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Mid-Piacenzian Marine Paleoenvironments from the North Atlantic Region
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The Piacenzian (Late Pliocene) represents a natural laboratory within which frequency and magnitude 
of environmental changes during a period of past global warmth can be analyzed, climate models can 
be tested, and results can be placed in a context to better prepare for future change. We focus on the 
North Atlantic and both generate new and incorporate existing faunal assemblage and alkenone data 
from Ocean Drilling Program Sites 642, 662, 982, and 999, and International Ocean Discovery Program 
Sites 1308 and 1313. In addition, cores and outcrop material containing Piacenzian sediments from the 
Atlantic Coastal Plain of Virginia, USA, are included. These data allow us to characterize regional changes 
in temperature, salinity, upwelling, surface productivity, and diversity, associated with climate transi-
tions, and make nuanced reconstructions of mid-Piacenzian conditions within a high-resolution tempo-
ral framework between ~3.40 and ~3.15 Ma, inclusive of Marine Isotope Stages M2 through KM5. We in-
clude an initial comparison of estimated temperature to four climate model simulations run as part of 

models over previous studies. 

The PRISM time slab is positioned within the Piacenzian Stage, 
between the transition of marine isotope stages (MIS) M2/M1 
(3.264 Ma) and G21/G20 (3.025Ma) in the middle part of the 
Gauss normal polarity Chron. This ~240 ky interval ranges from 
C2An2r (Mammoth reversed polarity) to near the bottom of 
C2An1 (just above Kaena reversed polarity), and correlates in 
part to planktonic foraminiferal zones PL3 – PL5. It is bounded 
by positive δ O excursions that mark glacial stages M2 and 
G20. PRISM4 uses short, high-resolution time-series aligned to 
the LR04 stack of Lisiecki and Raymo (2005) to resolve condi-
tions at MIS KM5c.
 

We use only those North Atlantic sites with ade-
quate preservation and accumulation rates to 
allow alignment to the LR04 chronology: ODP 
Sites 642, 662, 982, 999 and IODP Sites 1308 and 
1313. In addition we use Virginia Department of 
Environmental Quality (DEQ) core-site 161-592 
(36.68° N, 76.78° W), located 45 km SSW of the 
lectostratotype of the Yorktown Formation 
[Ward and Blackwelder, 1980]. The alkenone 
temperature record at this site was aligned to 
the alkenone SST’s at Site 1313 to create an age 
model for the Yorktown Formation.
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PRISM3 SST was derived from faunal, alkenone 
and Mg/Ca estimates using warm peak averaging 
over the entire time slab. PRISM4 uses just those 
alkenone estimates that fall within the 3.205 - 
3.200 Ma interval.

Peak cooling at MIS M2, where it is preserved, shows minor 
changes in both structure and position. Di�erences in structure 
may document local conditions which would have been variable 
depending upon location. O�sets in the timing of peak cooling 
are somewhat problematic. If we assume age models are precise 
throughout the interval, shifts in position could indicate phased 
temperature responses. Alternatively, uncertainty in age models 
could be responsible for small di�erences bethween sites. This is 
particularly relevant for PlioMIP2 data-model comparisons. 

Alkenone data are from Dowsett et al. (2017), 
Bachem et al. (2016), Naafs et al. (2012) and 
Herbert et al. (2010).
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Despite the change from multiple proxies and a 
coarse time-band, to alkenone based SST’s and a 
pseudo time-slice, the North Atlantic temperature 
gradient changes little from PRISM3 to PRISM4.

Preliminary data-model comparison between 
PRISM4 ∆SST and four PlioMIP2 Eoi(400) simula-
tions. Anomalies for PRISM data are PRISM4 SST 
minus NOAA v5 Pre Industrial. Model anomalies 
are MODEL Pliocene SST minus MODEL control. In 
each plot the gradient between Site 1313 and 
Site 642 is shown by a red line. These same sites 
are highlighted blue for the CCSM4-Toronto, 
EC-Earth, MRI-CGCM2.3 and HadCM3 runs.

58,000 planktonic foraminifer specimens were identi�ed and assigned to 45 
species. These data are used to reconstruct diversity, seasonality and produc-
tivity. Assemblages are dominated by Gl. puncticulata, G. bulloides, N. in-
compta, N. atlantica, Gs. sacculifer and Gt. glutinata. Variations are consistent 
with alkenone based SST changes. An additional 22 taxa have maximum oc-
currences between 10% and 25% in at least one sample. The remaining 16 
taxa are minor constituents. Multiple examples of faunal abundance patterns 
tracking environmental changes other than temperature (e.g. seasonality and 
productivity) argue for increased e�orts to understand complex paleoecolog-
ical relationships in the context of data-model comparison.
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Assemblages indicate intermittent connections between the Atlantic and Paci�c via the CAS along with a Gulf Stream – North Atlantic Drift that 
migrated north over the M2–M1 transition, exhibited high–frequency migrations north and south during M1 and KM6, and attained its most  northern position by KM5. 
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