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MATERIALS AND METHODS 
 
Foraminiferal Analysis 
 

Bio- and magneto-stratigraphic events identified at Hole 762C are listed in the 
Supplementary Table 1. 

To minimize contamination of diagenetic calcite, foraminiferal specimens processed for 
stable-isotope ratio analyses were previously immersed in water and ultrasonically cleaned for 30 
seconds to 1 min to remove particles adhering to the external and internal test surfaces. We have 
maximized the likelihood of including only adult specimens and of avoiding any ontogenetic 
bias in the isotopic measurements by strictly analyzing specimens in the 250–350 m size 
fraction, with the exception of biserial (genus Heterohelix) and planispiral (genus 
Globigerinelloides) taxa whose largest specimens are commonly present in the <250 m size 
fraction. Stable-isotope ratio data (18O and 13C) of planktonic and benthic foraminifera from 
Hole 762C are listed in Supplementary Table 2. 
 
Sample Processing for Fine-Fraction Preparation 
 

For fine-fraction stable-isotope ratio analyses, ~10 cm3 of calcareous ooze samples were 
selected, following visual confirmation of the suitability of each sample, to avoid localized 
intervals that were either too indurated or represented drilling slurry. Samples were 
disaggregated after soaking in distilled water, by agitating on a rotary shaker for a period of at 
least 24 h. The resultant disaggregate was washed with distilled water over a 63-m sieve, in 
order to separate the coarse foraminifera-bearing fraction from the calcareous nannofossil and 
fine-clay fraction. Pyrex beakers containing the distilled water and less than 63-m fine-fraction 
suspension were left to stand until the latter had settled and supernatant cleared. The clear 
supernatant was subsequently removed by siphoning and the <63 m fine-fraction residue dried 
at ~65 °C. All <63 m fine-fraction CaCO3 samples were inserted into stainless steel thimbles 
and chemically cleaned for 30 min with 10% hydrogen peroxide (H2O2), an oxidizing agent, to 
breakdown any residual organic material. Samples subsequently were oven dried in acetone at 
~65 °C. 
 
Sample Processing and Methodology for Determination of Elemental Data 
 

Independent geochemical criteria (Mg, Mn, Sr and Fe concentrations) are used in this 
study to assess the preservation of foraminiferal specimens analyzed for stable-isotope ratios. 
Milligram aliquots of planktonic and benthic foraminiferal specimens were selected from a 
subset of samples. All the samples used for the element-concentration determinations consisted 
of mixed foraminiferal taxa. Samples of planktonic and benthic foraminifera were dissolved in 
0.4 ml of 10% and 2.6 ml of 2% doubly distilled nitric acid (HNO3), resulting in 3 ml of stock 
solution of ~3% HNO3. Procedural-blank solutions were prepared in parallel with the 
foraminiferal digests in order to facilitate corrections for methodological and/or reagent 
contamination. 
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Most elemental determinations (Mg, Mn and Sr) were completed at the NERC ICP-MS 
Facility, Imperial College at Silwood Park, using a VG Elemental PlasmaQuad II+ STE ICP-MS 
instrument with high-sensitivity interface. Synthetic elemental standards were prepared in ~3% 
Aristar® HNO3 at 10, 20 and 50 ppb concentrations from SPEX multi-element standard 
solutions. Despite the fact that the foraminiferal digestion protocol outlined above resulted in a 
dilution factor of ~1000 in the resultant stock solution, it was necessary to complete an additional 
five times dilution prior to ICP-MS analysis. This dilution was completed using 3.9 ml of 18 M 
water, 0.1 ml of concentrated Aristar® HNO3 and 1.0 ml of the foraminiferal stock dissolution 
solution, and was required to reduce the total dissolved solids (TDS) loading of the solutions to a 
level acceptable for optimal ICP-MS operation, i.e., less than 0.05% TDS. 

The ICP-MS signal response was monitored by the repeated analysis of the 10-ppb 
synthetic-standard solution, after every third unknown sample, and these monitoring data were 
used for ‘normalization’ of the unknown sample data. A standard blank consisting of ~3% 
Aristar® HNO3 was further analyzed in order to determine instrumental signal backgrounds. 

Subsequent to analysis, all relevant peaks in the elemental mass spectrum that registered 
signal intensities greater than one million counts were visually examined in order to ensure that 
detector saturation had not occurred. Spectral peak shapes and the expected ratio of the different 
isotopes of an element, where applicable, were examined as criteria for the acceptance or 
rejection of elemental data. Where there was unequivocal evidence for saturation of the electron 
multiplier, samples were reanalyzed following an additional 10 times dilution using 9.6 ml of 18 
M water, 0.2 ml of Aristar® HNO3 and 0.2 ml of original foraminiferal stock dissolution 
solution (i.e., a total 50 times dilution of the foraminiferal stock dissolution solution). 

All ICP-MS data reduction was completed using the following protocol: 1) sequential 
application of a signal-drift correction, which assumes linear drift within analytical protocol 
segments and normalization to the first analyzed 10-ppb standard-solution drift monitor; 2) 
calibration of instrumental signal response to elemental concentrations using the synthetic-
standard solutions, following subtraction of the instrumental signal background, determined 
using the standard blank, from the calibration line; 3) subtraction of procedural-blank elemental 
concentrations in order to compensate for any reagent or procedural contamination. 

Foraminiferal Fe concentrations were determined by Inductively Coupled Plasma-Atomic 
Emission Spectrometry (ICP-AES) at the NERC ICP-AES Facility, Royal Holloway University 
of London (RHUL). The ICP-AES instrumentation used was a Philips PV8050 emission 
spectrometer and Philips PV8490 ICP source unit and analyses were completed using an aliquot 
of the remaining foraminiferal stock dissolution solution prepared for ICP-MS measurements. 
The 271.44 and 315.89 nm spectral lines were used for Fe and Ca determinations, respectively. 
Because the CaCO3 matrix of the foraminiferal samples resulted in a continuum interference that 
contributed a broad background signal across the Fe spectral lines, Fe intensities (I) were 
corrected, prior to standardization to elemental concentrations, using the following equation: 

 
Fe corrected I = Fe sample I - Fe procedural-blank I - [(Fe I in CaCO3 matrix x Ca sample I)/Ca I in 

CaCO3 matrix)]. 
 
Calibration of corrected intensities to concentrations was subsequently completed using a 

solution of Specpure CaCO3 (200 mg dissolved in 200 ml of 3% HNO3) dosed with a 1 ppm Fe 
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spike. The measurement of drift monitors indicated that the ICP-AES signal response changed by 
less than 3% for major elements and less than 10% for elements at concentrations <10 ppm, 
during sample analysis, such that post collection drift correction was considered unnecessary. 
 
COMMENTS ON PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY AND AGE 
ASSIGNMENT (Supplementary Table 1) 
 

The planktonic foraminiferal biozonation applied at Hole 762C follows Gradstein et al. 
(2012), with some exceptions due to the absence, or diachronous appearance, and/or 
disappearance of some Late Cretaceous subtropical biostratigraphic markers at midhigh 
latitudes (Huber, 1992; Petrizzo, 2003). Following Petrizzo (2000), we used the Turonian–
Coniacian Falsotruncana maslakovae and Marginotruncana marianosi Zones because of the 
rarity of the subtropical marker species Marginotruncana schneegansi and the rarity and/or 
delayed appearance of Dicarinella concavata at Exmouth Plateau. The late Campanian 
Gublerina rajagopalani Zone at mid-latitudes replaces the tropical Radotruncana calcarata 
Zone. Petrizzo (2003) and Petrizzo et al. (2011) demonstrated that the base of the G. 
rajagopalani Zone at Exmouth Plateau is almost coeval with the base of the R. calcarata Zone in 
the tropics. 

Different biostratigraphic markers have been used to define the late Campanian–
Maastrichtian biozonation at Hole 762C: Zepeda (1998) recognized an early Maastrichtian 
Contusotruncana contusa Zone, based on the occurrence of Abathomphalus intermedius, despite 
the absence of C. contusa in this stratigraphic interval, whereas Campbell et al. (2004) identified 
a series of other primary (appearance of Heterohelix semicostata and Gublerina cuvillieri and 
disappearance of H. semicostata and Globotruncana linneiana) and secondary (appearance of 
Globotruncanella havanensis and Planoglobulina riograndensis) bioevents. As the lowest 
occurrence of G. havanensis is constrained by magnetostratigraphy and usually recorded close to 
the top of the magnetic Chron 33N (Petrizzo, 2003; Gradstein et al., 2012), it can be considered 
roughly synchronous worldwide and appears to be the most useful event for correlations among 
low- and high-latitude sites. Consequently, we here identify a Globotruncanella havanensis Zone 
as the stratigraphic interval between the lowest occurrence of the nominate marker species (as 
recorded by Campbell et al., 2004) and of Abathomphalus mayaroensis (as recorded by Zepeda, 
1998). 

At Hole 762C, the Cenomanian/Turonian boundary is placed at 813.61 m, calculated as 
the average depth between the disappearance of the late Cenomanian planktonic foraminiferal 
Rotalipora cushmani (817.30 m) and the appearance of the Turonian calcareous nannofossil 
Quadrum gartneri (809.93 m) according to Kennedy et al. (2005) and Gradstein et al. (2012). 
The Turonian/Coniacian boundary is presently not defined by a GSSP and we approximate the 
boundary by calculating the average depth (796.32 m) between the appearance of the planktonic 
foraminifera Falsotruncana maslakovae (802.55 m) that falls in the Turonian, and its 
disappearance (790.10 m) that falls in the Coniacian, according to the age calibration by Petrizzo 
(2003). The Coniacian/Santonian boundary is placed at the lowest occurrence of the planktonic 
foraminifera Globotruncana linneiana pill-box specimens (780.42 m), in agreement with 
Lamolda et al. (2014). This event slightly precedes (by 30 cm) the appearance of the planktonic 
foraminifera Dicarinella asymetrica at Hole 762C (Petrizzo, 2000). The Santonian/Campanian 
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boundary is located at the extinction of D. asymetrica, which is coeval with the base of the 
magnetic chron C33R (Robaszynski et al., 1998; Gradstein et al., 2012). The position of the 
Campanian/Maastrichtian boundary follows Thibault et al. (2012). 
 
ASSESSMENT OF DOWNHOLE BURIAL DIAGENETIC ALTERATION OF 
FORAMINIFERA USING ELEMENTAL DATA 
 

Analysis of foraminiferal stable-isotope ratios potentially can yield more detailed 
paleoceanographic information than that attained from fine-fraction samples. However, 
foraminiferal primary isotopic ratios might be biased by diagenetic alteration, especially when 
the chemical properties of the post-depositional pore waters differ substantially from the 
seawater from which the tests were originally secreted. 

The elements magnesium (Mg), manganese (Mn), iron (Fe) and strontium (Sr) are those 
most frequently used as tracers of diagenesis (Pingitore, 1978; Veizer, 1983; Marshall, 1992; 
Price et al., 1998; Pena et al., 2008; Wendler et al., 2012). In simple terms, the incorporation of a 
minor or trace element into a CaCO3 mineral is determined by the element to Ca molar ratio in 
the ambient fluid, and the particular partition coefficient (Dx) for that element and precipitating 
CaCO3 phase (aragonite, high- or low-Mg calcite): 

(mx/mCa)CaCO3 = Dx(mx/mCa)fluid, 
where mx and mCa are the concentrations of element X and Ca, in the CaCO3 and fluid phases, 
respectively. When Dx values are greater than 1 (e.g., Fe and Mn; see Veizer, 1983; Dromgoole 
and Walter, 1990), the mineral phase will include higher concentrations of the element, relative 
to Ca, than the fluid from which the solid precipitated. The opposite is true for Dx values less 
than 1 (e.g., Sr and Mg; see Veizer, 1983; Morse and Bender, 1990). Also, the greater the 
deviation of Dx from unity, the stronger the enrichment or depletion of trace-element 
incorporation. 

In summary, with all other parameters being equal, the greater the compositional 
difference between depositional and diagenetic environments and the more that Dx deviates from 
unity, the more profound is the repartitioning of tracer elements in any secondary calcite. 
Furthermore, divalent Fe and Mn occur at high concentrations in reducing pore fluids following 
decomposition of sedimentary organic carbon by Mn and Fe reduction reactions and are 
particularly useful for assessing diagenetic alteration under reducing conditions due to their high 
Dx values. For example, Fe concentrations higher than 1000 ppm (Anderson et al., 1994; 
Ditchfield et al., 1994) were used as a cut-off to identify diagenetically altered samples. 

However, complications in the interpretation of elemental data are introduced by the fact 
that additional factors, other than diagenetic alteration, might modify the concentrations of trace 
elements into foraminiferal test calcite. For instance, studies confirmed earliest observations 
(e.g., Savin and Douglas, 1973) that Mg incorporation into planktonic (e.g., Lea et al., 1999, 
Elderfield and Ganssen, 2000, and references therein) and benthic (Lear et al., 2000) 
foraminiferal test calcite occurs as a temperature-dependent partitioning during calcification, and 
the Mg/Ca ratio is currently used as a proxy to trace seawater paleotemperatures (e.g., 
Lowenstein and Hönisch, 2012). 

Within Hole 762C, foraminiferal Mg concentrations exhibit little overall differences 
between planktonic (range is 916–2175 ppm, mean = 1545 ppm) and benthic taxa (range is 645–
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2110 ppm, mean = 1208 ppm) (Supplementary Figure 1 and Supplementary Table 3). Sr 
concentrations in foraminifera also are very similar in planktonic (range is 599–1265 ppm, mean 
= 880 ppm) and benthic (range is 569–1176 ppm, mean = 872 ppm) taxa. The same similarity 
can be seen for Mn concentrations in planktonic (range is 104–2339 ppm, mean = 635 ppm) and 
benthic (range is 86–2522 ppm, mean = 640 ppm) foraminifera and also for Fe concentrations in 
planktonic (range is 183–2494 ppm, mean = 1338 ppm) and benthic foraminifera (range is 337–
2153 ppm, mean = 1245 ppm). A significant increase in foraminiferal elemental concentrations 
occurs near the base of the calcareous interval recovered in Hole 762C, initially between ~770 
and ~810 mbsf, for Mg (~1000 ppm to ~1400 ppm) and Mn (~100 ppm to ~600 ppm) data. Mg 
and Mn concentrations then rapidly increase to ~2100 ppm and ~2500 ppm, respectively, below 
~810 mbsf. 

It has been recognized that foraminiferal trace-element incorporation show high inter-
specific (e.g., Emiliani, 1955; Elderfield et al., 1982) and intra-specific variability and might 
vary during ontogeny (Elderfield et al., 2002; Anand and Elderfield, 2005; Sadekov et al., 2005; 
Bentov and Erez, 2006; Pena et al., 2008; Dueñas-Bohórquez et al., 2011). However, several 
studies indicate that the magnitude in elemental variability due to these inter- and intra-specific 
differences is lower than that resulting from diagenetic alteration (Elderfield et al., 1982; Kozdon 
et al., 2013). Therefore, samples containing either mixed planktonic or benthic species should 
not unduly bias the elemental data set presented in this study, when considered in the context of 
assessing downhole diagenetic alteration. Following the discussion of partition-coefficient theory 
above, diagenetic alteration of foraminifera should result in a depletion of ‘marine’ Mg and Sr 
concentrations and an enrichment of Mn and Fe (under reducing conditions) in authigenic 
calcite. 

The small differences in magnitude of planktonic and benthic foraminiferal elemental 
data could support the notion that the sedimentary components from this hole have been subject 
to burial diagenesis and homogenization of any independent geochemical signals. However, Mg 
concentrations generally are higher in planktonic foraminifera than in coeval benthic taxa, 
suggesting that aspects of a primary climatic signal is preserved, with the higher planktonic 
foraminiferal Mg concentrations consistent with precipitation of the tests in warmer waters than 
the co-existing benthic taxa. Also, it is possible that the small differences in Hole 762C 
planktonic and benthic foraminiferal Mg-concentration data record reduced vertical temperature 
stratification at high latitudes in the mid- to Late Cretaceous oceans (Huber et al., 1995, 2002; 
Linnert et al., 2014). 

Sr concentrations generally decrease in magnitude with increased burial depth in Hole 
762C. The increase in Sr concentrations with depth in Hole 762C pore waters (De Carlo, 1992) is 
consistent with burial recrystallization models for calcareous sediments (e.g., Elderfield et al., 
1982; Richter and Liang, 1993). The lowest foraminiferal Sr concentrations observed below 
~790 mbsf are consistent with textural observations that indicate the recrystallization of most 
foraminifera specimens in this interval. 

Foraminiferal Mn values attain a peak value at ~820 mbsf in Hole 762C. It is plausible 
that high Mn concentrations at ~820 mbsf simply reflect terrigenous contamination due to the 
close proximity of this locality to a terrigenous sediment source, an effect similar to that 
recognized by Emiliani (1955) for Recent foraminifera. However, these data are also consistent 
with a foraminiferal Mn enrichment resulting from the early diagenetic alteration of underlying 
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organic-carbon-rich sediments. In fact, deltaic claystones recovered below ~840 mbsf in Hole 
762C are enriched in organic carbon, relative to overlying calcareous sediments (Rullkötter et al., 
1992), such that the early diagenetic alteration of this material would have liberated Mn2+ to 
anoxic pore waters. Fe2+ should also readily be incorporated into any authigenic carbonate 
minerals when sufficient HCO3

- is available in pore waters, since pore-water divalent Fe is 
derived from Fe3+ reduction during early diagenesis. However, only a small Fe enrichment is 
evident in foraminiferal samples between ~810 and ~820 mbsf. When the degradation of 
sedimentary organic carbon is by sulfate reduction during early diagenesis, one product of this 
reaction is hydrogen sulphide (H2S) that combines with Fe2+ and elemental sulfur to precipitate 
authigenic pyrite (FeS2) minerals (e.g., Gieskes, 1981). Abundant framboidal pyrite was 
identified in the coarse-fraction samples used for selection of foraminiferal specimens from cores 
74X to bottom by X-ray diffraction analyses (Wilkens et al., 1992). These observations therefore 
support an interpretation that early diagenetic alteration of the sedimentary organic carbon 
identified below ~840 mbsf in Hole 762C had proceeded to the sulfate-reduction phase. 

The increase in Hole 762C foraminiferal Mg concentrations between ~810 and ~820 
mbsf warrants an additional explanation, because partition-coefficient theory predicts a depletion 
of ‘marine’ Mg concentrations in secondary calcite. This anomaly is exacerbated by the fact that 
pore-water Mg concentrations decrease with increasing burial depth in Hole 762C (De Carlo, 
1992). An alternative mechanism is therefore required in order to explain the elevation of Mg 
concentrations in foraminifera. Indeed, one consequence of the decomposition of organic matter 
during early diagenesis is the accumulation of high concentrations of NH4

+ in pore waters (cf. 
Froelich et al., 1979). Subsequently, high NH4

+ concentrations drive displacement of Mg2+ from 
clay minerals by ion-exchange processes, which results in a dissolved Mg maximum in ambient 
porewaters (Gieskes, 1981; von Breymann et al., 1990). It is noteworthy that wire-line logging 
geochemical data (Pratson et al., 1992) indicate an increased siliciclastic content in cores 75X to 
bottom, coincident with the higher Mg concentrations in foraminifera. In addition, the formation 
of Mg2+CO3

2- complexes in anoxic porewaters containing high levels of dissolved total carbon 
dioxide significantly reduces the free Mg2+ concentration and results in desorption of Mg from 
solid surfaces to enable re-equilibration of adsorbed Mg2+ with dissolved species (von Breymann 
et al., 1990). Furthermore, since Mg2+ complexation by carbonate in anoxic environments is 
initially compensated by the loss of sulfate, a significant increase in porewater Mg2+ 
concentrations can occur in sulfate-depleted systems (von Breymann et al., 1990). Therefore, the 
identification of authigenic pyrite in those cores that contain foraminiferal Mg enrichments 
further indicates that sulfate reduction occurred in these sediments and elevated the pore-water 
Mg2+ concentrations. Consequently, either or both of the aforementioned Mg2+ release 
mechanisms resulted in rapid precipitation of Mg in authigenic carbonates in pore waters of high 
alkalinity, the latter also resulting from HCO3

- enhancement during the early diagenetic 
breakdown of sedimentary organic carbon. 

In summary, the early diagenetic alteration of sedimentary organic carbon in the deltaic 
claystones recovered below ~840 mbsf (Haq et al., 1990) likely resulted in an upward diffusion 
of reaction products, namely Mg2+, Mn2+ and Fe2+, with the former two species precipitated in 
authigenic carbonates and the latter predominantly as authigenic pyrite. 

Elemental concentrations (Mg, Mn and Fe) of foraminifera at Hole 762C (from 810 mbsf 
to the top of the interval examined) are surprisingly similar to Turonian glassy-preserved 
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specimens from Tanzania (see Wendler et al., 2012), with the exception of Sr, whose 
concentration is sometimes lower at Hole 762C. Similarly, values obtained at Hole 762C (from 
810 mbsf to the top of the interval examined) appear significantly close to values measured for 
Recent foraminifera (Sr: ~1000–2000 ppm and Mg: ~1000–10000 ppm e.g., Emiliani, 1955; 
Savin and Douglas, 1973; Morrison and Brand, 1986; Dueñas-Bohórquez et al., 2011). These 
geochemical data are consistent with the evidence from foraminiferal visual observation under 
the light microscope and SEM that indicate a good to very good preservation of specimens from 
above 810 mbsf. The slight increase of Hole 762C foraminiferal Mg and Mn concentrations 
between ~770 and ~810 mbsf suggests that primary isotopic values in this interval may also have 
been compromised to some degree. For these reasons, foraminifera for stable-isotope ratio 
analyses were carefully selected among the best preserved specimens in each sample. 

Because of the low Sr and very high Mn concentrations that confirm significant 
recrystallization in the basal portion (between 810 and 820 mbsf) of the calcareous sedimentary 
interval recovered in Hole 762C, we consider isotopic data derived from sediments of this 
interval suspect and the veracity of primary isotopic values questionable. Consequently, the 
geochemical data obtained from sediments below ~810 mbsf in Hole 762C cannot be used for 
interpretation of mid- to Late Cretaceous oceanographic and climatic change. 

Furthermore, diagenetic alteration across this stratigraphic interval is supported by the 
overlapping 13C isotopic signals shown by benthic and planktonic species (i.e., benthic 
foraminifera yield higher 13C values than planktonic species in several samples below 820 
mbsf, see Supplementary Fig. 2), confirming diagenetic overprinting of primary signal in these 
basal carbonate sediments recovered from Hole 762C. Therefore, we retain that the fine fraction 
+3‰ positive excursion observed below 810 mbsf (Supplementary Fig. 2) does not represent the 
typical latest Cenomanian geochemical expression of the Oceanic Anoxic Event 2 (Jenkyns et 
al., 1994; Jarvis et al., 2006, among others). 
 
REFERENCES CITED 
 
Anand, P., and Elderfield, H., 2005, Variability of Mg/Ca and Sr/Ca between and within the 

planktonic foraminifers Globigerina bulloides and Globorotalia truncatulinoides: 
Geochemistry Geophysics Geosystems, v. 6, no. 11, p. Q11D15, 
doi:10.1029/2004GC000811. 

Anderson, T.F., Popp, B.N., Williams, A.C., Ho, L.-Z., and Hudson, J.D., 1994, The stable 
isotopic records of fossils from the Peterborough Member, Oxford Clay Formation, Jurassic, 
UK: palaeoenvironmental implications: Journal of the Geological Society, v. 151, p. 125–
138, doi:10.1144/gsjgs.151.1.0125. 

Bentov, S., and Erez, J., 2006, Impact of biomineralization processes on the Mg content of 
foraminiferal shells: A biological perspective: Geochemistry Geophysics Geosystems, v. 7, 
no. 1, p. Q01P08, doi:10.1029/2005GC001015. 

Bralower, T.J., and Siesser, W.G., 1992, Cretaceous calcareous nannofossil biostratigraphy of 
Sites 761, 762, and 763, Exmouth and Wombat Plateaus, northwestern Australia, in von 
Rad, U., Haq, B.U., et al., eds., Proceedings of the Ocean Drilling Program, Scientific 
Results: College Station, TX (Ocean Drilling Program), v. 122, p. 529–556. 



GSA Data Repository Item 2016139 
Falzoni, F., Petrizzo, M.R., Clarke, L.J., MacLeod, K.G., and Jenkyns, H.C., 2016, Long-term Late 
Cretaceous carbon- and oxygen-isotope trends and planktonic foraminiferal turnover: A new record from 
the southern mid-latitudes: GSA Bulletin, doi:10.1130/B31399.1. 
 

Page 8 of 12 

Campbell, R.J., Howe, R.W., and Rexilius, J.P., 2004, Middle Campanian–lowermost 
Maastrichtian nannofossil and foraminiferal biostratigraphy of the northwestern Australian 
margin: Cretaceous Research, v. 25, p. 827–864, doi:10.1016/j.cretres.2004.08.003. 

De Carlo, E.H., 1992, Geochemistry of pore water and sediments recovered from the Exmouth 
plateau, in Rad, U., Haq, B.U., et al., eds., Proceedings of the Ocean Drilling Program, 
Scientific Results, Ocean Drilling Program: College Station, TX (Ocean Drilling Program), 
v. 122, p. 295–308. 

Ditchfield, P.W., Marshall, J.D., and Pirrie, D., 1994, High latitude palaeotemperature variation: 
new data from the Tithonian to Eocene of James Ross Island, Antarctica: Palaeogeography, 
Palaeoclimatology, Palaeoecology, v. 107, p. 79–101, doi:10.1016/0031-0182(94)90166-X. 

Dromgoole, E.L., and Walter, L.M., 1990, Iron and manganese incorporation into calcite: effects 
of growth kinetics, temperature and solution chemistry: Chemical Geology, v. 81, p. 311–
336, doi:10.1016/0009-2541(90)90053-A. 

Dueñas-Bohórquez, A., Da Rocha, R.E., Kuroyanagi, A., De Nooijer, L.J., Bijma, J., and 
Reichart, G.J., 2011, Interindividual variability and ontogenetic effects on Mg and Sr 
incorporation in the planktonic foraminifer Globigerinoides sacculifer: Geochimica et 
Cosmochimica Acta, v. 75, no. 2, p. 520–532, doi:10.1016/j.gca.2010.10.006. 

Elderfield, H., Gieskes, J.M., Baker, P.A., Oldfield, R.K., Hawkesworth, C.J., and Miller, R., 
1982, 87Sr/86Sr and 18O/16O ratios, interstitial water chemistry and diagenesis in deep-sea 
carbonate sediments of the Ontong Java Plateau: Geochimica et Cosmochimica Acta, v. 46, 
p. 2259–2268, doi:10.1016/0016-7037(82)90199-5. 

Elderfield, H., and Ganssen, G., 2000, Past temperature and 18O of surface ocean waters 
inferred from foraminiferal Mg/Ca ratios: Nature, v. 405, p. 442–445, 
doi:10.1038/35013033. 

Elderfield, H., Vautravers, M., and Cooper, M., 2002, The relationship between shell size and 
Mg/Ca, Sr/Ca, 18O, and 13C of species of planktonic foraminifera: Geochemistry 
Geophysics Geosystems, v. 3, no. 8, doi:10.1029/2001GC000194. 

Emiliani, C., 1955, Mineralogical and chemical composition of the tests of certain pelagic 
foraminifera: Micropaleontology, v. 1, p. 377–380, doi:10.2307/1484483. 

Froelich, P.N., Klinkhammer, G.P., Bender, M.L., Luedtke, N.A., Heath, G.R., Cullen, D., 
Dauphin, P., Hammond, D., Hartman, B., and Maynard, V., 1979, Early oxidation of organic 
matter in pelagic sediments of the eastern equatorial Atlantic: suboxic diagenesis: 
Geochimica et Cosmochimica Acta, v. 43, p. 1075–1090, doi:10.1016/0016-7037(79)90095-
4. 

Galbrun, B., 1992, Magnetostratigraphy of upper Cretaceous and lower Tertiary sediments, sites 
761 and 762, Exmouth Plateau, northwest Australia, in von Rad, U., Haq, B.U., et al., eds., 
Proceedings of the Ocean Drilling Program, Scientific Results: College Station, TX (Ocean 
Drilling Program), v. 122, p. 699–716. 

Gieskes, J.M., 1981, Deep-sea drilling interstitial water studies: implications for chemical 
alteration of the oceanic crust, layers I and II, in Warme, J.E., Douglas R.G. and Winterer 
E.L., eds., The Deep Sea Drilling Project: a decade of progress: Tulsa, Oklahoma, Special 
Publication SEPM, v. 32., p. 149–167, doi:10.2110/pec.81.32.0149. 

Gradstein, F.M., Ogg, J.G., Schmitz, M.D., and Ogg, G.M., 2012, The geologic time scale 2012: 
Oxford, UK, Elsevier, 1144 p. 



GSA Data Repository Item 2016139 
Falzoni, F., Petrizzo, M.R., Clarke, L.J., MacLeod, K.G., and Jenkyns, H.C., 2016, Long-term Late 
Cretaceous carbon- and oxygen-isotope trends and planktonic foraminiferal turnover: A new record from 
the southern mid-latitudes: GSA Bulletin, doi:10.1130/B31399.1. 
 

Page 9 of 12 

Haq, B.U., von Rad, U., O’Connell, S., et al., 1990, Proceedings of the Ocean Drilling Program, 
Initial Reports, Volume 122: College Station, TX (Ocean Drilling Program). 

Huber, B.T., 1992, Upper Cretaceous planktic foraminiferal biozonation for the Austral Realm: 
Marine Micropaleontology, v. 20, p. 107–128, doi:10.1016/0377-8398(92)90002-2. 

Huber, B.T., Hodell, D.A., and Hamilton, C.P., 1995, Middle-Late Cretaceous climate of the 
southern high latitudes: Stable isotopic evidence for minimal equator-to-pole thermal 
gradients: Geological Society of America Bulletin, v. 107, p. 1164–1191, doi:10.1130/0016-
7606(1995)107<1164:MLCCOT>2.3.CO;2. 

Huber, B.T., Norris, R.D., and MacLeod, K.G., 2002, Deep-sea paleotemperature record of 
extreme warmth during the Cretaceous: Geology, v. 30, p. 123–126, doi:10.1130/0091-
7613(2002)030<0123:DSPROE>2.0.CO;2. 

Jarvis, I., Gale, A.S., Jenkyns, H.C., and Pearce, M.A., 2006, Secular variation in Late 
Cretaceous carbon isotopes: a new 13C carbonate reference curve for the Cenomanian–
Campanian (99.6–70.6 Ma): Geological Magazine, v. 143, p. 561–608, 
doi:10.1017/S0016756806002421. 

Jenkyns, H.C., Gale, A.S., and Corfield, R.M., 1994, Carbon- and oxygen-isotope stratigraphy of 
the English Chalk and Italian Scaglia and its palaeoclimatic significance: Geological 
Magazine, v. 131, p. 1–34, doi:10.1017/S0016756800010451. 

Kennedy, W.J., Walaszczyk, I., and Cobban, W.P., 2005, The Global Boundary Stratotype 
Section and Point for the base of the Turonian Stage of the Cretaceous: Pueblo, Colorado, 
USA: Episodes, v. 28, p. 93–104. 

Kozdon, R., Kelly, D.C., Kitajima, K., Strickland, A., Fournelle, J.H., and Valley, J.W., 2013, In 
situ 18O and Mg/Ca analyses of diagenetic and planktic foraminiferal calcite preserved in a 
deep‐sea record of the Paleocene‐Eocene thermal maximum: Paleoceanography, v. 28, no. 3, 
p. 517–528, doi:10.1002/palo.20048. 

Lamolda, M.A., Paul, C.R.C., Peryt, D., and Pons, J.M., 2014, The Global Boundary Stratotype 
and Section Point (GSSP) for the base of the Santonian Stage, “Cantera de Margas”, 
Olazagutia, northern Spain: Episodes, v. 37, no. 1, p. 1–13. 

Lea, D.W., Mashiotta, T.A., and Spero, H.J., 1999, Controls on magnesium and strontium uptake 
in planktonic foraminifera determined by live culturing: Geochimica et Cosmochimica Acta, 
v. 63, p. 2369–2379, doi:10.1016/S0016-7037(99)00197-0. 

Lear, C.H., Elderfield, H., and Wilson, P.A., 2000, Cenozoic deep-sea temperatures and global 
ice volumes from Mg/Ca in benthic foraminiferal calcite: Science, v. 287, p. 269–272, 
doi:10.1126/science.287.5451.269. 

Linnert, C., Robinson, S.A., Lees, J.A., Bown, P.N., Pérez-Rodríguez, I., Petrizzo, M.R., 
Falzoni, F., Littler, K., Arz, J.A., and Russell, E.E., 2014, Evidence for global cooling in the 
Late Cretaceous: Nature Communications, v. 5, no. 4194, doi:10.1038/ncomms5194. 

Lowenstein, T.K., and Hönisch, B., 2012, The use of Mg/Ca as a seawater temperature proxy, in 
Ivany, L. and Huber, B.T., eds., Reconstructing Earth’s Deep-Time Climate–The State of 
the Art in 2012: The Paleontological Society Papers, v. 18, p. 85–100. 

Marshall, J.D., 1992, Climatic and oceanographic isotopic signals from the carbonate rock record 
and their preservation: Geological Magazine, v. 129, p. 143–160, 
doi:10.1017/S0016756800008244. 



GSA Data Repository Item 2016139 
Falzoni, F., Petrizzo, M.R., Clarke, L.J., MacLeod, K.G., and Jenkyns, H.C., 2016, Long-term Late 
Cretaceous carbon- and oxygen-isotope trends and planktonic foraminiferal turnover: A new record from 
the southern mid-latitudes: GSA Bulletin, doi:10.1130/B31399.1. 
 

Page 10 of 12 

Morrison, J.O., and Brand, U., 1986, Geochemistry of Recent marine invertebrates: Geoscience 
Canada, v. 13, p. 237–254. 

Morse, J.W., and Bender, M.L., 1990, Partition coefficients in calcite: examination of factors 
influencing the validity of experimental results and their application to natural systems: 
Chemical Geology, v. 82, p. 265–277, doi:10.1016/0009-2541(90)90085-L. 

Pena, L.D., Cacho, I., Calvo, E., Pelejero, C., Eggins, S., and Sadekov, A., 2008, 
Characterization of contaminant phases in foraminifera carbonates by electron microprobe 
mapping: Geochemistry Geophysics Geosystems, v. Q07012, 
doi:10.1029/2008GC0020189(7). 

Petrizzo, M.R., 2000, Upper Turonian-lower Campanian planktonic foraminifera from southern 
mid-high latitudes (Exmouth Plateau, NW Australia): biostratigraphy and taxonomic notes: 
Cretaceous Research, v. 21, p. 479–505, doi:10.1006/cres.2000.0218. 

Petrizzo, M.R., 2003, Late Cretaceous planktonic foraminiferal bioevents in the Tethys and in 
the Southern Ocean record: an overview: Journal of Foraminiferal Research, v. 33, p. 330–
337, doi:10.2113/0330330. 

Petrizzo, M.R., Falzoni, F., and Premoli Silva, I., 2011, Identification of the base of the lower-to-
middle Campanian Globotruncana ventricosa Zone: comments on reliability and global 
correlations: Cretaceous Research, v. 32, p. 387–405, doi: /10.1016/j.cretres.2011.01.010. 

Pingitore, N.E., Jr., 1978, The behaviour of Zn2+ and Mn2+ during carbonate diagenesis: theory 
and applications: Journal of Sedimentary Petrology, v. 48, p. 799–814. 

Pratson, E.L., Golovchenko, X., and Broglia, C., 1992, Data Report: Geochemical results from 
wireline logs at Sites 761, 762 and 764 in von Rad, U., Haq, B.U., et al., eds., Proceedings 
of the Ocean Drilling Program, Scientific Results: College Station, TX (Ocean Drilling 
Program), v. 122, p. 861–879. 

Price, G.D., Sellwood, B.W., Corfield, R.M., Clarke, L., and Cartlidge, J.E., 1998, Isotopic 
evidence for palaeotemperatures and depth stratification of middle Cretaceous planktonic 
foraminifera from the Pacific Ocean: Geological Magazine, v. 135, p. 183–191, 
doi:10.1017/S0016756898008334. 

Richter, F.M., and Liang, Y., 1993, The rate and consequences of Sr diagenesis in deep-sea 
carbonates: Earth and Planetary Science Letters, v. 117, p. 553–565, doi:10.1016/0012-
821X(93)90102-F. 

Robaszynski, F., Gale, A.S., Juignet, P., Amedro, F., and Hardenbol, J., 1998, Sequence 
stratigraphy in the Upper Cretaceous of the Anglo-Paris Basin, exemplified by the 
Cenomanian Stage, in de Graciansky, P.C., et al., eds., Mesozoic and Cenozoic sequence 
stratigraphy of European Mesozoic basins: SEPM (Society for Sedimentary Geology) 
Special Publication, v. 60, p. 363–386, doi:10.2110/pec.98.02.0363. 

Rullkötter, J., Littke, R., Radke, M., Disko, U., Horsfield, B., and Thurow, J., 1992, Petrography 
and geochemistry of organic matter in Triassic and Cretaceous deep-sea sediments from the 
Wombat and Exmouth plateaus and nearby abyssal plains off northwest Australia, in von 
Rad, U., Haq, B.U., et al., eds., Proceedings of the Ocean Drilling Program, Scientific 
Results: College Station, TX (Ocean Drilling Program), v. 122, p. 317–333. 

Sadekov, A.Y., Eggins, S.M., and De Deckker, P., 2005, Characterization of Mg/Ca distributions 
in planktonic foraminifera species by electron microprobe mapping: Geochemistry 
Geophysics Geosystems, p. Q12P06, doi:10.1029/2005GC000973. 



GSA Data Repository Item 2016139 
Falzoni, F., Petrizzo, M.R., Clarke, L.J., MacLeod, K.G., and Jenkyns, H.C., 2016, Long-term Late 
Cretaceous carbon- and oxygen-isotope trends and planktonic foraminiferal turnover: A new record from 
the southern mid-latitudes: GSA Bulletin, doi:10.1130/B31399.1. 
 

Page 11 of 12 

Savin, S.M., and Douglas, R.G., 1973, Stable isotope and magnesium geochemistry of Recent 
planktonic foraminifera from the South Pacific: Geological Society of America Bulletin, 
v. 84, p. 2327–2342, doi:10.1130/0016-7606(1973)84<2327:SIAMGO>2.0.CO;2. 

Thibault, N., Husson, D., Harlou, R., Gardin, G., Galbrun, B., Huret, E., and Minoletti, F., 2012, 
Astronomical calibration of upper Campanian–Maastrichtian carbon isotope events and 
calcareous plankton biostratigraphy in the Indian Ocean (ODP Hole 762C): Implication for 
the age of the Campanian–Maastrichtian boundary: Palaeogeography, Palaeoclimatology, 
Palaeoecology, v. 337–338, p. 52–71, doi:10.1016/j.palaeo.2012.03.027. 

Veizer, J., 1983, Chemical diagenesis of carbonates: theory and application of trace element 
technique, in Arthur, M.A., Anderson, T.F. Kaplan, I.R. Veizer J. and Land L.S., eds., Stable 
Isotopes in Sedimentary Geology: SEPM, Dallas, p. 3.1–3.100. 

von Breymann, M.T., Collier, R., and Suess, E., 1990, Magnesium adsorption and ion exchange 
in marine sediments: a multi-component model: Geochimica et Cosmochimica Acta, v. 54, 
p. 3295–3313, doi:10.1016/0016-7037(90)90286-T. 

Wendler, J.E., Wendler, I., Rose, T., and Huber, B.T., 2012, Using cathodoluminescence 
spectroscopy of Cretaceous calcareous microfossils to distinguish biogenic from early-
diagenetic calcite: Microscopy and Microanalysis, v. 18, no. 6, p. 1313–1321, 
doi:10.1017/S1431927612001353. 

Wilkens, R.H., De Carlo, E.H., and Tribble, J.S., 1992, Data Report: X-Ray bulk mineralogy of 
Exmouth and Wombat Plateau sediments, northwest Australian margin, in von Rad, U., 
Haq, B.U., et al., eds., Proceedings of the Ocean Drilling Program, Scientific Results: 
College Station, TX (Ocean Drilling Program), v. 122, p. 887–896. 

Wonders, A.A.H., 1992, Cretaceous planktonic foraminiferal biostratigraphy, Leg 122, Exmouth 
Plateau, Australia, in von Rad, U., Haq, B.U., et al., eds., Proceedings of the Ocean Drilling 
Program, Scientific Results: College Station, TX (Ocean Drilling Program), v. 122, p. 587–
599. 

Zepeda, M.A., 1998, Planktonic foraminiferal diversity, equitability and biostratigraphy of the 
uppermost Campanian–Maastrichtian, ODP Leg 122, Hole 762C, Exmouth Plateau, NW 
Australia, eastern Indian Ocean: Cretaceous Research, v. 19, p. 117–152, 
doi:10.1006/cres.1997.0097. 



GSA Data Repository Item 2016139 
Falzoni, F., Petrizzo, M.R., Clarke, L.J., MacLeod, K.G., and Jenkyns, H.C., 2016, Long-term Late 
Cretaceous carbon- and oxygen-isotope trends and planktonic foraminiferal turnover: A new record from 
the southern mid-latitudes: GSA Bulletin, doi:10.1130/B31399.1. 
 

Page 12 of 12 

FIGURE CAPTIONS 
 
Supplementary Figure 1. Planktonic and benthic foraminiferal elemental concentration data for 
Hole 762C plotted against stratigraphy. 
 
Supplementary Figure 2. Albian–Santonian fine fraction (<63 m) and foraminiferal carbon-
isotope values for Hole 762C plotted against stratigraphy. The stratigraphic interval with 
uncertain age assignment (according to Wonders, 1992) is indicated by the dark gray area. 
Abbreviations–Ages: Alb—Albian, Cen—Cenomanian. Light gray shaded stratigraphic interval 
indicates stratigraphic interval likely compromised by diagenetic alteration and upward 
migration of 13C-depleted pore fluids (see Supplementary text for explanation). 
 
Supplementary Table 1. List of bio- and magneto-stratigraphic events identified at Hole 762C. 
Abbreviations: LO—lowest occurrence (appearance); HO—highest occurrence (disappearance); 
*—stages according to Gradstein et al. (2012); †—calcareous nannofossil bioevents; §—
magneto- stratigraphic events; #—planktonic foraminiferal bioevents; **—stages according to 
Petrizzo (2003). 
 
Supplementary Table 2. Planktonic and benthic foraminiferal 18O and 13C values obtained at 
Exmouth Plateau; *—stable-isotope data generated at the University of Oxford; †—stable-
isotope data generated at the University of Missouri. 
 
Supplementary Table 3. Planktonic and benthic foraminiferal elemental concentration data (ppm 
× 103) for Hole 762C. 
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LO Micula prinsii† Maastrichtian 762C-43X-4, 145-146 560.46 Thibault et al., 2012

Top Chron C30N§ Maastrichtian 762C-44X-2, 52 566.02 Galbrun, 1992

LO Ceratolithoides kamptneri† Maastrichtian 762C-44X-6, 20-21 571.70 Thibault et al., 2012

LO Micula murus† Maastrichtian 762C-45X-3, 49-50 576.99 Thibault et al., 2012

LO Lithraphidites quadratus† Maastrichtian 762C-46X-1, 20-21 583.20 Thibault et al., 2012

Base Chron C30N§ Maastrichtian 762C-46X-4, 114 588.64 Galbrun, 1992

Top Chron C30R§ Maastrichtian 762C-47X-1, 44 592.94 Galbrun, 1992

Base Chron C30R§ Maastrichtian 762C-47X-2, 101 593.51 Galbrun, 1992

Top Chron C31N§ Maastrichtian 762C-47X-3, 43 595.93 Galbrun, 1992

LO Nephrolithus frequens† Maastrichtian 762C-47X-4, 19-21 597.19 Bralower & Siesser, 1992

Base Chron C31N§ Maastrichtian 762C-47X-4, 112 598.12 Galbrun, 1992

Top Chron C31R§ Maastrichtian 762C-47X-5, 46 598.96 Galbrun, 1992

LO Abathomphalus mayaroensis# Maastrichtian 762C-47X-6, 64-66 600.64 Zepeda, 1998

HO Reinhardtites levis† Maastrichtian 762C-47X-CC, 24-25 602.00 Bralower & Siesser, 1992

Base Chron C31R§ Maastrichtian 762C-48X-7, 30 611.31 Galbrun, 1992

Top Chron C32N§ Maastrichtian 762C-49X-1, 48 611.98 Galbrun, 1992

HO Uniplanarius trifidus† Maastrichtian 762C-49X-2, 112-113 614.12 Thibault et al., 2012

Base Chron C32N§ Campanian 762C-51X-1, 58 631.08 Galbrun, 1992

Top Chron C32R§ Campanian 762C-51X-1, 135 631.87 Galbrun, 1992

HO Eiffellithus eximius† Campanian 762C-51X-5, 9-10 636.60 Thibault et al., 2012

Base Chron C32R§ Campanian 762C-51X-6, 43 638.43 Galbrun, 1992

Top Chron C33N§ Campanian 762C-51X-6, 112 639.13 Galbrun, 1992

LO Globotruncanella havanensis# Campanian** 762C-52X-2, 100-101 642.50 Campbell et al., 2004

LO Quadrum trifidum† Campanian 762C-54X-5, 18-20 665.29 Bralower & Siesser, 1992

LO Gublerina rajagopalani# Campanian** 762C-54X-CC, 30-31 669.00 Petrizzo et al., 2011

LO Quadrum gothicum† Campanian 762C-57X-1, 30-31 687.80 Bralower & Siesser, 1992

Base Chron C33N§ Campanian 762C-58X-6, 22 704.72 Galbrun, 1992

Top Chron C33R§ Campanian 762C-59X-1, 65 707.15 Galbrun, 1992

HO Dicarinella asymetrica# Sant/Camp 762C-62X-5, 7-9 741.09 Petrizzo, 2000

Base Chron C33R§ Sant/Camp 762C-62X-4, 160 741.10 Galbrun, 1992

Top Chron C34N§ Sant/Camp 762C-62X-5, 107 742.07 Galbrun, 1992

LO Broinsonia parca† Campanian 762C-63X-1, 24-25 744.74 Bralower & Siesser, 1992

LO Lucianorhabdus cayeuxii† Coniacian 762C-66X-CC, 28-30 771.96 Bralower & Siesser, 1992

LO Dicarinella asymetrica# Coniacian 762C-69X-1, 6-9 780.00 Petrizzo, 2000

LO Globotruncana linneiana# Con/Sant 762C-69X-1, 42-44 780.42 Petrizzo, 2000

LO Marginotruncana marianosi# not calibrated 762C-70X-CC, 11-13 785.96 Petrizzo, 2000

LO Micula staurophora† Coniacian 762C-70X-CC, 8-10 786.20 Bralower & Siesser, 1992

HO Falsotruncana maslakovae# Coniacian** 762C-71X-1, 8-10 790.10 Petrizzo, 2000

LO Falsotruncana maslakovae# Turonian** 762C-73X-3, 5-7 802.55 Petrizzo, 2000

HO Helvetoglobotruncana helvetica# Turonian 762C-73X-3, 44-47 802.94 Petrizzo, 2000

LO Helvetoglobotruncana helvetica# Turonian 762C-74X-2, 100-102 807.00 Petrizzo, 2000

LO Quadrum gartneri† Turonian 762C-75X-1, 43-45 809.93 Bralower & Siesser, 1992

HO Rotalipora cushmani# Cenomanian 762C-76X-2, 130-131 817.30 Haq et al., 1990

EVENT STAGE* SAMPLE DEPTH 
(mbsf) SOURCE



FALZONI ET AL., SUPPL. TABLE 2

Sample Depth δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O
762C-43X-2, 48-50 cm* 556.48 VG 2.05 -2.02 2.32 -1.91
762C-43X-4,128-130 cm* 560.28 VG 1.91 -2.47 2.05 -2.13 2.08 -2.42 2.19 -2.20
762C-44X-2,147-149 cm* 566.97 VG 2.34 -1.39
762C-44X-6, 63-65 cm* 572.13 VG 2.54 -1.38
762C-45X-2, 67-69 cm* 575.67 VG 2.31 -1.46 2.62 -1.43 2.61 -1.70
762C-45X-5, 58-60 cm* 580.08 VG 2.69 -1.83
762C-46X-2, 76-78 cm* 585.26 VG 2.55 -1.76 2.81 -1.46
762C-47X-2, 106-108 cm* 595.06 VG 2.65 -1.66 2.94 -1.28
762C-47X-5, 57-59 cm* 599.07 VG 2.57 -1.86 2.70 -1.58 2.63 -1.22
762C-48X-2, 7-9 cm* 603.57 VG 2.39 -1.80 2.35 -2.84
762C-48X-6, 55-57 cm* 610.05 VG 2.26 -1.79
762C-49X-2,146-147 cm* 614.46 VG 2.62 -3.02 2.38 -3.06 2.41 -2.93 2.43 -2.80
762C-50X-3, 146-148 cm* 625.46 VG 2.46 -2.28 2.50 -1.94 2.54 -1.61
762C-51X-5, 44-46 cm* 636.94 VG 2.70 -2.24 2.50 -2.64
762C-52X-3, 9-11 cm* 643.09 VG 2.72 -1.76 2.13 -1.72 2.22 -1.61 2.31 -1.50 2.57 -2.82
762C-53X-5, 139-141 cm* 656.89 VG 2.69 -1.63 2.42 -2.11 2.47 -1.82 2.51 -1.54 2.50 -2.22
762C-54X-1, 12-14 cm† 659.12 VG 1.94 -1.55 2.14 -1.36 2.30 -1.03
762C-54x-1, 142-144 cm† 660.42 VG
762C-54X-2, 12-14 cm† 660.73 VG 2.15 -1.61 2.31 -1.52 2.47 -1.42
762c-54x-2, 75-77 cm† 661.36 G
762C-54X-3, 12-14 cm† 662.23 VG 2.58 -1.72
762C-54X-4, 13-15 cm† 663.74 VG 2.44 -2.92 2.53 -2.72 2.62 -2.52
762C-54X-5, 12-14 cm† 665.23 G 2.47 -2.73 2.66 -2.59 2.84 -2.45
762C-54x-5, 161-163 cm† 666.72 G
762C-54X-6, 12-14 cm† 666.97 VG 2.63 -2.11 2.80 -1.76 2.98 -1.41
762C-54x-6, 34-36 cm* 666.48 VG 2.50 -1.36 2.69 -1.32 2.52 -2.44
762C-54X-6, 140-142 cm† 668.25 VG
762C-54X-7, 16-18 cm† 668.51 VG 2.39 -1.21
762C-54X-CC, 30-32 cm† 669.00 G 2.61 -1.72
762C-55X-1, 12-14 cm† 668.62 VG 2.68 -1.88
762C-55X-1, 136-138 cm† 669.86 VG
762C-55X-2, 12-14 cm† 670.12 VG 2.44 -1.75 2.49 -1.71 2.54 -1.67
762C-55X-2, 137-139 cm† 671.37 VG
762C-55X-3, 12-14 cm† 671.62 VG 2.91 -2.10
762C-55X-3, 34-36 cm* 671.84 VG 2.57 -2.74 2.62 -1.69 2.78 -1.63 2.93 -1.58 2.69 -2.79
762C-55X-4, 8-10 cm† 673.08 G 2.57 -1.66
762C-56x-1, 12-14 cm† 678.12 VG
762C-56X-1, 78-80 cm† 678.78 VG 2.39 -2.27 2.50 -1.82 2.61 -1.38
762C-56X-2, 13-15 cm† 679.73 VG 2.16 -1.81 2.37 -1.52 2.59 -1.24 2.33 -1.52
762C-56X-3, 12-14 cm† 681.12 VG 2.33 -2.03 2.50 -1.77 2.66 -1.51
762C-56X-4, 12-14 cm† 682.62 VG 2.54 -2.29 2.60 -2.08 2.66 -1.88
762C-56X-4, 77-79 cm† 683.27 VG
762C-56X-5, 20-22 cm† 684.20 G 2.40 -2.76 2.34 -1.73 2.61 -1.86
762C-56X-6, 10-12 cm* 685.60 G 2.71 -2.86 2.50 -2.50 2.67 -2.14 2.80 -1.83 2.59 -3.13
762C-56X-6, 13-15 cm† 685.63 G 2.43 -2.00 2.58 -1.75 2.71 -1.48
762C-56X-7, 16-18 cm† 687.16 G 2.64 -1.99 2.71 -1.58 2.85 -1.16
762C-57X-1, 81-83 cm† 688.31 VG 2.61 -1.75 2.74 -1.74 2.87 -1.73
762C-57X-1, 140-142 cm† 688.90 G
762C-57X-2, 17-19 cm† 689.17 G 2.39 -2.08 2.64 -1.86 2.90 -1.73
762C-57X-3, 9-11 cm* 690.59 G 2.64 -2.13 2.59 -2.39 2.80 -2.05 2.90 -1.78 2.91 -2.69
762C-57X-3, 33-35 cm† 690.83 VG 2.47 -2.95 2.63 -2.42 2.76 -1.86 2.37 -2.44
762C-57X-CC, 6-8 cm† 691.07 VG 2.58 -1.65 2.58 -1.68
762C-58X-1, 76-78 cm† 697.76 VG 2.30 -2.36 2.61 -2.04 2.81 -1.64
762C-58X-2, 12-14 cm† 698.62 VG 2.44 -2.85 2.57 -2.79 2.70 -2.68
762C-58X-2, 129-131 cm* 699.79 VG 2.60 -3.17 2.74 -3.04 2.78 -2.84 2.82 -2.64
762C-58X-2, 140-142 cm† 699.90 G
762C-58X-3, 79-81 cm† 700.79 G 2.79 -2.42 2.86 -2.24 2.90 -2.01
762C-58X-3, 141-143 cm† 701.41 G 2.49 -3.00 2.76 -2.46 2.95 -2.05
762C-58X-4, 141-143 cm† 702.91 VG 2.60 -2.57 2.73 -2.17 2.88 -1.97
762C-58X-5, 77-79 cm† 703.77 G 2.60 -2.58 2.64 -2.54 2.67 -2.47
762C-58X-6, 2-4 cm† 704.52 G 2.60 -3.06 2.76 -2.80 2.93 -2.36
762C-58X-6, 56-58 cm† 705.06 G
762C-58X-CC, 15-17 cm† 705.33 G 2.58 -2.89 2.75 -2.67 2.88 -2.52
762C-59X-1, 5-7 cm† 706.55 G 2.67 -3.28 2.69 -3.09 2.71 -2.90
762C-59X-1, 70-72 cm† 707.20 G
762C-59X-1, 141-143 cm† 707.90 VG 2.66 -2.66 2.70 -2.23 2.74 -1.90 2.69 -2.63 2.77 -2.44 2.86 -2.34
762C-59X-2, 6-8 cm† 708.06 VG 2.70 -2.86 2.71 -2.36 2.72 -1.91 2.63 -2.50 2.84 -2.21 3.02 -1.91
762C-59X-2, 70-72 cm† 708.70 G
762C-59X-3, 70-72 cm† 710.20 G 2.81 -2.88
762C-59X-4, 60-62 cm† 711.60 G 2.62 -3.65 2.79 -2.59 3.06 -1.99
762C-59X-6, 28-30 cm† 714.28 G 2.80 -2.96 2.93 -2.67 3.10 -2.39 2.59 -3.18 2.80 -2.62 3.01 -2.04
762C-59X-6, 49-51 cm* 714.49 G 2.79 -3.32 2.76 -3.19 2.84 -2.78 2.95 -2.42 3.00 -3.02
762C-59X-CC, 15-17 cm† 714.68 G 2.77 -3.10 2.83 -3.04 2.89 -2.97 2.52 -3.27 2.77 -2.66 2.89 -2.03 2.62 -2.36 2.67 -2.22 2.73 -2.09
762C-60X-2, 6-8 cm† 717.56 G 2.64 -2.97 2.77 -2.67 2.91 -2.35
762C-60X-2, 139-141 cm † 718.89 G 2.44 -3.22 2.62 -2.60 2.87 -2.03
762C-60X-3, 6-8 cm† 719.06 G
762C-60X-3, 8-10 cm* 719.08 G 2.66 -3.53 2.74 -3.19 2.77 -3.05 2.82 -2.90 2.70 -3.09
762C-60X-3, 76-78 cm † 719.76 G 2.56 -3.03 2.70 -2.85 2.89 -2.48 2.57 -2.63 2.72 -2.29 3.09 -1.86
762C-60X-3, 140-142 cm † 720.40 VG 2.52 -2.88 2.62 -2.47 2.79 -2.03 2.49 -2.81 2.65 -2.40 2.83 -1.57 2.44 -2.92 2.53 -2.15 2.70 -1.64 2.46 -3.03
762C-60X-CC, 15-17 cm † 720.64 VG 2.71 -2.89 2.76 -2.73 2.80 -2.57 2.61 -2.78 2.86 -2.25 3.20 -1.63
762C-61X-1, 6-8 cm † 725.56 G 2.70 -3.70 2.74 -3.64 2.78 -3.59 2.50 -3.36 2.65 -2.98 2.83 -2.55
762C-61X-1, 75-77 cm † 726.25 VG 2.51 -3.61 2.65 -3.17 2.79 -2.75
762C-61X-2, 78-80 cm † 727.78 G
762C-61X-2,143-145 cm * 728.43 G 2.63 -3.55 2.55 -3.39 2.63 -3.38 2.71 -3.37
762C-61X-CC, 17-19 cm † 728.64 G 2.31 -3.35 2.59 -2.88 2.72 -1.97
762C-62X-2, 48-50 cm * 736.98 G 2.16 -1.86 2.62 -3.48
762C-62X-2, 70-80 cm † 737.20 G 2.52 -3.35 2.67 -2.98 2.80 -2.44
762C-62X-3, 136-138 cm † 739.36 G 2.62 -3.72
762C-62X-4, 98-100 cm † 740.48 G 2.44 -3.10 2.59 -2.76 2.71 -2.49
762C-62X-5, 7-9 cm† 741.07 G 2.55 -3.56 2.67 -3.54 2.78 -3.52
762C-62X-5, 72-74 cm † 741.72 G 2.52 -3.15 2.61 -2.81 2.64 -2.36
762C-62X-CC, 10-12 cm † 742.70 VG 2.81 -3.63 2.97 -3.25 3.09 -2.98 2.57 -3.49 2.71 -2.91 2.84 -2.36
762C-63X-1, 7-9 cm † 744.57 VG 2.55 -3.41 2.74 -3.12 2.84 -2.74 2.75 -3.35 2.77 -3.04 2.79 -2.73 2.83 -3.48 2.90 -3.22 2.95 -3.02 2.47 -3.83 2.64 -3.02 2.74 -2.13 2.94 -3.34
762C-63X-2, 6-8 cm † 746.06 VG 2.79 -2.79 2.68 -3.50 2.71 -2.93 2.73 -2.60 2.56 -3.52 2.61 -3.05 2.67 -2.18 2.71 -3.30
762C-63X-2, 16-18 cm* 746.16 VG 2.73 -2.92 2.65 -3.33 2.54 -2.00
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762C-63X-2, 45-47 cm † 746.45 VG 2.64 -3.50 2.60 -2.99 2.71 -2.66 2.77 -2.14
762C-64X-1, 18-20 cm † 754.18 VG 2.81 -3.88 2.64 -3.93 2.72 -3.47 2.76 -3.04 2.80 -3.81
762C-64X-1, 96-98 cm* 754.96 VG 2.76 -3.37 2.71 -4.04
762C-64X-2, 67-69 cm † 756.17 VG 2.52 -3.99 2.52 -3.73 2.53 -3.48 2.75 -3.84 2.77 -3.70 2.79 -3.56 2.67 -3.28 2.71 -3.21 2.74 -3.11
762C-64X-2, 92-94 cm* 756.42 VG 2.65 -3.33 2.76 -3.21 2.71 -3.44 2.77 -3.89
762C-64X-2, 135-137 cm † 756.85 G 2.73 -3.16 2.78 -3.14 2.84 -3.11 2.63 -3.58 2.64 -3.22 2.66 -2.87 2.84 -3.67
762C-64X-3, 84-86 cm* 757.84 G 2.68 -3.62 2.75 -3.48 2.82 -3.93
762C-64X-4, 24-26 cm† 758.74 G 2.77 -3.30
762C-64X-4, 38-40 cm* 758.88 VG 2.62 -3.34 2.81 -3.29 2.81 -3.71
762C-64X-CC, 6-8 cm † 759.03 VG 2.47 -4.39 2.79 -3.93 2.80 -3.81 2.81 -3.69
762C-65X-1, 10-12 cm† 760.10 G 2.67 -4.00 2.68 -3.84 2.69 -3.67 2.59 -2.84
762C-65X-CC, 2-4 cm* 760.32 G 2.49 -3.85 2.72 -3.44 2.73 -3.99
762C-66X-1, 64-66 cm † 765.64 G 2.68 -3.56 2.69 -3.36 2.70 -3.24 2.47 -3.50 2.60 -3.20 2.71 -2.85
762C-66X-1, 137-139 cm † 766.37 VG 2.41 -4.10 2.45 -3.75 2.49 -3.41 2.62 -4.34 2.72 -3.88 2.82 -3.42 2.54 -3.88 2.62 -3.55 2.68 -3.10 2.61 -4.06 2.64 -3.58 2.67 -3.04
762C-66X-2, 6-8 cm† 766.56 VG
762C-66X-2, 18-20 cm† 766.68 VG
762C-66X-2, 66-68 cm † 767.16 VG 2.31 -4.33 2.53 -4.03 2.75 -3.72 2.57 -3.31 2.68 -3.22 2.83 -3.10 2.58 -3.63 2.67 -3.32 2.75 -2.99
762C-66X-2,135-137 cm* 767.04 VG 2.57 -3.94 2.77 -3.69 2.61 -4.33 2.75 -4.18
762C-66X-3, 4-6 cm* 767.17 VG 2.57 -3.84 2.81 -3.44 2.67 -4.33
762C-66X-3, 7-9 cm † 768.07 VG 2.56 -3.80 2.67 -3.53 2.80 -3.20 2.85 -3.75 2.69 -3.72 2.70 -3.24 2.73 -2.75
762C-66X-3, 77-79 cm † 768.77 VG 2.80 -4.15 2.55 -3.42 2.71 -3.14 2.83 -2.99 2.57 -3.63 2.62 -3.32 2.74 -2.98
762C-66X-4, 57-59 cm* 768.62 VG 2.53 -4.09 2.72 -3.33 2.71 -3.37 2.70 -4.08
762C-66X-4, 80-82 cm † 770.30 G 2.76 -4.00 2.76 -3.91 2.77 -3.81 2.67 -3.63 2.74 -3.34 2.81 -3.10 2.85 -3.82 2.27 -3.98 2.57 -3.32 2.74 -2.23
762C-66X-5, 14-16 cm† 771.14 VG 2.67 -3.79 2.68 -3.58 2.68 -3.37 2.67 -3.52 2.68 -3.52 2.69 -3.51
762C-66X5, 19-21 cm* 769.42 VG 2.55 -3.59 2.79 -3.25
762C-66X-5, 58-60 cm † 771.58 VG 2.50 -3.88 2.65 -3.71 2.71 -3.58 2.76 -3.60 2.56 -3.65 2.69 -3.20 2.79 -2.74
762C-66X-CC, 23-25 cm † 771.91 VG 2.72 -4.58 2.76 -4.37 2.79 -4.15
762C-67X-1, 16-18 cm† 770.16 VG 2.52 -4.00 2.61 -3.79 2.69 -3.62 2.50 -3.83 2.57 -3.41 2.60 -2.73
762C-67X-1, 27-29 cm* 770.27 VG 2.54 -3.89 2.81 -3.28 2.72 -4.04 2.65 -3.87
762C-67X-CC, 22-24 cm † 770.75 VG 2.61 -3.61 2.68 -3.40 2.81 -3.27 2.63 -3.82 2.65 -3.57 2.68 -3.27
762C-67X-CC, 31-33 cm* 770.84 VG 2.54 -3.96 2.76 -3.36 2.55 -4.18 2.61 -4.18
762C-68X-1, 11-14 cm † 775.11 G 2.54 -3.93 2.72 -3.38 2.88 -2.98 2.62 -3.46 2.68 -3.21 2.74 -2.96
762C-68X-1, 51-53 cm * 775.51 G 2.75 -3.69 2.82 -3.70 2.90 -3.29 2.98 -3.33 2.90 -3.58
762C-68X-1, 71-73 cm † 775.71 G 2.59 -4.20 2.68 -4.11 2.78 -4.06 2.80 -3.90 2.88 -3.77 2.96 -3.63 2.94 -4.17 2.74 -3.45 2.63 -3.05 2.80 -3.79 2.87 -3.74 2.93 -3.68 2.66 -3.57 2.72 -3.45 2.78 -3.32
762C-68X-1, 136-138 cm † 776.36 G 2.65 -4.09 2.94 -4.13 2.97 -3.95 3.00 -3.76 2.59 -4.11 2.82 -3.39 3.09 -2.91 2.91 -3.22 2.91 -3.21 2.92 -3.20 2.92 -3.19 2.95 -3.08 2.99 -2.81 2.83 -3.82 2.85 -3.46 2.85 -2.84
762C-68X-CC, 16-18 cm † 776.66 G 2.85 -3.87 2.85 -3.60 2.85 -3.35 2.84 -3.29 2.92 -3.00 2.99 -2.71
762C-69X-1, 6-8 cm† 780.06 G 2.59 -3.73 2.64 -3.65 2.68 -3.57 2.71 -3.07
762C-69X-1, 42-44 cm † 780.42 G 2.96 -3.84 2.98 -3.74 3.00 -3.64
762C-69X-1, 68-70 cm* 780.68 G 2.89 -3.74 3.23 -3.80 3.18 -3.31 3.24 -3.35
762C-69X-1, 90-92 cm † 780.90 G 2.84 -4.25 2.99 -3.75 3.12 -3.49
762C-69X-2, 6-9 cm † 781.56 G 2.81 -3.94 2.95 -3.93 3.09 -3.92
762C-69X-2, 41-43 cm † 781.91 G 2.94 -4.21 2.97 -4.12 2.99 -4.02 2.84 -3.75 2.93 -3.53 3.09 -3.08
762C-69X-2, 66-68 cm † 782.16 G 2.93 -4.23 2.96 -4.22 2.98 -4.21 2.90 -3.56 2.91 -3.42 2.92 -3.28
762C-69X-CC, 5-7 cmv 782.24 G 3.01 -3.63 3.16 -3.59 3.01 -3.29 3.07 -3.69 3.11 -3.46 3.15 -3.23
762C-70X-1, 40-42 cm* 785.40 G 2.87 -3.30 3.08 -3.48 3.12 -3.06
762C-70X-1, 62-64 cm † 785.62 G 2.90 -4.07 2.92 -4.02 2.93 -3.96
762C-71X-1, 8-10 cm  † 790.08 G 2.64 -4.05 2.72 -4.02 2.79 -3.99 2.46 -3.84 2.74 -3.65 2.85 -3.47
762C-71X-1, 50-52 cm † 790.50 G 2.65 -3.80 2.76 -3.63 2.88 -3.38 2.74 -3.51 2.78 -3.11 2.85 -3.26
762C-71X-1, 69-71 cm* 790.69 G 2.94 -3.19 2.94 -3.02
762C-71X-1, 131-133 cm * 791.31 G 2.68 -3.63 2.87 -3.35 2.89 -3.26
762C-71X-2, 5-7 cm † 791.55 G 2.66 -4.26
762C-71X-2, 51-53 cm † 792.01 VG 2.64 -3.61 2.57 -3.75 2.60 -3.66 2.64 -3.56 2.46 -3.75 2.54 -3.66 2.59 -3.53
762C-71X-2, 84-86 cm* 792.34 VG 2.73 -3.09 2.61 -3.38 2.61 -3.34
762C-71X-2, 122-124 cm † 792.72 G 2.53 -3.79 2.58 -3.61 2.62 -3.42 2.44 -3.49 2.47 -3.42 2.49 -3.34
762C-71X-CC, 29-31 cm* 793.29 G 2.79 -2.97 2.76 -3.44 2.72 -2.95
762C-72X-1, 76-78 cm* 795.76 G 2.60 -3.64 2.69 -3.60 2.73 -3.40
762C-72X-1, 102-104 cm † 796.02 G 2.50 -4.41 2.60 -4.16 2.69 -3.91 2.62 -4.15 2.68 -3.56 2.75 -2.76
762C-72X-2, 5-7 cm* 796.55 G 2.86 -3.52 2.84 -2.69
762C-72X-2, 50-52 cm † 797.00 G 2.59 -4.23 2.65 -3.96 2.71 -3.69 2.53 -4.00 2.63 -3.88 2.72 -3.75
762C-72X-2, 90-92 cm* 797.40 G 2.42 -3.57 2.61 -3.75 2.64 -3.39 2.62 -3.27
762C-73X-1, 12.5-14.5 cm † 799.63 G 2.19 -3.18 2.27 -3.06 2.32 -2.93
762C-73X-2, 76-78 cm † 801.76 G 2.39 -3.29 2.41 -3.26 2.43 -3.23
762C-73X-2, 108-110 cm* 802.08 G 2.54 -3.33 2.53 -2.94 2.48 -3.20 2.52 -2.81
762C-73X-2, 125-128 cm † 802.25 G 2.36 -3.30 2.32 -3.41 2.36 -3.30 2.39 -3.19
762C-73X-3, 5-7 cm † 802.55 G 2.15 -4.06 2.28 -4.44 2.32 -3.85 2.39 -3.55
762C-73X-3, 44-47 cm † 802.94 G 2.09 -4.00 2.15 -3.94 2.20 -3.88 2.20 -4.47 2.22 -4.30 2.24 -4.12
762C-73X-3, 59-61 cm* 803.09 G 2.24 -3.53 1.91 -3.18 2.29 -3.65 2.15 -3.45 2.23 -3.61
762C-73X-CC, 15-17 cm † 803.30 M 2.24 -3.85 2.22 -3.77
762C-74X-1, 24-26 cm* 804.74 M 2.39 -3.61 2.13 -3.69 2.48 -3.45 2.37 -3.60 2.50 -3.45 2.42 -3.12
762C-74X-2, 30-32 cm † 806.30 P 2.33 -3.52 2.42 -3.49 2.51 -3.46
762C-74X-2, 100-102 cm † 807.00 M 2.31 -3.02 2.40 -2.98 2.49 -2.93
762C-75X-1, 142-144 cm* 810.92 M 2.17 -3.89 2.13 -4.15 2.24 -4.07 2.35 -3.99
762C-75X-2, 31-33 cm* 811.31 P 2.06 -3.39 2.16 -3.25 2.25 -3.10 2.21 -3.00 2.27 -2.91 2.33 -2.82 1.99 -2.88 2.10 -2.81 2.21 -2.74
762C-75X-3, 58-60 cm* 813.08 P 1.40 -2.96 1.41 -2.93 1.52 -2.78 1.63 -2.64 1.25 -2.32
762C-76X-1, 9-11 cm* 814.59 P 1.59 -3.43 1.74 -3.08
762C-76X-2, 30-32 cm* 816.30 P 1.32 -3.17 1.39 -2.79
762C-76X-3, 54-56 cm* 818.04 P 1.05 -3.89 1.03 -3.62 1.06 -3.77
762C-76X-4, 95-97 cm* 819.95 P 1.20 -4.10
762C-77X-2, 76-78 cm* 821.76 P 0.36 -2.83 -0.24 -3.05 -0.06 -3.00
762C-77X-4, 100-101 cm* 825.00 P 0.26 -2.74 -0.41 -2.40 -1.22 -2.82 -0.04 -2.64
762C-77X-6, 58-60 cm* 827.58 P -0.75 -2.70
762C-78X-1, 20-22 cm* 829.20 P
762C-78X-1, 77-79 cm* 829.77 P
762C-78X-1, 145-147 cm* 830.45 P
762C-78X-2, 30-32 cm* 830.80 P
762C-78X-2, 69-71 cm* 831.19 P
762C-78X-CC, 0-1 cm* 831.79 P

* University of Oxford
† University of Missouri
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Sample Depth
762C-43X-2, 48-50 cm* 556.48 VG
762C-43X-4,128-130 cm* 560.28 VG
762C-44X-2,147-149 cm* 566.97 VG
762C-44X-6, 63-65 cm* 572.13 VG
762C-45X-2, 67-69 cm* 575.67 VG
762C-45X-5, 58-60 cm* 580.08 VG
762C-46X-2, 76-78 cm* 585.26 VG
762C-47X-2, 106-108 cm* 595.06 VG
762C-47X-5, 57-59 cm* 599.07 VG
762C-48X-2, 7-9 cm* 603.57 VG
762C-48X-6, 55-57 cm* 610.05 VG
762C-49X-2,146-147 cm* 614.46 VG
762C-50X-3, 146-148 cm* 625.46 VG
762C-51X-5, 44-46 cm* 636.94 VG
762C-52X-3, 9-11 cm* 643.09 VG
762C-53X-5, 139-141 cm* 656.89 VG
762C-54X-1, 12-14 cm† 659.12 VG
762C-54x-1, 142-144 cm† 660.42 VG
762C-54X-2, 12-14 cm† 660.73 VG
762c-54x-2, 75-77 cm† 661.36 G
762C-54X-3, 12-14 cm† 662.23 VG
762C-54X-4, 13-15 cm† 663.74 VG
762C-54X-5, 12-14 cm† 665.23 G
762C-54x-5, 161-163 cm† 666.72 G
762C-54X-6, 12-14 cm† 666.97 VG
762C-54x-6, 34-36 cm* 666.48 VG
762C-54X-6, 140-142 cm† 668.25 VG
762C-54X-7, 16-18 cm† 668.51 VG
762C-54X-CC, 30-32 cm† 669.00 G
762C-55X-1, 12-14 cm† 668.62 VG
762C-55X-1, 136-138 cm† 669.86 VG
762C-55X-2, 12-14 cm† 670.12 VG
762C-55X-2, 137-139 cm† 671.37 VG
762C-55X-3, 12-14 cm† 671.62 VG
762C-55X-3, 34-36 cm* 671.84 VG
762C-55X-4, 8-10 cm† 673.08 G
762C-56x-1, 12-14 cm† 678.12 VG
762C-56X-1, 78-80 cm† 678.78 VG
762C-56X-2, 13-15 cm† 679.73 VG
762C-56X-3, 12-14 cm† 681.12 VG
762C-56X-4, 12-14 cm† 682.62 VG
762C-56X-4, 77-79 cm† 683.27 VG
762C-56X-5, 20-22 cm† 684.20 G
762C-56X-6, 10-12 cm* 685.60 G
762C-56X-6, 13-15 cm† 685.63 G
762C-56X-7, 16-18 cm† 687.16 G
762C-57X-1, 81-83 cm† 688.31 VG
762C-57X-1, 140-142 cm† 688.90 G
762C-57X-2, 17-19 cm† 689.17 G
762C-57X-3, 9-11 cm* 690.59 G
762C-57X-3, 33-35 cm† 690.83 VG
762C-57X-CC, 6-8 cm† 691.07 VG
762C-58X-1, 76-78 cm† 697.76 VG
762C-58X-2, 12-14 cm† 698.62 VG
762C-58X-2, 129-131 cm* 699.79 VG
762C-58X-2, 140-142 cm† 699.90 G
762C-58X-3, 79-81 cm† 700.79 G
762C-58X-3, 141-143 cm† 701.41 G
762C-58X-4, 141-143 cm† 702.91 VG
762C-58X-5, 77-79 cm† 703.77 G
762C-58X-6, 2-4 cm† 704.52 G
762C-58X-6, 56-58 cm† 705.06 G
762C-58X-CC, 15-17 cm† 705.33 G
762C-59X-1, 5-7 cm† 706.55 G
762C-59X-1, 70-72 cm† 707.20 G
762C-59X-1, 141-143 cm† 707.90 VG
762C-59X-2, 6-8 cm† 708.06 VG
762C-59X-2, 70-72 cm† 708.70 G
762C-59X-3, 70-72 cm† 710.20 G
762C-59X-4, 60-62 cm† 711.60 G
762C-59X-6, 28-30 cm† 714.28 G
762C-59X-6, 49-51 cm* 714.49 G
762C-59X-CC, 15-17 cm† 714.68 G
762C-60X-2, 6-8 cm† 717.56 G
762C-60X-2, 139-141 cm † 718.89 G
762C-60X-3, 6-8 cm† 719.06 G
762C-60X-3, 8-10 cm* 719.08 G
762C-60X-3, 76-78 cm † 719.76 G
762C-60X-3, 140-142 cm † 720.40 VG
762C-60X-CC, 15-17 cm † 720.64 VG
762C-61X-1, 6-8 cm † 725.56 G
762C-61X-1, 75-77 cm † 726.25 VG
762C-61X-2, 78-80 cm † 727.78 G
762C-61X-2,143-145 cm * 728.43 G
762C-61X-CC, 17-19 cm † 728.64 G
762C-62X-2, 48-50 cm * 736.98 G
762C-62X-2, 70-80 cm † 737.20 G
762C-62X-3, 136-138 cm † 739.36 G
762C-62X-4, 98-100 cm † 740.48 G
762C-62X-5, 7-9 cm† 741.07 G
762C-62X-5, 72-74 cm † 741.72 G
762C-62X-CC, 10-12 cm † 742.70 VG
762C-63X-1, 7-9 cm † 744.57 VG
762C-63X-2, 6-8 cm † 746.06 VG
762C-63X-2, 16-18 cm* 746.16 VG

P
re

se
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at
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n

δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O
2.52 -1.63 2.22 -2.41 1.83 -1.87 1.71 -1.26 2.58 -1.99 1.29 -0.97

2.30 -1.99 2.49 -2.28 2.03 -2.17 1.78 -1.71 1.76 -1.79 2.47 -1.93 1.08 -0.81
2.50 -2.15 2.11 -1.23 2.15 -1.17 2.68 -1.66 1.47 -0.38

2.54 -1.38 2.63 -1.91 2.22 -1.38 2.08 -1.00 2.73 -1.49 1.27 -0.19
2.69 -1.61 2.32 -1.09 2.03 -1.37 2.59 -1.24 1.55 -0.68

3.17 -1.73 2.88 -1.84 2.35 -1.36 2.09 -2.08 2.23 -1.62 2.37 -1.16 2.87 -1.67 1.68 -0.27
2.52 -1.74 2.27 -1.40 2.19 -1.91 2.84 -0.95 1.69 -0.89
2.69 -2.19 2.22 -1.47 2.15 -1.31 1.39 -0.58

2.57 -1.96 2.62 -1.87 2.67 -1.79 2.22 -0.93 1.37 -0.69
2.30 -2.37 2.33 -2.26 2.37 -2.15 2.03 -1.59 1.71 -1.91 1.32 -1.30
2.30 -2.25 2.34 -1.99 2.37 -1.73 1.83 -1.27 1.20 -0.68
2.30 -3.19 2.33 -3.05 2.37 -2.92 1.19 -1.03
2.43 -2.16 2.44 -2.01 2.45 -1.86 2.11 -2.34 1.44 -1.23

2.56 -3.71 1.47 -1.71
2.50 -1.95 2.56 -1.85 2.62 -1.75 1.55 -1.29
2.50 -1.53 2.51 -1.29 2.53 -1.05 1.43 -1.17
2.24 -1.87 2.40 -1.58 2.55 -1.19 2.06 -1.56

0.89 -0.19
2.61 -2.55 2.22 -2.79 2.34 -2.06 2.45 -1.48 1.94 -1.16

1.05 -0.18
2.76 -2.00 2.42 -2.33 2.47 -1.95 2.53 -1.72 1.02 -0.90

2.28 -3.31 2.43 -2.86 2.54 -2.26 2.20 -2.43
2.60 -2.44 2.62 -2.18 2.65 -1.94 2.26 -2.33 1.14 -0.60

1.16 -0.09
2.93 -2.49 2.41 -3.27 2.71 -2.34 2.97 -1.66 2.35 -1.54

2.62 -1.46 2.72 -1.42 2.82 -1.39 1.33 -0.50
1.07 0.24

2.93 -1.73 2.51 -2.31 2.69 -2.12 2.76 -1.96 2.35 -1.97
1.27 -0.33

2.65 -2.08 2.71 -1.97 2.81 -1.79 0.81 -0.20
1.05 -0.06

2.77 -2.43 2.49 -2.30 2.67 -2.06 2.85 -1.88
1.29 -0.54

2.89 -2.07 2.71 -1.90 2.79 -1.77 2.87 -1.61
2.75 -2.04 2.76 -1.99 2.77 -1.95 1.48 -0.88
2.58 -2.17 2.67 -1.96 2.75 -1.78 1.06 -0.01

0.94 -0.13

2.64 -1.69
2.80 -2.38 1.14 0.01
2.79 -2.61 1.17 -0.27

0.98 -0.82
1.44 -0.71
1.57 -1.12

2.92 -2.41 1.03 -1.24
0.97 -0.62
1.23 -0.11
1.23 -0.61

1.57 -1.75
2.98 -2.53
2.89 -2.44

1.38 0.06

1.65 -1.53
1.43 -1.15

2.84 -3.33 1.63 -1.23
3.02 -2.24
2.85 -3.01 1.49 -0.66

1.97 -0.98
2.89 -2.80
2.85 -3.04 1.52 -0.99

1.77 -1.10
3.02 -2.63 3.09 -2.31 3.18 -1.98 1.27 -1.30
2.96 -2.99 3.02 -2.71 3.08 -1.98 1.85 -1.51

1.39 -0.91
2.93 -2.91 2.98 -2.80 3.01 -2.75 1.52 -0.98

2.95 -3.07 1.62 -0.71
2.85 -3.17 2.97 -2.93 3.06 -2.77 3.02 -3.19 1.60 -2.41

1.86 -1.70
2.88 -3.24 2.91 -3.16 2.95 -3.08 2.71 -3.01 2.84 -2.42 2.97 -1.82 2.75 -3.43 1.80 -1.00

2.90 -3.01 1.51 -0.90
2.77 -3.06 2.79 -2.74 2.83 -2.53 1.44 -1.60

1.68 -1.31
1.80 -1.80

2.89 -2.88 2.89 -2.83 2.90 -2.77 2.54 -2.58 1.38 -1.34
2.80 -3.22 3.01 -3.01 3.18 -2.64 2.46 -2.65 2.71 -2.18 3.18 -1.81 2.93 -3.32 2.52 -2.78 2.52 -2.45 2.52 -2.13 1.40 -0.99

2.77 -2.29 2.85 -1.58 2.53 -2.11 1.69 -0.65
2.76 -3.76

2.79 -3.61 2.83 -3.45 2.78 -3.88
1.68 -1.12
1.74 -1.98

1.77 -2.04
2.80 -3.27 2.81 -3.76 2.85 -3.60 2.90 -3.43

2.78 -3.69 2.79 -3.59 2.81 -3.49 2.76 -3.14 1.32 -2.22
2.91 -3.44 2.92 -3.40 2.93 -3.36

2.82 -3.19 2.90 -3.02 2.95 -2.89 1.04 -1.52
2.80 -3.83 2.83 -3.74 2.85 -3.62 2.82 -2.87 2.88 -2.86 2.93 -2.85 1.62 -2.48

2.89 -3.43 1.61 -2.33
1.88 -2.00

AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUMMINIMUMAVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUMMINIMUMMAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM

Gublerina spp. Abathomphalus spp. Racemiguembelina spp. Mixed BenthicsPseudotextularia spp. Costellagerina spp. Contusotruncana spp. Rugoglobigerina spp. Archaeoglobigerina spp. Globigerinelloides spp.
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762C-63X-2, 45-47 cm † 746.45 VG
762C-64X-1, 18-20 cm † 754.18 VG
762C-64X-1, 96-98 cm* 754.96 VG
762C-64X-2, 67-69 cm † 756.17 VG
762C-64X-2, 92-94 cm* 756.42 VG
762C-64X-2, 135-137 cm † 756.85 G
762C-64X-3, 84-86 cm* 757.84 G
762C-64X-4, 24-26 cm† 758.74 G
762C-64X-4, 38-40 cm* 758.88 VG
762C-64X-CC, 6-8 cm † 759.03 VG
762C-65X-1, 10-12 cm† 760.10 G
762C-65X-CC, 2-4 cm* 760.32 G
762C-66X-1, 64-66 cm † 765.64 G
762C-66X-1, 137-139 cm † 766.37 VG
762C-66X-2, 6-8 cm† 766.56 VG
762C-66X-2, 18-20 cm† 766.68 VG
762C-66X-2, 66-68 cm † 767.16 VG
762C-66X-2,135-137 cm* 767.04 VG
762C-66X-3, 4-6 cm* 767.17 VG
762C-66X-3, 7-9 cm † 768.07 VG
762C-66X-3, 77-79 cm † 768.77 VG
762C-66X-4, 57-59 cm* 768.62 VG
762C-66X-4, 80-82 cm † 770.30 G
762C-66X-5, 14-16 cm† 771.14 VG
762C-66X5, 19-21 cm* 769.42 VG
762C-66X-5, 58-60 cm † 771.58 VG
762C-66X-CC, 23-25 cm † 771.91 VG
762C-67X-1, 16-18 cm† 770.16 VG
762C-67X-1, 27-29 cm* 770.27 VG
762C-67X-CC, 22-24 cm † 770.75 VG
762C-67X-CC, 31-33 cm* 770.84 VG
762C-68X-1, 11-14 cm † 775.11 G
762C-68X-1, 51-53 cm * 775.51 G
762C-68X-1, 71-73 cm † 775.71 G
762C-68X-1, 136-138 cm † 776.36 G
762C-68X-CC, 16-18 cm † 776.66 G
762C-69X-1, 6-8 cm† 780.06 G
762C-69X-1, 42-44 cm † 780.42 G
762C-69X-1, 68-70 cm* 780.68 G
762C-69X-1, 90-92 cm † 780.90 G
762C-69X-2, 6-9 cm † 781.56 G
762C-69X-2, 41-43 cm † 781.91 G
762C-69X-2, 66-68 cm † 782.16 G
762C-69X-CC, 5-7 cmv 782.24 G
762C-70X-1, 40-42 cm* 785.40 G
762C-70X-1, 62-64 cm † 785.62 G
762C-71X-1, 8-10 cm  † 790.08 G
762C-71X-1, 50-52 cm † 790.50 G
762C-71X-1, 69-71 cm* 790.69 G
762C-71X-1, 131-133 cm * 791.31 G
762C-71X-2, 5-7 cm † 791.55 G
762C-71X-2, 51-53 cm † 792.01 VG
762C-71X-2, 84-86 cm* 792.34 VG
762C-71X-2, 122-124 cm † 792.72 G
762C-71X-CC, 29-31 cm* 793.29 G
762C-72X-1, 76-78 cm* 795.76 G
762C-72X-1, 102-104 cm † 796.02 G
762C-72X-2, 5-7 cm* 796.55 G
762C-72X-2, 50-52 cm † 797.00 G
762C-72X-2, 90-92 cm* 797.40 G
762C-73X-1, 12.5-14.5 cm † 799.63 G
762C-73X-2, 76-78 cm † 801.76 G
762C-73X-2, 108-110 cm* 802.08 G
762C-73X-2, 125-128 cm † 802.25 G
762C-73X-3, 5-7 cm † 802.55 G
762C-73X-3, 44-47 cm † 802.94 G
762C-73X-3, 59-61 cm* 803.09 G
762C-73X-CC, 15-17 cm † 803.30 M
762C-74X-1, 24-26 cm* 804.74 M
762C-74X-2, 30-32 cm † 806.30 P
762C-74X-2, 100-102 cm † 807.00 M
762C-75X-1, 142-144 cm* 810.92 M
762C-75X-2, 31-33 cm* 811.31 P
762C-75X-3, 58-60 cm* 813.08 P
762C-76X-1, 9-11 cm* 814.59 P
762C-76X-2, 30-32 cm* 816.30 P
762C-76X-3, 54-56 cm* 818.04 P
762C-76X-4, 95-97 cm* 819.95 P
762C-77X-2, 76-78 cm* 821.76 P
762C-77X-4, 100-101 cm* 825.00 P
762C-77X-6, 58-60 cm* 827.58 P
762C-78X-1, 20-22 cm* 829.20 P
762C-78X-1, 77-79 cm* 829.77 P
762C-78X-1, 145-147 cm* 830.45 P
762C-78X-2, 30-32 cm* 830.80 P
762C-78X-2, 69-71 cm* 831.19 P
762C-78X-CC, 0-1 cm* 831.79 P

* University of Oxford
† University of Missouri

δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O δ13C δ18O

AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUMMINIMUMAVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUMMINIMUMMAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE MAXIMUM

Gublerina spp. Abathomphalus spp. Racemiguembelina spp. Mixed BenthicsPseudotextularia spp. Costellagerina spp. Contusotruncana spp. Rugoglobigerina spp. Archaeoglobigerina spp. Globigerinelloides spp.

2.80 -3.19 1.85 -1.96
2.78 -4.04

1.79 -2.36
1.68 -1.77
2.10 -2.41

1.71 -2.53
1.49 -1.88
1.83 -2.13

2.67 -3.30 2.71 -3.24 2.74 -3.17 1.88 -1.88
1.70 -1.77
1.84 -2.57
1.36 -1.43
1.56 -1.87
1.73 -2.27

1.53 -2.60
1.50 -2.77
1.95 -2.28
1.92 -2.23

2.81 -4.04 2.31 -3.50 2.52 -3.37 2.73 -3.24 1.41 -1.82
2.64 -3.65 2.68 -3.35 2.73 -3.04 1.76 -1.68

1.89 -1.78
2.85 -4.00 2.53 -3.55 2.67 -3.17 2.78 -2.73

2.05 -2.28
2.85 -3.96 2.87 -3.90 2.89 -3.84 2.71 -3.28

2.05 -2.18
1.57 -1.43
2.08 -2.44

1.89 -1.97

2.47 -2.16

1.36 -2.03
2.38 -2.42
2.33 -2.29

1.78 -2.21
1.98 -2.27
2.10 -2.32
1.45 -2.05

1.72 -2.18

1.77 -1.74
1.82 -2.40

2.04 -1.99
1.69 -1.68

1.58 -2.21

1.88 -1.79

1.43 -2.76

1.86 -2.68

1.87 -1.99
1.80 -1.97
1.36 -1.57
0.92 -2.08
0.91 -2.18
0.88 -2.24
0.46 -2.12
0.09 -2.04
-0.06 -1.39
-0.56 -1.61
0.09 -1.47
0.29 -2.03
-0.38 -0.93
-1.14 -1.56
-0.76 -1.11
-0.61 -1.65



Sample Depth (mbsf) Mg Mn Fe Sr Mg Mn Fe Sr

762C-43X-2, 48-50 cm 556.48 916 322 1395 953 645 256 1364 777
762C-44X-2, 147-149 cm 566.97 983 221 1658 968 740 180 1129 995
762C-45X-2, 67-69 cm 575.67 1045 142 1495 877 735 96 1005 919
762C-46X-2, 76-78 cm 585.26 1212 139 820 960 923 104 868 1118
762C-47X-5, 57-59 cm 599.07 974 216 1790 1064 988 176 1690 1123
762C-48X-6, 55-57cm 610.05 1231 268 2185 1025 880 196 1543 1045
762C-50X-3, 146-148 cm 625.46 988 291 2494 1177 986 257 1677 1155
762C-52X-3, 9-11cm 643.09 1200 259 1850 1265 1046 242 1205 1176
762C-56X-6, 10-12 cm 685.60 945 156 1806 1200 1009 127 1188 1033
762C-58X-2, 129-131 cm 699.79 1052 104 1613 974 1010 86 1098 989
762C-60X-3, 8-10 cm 719.08 1238 118 1693 952 1089 101 1162 1005
762C-62X-2, 48-50 cm 736.98 1194 124 1551 1182 1048 97 1445 910
762C-64X-1, 96-98 cm 754.96 1278 149 1686 1021 926 113 937 924
762C-64X-3, 84-86 cm 757.84 1072 118 1207 983 974 92 935 918
762C-65X-CC, 2-4 cm 760.32 1070 134 1036 893 1193 124 822 897
762C-66X-2, 135-137 cm 767.04 1075 141 1304 902 800 105 840 850
762C-66X-4, 57-59 cm 768.62 1220 152 1419 994 877 129 986 872
762C-67X-1, 27-29 cm 770.27 1120 139 1345 934 1180 120 821 1114
762C-68X-1, 51-53 cm 775.51 1152 171 980 824 917 126 809 802
762C-69X-CC, 5-7 cm 782.24 1334 176 768 727 1339 160 1100 836
762C-71X-1, 69-71 cm 790.69 1348 311 940 613 1228 254 859 658
762C-71X-2, 84-86 cm 792.34 1183 286 741 725 937 258 450 734
762C-72X-1, 76-78 cm 795.76 1554 336 473 729 1212 261 523 663
762C-72X-2, 90-92 cm 797.40 1518 387 183 664 1070 288 360 613
762C-73X-3, 59-61 cm 803.09 1407 544 910 700 963 349 636 660
762C-74X-1, 24-26 cm 804.74 1358 534 673 695 950 367 498 569
762C-74X-2, 33-35 cm 806.33 1349 625 975 800 1292 510 437 1018
762C-75X-1,142-144 cm 810.92 1397 1547 1513 905 1444 1474 742 664
762C-75X-2, 31-33 cm 811.31 1509 1405 2140 769 1715 1612 849 707
762C-75X-3, 58-60 cm 813.08 2020 2252 1050 911 2060 2293 789 690
762C-76X-1, 9-11 cm 814.59 1525 1977 688 678 1293 1580 2153 727
762C-76X-2, 30-32 cm 816.30 2175 2339 982 599 2045 2377 860 703
762C-76X-3, 54-56 cm 818.04 1702 2109 1255 821 1776 2522 337 670
762C-76X-4, 95-97 cm 819.95 1795 1633 820 809 2110 1933 841 696

Planktonic foraminifera Benthic foraminifera
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