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Figure 9. Common marine palynomorphs in sequence m5.2 (upper Langhian-lower Serravallian, dinoflagellate zones DN4-DN5a)
including species, sample number, and England Finder coordinates. Depth for each = 15-16 cm. (1) Apteodinium tectatum Piasecki
1980: 313-29A-126R1, U53/3- V53/1. (2) Tectatodinium pellitum Wall, 1967: 313-29A-126R1, X52-1. (3) Cyclopsiella granosa lelliptica:
313-29A-126R1, C37/2. (4) Dapsilidinium pseudocolligerum (Stover) Bujak et al. 1980: 313-29A-126R1, R61-0. (5) Lingulodinium machaero-
phorum (Deflandre and Cookson) Wall, 1967: 313-29A-126R1, v48/4-V49/3. (6) Lingulodinium multivirgatum de Verteuil and Norris, 1996:
313-29A-126R1, N62-1. (7) Labyrinthodinium truncatum ssp. modicum de Verteuil and Norris 1996: 313-29A-126R1, R61-0. (8) Palaeo-
cystodinium golzowense Alberti, 1961: 313-29A-126R1, X60-0. (9) Trinovantedinium sp.1: 313-29A-126R1, G64-3.
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Lithologic Unit II: Sequence m4.5

Palynomorphs increase sharply in abundance
within sequence m4.5 in Hole 29A, where they
average 107,400 palynomorphs/cm® (range
39,500-217,000 palynomorphs/cm?), but paly-
nomorph concentrations in the thin sequence in
Hole 27A average only ~67,400 palynomorphs/
cm?, declining sharply in abundance upcore. It
is surprising that T:M values in sequence m4.5
in Hole 27A are lower than in Hole 29A (Hole
27A: mean ~1.96, range 1.27-3.50, n = 6; Hole
29A: mean ~5.18, range 0.56-11.17, n = 14); this
suggests that most terrigenous flux is bypassing
the more neritic site, an interpretation consistent
with the geometry of this sequence (Fig. 5). This
is also consistent with the dominance of phy-
toclasts through much of this sequence in Hole
29A, and the first sample with Ph:AOM > 40
at 421.26 med (sample 29A-89R-2, 70-71 cm;
Table 5), although most samples from Hole 27A
were assigned to palynofacies type 2 of Batten
(1996) (Table 5). Cool early Serravallian condi-
tions are recorded by high relative abundances of
bisaccate pollen in both holes, with nonsac:bisac
values ranging from 2.64 to 5.06 in Hole 27A and
from 1.01 to 4.87 in the lower part of sequence
m4.5 in Hole 29A (Table 6).

G:P values are relatively low in sequence
m4.5 in Hole 27A (range 1.15-2.54) and in the
upper part of this sequence in Hole 29A above
a silty sand, where G:P values reach a peak
of 13.00 in sample 29A-109R-2 (20-21 cm,
452.61 mcd; above this silty sand, G:P ranges
from 0.44 to 2.67; Figs. 3 and 4; Tables 3 and
4). Low G:P suggests lower than normal marine
salinity and high nutrient flux (i.e., fluvial influ-
ence) during the latest Langhian, consistent with
the sharp increase in phytoclasts versus AOM
and the rapid progradation evident in Figure 5.
In addition to Lejeunecysta spp. and Brigan-
tedinium spp., Habibacysta tectata is com-
mon to abundant, and other common dinocyst
taxa include Spiniferites spp., Batiacasphaera
sphaerica, Lingulodinium machaerophorum,
Selenopemphix brevispinosa, Selenopemphix
nephroides, Dapsilidininium pseudocolligerum,
Labyrinthodinium truncatum modicum, and
Sumatradinium soucouyantiae (Supplemental
Tables 1 and 2 [see footnotes 1 and 2]). This
assemblage is assigned to DNS5b, consistent
with ages derived from other proxies (Browning
et al., 2013).

Lithologic Unit II: Sequences m4.4-m4.2
Sequences m4.4-m4.2 were not resolved in
Hole 27A. In Hole 29A, T:M values are rela-
tively low but rise slowly in sequences m4.4—
m4.2: sequence m4.4 (mean ~2.35, range 1.30—
4.14,n="7in Hole 29A), T:M ~2.45; T:!M =3.43
in the 2 samples analyzed from sequence m4.3;
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and mean T:M = 3.79 (range 2.27-6.72, n = 6)
in sequence m4.2. A diverse angiosperm pollen
assemblage characterizes these sequences that are
rich in phytoclasts, although AOM remains com-
mon in some samples (palynofacies types 1 and 2
of Batten, 1996) (Tables 5 and 6). Palynomorph
concentrations in Hole 29A tend to decrease
upcore, from a mean ~93,600 palynomorphs/
cm?® (range 6700-177,200 palynomorphs/cm?)
in sequence m4.4, ~99,800 palynomorphs/cm? in
the only sample analyzed from sequence m4.3,
and mean ~53,900 palynomorphs/cm?® (range
15,000-99,800 palynomorphs/cm®) in sequence
m4.2. Habibacysta tectata and Spiniferites Spp.
are usually common to abundant in sequences
m4.4-m4.2 in Hole 29A, together with com-
mon Batiacasphaera sphaerica and Labyrin-
thodinium truncatum modicum; Lingulodinium
machaerophorum. Labyrinthodinium truncatum
truncatum, and Trinovantedinium papulum are
also quite consistently present (Figs. 6, 7, and 10;
Supplemental Tables 1 and 2 [see footnotes 1 and
2]). The highest common occurrence of several
dinocyst taxa occur in these sequences in Hole
29A: Cleistosphaeridium placacanthum (sample
29A-85R-2, 99-100 cm, 383.25 mcd), Labyrin-
thodinium truncatum modicum and Selenopem-
phix brevispinosa (sample 29A-75R-1, 41-42
cm, 353.72 mcd), and Dapsilidinium pseudocol-
ligerum (sample 29A-74R-2, 57-58 cm, 352.32
mcd; Supplemental Table 2 [see footnote 2]).
Like sequence m4.5 and upper sequence mbS,
these sediments are assigned to DNSb. Acri-
tarchs, particularly the genera Cyclopsiella and
Michrystridium can be common to abundant
in these sequences (Supplemental Tables 1 and
2 [see footnotes 1 and 2]), probably recording
freshwater flux during the late Langhian.

Lithologic Unit I1: Sequence m4.1
Palynological assemblages were very sparse
in sequence m4.1 (mean concentration =
29,800, range 9400-50,500 palynomorphs/cm?,
n = 9 in Hole 29A and mean ~20,900, range
8600—45,500 palynomorphs/cm?’, n =9 in Hole
27A), with mean T:M ~5.06 (range 3.07-10.24,
n =7) in Hole 29A and mean T:M ~7.79 (range
2.63-17.5, n = 7) in the more proximal Hole
27A. The dinocyst assemblage was dominated
by long-ranging, ubiquitous taxa, precluding
precise age assignments in Hole 27A. Dino-
cyst assemblages strongly dominated by proto-
peridinioid cysts such as Lejeunecysta spp.,
Brigantedinium spp., Echinidinium spp., and
Trinovantedinium papulum characterize the
sediments at both sites, with Spiniferites spp.,
Batiacasphaera sphaerica, and Habibacysta
tectata being the only consistently common
gonyaulacoid cysts, although Hystrichosphae-
ropsis obscura is consistently present (Figs. 6
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and 7; Supplemental Tables 1 and 2 [see foot-
notes 1 and 2]). At the more distal Site 29, the
LO of Selenopemphix dionaeacysta (in sample
29A-70R-1, 107-108 cm, 339.13 mcd) and
Ataxiodinium zevenboomii (in sample 29A-
64R-1, 120-121 cm, 320.96 mcd) occur within
sequence m4.1, allowing assignment to DN6
(Fig. 7; Table 2, Supplemental Table 2 [see
footnote 2]). This estimate agrees with all other
proxies (Browning et al., 2013). The abundance
of the acritarch genus Cyclopsiella and the con-
sistent presence of Polyshaperidium zoharyi
are similar to the observations of de Verteuil
and Norris (1996) for their Selenopemphix dio-
naeacysta interval zone. Diverse angiosperm-
dominated pollen assemblages are character-
ized by an upsequence decrease in bisaccate
pollen grains, paired with an increase in Carya
(hickory) grains (particularly in Hole 27A; Figs.
3 and 4, Table 6). This records climatic amelio-
ration and/or increasingly neritic conditions. All
samples examined from this sequence in Hole
27A are strongly dominated by phytoclasts
(palynofacies type 1; mean Ph:AOM = 81.67,
range 3.3—-124, n = 8). A few samples (e.g., 29A-
65R-2, 18-19 cm, 324.50 mcd, and 29A-64R-1,
120-121 cm, 320.96 mcd, from which many of
the specimens illustrated in Fig. 10 were identi-
fied) at the more distal site were relatively rich
in AOM and assigned to palynofacies type 2
of Batten (1996). Ph:AOM values range from
0.11 to 45.75 in sequence m4.1 in Hole 29A
(Table 5).

Overall Trends through the Miocene

Terrestrial palynomorphs (pollen and embryo-
phyte spores) outnumber marine algae (dino-
flagellates and acritarchs) in all but one sample
analyzed in this study (29A-116R-1, 120-121
cm, 473.46 mcd, where T:M = 0.56), reflect-
ing strong terrigenous flux to the New Jersey
margin throughout the Miocene. The average
T:M through the Miocene in Hole 27A is ~5.4
and ~3.6 in the more distal Hole 29A. Strong
peaks in T:M are found sporadically throughout
the Miocene in Holes 27A and 29A (Figs. 3-5;
Tables 3 and 4), and are frequently in silty muds
associated with sequence-bounding unconformi-
ties (e.g., m6, m5.7, m5.4, m5.3.3, m5.3, m4.5,
and m4.4-m4.1 in Hole 27A, and m5.7, m5.45,
m5.4, m4.4, m4.3, m4.2, and m4.1 in Hole 29A)
or with palynomorph-rich silty muds within
sequences (e.g., ~527, 469, 434, and 194 mcd
in Hole 27A and ~575, 549, 529, 457, 440, and
325 mcd in Hole 29A). Transgressive systems
tracts (TSTs) (identified by Miller et a., 2013a),
in contrast, are characterized by very low T:M,
e.g., ~465, 333, 271, 243, and 217 mcd in Hole
27A (where T:M ranges from 1.27 to 2.24)
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Figure 10. Common marine palynomorphs in sequences m4.5-m4.1 (lower Serravallian, dinoflagellate zones DN5b—DNG6) including species,
sample number, depth (in parentheses), and England Finder coordinates. (1) Hystrichosphaeropsis obscura Habib 1972: 313-29A- 64R-1
(120-121 cm), B61/2. (2) Labyrinthodinium truncatum ssp. truncatum Piasecki 1980: 313-29A- 64R-1 (120-121 cm), V41/0. (3) Habibacysta
tectata Head et al. 1989: 313-29A- 64R-1 (120-121 cm), J70/4. (4) Ataxiodinium zevenboomii: 313-29A-64R-1 (120-121 cm), X53/4. (5) Uni-
pontidinium aquaeductum (Piasecki) Wrenn 1988: 313-29A-92R1 (100-101 cm), M57/0-H33/4-V39/3. (6, 7) Selenophemphix dionaeacysta
Head et al. 1989: 313-29A- 64R-1 (120-121 cm), J45/3-K44/2. (8) Selenophemphix brevispinosa Head et al. 1989: 313-29A- 64R-1 (120-121
cm), B49/4. (9) Trinovantedinium harpagonium de Verteuil and Norris 1992: 313-29A-92R1 (100-101 cm), U69/3. (10) Sumatradinium
soucouyantiae de Verteuil and Norris 1992: 313-29A-92R1 (100-101 cm), G64-3. (11) Impagidinium arachnion de Verteuil and Norris 1996:
313-29A-92R1 (100-101 cm), N51/2-M51/4. (12) Pentadinium laticinctum Gerlach 1961: 313-29A-64R-1 (120-121 cm), L67/2.
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and ~585 mcd in Hole 29A, where T:M = 2.04
(Tables 3 and 4). The oldest strong peak in ter-
restrial versus marine palynomorphs (T:M =
11.4) is in sample 27A-187R-CC (8-20 cm,
527.68 mcd; Fig. 3), in sequence O6 (earliest
Aquitanian). The oldest peak at Site 29 (T:M =
11.82) was in sample 29A-211R-1 (31-32 cm,
737.92 mcd), in sequence mS5.8 (Fig. 3), in sedi-
ments of Aquitanian—early Burdigalian age. The
strongest T:M values in both holes are in sedi-
ments of late Burdigalian age (DN3, NN4, and
East Coast Diatom Zone ECDZ2) near sequence
boundary m5.4; T:M was 43.25 in sample
27A-104R-3 (36-38 cm, 301.86 mcd), near the
top of sequence m5.45, and T:M was 12.76 in
sample 29A-182R-2 (99-100 cm, 660.81 mcd),
~1.5 m above sequence boundary m5.4.

The ratio of phytoclasts versus AOM
(Ph:AOM), which might be expected to record
much the same information as T:M, shows
much less sample to sample variability upcore
at both sites, but shows marked increases in
palynodebris of terrestrial origin at particu-
lar times. Phytoclasts first outnumber AOM
in sequence 5.8 in both holes, but phytoclasts
overwhelm AOM (i.e., are assigned to palyno-
facies type 1 of Batten [1996], rather than
type 2, which characterizes most of the earlier
Miocene) much earlier at Site 27 than at Site 29.
The oldest sample in which phytoclasts outnum-
ber AOM in Hole 27A is sample 27A-169R-1
(32-33 cm, 484.93 mcd, in sequence m5.8),
and the earliest strong dominance of phyto-
clasts (Ph:AOM > 5) is in sample 27A-164R-2
(61-62 cm, 471.47 mcd, also in sequence m5.8).
There is a dramatic increase (Ph:AOM > 40) in
the Ph:AOM in sample 27A-105R-CC (301.61
mcd), near the top of sequence m5.45 (Fig. 3).
In Hole 29A, phytoclasts first outnumber AOM
in sample 29A-210R-3 (18-19 cm, 737.74 mcd,
in sequence m5.8) and Ph:AOM first exceeds 5
in sample 29A-157R-2 (20-21 cm, 589.86 mcd,
near the base of sequence m5.2; Fig. 4). The
first dramatic increase in Ph:AOM in Hole 29A
occurs in sample 29A-98R-2 (70-71 cm, 421.26
med in sequence m4.5; Fig. 3). The Ph:AOM
signal at the two sites is nearly identical above
sequence m4.5, suggesting that the shelf had
prograded past Site 29 by the latest Langhian—
early Serravallian (Fig. 5).

Nonsaccate (mainly angiosperm) pollen
outnumber bisaccate conifer pollen in nearly
every sample analyzed from both holes (Figs. 3
and 4; Table 6), with exceptions in Hole 27A
in samples 190R-3 (15-16 cm, 536.54 mcd),
190R-2 (119-120 cm), 189R-1 (72-73 cm,
531.08 mcd), 188R-2 (60-61 cm, 529.21 mcd;
in sequence 06), 166R-1 (15-16 cm, 475.62
med), 165R-1 (115-116 cm, 473.16 mcd),
164R-2 (110-111 cm, 470.46 mcd; in sequence
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m5.8), and 88R-2 (110-111 cm, 252.86 mcd; at
the base of sequence m5.2), and in Hole 27A
in samples 211R-2 (24-25 cm, 739.35 mcd),
211R-1 (31-32 cm, 737.92 mcd), 209R-1
(111-112 cm, 732.62 mcd; in sequence m5.8),
190R-1 (130-131 cm; in sequence m5.47),
and 129 R-1 (89-90 cm, 509.75 mcd; in
sequence m5.2). Nonsac:bisac first exceeds
10:1 in sample 27A-170R-1 (51-52 cm,
488.17 mcd, in sequence m5.8) and in sample
29A-207R-3 (728.51 mcd, in sequence m5.7).
The nonsac:bisac pollen ratio increases sharply
in sequence m5.8 in Hole 27A and remains
relatively high until sequences m5.4-m5.33.
Following a peak in upper sequence m5.3, the
nonsac:bisac ratio declines again in sequences
m5.2-m4.2, then rise sharply in sequence m4.1
(Fig. 3). In Hole 29A, nonsac:bisac pollen ratio
peaks around sequence boundary m5.7 and is
high in sequence m5.45, sequences m5.3-m5.2,
and again in sequence m4.4 (Fig. 4).

Terrigenous palynomorphs tend to increase
in relative and absolute concentrations (high
T:M and high pollen/spore concentrations) in
proximity to sequence boundaries. The palyno-
logical signatures near sequence boundaries are
indicative of increased proximity to the shore-
line and/or more neritic conditions as well as the
greater resistance of pollen and spores (evolved
for wind pollination) to oxidation than dino-
flagellate cysts. The ratio of more oxidation-
resistant gonyaulacoid cysts versus more sus-
ceptible protoperidinioid cysts (G:P) tends to be
high in the lower parts of sequences where ter-
restrial palynomorph abundances are low (Figs.
3 and 4; Tables 3 and 4), recording low rates of
sediment accumulation in TSTs, probably due
to higher accommodation and/or more distal
settings in TSTs (as discussed in McCarthy
et al., 2003; Gostlin, 1999). High concentrations
of terrestrial palynomorphs in the upper parts of
sequences record aggradation and progradation
within the sequences. Protoperidinioids can also
be very rare within dinocyst-rich sequences,
such as in samples 27A-187R-3 (140-141 cm),
27A-187R-1 (87-88 cm; 526.08-523.57 med in
sequence 06), where G:P values were 8.33 and
9.00, respectively, 29A-170R-2 (630.82 mcd in
sequence m5.3), and 29A-109R-2 (20-21 cm,
452.61 mcd in sequence m4.5), where G:P val-
ues were 15.33 and 13.00, respectively (Figs. 3
and 4; Tables 3 and 4).

RELATIVE SEA-LEVEL
RECONSTRUCTIONS COMPARED
WITH GLACIOEUSTASY

The relationship between sea level and the

palynological assemblage is more complex
than that with the benthic foraminiferal assem-
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blage, which is largely a function of paleo—
water depth due to changes in physiochemical
parameters that vary with water depth (Katz
et al., 2013). Most of the palynological samples
examined from IODP Expedition 313 contain
more allochthonous than authochthonous ele-
ments, and thus cannot reflect the local depo-
sitional environment, as do the foraminiferal
assemblages. In addition to variations in sea
surface productivity, T:M reflects variations in
the numerous mechanisms that transport pol-
len and embryophyte spores to each offshore
site, i.e., wind, rivers, ocean currents, and mass
transport, most of which are related to distance
from the shoreline. High sea surface produc-
tivity can be inferred from the abundance of
round-brown dinoflagellate cysts, Brigante-
dinium spp. (Zonneveld et al., 2001, 2008;
Versteegh and Zonneveld, 2002), and the abun-
dance of AOM derived from algal decomposi-
tion (Batten, 1996). The relative importance of
wind can be estimated by examining the rela-
tive abundance of bisaccate pollen (Mudie and
McCarthy, 1994). The influence of rivers can be
identified lithologically (e.g., in sequence m5.8;
Miller et al., 2013a) as well as by large pulses of
acritarchs. Mass transport is largely restricted
to environments on clinoform bottomsets (e.g.,
much of the Early to Middle Miocene at Site
M29; Mountain et al., 2010) and to continental
slope and rise sediments (McCarthy and Mudie,
1998). Following progradation of the clinoform
break past a site, downslope transport would
no longer play a significant role, but until then,
recycling and resedimentation of palynomorphs
from the shelf would have been a major over-
print to our records. This is evident in the con-
tinental margin architecture (Fig. 5): Hole 27A
is continuously neritic above lithologic unit VI
(sequence m5.8), so mass wasting would have
been far less important at this site after the early
Burdigalian. By the middle Burdigalian, the
overwhelming dominance of phytoclasts in the
palynofacies and very sparse AOM (Figs. 3-7)
record a very strong terrigenous component in
the majority of samples analyzed in lithologi-
cal units III and II. Ph:AOM shows less vari-
ability through the Miocene at each site than
the ratio of terrestrial versus marine palyno-
morphs. Peaks in T:M in AOM-rich sediments
thus record pulses of terrigenous flux into deep-
water settings, mainly via mass wasting (e.g., in
sequence m5.8 in Hole 27A and in sequences
m5.3-m5.2 in Hole 29A), whereas high T:M in
phytoclast-rich sediments records sedimenta-
tion in neritic settings.

Because the palynofacies primarily reflects
distance from the shoreline, and foraminiferal
assemblages largely reflect the paleo—water
depth, the response of palynological and
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benthic foraminiferal assemblages to sea-level
change will differ, depending on the gradient
of the margin and the position of the rollover.
Whereas the resolution available with forami-
niferal estimates of sea level cannot discrimi-
nate sea-level lowerings of a few tens of meters,
an increase in terrigenous flux recorded by
high T:M can record downslope mass wast-
ing from neritic environments into relatively
deep water environments in response to regres-
sion. Subsequent onlapping sequences (e.g.,
m5.7, m5.3, m5, m4.4-m4.2) are characterized
high AOM except around seismic sequence
boundaries, suggesting taphonomic effects
associated with the generation of sequence
boundaries (e.g., resedimentation, selective
oxidation; cf. McCarthy et al., 2003). In addi-
tion, the much lower gradient of the margin
once the clinoform has prograded past a site
(past Site 27 during the late Burdigalian DN3
[18. 1-15.97 Ma], marked by Ph:AOM = 102
in sample 27A-105R-CC [301.6]1 mcd], and
past Site 29A during the latest Langhian, ca.
14.2-13.2 Ma, DN5b recorded by Ph:AOM =
40.4 in sample 29A-98R-2 [70-71 cm, 421.26
mcd; Table 5]) results in much more proxi-
mal palynological assemblages (high T:M,
Ph:AOM, nonsac:bisac) relative to foraminifer-
ally derived paleobathymetric estimates (Figs.
3-5; Tables 3-6).

Distal deep-water settings were thus inferred
whenever multiple palynological proxies con-
cur, i.e., low T:M (Figs. 3-5)/ high M:T (Figs.
11A, 11B), low nonsac:bisac pollen ratios (Figs.
3 and 4; Table 6), low phytoclasts versus AOM
(Ph:AOM in Figs. 3-5; Table 5), as well as
high G:P (Figs. 3 and 4; Tables 3 and 4), and
where upper middle neritic (50-80 m; Bulimina
gracilis/Bolivina paula—dominated biofacies),
outer middle neritic (75-100 m; Uvigerina
spp./Bolivina floridana—dominated biofacies),
or outer neritic (>100 m; high-diversity, low-
dominance assemblages with key indicator taxa,
e.g., Cibicidoides pachyderma, Hanzawaia
mantaensis, and Oridorsalis umbonatus) water
depths were indicated by the foraminiferal
assemblages (Mountain et al., 2010; Katz et al.,
2013) (Figs. 11A, 11B). As previously observed
(McCarthy et al., 2003), the primary ecologi-
cal signal is confounded by strong taphonomic
skewing at sequence boundaries, preferentially
degrading neritic protoperidinioid dinoflagellate
cysts and thin-walled pollen.

Taking these caveats into consideration,
there is generally good agreement between
palynologically based estimates of position
of the shoreline (and shelf break) and forami-
niferally derived paleobathymetric estimates
(Figs. 11A, 11B). This allowed us to qualita-
tively reconstruct relative sea level at each site
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with some degree of confidence (Figs. 11A,
11B). The interpretation of high terrigenous
flux as typically recording low sea levels is
consistent with the shallow paleodepths usu-
ally reconstructed based on the benthic forami-
niferal assemblages in pollen-rich sediments,
which are Hanzawaia concentrica—dominated
biofacies (interpreted as middle inner neritic,
10-25 m) (Katz et al., 2013). Samples rich in
nonsaccate pollen that tends to preferentially
settle in coastal and inner neritic environ-
ments (Mudie and McCarthy, 1994; McCarthy
et al.,, 2003) support the interpretation of a
middle inner neritic depositional environment.
Increased proximity to the shoreline at times of
lower sea level would also tend to decrease the
ratio of marine versus terrestrial palynomorphs
(M:T in Figs. 11A, 11B) due to ecological
stress on marine phytoplankton in inner neritic
environments.

The sea-level reconstructions also appear
to be consistent with other available data from
IODP Expedition 313. Proximal low sea-level
settings are generally suggested by very terrige-
nous samples at sequence boundaries (Figs.
11A, 11B), and strong taphonomic alteration
in these sediments is also recorded by high G:P
(Figs. 3 and 4). The reconstructions of coastal
to inner neritic paleodepths at most sequence
boundaries correlate with times of medium
to major sea-level lowering according to the
compilation of Snedden and Liu (2010). The
identification of TSTs and maximum flooding
surfaces (MFS) at very high relative sea level
(Tables 3 and 4; Figs. 11A, 11B), in contrast,
is consistent with our interpretation of distal
deep-water environments (Miller et al., 2013a;
Browning et al., 2013).

The combination of the two relative sea-level
proxies provides more information than either
in isolation. For example, the sudden deepening
is evident in our sea-level reconstructions dur-
ing the early Langhian (in sediments assigned
to DN4, NN4, and ECDZ2). Outer middle
neritic (75-100 m) and outer neritic (>100 m)
paleodepth estimates for sequences m5.3
through m5 at Sites 27 and 29, respectively,
are paired with quite variable reconstructions
of terrigenous flux derived from the palyno-
facies, recording the rapid aggradation and
progradation of lithologic unit II into relatively
deep water environments. The interpretation of
deep water is consistent with the low deep-sea
oxygen isotope values of the Middle Miocene
Climate Optimum (Zachos et al., 2001; see
fig. 7 in Browning et al., 2013). Similarly, both
sets of proxies record a rapid sea-level fall dur-
ing the late Langhian that correlates with event
Mi3 (in sediments assigned to DN5b, NN5, and
ECDZ6a-b; Figs. 11A, 11B). One advantage of
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the palynological approach in reconstructing rel-
ative sea level is that palynomorphs and palyno-
debris were available in statistically significant
quantities in more samples than were benthic
foraminifers, particularly at the more inner to
middle neritic Site 27. This higher resolution
record allowed the identification of possible
parasequences within thick sequences in both
holes. The accumulation of nearly 200 m of sedi-
ment beyond the paleoclinoform break in Hole
29A during the early-middle Langhian allows
two high-amplitude and 11 lower amplitude sea-
level cycles to be identified in sequences m5.3—
m5 (Fig. 11B). The dinocyst zonation suggests
that these sequences were deposited between
15.97 and 14.2 Ma (zones DN4-DN5a), which
agrees well with the estimate of ca. 16.1-14.6
Ma based on the compilation of all chronostrati-
graphic proxies (by Browning et al., 2013). The
resulting periodicity estimates (~136-160 k.y.)
in our relative sea-level curves suggest possible
Milankovitch forcing, although the chronologi-
cal control is not sufficient to demonstrate this
conclusively; in Miller et al. (2013b), 8 flood-
ing surfaces (including the MFS) were noted
in sequence m5.2 at Hole M29A, similar to the
7-8 noted here (Fig. 11B) within the ~1 m.y. of
this sequence (15.6-14.6 Ma; Browning et al.,
2013). We also note that there are 6-7 flooding
events in the Hole M29A m4.5-m4.1 section,
which represents ca. 13.6 to ca. 13.0 Ma (Fig.
11B; Browning et al., 2013). The chronology
is not sufficient to establish that these are actu-
ally quasi-100-k.y.-scale events, but the general
match is intriguing.

Given the available resolution, with chrono-
logical control provided by multiple bio-
stratigraphic proxies and by Sr isotope ages
(Browning et al., 2013), we were able to cor-
relate all of the Mi events shown in figure 7 of
Browning et al. (2013) with intervals of low-
ered sea level reconstructed from the integrated
palynological and foraminiferal proxies. These
observations, together with the palynologi-
cal evidence of accelerated offshore sediment
transport at times of lowered sea level, and
associated progradation and downslope mass
wasting, suggest that eustasy is an important
factor influencing the architecture of the New
Jersey margin.

CONCLUSIONS

A comparison of paleo—water depth estimates
inferred from benthic foraminifera (Katz et al.,
2013) and distance from shoreline estimates
derived from the palynological data allowed rel-
ative sea level to be qualitatively reconstructed
in Holes 27A and 29A on the New Jersey mar-
gin. Although qualitative, this simple estimate



Palynological evidence of eustasy

IS
9
&
-a
Hole M0027 5 2 S8
Cumulative ole . e o3 S0 o
Percent Paleodepth (—1 m) Interpreted relative © 8 Q¢ S50
sea level (——m) 3 & &R S ®S
0 50 100 0 20 40 60 80 100 120 O x AanN ZWwN
150 I PP R S P AR AP A
i 55
Sequence o
| Boundaries o
200 1 = 200 - < oy . pNsb L l\llzlé%%\f?/i.j—
=== — mis | | NNSECDZ62.
TST — = e DNS5a | NNs/ECDZ3-4
1 TST = ’ 85
250 + —— r; m5.3 DN4 | NN4/ECDZ3_
1 ~_—] ~— 90
TST L S— — m5.33 95 NN4/
‘ ECDZ2
T 300 - = m5.4 100
B 300 4 o 300 105 DN3 |F—-——-—---
£ : o NN4/
= ECDZ1
= ST e
% ] m5.45 I — e
(@] 350j — m5.47 125
mb5.7 130
135
400 E 400 140
1 145
150 DN2b |- - - - - —
450 1% NN2/
] MFS 160
TST ¥ T ECDZT
165 DN2a
] 58 170
500 1 1 1 — - 175
] — 500 . s NN2
185
— < 06 190 DN1 |-~ RjNi ™~
T T 1 T 1
B Clay/Silt 0 1 2 Shallow Deep
I Glauconite Ratio of M:T ( )

[] Fine/very fine quartz sand

[ Medium & coarser quartz sand
1 Foraminifers/shells

[ Mica

Figure 11 (on this and following page). Relative sea level was qualitatively reconstructed by combining paleodepth estimates derived from
benthic foraminiferal assemblages (blue, left) and distance from shoreline estimates derived from the ratio of marine versus terrestrial
(M:T) palynomorphs (green, left). Depth: mcd—meters composite depth. (A) Integrated Ocean Drilling Program Hole 27A. Sequence
boundaries (m6-m4.1) are associated with very low relative sea level, whereas maximum flooding surfaces (MFS) and transgressive sur-
faces (TS) are associated with foraminiferal and palynological proxies recording high relative sea level. Our sea-level interpretation also
appears to identify parasequences, such as in the thick sequence m5.8 in Hole 27A and m5.2 in Hole 29A. Age control is provided by dinocyst
zones, together with calcareous nannofossil and diatom zone assignments and Sr isotope age estimates from Browning et al. (2013), allowing
intervals of very low sea level to be correlated with Miocene oxygen isotope (Mi) events (see Browning et al., 2013, fig. 7). These generally
correlate with the sequence boundaries identified across the New Jersey shallow shelf, supporting the contention that relative sea-level
change and the architecture of the New Jersey margin are primarily responses to eustasy.

of relative sea-level change provides a useful
framework with which other variations at the
IODP Expedition 313 drill sites can be com-
pared. Further, the simple estimate represents
a good starting point for subsequent work on
eustatic reconstructions, which require back-
stripping to account for compaction, loading
and/or flexure, and thermal subsidence. Our
data-based reconstruction can be compared with
ongoing modeling studies.

High terrigenous flux associated with fluvial
discharge and/or progradation of the New Jer-
sey shelf is recorded by peak concentrations of
pollen rich in angiosperm taxa and phytoclasts
in sediments deposited in very shallow water
or redeposited downslope from coastal and/or
upper neritic to middle inner neritic environ-
ments, based on paleodepth estimates from
benthic foraminiferal assemblages. The low
sea levels are interpreted where sediments are
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rich in angiosperm pollen and phytoclasts and
foraminifer samples are either barren, almost
completely dominated by Lenticulina spp., or
assigned to the Hanzawaia concentrica—domi-
nated biofacies.

The dinocyst zonation of de Verteuil and
Norris (1996) allowed ages to be assigned to all
Miocene sequences recovered from Holes 27A
and 29A. Additional chronostratigraphic control
was provided by calcareous nannofossils and
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diatoms, as well as by Sr isotope pages (Brown-
ing et al., 2013) allowing sequence boundaries
generated at times of lowered sea level to be
correlated with Miocene oxygen isotope events.
In contrast, distal environments are recorded
by low T:M (high M:T) and a dominance of
AOM in onlapping sequences m5.7-m5.6 (early
Burdigalian), m5.3-m5 (Langhian), and m4.4
(latest Langhian—earliest Serravallian). High
sea level at these times is recorded by benthic
foraminiferal assemblages indicative of lower
middle to outer neritic environments. This study
illustrates the value of palynology in sequence
stratigraphic studies, and of combining palyno-
logical and benthic foraminiferal proxies to pro-
duce robust reconstructions of relative sea level
and relate these to sedimentation on continen-
tal margins.
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