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Studied Sections 

We investigated the Upper Barremian-Lower Aptian interval recovered at two drill sites: the Cismon 
core and DSDP Site 463 in the Mid-Pacific Mountains.  

 
The Cismon drill site is located in the Southern Alps (north-eastern Italy) (46°02´N; 11°45´E; 398 m 

altitude). The site was located on the continental margin of the Mesozoic Tethys, on the eastward 
deepening slope between the Trento Plateau and the Belluno Basin (Fig. DR1). The Cismon sequence was 
deposited at an estimated paleo-depth of 1000-1500 m during the Early Cretaceous (Weissert and Lini, 
1991; Erba and Larson 1998; Bernoulli and Jenkyns, 2009). The Selli level is represented by a ~5m-thick 
layer of hemipelagic sediments, between 23.67 and 18.64 stratigraphic meter depths (Erba and Larson, 
1998; Erba et al., 1999). Lithologically the Selli level is characterized by marlstone alternating with black 
shales and discrete radiolarian beds (Erba et al., 1999). 

 
DSDP Site 463 was drilled at a water depth of 2525 m in the ancient structural high of the western 

Mid-Pacific Mountains (21°21.01′N, 174°40.07′E). During the Early Cretaceous, Site 463 was located at 
a paleo-latitude of ~20ºS (Fig. DR1), with a paleo-depth between a few hundred meters (Mélières et al., 
1978) and ~1 km (Roth, 1981). The Selli level at DSDP Site 463 is located between ~626-615 mbsf, 
corresponding to ~12 m of tuffaceous limestone containing a number of discrete organic-rich horizons 
with TOC up to 7 (wt%) (Thiede et al., 1981; Erba, 1994). 
 

Methods  

We selected for analysis 27 samples from the Cismon core and 32 samples from DSDP Site 463 from 
an interval covering the Upper Barremian-Lower Aptian. We chose, where possible, black shale layers or 
organic rich samples (on the basis of their TOC content).   

 

1. Re–Os isotope analyses 

Rhenium and osmium abundance data and Os-isotope compositions were determined on ~0.5 g 
aliquots of powdered rock; analyses were performed at The Open University. Initial digestion took place 
using 12 ml of inverse aqua regia (3:1 mixture of conc. HNO3 and conc. HCl) in sealed Carius tubes at 
180°C for 5 days, broadly following the methods of Cohen and Waters (1996).  

 
Os was extracted into CCl4 (Cohen and Waters, 1996), and Re (in inverse aqua regia) was extracted 

into isoamylol. From the CCl4, Os was back extracted into HBr and purified by micro-distillation 
(following Roy-Barman and Allegre, 1995) using CrO3 in H2SO4 as oxidizing agent. Re and Os isotope 
ratio and abundance determinations were performed on a Thermo-Finnigan Triton high resolution 
multicollector mass spectrometer operated in N-TIMS mode (Cohen and Waters, 1996).  
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Each batch of samples was analysed along with aliquots of an in-house mudrock standard and with 
appropriate Re and Os solution standards. Repeat measurements of a DTM Os solution standard yielded 
long-term 187Os/188Os reproducibility < 0.2% (2 s.d.), with a mean 187Os/188Os = 0.17390 ± 0.00014 (n = 
32) over the period when the sample measurements were made. 

 
All data were corrected for procedural blanks, amounting to 0.3-0.68 ppt for Os and 3.8 ppt for Re. 

The Os-isotope composition of seawater (187Os/188Os) was calculated from the analyses of individual 
samples assuming the Re–Os system became closed soon after sediment deposition (Tables DR1, DR2, 
DR3). Re–Os isotope regressions were calculated using Isoplot3.0 (Ludwig, 1998). 

 
The initial Os-isotope ratios (187Os/188Os(i)) were calculated assuming an age of 120 Ma for the Selli 

interval, based on cyclochronology for the Cismon core (Malinverno et al., 2010). We note that an age of 
125 Ma was used by Tejada et al. (2009) for the samples that they analysed from Gorgo a Cerbara. The 
discrepancy in 187Os/188Os(i) is, however, negligible (as indicated in Table DR5) when comparing the 
calculated values. 

 
The exceptionally unradiogenic Os isotope compositions that characterise segment D (Fig. 1) are fully 

consistent with a large additional flux of unradiogenic Os from the hydrothermal alteration of OJP basalts.  
We assume a total volume for the OJP of 2x107 km3, with an Os concentration of 50 ppt and a rock 
density of 3 g/cm3 (note that the Os abundance in pristine OJP lavas is relatively high, with measured 
values between 20 and 160 ppt – I. J. Parkinson, pers. comm.). The total mass of basalt emplaced was 
6x1019 kg and the total Os inventory in this basalt would have been 3x109 kg, which is well over 2 orders 
of magnitude greater than the estimated present-day seawater Os budget of 1.4x107 kg.  
 

2. Elemental analyses 

The concentrations of total organic carbon (TOC) wt%, calcium carbonate (CaCO3) wt%, total 
nitrogen (N) and total sulphur (S) were determined on aliquots of the Cismon samples (Table DR2) using 
a LECO Instruments CNS-2000 elemental analyser at The Open University.  

 

3. Carbon stable-isotope analyses 

Carbon stable-isotope analyses were performed at Oxford University on bulk carbonate and organic-
carbon fraction of 57 samples from DSDP Site 463. Long-term reproducibility, as determined from repeat 

measurements of our working standard, resulted in analytical uncertainties of 13 Ccarb= 2.09 ± 0.07, 13 

Corg= -26.91 ± 0.11(n=16); see Table DR4.  
 
The values are reported in the conventional delta notation with respect to the Vienna Pee Dee 

Belemnite (V-PDB) standard (1):  
 
δ13Csample={[(13C/12C)sample/(

13C/12C)reference]-1}*1000      (1) 
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Analyses on the organic carbon fraction were performed on 2 g of powdered sample after sample 

decarbonation in 3M HCl. 
 
 
 
 
 
 

 

Figure DR1. Palaeogeographic reconstruction and proposed oceanic circulation at 100 Ma (Hay, 2009). 
Location of DSDP Site 463 (Mid-Pacific Mountains), the Cismon drill site, and the Gorgo a Cerbara 
section are shown in relation to the Ontong Java Plateau. 
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Figure DR2. Variation diagrams showing relationships between (a) TOC and Re concentrations, (b) TOC 
and 192Os concentrations, (c) S and TOC concentrations and (d) Re and 192Os concentrations, in samples 
from the Cismon core analysed in this study. In all cases there is a broad but sometimes very poorly 
defined positive relationship between the parameters displayed. 
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Figure DR3. Variation diagrams showing relationships between (a) TOC and Re concentrations, (b) TOC 
and 192Os concentrations, and (c) Re and 192Os concentrations, in samples from DSDP Site 463 analysed 
in this study. There are no clearly defined relationships between these parameters, although the data show 
broad positive correlations. 
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Figure DR4. Re–Os isochron evolution diagram with data from samples from Cismon core. 
 
 
 
 
 

 
 
Figure DR5. Re–Os isochron evolution diagram with data from samples from DSDP Site 463. 
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Figure DR6. Correlation between DSDP Site 463, Cismon and Gorgo a Cerbara (Tejada et al., 2009). On 
the right, close-up of the OAE 1a onset; Os-isotope data are correlated with the CO2 pulses (Méhay et al., 
2009) and intervals of Erba et al. (2010). 
 
 
 
 
 



8 

 

 
 
Figure DR7. Isotope mixing diagram showing the initial Os-isotope composition against the reciprocal of 
the Os abundance for samples from the Cismon core and DSDP Site 463 (this study), and for samples 
from Gorgo a Cerbara (Tejada et al., 2009). 
 

 

Figure DR8. Stratigraphic correlation between the Cismon core and DSDP Site 463. The correlation is 
based on δ13Corg values (orange) (Van Breugel et al., 2007) and δ13Corg values (black) from this study. 
δ13Ccarb

 values for Cismon are from Erba et al. (2010); δ13Ccarb
 values for DSDP Site 463 samples are from 

this study. The Os-isotope records are shown in red (this study). 
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Figure DR9. Os-isotope data against δ13C for: The Toarcian OAE (T-OAE) (Cohen et al., 2004); OAE 1a 
(Erba et al., 2010; this study); OAE 2 (Turgeon and Creaser, 2008); and the PETM (Ravizza et al., 2001). 
Durations are respectively from Suan et al. (2008), Malinverno et al. (2010), Voigt et al. (2008) and 
Zachos et al. (2005). 
 
 
 
Table DR1. Repeat 187Os/188Os analyses. 
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Table DR2. Data for Cismon core samples showing their stratigraphic depth (m), calculated age 
(Ma) (following Malinverno et al., 2010), Re–Os isotope data and elemental abundance data. 

 

 
Table DR3. Data for DSDP Site 463 samples showing stratigraphic depth (m), calculated age 
(Ma) (following Malinverno et al., 2010), and Re–Os isotope data. 
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Table DR4. Carbon stable-isotope data for bulk carbonate 
and bulk organic-carbon fractions for samples from DSDP 
Site 463, against stratigraphic depth (m).  
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Table DR5. Calculated 187Os/188Os(i) for 125 Ma for the 
first 9 samples from Gorgo a Cerbara (Tejada et al., 2009 
original data) compared with the 187Os/188Os(i) calculated 
for the same samples for 120 Ma. 

187Os/188Os(125)     
(Tejada et al., 
2009)               
AGE 125 Ma 

187Os/188Os(120) 
(Tejada et al., 
2009)              
AGE 120 Ma 

0.4289 0.4297 

0.4469 0.4500 

0.6898 0.6920 

0.1595 0.1606 

0.4696 0.4797 

0.4051 0.4143 

0.2515 0.2629 

0.2418 0.2519 

0.2160 0.2191 

Note that the differences in the calculated 
187Os/188Os(i) are very small, and are insignificant 
when comparing directly the results of this study 
with those of Tejada et al. (2009). 
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