu, decline in Cd, and decline in Ni.

Figure 9: Age-depth model using
composite chronologies of AMS
14C, pollution histories, and a 137Cs
spike (AD 1963).

6. APPLICATION OF GAUSSIAN PROCESS MODEL
A northern NJ record will fill in the spatial gap between records completed in southern NJ (Kemp et al.,
2013) and New York City (Kemp et al., 2017) to help determine how and why relative sea-level exhibits
regional variability.

New Jersey

We will apply a statistical technique through empirical hierarchical modeling with Gaussian process
priors that appropriately accounts for the vertical and chronological uncertainties of the RSL data.
This technique will provide a probabilistic assessment of past RSL changes and rates of past RSL
change to examine spatial variability and the timing of the most recent RSL acceleration.

Figure 11: Left: Southern NJ
(Kemp et al., 2013) and New
York City RSL records (Kemp et
al., 2017); Right: Rate of RSL
change in NYC estimated by the
EIVIGP model (mean with
shaded 68% and 95% credible
intervals) (Kemp et al., 2017).

Figure 10: Oak pollen (left) and ambrosia pollen (right). Images are from
The University of Tulsa Aerobiology Laboratory, Tulsa Pollen Home Page.

7. FUTURE WORK
Cheesequake Sea Level Record
• Complete northern NJ RSL record
• Examine broader spatial variability in the northeast RSL records to increase understanding of
the causes of past sea-level changes
• Explore potential causes such as groundwater withdrawal to address tide gauge and RSL
record differences
• Examine variability in timing of recent RSL acceleration in the northeast
Raritan River Pollution Study
• Analyze pollen, 14C, 137Cs, and 210Pb in order to understand geochronology of the Raritan
River cores
• Assess results of geochemical analyses of cores from the Raritan River marshes
• Collect diatom samples in order to reconstruct impact of pollution history from preindustrial conditions through the present
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