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DETAILED GEOLOGICAL SETTING AND METHODS

For our study, we selected ODP Leg 174AX Site “Bass River” (39°36°42"°N,
74°26°12°W; Fig. DR1) (Miller et al., 1998), on the New Jersey coastal plains. This
site affords several advantages: (1) previous studies documented a regional peak in
kaolinite at the PETM (Gibson et al., 2000), (2) a detailed stable isotope stratigraphy
(using both bulk-rock and genus-specific foraminifers) has already been established
for this site, demonstrating completeness and providing constraints for the age model
(John et al., 2008), and (3) biostratigraphic and organic geochemical evidence for
other environmental changes including SST and SSS also exist (Sluijs et al., 2007).
During the mid to late Paleocene, Bass River was located close to the shelf edge
(Miller et al., 2004). Upper Paleocene sediments are characterized by glauconite-rich
sand to silts, while sediments just below the Paleocene/Eocene (P/E) boundary that
extend into the lower Eocene are more clay-rich (John et al., 2008). The Bass River
cores were sampled at the resolution needed to capture the onset of the PETM more
precisely: about one sample every 1.5 m between 368.03-359.10 meters below surface
(mbs), every 0.2 m between 359.10 and 355.14 mbs, and every 1.2 m between 355.14
and 345.17 mbs.

Clay (<2 um size-fraction) separations were conducted at the University of
California, Santa Cruz, following the settling method based on Stoke’s law described
in Moore and Reynolds (1997). X-ray diffraction (XRD) analysis of the separated
clays was performed in the Laboratory for Stable Isotope Science (LSIS) at the
University of West Ontario on 30-40 mg aliquots of crushed, freeze-dried clay sample
dispensed in 2mL of distilled water and pipetted onto glass slides. Clay mineralogy
was determined by analysis of three XRD aliquots per sample: air-dried, glycolated
and baked (550°C for 2 hours) sub-sample, in that order. Measurements were
performed on a Rigaku rotating-anode XRD employing CoKo radiation, with
monochromation achieved using a curved crystal, diffracted beam, graphite
monochromater, and operated at 45kV and 160mA with a scan rate of 10° 20per
minute (equivalent to 0.5° 20 on conventional diffractometers). The scanning range
was 2 to 42° 20 for the air-dried and heated trials, and 2 to 82° 20 for the glycolated
trial. The spacing for the first low angle diffraction of clay minerals was examined for
each trial and compared to patterns presented by Brindley and Brown (1980) in order
to determine the phases present in each sample.

The relative percentages of individual clay minerals in each sample were
determined following Hein and Longstaffe (1983). Background-subtracted peak-
heights were measured for glycol-solvated powders laid down on ceramic tiles and
the following form-factors applied to clay peak heights: smectitic clay (001), x1;
illitic clay (001), x4; kaolinitic clay (001), x 2 (as used by Hein and Longstaffe,



1983). To account for the small amounts of quartz present, the background-
subtracted peak height of its (100) diffraction (4.26A, 0.426 nm) was also measured,
to which a form factor of x3 was applied. Quartz’s 4.26A, rather than the 3.343 A
diffraction was used to avoid interferences from the illite (003). Experimental
calibration of quartz-kaolinite mixtures suggests that this approach will yield a
reasonable estimate of quartz content for abundances generally lower than ~15%,
though the bias is to overestimate quartz.

Mixed-layered clays were identified in air-dried (~50% RH), preferred-
oriented samples, based on the presence of a broad diffraction peak typically ranging
from 14.4 to 15.2 A that is associated with a high background at low angles from the
diffraction (Fig. DR3), and a pronounced shoulder at the high angle side of the
diffraction straying towards the 12.5 to 13 A position. Upon treatment with ethylene
glycol, samples containing both smectite and mixed-layer illite-smecite clays
typically then exhibit a diffraction doublet, with one peak at ~16.8 to 17.0 A and the
second peak, typically climbing the high angle side of the first peak, having a position
at ~14.6 to 16.0 A (commonly ~14.7 A, see Figure DR3A). Upon heating to 550°C,
both of these peaks disappeared and were replaced by a strong diffraction at ~10 A.
That chlorite layers, or even vermiculite layers form part of the mixed-layer phase
cannot be ruled out based on the existing XRD data. The (060) diffraction data for
these swelling clays suggest that they are dioctahedral. Typical examples of
diffractograms of samples containing illite-smectite (Fig. DR3A) and no illite-
smectite (Fig. DR3B) are included for reference.

The K/S ratio calculation was done using the (001) background-subtracted
peak heights from the glycol-solvated samples after these heights had been adjusted
using the form-factors described above.

Physical separation of the different clay species proved impossible, in part
because of the limited sample volume available from the existing cores. Instead, the
bulk <2 pum size-fraction was analyzed for oxygen stable isotopes (6180c1ays). The
é‘)lSOaayS values, reported relative to Vienna Standard Mean Ocean Water (VSMOW)),
were measured at the University of Western Ontario, in dual-inlet mode, using a
Thermo Finnigan Delta XL mass spectrometer. Approximately 9 mg of sample
powder were placed into spring-loaded sample holders, evacuated overnight at
~150°C, and then loaded into nickel reaction vessels and evacuated for another 3
hours at 150°C. The sample powders were then reacted overnight at ~580°C with
CIF; to release the silicate-bound oxygen (see Clayton and Mayeda, 1963; Borthwick
and Harmon, 1982), which was then converted to CO, for isotopic measurement.
Precision based on replicate samples was better than 0.2%o.

ASSESSING THE IMPACT OF CLAY MIXING OVER 8"®Ocjays

To assess whether the observed trend in 8180c1ayS values could result from a
shift in the assemblage of clay minerals presents, we first assumed that kaolinite and
smectite each had constant (but distinct) isotopic compositions, and derived a best fit
(quadratic) regression between the 8180(;1ayS values and kaolinite fraction (Fgaolinite,
from 0-100 %; Fig. DR1, r* = 0.88):



5180Clays = 23.0 + 0.005 = FKaolinite — 0.02 % Fl(aolinite2 (1)

Based on equation (1) we can express &' *Ogmeciitc Values for samples containing no
kaolinite as:
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where Fsmectite, Finiite and Fouartz are the respective percentages of each phase in the <2
pum size-fraction. The above equation can be simplified by assuming that neither the
proportion of illite and quartz in the clay fraction nor their isotopic compositions vary
significantly through the section. The validity of these assumptions is supported by
the following observations: (1) the abundance of both illite and quartz is relatively
constant throughout the section, and (2) no significant correlation exists between the
abundance of either quartz or illite and the 818Oc1ays values (Fig. DR1). We can thus
define a constant K as:

k = Fite * 61801llite + FQuartz * 6180Quartz(3)

Because Fijiie + Fouart; 1s constant (0.44 in average), Fkaolinite + Fsmectite = 0.56, and for
the case considered Fgaglinite = 0, we can rewrite equation (2) as:
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We can express &' Okaolinite following similar steps as in equations (1-4) by using the
intersect at Fsmecite= 0 of the best fit (quadratic) correlation (R* of 0.96) of 6180c1ays

versus Fsmectite (Fig- DRl):
17.5—-k

6180Kaolinite =~ Tos6 (5)
Although we cannot directly calculate 8"*Ogmectite O &' *Oxaolinites WE can estimate the

isotopic difference between the two minerals:

18 18 _ 23.0-17.5 _ .o
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These results suggest that the shape of the measured 8180c1ays curve (Fig. 2) could be
obtained by simple mixing between a smectitic phase and a kaolinitic phase as long as
the offset in 8'°0 values between the two minerals is ~ 10%o. This isotopic separation
is much larger than expected (<0.5 %o) for kaolinite and smectite formed during
weathering at similar temperatures from water of similar oxygen isotopic
compositions.

Assuming a constant 10%o offset between the isotopic composition of smectite
and kaolinite, we can calculate the difference in SISOclays between a reference sample
(REF) and any other given sample (ASlsoclays[REF_sﬁmple]). We can simplify the estimate
by using only the measured kaolinite content of the samples and the isotopic
difference between kaolinite and smectite because we know that Fgmectite=0.56-
Fraolinites and 8% Ogmectite = 8" Okaotinite™ 10%0. Hence, the A between two samples can be
written as:



18 _ % 0,
A5 Oclays[REF—Sample] - (Fkaolinite[REF] - Fkaolinite[Sample]) 101)0 (7)

A synthetic 618001ayS curve can be created by choosing a reference point on the
measured curve, and the error for each calculated point on the curve is +0.8%o
(Fig.DR2, error is linked to measurement errors in 8180C1ays and XRD values for
kaolinite). We have selected a reference point that best anchors the calculated curve
on the measured curve (REF= sample at 357.67 mbs with a SISOCIayS =21.1%o and
Fraolinite= 0.3548).
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REPOSITORY FIGURE CAPTIONS

Figure DR1: Location of the Bass River drill site (red star) on the New Jersey coastal
plains. The insert shows the position of New Jersey on a paleogeographic map of the
Eocene.

Figure DR2: Oxygen isotope compositions of the <2 um size-fraction (6180c1ay5)
versus A: Percentage of quartz (Fouarz, green data points) and percentage of illite
(Fiite, red data points) in the <2um fraction; B: Percentage of kaolinite (Fkaolinite) in
the <2um fraction, and C: Percentage of smectite (Fsmecite) in the <2um fraction.
Fouarz and Fyire are relatively constant, and show no significant correlations with
SISOclays values. Fkaolinite and Fsmectite (panels B and C) show a strong correlation with
8180c1ayS values suggesting that mixing between these two phases controls the
variation in oxygen isotopic composition of the <2 pum size-fraction.

Figure DR3 : Typical diffractograms of samples A) containing illite-smectite and B)
without illite smectite. Vertical axis are intensity in counts per seconds for the air-
dried (red diffractogram and red axis values) and the ethylen-glycol solvated run (blue
line, blue axis values). Horizontal axis are diffraction angle (20). Identified minerals:
S = smectite; I/S = mixed-layer clay (probably illite-smectite but I can't be sure from
these data), K = kaolinite, I = illite, and Q = quartz.
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