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Supplement Information to Cisneros et al., 2016. 
 

1 Age model development 

1.1 14C,	
  210Pb,	
  137Cs	
  dates	
  

Absolute dating with radiocarbon dates was focused on cores MIN1, MIN2 and MR3.3 

(Table S1). According to those dates and assuming the sampling year as the core top 

age (2006 and 2009, respectively), the sedimentation rates of these three cores result in 

13 ± 1, 20 ± 3 and 13 ± 5 cm ky-1, respectively (sedimentation rates uncertainties are 

expressed as 1σin this section). 

In order to evaluate the preservation of the core tops, 210Pb activity profiles were 

obtained from cores MIN1, MIN2, MR3.1A and MR3.2 (Fig. S1). 210Pb concentrations 

generally decrease with depth in all four cores, down to 3.5 cm in core MIN2 and 3 cm 

for cores MIN1, MR3.1A and MR3.2. Excess 210Pb concentrations at the surface and 

inventories in the cores MIN are in agreement with those published for the Algero- 

Balear Basin (Garcia-Orellana et al., 2009). However, they were lower in MR3 cores, 

particularly for core MR3.1A, which we attribute to the loss of the most surficial part of 

these cores during recovery, corresponding to about 50 yr by comparison to the other 

cores. The variability in the 210Pb data denotes the high heterogeneity of this 

sedimentary system in reference to deep-sea hemipelagic sediments, highlighting the 

relevance of its study on the basis of a multicore approach (e.g. Maldonado et al., 1985; 

Martin et al., 1989; Calafat et al., 1996; Velasco et al., 1996; Canals et al., 2006; Frigola 

et al., 2007). 

The concentration profile and inventory of 137Cs in core MIN1 is also in good 

agreement with the results reported for the western Mediterranean Basin (Garcia-

Orellana et al., 2009). Its detection down to 3 cm combined with the excess 210Pb 
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concentration profile suggests the presence of sediment mixing to be accounted for in 

the calculation of the sediment accumulation rates, which are to be taken as maxima 

estimates. In doing so, the maxima sedimentation rates for the last 100–150 years are: 

27 ± 2 cm kyr-1 (core MIN1), 28 ± 2 cm kyr-1 (MIN2), 28 ± 4 cm kyr-1 (MR3.1A), and 

35 ± 3 cm kyr-1 (MR3.2). These sedimentation rates are in agreement with those 

previously described in a long sediment record recovered within the contouritic system 

(Frigola et al., 2007 and 2008), but much higher than those found in the literature from 

deeper sites of the Balearic Sea, with predominant hemipelagic sedimentation (e.g. 

Weldeab et al., 2003; Zúñiga et al., 2007; Garcia-Orellana et al., 2009). 

1.2 Biostratigraphical	
  data	
  based	
  on	
  planktonic	
  foraminifera	
  

Core MR3.3, the best 14C-dates time-constrained, was chosen in order to perform a 

taxonomic analysis of planktonic foraminifera. The identified species were: (1) 

Globigerina bulloides including G. falconensis, (2) Globigerinoides ruber pink and 

white variety, (3) Orbulina spp. including both O. universa and O. suturalis, (4) 

Globigerinoides quadrilobatus and G. sacculifer, (5) Globigerinatella siphoniphera 

including G. calida, (6) Globorotalia inflata, (7) Turborotalita quinqueloba, (8) 

Globigerinita glutinata, (9) Neogloboquadrina pachyderma right coiled, (10) 

Neogloboquadrina dutertrei, (11) Globorotalia truncatulinoides left coiled and (12) 

Clavoratorella spp. The abundance of G. truncatulinoides left coiled was also analysed 

in the top of the core MR3.1A. 

In order to improve the time constrain of our cores, percentages records of G. 

quadrilobatus and G. truncatulinoides left coiled from core MR3.3 have been correlated 

with those from a southern Tyrrhenian Sea composite core (Fig. S2), with a very robust 

age-model (Lirer et al., 2013) based on the combination of different dating methods 

(radionuclides-14C AMS dates and tephra-chronology). The Mediterranean eco-



	
  3	
  

biostratigraphic strength of of these taxa has been previously documented by Piva et al. 

(2008) for the last 370ky. The pronounced decrease in G. quadrilobatus percentages at 

the base of core MR3.3 (Fig. S2a) can be correlated with the end of the G. 

quadrilobatus acme interval observed in the north and south Tyrrhenian Sea record 

(Lirer et al., 2013, 2014; Di Bella et al., 2014) from 1750 to 750 BCE and previously 

documented in the Sicily Channel (Sprovieri et al., 2003) and the Sardinian valley 

(Budillon et al., 2009). In addition, data on distribution pattern of the leaving planktonic 

foraminifera, reported in Pujol and Vergnaud-Grazzini (1995), documented that this 

taxon is present in the whole central and south western Mediterranean (excluding the 

GoL). This correlation provide to us a control age point in core MR3.3 of 750 ± 48 BCE 

at about 27 cm, consistent with the 14C dating of 301 ± 87 BCE at 24 cm. In the upper 

part of the MR3.3 record, another control age point can be obtained from the correlation 

of the pronounced peak of G. truncatulinoides left coiled (~20% in abundance, Fig. 

S2b) with a similar peak previously reported in the central and south Tyrrhenian Sea 

record during the LIA at 1718 ± 10 CE (Lirer et al., 2013; Margaritelli et al., 2015), and 

coincident with the Maunder event (Vallefuoco et al., 2012; Lirer et al., 2014; 

Margaritelli et al., 2015). Thunell (1978) documented the occurrence in recent surface 

sediments of this taxon from Balearic Islands to Sicily channel and Pujol and Vergnaud-

Grazzini (1995) observed this species in leaving abundance foraminifera of the whole 

western Mediterranean. This age point is also consistent with the obtained 14C date of 

core MR3.3 at 3.5cm of 1434 ± 51 CE, further supporting the absence of the last two 

centuries in the core MR3.3. The absence of these centuries is also suggested by the G. 

truncatulinoides left coiled abundance patterns data from the top (1.5–3.5 cm) of the 

core MR3.1A (Fig. S2b). MR3.1A data is in agreement with the drop of the peak in core 

MR3.3 and 210Pb measurements (Fig. S1) have corroborated the presence of the most 

recent sediment in core MR3.1A. 
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1.3 Bayesian	
  accumulation	
  models	
  

A preliminary age model for cores MIN1, MIN2 and MR3.3 was initially generated by 

means of available 14C ages, the two biostratigraphical dates from core MR3.3 and 

maximum sedimentation rates derived from 210Pb concentration profiles from cores 

MIN1 and MIN2. This preliminary age model was built using the Bayesian statistics 

software Bacon with the statistical package R (Blaauw and Christen, 2011). 

Considering that the two independent sedimentation rates estimations based on 

14C and 210Pb have significant uncertainties inherent to the methods and considering the 

different sampling resolution, averaged sedimentation rates obtained from the two 

methods have been taken into account in the Bayesian accumulation models. Regarding 

the core top ages, it was considered to be the recovering year (2006 ± 10 CE) in MIN 

cores and 1718 ± 10 CE for core MR3.3, coinciding with the peak in the G. 

truncatulinoides record. The program settings for thickness of the sections and memory 

were chosen to fulfil the criterions of the best mean 95% confidence range and to 

maintain good correlation between prior and posterior accumulation rates. In addition, it 

was decided to keep the memory strength values rather high since the sedimentary 

context, a contouritic drift, is expected to record highly variable accumulation rates, and 

due to the smother changes induced by lowering the memory strength would no reflect 

realistic changes in this context. 

The best Bayesian models achieved with a confidence mean of 95% provide 

accumulation rates for cores MIN1, MIN2 and MR3.3 of 14 ± 2, 22 ± 1 and 12 ± 1 cm 

kyr-1, respectively (uncertainties are expressed as 1σ), which correspond to mean time 

resolutions of 292, 161, and 200 yr, respectively. It should be noted that the largest 

errors are obtained for core MIN1 because of the only two 14C dates. These age models 

reconstruct a rather smooth accumulation history, although significant fluctuations in 

accumulation rate at centennial or even decadal scale can be expected in this 
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sedimentological context. The posterior outputs for accumulation rate (see Fig. S3) and 

its variability are quite comparable to their prior ones, but in the case of core MR3.3 the 

posterior output indicates larger memory (more variability) than that assumed a priori. 

This is due to the strong change in sedimentation rates at about 12 cm (998 CE) that the 

prior output tends to attenuate, and which could be associated with abrupt changes in 

sedimentation rates at that time (Fig. S3c). 

These age models have been then further re-evaluated using other geochemical 

proxies as stratigraphical tools in order to ensure a common chronological framework 

for the obtained climate records (Sect. 1.4 Suppl. Info.). Nevertheless, any readjustment 

has always been kept within the confident rage of the Bayesian models. 

1.4 Multi-­‐proxy	
  chronostratigraphy	
  

The chronologies of cores MIN1, MIN2 and MR3.3 were finally evaluated and 

readjusted in base to their Mg/Ca records and taking into account the 95% probability 

intervals obtained in the Bayesian models. 

Mg/Ca measured in G. bulloides is a well-established proxy of Sea Surface 

Temperatures (Barker et al., 2005). The two sampling stations are only separated by 30 

km and thus it is a reasonable assumption to expect comparable and synchronous SST 

changes in all the studied cores. Visual comparison of the MIN1, MIN2 and MR3.3 

records of Mg/Ca show several resemblances in some of the main patterns and 

structures, which are considerably synchronous with the Bayesian age models (Fig. S4). 

Consequently, the three records have been tuned in base to the main structures and 

taking into account the 95% confidence of the statistical produced models (Fig. S4). The 

final age-models of cores MIN1, MIN2 and MR3.3 have an average age difference that 

is below 24 years in reference to the Bayesian models and the 75–63% of the records 

are into the confidence intervals obtained in the Bayesian models. 

The chronology from core MR3.3 has been the base to construct the age model 
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for the other MR3 cores (MR3.1A, MR3.1B and MR3.2) for which no 14C dates were 

available (Table S2). The chronostratigraphical tools for core MR3.1 have been again 

the Mg/Ca records (Fig. S4; Table S4). Additionally, manganese records in all MR3 

cores have also been used as an additional chronostratigraphical tool. Mn presence in 

deep-sea sediments is related to redox processes (Calvert and Pedersen, 1996). 

Considering that all MR3 cores correspond to the same multicore these Mn rich layers 

have been used as isochrones. The available Mn records have been measured by two 

different methods: Mn measured in the bulk sediment by means of XRF Core-Scanner 

(MR3.1B and MR3.2) and Mn present in the foraminiferal samples and measured by 

ICP-MS (MR3.3, MR3.1A and MR3.1B). Absolute values were very different between 

those samples measured with ICP-MS after cleaning the foraminifera with the reductive 

step (MR3.1A) and those without this cleaning step (MR3.3 and MR3.1B) but the same 

main features can be correlated between the three cores (Fig. S5; Table S4). In the case 

of core MR3.1B (Fig. S5b), analysed at ultra-high resolution (0.25 cm slides), the Mn 

record shows the highest values with peaks over 80 ppb whose Mg/Ca values have been 

excluded of derived SST records since Mn enrichments can bias Mg/Ca ratios toward 

higher values and lead to significant overestimation of past seawater temperatures 

(Boyle, 1983; Pena et al., 2005, 2008). The top 5 cm of cores MR3.1A and MR3.2 have 

been dated according to the maxima sedimentation rates using the 210Pb flux. 

1.5 Final	
  age	
  models	
  and	
  associated	
  sedimentation	
  rates	
  

According to the obtained chronologies, the period covered by the studied sedimentary 

sequences is from 759 ± 20 BCE to 1988 ± 18 CE (uncertainties are expressed as the 

time resolution of the respective core here and in 1σ on the rest of this section), being 

core MR3.1B the one spanning a longer period (Table S3). Total average of mean 

accumulation rates is 17 ± 4 cm ky-1 with a total mean resolution of 84 ± 18 years.  
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The final mean sedimentation rates obtained in MIN cores, 14 ± 6 and 25 ± 10 

cm kyr-1, are very similar with those derivated from Bayesian model simulations, 14 ± 2 

and 22 ± 1 cm kyr-1, and those previously published by Moreno et al. (2012), 19 and 23 

cm kyr-1. The differences in sedimentation rates between all cores except MIN2 are 

lower than 3 cm kyr-1, variability that is reasonable due the diverse sediment processes 

that affect the contouritic system. 
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Table S1. Radiocarbon dates obtained on monospecific foraminifer G. inflata and 

calibrated ages, these last one are expressed in years Before Common Era (BCE) and 

Common Era (CE). MR3.3 dates are presented for the first time in this study. Cores 

were analysed at the NOSAMS/Woods Hole Oceanographic Institution, USA (OS) and 

at Direct AMS Radiocarbon Dating Service, USA (D-AMS). 

 

 

 

 

 

 

Laboratory  

Code 
Core 

Comp. 

Depth (cm) 
14C ages Cal years BCE/CE (2-σ) 

OS-67294 
MIN1 

7-7.5 895 ± 35 1411 - 1529 CE 

OS-67296 19-19.5 2010 ± 35 304 - 544 CE 

OS-67291 

MIN2 

11-11.5 845 ± 35 1440 - 1598 CE 

OS-67297 18-18.5 1190 ± 35 1170 - 1312 CE 

OS-67324 25-25.5 1540 ± 25 804 - 989 CE 

OS-67323 28.5-29 1840 ± 30 520 - 680 CE 

D-AMS 004812 

MR3.3 

3.5-4 938 ± 25 1383 - 1484 CE 

OS-87613    6.5-7 1270 ± 35 1063 - 1256 CE 

OS-87614    12-12.5 1420 ± 30 911 - 1085 CE 

OS-87615    16-17 1900 ± 30 438 - 621 CE 

D-AMS 004811 20-21 2350 ± 29 88 BCE - 107 CE 

OS-87619    24-25 2620 ± 25 388 BCE - 214 BCE 
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Table S2. Summary of records analysed and methods utilized in age models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Core Records analysed Age model 

MIN1 Mg/Ca-SST, Uk’
37-SST, δ18O 14C, 210Pb, 137Cs, software-simulations, SST-tuning 

MIN2 Mg/Ca-SST, Uk’
37-SST, δ18O 14C, 210Pb, software-simulations, SST-tuning 

MR3.1A Mg/Ca-SST, δ18O 
210Pb, SST-tuning, geochemical chronostratigraphy, 

foraminiferal assemblage 

MR3.1B 
Mg/Ca-SST, δ18O, Geochemical 

composition 
SST-tuning, geochemical chronostratigraphy 

MR3.2 Geochemical composition 210Pb, geochemical chronostratigraphy 

MR3.3 Mg/Ca-SST, Uk’
37-SST, δ18O 

14C, software-simulations, SST-tuning, foraminiferal 

assemblage 
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Table S3. Mean accumulation rates, years covered and mean time resolution of all cores 

according to final age-depth models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Core 
Mean acc. rate  

(cm kyr-1) 

Spanning time  

(yr) 

Mean time  

resolution (yr cm1) 

MIN1 14 2528 83 

MIN2 25 1538 48 

MR3.3 17 2443 78 

MR3.1A 15 2635 95 

MR3.1B 16 2706 98 

MR3.2 15 1797 102 
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Table S4: Tie points used on each core to make age models with their attendant errors 

and indicated in Figures S4 and S5. Uncertainties correspond to the resolution of each 

age model on its respective core. Also absolute dates (14C and biostratigraphy based on 

planktonic foraminiferal assemblage) are indicated. Years are expressed as before 

common era (BCE) and common era (CE). 

Core Composite 
depth (cm) Method Ages  (years BCE/CE) Age-uncertainties interval 

(years BCE/CE) 

MIN1 

2-2.5 Mg/Ca 1895 CE 1864-1923  CE 
6.5-7 1564 CE 1523-1606 CE 
7-7.5 14C 1523 CE 1408-1523  CE 
8-8.5 

Mg/Ca 
1455 CE 1423-1491  CE 

10.5-11 1237 CE 1202-1315  CE 
13.5-14 1012 CE 990-1043  CE 
19-19.2 14C 392 CE 295-535  CE 

20-21 Mg/Ca 234 CE 1970-289  CE 
24-24.5 63 BCE 76-11  BCE 

MIN2 

1-1.5 
Mg/Ca 

1915 CE 1887-1944 CE 
7-7.5 1580 CE 1556-1605 CE 
9-9.5 1497 CE 1485-1511 CE 

11-11.5 14C 1448 CE 1440-1598 CE 
16-16.5 Mg/Ca 1263 CE 1235-1306 CE 
18-18.5 

14C 
1170 CE 1170-1312 CE 

25-25.5 829 CE 804-989 CE 
28.5-29 651 CE 520-680 CE 

MR3.3 

0.5-1 Foraminiferal 
Assemblage 1708 CE 1708-1728 CE 

3.5-4 

14C 

1484 CE 1383-1484 CE 
6.5-7 1256 CE 1063-1256 CE 

12-12.5 989 CE 9111085 CE 
16-17 497 CE 438-621 CE 
20-21 50 CE 88 BCE-107 CE 
24-25 388 BCE 388-214 BCE 

26-27 Foraminiferal 
Assemblage 702 BCE 798-702 BCE 

MR3.1A 

5-5.5 

Mg/Ca 

1627 CE 1545-1665 CE 
6.5-7 1400 CE 1350-1484 CE 

10-10.5 1050 CE 1021-1165  CE 
12.5-13 766 CE 597-824  CE 
13-13.5 Mn ICP-MS 597 CE 497-766  CE 
13.5-14 Mg/Ca 497 CE 433-597  CE 

15-16 Mn ICP-MS 254 CE 184-390  CE 
21-22 Mg/Ca 133 BCE 170 BCE-25  CE 
22-23 Mn ICP-MS 170 BCE 207 -133  BCE 
24-25 551 BCE 625-207  BCE 
26-27 Mg/Ca 702 BCE 779-625 BCE 

MR3.1B 

13-14 Mn-XRF 618 CE 532-702  CE 
14-14.25 Mn ICP-MS 597 CE 501-683  CE 

15-16 Mn-XRF 317 CE 65-557 CE 
16-16.25 Mn ICP-MS 254 CE 184-506  CE 

23.5-23.75 189 BCE 226-152  BCE 

MR3.2 13-14 Mn-XRF 766 CE 468-824 CE 
15-16 317 CE 202-468 CE 
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Figure S1. Excess 210Pb (Bq kg-1) profiles for cores MIN1, MIN2, MR3.1A and MR3.2 

and also 137Cs concentration profile for core MIN1. Error bars represent 1 σ uncertainty. 
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Figure S2. Comparison among the quantitative distribution patterns of (a) G. 

quadrilobatus and (b) G. truncatulinoides left coiled with core MR3.3 (dark green plot) 

and data from the composite core (C90-1m, C90 and C836 cores) studied in the 

southern Tyrrhenian Sea (Lirer et al., 2013), expressed as 3 point average and with the 

grey area corresponding to the entire record.  The two tie points used in age models 

(dashed red line) correspond to 1718 CE and 750  BCE. Black diamonds show 14C dates 

from core MR3.3. 
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Figure S3. Age-depth models based on Bayesian accumulation simulations (Blaauw and 

Christen, 2011): (a) core MIN, (b) MIN2 and (c) MR3.3. The three upper plots in each 

core show the stable MCMC run achieved (left), the prior (green line) and posterior 

(grey) distributions of the accumulation rates (middle), and the prior (green line) and 

posterior (grey) distributions of the memory (right). Each main graphic represents the 

age–depth model for each core (darker grey indicates more probable calendar ages) 

based on the prior information, the calibrated radiocarbon dates (purple symbols), 

sample year for cores MIN (blue symbols) and biostratigraphical dates from core 

MR3.3 (red symbols). 
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Figure S4. Main procedures of multy-proxy chronostratigraphy performed with Mg/Ca 

records for cores (a) MR3.1A; (b) MR3.3; (c) MIN2, and (d) MIN1. Final age-depth 

models are plotted in red. Black plots and grey error bars correspond to Bayesian 

accumulation age-depth models. Triangles represent to 14C dates (black) and 

biostratigraphical dates based on planktonic foraminifera (blue), and they are shown 

below the corresponding core and with their associated 2σ errors. Depths in relation to 

the final age model can be observed above its corresponding core. Vertical dashed lines 

(orange) indicate tie points between the different Mg/Ca records (tie points and 

attendant uncertainties in Table S4). 
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Figure S5. Multy-proxy chronostratigraphy performed with Manganese profiles. Blue 

filled plots represents Mn profiles obtained by XRF Core-Scanner for cores (a) MR3.2, 

and (b) MR3.1B, respectively. Black plots show Mn from trace elements analysed by 

means of ICP-MS for cores (b) MR3.1B, (c) MR3.1A, and (d) MR3.3. Vertical dashed 

lines indicate tie points of geochemical chronostratigraphy (tie points and attendant 

uncertainties in Table S1). Triangles represent to 14C dates (black) and 

biostratigraphical dates based on planktonic foraminifera (blue) and they are shown 

below the corresponding core and with their associated 2σ errors. 
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