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Itinerary for Wednesday, September 26th 

 

9:00 AM – 1:00 PM 

The first half of the day will be in salt marshes at Edwin B. Forsythe National Wildlife 

Refuge to examine Holocene sea-level indicators (led by Jennifer Walker and Ben Horton) 

**Wear shoes/boots that you don’t mind getting muddy. We have ~20 pairs of extra 

boots to borrow. 

1:00 PM – 2:00 PM 

Lunch at Stockton University’s Kramer Hall with presentation by Mark Demitroff 

2:00 PM – 6:00 PM 

The second half of the day will be several stops in the Pinelands to explore periglacial 

landscapes (led by Mark Demitroff) 

**Hard hats, safety vests, goggles required for one of the stops. These will be 

provided. 

 

To Bring: water, sunscreen, bug spray (we will have extra), rain gear (just in case) 

  



PALSEA/QUIGS Fieldtrip Guide | Jennifer Walker and Mark Demitroff 
 

2 
 

HOLOCENE SEA-LEVEL CHANGE IN NEW JERSEY 

Holocene relative sea level (RSL) on the U.S. Atlantic coast is the product of eustatic, 

isostatic, tectonic and local contributions (Engelhart et al., 2009; Engelhart and Horton, 

2012). The eustatic function includes the transfer of mass between the ocean and ice 

sheets, ocean water density (steric) changes from temperature and salinity variations, and 

gravitational and rotational changes (geoid contribution). Isostasy is the total effect of 

glacio- and hydro-isostasy. Tectonic contributions are assumed to be localized or 

negligible for the Holocene. Local processes include tidal-range change and sediment 

compaction. 

The New Jersey coast is a barrier island and lagoon system separating the mainland from 

the Atlantic Ocean. Along the coasts, there are extensive modern salt marshes with gentle 

elevation gradients. New Jersey has experienced RSL rise throughout the Holocene, which 

has deposited sediment in back-barrier settings (including salt-marsh peat and estuarine 

muds). These sequences have formed a sedimentary archive from which we can 

reconstruct RSL.  

We investigated the effect of tidal-

range change and sediment 

compaction on reconstructions of 

Holocene RSL in New Jersey, USA 

(Miller et al., 2009; Horton et al., 

2012). We updated a published sea-

level database to generate 50 sea-level 

index points and ten limiting dates 

that define continuously rising RSL in 

New Jersey during the Holocene 

(Figure 1). There is scatter among the 

index points, particularly those older 

than 7 ka. A numerical model 

estimated that paleotidal range was 

relatively constant during the mid and 

late Holocene, but rapidly increased 

between 9 and 8 ka leading to an 

underestimation of RSL by ~0.5 m. We 

adjusted the sea-level index points 

using the paleotidal model prior to 

assessing the influence of compaction 

on organic samples with clastic 

deposits above and below (an 

intercalated sea-level index point). We 

found a significant relationship (p=0.01) with the thickness of the overburden (r =0.85). 

Figure 1:  Holocene sea-level index points and 
limiting dates from New Jersey. Decompacted and 
tidal range corrected basal (blue) and intercalated 
(red) index points are plotted as boxes with 2σ 
vertical and calibrated age errors. 
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We altered the altitude of intercalated index points using this simple stratigraphic 

relationship, which reduced vertical scatter in sea-level reconstructions. We conclude that 

RSL rose at an average rate of 4 mm a-1 from 10 ka to 6 ka, 2 mm a-1 from 6 ka to 2 ka, and 

1.3 mm a-1 from 2 ka to AD 1900. 

FASTEST SEA-LEVEL RISE IN TWO MILLENNIA ALONG THE NEW JERSEY 

SHORE 

The first stop on our fieldtrip 

will be to Edwin B. Forsythe 

National Wildlife Refuge on 

the west side of Great Bay at 

Leeds Point. 

The Edwin B. Forsythe 

National Wildlife Refuge is 

one of more than 555 refuges 

in the National Wildlife 

Refuge System administered 

by the U.S. Fish and Wildlife 

Service. The National Wildlife 

Refuge System is a network of 

lands and waters managed 

specifically for the protection of wildlife and wildlife habitat and represents the most 

comprehensive wildlife resource management program in the world. Forsythe comprises 

more than 47,000 acres of southern New Jersey coastal habitats. 

One of the most visible characteristics of Edwin B. Forsythe National Wildlife Refuge is 

the clear division of plants into elevational zones (upper and lower salt marsh) vegetated 

by species more or less tolerant of submergence.  Similarly, microscopic organisms on the 

surface of salt marshes form distinctive assemblages that reflect how much time they 

spend under water, although in contrast to plants there are typically more species forming 

more zones.  This increased number of zones makes some microfossils very precise 

indicators of sea level; foraminifera are one such group of organisms.  We described the 

distribution of foraminifera on salt marshes across New Jersey (Kemp et al., 2013a) and 

used a numerical technique called a transfer function to define the modern relationship 

between foraminifera and sea level. 

In regions where sea level is rising, salt marshes build upward by accumulating sediment 

to maintain their position.  Over time, thick sequences of sediment are formed 

underneath salt marshes, where older sediment is preserved closer to the bottom of the 

sequence and younger sediment toward the top.  Foraminifera that lived on these former 

salt marshes are also preserved.  The accumulated piles of sediment are therefore archives 

of RSL changes that took place in the past.   
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We collected cores through 

sequences of accumulated sediment 

at two sites in New Jersey that are 40 

miles apart (Kemp et al., 2013b).  In 

samples from each core we counted 

preserved foraminifera and used the 

transfer function to estimate how 

high above sea level each sample 

formed (Figure 2).  To reconstruct 

sea level the age of each sample must 

also be known.  We dated samples 

using many techniques including 

radiocarbon dating, other 

radiometric methods and marker 

horizons of known age (Figure 3).  

The cores we collected covered the 

last 2500 years and we were able to 

provide a continuous reconstruction 

of sea-level changes over this period 

Figure 2:  The abundance of the five most common species of foraminifera is represented by 
grey horizontal bars.  Paleomarsh elevation (PME) was reconstructed using a transfer 
function applied to foraminifera preserved in core samples, SWLI = Standardized Water 
Level Index.   

Figure 3: Chronology developed for core CMC-8.  
Thirteen, identifiable plant macrofossils were 
radiocarbon dated and constrained the Bchron age 
model.  Pollution chronohorizons were recognized by 
elemental concentration, lead isotopic ratios and 
137Cs activity.  An increase in Ambrosia pollen was 
interpreted as being caused by land clearance during 
European settlement in the study region. 
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(Figure 4).  To be confident in the validity of our technique, we compared our estimates of 

sea level for the past 100 years to measurements made by tide gauges in New Jersey and 

found them to be the same.   

To extract climate-related 

changes in sea level Kemp et 

al. (2013b) subtracted 

estimates of how much land 

subsidence had contributed 

over the last 2500 years 

(Figure 4). After correction 

for land-level change (1.4 

mm/year), they found four 

multi-centennial sea-level 

trends: fall at 0.11 mm/year 

from 500 BC to 250 AD, rise 

at 0.62 mm/year from 250 

AD to 733 AD, fall at 0.12 

mm/year from 733 AD to 

1850 AD, and rise at 3.1 

mm/year since 1850 AD. RSL 

rose ~0.4 m during the 20th 

century. There is currently 

1.4 mm/year of subsidence in 

New Jersey; therefore, about 

half of RSL rise from 5000-

500 years BP can be 

attributed to subsidence and 

the remaining ~0.4-1.0 

mm/year was due to eustatic 

rise. After removing 1.4 

mm/year of land-level 

change, an inflection is 

observed where modern 

rates of RSL rise begin 

between 1830 AD and 1873 

AD (Figure 5). 

Figure 4: Relative sea-level reconstruction from southern 
New Jersey. Data points are represented by boxes that 
incorporate the vertical and temporal uncertainty from 
these two sources, but do not show associated probability 
distributions within each box. 

Figure 5: New Jersey sea-level reconstructions with the 
estimated contribution of land-level change removed 
(1.4mm/yr). 
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RECONSTRUCTING HOLOCENE SEA LEVEL IN NEW JERSEY AT DECIMETER- 

AND DECADAL-SCALE PRECISION  

In my PhD thesis I have conducted further stratigraphy fieldwork at Edwin B. Forsythe 

National Wildlife Refuge through a transect of 14 sediment cores collected over a distance 

of 450 meters and to a depth over 8 meters at the coastal edge of the marsh. The 

stratigraphy reveals ~2-6 meters of minerogenic salt marsh sediment which increases in 

thickness with distance towards the coast. Below is ~1-3 meters of a more organic salt 

marsh sediment, which varies in thickness along the transect. Finally, a 0.5-1 meter layer of 

organic amorphous peat overlies a basal sand and gravel. There is a very uniform gradient 

in the basal sand contact which deepens towards the coast.  

Most high resolution (decimeter- and decadal-scale) relative sea-level (RSL) records using 

salt-marsh microfossils as a proxy only extend through the Common Era, limiting our 

understanding of driving mechanisms of RSL change and how sea level is influenced by 

changing climate. Records beyond the Common Era are limited by the depth of 

continuous sequences of salt-marsh peat suitable for high resolution reconstructions, as 

well as contamination by local processes such as sediment compaction. In contrast, 

sequences of basal peats have produced compaction-free RSL records through the 

Holocene, but at a low resolution (meter- and centennial-scale). 

We devise a new method to develop a mid-

Holocene RSL stack for New Jersey. We 

stack fourteen 1-m basal peat cores that 

temporally overlap along a uniform 

elevation gradient above an incompressible 

basal sand. We analyzed two sea-level 

indicators from the 14 cores: foraminifera 

and stable carbon isotopes in bulk organic 

matter. We use carbon isotopic composition 

to determine the C3/C4 vegetation 

boundary in each core. We develop age-

depth models for each core using 3-5 radiocarbon dates. Radiocarbon dates place the basal 

sequences at least 4246-4408 cal yrs BP.  The RSL records from each meter-long basal core 

are combined to create a stack spanning from mid-Holocene to the present. This method 

removes the issue of compaction and creates a continuous RSL record to address temporal 

changes in RSL rate and to evaluate relationships between climate and sea-level variability 

over a longer interval at high resolution.  

In the field we will discuss the use of salt marshes for Holocene sea-level records, the use 

of sea-level indicators from salt-marshes, and the use of basal peats in sediment sequences 

to reconstruct sea level. We will demonstrate field methods and hand coring techniques 

before splitting into groups to take several sediment cores along a transect. 
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EARTH, WIND & ICE: ANCIENT CLIMATE CHANGE TO AN ICE-MARGINAL 

PERIGLACIAL LANDSCAPE 

Mark Demitroff, School of Natural Sciences & Mathematics, Stockton University, 

Galloway, NJ 

It is extraordinary that a patch of urban 

wilderness, the Pinelands National Reserve 

(Figure 6), had somehow survived in a 

relatively pristine condition into the twenty-

first century. The sandy gravelly soil was 

long considered “barren,” meaning it was too 

poor to support conventional agriculture. 

Frequent wildfires favored the growth of 

thick pine and oak forest. The New Jersey 

Pine Barrens is a renowned United Nations 

designated International Biosphere Reserve, 

a protected area that is surprisingly larger in 

size than Yosemite National Park—4,711 

verses 3082 square kilometers, respectively.  

 

The Pine Barrens contains the only ice-marginal coastal plain in North America. A 

prevailing belief has been that the region’s Pleistocene landscape was cool wet spruce-fir 

forest and that eolian activity was limited. The first to speculate on past permafrost was 

ever present was Wolfe (1953), Professor of Geology at Rutgers and a Pinelands native 

himself. Wolfe argued that frozen ground could be evinced by the presence of numerous 

closed basins that he interpreted as thermokarst or thaw ponds. Later, Newell & Wyckoff 

(1992) reaffirmed the ancient presence of frozen ground through the interpretation of 

periglacial (cold, nonglacial) features and characterizing the paleohydrology.  

For the PALSEA/QUIGS field trip two field sites are chosen: 1) a pit exposure to 

demonstrate the aggradation and degradation of past permafrost; and 2) a closed basin to 

show that katabatic winds played a key role in shaping the local landscape in the general 

absence of forest and shrub vegetation. Both are close to Hammonton, which lies 125 km 

south of the maximum extent of any Pleistocene ice sheet terminus. Evidence of 

widespread wind action can be correlated with frost cracking (French et al. 2003), 

thermokarst (French et al. 2005), luminescence dating (French et al. 2007), and cryogenic 

Figure 6: Map of extant of Pine Barrens (in 
green) and Pinelands National Reserve (blue 
outline) as adapted from McCormick & 
Andresen 1963. 
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weathering (French et al. 2009), which in combination indicate that during certain cold 

episodes the area’s plant community was sparsely vegetated semidesert akin to that of the 

European Sand Belt. It is believed that the Pinelands had a Mean Annual Air Temperature 

of -6 to -8º C with continuous permafrost (French et al. 2007, Demitroff 2016). Surficial 

deposits at the Pine Barrens field trip sites are made up of a thin veneer of unconsolidated 

Neogene fluvial and marginal marine sediments of the Bridgeton Formation  (Tbr, Late 

Miocene feldspathic gravelly sand), being situated atop the Cohansey Formation (Tch, 

Early–Mid Miocene lower marine shelf to littoral sequence sand). This flat terrain is a 

subtle erosional badland; a Quaternary landscape that is epi- to anti-syngenetic. 

UNEXPECTED PIT, NEWTONVILLE, NJ (FIGURE 7) 

Resource extraction began here soon after the advent of the Vineland Railway in 1870, 

which opened up the New York and Philadelphia markets to merchandise this pit’s 

exceptional coarse brown molding sand. Much of the surficial material has been recently 

stripped away, but a 200-m easy-access wall exposure of “Old Furnace Bottom”—a 

namesake relating to its use in furnace lining—remains along the pit border. The well-

studied geologic record here represents several episodes of permafrost aggradation (Figure 

8) and degradation (Figure 9) spanning the Late and likely Mid Pleistocene. Within the pit 

is accommodated a complex and protean grouping of cold climate macrostructures, a 

scene that is ever changing in nature with ongoing extraction operations. Features include 

periglacial desiccation cracks, ground- and sand-wedge casts, modified wedges, and 

sediment-filled pots. 

 

 

 

 

 

 

 

 

 

Figure 7: Google Map (2017) view of Unexpected pit excursion route. The soil at the 
exposure is Aura series (Coarse-loamy, siliceous, semiactive, mesic Typic Fragiudults—
Coarse-loamy eolian deposits over loamy gravelly fluviomarine deposit). 
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Figure 9: Another suite of Pinelands periglacial macrostructures is associated with climate 
warming; where the aforementioned aggradational macrostructures after genesis have been 
modified and deformed by ice-thaw (thermokarst) with climate amelioration. Some are 
chimeras, structures that are subsequently reworked by polycyclic cooling (outlined in 
yellow) and warming episodes (outlined in red). Sediment-filled pots are thermokarst bulbs 
that form at polygon wedge intersections. A deformed wedge (above, right image) 
propagates off to the right to meet another sediment-filled pot that is 10 m away. 

Figure 8: One suite of Pinelands periglacial macrostructures is used as an indicator of 
permafrost aggradation associated with climate cooling. Their geomorphic regime is 
attributed to climate conditions that ranged from the advance of deep seasonal frost to 
discontinuous permafrost to continuous permafrost under cold, dry, and windy conditions. 
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WEST MILLS SPUNGS, HAMMONTON, NJ (FIGURES 10 AND 11) 

This is the site of early forest resource extraction, its mill erected c.1740 to cut Atlantic 

white cedar (Chamaecyparis thyoides) for sheathing the homes of Philadelphia and New 

York. The valued lowland timber was quickly exhausted (c.1760). The mill was abandoned 

and its less profitable upland forest became a coaling center for bog iron production (later 

fuelwood). Oaks and pines were cut on 15 to 20 year cycles, and by 1930s all that remained 

was a monotonous plain of stunted scrubland—evinced by the visible bare ground in the 

c.1931 aerial photomosaic in the below figure.  

Deflation basins, pockets of water colloquially called spungs (Elizabethan English for 

“pockets”), cover about 2% of the region’s land surface. They are important critical habitat 

for threatened and endangered flora and fauna, and were centers of foraging economies 

for over 14,000 years of transhumance (esp. game traps). Their utility continued post-

contact as settlers found them to be important watering holes, and woodsman continued 

to follow the ancient trails that linked pond to pond. The State’s cranberry industry began 

in spungs, as did the Carolina rice industry before sluice gate technology was perfected 

after the American Revolutionary War. 

Spungs are the northern equivalent of the enigmatic Carolina Bays, which are thousands 

of wetland depressions that range (N–S) from southern New Jersey to Delaware and 

Maryland (Delmarva Bays) to Virginia (Pongos) to North & South Carolina (Carolina Bays 

or Pocosin), and even to the US Gulf Coast (Citronelle Ponds). Found in association with 

them are parabolic dunes and sand sheets. French & Demitroff (2001) interpret spungs as 

deflational basins created by strong katabatic winds during cold periods when the 

vegetation was sparse. Spungs positioned low on the landscape often have planar bottoms, 

indicating playa-like deflation to a water table (a Stokes surface). Basins higher up the 

interfluve have bottoms that are parabolic in form (French & Demitroff 2012). On occasion 

Pinelands spungs contain yardang.  



PALSEA/QUIGS Fieldtrip Guide | Jennifer Walker and Mark Demitroff 

12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: The West Mills spung site shown on a c.1931 aerial photomosaic. These basins 
occupy a low sandy windblown terrace bordered by huge alluvial fans created during high-
energy nival (snowmelt) flooding over frozen ground (Newell & Wyckoff 1992, French & 
Demitroff 2012). The trip route is marked in yellow line (NJDEP c.1931, Sheet 194). 

Figure 11: The West Mills spung site as recorded on down-looking bare earth LiDAR imagery 
(USGS April 2010). Hairpin (long-walled) parabolic dunes formed atop a broad sandy 
terrace, which was later incised by nival flooding over permafrost and deep seasonal frost 
before the seasonal thaw. Relict plateau is an erosional remnant. This is a sediment-starved 
system. Capping of old gravel bar or ironstone bottom deposits have now become slight 
hilltops following long periods of erosion (invert topography). 
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Mark Demitroff, an Adjunct Instructor of Geology at Stockton University, grew up on a 

Pinelands poultry farm. He widely lectures and publishes on land-surface processes, past 

permafrost, and Pine Barrens geography. Mark practices as NJ Licensed Tree Expert #285, 

and serves on the boards of the US Permafrost Association and the South Jersey Culture and 

History Center, and is a member of the West Jersey Historical Round Table.  

http://loki.stockton.edu/~demitrom/home.html 
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