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ABSTRACT

This study examines the palynostratigraphy of the Magothy Formation in the
Northern Delmarva Peninsula with the objectives of correlation with the Magothy
Formation of New Jersegocumentation of palynomorphs within this intenassessment
of the depositional history and environment of these sedimants determination of
whether the overlying Cheesequake Formation is present in the study area. In northern
Delmarva the Magothiformation is a Coniacian aged deposit consisting mainly of tidally
influenced estuarine and fluvial sands and lignitic clays. The lateral continuity of these
subsurficial Magothy sand beds remains poorly understood in their updip section around
northern Déaware. An improved biostratigraphic understanding of this poorly studied
interval may aid future mapping efforts. Additionally, documentation of Magothy
Formation palynomorphs from the study area has been lacking. Previous work in central
New Jersey hasidded the Magothy Formation into three palynostratigraphic zones, but
these zones have yet been systematically correlated to Delaware. This study fills that gap
with a palynological analysis conducted on Magothy sediments at nine sites across northern
Delaware and Maryland to gain a better understanding of the depositional history,
distribution, and lateral continuity of the northern Delmarva Magothy Formation. Two
continuously drilled wireline cores at Port Penn Delaware and Bohemia River State Park
weredrilled into the Magothy Formation for the purposes of this project, and field sampling
of Magothy Formation outcrops was conducted at Grove Point Maryland and along the
Chesapeake and Delaware Canal. Additionally, material from previously drilled cese hol

and split spoon cores at five sites were examined for palynomorphs. All sites contained



Normapolles type angiosperm pollen indicative of a Magothy age (Coniacian).
Assemblages from Lums Pond, Summit Marina, Middletown, Woodland Beach, Dover
AFB, the Caml Outcrop,and Grove Point were consistent with the presence of the upper
Magothy ?Pseudoplicapollis cuneatdemioculopollis verrucosgdPcSv) zone. The
lowermostComplexiopollis exigua Santalacites minorone (CeSm), was recognized at
Bohemia River ath at Dover AFB. The middlePseudoplicapollis longiannulata
Plicapollis incisa(PI-Pi) zone was recognized at Port Penn, lower in the Lums Pond core,
and in a thin interval in the Bohemia River core. This diversity of observed assemblages
across the nineites in the study reveal a high degree of lateral variability between sites
consistent with a paleochantfél model of deposition. A pollen assemblage suggestive of
equivalence with the Cheesequake Formation was found directly above the Magothy
Formationin the Bohemia River core, and assemblages from directly above the Magothy
Formation at several other sites are consistent with the presence of this previously
unrecognizedunit in Delaware. Additionally, a large collection of palynomorph
photographs waaccumulated for this project to document the local palynology of the
Magothy Formation; mangf thoseare here presentad the platedo aid future workers

in studying this interval.

Xi



Chapter 1

INTRODUCTION AND BACKGROUND

The primary objectives of this study are to take an inventory of palynomorphs from
the Magothy Formation of Northern Delaware and Maryland, and to use those
palynomorph assemblages to evaluate the depositional history aatldatemuity of the
Magothy Formation in northern Delaware and northeastern Maryland. The Magothy
Formation is an important aquifer unit that was deposited during the Late Cretaceous. It
stretches from Nantucket through Long Island and southwest throaghJirsey into
Delaware and Maryland. The section's greatest thickness is in the vicinity of the Raritan
embaymeni{Owens et al., 1995)n the Sandy Hook corehole drilled in that area, the
Magothy Formation is over 300thick (Figurel) and isthought to represent a deltaic to

estuarine depositional environment (Sugarmgal, 2021).
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Figure 1: Modified from Sugarman et al. (2021). Correlation of Magothy members and
beds from wells and coreholes including Saktibhok South Maintenance Yard
B, Sea Girt, Medford, Millville, Dover Air Base (DE), Fort Mott, and Summit
Marina (DE) Also shown are gamma logs and pollen zones. BR = Bass River
Formation. RF = Raritan Formation. PF = Potomac Formation. Note that the
Magothy Formationgenerallythins to the south from the Sandy Hook Core.
Correlation of PIPi and CeSm lithologic members south of Medford is
speculative. Dotted red lines and correlations south of Medford are based on
interpretations made from the resultshoststudy. Note that the pollen zones tend
to lense in and out between sites where the Magothy Fm is thin.

In Delaware, the Magothy Formation is thinnest in the northwestern part of the
state, and it increases in thickness in the subsurface generthkdygoutheast (Benson and
Spoljaric, 1996)In Delaware and/laryland,the Magothy Formation has a highly variable
thickness, ranging from-60 ft in Maryland. In Delaware, the Magothy Formation is
discontinuous in the vicinity of the Chesapeake and Dekv@anal, and generally
increases in thickness in the subsurface to the southeast (Jengo et alT20MAgothy
Formationcontainscrosb edded angul ar to subangul ar qua
to black lignitic clays (Jordan, 1962; Benson andljdgo, 1996). Pyrite is a common
mineral in the Delaware Magothy Formation (Benson and Spoljaric, 1996), and small
amounts of amber are also present (Penney, 2010). The unit has been interpreted as
estuarine to marginal marine in Delaware (Benson andja@jpl 1996) with some
localized fluvial influences (Jordan, 1983).

In central New Jersey in the vicinity of the Raritan embayment, the Magothy
Formation consists of six recognized members; these are in ascending order the Sayreville

Sand, the Southmboy Fire Clay Member, the Old Bridge Sand Member, the Amboy

Stoneware Clay Member, the Morgan Beds, and the Cliffwood B&dserfs et al., 1995;



Sugarmaret al., 202). (Figure?2). It is underlain unconformably in New Jersey by the
Raritan Formation.The Magothy Formations overlain unconformably by either the
Cheesequake Formation or, where the Cheesequake is absent, the Merchantville Formation
(Benson and Spoljaric, 1996; Sugarneaml, 2021).

In boreholes in central and northern Delaware the Magothy Formation directly
overlies the Potomac FormatigRigure 3)unconformably (Benson and Spoljaric, 1996).
In Delaware, the Cheesequake interval has not yet been recognized, with repeirtg sh
the Merchantville Formation unconformably overlying the Magothy Formation in
Delaware (Jordan, 1962; Benson and Spoljaric, 1996). However, the Cheedeanueais
been recognized across the Delaware Bay in the Fort Mott Corehole (Sugarman et;al., 2004
Jengo et al., 2013) This makes it likely that Cheesequake Formation equivalent beds are
present in the state Bfelaware buhave gone unrecognizéuthe timesince Litwin etal.
(1993) first described the Cheesequake Formation. The Magothy Formation and its
members are well studied and delineated within the New Jersey section, but the
stratigraphy of the section in Delaware is more poorly understood since the New Jersey
members hee not been correlated south of Trenton New Jersey where the reported
thickness decreases to 50 ft (Jordan, 198Bgrefore,it remains uncertain as to which
members are present in Delaware which correlate with the New Jersey mdrabeesthe
lateral cantinuity of viable Magothy aquifer beds within the Delaware subsurface is unclear

at many locations.
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Figure 2 Modified from Sugarman et al., (2021). Correlation chart of Upper
Cretaceous Formations, members, beds, and sequahmeg,with east
coast pollen zones of Christopher (137%&irkin (1986), Sugarman (2021)
and available isotope dates. Note the differing extent of pollen zone V in
older works.

The Magothy Formation typically contains few to virtually faraminifera,
calcareous nannofossils, or other marine-agganic microfossils. Dinoflagellate cysts are
typically rare in the Delaware Magothy Formation; none were noted in Benson and
Spoljaric (1996), nor were any noted in the Fort Mott corehole (Swayaetal., 2004)As
a result, terrestrial palynomorphs have been of special importance for creating detailed
biostratigraphy for this interval. Palynomorphs are an ideal fossil group for constructing
biostratigraphic zonations in the deltaic to estuamfegothy Formation due to their

depositional affinity with silts and good preservation under reducing conditions. Many



pollen types fall out of a water column at similar rates to $ite andcan therefore be

found readily in poorly oxidized silty andagtey deltaic and estuarine deposits (Muller,
1959). Peats and lignite beds are common in deléaid estuarinedepositional
environments andcan yield especially good pollen assemblages under dystrophic
conditions (Faegri and Ivess, 1975). Distribution opollen in modern delta systems has
been widely studied, indicating that assemblages tend to be representative of their source
vegetations near or directly upstream of their respective paleoenvironments (Muller, 1959;
Hofmann, 2002; Parg & Holt, 2018).

The four pollen zones currently in use for the Magothy Formation and underlying
Raritan Formation were created by Christopher (1979); the lowest of these zones is
confined completely to the Raritan Formation. These assemblage zones were established
using pincipal coordinate methodology, rangggough methodology, and the use of binary
presenceabsence data for individual pollen types. The zones are named based on
representative pollen taxa rather than first and last occurrences. As proposed by this early
work, the lowest of these zones is tiemplexiopollisAtlantopollis zone (GA) of the
Woodbridge Clay member of the Raritan Formation and Sayreville Sand Member of the
Magothy Formation (the Sayreville Sand is now grouped in the abo\&rCeone; its
earlier grouping within €A was probably due to material from a Woodbridge aged clast
within the Sayreville). Unconformably abowene CA is the Complexiopollis exigua
Santalacites minozone (CeSm) of the South Amboy Fire Clay and lower OIld Bridge
Sand Membes. ThePseudoplicapollis longiannulatdlicapollis incisa(PI-Pi) zone of the

upper Old Bridge Sand and Amboy Stoneware Clay Members sits abesmCand the



?Pseudoplicapollis cuneat8emioculopollis verrucos@cSv) zone of the Morgan Beds

and Cliffwood Beds sits above-PI. Miller et al. (2018) and Sugarman et al. (2021) have
more recently presented data which indicates the Sayreville sand should be assigned to Ce
Sm, suggesting that zoneACis confined entely to the Raritan Formation below an
unconformity whichencompassesnuch of the Turonian. The high species turnover
between zones-B and CeSm reported by Christopher (1979) reflects on the magnitude

of this disconformity.

For the Cretaceous pollen rees above the Magothy interval, Wolfe (1976)
proposed six zones ranging from the upper Magothy Formation to the Redbank Formation.
The lowest of these zones was namedX#ecause Wolfé€l976)erroneously considered
the Magothy Formation to be CampaniameToverlying zone CA is subdivided into
zone CA2A and CA2B. CA-2A corresponds to the Cheesequake Formation according to
Litwin et al. (1993). Zone CA2B corresponds to the Merchantville Formation, and Zone
CA-3 corresponds to the overlying Woodbury Ylavhich is undifferentiated from the
Merchantville Formation in Delaware). Zone @Acorresponds to the Englishtown
interval; zone CA5 corresponds to the Marshalvn, Wenonah, and Mount Laurel
intervals, and Zone CA&/MA-1 corresponds to the Navesinkdailower Red Bank
Formations (Wolfe, 1976).

The zones of Christopher (1979) are approximately equivalent to the numbered
zones IV, V, and VI of earlier works, although that earlier scheme was used inconsistently
in the earlier literature making these carpons imprecise (Christopher, 1977;

Christopher, 1979; Sirkin, 1986; Sugarmah al, 2021). Zone IV corresponds to



assemblage zone-£, and zone V roughly corresponds to-Se and PPi, but also
encompasseBcSv in some works. Zone VII where usedasighly analogous with zone
PcSv and zone CAL of Wolfe (1976), although there is inconsistency in the placement of
these zones relative to the lithologic members of the Magothy Formation (Christopher,
1979, Sirkin, 1986).

The assignecchronostratigraphiage of the Magothy Formation has been subject
to revision, as have the assignments of its members; recent data places the Magothy
Formation firmly within the Coniacian and possibly latest Turonian (Miller et al., 2018),
although earlier studies have plddae unit later within the Santonian, and even as late as
the Campanian, or earlier in the Turonian (Christopher, 1979). Prior study of existing
boreholes penetrating the Magothy Formation in Delaware revealed assemblages
resembling those of the Amboy &tware Clay MembeBgenson and Spoljaric, 1996).

The uncertainty regarding the timing of Magotiyrmationdeposition is mainly due to a
lack of calcareous fossils from the interval, limitations on the biostratigraphic resolution of
palynomorphs, and a d#la of isotope and magnetostratigraphic data.

The purpose of this study is therefore to utilize palynostratigraphy to correlate
sediments of the Magothy Formation in northern to central Delaware and northeastern
Maryland with the named lithologic membersthe Magothy Formation in central New
Jersey. Another main objective of this study is to take an inventory of the pollen and spore
taxa which occur in the Magothy Formation of the northern Delmarva peninsula for future
reference by other researchersisithere hypothesized that the Magoetged pollen

assemblages discovered will be roughly comparable to pollen zone V of earlier works, and



that the stratigraphy encountered in cores drilled for this project will be similar to the
stratigraphy of the equilent New Jersey section. The Magothy Formation is therefore
expected to overlie the Potomac Formation and underlie the Merchantville Formation or

Cheesequake Formation in the study area.
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Cheesequake Fm in this some between the Magothy and Merchantville
Formations.
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Magothy Formation outcrops and subcrops in northern Delaware strike generally
northeast into New Jersey and southwest into Maryland running parallel to the northern
Chesapeake Bay (Picket, 19Minard, May, and Christopher, 1980; Sugarmanal,

20217). Surficial exposures are generally limited to excavations and outcrops along the
Chesapeake Bay and surrounding rivers. Outcrops and subcrops of the Magothy Formation
exist in Maryland along the Magotlgnd Severn Rivers near the original type section,
along the Chesapeake Bay near Grove Point Maryland, and along the Chesapeake and
Delaware Canal near the Delawdlaryland borderJordan, 1962Picket, 1970Minard,

May, and Christopher, 1980TheMagothy Formation reportedly ranges frord B meters

thick along its outcrop in Maryland and Delaware, and dips shallowly to the southeast
(Minard, May, and Christopher, 1980The formation consists of interbedded fine sand
and lignitic to micaceous clgiinard, May, and Christopher, 1980and is interpreted as
representing a deltaic to estuarine transgressive facies (Benson and Spoljaric, 1996;
Sugarman 2021).

The sand units of the Magothy Formation function as confined aquifer beds where
present, although at leasime reortsindicates that the Magothy aquifer is hydraulically
connected to the underlying Potomac aquifer at certain locations (Miller et a, 201
Andres et al., 2018). The discontinuous nature of the Magothy Formation along its belt of
subcroprepresenting paleochannel fill may have some implications for lateral connectivity
of the Magothy Aquifer in this updip area. In other locations furthevndip, it is not

currently known whether the Magothy Formation is underlain in the subsurface by Raritan
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Formation equivalent beds. Additionally, it remains unclear as to whether the more recently
described Cheesequake Formation overlies the Magothy RFomraDelaware (Litwin et
al., 1993). As first described by Litwin et §1993), the Cheesequake Formation is a thin
roughly 7 ft thick (2 meters thick) unit with a lithology similar to much of the Magothy
Formation, consisting of marine silt and cldy.the Fort Mott core, the unit is slightly
thicker at 12 ft (Sugarman et al., 2004), whereas it is roughly 8 ft thick in the Sandy Hook
core (Miller et al., 2018). The Cheesequake Formation unconformably overlies the
Magothy where it is present (Litwin at., 1993; Sugarman et al., 2021). Due to its fairly
recent recognition as a distinct formation and commonly similar lithology to the underlying
and overlying units, its presence has yet to be evaluated systematically in Delaware.
Calcareous nannofosspseserved in the Cheesequake Formation in the Sandy Hook core
from central New Jersey place it within nannofossil zone%J@dicating an age near the
ConiacianSantonian boundary, confining the Magothy to the Coniacian by superposition
(Miller et al., 20B; Sugarman et al., 2021). For this reason, finding evidence of the
Cheesequake interval in Delaware would provide a useful opportunity to confirm the
Magot hy F oecemly tissignadiosiacian age. Where the Cheesequikeis
absent, the Magothymis overlain by the Merchantville Formation of the Matawan Group,
which typically acts hydrologically as a confining unit (Andres et al., 2018).

The Magothy Formation consists of six currently recognized members in New
Jersey(Figure 9 (Sugarman et gl2021). These are in ascending order the Sayreville Sand,
the South Amboy Fire Clay, the Old Bridge Sand, the Amboy Stoneware Clay, the Morgan

Beds, and the Cliffwvood Bed3wo of these members, the Sayreville Sand and the South
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Amboy Fire Clay, were oginally assigned to the underlying Raritan Formation before
being grouped into the Magothy Formation to accurately reflect the Turonian unconformity

which separates the Raritan Formation from the Magothy Formation (Sugarman et al.,

2021).
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Palynostratigraphy

Christopher (1979) established the newer scheme still in use for pollen zonations
of the Magothy and underlying Raritan Formations. This scheme largely replaced the more
dubiously numbered scheme of earlier works, and was based onpalircoordinates
analysis, rang¢ghrough methodology, and the presence and absences of pollen types in the
palynomorph assemblages from the thicker Magothy and Raritan sections from northern
New Jersey. The older numbered scheme was afterwards less figqsed in favor of
the newer system due to inconsistent usage of the numbered system and improved
understanding of the regional palynostratigraphy. The lowest of these newer zones is the
ComplexiopollisAtlantopollis (C-A) zone which corresponds to tharfngton Sand and
Woodbridge Clay members of the Raritan Formation, and to zone IV of earlier works.
Disconformably above zone-& is theComplexiopollis exigua Santalacites minozone
(Ce-Sm) which roughly corresponds to the Sayreville Sand, South yfRive Clay and
lower Old Bridge Sand Members according to Sugarman et al. (2021), although
Christopher (1979) placed the Sayreville Sand Member in ze&eZdne CeSm and the
overlying PtPi loosely corresponds to pollen Zone V of the Magothy Formaditmugh
the treatment of the extent of Zone V in the literature has been inconsistent at best.
Christopher (1977) had Zone V encompassing everything between the South Amboy Fire
Clay and the Cliffwood beds, whereas Christopher (1979) confined the zonéy tthe
South Amboy Fire Clay Member. Sirkin (1986) had Zone V encompassing both the South

Amboy Fire Clay and the Old Bridge Sand.
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The complicated relationship between the named zones, the earlier numbered
zones, and their corresponding lithologic mershie further confounded by the fact that
the Sayreville Sand and South Amboy Fire Clay were reassigned from the top of the Raritan
Formation to the base of the Magothy in more recent works (Sugarrab2é@1). This
was done in order to accurately cegwhe Turonian unconformity between the Sayreville
and Woodbridge members and to better reflect more recent pollen data from the Sandy
Hook core (Miller etal., 2018; Sugarman el., 2021). The result has been that the
Sayreville Sand member was movednfr Zone IV ComplexiopollisAtlantopollis zone)
to Zone CeSm (Zone V). The original assignment by Christopher of the Sayr&alhel
to theComplexiopollisAtlantopollis zone by Christopher (1979) seems to have been done
based on a single sample from close to the Woodb&@yeeville unconformity which
grouped statistically very close to samples from the Woodbridge Clay in that analysis, and
containedComplexiopollisspedes indicative of zone @. This earlier assignment was
likely the result of reworked palynomorpfr®m the underlying Woodbridge becoming
redeposited in the Sayreville Member (Sugarman, et al., 2021).

Bebout (1981) proposed an additional pollen zonadlin the Turonian gap based
on palynomorphs they found in oil exploration wells drilled on the outer continental shelf.
They named this zone tiimmplexiopollis funiculusNevesisporites semiscladene (Cf
Ns), which they showedsencompassing the tirety of the Coniacian, whicimcorrectly
placed zone G&m at the base of the Santonian. The current understanding based on

nannofossils from the Cheesequake Formationld placethis newer zone GNs firmly

within the Turonian, filling in the gap betee zonesAandCeSm. Bebout 6s zon:
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constructed from sidewall cutting material making their results more questionable than
samples taken directly from core material,
for the Magothyequivalent intervieclosely mirror the pollen zones of Christopher (1979)
lends credibility. Zone GNs is nothere expectetb be present in the onshore sediments
of the northern Delmarva Peninsula because no previous work has identified this zone from
onshore Maryland, Daware, or New Jersey. Instead, Christopher (1979) and Sugarman
et al. (2021) identify this interval as a regional unconformity, making its presence in
northern Delmarva unlikely.

The zone above C8m is thePseudoplicapollis longiannulataPlicapollis incisa
(PI-Pi) zone which loosely corresponds to the Old Bridge Sand and Amboy Stoneware Clay
Members. This zone roughly correlates with the middle of Zone V from Christopher
(1977), and Zone VIl of Christopher (1979) and Sirkin (1986). Agaere seems to be
little agreement even within individual earlier works concerning the exact lithologic range
of Zone VII, as Christopher (1979) has it overlapping with ZonelG# Wolfe (1976),
which was thus named because it was believed to be Camparige by Wolfe (1976).
The overlying?Pseudoplicapollis cuneat&emioculopadis verrucosgPcSv) zone of the
Morgan Beds and Cliffwood Beds roughly corresponds to the bulk of zork (GAupper
Zone V of Christopher, 1977), despite the fact that l&2hhistopher (1979) and Sirkin
(1986) had placed this upper Magothy Formation palynomorph zone in the Santonian.
Because the definitions of the pldumbered zones have been so subject to change, and
since the age of the Magothy Formation has now beenneahfo the Coniacian based on

data from the Sandy Hook core, it is best to use the named palynomorph assemblage zones
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of the Christopher (1979) scherteeavoid confusion (Figure2). Notably, all the pollen
zones described by Christopher (1979) from thet&aembayment area werecognized

in the Sandy Hook corehole by P. McLaughlin in Miller et al., (2018). Pollen from these
Magothy Formation zones are described in Wolfe (19%@)}fe and Pakiser (1971), Doyle
and Robins (1963 hristopher (1979)Christopher (1977).itwin et al. (1993),Minard,

May, and Christopher (1980)xnd Miller et al. (2018), and serve as good primary

references for analyzing these assemblages.
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Magothy Formation in Delaware

In central and southerBelaware,the Magothy Brmation is deep below the
subsurface, and is therefore costly to access.-§phbn cores were taken in the deep
borehole Je3P4 at the Dover Air Force Base and contain the furthest downdip core
samples of Magothy material known to exist in Delawarethist location, the Magothy
Formation is roughly 1300 ft below the surfaBeison and Spoljaric 1986naking most
drilling to the interval costly. At this downdip location, the MagoBaoymationis just over
100 ft thick. Palynomorphs from Je®2 from the Magothy interval were examined by
Johan Groot (ilBenson and Spoljaric 1986vho reported a similar assemblage to that of
the Amboy Stoneware Clay Member of the Magothy Formation in New Jésey
Christopher (1979). However, a fiseale assemblage analysis examining this
comparatively thick Magothy interval has yet to be conductedhis materialGroot's
analysis was based on a limited number of samples and age determination was itterprete
as Santonian. No pollen taxa are listedanson and Spoljaric (1996) for the Magothy
interval in Je3204, and lhe assemblage analysis was not in depth.

The only other existing core material from the Delaware Magothy Formation is
much further updip wére the Magothy is much thinner. The Woodland Beach core-Hd25
07 from several miles east of Smyrna Delaware contains Magothy material, but the
palynology of this core section has not yet been examined by other studies. Here the
Magothy Formation is at leas80 ft thick, reaching total depth within the Magothy
Formation (Andres, et al.,, 2018). Core KE Bf 180 from near Chesterville Maryland

contains al9-foot thick Magothy section (Hansen and Gohn, 1992). At this core site two
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samples were evaluated as camtay Magothy age palynomorphs (work done by Brenner,
appendix C of Hansen and Gohn, 1992). Of these, only the higher sample contained enough
palynomorphs to be assigned as correlative to the New Jersey Cliffwood Beds (upper zone
PcSv). The lower sample mstibe older by superposition, but by how much remains
unclear, especially since it appears to have been assigned to the Magothy Formation solely
based on degraded, unidentified Normapolles type pollen.

Further north in the vicinity of Delaware City ancet@hesapeake and Delaware
Canal the Magothy Formation is discontinuous, ranging frei & thick (Minard May,
and Christopher, 1980), and is thought to represent estuarine incised valley filllgirigw
areas Jengo et al., 2033It is mainly absenti and north of Delawar€ity andis thought
to pinch out just south of this location. Existing cores from the vicinity of Delaware City
include ones taken at Summit Marina, and locations across the Delaware Bay in New Jersey
including the Fort Mott corehole. Existing DGS split spoonsuitie Magothy material
from Lums Pond, St. Georges, Reedy Point, and Pearce @uddikionally, a split spoon
from sediment fill of a depression in the Piedmont at Paper Mill Park near Newark may
contain Magothy aged material. Prior work seems to indibatgoollen from the Magothy
Formation in northern Delaware is indicative of the dubious Zone V of earlier works which

roughly corresponds to zones-Se and RPi (Jengo et al2013).
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Chapter 2

METHODS
Field Methods

Two new continuously cored wiiak core holes penetrating the Magothy

Formation have been drilled for this study, both utilizing the Delaware Geological Survey
(DGS) drill rig. The first site is located just north of Port Penn Delaware (B} ustoff
South Congress Street and wadlett in June of 2021seTable?2 for location). The total
depthofEd409 i s 279.5 ft. The second site was
Bohemia River State Park (Zz&®6) in September of 2021 &@&able 2 for locatior).
During each day of drilling at both sites detailed notes were taken on drilling events and
problems, weather conditions, date and time, people on site, and start and stop times for
each coring run. Core sections were mostly drilledfive- or tenfoot increments
depending on encountered lithology and ease of recovery. Upon being retrieved, cores were
extruded from the core barrel and washee of drilling mud, and the outside surface of
the core was scraped off to obtain a fresh surface for fieltheedblogical interpretation.
The lithologic and physical properties of the core were then recorded by thigeon
geologist, noting the grain size, roundness, sorting, mineral composition, reactivity to weak
hydrochloric acid, presence of fossils or otbbjects or features such as bioturbation and
burrowing, Munsell color, and sedimentary structures. Cores were then photographed and

placed in PVC halpipes for storage at DGS.
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Geophysical logs were taken upon completion of drilling, including a gamma log
electrical resistivity, and spontaneous potential. To obtain these logs, aPdrdtneter
ElectricLog Tool was lowered into the hole with a cable as data was recorded. A second
reverse log was taken as the tool was raised. Background gamma radgsiarela useful
way to assess the mud or glauconite content of core sections because those sediment types
contain radioactive potassiud® isotopes. Resistivity logs provide a general record of pore
fluid content, with high resistivity values on the loglirating freshwater sand aquifers,
and low resistivity values typically indicating high clay content. Additionally, fneater
sands tend to show lower values on the spontaneous potential log, whereas clays tend to
yield higher values. Upon completion thie logs, the holes were filled with grout, and all
equipment was removed from the site.

Additional field sampling of the Magothy Formation was conducted for this study
in two areas. The first was an outcrop along the Chesapeake and Delawar@&iaha)
in Delaware near the Maryland border, and the second location included four outcrops
along the northern Chesapeake Bay at Grove Point Maryland-@¥63%z63608, Zz63
609, and Zz6%10)

Upon arrival at eacloutcropsite, outcrops were cleaned @fith trowels where
necessary to obtain a fresh surface. Sedimentological characteristics of each site were
recorded and sketched. The outcrop sections selected for sampling were measured with a
measuring stick and photographed. Sample locations for gdatyinal analysis were
chosen along the measured section; beds with dark gray clay or silt and a moderate lignite

content were prioritized for sampling to facilitate optimal laboratory preparation. Each
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sample was placed in a sample bag, labeled, and griaptoed next to the exact sample
location. Samples of lignite were also taken at both locations for the purppessitle
stablecarbon isotopanalysis andre stored at DGS along with all palynological samples
taken. At Grove Point, lignitized plant grafossils were common (mainly angiosperm

leaves and leaf fragments), and a few samples were taken and photographed.
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Lab Methods

Sedimentological analysis was conducted in the lab on core-@244 further
reinforce observations made at the drill site. For this purpose, samples were taken along
the whole length of the core generallyfige- or tenfoot intervals, with some additial
samples taken near visible lithologic breaks. Samples for sedimentological analysis were
cut off the core within sections measuring a tenth of a foot, with half of the total core
material taken for sampling within that interval. These roug§bblgramsamples from the
cores were dried, weighed and sieved in order to determine grain size distribution. Relative
grain size was then plotted. The Magothy Formation was identified by its distinct range of
sedimentological compositions including beds of fineggmugar sand, lignitic clays and
silts often containing gravel, and pure lignite beds. Identification of the Magothy Formation
was further aided by the unités distincti v
a negative spike in the gamma ragnmature indicating the occurrence of sand beds.
However, where the Magothy Formation consists of more muddy facies or interbedded
sand and clay, distinctions between the Magothy Formation and overlying Merchantville
Formation may be less distinct. Depmsial environments were inferred based on
lithology and any useful sedimentary structures. Sandy intervals were noted enabling better
understanding of the extent of the Magothy aquifer system.

Samples for pollen analysis were taken at intervals deperatinthe overall
thickness of the Magothy section and distribution of suitable lithology. The core sampling
procedure for palynological analysis was the same as the sampling procedure for

sedimentological analysis described above with the exception thataqugarter of the
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core material was taken within the tenth of a foot interval instead of half weighing roughly
50 grams. In the Port Penn corehole, the Magothy section was under two ft in total
thickness, therefore samples were taken at a fine scale whtnianit above and below
lithologic breaks. The overlying unit was also sampled for the purpose of backing up
lithostratigraphic interpretation with palynostratigraphic interpretation. Samples were
taken generally at teft intervals within and above tHdagothy section in the Bohemia
River core, with additional samples taken near lithologic breaks. Sample locations for
pollen analysis from both cores were selected for sections with dark gray clay or silt and a
moderate lignite content to facilitate morgioal recovery of pollen. A list of adinalyzed

core sample locations and depths can be famithble3.

Pollen samples from existing core material stored by DGS were also processed.
Samples from the Magothy Formation section at base of the Woodlanti Besehole
(Hd-25-07) were taken at roughlienfoot intervals using the methodology described
above. Magothy Formation material from the Middletown (Fb33 and Deakyneville
(Gd3304) holes were also processed, however pollen recovery from@H&3as too poor
to facilitate meaningful pollen analysis. Atidnally, samples from the Grove Point
outcrop (Zz63608) and Canal outcrop (Eb&) were processed. A list of all outcrop
samples taken and used for this study can be fonfchble3. Samples were also taken
from strata immediately overlying the Maggtrormation in the Port Penn, Bohemia
River, and Woodland Beach cores and both outcrop sections. These were sent to Rutgers
University and USGS for calcareous nannofossil biostratigraphy. A list of these samples

can bound onTable4. Thesesamplesareintended to help determine the biostratigraphic
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zone of the unit overlying the Magothy at each site, specifically to test for calcareous
nannofossil zoreCC15 which would indicate the presence of sediments equivalent to the
Cheesequake Formation.

Palynomaphs were extracted from the sample material and prepared for analysis
using standard DGS pollen processing procedure. Carbonate removal was conducted using
a 37% hydrochloric acid (HCI) solution, and siliciclastic material was removed via physical
separdbn, and chemically using a 48% hydrofluoric acid (HF) solution. Oxidation was
conducted using a 35% nitric acid (HB)Golution, and humic acid removal was done
using a 5% ammonium hydroxide (MBIH) solution. Density separation was performed
using a zinchloride (ZnC}) solution at a specific gravity of 2.0. Samples were then rinsed
with HCI followed by deionized water. Mounting of the samples on permanent light
microscope slides was facilitated by mixing polyvinyl alcohol (PVA) with the sample
residue meerial on a coverslip. The PVA was left to dry completely on a hot plate leaving
only the sample residue, which was then sealed onto a permanent glass slide with Norland
optical epoxy which was then hardened under a UV light.

This study also makes use existing processed palynological slides from the
Magothy Formation which were in the possession of DGS. These include samples from the
deep borehole at Dover Air Force Base (368}, a splitspoon core taken near Lums Pond
(Eb1207), samples from the Chegseake and Delaware Carigb31-a), the Middletown

split-spoon (Fb33L1), and the Summit Marina spspoon (Eb3%7).
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Analysis

Identification of pollen was conducted under a Leitz Wetzlar light microscope at
1250x magnification. Identifications were made based on plates published on North
American Late Cretaceous palynomorphs. For Magatigd Normapolles type
angiosperm pollenhe primary reference was Christopher (1979); | primarily follow the
nomenclature system and new taxon names put forward in that work. Secondary reference
was also made to Millegt al. (2018) and Doyle and Robbins (1977) for Magediyged
angiosperm pollemcludingNormapollestricolpate angiosperm pollen, and monosulcate
angiosperm pollen. For assemblages older than the Magothy Formation, Brenner (1963)
and Kimyai (1966) were the primary reference; these works were also referenced for taxon
names of manyf the trilete and monolete spores which were encountered. Identification
of Cheesequakaged palynomorphs and their biostratigraphic ranges was conducted with
reference to the work of Litwin et.gl1993). Wolfe (1976) was referenced heavily for
assemblags aged between late Magothy time and the lower Maastrichtian, including
Wol feds taxon range chart. Several of Wol f
especially for tricolpate and tricolporate types not covered by Christopher (1979). Bebout
(1981) is referenced for some spore names and stratigraphic ranges. Verbruggen (2004)
was referenced for the names of some trilete spore and algal cyst types. Braman (2001) and
Braman (2018) were referenced for some spmmes andorovided some basis for
conparison to assemblages in Canada. Other works such as Tschudy (1973), Tschudy

(1975), Minard May, and Christopher (1980), and Sugarman et al., (2004) serve as a basis
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for comparison with Magothy equivalent assemblages across eastern and southeastern
North America.

An identification key was created utilizing photographs from these plates and other
relevant information and figures, providing for more efficient referemckidentification
of pollen types. The key was constructed on a Google Slides document and contains the
plates of the works listed in the previous paragraph in addition to useful figures including
palynostratigraphic range and abundance plots and pdéetification diagrams. The key
focuses heavily on Normapolles, specifically the descriptions and ranges listed by
Christopher (197andc ont ai ns an al phabetical I isting
photos and descriptions. In its current form tleg kontains 137 plates and at least 2,700
unique palynomorph photographs from various wolcess to this key may be made
available upon request.

Photographs were taken of important taxa using a digital OMAX microscope
camera, and many of these are ideld in the plates of this wofAppendix B) Multiple
photographs of the same specimen were often taken at different focal lengths to better
record the morphology of larger grains in three dimensions. Photos were given file names
corresponding to their codinates on the microscope stage; when more than one photo of
a specimen was taken, the coordinates were followed by an additional numerical identifier.
A total of 2,469 of these palynomorph photos were uploaded to a google drive.

Special attention wasagl to identification ofNormapollestype pollen grains as
thoseare considered to be of the highest palynostratigraphic relevance for the Magothy

Formation interval. Before collection of photographs was commenced, each available
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sample slide was examinaarate the quality of each slide in order to prioritize samples to
be examined in detail. Samples were given ordinal rankings ranging from barren, very
sparse, sparse, mediocre, moderate, good, excellent, and perfect, based on the
concentration of palynoamphs on the slide. The amount of obscuring detritus was also
noted and factored into prioritizing samples.

In seven select samples rich in palynomorphs, counts of at least 100 grains
(generally between 100 and 110) were conducted using a sliding tramstactdology,
with extensive photographs taken in order to quantify relative abundances of palynomorph
types. Samples which were counted incltitkeBohemia River sample 1200869 from
125 ft, Port Penn sample 119553l5 from 271.45 ft, Dover Air ForceaBe samples
20704, 20697, and 20695 from 1357, 1287, and 1267 ft respectively, Lums Pond sample
25851 from 4560 ft, and Grove Point sample 120221. For all but the Dover Air Force Base
samples, only the abundances of general palynomorph types were aaaisgggrus and
species level abundances were not considered quantitatively. General palynomorph groups
included Normapolles tricolpate angiosperm pollen, tricolporate angiosperm pollen,
bisaccate gymnosperm pollen, trilete spores and other megasporetgtmepores, and
lumped inaperturate and monosulcate polleaperturates and monosulcates were lumped
together for the Bohemia River sample count because of difficulties distinguishing the
morphology of an abundant type of pollen in the Bohemia River daring that count;
that type is now regarded as probably monosulcate within the gdragdites Fungal
spores, algal cysts, dinoflagellate cysts, and organic foraminiferal test linings were

excluded from quantitative counts, but were noted and praggbgd nonetheless.
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For samples which were not counted quantitatively, either part or all of the sample
slides were visually scanned for useful palynomorphs which were then photographed
where found. For the Middletown sample 20956, a rough estimate of the relative abundance
of presentNormapollegaxa was obtained by going through the collection of photographs
obtained from that slide, however since the strict sliding transect methodology used for the
guantitative study of the other seven samples was not used, this dataowdep loose
gualitative indicators olormapolleggenus abundance. For the sparser slides and the rich
slides both, presenabsence (P/A) was primarily used to make stratigraphic range
interpretations primarily following the stratigraphic ranges deedriby Christopher
(1979) for the Magothy Formation section in central New JesséyLitwin et al.(1993)
for zone CA2. Abundance data was secondarily used to make stratigraphic interpretations
based on Christopher d6s ab u.nndamplesghatdvareé reot f o r
guantitatively <counted, a rough dAqualitat.
present taxa which seemed to dominate the assemblage in order to provide some basis for
comparison to Chri st oph e tieestinatesiaredsamewteat d at a
subjective and must be treated with a grain of salt.

For the Dover Air Force Base (JeB2) core samples, an attempt was made to
provide relative abundances of i ndividual
Diversity Indexwas calculated for these samples using the equ@ionl B¢ ¢
1 0 0 1 wheren equals the number of individuals of each species and N equals
the total sum of individuals of all species. D is the diversity of index which ranges between

1 and O wih 1 representing the highest (infinite) diversity. The Simpsons index was used
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because it is a common index in the life sciences for estimaitwgrersity andnay be of
some use for paleoclimatic interpretation of this interval. Additional scans ef 1882

04 slides were also conducted to find stratigraphically useful rare taxa.
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Chapter 3

RESULTS

Nomenclature

In the following sections, taxa are generally listed with standard binomial
nomenclature following publications prominenthcluding Brenner (1963), Doyle and
Robbins (1977), Christopher (1979), and Litwin e{H#93). Many of these authors opted
to use a letter for the specific name, a convention which is followed here. Wolfe (1976)
used a coded open nomenclature for hig;tanany of his coded taxa are referenced here
as well following that coded format. Some taxa are here identified only to thelgeals
andare followedonlyby t he abbreviation Asp.d@thé ndi ca
specificlevel The abbreviation fAspp.o6 is used to
species of the same genmuaspresent. In someasesfor important unidentified species,
myowm open nomenclature is used; the genus n
consisting of either a letter, ¢ine secongart of the coordinates where a representative
specimen can be found on the light microscope slide. Where uncertainty exisemwith
identification, the abbreviations nAaff. o0 o
to convey relatedness to a described species, whereas the latter is meant to convey a greater
degree of uncertainty regarding the specticgenericidentification and to encourage

comparison with previously reported members of that taxon.

31



Port Penn Corehole (Ed4109)
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Lithology

The Port Penn corehole (Ed09) was drilled in June of 2021 for the purpose of
this project, and reached a total depth of 297.5 ft. A thin 2.5 ft Magothy interval was
recovered from the Port Penn corehole. The upper contact with the Merchantville (or
Cheesequake) Formation is placed at 269 ft at the top of a gravel bed. The upper contact is
somewhat gradational, with a layer of dense maugported gravel overlain by 3.5 ft of
silt with a light to moderate concentration of pebbles. An additional transgi noted
around 262 ft which could represent the boundary between the Cheesequake and
Merchantville Formations if the former is present. Another sharper transition is present at
256.5 ft, and an additional notable lithologic break occurs at 251 ft vel@gefoot silt
interval interrupts the surrounding muddy sands. Any of these three features could
represent a potential Cheesequdkerchantville contactOverall, the interval between
269 and 245 ftis characterized by marine gray fine sand and muttiwih shell material
occurring above 255 ft and an overall high glauconite content. To better understand the
biostratigraphy of the interval directly above the Magothy Formation, samples were taken
from the lower Merchantville and potential Cheesequaterval at 245 ft, 251.3 ft, 258.7
ft, and 265.2 ft for palynological analysis.

The lower contact between the Magothy Formation and Potomac Formation is
placed at 271.5 ft at a sharp erosional disconformity where the lignitic silty sands of the
Magothy Feomation overlie the variegated reddish and white clays of the Potomac
Formation. The lithology of the Magothy section in the Port Penn core is incredibly diverse

despite the 2.5 ft overall thickness of the unit which here consists of interbedded layers of
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silty-sandylignitic matrixs upported gravel, cross bedded
sands with lignitized plant debris, and a 0.2 ft thick layer of pure lignite with pyrite nodules
above and below. The matrix supported gravels occur at the top of ghyi&ormation
andbecome increasingly sparse as the sediments grade into the overlying unit. The gravel
matrix is mostly silt with a high mica content. The lignitic bed occurs between two gravel
beds ands associated with pyrite nodules above and belte.lower part of the Magothy
Formation consists of faintly laminated and cross bedded fine sand with lignitized plant
material. The sand becomes very silty near the base above the abrupt lower erosional

contact.

Palynology

Five samples were examinéar palynomorphs from the Port Penn core. Samples
were taken from the Magothy Formation and the overlying Merchantville Formation and
potential Cheesequake interval to complement the lithologic interpretation. Sample
11995500.0 from 245 ft was the highesampletaken andvas well within the lower part
of the Merchantville Formation. This sample was visually scanned for stratigraphically
useful palynomorphs, which were photographed where found. Half of the slide made from
the 245 ft sample interval was scanned in its etytifor palynomorphs because the slide
was assessed to be very sparse. Taxa found in this s@tgike 19)ncludeProteacidites
PR-1 of Wolfe (1976), C3A2 of Wolfe (1976) Complexiopollis abdituscf. New Genus
A sp. A of Christopher (1979)Trudopollis sp., Osculapollis sp., cf. Plicapollis sp.,

Momipitesaff. sp. N, Momipitesspp.,Choanopollenitesp., Kuylisporitesaff. scutatus
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Gleicheniidites sp., Stereisporitessp. (Verbruggen, 2004)Laevigatosporitessp.,
Abietineaepollenites sp., Brevicolpories sp., Retitricolpites cf. vermimurus
Retitricolpites sp. aff. C3A5, C3G2, Porocolpopollenitesspp., and Tricolpites spp.
Unidentified dorate dinoflagellate cysts were also pres&hte sample at 245 ft also
yieldedcalcareousmannofossils placinthis sample in zone CC17 (Jean SEfil, written
communication, 2022)Nannofossil &xa reported from this sample inclu@alculites
obscurus, Reinhaties anthophorus, Lithastrinus grillandMarthasterites furcatus

The samplefrom 258.7 ft (sample 119583.7, which is likely Merchantville
Formation, but possibly Cheesequake Formation) was also very sparse, and only a couple
of palynomorphs were foun{Plate 20) These includeGleicheniiditescf. apilobatus
(Braman, 2001) and single broken angiosperm pollen grain which may b&oaipites
sp.

The sample at 265.2 ft (1195522) within the potential Cheesequake interval was
sparse buyielded more useful grains than the above sar(Plate 20) Taxa identified
from this sample includeGleicheniidites aff. apilobatus Inaperturopollenitessp.,
Parvisaccitessp., Liliacidites sp., Liliacidites cf. sp. E,Plicapollis sp. B (cf. NE-1),
Plicapollissp. cf. NE3, Plicapollis sp., Trudopollissp. A, Trudopollissp. NF1 of Wolfe
(1976), Momipites aff. sp. E, cf. Momipites sp., Complexiopollis abditus,
Porocolpopollenitesp.,Retitricolpitessp.,andTricolpitesspp. A coiled foraminiferal test
lining was found, and bisaccate gymnosperm pollen grains were qualitatively common.

The sample from 270.1 ft (1195%81) below the top of the Magothy section was

sparse angtielded only a handful of tricolpate pollen teexad some difficulNormapolles
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specimengPlate 20) The only taxa here identified afecolpitesspp. anaf. Osculapollis
sp. Data from this assemblage is insufficient to assign to a pollen zone.

The sample from 271.45 ft (11958345) yielded by far the best quality
palynomorph sample obtained from the Port Penn core material. A count of 106
palynomorph grains was conducted this sample from a bed of lignitic silty sand. The
relative abundances of the major palynomorph types found in this sam@kcavaon
Table 5 Normapollegepresented 7.5% of the assemblage, triporates 4.7%, tricolporates
(mainly triangular, reticule types) 7.5%, small psilate and baculate tricolpates 27.4%,
undifferentiatel TaxodiaceaeCupressaceadaxaceae (TCT) and otherdistinct psilate
to reticulatenapeturates and monosulcate grains 21.7%, bisaccates 17.0%, and monolete
polypodtype spores 2.8%. No fungal spores or dinoflagellate cysts were represented in the
count. Taxa identified from sample 11956315 (Plates 21 and 22)include
Pseudoplicapollissp. B, Pseudoplicapollissp. E, Pseudoplicapollis longiannulata
Pseudoplicapollis endocuspis, Plicapolis. B,Plicapollis sp. F, New Genus D sp. A of
Christopher (1979), New Genus D sp.¥ew Genus D sp. LComplexiopollissp. D,
Complexiopollissp. V, Complexiopollis exigua, Complexiopollis abditus, Santalacites
minor, NQ-1 of Wolfe (1976) Momipitessp. |, Momipitesaff. sp. A,Osculapollissp. F,
Minorpollis sp. C, CP3Asp. of Wolfe (1976), cf.Araucariacitessp., Tricolpites spp.,
Retitricolpites aff. vermimurus, Tricolpitescf. crassimurus, Tricolpopollenites cf.
micromunus Tricolporoidites sp., Porocolpopollenites spp. (cf. CP3A spp.)
Retitricolpites spp. (cf. C3C spp.) cf. Ephedripitessp., Clavatipollenitescf. minutus

Liliacidites aff. sp. E,Laevigatospatessp.,Inaperturopollenitesp.,Brevicolporitessp.,
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Stellatopollisaff. barghoorni,cf. Zonalapollenitesp., Araucariacitesssp., Parvisaccites
sp., Podocarpidites sp., Gleicheniidites cf. apilobatus Cicatricosisporites aff.
patapscoensigind Cicatricosisporitesspp. An unidentifiedstephanocolpate angiosperm

pollentypewasalso recognized.
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Bohemia River Corehole (Zz63606)
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Lithology

The Bohemia River Core (Zz6306) was drilled in October 2021 for the purpose
of this project, and reached a total depth of 245.5 ft. The Magothy Formation in this core
is approximately 32 ft thick ranging from a 119.92.3 ft depth with an uncertain uppe
contact. The Magothy Formation at this location consists mainly of gray lignitic clays, silt,
and sand. A distinct paleosol horizon with rootlets occurs at 123 ft, and beds of lignite are
present between 120 and 121 ft and 125 and 126 ft, indicatinghthatepositional
environment likely fluctuated between terrestflalial and estuarinswamp depositional
environments.

The upper parof the Magothy Formatio119.9130 ft) is predominantly silty,
lignitic clay with a very low sand content. Pyritedutes are common, and mica occurs
sparsely. A distinct paleosol horizon occurs at 122 ft, andnatBbed of lignite occurs
between 124121 ft. The middle part (13039 ft) isasilty sandy clay with plant fragments
and becomes sandier downward. The samddypically fine to very fine, and pyrite and
lignitic fragments remain common. Siderite nodules and pyrite occur somewhat sparsely
near the base. The lower part (A32.3 ft) is laminated very fine sand with abundant
plant debris that transitions daward from muddy to clean sand.

An interval here provisionally assigned to the Cheesequake Formatioi 19208
ft) directly above the Magothy interval consists of matim@uenced dark clay, pebbly
sandy mud with siderite nodules, and burrowed muddgssaith scattered granules and
pebbles. The provisional Cheesequake interval is overlain by marine, glauconitic,

burrowed, muddy sand, of the Merchantville Formation. The transition between the two
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units appears to be somewhat gradational occurring ard®&d ft. However, the
gradational nature of this contact could be the result of extensive burrowing within the
interval, as the contact is described as unconformable in New Jersey at sites including
Sandy Hook (Sugarmaet al, 2021). Alternatively, a shaep transition occurs just below
112 ft which may separate the Cheesequake and Merchantville Formations.

There is a sharp transition between the Magothy Formation and the Cheesequake
interval at 119.9 ft. The Magothy Formation overlies the silts, varidgdég's, and sands
of the Potomac Formation. The MagofRgtomac contact is an abrupt disconformity
which occurs at 152.3 ft. The Potomac Formation consists mainly of variegated clays in
this core butcontains interbeds of sand and silt. A sandy intenyativmay be referable
to the Patapsco aquifer is present between 211 andt 28@l contains two gray silty

interbeds beds between 210 and 22{emedsuitable for palynomorph sampling.

Palynology

Eight samples were processed fatlynomorph analysis from the Bohemia River
core. These were taken from degdih 107 (sample 120062.0), 115 (sample 120068%0),
122 (sample 120063.0), 125 gample 120069.9), 131 (sample 12006%9), 137
(sample 120062.0), 147 (120064..9), and 22 ft (sample 120078.9). Of these only the
sample at 147 ft is not examined due to a sparse pollen yield and a position below other
samplesssigned to zone €@mmaking it largely redundaity superpositionThe sample
at 107is assigned to the Merchaiils Formation based on lithologic interpretation, and

the sample at 115 ft is assigned to the provisional Cheesequake interval based on both
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pollen and lithologic interpretation. Two additional samples were taken at 105 and 115 ft
for calcareous nannofakprocessing.

The uppermost sample from the Bohemia River core taken at 1(arfiple
1200642.0) from the Merchantville Formation yielded an extremely sparse pollen
assemblage consisting of trilete sporesluding (Plate 0) Cicatricosisporites cf.
patapscoensiandGleicheniiditesspp, monoletepolypodtype sporeslL@evigatosporites
sp.), degraded and unidentifiald®mrmapolles and bisaccates, a reticulaielp(or)ate
grain @ff. C3G-1 of Wolfe, 1976), some psilateapeaturatetypesof probable TCT affinity
(Inaperturopollenitel and a foraminiferal test linindhis interval was reported barren of
nannofossils (Seffrail, written communication, 2022

The sample from the Cheesequake (or possibly Merchantville) Formation at 115 ft
(sample 12006%.0) produced a sparse but usable palynomorph assemblage consisting
mainly of Normapolles, trilete spores, several good foraminiferal linings, a prdatate
tricolpate type, and a few degraded bisaccates. ldentifiable (Rbede O) include
Brevicolporitescf. CP3F1 of Wolfe (1976),Plicapdlis cf. incisa, Momipitessp. K,
Momipitessp., Trudopollis sp., Santalacites minor, Semioculopolkdf. verrucosa,cf.
ExtremipollisNJ-1 of Wolfe (1976) Bohemiapollissp., Retitricolpitescf. vermimurus
Tricolpites spp., Inaperturopollenitessp., Laevigatosporitesp., Gleicheniiditessp., cf.
Dersoisporitessp.,and Cyathiditessp. This interval was reported barren of nannofossils
(SeltTrail, written communication, 2022).

The highest Magothy Formation sample from 12Zstimple 120065.0) was

judged to be of moderate quality. The assemblage contained dominantly trilete and
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monolete sporesNormapolles mainly in theOsculapollis and Plicapollis group,
inaperturate pollen, algal cysts, and a few small, psilate monosulcate and tricolpate forms
Bisaccate pollen was apparently absent, and the small to large tricolpates and reticulate
forms which dominate in the assemblage three ft below at 125 ft were essentially absent as
well.

Taxa identifiedrom sample 12006%.0 (Plate 1)ncludeLaevigatsporitessp.,cf.
Hamulatisporissp., Osculapollissp. B, Plicapollis cf. sp. F,Plicapollis sp., Tetraporina
sp. (Verbruggen (2004)Gleicheniiditessp., cf. Complexiopollis abditysSantalacites
minor, Cingulatisporitesp.,Choanopdlenitessp., and New Genus D sp. B of Christopher
(1979).

The sample from 125 {sample 12006%.9) from the Magothy Formation below
the paleosol horizon at 123 ft yielded an excellent palynomorph assemblage which was
rich enough in pollen grains to conduct @tount. Normapolles comprised a small
percentage of the overall assemblage at 1.9% relative abundance, triporates 0.9%, large
tricolporates 9.3%, small tricolp(or)ates, 23.4 %, lumped TCT, other rinaptes and
reticulate monosulcates 38.3%, bisaccdi®8%o, and trilete spores, monolete spores, and
other large megaspores 24.3%. Reticulate monosulcates and inaperturates are here lumped
together because the abund@nbnosulcatejype here identified akiliacidites cf. sp. E
was identified as a probakileaperturate at the time the quantitative count was conducted.
No foraminiferal test linings were found in this sample.

Identifiable taxa from 125 ft Gample 120069.9) include (Plate 2)

Pseudoplicapollisp. F,Pseudoplicapolli<f. sp. G,New Genus D sp. A of Christopher
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(1979),Complexiopollissp. E,Complexiopollissp. V,Complexiopollissp. D,Santalacites
minor, aff. C3A sp. of Wolfe (1976), C3€l, CP®-1, Stellatopollisaff. barghoornii
(Doyle and Robbins, 1977) Tricolpites spp, Rettricolpites aff. vermimurus
Retitricolpitesspp.,Liliacidites aff. sp. E of Doyle and Robbins (197T)liacidites aff. sp.
F, Liliacidites spp.,Clavatipollenitesspp.,Abigtineaepollenitesp.,Laevigatosporitesp.,
Cingulatisporitessp.,

The sample at 131 {sample 12006%.9) from the Middle part of the Magothy
Formation yielded a palynomorph assemblage of moderate quality consisting of trilete
spores,Normapolles, a few TCT and bisaccates, small monosulcates, tricolporates, and
rare fungal spores. ldentifiable taXRlate 3)include Pseudoplicapollis endocuspis,
Osculapollissp. B,Osculapollisaff. sp. A,Appendicisporitesp., aff. C3C1, Santalacites
minor, Momipites sp. |, Momipites sp. H, Pseudoplicapollis longiannulata,
Complexiopollicf. sp. H,Trudopollissp. B, cf.Choanopollenitesp., Bohemiapollissp.,
New Genus D spRetitricolpitessp, andCicatricosisporitessp.

The sample at 137 {sample 120062.0) from the middle part of the Magothy
Formation produced a sparse pollen assemblage contailmngapolles, trilete spores,
bisaccates, inagturates of probable TCT affinity, small psilgté&colpates, and several
larger tricolporates. Identifiable taxa Inde (Plate 3)Osculapollissp. B,Osculapollissp.
A, Choanopollenitesp. A, Tricolpites sp., Retitricolpitessp., Tricolporoidites sp., aff.
C3Csp, CP3Bsp, Plicapollis cf. sp. G,Liliacidites aff. sp. E,Abietineaepollenitesp.,
Cicatricosisporites Inaperturopollenitessp.,a probablealgal cyst here referred to with

open nomenclature as Algal Cyst Type 36.9, Balaporinasp.
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The lowermosutilized sample from this corehole at 212($ample1200751.9)
was taken from thBotomac Formation and yielded a very sparse palynomorph assemblage
consisting almost entirely of trilete spores, a single large monosplchéa grain and a
guestionable bisaccapmllen grain Identifications of these are based on Brenner (1963
andinclude(Plate 4)Cicatricosisporitesaff. potomacensis, Taurocusporitaf. reduncus,

cf. Psilatriletessp., Cyathiditessp.,Laevigatosporitesp.,andMonosulcitesf. scabrus.
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Woodland Beach Cores (Hd257)
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Lithology

The Woodland Beach corgas drilled in May of 2012 to a total depth of 819 ft,
bottoming within the Magothy Formation. The retrieved Magothy section in this core is
approximately 30 ft with a very uncertain upper contact between 800 and 780 ft which is
lithologically similar to the overlying Merchantville or Cheesequake Formation. The
Magothy section generally consists of gray lignitic clay and muddy gray lignitic fine to
very fine sand with some shells reported. The unit contains abundant pyrite concretions
and small beady sidéc concretions, in addition to evidence of burrowing, and a paleosol
horizon at 816.35 ft.

The interval at the base of the core between the total depth and 816.3 ft is a silty
micaceous clay with woody debris. This interval is capped by a distinct paleosol horizon.
Between 814.6 and 816.3 ft is a clay with pyrite nodules and thin beds of.|igeiteeen
809.75 and 814.6 ft is a clay to silty clay laminated with lignite and thicker lignitic beds.
The transitionat 809.75 is sharp and probably erosive based on the pebbles above the
contact and the sharp transition between the lower clays andebimypsand above.
Between 807.4 ft and 809.75 ft is a very fine silty sand with scattered pebbles becoming
increasingly common towards the base. At 807.4 there is a sharp transition to a bed of silty
clay above. The interval between 799.6 and 807 is aeylagry fine sand with shell
fragments and pyrite concretions. Above the sharp erosional contact at 799.6 ft there are
common quartz pebbles. The interval between 799.6 ft and 789.25 ft is a very fine
micaceous sand with scattered pebbles, lignite, ants sAbove the contact at 789.25 ft

the sediment becomes a glauconitic muddy sand.
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Visually identifiable contacts and lithologic transitions near the top of the Magothy
Formation are present at 799.6, 791.9, 789.25, 782.5, and 781.1 ft, all of which are
candidates for the top of the Magothy Formation. The contact at 799.6 is lithologically a
good candidate for the top of the Magothy Formation because it is an erosive contact
marked by quartz pebbles in a very fine sand matrix; this matches the transitiaeib
the Magothy Formation and overlying unit at Port Penn and Bohemia River where intervals
of matrix supported quartz pebbles were also found above the Magothy cHotaetzer,
the contact at 789.25 ft mlsoa likely candidate for thepper Magothycontactdue to

lithologic similarities above and below 799.6 ft.

Palynology

Four samples were taken from this core for the purpose of palynological analysis
from 781 (sample 110466), 789.6 (sample 110470), 799 (sample 110475), and 816 ft
(sample 110482 If the upper Magothy contact is placed at 799.6 ft based on lithology,
then only the lowest sample is assignable to the Magothy Formation, however pollen from
the samples at 781, 789.6, and 799 ft is more suggestive of a position within the upper or
middle Magothy Formation. An additional sample from 781 ft was taken and sent to USGS
and Rutgers University for calcareous nannofossil biostratigraphis sample was
suggestive of nannofossil zones CC15 or CC16 based on the presdemltudrdites
anthoghorus,andLithastrinus grilli (Self-Trail, written communication, 2022).

The uppermost sample at 781(gample 110466yielded spars&ormapolles. A

few grains have been tentatively identif{@date 5)asComplexiopollisp.D, Osculapollis
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cf. sp. A, and New Genus &. sp. H all of which occur in the Magothy Formation but
likely range into the Merchantville interval

The sample from 789.6 fsample 110470)as alssparse andontainedPlate 5)
C3A-1 of Wolfe (1976) Osculapollissp. C,Momipitessp. N,Tricolporites Type 2 of this
work, and New Genus A aff. sp. A.

The sample at 799 (sample 110475yielded the best assemblaga\wirmapolles
from this core, containing a qualitatively moderate concentratiddoomapolles Taxa
identified (Plate 5) include Tricolporoidites sp., Tricolpites sp., Pseudoplicapollis
endocuspigMinorpollis minimg Momipitessp. N,Complexiopollisp. V,Complexiopollis
cf. sp. C of Doyle and Robbins (1976Rlicapollis cf. incisa Plicapollis sp.,
Pseudoplicapollis longiannulaidNew Genus D sp. A of Christopher (197B)icapollis
sp. B, Trudopollissp. A,Labrapollissp. C, aff. C3€l, andOsculapollissp.

The lowermost sample at 816(siample 110482)ielded a qualitatively moderate
concentration oNormapolleshowever pollen processing failed to remove large quantities
of organic material which obscured pollen grains rendering the slide largely unworkable.
A few grainsfrom this samplevere tentativly identified (Plate 5)as Bohemiapollissp.
andOsculapollissp, however further identification wakeemedmpossible.

Further processing of material from the Woodland Beach core may be necessary to
produce better palynological results from tagothy interval of the Woodland Beach

core.
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Dover Air Force Base Split Spoon Cores (Je324)
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Chronostratigraphy
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Figure7: Geophysical log of the Dover Air Force Base borehole. Stars indicate positions
pollen samples were taken, and are color coded according to interpreted
assemblage zondlack line on left = gamma ray log. Green line = point
resistance log.

Lithology

Thelithologic interpretation of core Jed® at Dover Air Force Base was described
by Benson and Spoljaric (199&ndis summarized here. They place the upper boundary

of the unit at 1265 ft, and the lower boundary at 1370 ft. In this core, the Magothy
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Formation consists of lignitic sand and silt with a thick sand near the base of the formation,
and glauconite near thed. The sand is quartzose and micaceous, and lignitic material is

common throughout in the silty intervals.

Palynology

Three sample slides were analyzed from J&82all of which were previously
prepared from the Magothy Formation section of that Adlese samples were taken from
2 ft long split spoons which were taken at ten ft intervals within the core. In descending
order these samples are 2080%Fom a 1,267 ft depth, sample 20697rom a 1,287 ft
depth, and 20704(1) from a 1,357 ft depth. Addiéil preparations from the 20704 interval
were also examined briefly as supplemental material. Pollen counts from these three

samples can be found Trable5.
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Group Percentage of Assemblage

20704 20697 20695

Percent of Assemblage/100
o o o o o o
= N w & w D

o

W Normapolles M Tricolp's m Triporates m Bisaccates M Large Spores M Other Spores

Figure8: Major pollen and spore group abundances from the Dover Air force base core at
the three sampled intervals. Note the drastic switch between the tricolpate
dominated assemblage from sample 20704 (1,357 ft) andNthmapolles
dominated assemblage from saa®l20697 and 20695 (1,287 and 1,267 ft
respectively). Thgr oup ATricol pdsd includes | ump:
type pollen.

Despite the comparatively lower overall abundance of palynomorphs in 20704(1),
it received the highest SimpsoBe=vedih er si t
lowest at 0.891, and 20695received 0.926. Of the three slides, 206%nd 206973
cortained assemblages which were far more qualitatively similar to each other than either
are to 20704(1) in terms of species present. Sample 20704(1) contained in its assemblage
only 1%Normapollesa result derived from a single specimeiséudoplicapols. Small
and medium sized tricolpates and tricolporoidate types made up the bulk of this assemblage

at 50%, and accounted for nearly half of the total diversity. Bisaccates made up 4%, large

51



spores 11%, and other monolete spores and inaperturate typesgpddé. Fungal spores

were not included in the sum, but if they were they would account for nearly 38% of the
assemblage. 28 distinct palynomorphs were recognized in the scans of this slide, and a total
of 100 were counted. Because of the low abundanbewhapolledrom this interval, the

plates of Brenner (1963), Wolfe (1976), Wolfe and Pakiser (1971), and Doyle and Robbins
(1977) were referenced for palynomorph identification.

Taxa identified from sample 207@®late 6)include CP3B1 of Wolfe (1976)
Tricolpitesspp. of Wolfe and Pakiser (197 I)ricolpitescf. sagax,cf. Retitricolpitescf.
prosmilis, Retitricolpitesaff. vermimurus Retitricolpitesspp., Tricolporoiditessp. B of
Doyle and Robbinseudoplicapollisp. B,Laevigatosporitesp.,Cicatricosisporitet.
brevilaesuratus Cicatricosisporites sp., Pilosisporites sp., Cyathidites sp., cf.
Gleicheniiditessp., cf. Araucariacitessp., Zonalapollenitesp., Abietineaepollenitesp.,
Laricoidites sp., and Inaperturopollenitesspp. Forms here referred to with open
nomenclature includalgal Cyst Type39.6 Polyad Type 1 and Polyad TypeT2vo grains
of a tricolpate form oddly comparable to the modern g&uesrcuswere also observed;
contaminatiorof the sarple cannot be here ruled owarious unidentified fungal spore
speciesvere observed.

In the 206973 interval, Normapolles became 56% of the assemblage- Non
Normapollestriporates comprise 6% of this assemblage, tricolpates and tricolporoidates
shrink to 3%, large spores are 16%, and other spores andturapes make up 19%. A
total of 22 pollen types were recognized in the scan of this slide, and a total of 120 were

counted. Taxa identifie(Plate 7)includePlicapollis sp. F,Plicapollissp. I,Plicapollissp.
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N, Plicapollis sp. C,Osculapollissp. A, Osculapollissp. C,an unusuaDsculapollissp.
with four germinalsNew Genus C sp. Asleicheniiditessp, Psilatriletessp.,Laricoidites
sp., Inaperturopollenitessp., andZonalapollenitessp. A form of Osculapollisis here
referred to with open nomenclature@sculapollisType 32.8.

In sample 20694, 24 palynomorph types were recognized, and a total of 109
grains were counted. Normapolles represent 43% of this assemblagdgpmoapolles
triporates 7%, bisaccates less than 1%, large spores 17%, and other spores and inaperturates
21%. Pollen taxa identified from this assemblage (Plate 8) incMoenipitessp. G,
Momipitescf. sp. I,Plicapollissp. B,Trudopollissp. A, Trudopollissp. D,Complexiopollis
abditus Osculapollissp. C,Osculapollissp., a species of probatiécapollis affinity here
refered to with open nomenclatureRlgapollis Type 34.1Plicapollis sp., New Genus C
sp. B, New Genus D sp. C, cf. Triporate Type 1 of Christopher (1979), Triporate Type 3
of Christopher (1979), CP3B sp. of Wolfe (1976), CP3®orocolpomllenites sp.,
Tricolpites spp., Bohemiapollis sp., Gleicheniidites sp., Laevigatosporites sp.,
Sphagnumsporitesp., and an unidentified triporate form is here referred to with open

nomenclature asriporate Ty 34.4.
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Lums Pond Split-Spoon Cores (Eb1207)
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Lithology

On the basis folithologic descriptions and geophysical logs, the Magothy
Formation has been interpreted to occur from 72 to 95 ft in the Lums Pond cores. The upper
and lower parts are silty and contain abundant lignitized orgaraterial andare
characterized by low gamma log values. The middle of the section consists of micaceous
silty clay above and silty sart@low ands characterized by higher gamma log values. The
Magothy Formation overlies mottled clayey silt of the Potomac Formaitbrtive contact
placed close to 95 ft. The overlying Merchantville Formation, previously interpreted as
occurring above 72 ft, is typically characterized by a higher abundance of glauconite than
in the Magothy Formation. Glauconite becomes more abundane &b ft. However, the
interval between 45 ft and 72 ft contains only sporadic glauconite and the palynological
interpretation presented later in this thesis suggests that the interpretation of this

sporadically glauconitic interval should be further ¢desed.

Palynology

Four samples were examined for palynomorphs from the Magothy section of the
Lums Pond splispoon core. These were samples 25851 from3045depth, 25854 from
5865 ft, 25858 from 8@5 ft, and sample 25860 from 9% ft. The qually of the
palynological preparations made from samples 25854, 25858, and 25860 was rated as
moderate. Sample 25851 was rated as goodihemdforea 100count was conducted on

that sample.
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The total number of pollen grains counted from sample 25851 9&S (the non
integer value derives from individual bisaccate sacs being treated as half a grain in the
count). The assemblage contained 128mapolles 2% triporates, 1% tricolporates, 16%
tricolpates and monosulcates, 39% inaperturates, 9% bisact@¥%sirilete spores and
megaspores, and 2% monolete spores. No fungal spores,irfibeaah test linings, or
dinoflagellates were recognized.

Taxa identified from samp@5851(Plate 9)ncludeTrudopollissp. A, New Genus
D sp. B,New Genus Dpp., Plicapollis aff. sp. F,Osculapollissp. B,Osculapollissp. A,
Osculapollissp., Complexiopollis abditus, Trudopollf. sp. E,Complexiopollissp. D,
aff. New Genus C sp. AQsculapollissp. E, Momipites sp. E, Momipites sp. |, cf.
Bohemiapollissp., Semioculopollis verrucosaf. Trudopollissp. D,Pseudoplicapollisp.

B, New Genus D sp. Acf. Triporate Type 34.4 of this work;hoanopollenitessp,
Cicatricosisporitessp, Gleicheniiditessp., Stereisporitesp., Cyathiditessp., Retitriletes
sp, Inaperturopollenitessp., Liliacidites spp., Liliacidites cf. sp. E,Abietineaepollenites
sp., Tricolporoiditessp.,and C3Csp.of Wolfe (1976)

Taxa identified from sample 2585@late 10) include Gleicheniidites sp.,
Osculapollissp. A,Bohemiapollissp.,Plicapollis sp. O,Plicapollis spp.,Osculapollissp.

B, New Genus D spand New Genus D cf. sp. C of Christopher (1979).

Sample 25858Plate 11)contained palynomorph taxa identified @3B sp.,
Complexiopollissp. V, New Genus D sp. BOsculapollissp. A, Osculapollissp. B,

Trudopollis cf. sp. C,Semioculapollissp., Pseudoplicapollissp. B, Santalacites minor,
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Trudopollissp. D,Pseudoplicapoi$ aff. cuneata Plicapollis cf. sp. P,Trudopollissp. A,
andTrudopollissp. B.

Taxa identified from sample 2586(Plate 11)included Osculapollis sp. A,
Osculapollis sp. B, Trudopollis sp. A, Trudopollis sp. B, Trudopollis sp. C, aff.
Pseudoplicapollis endocuspisaff. Porocolpopollenites New Genus D sp. A,
Complexiopollissp. V, Complexiopollissp. T, Complexiopollisaff. sp. C,Santalacites
minor, Momipites sp. | Momipitessp.H, Porocolpopollenitesp., CP3B sp.Jricolpites

sp.,and cf. Triporate Type 5.
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Middletown Split-Spoon Cores (Fb33L1)
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Lithology
The Magothy Formation occurs roughly between 321 and 342 ft in the Middletown

split-spoon cores. It reportedly consists of very fine and medioanse lignitic sand. On
resistivity logs the Magothy interval appears as a distinctive positive plateau sepdrat
from the overlying Merchantville Formation and underlying Potomac Formation. The
lower contact with the Potomac Formation is easily recognizable as a positive surge in the

spontaneous potentiaalues of the underlying unit.

Palynology

Sample 20956 from the 322 ft in the Middletown sppibon core (Fb331)
yielded a good pollen preparation with a moderate concentration of palynomorphs. The
right half of the slide was visually scanned in its entirety; edsgmapollestype pollen
grainfound was photographed in addition to other selected palynomorphs of interest. The
assemblage broadly containedormapolles inaperturates bisaccates, tricolpates,
tricolporates, trilete spores, a qualitatively moderaienberof fungal spores, and rare
triporates. Identified taxa include New Genus D sp. A, cf. Triporate Typkcapollis aff.
sp. P,Plicapollis sp. F,Plicapollis aff. sp. O,Momipitessp. F,Complexiopollissp. D,
Complexiopollissp. C,Complexiopollissp. B,Complexiopollis abditusComplexiopollis
sp., T,Complexiopollissp. J,Choanopollenitesp.,New Genus C sp. AQsculapollissp.

F, CP3B1 of Wolfe (1976) CP3B sp.Stellatopollisaff. barghoornj Porocolpopollenites
sp., aff. C3G1 of Wolfe (1976) Tricolporites Type 2 of thiswork, Tricolporoiditessp.,

Abietineaepollenitesp.,Kuylisporitesaff. scutatus Gleicheniiditessp., Cyathiditesspp.,
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Cicatricosisporites sp., Hamulatisporis sp. (Verbruggen 2004, Braman 2001),
Cingulatisporitessp. (Braman 2001), arstereisporitesp. (Verbruggen, 2004). At least
one specimen oComplexiopollisexhibited some features which may qualify it as likely

transitional betwee@omplexiopolliandChoanopollenites
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Canal Outcrop (Eb31-a)

Figurell: Photos from the Canal outcrop Eb&1Top left: overview of the site. Top right:
The lower part of the outcrop with sections Z1 and Z2 shown. Bottom left: Photo
of the outcrop showing all four lithologic sections. BottBight: Photo showing
the top three lithologic sections. Samples 119930 and 44378 were taken from
Z1. Samplet4368 was taken from Z3.
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Lithology

A Magothy Formation outcrop designated as DGS site £b®as visited induly
2021 for the purpose of collecting samples for this study. The outcrop is located along the
Chesapeake Canal near the Marykrelaware border at 39.539639171 N, 75.749662881
W. Upon arrival, the outcrop had to be cleaned by removing surficial material with a hand
trowel. Once this had been completed, a fresh surface approximately 11 ft (at a subvertical
angle) from base to top of Magothy Formation and the overlying unit waseskpblse
base of the Magothy Formation was not exposed at this outelmpever a notable
lithologic break delineatghe upper contact.

The outcrop is here divided into four lithologic zones for the purpose of this study.
The lowest zone (Z1) is composefilayers of dark gray to black lignitic clay and muddy
sand interbedded with | ayers of very fine,
demonstrate distinctive flaser bedding and ctagsnation within 6 cm bedforms. The
upper part of Z1 is rtably more micaceous than the lower part, and a rusty colored staining
Is commonly present at the contacts between the light sandy and dark clayey layers. A few
small beads of amber were also found in Z1. This lowest zone is distinguished from the
upper zoe by the medium thickness of its beds which exceed one foot. The depositional
environment of this zone is here interpreted as subtidal estuarine based on the thickness of
the beds and presence of flaser bedding.

The second lowest zone (Z2) is similar thee underlyingZ1 but consists of
alternating beds of light sand and dark clay less than a foot thick (typicdllgm)

exhibiting a distinctive Azebra stripeo pa
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cross beds lensing out. The depositionatimmment of Z2 is suggestive of estuarine
intertidal flats based on the thin parallel beds.

The upper part of Z2 quickly transitions into the overlying zone (Z3) where the
Asugar sandod interbeds disappear. a8 i s
micaceous lignitic clay with indistinct bedding. Scattered chunks of lignitic woody material
are common in Z3, as are a few rusty colored (possibly sideritic) splotches. Z3 is here
interpreted as a supratidal calm water deposit, possibly a marsh, swagspjary, based
on the lack of sand or obvious bedding, and the abundance of scattered lignitic plant
material.

The contact between Z3 and the overlying top zone (Z4) is marked by a thin rusty
(sideritic?) lamina here interpreted as an erosive conddcis a dark gray micaceous,
glauconitic, bioturbated silt with a slightly greenish character which visibly distinguishes
it from Z3. The unit can also be distinguished from the lower Z3 by a lack of the lignitic
material common in lower beds, and byditstinctly silty lithology which contrasts with
the underlying clays. The depositional environment of Z4 is interpreted as marine. Based
on lithology alone, Z4 was interpreted to be Merchantville Formation (or possibly

Cheesequake Formation).

Palynology

Four samples were taken for the purpose of palynological analysis tirem
Magothy Formation aEb31a. One was taken from the lowermost of three major lignitic

clay beds exposed within Z1, and another was taken from the uppermost lignitic clay bed
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in Z1. Another samplavas taken from near the contact between Z2 and Z3, and a fourth
sample was takeftom the middle of Z3. One sample was also taken fromoZ4hese
samples, only the one taken from the base of Z1 was exan8egdral accompanying
samples were also taken from lignitic beds and material for the purppessiblecarbon
stable isotop@nalysis and@re stored at DGS.

In addition, slides from two samples previously prepared at D&8 examined in
this study, one from Z1 (sample 44378 from 11 ft below the top of the section) and the
other from Z3 (sample 44368 from 4 ft below the tothefoutcrop). Pollen taxa identified
from sample 44378 (from Z1) includéBlate 14)New Genus D cf. sp. C, New Genus D
sp. A, aff. Complexiopollissp. D,Complexiopollissp., Pseudoplicapollis longiannulata
Labrapollis aff. sp. B, Trudopollis sp. B, Santalacites mingrTricolporopollenitessp,
Retitricolpitescf. vermimurusandaff. C3G1 of Wolfe (1976)

Taxa identified from sample 119930 (Z1) inclugRdate 14)cf. Plicapollis sp. F,
Appendicisporitesp.,Kuylisporitesaff. scutatus Gleicheniiditessp.,cf. Undulatisporites
sp., Cyathidites sp., Stereisporitessp., New Genus D sp. A of Christopher (1979),
Laevigatosporitesp.,Osculapollissp. A,Plicapollis sp. H, andComplexiopollis abditus

Sample 4488 (from Z3) contained pollen identified @3late 14)Semioculopollis
verrucosa Pseudoplicapollisaff. cuneata New Genus D sp. ANew Genus D sp.,
Liliacidites sp., aff. C3G1, aff. CP3A sp. of Wolfe (1976) and an unusual cf.
Complexiopollissp. with four germinalsTwo distinct trilete spores were present and are

here identified a&uylisporitesaff. scutatus andAnnulisporacf. salsa(Braman, 2018).
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Grove Point Outcrops (2z63-607, Zz63608, Zz63609, and Zz63610)

Figurel2: Top left and topniddle Organic leaf fossils and leaf fragments preserved in the
organic clays at the Grove Point Outcrop. The leaves appear to be from
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angiosperm trees. One well preserved leaf (bottom of top middle photo) has a
lanceolate shape and a toothed margin. poisible that this leaf came from a
Normapollesproducing tregespecially since large angiosperm trees have been
reported from North America as early as the Turonian ghad, 2018).Top

Right: Plant macrofossils preserved in the indurated layer at thetMag
Merchantville contact. These fossils are mainly woody sticks and bark
fragments. Middle Left: Overview of the sampled section 1d at the Grove Point
Outcrop. Cross bedded sand and dark gray lignitic clay of the Magothy
Formation at the base is overldny lighter gray marine sediments of the
Merchantville Formation. Middle Right: Measured section 1d where samples
were taken for pollen analysis. KKmv contact is placed where the white
sample bag sits in the photo. Bottom Left: View of the cluesdded Mgothy
Formation sands at the base of outcrop 1d. Note how the Magothy Formation
Lignitic clay bed pinches out above. Bottom Right: Close look at the top of the
Magothy Formation at measured section 1d. Note the interlaminated white
Asugar 0 s agnitic clayrwih eddent flaset bedding.

Lithology

Two extensive outcrops along the northern Chesapeake Bay at Grove Point
Maryland where the upper contact of the Magothy Formation was exposed were visited in
November 2021 to collect samples for this work. The first outcrop visited was subdivided
into secions, and sections where samples were taken were given DGSIDs. The sections,
their coordinates, and a list of samples can be founihblel. Nanrofossil samples were
also taken and sent to Rutgers and USGS.

The Magothy Formation outcrop at Grove Pocunsists of an essentially
horizontal bedded interval extending for kilometers along the shoreline and is exposed in
tall bluffs carved out by wave activity. The lower contact with the Potomac Formation is
not exposed at this site, but the upper contatt tie Merchantville (or Cheesequake)
Formation is typically six to seven ft above the base of the outcrop and is marked by a

heavily indurated bed of sand no more than two inches thick. Most of the Magothy
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sediments consist of heavily crelsedded, loosglcemented irorstained yellowish sand,
with subordinate beds of buff to light gray silt and clay. The cross bedding consists of
repeating parallel cross beds with wu-nidire
boned <cross b e dad obsegved svhereusets are erentedv il rdifferent
directions. Section 1d however consisted of a lens of subhorizontal, thinly interbedded
white fAsugar o sand and dark lignitic <clay
frequently manifesg as flaser beding structures. The lower part of thlayeylens is
more dominantly composed of dark |l ignitic
stripeo interbeds between the dark clay al
yellow cross bedded sancdhigh is dominant throughout most of the larger site. Overall,
based on the prominence of cross beds and flaser bedding, the depositional environment of
the Magothy Formation is here interpreted as tidal estuarine.

Plant macrofossils are common at thie simost notably occurring as lignitized
woody material embedded stattered rockderived from the indurated sandstone layer at
the MagothyMerchantville contact. The lignitic clay beds from section 1d also preserve
lignitized angiosperm ledbssils(possibly fromNormapollesproducing trees)Several of
these were carefully recovered and photographed on site. Additionally, concreted animal
burrows over an inch in diameter were frequently observed within the Magothy Formation
section here.

The Magothy Formation is hereverlain bythe Merchantville Formation which
consists of a thick medium gray bed of burrowed micaceous silty clay with fine sand. Small

burrows oftenoccur as hardened castsn d we at her out of the sec
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c o r lké appearance. The depositional environment of this unit is here interpreted as
marine. The exposed but here unmeasured Mercharfwilsection here is thicker than

the exposed Magothgection ands capped by presumed Quaternary sediments.

Palynology

Sample 120221 from section {Magothy Fm)yielded an excellent preparation
containing numerous tricolpates, tricolporates, and inaperturates. Bisablcateapolles
reticulate monosulcates, and triporates made up relatively smaller proportions of the
assemblage. There was also a notable presence of fungal spores in this assemblage. A
guantitative count was conducted on this sample in which a total of 101 grains were
counted. Although fungal spores were not included in the overall percentage orwount, t
specimens were noted during the count. Normapolles made up 3% of the assemblage,
triporates 1%, tricolporates 7%, tricolpates 28.5%, presumed monosulcate reticulates 6%,
TCT/inaperturates 34.5%, bisaccates 7%, and trilete spores and megaspor8arhpéo.
120224 (Magothy Fm) was also examined, and it yielded a qualitatively similar assemblage
to sample 120221.

Palynomorphs identified from samplé20224 and 12022from the Magothy
Formation at Grove PoirfPlates 1517) include New Genus C cf. sp. Arudopollissp.

B, Complexiopollissp. D,cf. NQ-1, Osculapolliscf. sp. A,Osculapollissp.,an unusual cf.
Osculapollissp. with four germinalsPseudoplicapollis longiannulatdseudoplicapollis
sp. B, cf.Santalacites mingNew Genus D sp. of Christopher (1978w Genus D sp.

A, New Genus D aff. sp. G, New Genus D sp. D, New Genus B cf. Bgebdoplicapollis
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aff. cuneata Pseudoplicapollis endocuspidfomipites sp. B, Momipites aff. sp. G,
Labrapollisaff. sp. B,Monoasulcitescf. scabrus(Brenner, 1963), CP34£of Wolfe, 1976
spp, aff. CP3D1, CP3B1, aff. C3CG1, aff. C3C spp.,Cicatricosisporites spp.,
Stereisporitessp. (Verbruggen, 2004Klamulatisporissp. (Verbruggen 2004, Braman
2001),Laevigatosporitesp.,cf. Densoisporitesp.,Cyathiditesspp., Gleicheniiditesspp.,
Cingulatisporitessp. (Braman 2001), cfAraucariacites sp., Abietineaepollenitesp.,
Inaperturopollenites spp., Tricolpites spp, Porocolpopollenitesspp., Monosulcites
scabrus, Monosulcitessp., Liliacidites sp., and Liliacidites aff. sp. E. Broadly the
assemblage contaiméormapolles tricolpates, tricolporates, trilete and monolete spores,
bisaccates, monosulcates, inaperturates, and fungal spores.

Also identified from the Grove Point sampledirée similar types of prolate
tricolporate angiosperm pollen are here referred toraslporites Type 1,Tricolporites
Type 2, andTricolporitesType 3 plates 15 and 1) TricolporitesType 1 andricolporites
Type 2 are characterized by their medium size (general§04ficrons), distinctive large
pores center-2ldi odd he¢ ol piif,ruptol ate amb tha
equatorial plane, and verrucate to finely reticulate surfacareAtricolporitesType 1 is
distinct from Tricolporites Type 2 in that the former has noticeably coarser surface
ornamentationTricolporites Type 3 resemblesricolporites Type 2 buthas a small size.

A similar species offricolporitesfrom Summit Marinas here termedricolporitesType
120.5. It is similar toTricolporites Type 2 but has a thicker exine ornamented with

microbacula.
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Summit Marina Wireline Core (Eb33-57)
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Lithology

In the Summit Marina wireline cores a thin Magothy Formation section occurs
betweer98.8 ft and 100.5 ft. The lower contact is a sharp transittberethe variegated
clays of the Potomac Formatioecur. The upper contact with the sandy, siltyicaceous
clays of the Merchantville Formation is less distirastd is placed at a contact &t ®ft.

The contact zone between 98.8 and 95 ft contains abundant quartz grEémell@sper part
of the Magothy Formation is a clayey, laminated, quartz sand with mica, glauconite, pyrite
concretions, and lignitized plant materi@he lower paris a micaceous clay with pyrite

nodules interlaminated with lignite and sandy laminabeabgse of the unit.

Palynology

Sample 105863.4 from a 99.4t depth in the Summit Marina wireline cores was
selected for palynomorph analysis because the quality of that sample was rated as good.
No quantitative study was attempted on this sample.séhgle contained a surprisingly
diverse assemblage Rbrmapollegype pollen dominated b@sculapollis and to a lesser
extent New Genus D of Christopher (1979). Taxa ident{fdte 18)ncludeOsculapollis
sp. A,Complexiopollissp. D, CP3B sp. and CP3A spp. of Wolfe (19T&gicheniidites
sp.,Liliacidites cf. sp.E, New Genus D sp. A, New Genus D cf. spNBw Genus D sp.,
Tricolporites Type 2, Tricolporites Type 120.5, Selaginella sp. Braman, 2001),
Hamulatispors sp, Laevigatosporitesp.,Kuylisporitesaff. scutatusMomipitesct. sp. G,
Momipites cf. sp. E, cf. Choanopollenitescf. sp. A, Complexiopollis abditus,

Praecursipollissp. A, Complexiopollissp. V, Choanopollenitesp. cf. NL-1 of Wolfe
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(1976), Cyathiditesspp., Stereisporitesp., cf.Abietineaepollenitesp., Tricolporoidites

sp., Tricolpitessp, andInaperturopollenitesp.
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Chapter 4

DISCUSSION AND INTERPRETATION

Port Penn Core (Ed4109)

The thinness (2.5 ft) of the Magothy Formation recovered from the Port Penn was
somewhat surprising given readinfyjsm nearby well logs which suggested a thicker
section (Sugarman et al., 200lpwever the absence of a Magotkgction in the vicinity
of Delaware City (Jengo et al., 2013) just 3 miles to the north indicates that the unit must
thin from south tanorth andmay pinch out not far from the drill site. This is consistent
with prior observation and interpretation th#te Magothy Formation represents
paleochannel or estuarimeisedpaleovalley fill deposits in the vicinity of the Chesapeake
and Delaware Canal, and thus exhibits highly variable thickness in the region (Jengo et al.,
2013).

The upper contact with the erlying possible Cheesequake interval grades rapidly
from a pebbladense sikmatrix supported gravel at 270 ft into a gray pebbly silt between
269 and 263.5 ft in which the pebble content decreases upwards. This sequence may
represent a transgressionalrina sequence in which older Magothged gravels were
reworked into the overlying marine silts. This reworking and position offshore may explain
why pollen samples from this interval were exceptionally sparse despite a seemingly ideal
lithology for pollenrecovery. This interpretation is also supported qualitatively by several
bisaccate pollen grains which appeared in the sample at 265.2 ft; those pollen may be more

buoyant allowing them to travel further out to sea. This transitional section directly abov
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the Magothy Formation somewhat resembles the positionally equivalent section in the
Bohemia River core which also consists of a gray muddy sand or sandy mud with scattered
pebbles. Unfortunately, the palynomorphs recovered from this interval were mot tim
specific enough to definitively indicate whether Cheesequake equivalent sediments are
present at Port Penn.

The palynology of the sample at 265.2 ft in this possible Cheesequake interval
includes TrudopollidNF-1, which is considered indicative of aposi on wi t hi n W
zone CA2, though it is known to occur in both subzones-ZM of the Cheesequake
interval and CA2B of the lowermost Merchantville Formation (Wolfe, 1976). The
Momipitesaff. sp. E is suggestive of a position within-8¢ based on th€hristopher
(1979) ranges; they report that this taxon is not present in their uppermost sample from the
Cliffwood Beds, however this does not constitute conclusive evidencMtmaipitessp.

E does not occur in zone GA Litwin etal. (1993) does not port Momipitessp. E in the
Cheesequake Formation, making the assessm
Magothy Formation difficult. Other palynomorph taxa from this interval are regarded as
nondiagnostic, although a walteserved, coiled foraminifal test lining is suggestive of

a marine depositional environment. More data will be necessary to establish or rule out a
Cheesequake age for the sediments directly above the Magothy Formation at Port Penn.

Palynomorphs from the sample at 24%&kove the top of the possible Cheesequake
interval at 262.5 ft are indicative of a position within the loteemiddle Merchantville
Formation.The sample at 245 ft i older tharpollen ne CA2 of Wolf. The presence

of a grain ofProteaciditesaff. PR1 of Wolfe (1976)suggests a position within GAA at
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the oldest butis otherwise nondiagnostic as the taxon has a reported range through the
Monmouth Formation (Lower Maastrichtian). The presence of several reticulate, circular,
tricolp(or)ate grains ofjenus C3A of Wolfg1976) and a grain of N2 (Momipites?)
suggest a position within zones €Aor CA3 corresponding to the Woodbury or
Merchantville interval. The presence of a handful of chorate dinoflagellate cysts in this
sample suggest a strong nmariinfluence, which is in agreement with the lithologic
interpretation for this intervalNannofossil data places this interval firmly within zone
CC17 (latest Santonian to early Campanian); this result is consistenplacgiment in

upper pollen zoneCA-2B. Overall, the interval at 245 ft in the Port Penn core is
characterized by a qualitatively high diversityNafrmapollegypes and large tricolp(or)ate
angiosperm pollen types in addition to bisaccates, dinoflagellate cysts, trilete spores,
monolete potpodtype spores, and some smaller tricolpate angiosperm pollen.

The sample from 270.1 ft at the top of the Magothy Formation within the uppermost
gravel bed was sparse despite the silty nature of the matrix material. Many of the few
Normapolleghat wererecovered showed signs of degradation, indicating that these pollen
grains may have been reworked. This is consistent with an interpretation that the gravel
beds at the top of the Magothy Formation in this and similar core sections may be indicative
of anerosive surface.

Of the two samples taken from the thin Magothy section between 269 and 271.5 ft,
the Magothy Formatiosample from 271.45 ft in the Port Penn core was by fatichest
in terms of overall palynomorph abundance. For tk&son,it was practical to do a

guantitative count of over a hundred palynomorph grains for this sample. The pollen data
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suggest that this sample could be assigned to either zoBenCGe zone PPi; the data
supporting each of these possible interpretations is analyzed in detail in the paragraphs
below.

Some lines of evidence suggest that this sample is best assigned to-Rartai®|
interpretation is here favored. The diversity and high qualéaivundance of the genus
Pseudoplicapollisat 271.45 ft is more consistent with an equivalence to tHei Pbne
based on Christopher s reported group ak
Pseudoplicapollisvas reported by Christopher (1979) to increasarbynd 15% between
earliest PIPi and latest PPi, with a very low abundance during latest&ma. Several
specimens dPseudoplicapollis longiannulataccur in this interval, which combined with
the aforementioned high diversity and abundance of thesgeseudoplicapolliss more
suggestive of placement within lower-Pi; this interpretation would be consistent with
the occurrence a€omplexiopollis exiguan the same sample which reportediynges up
only into the lower part of RPi.

Other lines of emence suggest that this sample is best assigned to zeSenCe
Similar to the sample from 125 ft in the Bohemia River core, the Port Penn sample from
271.45 ft was dominated by a high percentage of small psilate and baculate tricolpate
angiosperm pollen rgins and psilate,inaperturate TCT type pollen. However,
Normapollesmade up a moderately small, but not minute proportion of this Port Penn
assemblage at 7.5% relative abundance. This low abundance is consistent with results from
Christopher (1979) whose results demonstrated several samples from z8ne With

less tharl0%Normapollescontent. The stratigraphic ranges of l@mapolledrom this
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sample are also collectively consistent with placement in eith&nter PiPi, although
the presence of New Genus D sp. L of Christopher (19v@mipites aff. sp. A,
Pseudoptapollis sp. E, andDsculapollissp. F suggests that the sample is not equivalent
to the earliest G&m based on the taxon range chart provided by Christopher (1979). While
the high qualitative abundance of the geRssudoplicapolligs suggestive of FPi, the
high diversity and qualitative abundance @bmplexiopollisis more suggestive of a
position within CeSm. Christopher (1979) reports that the relative abundance of
Complexiopollisdeclines from early G&m to late RPPi. Within PFPi, Complexiopdis
was most abundant during the early part of that zone. The diversity and abundance of both
Pseudoplicapollisand Complexiopollisin Port Penn is therefore suggestive of a position
equivalent to either late €8m or early RPi. The identification of bét of the namesake
taxa of zone G&m, Santalacites minoand Complexiopollis exiguaare somewhat
suggestive of placement within an, especially sinc€omplexiopollis exiguavas
reported by Christopher (1979) to range only into the earliest part oP4étie

It should be noted that there are a few palynomorphs from the Port Penn Magothy
which are somewhat suggestive of a younger position withiswRdype NQ1 of Wolfe
(1976) was found in the sample at 271.45 ft. Wolfe (1976) reports this form, which
resembles a reticulat@omplexiopollis from the upper Magothy Formation, but does not
provide a first occurrence as the lower Magothy Formation was outside the scope of that
study. Wolfe (1976) regards this form as transitional betwe€omplexiopollisand
Proteacidites,so its occurrence within i is reasonable since no occurrence of

Proteaciditeshas yet been documented in the Magothy Formation.
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The occurrence at 271.45 ft of the large tricolpate genus CP3A of Wolfe (1976) is
also somewhat suggestivé a younger age. However, Wol{d976) reports the first
occurrence of this genus within the Merchantville Formation. Since the CP3A pollen grain
found at Port Penn is not a perfect match
that the type repaetl here is of an older species with an unknown dicsurrence an
therefore not inconsistent with a-Pi age. Another tricolpate form here referred to as
Tricolpitescf. crassimuruss similar in surface texture, shape, and size to the type referred
to by this study a3ricolporitesType 2 which | regard as indicative of a lowercage
equivalent to the Morgan Beds based on data here reported from the Grove Point outcrop,
Middletown splitspoon, and Summit Marina spfipoon. The main distinction between
the grain here identified aFricolpites cf. crassimurusin the Port Penn material and
TricolporitesTy pe 2 is the formerds | ack of the di
of the latter. | regard it as likely that the taxon here identifietriaslpitescf. crassimurus
is ancestral or related fricolporites Type 2, making an interpretation of the Port Penn
Magothy as PPi reasonable.

One final point of uncertainty ifat the couple of grains identified Bomipites
aff. sp. A from the sample at 271.45 are morphologically also very similéotoipites
sp. K, which is restricted to zone-Be as reported by Christopher (1979). Both taxa have
a similar size and labrateegninals; Christopher suggests thdbmipites sp. K is
characterized by its possession of straight sides; the grain here identified has a distinctly
circular amb. This fact in conjunction with the occurrence of several taxa which reportedly

do not occur irP¢Sv suggests that this grain is Mdomipitessp. K. | therefore deem it
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most likely that the Port Penn Magothy assemblage is assignable to leRientlking it

equivalent to the upper Old Bridge Sand Member of central New Jersey.

Bohemia River Core (Zz63606)

Palynomorphs examined from the Bohemia River core can be generally subdivided
into five assemblage types: an indistinct marine assemblage probably correlative with the
lower Merchantville Formation, a pebtagothy assemblage comparabte the
Cheesequake FormationNmrmapollesdominated Magothy assemblage consistent with
zone PIPi, a Magothyaged pollen assemblage dominated by tricolpate and tricolporate
angiosperm pollen consistent wittone CeSm, and a Potomaaged assemblage
comparable to zonéld or 11l from Brenner (1963). The Magothy Formation at this location
consists mainly of gray lignitic clays, silt, and sand. A distinct paleosol horizon with
rootlets occurs at 123 ft, and beds of lignite are present betbi&eand 121 ft and 125
and 126 ft, indicating that the depositional environment likely fluctuated between
terrestrialfluvial and estuarinswamp depositional environments.

The sample from above the possible Cheeseglvikehantville contact at 107 ft
contains few ageliagnostic palynomorphs. A specimen of GBGuggests a range from
late Magothy through much of zone €2based on Wolfe (1976). A single foraminiferal
test lining suggests marine influence. Despite the lack of diagnostic palynomorphs, thi
sample is assigned a position within zone-EZB\based on the lithologic interpretation as

Merchantville Formation and the reported range of @3C
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Palynomorphs from the provisional Cheesequake Formatmwve the sharp
unconformity at 119.9 ft, specifily the sample from 115 ft, are suggestive of zone CA
2A (Wolfe, 1976; Litwin et al., 1993). Two palynomorph takdomipitessp. K and
Semioculopollis verrucoseonfine the age of this interval to no older thanS¥dbased on
the range charts of Christogrh(1979). However, both of these taxa are also described from
the Cheesequake Formation by Litwin &t (1993). A single somewhat questionable
specimen oBrevicolporitescf. CP3F1 may suggest a closer affinity to the Cheesequake
Formation; thisform has been described by Litwin &t (1993) from the Cheesequake
Formation, Merchantville Formation and Cliffwood Beds, and by Wolfe (1976) from the
overlying Merchantville Formation (in the lower Woodbury Clay interval of that work).
Although BrevicoporitesCP3F1 was reported from the Cliffwood Beds by Litwinakt
(1993), | interpret the presence of this taxon as suggestive of zo2zA®Acause Wolfe
(1976)did not report this form from the upper Magothy Formatiooyvever,this is not
conclusiveevidence. Another pollen grain from this sample is here uncertainly identified
as cf.ExtremipollisNJ-1 of Wolfe (1976). Wolf¢1976)described this form from the upper
Woodbury Clay, which is undifferentiated from the Merchantville Formation in theityici
of Bohemia River. Wolfé1976)also notes that N1 represents one of the oldest known
representatives déxtremipollisin North America. The similarities between this form and
the genusemioculopollisre striking and may suggest that it represaitansitional form
betweenSemioculopollisand Extremipollis More data will be needed to confirm a

Cheesequake equivalence for this sample.
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The presence of organic foraminiferal test linings in the sample at 115 ft provides
clear evidence of strong magimfluence in thignterval andmay explain the sparse pollen
recovered in this sample. This sample was taken from the interval interpreted as potentially
Cheesequake Formatievhich occurs between 119.9 ft and 108 ft, sitting above a sharp
unconformity wth the underlying Magothy Formation, and below a seemingly more
gradual transition with the overlying Merchantville Formation. This section is
lithologically similar to the equivalent section in the Port Penn core; both consist of gray
mud with a moderatamount of pebbles suggesting reworking of older Magothy aged
gravels during a marine transgression. This reworking and increased distance to shore
likely explains the low abundance of terrestrial palynomorphs in this sample. The core
contains several lagy indurated, sideritic splotches, pyrite concretions, and some large
lignitized woody chunks. The combination of lignitized plant material and foraminiferal
microfossils suggest a nearshore marine environment. The discovery at this site of
sediments podsily correlative with the Cheesequake Formation is an intriguing result
which provides further evidence that the underlying Magothy Formation is indeed
Coniacian in age by superposition.

Two different Magothyaged pollen assemblages were observed within the
approximately 32 ft thick (119-252.3 ft) section of Magothy Formation in the Bohemia
River core: zone FPPi and zone G&m types. One pollen assemblage closely resembling
the type assciated with zone FPi was noted at 122 ft within the short interval between
the paleosol at 123 ft and the sharp unconformity at 119.9 ft. It is noticeably different from

the assemblages above and below, lacking any of the forms which appear in thie possi
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Cheesequake interval (pollen zone -QA), but also differing substantially from the
assemblage three ft below at 125 ft. Noticeably the numerous reticulate and tricolp(or)ate
pollen that dominate at 125 ft are virtually absent at 122 ft. Although aatitative count

was conducted for the sample at 122 ft, qualitativédymapollesseemed to be more
abundanthan belowand consisted mainly @sculapollissp. B, a form which reportedly
ranges from zone C8&m to PIPi. The high qualitative abundance@s$culapollisin this
sample coupled with the last occurrenc@&stulapollissp. B occurring at the top of zone
PI-Pi is most consistent with a position within-fAl based on the abundance plots of
Christopher (1979).

Noticeably missing from the assemipaat 122 ft are the numerous and varied
Complexiopolls species which were more abundant and diverse at 125 ft. Representing
this group, only a single specimen @dmplexiopollis abditusnd a singleéSantalacites
minor were observed at 122 ft. The ider#tion of a single cfChoanopollenitesp.
suggests an age no older than uppeS@eandmay suggest a HRi age. A few specimens
of pollen were identified aBlicapolliscf. sp. F, having straight, scabrate sides, possessing
an indistinct interloculumand a somewhat gaping pore with only slight annular thickening
(the annular thickening varies between specimens). These grains differ somewhat from the
Plicapollissp. F reported b€hristopherbuar e not a perfect fit for
new genea which tend to be confined to zone 8¢ Assignment of this type ®licapollis
sp. Fwould imply aPPiorPeSv age based on Christopher 0:s
differences make this evidence tentative. Combined with the stratigraphic range of

Oscuapollis sp. B, the occurrence éflicapollis sp. F would imply a PPi age for this
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interval. The interval at 122 ft is therefore tentatively assigned to zeRe dRle to the

overlap ofChoanopollenites, Plicapollisf. sp. F,andOsculapollissp. B and the drastic
assemblage change across the paleosol horizon, which probably represents a considerable
hiatus in deposition. Also notable is the lack of Thieolporitesformsbriefly described in

this workwhich seem to serve as udefoarker taxa in sediments which | correlate with

the Morgan beds (lower PRv) such as those from Grove Point and Middletown, further
supporting the interpretation of the 122 ft interval aPPlI

As with all palynological interpretations made in this rigothe changein
assemblageacross the paleosait 123 ftcould be the result of vegetation turnover as
opposed to being a major biostratigraphic shift. However, the noticeable decline in
gualitative abundance and diversity @dmplexiopollisand the shar disappearance of
tricolpate and reticulate forms which were highly abundant at 125 ft strongly suggests that
this changemay beof stratigraphic significance. Christopher (1979) reported a large
decline inComplexiopollisabundance from C8m to PiPi, and also reported a smaller
decrease in tricolpate abundance as well, further supporting the interpretation that the
interval at 122 ft is PPi.

Palynomorph samples from below the paleosol interval at 123 ft most closely
resemble zone C8m of the Magoth Formation. The sample from 125 ft yielded the most
productive palynomorph slide taken from this core, allowing for quantitative assessment
of this assemblage. The high relative abundance of small tricolpate and mongsalleate
types and the low abundee ofNormapollesand bisaccates is consistent with the results

of Christopher (1979) who reported high abundances of tricolpates and inaperturates and
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low bisaccates from mid E8m samples. The reticulate monosulcate pollen type
Liliacidites cf. sp. Ewas found in great abundance, making up over a third of the overall
assemblage. Classification of this type was initially difficult due to its dtileled nature

and surface texture which resembles other similarly sized arwtaroring reticulate
tricolpate forms with more gaping colpi. Many grains of this type have obscured germinals
giving the appearance of an inaperturate morphology, while others seem to possess
indistinct apertures that could simply be irregular folds. Interestiagigther fornof cf.
Liliacidites sp. co-occuss in this sample which are similar in appearance and surface
ornamentation, but larger in size.

The abundance ®ormapollesChristopher (1979) reported also fluctuated greatly
across Ce&sm, but the occurrence of less than R#rmapollesabundance at this site is
| ower than any of Christopherés reported
therefore be used when applying relative abundance data to stratigraphy over disparate
areas, as fluctuating abundance values negyesent local rather than broad vegetation
trends.

The Normapollesvhich were present in the sample at 125 ft were well preserved
and fairly diverse despite their low abundance, with at least six distinct types being
recognized. The presence of a graieniified asPseudoplicapollissp. F confines the
sample at 125 ft to middle €&m according to Christopher (1979), which is consistent
with the interpretation based on assemblage relative abundances. The presence of
Complexiopollisaff. sp. V is consistent with a €&m age for this sample, and the presence

of a questionabl€omplexiopolliscf. sp. | would also confine this sample to lower or
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middle CeSm based on the range chart provided by Christopher (1979). By superposition
all sampleswithin the Magothy Formation lower than this sample at 125 ft must also be
CeSm or older. The pollen taxa found in these lower samples is consistent with this
interpretation. Diagnostic taxa from the sample at 131 ft includeachplexiopollif. sp.

H, Santalacites minor, Momipitesp. |, Momipites sp. H, andPseudoplicapollis
longiannulata which collectively indicate a G8m age. A sample from 137 ft contains
severaNormapollegaxa which are consistent with £&n butare otherwise nondiagnostic
beyond indicating a Magothy age.

One palynomorph sample was taken from an interval of gray silty clay at 212 ft
within the Potomac Group. Although the focus of this work is the palynostratigraphy of
the Magothy Formation, a discussion of the palynomorphsmihis interval is included
both opportunistically, and for the purpose of differentiating the two units
biostratigraphically. The sampled bed was directly underlain by satetpreted as the
Patapsco aquifer. The sample yielded a very sparse palypbrassemblage consisting
mainly of larger trilete spores, and only one unambiguous monosulcate angipstierm
grain here identified aslonosulcites scabru@renner, 1963). Identifiable trilete spores
included a welpreservedlraurocusprites aff. redurcusand severaCicatricosisporites
aff. potomacensign addition to several other fragmentary or unidentified types. All three
of theseidentified taxa were described by Brenner from Zone Il within the Patapsco
Formation of the Potomac Group in Maryland along the western bank of the Northern
Chesapeake Bay. Assignment of this sample to Zone Il is consistent with the lithologic

interpretab n as Patapsco For mati on; however,
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not extend into pollen Zone Ill and IV of Doyle and Robbins (1977). Doyle and Robbins
did not provide a taxon range chart for trilete spores, although they did report both
TaurocuporitesandCicatricosisporitedrom Zones IIC and Ill, suggesting that Zone Il
cannot be here ruled out. | tentatively rule out zone IV here based on the absence of more
advanced angiosperm pollen; however, this could be an artifact of poor recovery. Few
works have systematically documented the occurrences and ranges of trilete spores across
the Magothy interval in the midtlantic region. Bebout (1981) provides taxon ranges for
trilete spores in the outer continental shelf off the coast of New JerseyieoCOST B

2 and B3 wells. Their data indicate th&urocusporitesanges through the Coniacian;
however, a lack of good nannofossil control from that interval coupled with the then
accepted interpretation that the Magothy Formation was mostly Samiorage suggests

that the last occurrence daurocusporitess probably somewhere within the Turonian in

the midAtlantic region. However, similarities with the spore assemblages described by
Brenner (1963) and Doyle and Robbins (1977) suggest an Albearly Cenomanian age

for the interval at 212 ft.

Comparisons Between the Bohemia River and Port Penn Assemblages
There are notable similarities between theSDe type assemblage at Bohemia
River and the Magothy assemblage at Port Penn which is henereted as either late Ce
Sm or early RPi. A line of evidence suggesting an equivalence to zorgrCéor the Port
Penn sample at 271.45 ftis the similarity of the Port Penn Magothy assemblage to the lower

Magothy assemblage from the Bohemia Rivereaowshich has been assigned to zone Ce
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Sm by this study. Both assemblages contained similar abundances of small tricolpate
angiosperm pollen accounting for roughly a quarter of the overall assemblage, including
prolate, clavate grains similar t&etitricolpites vermimurusof Brenner (1963).
Additionally, both assemblages contain the distinctive palynom&tehatopollis aff.
barghoornj and small reticulate monosulcate grains similatitacidites sp. E (Doyle
and Robins, 1977). Both of these taxa occunfare frequently in the Bohemia River core
than in the Port Penn assemblage, however this similarity is notable because these taxa
have not been noticed abundance itTany other assemblages examined in this study.
The lithology of the Port Penn MagotRgrmation at 271.45 ft where the sample was taken
was a light gray sandy silt sitting directly above the Potomac Formation unconformity,
whereas the GBm assemblage from the Bohemia River core at 125 ft was taken from a
dark gray lignitic clay with a verjow sand percentage. This difference in depositional
environment may indicate that the occurrenckilidcidites andStellatopollisat both sites
may be of stratigraphic importance rather than a local vegetative signal since other sites
with similar lithologies did not yield these taxa.

Other differences in relative assemblage composition between Bohemia River and
Port Penn may suggest that the two assemblages were not deposited exactly synchronously.
A surprising result from #n Port Pengample is theelatively high percentage of bisaccate
type pollen grains in the assemblage at 271.45 ft making up 17% of the total assemblage;
this makes bisaccate pollen the third most common group of palynomorphs in this sample.
This high bisaccate abundance at PentriPis significantly greater than the assemblage at

125 ft in the Bohemia River core where bisaccate pollen was notably scarce. Christopher
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(1979) noted a high percentage (7% to 17%) of bisaccate pollen in his samples from the
lower part of CeSm, followedby a rapid decline down to less than 5% in uppeiSGe

which in turn was followed by a slight increase to 7% in lowePiPNormapolleswere

also much more abundant in the Port Penn Magothy assemblage than at Bohemia River by
nearly 6%; Christopher reps a roughly 8% increase ormapollesabundance between

upper CeSm and lower PPi. The general decline in tricolpate pollen grains reported by
Christopher (1979) between midACand lower P€Sv is also roughly consistent with the
abundance value of 27.3% reported here from Port Panlower PHPi ages is assumed

A reasonable interpretation then based on assemblage structure and taxon ranges thus
seems to be that while both the Bohemia RiveiSGeand the Port Penn Magothy share
many similarities, the differences in group abundances suggslightly younger age

within lower P}Pi for the Port Penn Magothy interval.

Woodland Beach Core (Hd2807)

The Magothy section within the Woodland Beach core contains lithologic evidence
of both marine and terrestrial influence. Teeosol horizon at 816.35 ft provides clear
evidence of terrestrial influence near the base of the core, but the shell fragments and
foraminifera reported between 807 and 789.25 ft are indicative of marine influence. The
upper contact is hard to place thvthe several candidate contacts at 799.6, 791.9, 789.25,
782.5, and 781.1 ft, with lithologic similarities above and below each. Two competing

hypotheses for the upper contact of the Magothy Formation arex@ored
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The first interpretation placetié upper Magothy contact at 799.6 ft based on
similarities to the equivalent contacts in the Port Penn and Bohemia River cores, where
there is a sharp erosional contact directly overlying the Magothy Formation directly above
which pebbles are common. Sea#id quartz pebbles are also common between 799.6 and
789.25 ft, which constitutes another similarity with the provisional Cheesequake sections
at Port Penn and Bohemia River. At the Medford Core in New Jersey, the upper Magothy
Formation contact was alsoarked by an abrupt erosional disconformity capped with a
gravel layer (Sugarman etl., 2010). Similar to this Woodland Beach section, the
Cheesequake section in the Ancora Core in New Jersey also contains scattered pebbles
(Miller et al., 1999).

Additionally, this interpretation is supported by the presence of foraminifera, shell
fragments, and lignitic plant material in the interval between 799.6 and 789.25 ft which,
coupled with the low glauconite content of this interval, is more suggestavearfelation
with the marine Cheesequake Formation. The pollen assemblage discussed below is
consistent with, but not conclusively indicative of a position within-ZHA of the
Cheesequake interval. Presence of Cheesequake beds is also consistentdeitmdie
position of this core where thicker, more complete sections might be expected.

The alternative hypothesis places the upper Magothy cadnitgtoerat 789.25ft,
and places the potential Cheesequake Formation above 789.25 ft based on the presence of
nannofossil zone CC15/16 at 781 Tthis interpretation is attractive because of the
lithologic similarities above and below the surface at 7&%a@dwould place the sample

at 789.6 ft within the upper Magothy zone ¢ There is shell material eveelbw 799.6
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ft within the Magothy Formation, which is somewhat atypical for that unit. The gravel bed
above 799.6 ft would therefore be regarded as a normal estuarine sedimentary feature
within the Magothy Formation similar to the lower gravel present ar&Qa9 ft. The near
absence of glauconite between 789.25 and 799.6 ft is also more suggestive of a position
within the Magothy Formation than the Cheesequake Formation. The sandy nature of this
interval is somewhat suggestive that the uncertain intervadti€heesequake Formation
based on comparisons to the silty Cheesequake sections at Sandy Hook and Medford
(Sugarman et al., 2010; Miller et al., 2018). However, the Cheesequake interval from the
Ancora core is comparably sandy to the uncertain intervalcattdland Beach (Miller et

al., 1999).

Unfortunately, the palynological evidence currently available is insufficient to
conclusively support one hypothesis over the other, although the pollen assemblage at
789.6 discussed below seems to limit the ageisiuthcertain interval between 789.25 and
799.6 ft to no younger than G2A. The interpretation of this uncertain intervaMegothy
Formation is here preferred; however, independent confirmation of this interpretation will
be necessary.

The palynologicasample from 781 ft is largely inconclusive, but does seem to
contain Normapollessuggestive of a Magothy age at the oldest, dratalso probably
consistent with placement in zone @AtheComplexiopollissp. D,Osculapolliscf. sp. A,
and New Genus bf. sp. H collectively suggest a position no older than zon€s &l Pe
Sv as reported by Christopher (1979). None of those taxa were noted by Livi{ii@93)

in zone CA2, however all of these taxa occur through the {d®esSv, and so therefore
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are likely to range well into zone G2 Due to a lack of conclusive palynostratigraphic
data from the sample at 781 ft, it is here assignegitlasr Merchantville or Cheesequake
Formation based on the highglauconite content fothis interval. Nannofossil data
indicates that this interval is probably Santonian (zone CC15 or CC16), which is consistent
with either a Cheesequake or lower Merchantville &gether biostratigraphic work with
nannofossils and foraminifera will be rssary to better confine the age of this interval.
The sample from 789.6 ft (directly below the sharp contact at 789.25 ft) is also
sparse butontains terrestrial pollen more conclusively suggestive of a position within the
upper Magothy Formation or Chesxjuake Formation. The occurrencéstulapollissp.
C, Momipitessp. N, C3A1, and New Genus Aff. sp. A in this sample collectively suggest
a position no older than latestPi, and as young as zone A. Of these taxa, only New
Genus A sp. A is naeported by Litwin eal. (1993) from CA2A and the upper Magothy
Formation. The presence©&culapollissp. C is especially useful since Litwinedt(1993)
reports its last occurrence at the top of zoneZ22of the Cheesequake interval. Pollen
from 789.6 ft is thus consistent with a placement in either the upper Magothy Formation
or the Cheesequake Formation; foemer interpretation is here prefedeéased on the
lithologic and biostratigraphimterpretation given above.
Terrestrial pollen from the sample at 799 ft is broadly consistent with a position
within the Magothy Formation. The occurrenceCaimplexiopollissp. V limits the age of
this unitto no younger than earliestw based on Christopher (1979); however, this form
is probably equivalent t&€omplexiopollisNB-2 of Wolfe (1976) which they report from

both the upper Magothy Formation and zone ZX Forms includindlicapolliscf. incisa
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and Momipitessp. N confine the sample to no older tharPPIAlthough Litwin etal.
(1993) does not recordlicapollis incisag the questionable identification of the specimen
and its reported range through the latesBRanakes it likely that this formccurs in CA
2A. Based on the pollethe possible age range of this assemblage is from |&®e tBl
zone CA2A of the Cheesequake Formation. Given the lithologic interpretation of the
interval, this assemblage is most likely assignable t8\ar latesPI-Pi.

By superpositionthe lowest sample at 816 ft must be at least slightly older than the
sample at 799 ft; however, the presencBafiemiapollisandOsculapollisunidentifiable
to thespecificlevel are insufficient to make a zone assignment rspeeific than assigning
the sample to the broader Magothy interaald probably ruling out earliest €an
Lithologically the samples at 799 and 816 are different, so it is likely that the sample at 816

Is significantly older, but by how much remains uncertain.

Dover Air Force Base Borehole (Je3D4)

Three pollen samples from the Magothy Formation in thgdDd Air Force Base
borehole were examined. These samples were taken at 1,267, 1,287, and 1,357 ft.
Quantitative study was conducted on all three assemblages. The upper two assemblages
are highly similar teeach other andre comparable to zone-8g. Thelowest sample at
1,357 ft is highly distinct from the other two, and is more comparable to zeSenC&he
turnover between the lower tricolpate dominated assemblage and the upper advanced

Normapollesdominated assemblage is dramatic.
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The sample at 1,357 is somewhat problematic due to a near lackiofmapolles
type pollen, nevertheless it is here assigned to zorfenCaVith the exception of a handful
of rare forms, most of which did not appear in quantitative scans of these samples, the
sample at 1,3bft is nearly free oNormapollesandtriporate pollen types. At first glance
this interval more closely resembles the assemblage described by Doyle & Robins, 1963
zones Il and 1l of the Potomac Group due to the high abundance of small psilate, egticulat
and clavate tricolpate angiosperm polledowever, a single small specimen of
Pseudoplicapollisp. suggests a position at the oldest within pollen Zone VS{Ge

The high abundance of tricolpate types and the low abundamterofapollesat
1,357 ftis suggestive of a lower Magothy age, likely within8®; however, the absence
of stratigraphically useful specimens limits the certainty of this interpretation based on
sparse P/A data. Caution should here be used in making stratigraphic interprbtatemhs
on assemblage relative abundance alone, as the high abundance of tricolpate types could
be more representative of local ecological vegetation structure than it is of older age.

Because tricolpate angiosperm pollen was so dominant in this interbakfa
discussion of these types follows. Tricolpate pollen from the sample at 1357 ft are typically
small (815 micron) psilate or microscabrate types, with a few reticulate and clavate types.
They are generally circular prolate ancare otherwise feataless apart from their colpi.
Distinctions between types are here made primarily based on size and exine Téndure.
diversity of these types seems to be high, but the relative abundance of many of these types
is low. A few larger mostlyreticulate tricolpate types are also found in the sample from

1357 ft, notably including genus CP3B of Wolfe (1976) in low abundadteer types
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present includ®&etitricolpitesandTricolpopollenitesalthough species hames are not here
assigned becausprior documentationof small tricolpate forms from the Magothy
Formation is limited.

The sample at 1,357 ft has an unusually large number of fungal spores. While no
attempt was made to describe or differentiate them, qualitatively they were quite diverse,
possessing many potentially distinguishable foriewever,they become essentially
absent in the higher two intervals within the Magothy section of -0432This
disappearance of fungal spores in these upper samples, and their presence or absence at
other sites could be of significance for interpretation of depositional environment or
paleoecological environmeriut the meaning of this signal is unclear.

Two other palynomorphs from 1,357 ft which were not included in the total
palynomorph sums for thassemblage are here referred to as Polyad Type 1, and Polyad
Type 2 plate6-28). These were not included in quantitative counts because it was unclear
if they represented polyads of plant spores or tricolpate pollen, or if they are actually fungal
spores based on their darker color. Polyad Type 2 may even be a foraminiferahggst lin

In the samples taken from the intervals 1,267 and 1,287, the angiosperm
assemblages dominantly consistNmfrmapolles These samples are here assigned to zone
PcSv based on the presence of taxa restricted to that zone such as New Genus C sp. A of
Christopher (1979)Momipitessp. G, and the dominant presencéstulapollis most of
which were identified a®sculapollissp. C.

The most commomormapollestypes found at 1,287 and 1,267 ft belong to the

generaComplexiopollis, Plicapollis, TrudopolligndOsculapollis,of Christopher (1979).
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Complexiopollisalso seems to show a larger amount of diversity than other types; however,
several are rare forms, some of which were not represented in the quantitative scans. For
this reason, in the quantitatiszans performed on thesamples, Complexiopolliss
mainly undifferentiated with the exception@dbmplexiopollisabditus(Plate 85). For the
purposes of the quantitative study of these samples, Plie@pollis-Trudopollis
Osculapollisgroup excludesComplexiopollis,and consists of two major formk the
sample from 1,287 ft these a@sculapollissp. C and a difficult to place specibere
referred to a®OsculapollisType 32.8 plates 7 and )3

In their report of the stratigraphy of Je@2, Benson and Spoljaric (1996) reference
work done by J. Groot on sample material from this site. Groot considered intervals 1,410
ft and below to orrespond with Zone IV; however, he assigned the intervals at 1,357,
1,317, 1,307, and 1,297 ft to the Magothy Formation Amboy Stoneware Member
(correlative with zone PPi) then thought to be Santonian (Zone VII of Sirkin, 1986). This
differs from my intepretation slightly, as | place the interval at 1,357 ft within zone Ce
Sm based on the high abundance of tricolpate pollen and extremely low abundance of
Normapolles. As with all palynostratigraphic interpretations based on assemblage structure
alone, ths interpretation must be treated as tentative because the nearNaknaipolles
at 1,357 ft could be a local vegetative signal rather than a stratigraphically significant
signal. Despite this difference in interpretati@npot reported that a samplerin 1,297 ft
was thought to fall within the Amboy Stoneware Member which corresponds to the

underlying Pseudoplicapollis longiannulatRlicapollis incisa zone. This result is not
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independently examined in thsgudy butwould indicate that all three of the Magothy

Formation palynostratigraphic zones are present in this core.

Lums Pond SplitSpoon Core (Eb1207)

As noted in the results section in the discussion of the stratigraphy of this hole, the
nature of the litholgy and palynology of the Magothy to Merchantville transition raises
interesting questions. Four samples were examined for palynology: 25851 froB0&t45
depth, 25854 from 585 ft, 25858 from 8@5 ft, and sample 25860 from 93 ft. The
existing lithogratigraphic interpretation locates the Magetgrchantville contact at 72
ft. Notably, glauconite becomes abundant only above 45 ft and the interval between 45 ft
and 72 ft contains only sporadic glauconitee previous lithologic interpretation would
place two samples in the Merchantville Formation and two in the Magothy Formation.
However, the palynological interpretation presented here suggests that the stratigraphic
i nterpretation of the sporadi c2fft)wierethe aucon
upper samples were taken should be further consid@eeexplained below, this interval
has a palynological assemblage that could be interpreted @A@Ad allow assignment
of this interval to the Cheesequake Formation. Provisional interpretaftid572 ft as
Cheesequake Formation would be based on the ranges of several pollen taxa which have
last occurrences within zone €A, the presence of lignitized plant debris, and the
sporadic glauconite content of this intervidlowever,interpretationof this interval as

Cheesequake Formation would suggest an anomalously thick section for that unit.
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The pollen assemblages recognized from the samples placed in the Merchantville
Formation seem to have some differences with what would be expected basged on
palynostratigraphic rangegportedfrom New Jersey by Litwin eal. (1993). At Lums
Pond, two pollen assemblage types are recognizezllower assemblage (between 72 and
95 ft) is suggestive of a position within-Pl, and the upper assemblage (between 45 and
72 ft) is consistent with a position ranging from-&¢ to CA2A. The yunger CA2A
interpretation is here preferred because it is closer to the lithologic interpretation of this
interval as Merchantville Formation, however the pollen is more suggestive of a Magothy
age. Both interpretations are problematic because thew atark disagreement with the
lithological interpretation which would place this interval firmly within the Merchantville
Formation. The presence of grains identified as New Genus C §psatjapollissp. E,
Momipitessp. E,cf. Bohemiapollissp.,Semiociopollis verrucosaandTrudopolliscf. sp.

D collectively suggest a P8v age for this interval but are also consistent with a2B8A

age within the Cheesequake interval. The occurrendeumfopolliscf. sp. E suggests a
position within PIPi; however, tk questionable nature of this identification (cf.) means it
may be a similar but different form, or this taxon might have a larger range than previously
thought. The occurrence of grains identifiedCGesculapollissp. B would also suggest a
position no younger than RPi, however this form is morphologically similar to
Osculapollissp. A, so it is possible this form was misidentified or has a much longer range
than previously thought. The presence of New Genus C sp. A would provide evidence
against an ageqeivalent to the lower Morgan Beds, whereas the occurrence of

Pseudoplicapollissp. B provides evidence against a position equivalent to the upper
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Cliffwood Beds, again based on the stratigraphic ranges reported by Christopher (1979).
Thereforea positionequivalent to either the upper Morgan Beds or lower Cliffwood beds
would be Ilikely if one is to trust the ap
Delaware as precise.

Assignment of this interval to P8v is extremely problematic based on the
lithologic interpretation which places-88 ft firmly within the Merchantville Formation
based on the geophysical logs and because of the sporadic glauconite content of this
interval which is atypical of Magothy sediments. However, assignment of thisahterv
the Cheesequake Formation would be consistent with both the sporadically glauconitic
nature of the sediments and with the lignitic plant debris content noted in this interval. The
occurrence of grains such &emioculopollis verrucosaew Genus C spA, and
Osculapollissp. E all suggest an age no younger thar28%f the Cheesequake interval.

New Genus C sp. A is especially problematic for aZMinterpretation since Litwin et

al. (1993) reports this form from only the lowest part of zoneZ®A This is a perplexing
result because the lithologic interpretation places the Magothy Merchantville contact
around 72 ft. Interpretation of the interval at-3® ft as PeSv would indicate an
anomalously thick Magothy section, however interpretation a2@&Avould indicate an
anomalously thick Cheesequake interval of at least 25 ft.

This sample represents a stark illustration of both the challenges in distinguishing
zones P<Sv and CA2, and the inherent uncertainties with relying on only a small handful
of palynostratigraphic range charts to make broad stratigraphic interpretations. At present

it is therefore difficult to square the palynology with the lithostratigraphy at this site, as
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these results seem to demand aangbatthisditg ¢ e xt

or a notable range extension of several key pollen taxa whose range extensions would have
implications for interpretations at other sites.

Otherwise, sample 25851 @® ft) contained the highest percentage of
Normapollespollen by relative abundance (12%) out of all of the samples on which 100
counts were conducted, with the notable exception of the top two samples from the Dover
Air Force Base well (Je3D4, samples 20695 and 20697). Interestingly, sample 25851
contained the lowest relative abundance of tricolporate grains out of all the samples
counted in this study. The taXaicolporitesType 2 of this work, and the distinctive trilete
spore Hamulatisporis which linked the Middletown assemblage and the Magothy
assemblage at Grove Point were also seemingly absent, where&soriepolles
concentration at 25851 was six times higher than Grove Point and Middletown.
Additionally, fungal sporesvere largely absent from this assemblage, whereas they were
present at both Middletown and Grove Point. Whether this discrepancy is an indication of
different stratigraphic position or evidence of regional impact of laterally variable local
vegetation anécology on assemblage structure remains unclear.

The sample at 585 ft is somewhat similarly problematic, although the pollen
assemblage is less contradictory with a position inZ2%than the above sample at-88
ft. By superposition this assemblageist be older than the above sample interval limiting
this sample to no younger than @A. Two stratigraphically useful taxa were identified
in the underlying sample 25854 (68 ft). The occurrence d?licapollis sp. O in this

sample restricts it to a piion equivalent to the upper Morgan Beds or younger (possibly
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consistent with CA?2), and the occurrence of New Genus D cf. sp. C of Christopher (1979)
suggests a stratigraphic position equivalent to the Morgan Beds of central New Jersey,
although the urertain nature of the later identification (cf.) makes this weak evidence. As
with the stratigraphically higher sample, the lithologic interpretation would suggest an
assignment of this interval to the Merchantville Formation, making &Haoterpretation
for this interval problematic.

Two stratigraphically useful pollen taxa were identified from sample 25858580
ft). The presence of grains identified@sculapollissp. B suggests a position within-Ce
Sm or PIPi. Another pollen taxa tentatively idémd as Trudopollis cf. sp. C would
confine this sample to fi. Although this is admittedly limited evidence to assign a
conclusive stratigraphic position, pollen from the next lowest sample 2538685(&)
provides supporting evidence for the presesfdel-Pi (or older). In this lowermost sample
the presence of taxa identified @sculapollissp. B andMlomipitessp. H suggests an age
no younger than HPi. The presence of pollen identified Baidopollissp. Calso suggests
a PIPi ageBased on thaentified taxa angroximity of this basal sample to the overlying
sampleassignedentatively to PIPi, it is here deemed likely that these bottom two samples
are assignable to i, and that a disconformity probably exists between 80 and 65 ft.
Indeedt here is a sharp Aj umpo o 7 between @Parap hy s i
70 ft near where the Magotierchantville contact was originally placed, and an interval
of sand separates the silts at 80 ft from the clays at 60 ft. Based on theseifalks|yt
that there is indeed a disconformity representing a considerable interval of time between

samples 258580-85 ft) and 2585458-60 ft).
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Middletown Hole (Fb33-11)

The pollen assemblage from one spfibon sample in borehole Fb33 from
Middletown is here interpreted as lower-8¢, equivalent to the Morgan Beds of New
JerseySample 20956 from a 322 ft depth in FEBB contained an assemblage strikingly
similar to the one from the Magothy Formation at Grove Point (Bf8). The presence
of identified taxa includindPlicapollis sp. P,Plicapollis sp. F,Momipitessp. F, cf. New
Genus C sp. A, cfPlicapollis sp. O, anccf. Choanopollenitesp. collectively confines
sample 20956 to zone f&v. The presence @omplexiopollisaff. sp. B andPlicapollis
sp. P both indicate an equivalence with the Morgan Beds of central New Jersey based on
the taxon ranges reported by Christopher (1979). By extension this interpretation correlates
this sample with the outcrop at Grove Point Maryland (Z@68) discussed below. In
Christopher (1979Rlicapollissp. P was only reported from the Morgan Beds, and the last
reported occurrence @omplexiopollissp. B was within the middle part of the Morgan
Beds (the upper part was not sampled in that study). @nplation to this Morgan Beds
interpretation is the occurrence of a single grain of cf. Triporate Type 1 of Christopher
(1979). This taxonods | as tPidrectlylbelaw¢haMoeganva s r €
Beds in central New Jersey. This discrepacould easily be explained by reworking or a
slight extension of this taxonds range.

Despite the apparent biostratigraphic position near its last reported occurrence in
the regionComplexiopollisaff. sp. B was very abundant in this assemblage. Ovephal

theNormapollegphotographed from this sample &emplexiopollis most of which were

101



in turn identified asComplexiopollissp. B this high abundance @omplexiopollisis
unusual when compared to other assemblages examined in thisStibdydinate in the
assemblage were the less stratigraphically useful @amplexiopollissp. D, and
Complexiopollisaff. abditus Taxa similar taComplexiopolligncluding a grain tentatively
identified ascf. Choanopollenitesp. and a grain ofcomplexopollis of an unidentified
species with characteristics transitional betw&anopollenitesand Complexiopollis
were also found. Tschudy (1973) considered the g&mamnopolleniteso be a derived
form of Complexiopollis,and also reported specimensttwiransitional characteristics
between the two.

Several other palynomorph taxa link the Grove Point Magothy assemblage to this
Middletown assemblage. Several specimens of a medium sized prolate tricolporate pollen
species with a somewhat protruding etquar i al a rsd a caendd choflrpui twer e
both Grove point and the Middletown samples. These types are here referred to as
Tricolporites Type 1,Tricolporites Type 2, andlricolporites Type 3 plates 13, 15, and
17).

Additionally, many of the trilete spores found from both sample locations are
similar including distinctiveCicatricosisporites, Stereisporitesp. (Verbruggen, 2004),
Hamulatisporissp. (Verbruggen 2004, Braman 2001), &idgulatisporitessp. (Braman
2001), Cyathiditessp., andGleicheniiditessp. Of theselHamulatisporissp. is particularly
easy to identify by its distinctive reticulate sculpturing. The abundant presence of this spore

may be a good marker for a Morgan Beds age within samples from tbe.reg
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Canal Outcrop (Eb31-a)

The palynomorph assemblage from the Canal outcrop (Bp&lLsuggestive of a
late Magothy assemblage assignable to zor®W @ he samples contain several distinctive
trilete spores includingluylisporitesaff. scutatus and a diverse assemblage of advanced
Normapollegype pollen. Two samples (samples 119930 and 44378) were examined from
the lower interval (Z1), and a third sample (sample 44368) was examined from the thick
lignitic clay interval above (Z3).

The Z1 assemblage contains pollen suggestive of a position within the lower part
of zone PeSv, equivalent to the Morgan beds. Sample 44378 contains the distinctive
NormapollegaxaPseudoplicapollis longiannulatahich has a last occurrence within the
Morgan Beds as reported by Christopher (1979). Also identified from this sample is New
Genus D cf. sp. C which was reported only from the Morgan beds by Christopher (1979).
Sample 119930 also contained eficapollis sp. F which has a reported range fromezon
PI-Pi through P€Sv well into the Woodbury Clay as reported by Litwinagt(1993).
Lithologically Z1 and Z2 are very similar to the measured outcrop 1d at Grove Point; both
consist of medi umttro ptehoi nwhbi etdes o witiiaarg bsraan d s
dark gray lignitic clay with flaser bedding. Z2 is especially lithologically similar to Grove
Point with its distinctively thinner bedding, whereas Z1 has much thicker bedding. Unlike
at Grove Point and Middletowfboth here assigned as equerdl to the Morgan Beds)
however, the prominent presence Hdmulatisporisand Tricolporites Type 2 was not
observedHowever,Pseudoplicapollisongiannulataand Trudopollissp. B were observed

from both the Z1 assemblage and from the Grove Point Magatijation assemblage.
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Despite the absence of several taxa common at Grove Point and Middletown, the lithologic
similarity and the taxonomic ranges of the species mentioned above suggests that Z1 and
possibly Z2 are at least loosely correlative with those @gsemblages. Observed
differences could be the result of local vegetative signals, or insufficient sampling.

The drastic and abrupt lithologic change between Z2 and Z3 may represent at least
a brief hiatus in deposi tpeapwithin ZBhaed thé damkg a r
lignitic interbeds are replaced by a thick lignitic clay with indistinct bedding. The
palynomorph assemblage #8 remains consistent with zone-Bg; however, it is also
consistent with zone GARA of the Cheesequake interval based on the presence of
Semioculopollis verrucosand Pseudoplicapollisaff. cuneata both of which have
stratigraphic ranges from F&v to CA2A. Both of these taxa seem to be absent in Z1, and
there also seems to be a species turnover with regards to tiearorapollesangiosperm
pollen between Z1 and Z3While this signal may not be indicative ofl@ngterm
depositional hiatus, especiallyse bothSemioculopollis verrucosandPseudoplicapollis
cuneatahave reported first occurrences within the upper Morgan Beds, the break in
lithology and turnover in pollen species likely indicates at least a brief passage of time,
possibly on the scale ofhousandsor tens of thousand®f years. Interestingly,
Pseudoplicapollislongiannulata andthe two taxa Semioculopollis verrucosand
Pseudoplicapollis cuneatéound here in Z3)are reportedly concurrent in only one of

Chr i st sampptesfrod the upper Morgan Beds.
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Grove Point Outcrop (Zz63607, Zz63608, Zz63609, and Zz63610)

The measured section at outcrop 1d (2868) yielded the best pollen preparations
from the Magothy Formation at Grove Point. Samples 120221 and 1¥@2@4d good
quality preparations. Several taxa identified from samples 120221 and 120224 indicate a
PcSv age for this section, correlating this interval with the upper Magothy Formation;
however, this assignment is not unequivocal. The presence of gdantified as cf.
Momipitessp. G,Momipitesaff. sp. B, New Genus Bf. sp. E, and®’seudoplicapollisaff.
cuneataall point to a position within R8v. Several of these taxa have very limited ranges
as reported by Christopher (1979). New Genus B sMdgipitessp. B, andviomipites
sp. G were only reported from the Morgan Beds of central New Jersey; the presence of
these grains provides strong evidence of stratigraphic equivalence between that member
and the Magothy Formation outcrop at Grove Point. pilesence oPseudoplicapollis
longiannulatgprovides further support for this interpretation, as that species was reportedly
absent from the overlying Cliffwood Beds of New Jersey. A caveat to this interpretation is
the presence of a grain identified agvwN Genus D aff. sp. G, which was reportedly
restricted to the Amboy Stoneware Clay Member of zorRiPThis taxonwas reported
from only one sample in Christopher (1979), and thus is likedyeataxorregionally with
a longer actual biostratigraphic range than what was reported. This is likely, especially
since the Amboy Stoneware Clay directly underlies the Morgan Beds. My interpretation of
the Magothy Formation at Grove Point as being stratigrapyiequivalent to the Morgan

Beds would therefore require only a slight extension of the range of New Genus D aff. sp.
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G into lower zone RS8v. Alternatively,this result could be the product of reworking from
lower P}Pi aged sediments.

In addition toNormapolleswith well-defined ranges, the presence of genus CP3A
of Wolfe (1976)and the mediursized prolate tricolporates which were not observed in
samples from the Bohemia River section assigned i8r@suggests that Grove Point is a
distinct assemblagesparate from the nearby Bohemia River assemblage. Just as major
lateral lithologic discontinuities are presemithin the Grove Point Magothy Formation
outcrop, other subsurficial lateral discontinuities must exist between Grove Point and
Bohemia River. Th fact that Bohemia River is only a few miles north of Grove Point
illustrates how a complex patchwork of differeaxged beds must exist within the Magothy
Formation of subsurficial northern Maryland and Delaware.

In terms of grou@bundancehe Grove Bint Magothy assemblage is similar to the
Bohemia River C&m assemblage, differing notably only in the relative percentages of
bisaccate pollen and trilete spores, butMtemapollesand tricolp(or)ate taxa are quite
different. Interestingly, the Groveoint assemblage also contains a large amount of fungal
spores. While it remains uncertain why this is the case, it is another factor separating the
Grove Point and Bohemia River assemblages since the Bohemia River samples lacked
fungal spores. The distineé Tricolporites Types which | briefly describe from this site
and from Middletown and Summit Marina are a prominent part of this assemblage not
found at Bohemia River, as is the distinctive trilete spidemulatisporis Because
Tricolporites Type 2 andHamulatisporisoccurs in the MiddletownGrove Pointand

Summit Marina assemblages, and because all three assemblages are here interpreted to be
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equivalent to the Morgan Beds of central New Jersey, | suggest that these two distinctive
palynomorphs may beffective markers for Morgan Bed@ower PeSv) equivalent
deposits within the Magothy Formation of the northern Delmarva peninsula where they

occur as prominent parts of their assemblages.

Summit Marina (Eb33-57)

The assemblage in the single sample studied from the Summit Marina corehole is
comparake to the Grove Point and Middletown Magothy assemblages. This sample from
99.5 ft contains the spotdamulatisporisand an angiosperm pollen form here termed
Tricolporites Type 2 which wereboth common in the Grove Point ardiddletown
assemblagesnd ato similarly contaiedtaxa indicative of a Morgan Beds age (lower Pc
Sv). The occurrence dflomipitesct. sp. G andvlomipitesct. sp. E are both suggestive of
a position within P€Sv; Momipitessp. G especially is reportedly restricted to the Morgan
Beds(Christopher, 1979). The occurrences of taxa identifiddrascursipollissp. A and
Complexiopollissp. V alsdimit the youngest possible age to the Morgan Beds according
to Christopherds stratigr aph Canplexmpoljssps, al t
V resembles taxon NB of Wolfe (1976), which they reported as late as zon€2BAThis
is a striking result as it lends further support to my suggestion that the presence in
abundance oHamulatisporisand Tricolporites Type 2 are goodndicators of beds
correlative with the Morgan Beds within the vicinity of northern Delmarva.

It should be noted that this interpretation of lowerSRcequivalence for the

Summit Marina Magothy assemblage is at odds with Sugarmah @021) since that
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report assigns a €8m age to the Summit Marina Magothy section. An assignment-to Ce
Sm is problematic because of the high qualitative abundar@saflapollis Christopher
(21979) reports very low abundancesQdculapollisfrom zone CeéSm. High abundances

of Osculapollisare consistent with a placement in zoneSRc

Implications of findings for Magothy Formation stratigraphy

The lithostratigraphic observations made by this study are largely consistent with
previous work published ahe Magothy Formation in the study area. In the nine sections
examined by this study, the Magothy Formation shows a general thickening trend to the
south and easfFigures 15 and 16). Correlationsof these intervals based on both
palynostratigraphy and lithostratigraphic observations made at the Grove Point Outcrop
indicate a high degree of lateral variability between sites. This is also true at the outcrop
level based on observations made at the Grove Point Outcrop. As a rdbidtlateral
discontinuity, beds of different ages and equivalence to the New Jersey Members
frequently pinch out in the subsurface, and the only available way to detect these lateral
changesusing coreholesis through careful palynological examinationedpite some
inherent uncertainties in differentiating similar, thadjacent pollen zones of the Magothy
Formation, palynology remains the most effective tool in use for interpreting the
depositional history of this unit.

The northern Delmarva Magothy Foation is thus a patchwork of differently aged
beds probably representing estuarine fill of Coniacian aged paleochannels and paleovalleys

along its updip belt of outcrop. Observed sedimentary structures at both the Canal and
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Grove Point outcrops indicatetidal influence, further suggesting a transitional
depositional environment. As Coniacian estuarine inlets, channels, and back marshes
shifted over time, deposits of various ages were eroded and superimposed on top of older
sediments, leaving the observeatchwork of variously aged pollen assemblages behind.

In the section at Dover Air Force Base, all three Magothy pollen zones are represented.
This is likely due to the increased thickness of the unit mitigating the destructive erosional
effects of estuanie channel migration and shoreline evolution with higher sediment
deposition rates. The thickening of the unit to the south towards Woodland Beach and
Dover Air Force Base may represent increasing distance from shore or increased sediment
input from a fluval source.

The contact between the Magothy Formation and the underlying Potomac
Formation was observed in detail at both Port Penn and at Bohemia River. At both sites,
the sand and lignitic mud of the Magothy Formation sat above a sharp erosional contact
with the variegated clays of the Potomac Formation. The upper Magothy Contact at Port
Penn, Woodland Beach, and Bohemia River was also an erosional disconformity. Quartz
pebbles and gravel were observed at this disconformiBodt Penn, Bohemia River,
Summit Marina, and at the lower of two possible upper Magothy conta®®atiland
Beach andhre probably the result of reworking from fluvial Magothy Sediments. This thin
gravel layer was not observed at the Canal or Grove Point outcrops, although the uppe
contact remained an obvious unconformity at both outcrops. At Port Penn, Woodland
Beach,Summit Marina,and Bohemia River the section at and above the gravel was a

section of marine micaceous mud and muddy sand with some lignitized woody pieces. A
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similarly organic claysectionat the top of or above the Magothy Formatrees observed

at the canal outcrop as well. Above this interval at Port Penn, Woodland Beach, the Canal,
and Bohemia River was at least one additional disconformable contacturidesan

interval is both lithologically and palynological consistent with an equivalence to the
Cheesequake Formation. Although assignment to this unit is tentative at this stage pending
further biostratigraphic evidence, the discovery of Cheesequake equilkatinin the

Delmarva Peninsula would constitute a novel result.
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Implications of findings for Cretaceous pollen biostratigraphy

The Magothy Formation assemblages analyzed by this study can be broadly
categorized intodur archetypal assemblage types in addition to the assemblages from the
underlying Potomac Formation, and overlying Cheesequake and Merchantville
Formations. These four assemblage types includeSr@e tricolpate dominated
assemblages, i assemblages, Mgan beds specific assemblages withinS®¢ and
undifferentiated P&Sv assemblages. In practice some assemblages have features which
appear transitional between two assemblage archetypes, and there seems to be some
significant variability within these asswlage types as well. The G assemblages
examined in this study are good examples of both of these difficulties. The lower Bohemia
River CeSm assemblage, the assemblage from Port Penn, and the lower assemblage from
core Je304 (Dover AFB) were all chracterized by a large percentage of tricolpate
angiosperm pollen, yet the individual tricolpate taxa seemed to be different, and the percent
abundance oNormapollesvaried greatly between 1% and 17%. Additionally, the Port
Penn Magothy assemblage had dieas resembling a transitional position betweeiRiPI
and CeSm.

Assignment of assemblages to théPPzone presented a special challenge because
of the low number oNormapollestaxa which are specific to that zone, therefore those
assemblages nearlinaays bore some resemblance to either the loweS@er upper Rc
Sv zone. Nevertheless, assemblages from the lower part of the Lums Pond Magothy
interval, the Port Penn Magothy interval, the thin interval at the top of the Bohemia River

Magothy interval,and possibly the bottom part of the Woodland Beach core are all
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indicative of a position within the F®i zone. This zone is broadly characterized by a higher
Normapollesabundance than €&m, lower abundances of tricolpate types tharS@e
and the appearance of some more advahNoethapolleorms, but a lack of forms such
asSemioculopollis verrucos&cSv exclusiveMomipitesspecies, and New Genus C sp
A.

| here otline two assemblage types within the-B¢ zone because Grove Point
type assemblages such as the Middletown, Grove PointSamumit Marina Magothy
assemblages share three commonalitiess/ possesshe distinctive sporélamulatisporis
as a prominent paof the assemblage, there is generally a strong presentwdaim sized
prolate, distinctly tricolporate types such as the here teffmiedlporitestypes 1 and 2,
and all contailfNormapollesand more specificallimomipitesandComplexiopollisspecies
which, according to Christopher (1979), collectively suggest an equivalence to the Morgan
beds.

Other PeSv assemblages examined in this study either lack a definitive correlative
link to the Morgan beds member, or do not posstsaulatisporisand theTricolporites
pollen typesn abundanceThere is much variability within this broad undifferentiated Pc
Sv assemblage type. The upper part of the Dover AFB Magothy interval is characterized
by an unusually high abundance of advandedmapollestypes indicative of RSv, but
seems to lack thBemioculopollis verrucosgrains which Christopher (1979) considered
as definitive of that zone. The upper three samples from the Lums Pond split spoon,
comprising the majority of the Magothy interval from that core, also resemifier,Rand

the uppermostample possesdemioculopollis verrucos&he upper part of the Magothy
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interval in the Woodland Beach core may also beSf?en age, but current results are
inconclusive. The canal outcrop resemblesSR@ndpossesseSemioculopollis verrucosa

in its upper Magothy interval above a distinctive lithologic break but seems to lack this
form below said break. Zone-PI is ruled out for the lower canal interval based on the
presence of only one taxon, New Genus D cf. sp. C, which is hardly definitive evidence.
Lithologic similarities between the canal outcrop and the Grove Point outcrop, and the
presence of Morgan Beds indicatiM®mipitesspecies make the canal outcrop somewhat
similar to the Grove Point type Morgan Beds equivalent assemblages. However, the
Hamulatisporisand tricolporate angiosperm types here outlined as marker taxa for that
assemblage type seem to be absent at the canal outcrop.

There are immense difficulties with distinguishing the S zone from the
overlying zone CA2A of the Cheesequaketerval, as both zones contain many of the
same pollen taxa. The upper part of the canal outcrop, and possibly part of the Woodland
Beach core may actually be Cheesequake interval rather th8n.Rdditionally, the
upper two samples from Lums Pond @ntan assemblage broadly consistent with
placement within R&Sv despite being firmly within the lithologic Merchantville
Formation. At Bohemia River, evidence for the presence of the Cheesequake interval is
more convincing based on the appearance of radk@nced SantoniaNormapolles
combined with the occurrence of types suclsesioculopollis verrucosahich occur in
both PeSv and CA2A. Lithologic similarity between the Bohemia River core sections

directly above the Magothy Formation and the positigreguivalent sections in the Port
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Penn and Woodland Beach cores may suggest a thin Cheesequakeahteonsssites as
well pending further biostratigraphic investigation.

There does not seem to be an immediately evident patterngpataldistribution
of these different assemblage types.Svcequivalent beds including the Grove Point type
assemblage seem to broadly stretch across the peninsula from Grove Point to Woodland
Beach, south at least to Dover, and as far north as Lums Pond and thpeakesand
Delaware Canal; however, there are areas scattered in between witrea§ed beds
seem to be absent or likely removed by erosion exposingldieePI-Pi or CeSm beds.
At many of the sites with P8v sediments, especially the two outcsifes the lower
contact with the Potomac Formation was not exposed, so the presence or absence of Ce
Sm at those locations cannot yet be confirmed. In the Lums Pond split spomdtkrial
was present below P8v, however C&m indicative assemblage®re not observed. The
Magothy Formation also tended to get thicker both to the south and to the east, with the
thickest sections located at Dover AFB, Woodland Beach, and Bohemia River. Thickness
of section alone does not seem to be correlated withstbendlage types encountered,
since the30 ft Bohemia River Magothy interval was mostly-Sen, whereas ththick
Dover AFB and Woodland Beach Magothy sections contained mostivRedicative
material. The Magothy Formation of the northern Delmarva pelainsthus a patchwork
of differently aged beds with a high degree of lateral discontinuity. This result indicated by
the pollen and spores of the Magothy Formation thus supports the localized dilannel
model for deposition of these sedimdémtds andnay have serious implications for the

lateral continuity and connectivity of Magothy confined aquifer beds.
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Palynomorphs remain the most useful avenue of study for elucidating the
biostratigraphy of the Magothy Formation; however, their use to this eadaisains
fraught with practical and conceptual difficultiddnlike calcareous nannofossils which
are largely assumed to spread across the global oceans more or less synchronously, pollen
and spores are derived from plants which may produce local seasigo misinterpret as
of stratigraphic rather than ecological significance. In the present study, it is certainly
possible that different assemblages here interpreted with slightly different ages may have
been deposited essentially synchronously witliectkhces being the product of local
ecology. Additionally, theoftenlow abundances of useful pollen taxa in sample
preparations necessitates interpretations relying on a few rare grains. Additionally, many
forms have been named as different speaigbyere later shown to be equivalent, most
notoriously Christopherds New Getmu®990 sp.
to be derived from the same flower. There are almost certainly other unknown examples
of pollen taxa with high intraspecies morpbgical diversity. The problem is further
compounded by the often folded or obscured nature of pollen grains in preparation;
irregular folds especially may be mistaken for more regular diagnostic features such as
plicae or colpiReported ranges of polleaxa in many cases are likely overly narrow as
demonstrated b€omplexiopollissp. V; Christopher (1979) reports this form terminating
in the lower Morgan Beds (lower F&v), whereas Wolf€1976) reports a probably
equivalent form NB2 as high as zone G2A. Morphologically similar taxa may often
lead to misidentifications in some cases, further confounding accurate interpreiation.

these reasons establishing equivalences between enigmatcdonet speciedescribed
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from different works is always prone to errespecially whethosedescriptions are brief
or inadequate.

For the reasons listed above, an independent control for Magothy Formation
palynostratigraphy would be invaluable. A premg avenue for providing such a tool
might lie in the study of stable carbon isotopes preserved in the lignitic clays of the
Magothy Formation, or perhaps even the study of stable carbon isotope ratios within the
sporopollenin of the palynomorphs themsslv Global carbon isotope excursions have
been documented across the Coniacian (Wendler, 2013), and some work suggests a link
between global and organic terrestrial carbon isotope curves (Beerling and Jolley, 1998;
Hasgawa, 2003). It is possible that dialoarbon isotopic values, or even isotope curves
over long core sections could be used to help correlate the enigmatically sporadic beds of
the northern Delmarva Magothy Formation. For this purpose, several samples of core and
outcrop lignites were colléed alongside the pollen samples used for this study, and are

stored at DGS; however, isotopic study of those samples is outside the scope of this work.
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CONCLUSIONS

The primary objectives of this thesis project were:

1. to take an inventory ghalynomorphs from the Magothy Formation of the coastal
plain of northern Delaware and northeastern Maryland, an important regional
aquifer.

2. to establish the palynomorph biostratigraphy for these assemblages to better
understand the depositional histdateral continuity of the Magothy Formation in
this areaand correlation with the thicker New Jersey section

An annotated library of over 2,700 photos of spores, pollen, and other palynomorphs from
the Magothy Formation was produced, documenting the amuees of these microfossils

at nine sitesmany of which are found in Appendix Bhis library may be made available
upon request.

The results of this study indicate that the analyzed Magothy Formation assemblages
can be broadly categorized into four atypal assemblage types in addition to the
assemblages from the underlying Potomac Formation, and overlying Cheesequake and
Merchantville Formations:

1. Complexiopollis exigua Santalacites minorzone (CeSm) tricolpate
dominated assemblagesth subordinatéNormapolles

2. Pseudoplicapollis longiannulataPlicapollis incisa(PI-Pi) assemblages

3. Morgan beds specific assemblages within2Reeudoplicapollis cuneata

Semioculopadis verrucosgPcSv) zone.
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4. Undifferentiated?Pseudoplicapollis cuneata&Semioculopdis verrucosa

(PcSv) assemblages.

An additional assemblage type from the overlying unit at several sites was
suggestive of the presence of the Cheesequake Fornmatitangzone CA2A) in thestudy
area. Assemblages from the overlying Merchantville Formation, and an assemblage from
the underlying Potomac Formation were also recognized in this study.

The identification of all three of the palynostratigraphic zones established
by Christopher (279) in New Jersey suggests that the beds of the Magothy Formation in
northern Delmarva can be broadly correlated with the entire range of lithologic members
from central New Jersey, representing regional thinning of the Magothy Formation
southward in theniddle Atlantic Coastal Plain. At a more local level however, no one site
(with the exception of Dover Air Force baserecorded all three Magothy
palynostratigraphic zone€omplexiopollis exigua Santalacites minotype assemblages
were observed from the Bohemia River and Dover Air Force Base Bsesdoplicapollis
longiannulata- Plicapollis incisatype assemblages were observed at the top of the
Bohemia River Magothy section, at Lums Pond, and at Port P@&smidoplicapollis
cuneata Semioculopdis verrucosatype assemblages were the most common, being
observed at Grove Point, Middletown, Woodland Beach Cdueal Outcrop, Dover Air
Force Base, and at Summit Marina, and less certainly at Lums Pond..

Study of the palynomorph assemblages of the sites and examination of the
lithologies raise questions about the possible presence of the Safsigai@heesequake

Formation between the Magothy and Merchantville Formations at some locations. Though
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the evidence is na@onclusive, it appears that this unit may be recognizable in parts of the
study areapossiblyincluding Bohemia River?ort PennCanal Outcropl.ums Pond, and
Woodland Beach

The palynostratigraphic interpretation suggests that there is a high déaeszal
age variability within the Magothy Formation; Magothy beds of different ages must pinch
out at different locations within the subsurface, making predictions of the distribution of
these beds difficult at many locations within the study areaselhew palynostratigraphic
findings are expected to be useful for future efforts to make detailed correlations of
Magothy aquifer sands. It is my hope that this work will serve as both a starting point and
as a helpful reference for future analysis ancpireg of the Magothy Formation in

Delaware and Maryland.
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Table 1

DGS Site ID Sample ID Coordinates (Lat/Long) | Outcrop Section
2763607 120218 39.40327;76.03245 1g
7263607 120219 39.40327;76.03245  |1g
/7263608 120220 39.40355;76.03139 1d
2263608 120221 39.40355;76.03139 1d
7263608 120222 39.40355;76.03139 1d
/2263608 120223 39.40355;76.03139 1d
77263608 120224 39.40355;76.03139 1d
2263608 120225 39.40355;76.03139 1d
7263608 120226 39.40355;76.03139 1d
2263608 120227 39.40355;76.03139 1d
2763609 120232 39.40327-76.03245 la
7763609 120233 39.40327-76.03245  |1a
72763610 120234 39.39895-76.03782 2
7263610 120235 39.39895-76.03782 |2

Table 1 Table showing the DGSID, sample numbers, coordinates, and outcrop section for
each sample taken at the Grove Point outcrop. Samples examined for palynology
in this work are in bold.

128



Table 2

Site Name Site DGSID Latitude Longitude
GrovePoint (1d) 7763608 39.40355 -76.03139
Grove Point 1(g) 2763607 39.40327 -76.03245
Grove Point 1(a) Zz63609 39.40327 -76.03245
Grove Point 2 7763610 39.39895 -76.03782
Bohemia River Zz63-606 39.47340 -75.84805
Middletown Fb3311 39.45233 -75.71548
Woodland Beach Hd25-07 39.31358 -75.50951
Port Penn Ed4109 39.52305 -75.57335
Canal Outcrop Eb3la 39.53963 -75.74966
Summit Marina Eb3357 39.54510 -75.70469
Dover Air Force Basq Je3204 39.12760 -75.48242
Lums Pond Eb1207 39.57560 -75.71812

Table 2 Table showing the coordinate locations of each site examined in this study. Note
that of the Grove Point sections only 1d (Z#88) was examined for
palynomorphs in this study.
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Table 3

Site Sample ID | Depth in core| Interpreted | Lithostratigraphic
or section (ft) | Pollen Zone | Unit
Grove Point (1d)| 120224 5* (from base)| early PeSv | Km
Grove Point (1d)| 120221 3* (from base)| early PeSv | Km
Bohemia River |1200642.0 | 107 CA-2B Kmv
Bohemia River | 1200650.0 | 115 CA-2A Kcqg
BohemiaRiver [1200657.0 | 122 PI-Pi Km
Bohemia River |1200659.9 | 125 CeSm Km
Bohemia River [1200665.9 | 131 CeSm Km
Bohemia River [12006%2.0 | 137 CeSm Km
Bohemia River [1200751.9 | 212 Zone lIb/ll | Kp
Middletown 20956 322 early PeSv | Km
Woodland Beacl| 110466 781 CA-2 Kmv
Woodland Beach 110470 789.6 PcSv or CA | Kcg or Km
2A
Woodland Beach 110475 799 PcSv or CA | Km
2A
Woodland Beact| 110482 816 CeSmor Pc | Km
Sv
Port Penn 1195500.0 | 245 CA-2 or CA | Kmv
3
Port Penn 1195513.7 | 258.7 Insufficient | Kcg or Kmv
data
Port Penn 1195525.2 | 265.2 CA-2 Kcq or Kmv
Port Penn 1195530.1 | 270.1 :jnsufficient Kcqg or Km
ata
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Table 3, continued

Site Sample ID | Depth in core| Interpreted | Lithostratigraphic
or section (ft) | Pollen Zone | Unit

Port Penn 1195531.45| 271.45 late CeSm or| Km
early PiPi

Canal Outcrop | 44368 4 PcSv or CA | Kcqg or Km
2A

Canal Outcrop | 44378 11 early PeSv | Km

Canal Outcrop | 119930 12 early PeSv | Km

Summit Marina | 1058634.4 | 99.4 earlyPcSv | Km

Dover AFB 20695 1267 PcSv Km

Dover AFB 20697 1287 PcSv Km

Dover AFB 20704 1357 CeSm Km

Lums Pond 25851 4550 PcSv or CA | Kmv, Kcq, or Km
2A

Lums Pond 25854 58-65 PcSv or CA | Kmv, Kcqg, or Km
2A

Lums Pond 25858 80-85 PlPi Km

Lums Pond 25860 90-95 PI-Pi Km

Table 3 Table listing each palynological sample examined in this study with depth and
interpreted palynostratigraphic zone. Depths are reported in feet from surface;
asterisks indicate position in height from ground level aGtm/e Point Outcrop.
Interpreted pollen zone or possible zone range is shown, and lithostratigraphic
unit(s) are shown on the right. Kmv = Merchantville Fm, Kcq = Cheesequake Fm,
Km = Magothy Fm, Kp = Potomac Fm
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Table 4

Site Sample ID Depth (ft) Nannofossil Zone
Bohemia River 120063-9.9 105 Barren

Bohemia River 120064-9.9 115 Barren

Canal Outcrop 119924 2 Barren

Grove Point (1d) 120227 7* (above base) Barren

Grove Point (19) 120218 7* (above base) Barren
Woodland Beach 110466 781 CC15/CC16

Port Penn 119550-0.0 245 CC17

Port Penn 119552-4.0 264 Barren

Table 4 Samples which were sent to USGS and Rutgers for calcareous nannofossil
biostratigraphyAsterisks indicate position in height from ground level at the Grove
Point Outcrop Nannofossil datdrom Jean Selffrail, written communication
(2022).
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120224 7263609 5 X
120221 7263608 3~ X X
1200642.0 | 7263608 107
1200650.0 | zz6360d 115
1200657.0 | zz63608 122
1200659.9 | 2263608 125
12006659 | 2263608 131 X
1200672.0 | 2263608 137 X
12007519 | zz6360d 212
20956 Fb3311| 322 X X
110466 Hd2507] 781
110470 Hd2507] 789.6
110475 Hd2507] 799 X X
110482 Hd2507] 816
11955060.0 Ed4109] 245
1195513.7 Ed4109| 258.7
11955252 Ed4109| 265.2 X X
1195530.1 Ed4109| 270.1
1195531.45 | Ed4r09| 271.45 X X
44368 Eb3tal 4
44378 Eb3tal 11 X X
119930 Eb3tal 12 X
1058634.4 Eb3357] 99.4 X X
20695 Je3204] 1267 x | x X X
20697 Je3204] 1287 X
20704 Je3204] 1357 X X
25851 Eb1207] 4550 X X X | X
25854 Eb1207] 5865
25858 Eb1207] 8085 x I x| x| x
25860 Eb1207] 90-95 X x | x| x




Table 6 Tables showing the observed occurrences of all identified palynomorph taxa

(excluding dinoflagellate cysts and foraminiferal linings). Samples are listed by sample ID,

DGSID, and sample depth (ft). Asterisklicates sample position was measured as height

(ft) from base of outcrop. Taxa are listed in alphabetical order. Genus names not followed

by a species name (and coded taxon names not followed by a dash and a number) indicate

that the listed taxon (orxa) was not identified to the specific level; this is marked by the
abbreviations fsp. o Taxa with multiple uni de
(spp.) are not herdifferentiatedbuar e | i sted in the results sect
indicate that one or more of the specified taxa were recognized from that sample;

confidence of identification is not indicated here but can be found in the results sectio
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Plate 0 SelectedBohemia River (Zz6&06) palynomorphsfrom samples 120062.0
(MerchantvilleFm, 107 ft), and 120066.0 (provisional Cheesequake Fnone
CA-2A, 115 ft). Scale bar = 4Qum. Specimens are listed by taxon name, sample
ID, and microscope coordinate4. Foraminiferal test lining, sample 120684,
116.911.3.2. Cicatricossporitescf. patapscoensjsample 120062.0, 116.78.0.
3. Laevigatosporitesp., sample 1200642.0, 4. cf. Gleicheniiditessp, sample
1200642.0, 121.138.5. 5. aff. C3CG1, sample 120062.0, 121.611.6. 6.
Foraminiferal test lining, sample 120069, 114.46.9. 7. Foraminiferal test
lining, sample 120068.0, 125.014.4.8. Foraminiferal test lining, sample 120065
0.0,120.310.3.9. Foraminiferal test lining, sample 1206069, 119.816.4.10.cf.
Densoisporitessp., sample 120066.0, 113.017.7. 11. Cyathiditessp., sample
1200650.0, 120.510.1.12. Inaperturopollenitessp., sample 12006®.0, 117.8
4.9. 13. cf. Extremipollis NJ1, sample 1200686.0, 116.710.42. 14.
Brevicolporitescf. CP3F1, sample 120066.0, 121.817.2.15. Momipitessp. K,
sample 120069.0, 125.89.2.16. Momipitessp., sample 120066.0, 117.935.4.
17. Plicapollis cf. incisa, sample 120068.0, 124.517.8.18. Santalacites mingr
sample 120069.0, 121.511.35.19. Trudopollissp, sample 120069.0, 112.5
5.1. 20. Semioculopollisaff. verrucosa, sample 12006®.0, 125.18.9. 21.
Bohemiapollissp, sample 120069.0, 114.211.3. 22. cf. Retiricolpites cf.
vermimurus sample 120069.0, 123.731.7.22. Tricolpitessp., sample 120065
0.0, 115.136.0.23. Tricolpitessp., sample 120068.0, 121.615.5.24. Tricolpites
sp., sample 120068.0,121.615.5.
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Plate 1 SelectedBohemia River (Zz6&%06) palynomorphsfrom sample 120063.0
(Magothy Formation, zone i, 122 fj). Scale bar = 40m. Specimens are listed by taxon
name, sample ID, and microscope coordinateS.etraporinasp., sample 12006%5.0,
115.634.8.2. Cingulatisporitessp., sample 10657.0, 114.631.2.3. Laevigatosporites
Sp., sample 120065.0, 124.134.9.4. Gleicheniiditesp., sample 120065.0, 123.134.1.
5. cf. Hamulatisporissp., sample 120065.0, 111.730.5. 6. Plicapollis sp., sample
1200657.0, 110.534.9.7. Plicapollissp., sample 120065.0, 110.233.3.8. Osculapollis
sp. B sample 12006%.0, 119.430.2.9. Complexiopollis abdityssample 12006%.0,
119.031.9.10. Santalacites mingrsample 12006%.0, 118.131.9.11. Choanopollenites
sp., sample 120065.0, 124.631.2.12. Osculapollissp. B sample 12006%.0, 110.0
16.9.13. New Genus D sp. Bsample 12006%.0, 119.328.2.14. New Genus D sp. B
sample 120065.0, 114.517.0.
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Plate 2 SelectedBohemia Rive (Zz6&%06) palynomorphsfrom sample 120069.9
(Magothy Formation, zone €&m, 125 ft).Scale bar = 4um. Specimens are listed by
taxon name, sample ID, and microscope coordindtekaevigatosporitesp., sample
1200659.9, 121.641.6. 2. Laevigatosporitesp., sample 12006%.9, 120.9539.85. 3.
Abietineaepollenitesp., sample 120069.9, 121.843.4.4. Stellatopollisaff. barghoornii
sample 120069.9, 121.0%44.9.5. Cinguatisporitessp., sample 12006%.9, 121.236.7.
6. Liliacidites aff. sp. E, sample 1200659, 121.847.4.7. Liliacidites aff. sp. E, sample
1200659.9, 121.148.1. 8. Clavatipollenitessp., sample 120069.9, 120.9841.0. 9.
Clavatipollenitessp.,sample 12006%.9, 120.935.6.10. Tricolpitessp., sample 120065
9.9, 121.845.9. 11. Clavatipollenites sp., sample 12006%.9, 120.98.0. 12.
Clavatipollenitessp., sample 120068.9, 121.640.1. 13. Clavatipollenitessp., sample
1200659.9, 121.3142.0. 14. Liliacidites sp., sample 12006%.9, 121.147.1. 15.
Liliaciditessp., sample 120068.9, 120.9%42.5.16. Liliacidites aff. sp. F, sample 120065
9.9, 120.923.0. 17. Liliacidites aff. sp. F, sample 1200659, 125.914.2. 18.
Pseudoplicapollissp. F, sample 1200659, 127.89.0. 19. Pseudoplicapolliscf. sp. F,
sample 120069.9, 121.241.9.20.Pseudoplicapollief. sp.G, sample 120068.9, 121.1
41.9. 21. Santalacites mingrsample 120069.9, 121.240.4. 22. Santalacites mingr
sample 12006%9.9, 120.823.4.23. Complexiopollissp. V, sample 120068.9, 119.75.0.
24.Complexiopollisp. E, sample 1200659, 121.236.6.25.New Genus D sp. A, sample
1200659.9, 127.69.6. 26. New Genus D sp. A, sample 120089, 127.€9.6. 27.
Complexiopollissp. D, sample 12006%.9, 125.922.2.28. C3CG1, sample 1200689.9,
112.74.4.29. C3CG1, sample 120069.9, 121.240.5.30. aff. CP®D-1, sample 120065
9.9, 121.640.4.31. aff. C3A sp.,sample 120069.9, 124.319.7.32. Retitricolpitessp.,
sample 120069.9, 120.98.0.33. Retitricolpitessp., sample 120069.9, 121.146.0.
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Plate 3 SelectedBohemia River (Zz6&06) palynomorphsfrom samples 12006Z.0
(Magothy Fm, zone G&m, 137 ft), and 1200656.9 (Magothy Fm, zone C&m 131 ft).
Scale bar = 4Qum. Specimens are listed by taxon name, sample ID, and microscope
coordinatesl. Tetraporinasp., sample 120062.0, 121.013.8.2. Algal CystType 39.6
sample 120062.0, 117.939.6.3. Appendicisporitesp., sample 1200€6.9, 122.811.9.
4. Cicatricosisporitessp., sample 120066.9, 121.229.6. 5. Inaperturopollenitessp.,
sample 120062.0, 127.25.8. 6. Liliacidites aff. sp. E, 120062.0, 114.018.8. 7.
Abietineaepollenitesp., sample 120062.0, 121.37.3.8. Choanopollenitesp. A, sample
1200672.0, 113.930.6. 9. Osculapollis sp. B, sample 120062.0, 117.718.1 10.
Plicapollis cf. sp. G, sample 1200670, 121.216.8. 11. Bohemiapollissp., sample
1200665.9, 113.228.2. 12. Bohemiapollis sp., sample120066.9, 119.638.0. 13.
Santalacites mingrsample 120066.9, 119.730.0.14. Complexiopolliscf. sp. H sample
1200665.9, 118.015.0.15. Pseudoplicapollis longiannulatasample 120066.9, 118.3
36.2.16. Pseudoplicapollis endocuspisample 120066.9, 117.543.6.17. Osculapollis
sp. B sample 120066.9,125.813.8 18. Osculapollissp. A, sample 1200656.9, 121.3
6.9.19.Osculapolliscf. sp. B, sample 1200669, 119.331.7.20. Momipitessp. |, sample
1200665.9, 119.238.0. 21. Momipites sp. H, sample 120066.9, 116.630.0. 22.
Momipitessp. |, sample 120066.9, 1132-35.6.23. New Genus D sp., sample 120066
5.9, 110.5829.3.24. Trudopollissp. B, sample 12006®.9, 112.218.1.25. Tricolpitessp.,
sample 120062.0, 117.814.6.26. Retitricolpitessp., sample 12006Z.0, 119.514.2.27.
Retitricolpitessp., sample 12006Z.0, 114.118.7.28. Retitricolpitessp., sample 120066
5.9, 122.032.5.29. Tricolporoiditessp., sample 120062.0, 121.513.4.
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Plate 4 SelectedBohemiaRiver (Zz63606) palynomorphsfrom sample 12016-1.9
(Potomac Fm, Zonkb/111, 107 ft).Scale bar = 4Qam. Specimens are listed by taxon name,
sample ID, and microscope coordinateLyathiditessp., sample 120075.9, 119.621.0.

2. Taurocusporitesaff. reduncus sample 120073.9, 126.620.7. 3. Cicatricosisporites
aff. potomacensis sample 120073.9, 126.118.5. 4. Cicatricosisporites aff.
potomacensissample 120073.9, 122.524.7.5. Cicatricosisporitesaff. potomacensis
sample 120074..9, 123.425.6.6. Laevigatosporitesp., sample 120075.9, 120.636.6.

7. Monosulcites scabrysample 120074.9, 111.610.0.

153



Plate 5

154



Plate 5 Selected Woodland Beach (HdR23) palynomorphfrom samples 110466
(Merchantvilleor Cheesequake Fm, 781 110470 (Magothy Fm, zone v, 789.6 ft),
110475 (Magothy Fm, zone v, 799 ft), and 110482 (Magothy Fm, zonedP#Pc Sy,
816 ft). Scale bar = 4@um. Specimens are listed by taxon name, sample ID, and
microscope coordinate$. New Genus D sp. A, sargl110475, 119:91.1.2.
Minorpollis minimg sample 110475, 12017.25.3. Momipitessp. N,sample 110475,
120.047.3.4. Momipitessp. N, sample 110470, 11845.1.5. Pseudoplicapollis
endocuspissample 110475, 12016.0.6. Pseudoplicapollis endocuspsample
110475, 120.181.6.7. Pseudoplicapollis longiannulatsample 110475, 120.433.65.
8. Complexiopollictf. sp. C, sample 110475, 12012.4.9. Complexiopollissp. V,
sample 110475, 12017.6.10. Complexiopollisf. sp. C, sample 110475, 124.0.5.
11.Complexiopollict. sp. C, sample 110475, 1282.5.12. Complexiopollissp. D,
sample 110466, 1188.0.13. Bohemiapollissp., sample 110482 6 , -4001494. 0
Plicapollis incisa sample 110475, 120.€2.6.15. Plicapollis sp., sample 110475,
120.219.1.16. Plicapollis sp. B, sample 110475, 11949.9.17. Osculapollissp.,
sample 110475, 11922.2.18. Osculapollissp. C, sample 110470, 11813.2.19.
Osculapollissp. C, sample 110470, 11833.9.20. Trudopollissp. A, sample 110475,
119.942.0.21.New Genus A aff. sp. A, sample 110470, 118634.22. New Genus D
cf. sp. H, sample 110466, 1180.2.23. aff. C3G1, sample 110475, 11919.6.24.
C3A-1, sample 110470, 11811.5.25. Tricolporoiditessp., sample 110475, 12619.2.
26. Tricolpitessp., sample 110475, 120-0%.0.27. TricolporitesType 2, sample
110470, 118.210.0.
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Plate 6Selected Dover AFB (Jed24) palynomorph$&rom sample 20704 (Magothy Fm,
zone CeSm, 1357 ft)Scale bar = 4Qum. Specimens are listed by taxon name, sample 1D,
and microscope coordinatek. Cicatricosisporitescf. brevilaesuratussample 20702,
128.621.3.2. Cicatricosisporitessp, sample 207048, 120.328.2. 3. Pilosisporitessp.,
sample 20704, 115.147.8. 4. Cyathidites sp., sample 20704, 107.815.4. 5. cf.
Gleicheniiditessp., sample 20704, 108.449.9.6. Laevigatosporitesp., sample 20704
1,125.026.8.7. Algal CystType39.6 sample 20704, 125.055.5.8. cf. Zonalapollenites
sp., sample 20704, 123.137.0.9. Abietineaepollenitesp., sample 20704, 118.340.7.
10. Araucariacitessp., sample 20704, 125.055.8.11. Inaperturopollenitesp., sample
207041, 114.950.0. 12. Laricoidites sp., sample 20704, 125.065.2. 13.
Inaperturopollenitesp., sample 20704, 130.064.3.14. Pseudoplicapollisp.B, sample
207041, 108.018.2.15. CP3B1, sample 20704, 108.136.1. 16. Retiricolpites aff.
vermimurus sample 20704, 114.063.4.17. Tricolpitessp., sample 20704, 125.030.6.
18. Tricolpitessp., sample 20704, 125.021.5.19. Retitricolpitescf. proamilis, sample
207041, 114.646.8.20.cf. Quercussp., sample 20704, 108.548.7.21. Tricolpitessp.,
sample 20704, 125.065.0. 22. Tricolpites sp., sample 20704, 125.054.4. 23.
Tricolpitessp., sample 20704, 108.241.9.24. Tricolpitessp., sample 20704, 108.3
45.5. 25. Tricolporoidites sp. B, sample 2070#, 127.433.6. 26. Retitricolpites sp.,
sample 20704, 108.351.3.27. Tricolpites cf. sagax, sample 20744 125.051.5. 28.
Polyad Type 2, sample 20704 108.016.0.29. cf. Fungal Spore, sample 20704.25.0
57.6.30. Retitricolpitessp., sample 20704, 123.039.8.
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Plate 7 Selected Dover AFB (Jed24) palynomorph$&rom sample 20697 (Magothy Fm,
zone PeSv, 1287 ft).Scale bar = 4@um. Specimens are listed by taxon name, sample 1D,
and microscope coordinate$. Gleicheniiditessp., sample 20697, 12233.1. 2. cf.
Psilatriletessp., sample 20697, 12033.6. 3. cf. Laricoiditessp., sample 20697, 115.0
29.4.4. Inaperturopollenitesp., sample 20697, 12538.9.5. cf. Zonalapollenitessp.,
sample 20697, 123.86.8. 6. Osculapollis sp. A, sample 20697, 12238.7. 7.
Osculapollissp. A, sample 20697, 12332%.7.8. Plicapollis sp. |, sample 20697, 124.3
34.0.9. Osculapollissp. A, sample 20697, 12541.9.10.Plicapollissp. N, sample 20697,
123.034.6. 11. Osculapollissp. C, sample 20697, 1243¥.2. 12. Osculapollissp. C,
sample 20697, 122-83.2. 13. New Genus C sp. A, sample 2069725.042.0. 14.
Plicapollissp. C, sample 20697, 12530.0.15.New Genus C sp. A, sgle 20697, 1205
36.0.16. OsculapollisType 32.8 sample 20697, 124.32.8.17. OsculapollisType 32.8,
sample 20697, 124.37.2. 18. Osculapollissp. (with four germinals), sample 20697,
120.536.1.
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Plate 8Selected Dover AFB (Jed24) palynomorph$&rom sample 20695 (Magothy Fm,
zone PeSv, 1267 ft).Scale bar = 4@um. Specimens are listed by taxon name, sample 1D,
and microscope coordinated.. Gleicheniidites sp., sample 20695, 1163.0. 2.
Laevigatospotessp., sample 20695, 1173b.1.3. Sphagnumsporitesp., sample 20695,
111.637.3.4. Bohemiapollissp., sample 20695, 1153B.6.5. Complexiopollis abditus
sample 20695, 124.85.8.6. Momipitessp. G sample 20695, 11736.0.7. Momipitescf.
sp. l., sample 20695, 12938.2. 8. Plicapollis cf. sp. B, sample 20695, 11734.3.9.
Osculapollissp. C, sample 20695, 11834.8.10. Osculapollissp., sample 20695, 109.5
37.1.11. Plicapollis Type 34.1of this work sample 20695, 129.89.6.12. Plicapollis
Type 34.10f this work sample 20695, 124.84.1. 13. Plicapollis sp, sample 20695,
116.435.0. 14. Osculapollissp. C, sample 20695, 11639.3. 15. Osculapollissp. C,
sample 20695, 112.37.7.16. Osculapollissp. C, sample 20695, 1173%.1.17. New
Genus C sp. B, sample 20695, 113783.18. New GenuD sp. C., sample 20695, 129.0
34.9.19. Trudopollis sp. A, sample 20695111.837.3. 20. Trudopollis sp. D, sample
20695, 124.812.6.21. Triporate Type 34.4, sample 20695, 1184€4.22. cf. Triporate
Type 1, sample 20695, 11836.8.23. Triporate Type 3, sample 20695, 11-8D.3.24.cf.
CP3C1, sample 20695, 11%37.4.25. Porocolpopollenitesp., sample 20695, 111.4
37.3. 26. Tricolpites sp., sample 20695, 11133.3. 27. Tricolpites sp., sample 20695,
129.042.8.28. Tricolpitessp., sample 20695, 12423.5.
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Plate 9 Selected Lums Pond (EbI¥) palynomorphdgrom sample 25851 (Uncertain
Interval, zone PSV/CA-2A, 4550 ft). Scale bar = 4Qum. Specimens are listed by taxon
name, sample ID, and microscop@ordinatesl. Cicatricosisporitessp., sample 25851,
121.035.0. 2. Retitriletessp., sample 25851, 126609. 3. Stereisporitessp., sample
25851, 120.138.8.4. Cyathiditessp.,sample 25851, 120-86.9.5. Abietineaepollenites
sp.,sample 25851, 120.683.0.6. Abietineaepollenitesp.,sample 25851, 120-P1.7.7.
Inaperturopollenitessp., sample 25851, 1201%.3. 8. Liliacidites sp., sample 25851,
120.046.6.9. Liliacidites cf. sp. E, sample 25851, 1201@.6.10. Liliacidites sp., sample
25851, 120.€2.7. 11. Inaperturopollenites sp., sample 25851, 12942.9. 12.
Inaperturopollenitesp., sample 2585120.040.45.13. Trudopollissp. A, sample 25851,
113.643.4.14.Trudopollissp. D, sample 25851, 12948.7.15. Trudopollissp. A, sample
25851, 120.08.0.8.16.Choanopollenitesp. sample 25851, 1204.1.17.0sculapollis
sp. B, sample 25851, 1260807. 18. Complexiopollis abditussample 25851, 120.84.5.
19. Complexiopollissp, D, sample 25851, 12014.3.20. Complexiopollissp, D, sample
25851, 119.917.9.21. Bohemiapollissp., sample 25851, 12942.9.22. Trudopolliscf.
sp. E, sample 25851, 12942.6. 23. Semiocudpollis verrucosa sample 25851, 128.7
33.6. 24. Plicapollis aff. sp. F, sample 25851, 12616.9. 25. Osculapollissp., sample
25851, 129.842.0.26. Momipitessp. |, sample 25851, 12026.2.27. New Genus D sp.
B, sample 25851, 1204.3. 28. Osculapollissp. E, sample 25851, 11929.0.29. New
Genus Csp. A, sample 25851, 1204%.3.30. New Genus D sp., sample 25851, 120.0
48.3.31.New Genus D sp., sample 25851,128310.32. cf. Triporate Type 34.4, sample
25851, 124.83.9. 33. C3C sp., sample 25851, 11318.4. 34. Tricolporoidites sp.,
sample 25851, 120.05.1.
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Plate 10 Selected Lums Pond (EbI¥) palynomorphdgrom sample 25854 (Uncertain
Interval, zone PSV/CA-2A, 5865 ft). Scale bar = 4Qum. Specimens are listed by taxon
name, sample ID, and microscope coordindtgSleicheniiditesp., sample 25854, 114.6
39.05.2. Bohemiapollisp., sample 25854, 1143B.2.3. New Genus D sp., sample 25854,
110.041.0.4. New Genus [xf. sp.C, sample 25854, 121-:9.9,5. Plicapollis sp.,sample
25854,127.711.1. 6. Plicapollis sp., sample 25854, 12112.6.7. Osculapollissp. A,
sample 25854,110.045.1. 8. Osculapollis sp. A, sample 25854, 11333.2. 9.
Osculapollissp. B, sample 25854, 11628.3. 10. Osculapollissp. A, sample 25854,
114.645.1.11. Plicapollis sp. O, sample 2585414.639.0.
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