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Age models were based on downcore radionuclide activities (241Am, 210Pb), as well as on six calibrated 

radiocarbon ages each for both the Callao and the Pisco cores. For Callao, the model was constrained by 

relating slumps with information of large historic marine earthquakes that had rupture zones near the 

core site (Dorbath et al., 1990).  

The presence in the core tops of protruding filaments of the giant sulphur bacteria Thioploca spp., 

which lives in the sediment water interface, confirmed that the sediment surface was recovered in both 

box cores. The cores lost humidity and shrank during the time period elapsed between coring and sub-

sampling, leaving free space to the liners. Thus it was necessary to apply a correction for the 

sedimentation area and the dry bulk density. We measured the core width and length at discreet depths, 

and then fit the relationship between the core area and the core depth by minimum squares. Since the 

core shrinkage diminished with core depth until the core area fit exactly into the liner, it was possible to 

calculate the percent area loss at each core sediment depth or at each sample layer. We used this factor to 

correct the volume of each sample layer and then to correct the dry bulk density (DBD) and the mass 

flux (g dry weight cm-2). DBD estimates varied two fold above the lithological shift, and four-fold 

throughout downcore (Figure 3a, j). Since an assumption of constant density cannot be made, we 

employed the accumulated mass instead of sediment depth for fitting the age models in order to avoid 

compaction artifacts.  

The age-mass models were developed removing stratigraphic anomalies believed to be 

instantaneous deposits.  There was one slump near the bottom of the Pisco core  while the Callao core 

had two nearly contiguous slumps in the mid-section and another one near the bottom.  

 

Dating of latest records 

Downcore profiles of the bomb-derived 241Am was used to date the uppermost layer of both cores 

as bomb-derived radionuclides reflect fallout due to atomic bomb testing in both hemispheres since 1953 

(Appleby, 2000; UNSCEAR, 2000; Ribeiro & Arribére, 2002) (Table S1). Below the appearance of 
241Am in the sediments, excess 210Pb activities were used to fit sedimentation accumulation  models until 



values reached the 210Pb time-domain, which is considered to be equivalent to six half-lives of 210Pb 

before present, approximately 135 years ago (Figure S1). While the downcore distribution of excess 
210Pb followed an exponential distribution in the Callao core, the downcore distribution in the Pisco core 

exhibited greater scattering. Therefore  a constant flux, constant supply CFCS sedimentation model was 

applied to the Callao core whereas a constant rate supply CRS sedimentation model (that assumes 

varying sedimentation rate) was applied to the Pisco core (Appleby, 2000). 

 

Radiocarbon ages of organic matter 

Radiocarbon ages of bulk organic matter were used to date the lower section of the cores. The 

radiocarbon ages increased with accumulated mass but with some scatter, particularly in the case of the 

Pisco core. Old radiocarbon ages leading to age inversions due to anomalously higher local reservoir age 

or changing organic matter source were not used in the age model construction (Table S2). For 

elucidating the origin of organic matter, sediment samples were examined under the petrographic 

microscope (transmitted light), after separation from carbonate-bearing and silicate phases using acid 

digestion (palynofacies analysis). This approach leads to the identification of the different organic 

components and provides a quantitative estimation of their relative abundance (Boussafir et al., 1995).  

The downcore profiles of the organic fraction (Palynofacies) and total organic carbon against 

conventional radiocarbon ages and δ13C of the dated samples revealed the existence of two groups with 

different organic matter characteristics (Figure S2). The first group dominates the cores and is associated 

with high content of marine homogenous or granular amorphous organic matter, a signature that is 

associated with high productivity linked to upwelling (Boussafir et al., 1995; Pichevin et al., 2004; 

Valdés et al., 2004). This first group was found mostly throughout the Callao core. Two inversions 

towards older radiocarbon age were identified within this group, which occurred at the lithological shift 

in the Callao core and at 56 cm depth (Figure S2a) and were interpreted as an amplification of the local 

reservoir age due to water mass change or stronger upwelling. With the exception of these points, all 

other data of this group were used for the age model development  up to the 210Pb-domain. 

The second group of organic carbon characteristics appeared below the lithological shift, 

particularly in the Pisco core. This group was characterized by anomalously old radiocarbon ages 



leading to age inversions, increased content of dispersed amorphous organic matter or slightly increased 

content of terrestrial plants matter, and very negative values of δ13C (< -22.5 ‰). Taken together these 

signatures indicate the contribution of allochtonous, reworked, or even terrestrial organic matter 

(Meyers, 1997), explaining the older than expected radiocarbon ages (Figure S2b). Therefore, 

radiocarbon values from this group were not taken into account for the age model development.  

 

Reservoir age calculations and calibration of radiocarbon ages 

The radiocarbon age associated with the shift in the Pisco core was aligned with the four 

radiocarbon ages in the upper part of the core (within the 210Pb-time domain). To calibrate this data 

point, we first estimated the local reservoir ages (ΔR) for the 210Pb-time domain, which were simply 

estimated by difference between the 210Pb-derived dates and the conventional ages, minus the global 

reservoir effect (R) using the marine calibration curve (Hughen et al., 2004). The values were quite 

similar before 1950 AD, giving an average  ΔR of 293 ± 26 y. Therefore we used this ΔR to calibrate the 

conventional radiocarbon age for the shift.  

The average ΔR for the record before the 210Pb-time domain was estimated by applying a linear 

regression fit to the downcore radiocarbon ages versus the accumulated mass up to the oldest 210Pb-

dating point, which had an accumulated mass set to zero. The marine calibration curve (Hughen et al., 

2004) was used to determine the average marine reservoir age for the period. The average ΔR was taken 

as the difference between the regression curve intercept and the average marine reservoir age plus the 
210Pb-derived age (Figure S3). Our ΔR estimations with this procedure were 188 ± 79 years for Pisco 

and 279 ± 53 years for Callao. The values are similar to previous ΔR estimations, based on radiocarbon 

measurements on marine shells. For Callao, ΔR estimations from four shells collected in 1908 and 1926 

AD average 187 ± 51 years (Jones et al., 2007). For the Central Peruvian coast (08 – 14°S), the ΔR is 

217 ± 133 years if all the shells used for ΔR estimation are taken into account (Taylor & Berger, 1967; 

Jones et al., 2007). However, these average values should be taken with caution, due to intrashell 

variation in radiocarbon age, which can be significant (~200 y) (Jones et al., 2007). In addition, it is 

possible that radiocarbon ages from the sedimentary organic matter mainly reflect the export production 

associated with upwelling, leading ΔR towards high values within its whole range. 



Estimation of mass accumulation rates and final age models 

The average ΔRs before the 210Pb domain for each core were used to determine the calibrated 

radiocarbon ages in this period of overlap with the software CALIB v. 5.0 (Stuiver & Reimer, 1993; 

Stuiver et al., 2005). After the calibration, the average mass accumulation rate (MAR) before the 210Pb 

time-domain was obtained by linear regression of the calibrated radiocarbon ages (means) and the oldest 

age of the 210Pb time-domain versus the accumulated mass (Table S2).  

For the Callao core, the average MAR before the 210Pb-time domain is 0.0174 ± 0.0012 g cm-2 y-1 

(n=7, R2= 0.98), yielding an age of the record of approximately 720 years. If only the core section 

between the second and third slump is used, the computed MAR is similar (0.0177 ± 0.0032 g cm-2 y-1; 

n=4, R2=0.92), and the intercept at the second slump position is 1660 ± 43 AD. Applying either of the 

two rates, the two upper slumps are dated about 47 years apart. The two largest historic (> 1500 AD) 

marine earthquakes that hit Callao occurred within 59 years, at 1746 AD (8.6 Mw) and at 1687 AD (8.4 

Mw). The other large historic marine earthquake (> 7 Mw) that occurred before 1860 AD was at 1586 

AD (8.1 Mw) (Dorbath et al., 1990).  Thus, taking into consideration the average MAR, we consider that 

the two contiguous slumps very likely correspond to the seismic events at 1746 AD and 1687 AD, with 

some sediment loss, and we used the earthquake dates as time-markers for the age model (Table S1). 

Note that the chronology adjustment based on the correlations with historical earthquakes is about ten 

years. 

The average MAR mentioned above is significantly lower than the 210Pb-CFCS MAR (0.0306 ± 

0.0030 g cm-2 y-1, n=6). Thin-section observations across the lithological shift indicate that it is not an 

unconformity, but a continuous rapid change from one sedimentological unit to another. Therefore,a 

change in mass accumulation rate across the shift is expected. Applying the average MAR computed 

before the 1746-slump time marker the shift was dated at 1818 ± 6 AD. In turn, the MAR for the time 

period between 1860 AD and the date of the sedimentological shift could be estimated as 0.0207 ± 

0.0046 g cm-2 y-1 (Figure 2a).  

For the Pisco core, the average MAR before the 210Pb-time domain is 0.0218 ± 0.0013 g cm-2 y-1 

(n=7, R2= 0.92), yielding an age of the record of approximately 702 years. The rate was significantly 

lower than the mean 210Pb-CRS MAR, computed for the period between ca. 1935 AD and 1860 AD, 



when variation in sediment accumulation was low (0.0297 ± 0.0067 g cm-2 y-1, n = 14). Using the 

average MAR, the lithological shift is dated at 1812 ± 7 AD, which is older than the date based on the 
210Pb-CRS model, but within statistical range (1825 ± 9 AD). Here also thin-section observations 

indicate a shift between different sedimentological units with no unconformity. Although dating 

resolution here is not sufficient to directly resolve changes in sedimentation across the lithological shift, 

we estimated the shift date as the mean value from the two estimated dates (1819 ± 12 AD). The 

sedimentation rate for the time period between 1860 AD and the shift date was then estimated (0.0251 ± 

0.0063 g cm-2 y-1) as done in the Callao core (Figure 2b). 

In summary, the final age model for both cores included: 1) the 241Am/210Pb-derived MAR models 

from the oldest 210Pb derived-dated point to the present; 2) the intermediate MAR between the shift date 

and the oldest 210Pb derived-dated point; and 3) the average MAR, based on calibrated 14C ages, for the 

whole period until the sedimentological shift (Table S2). Time-resolution of the chronologies vary from 

+/- 1 year in the uppermost part of the cores to +/- 30 years at the bottom (Figure 2). 
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Supplementary Figure 1 

Downcore profiles of excess 210Pb and 241Am in the Callao boxcore B0413 (a) and in the Pisco boxcore 

B0406 (b). c) reconstructed fallout of 137Cs in the Southern Hemisphere (UNSCEAR, 2000), and fallout 

specific activity of 137Cs in Buenos Aires (Ribeiro & Arribére, 2002). The prominent features of fallout 

change (onset and peak periods, shaded) were used to identify three time-markers in the downcore 
241Am specific activity for both cores. Time intervals for each time-marker were estimated from excess 
210Pb – derived sedimentation rate in the uppermost layer and sample layer thickness. 

Supplementary Figure 2 

X-ray digital radiographies and downcore profiles of total organic carbon content (%), palynofacies 

analysis of the organic matter, conventional radiocarbon ages and δ13C of the radiocarbon samples in the 

Callao boxcore (a) and in the Pisco boxcore (b). The dotted lines highlight old radiocarbon ages leading 

to significant age inversions (yellow circles) in relation with organic matter properties (see 

supplementary text on methods). Radiocarbon ages in white circles correspond to the 210Pb-time domain 

and were not used in the model. Radiocarbon ages in black circles were used for the age models. 

Amplifications of the three slumps in the Callao core (S1, S2 and S3) and of the slump in the Pico core 

are showed at left and dotted. The gaps in the ordinate axes of the downcore profiles indicate the slumps’ 

positions.  

Supplementary Figure 3 

Estimation of the local reservoir age (ΔR) before the late nineteenth century (core B0406, Pisco) was 

done with a linear regression between conventional 14C age and accumulated mass before the 210Pb time 

domain.  This regression yields the approximate age before present (BP) of the record, for which the 

average ocean reservoir age (R) is calculated, using the marine calibration curve (Hughen et al., 2004). 

The difference between the curve intercept and the age BP of the origin (90 ± 5 BP, according to the 
210Pb CRS model) is the total reservoir effect (ΔR + R). Thus ΔR is the difference between the total 

reservoir effect and the average ocean reservoir age (ΔR = 188 ± 79 years). The same procedure applied 

to the Callao box core yielded a ΔR value equal to 279 ± 53 years. 



 Supplementary Table S1. Chronology tie-points in the Peruvian margin boxcores, based on age at bottom of sediment samples (see 
supplementary text). Sediment depths and accumulated masses in brackets correspond to slump bottoms.   

sediment depth  (cm) age AD acc. mass 
top bottom date top date base error (y) (g cm-2) comments

B0413 4.7 - 5.1 1973 - 1970 1 0.75 241Am peak, South Pacific tests (France)
7.0 - 8.1 1966 - 1962 1 1.28 241Am main peak, Southern Hemisphere (SH) peak of atomic assays
10.7 - 10.9 1954 - 1952 1 1.77 241Am presence, onset of atomic tests
25.1 - 25.7 1874 - 1870 10 4.35 210Pb CFCS model (ca. 6 half lifes)
36.0 - 36.8 (37.2) 1762 - 1746.8 3 6.67 (6.80) Major earthquake at 1746.8 AD, top (base) of slump
39.0 - 39.9 (47.3) 1704 - 1687.8 3 7.46 (9.69) Major earthquake at 1687.8 AD, top (base) of slump 

B0406 4.7 - 5.5 1974 - 1970 1 0.88 241Am peak,South Pacific tests (France)
6.9 - 8.2 1966 - 1962 1 1.27 241Am main peak, SH peak of atomic assays
11.8 - 12.4 1954 - 1952 1 1.90 241Am presence, onset of atomic tests
27.3 - 28.4 1867 - 1860 5 4.77 210Pb CRS model (ca. 6 half lifes)

Boxcore



Table S2. Conventional radiocarbon ages, local reservoir ages (ΔR) and calibrated radiocarbon ages from the boxcores off Callao (B0413) and 
Pisco (B0406). For the latest records ΔRs can be estimated by comparison with the 210Pb-derived ages. Radiocarbon age inversions correspond to 
change in organic matter source or increased ΔR and were not included for the age model development (Figure 2). Estimation of ΔR before the 
210Pb|domain is explained in the text and in Figure 3. All ages are given in years BP. 
 

core sample code sed. depth mass. depth 14C age (means ± 1S) ΔR  (means ± 1S) cal. 14C age (means ± 1S) age from 210Pb dating Comments
cm g cm-2 years BP years years BP years BP

B01413 B0413-12 11.9 1.954 1155 ± 45 686 ± 51 2 ± 2  ΔR inferred from 210Pb dating
(Callao) B0413-18 17.5 2.918 805 ± 30 390 ± 38 33 ± 6  ΔR inferred from 210Pb dating

B0413-22 22.0 3.692 830 ± 30 425 ± 39 59 ± 8  ΔR inferred from 210Pb dating
B0413-25 25.7 4.347 690 ± 45 292 ± 52 80 ± 10  ΔR inferred from 210Pb dating. Oldest age of 210Pb domain
B0413-37 33.1 5.426 820 ± 45 279 ± 53 176 ± 86
B0413-38 33.7 5.592 1060 ± 30 older ΔR 
B0413-42 37.2 6.796 1080 ± 50 slump S1, removed
B0413-43 39.0 7.310 925 ± 20 279 ± 53 321 ± 86
B0413-45 40.7 7.832 1075 ± 45 slump S2, removed
B0413-47 42.9 8.368 1140 ± 45 slump S2, removed
B0413-50 47.3 9.692 1160 ± 45 slump S2, removed
B0413-54 51.9 11.117 1000 ± 50 279 ± 53 363 ± 68
B0413-59 56.1 12.368 1360 ± 60 older ΔR 
B0413-64 60.0 13.544 1180 ± 45 279 ± 53 511 ± 56
B0413-68 63.0 14.452 1295 ± 45 279 ± 53 592 ± 52
B0413-70 65.8 15.223 1260 ± 60 279 ± 53 573 ± 57
B0413-71a 66.7 15.472 1385 ± 30 slump S3, removed
B0413-72a 71.4 16.391 1200 ± 30 slump S3, removed
B0413-74 78.5 17.951 1400 ± 45 old OM source

B0406 B0406-16 13.00 1.989 680 ± 45 211 ± 51 0 ± 3  ΔR inferred from 210Pb dating
(Pisco) B0406-24 18.30 2.919 740 ± 30 294 ± 38 30 ± 4  ΔR inferred from 210Pb dating

B0406-32 24.80 4.097 760 ± 30 292 ± 38 67 ± 4  ΔR inferred from 210Pb dating
B0406-35 28.40 4.775 770 ± 50 292 ± 55 90 ± 5  ΔR inferred from 210Pb dating. Oldest age of 210Pb domain
B0406-40 32.95 5.622 840 ± 30 293 ± 26 175 ± 95  ΔR inferred from upper 210Pb dating (n=3, see text)
B0406-44 36.25 6.685 700 ± 40 188 ± 79 150 ± 92
B0406-49 39.70 7.950 1155 ± 30 ± old OM source
B0406-55 45.05 9.749 1095 ± 30 ± old OM source
B0406-59 48.20 10.635 1145 ± 30 ± old OM source
B0406-66 52.05 11.772 1060 ± 45 188 ± 79 489 ± 78
B0406-68 57.30 13.265 1040 ± 45 188 ± 79 468 ± 83
B0406-73 60.25 14.326 1315 ± 30 ± old OM source
B0406-78 67.35 16.307 1200 ± 30 ± old OM source
B0406-80 70.20 17.625 1125 ± 30 188 ± 79 552 ± 64
B0406-82 71.90 18.264 1215 ± 45 188 ± 79 596 ± 67
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