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Nutrient Utilisation and Weathering Inputs in the

Peruvian Upwelling Region Since the Little Ice Age

C. Ehlert, P. Grasse, D. Gutiérrez, R. Salvatteci and M. Frank

1 Age model for core M771-470

Core M771-470 was taken at 11° S, 77°56.6° W in 145 m water depth during cruise
M77/1 with the German R/V Meteor in 2008 (Fig. 1). The age model was obtained by
measuring excess > 'Pb activities and modeling the resulting profiles as described by
Meysman et al. (2005) (Fig. S1, Table S1). Porosity data for core M771-470 were
determined from water loss after freeze-drying. The fit to the porosity data was
obtained by applying @, (porosity at the sediment water interface) = 0.95, @y (porosity
at infinite depth after steady state compaction) = 0.85, p (attenuation constant) = (.02
cm™. Excess 2'’Pb was modelled based on a fit to the data obtained with Dg(0)
(bioturbation coefficient at the sediment water interface) = 30 cm” yr™', xs (sediment
depth where Dg(x) is approaching a value of zero) = 7 cm, A; (*'°Pb activity of the
particles raining to the seafloor) = 3.4 Bq g™, wr (burial velocity) = 48 cm kyr™'. These
results indicate bioturbation in the uppermost 10 cm. The average sedimentation rate
of core M771-470 between 10 and 25cm profile depth of 0.92 mm/yr is essentially
identical to the one obtained from the nearby core SO147-106KL for the time period
1400-1900 AD of 0.9 mm/yr (Rein et al., 2004).

The porosity data show a pronounced decrease between 24 cm and 32 cm profile
depth (Fig. S.la and Fig. 2, Table S.1), which is considered to reflect a
sedimentological feature that marks the transition of the LIA towards modern
conditions (= transition period). This shift can be found in several cores from the
region and has been dated to start ~1820 AD, with an uncertainty of 10-15 years
(Gutiérrez et al., 2009; Salvatteci et al., in review). The highest values of bSi that can

be found in ~25 cm profile depth in core M771-470 are recorded in several cores off
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Peru and Chile just after the LIA during the transition period (Gutiérrez et al., 2009;
Diaz-Ochoa et al., 2011; Salvatteci et al. in review), suggesting a regional event.
Using average sedimentation rates from the nearby core B0405-13 (12°S, 184 m
water depth) of ~1.8 mm/yr for the modern sediments from the time period 1870-1952
AD, ~1.5 mm/yr for the transition period between 1818-1870 AD and lower
sedimentation rates of 0.6 mm/yr during the LIA from ca. 1300-1818 AD (Gutiérrez
et al., 2009) would indicate, that the core depth between 26 cm and 32 cm
corresponds to the transition period, shallower depths reflect modern sediments and
deeper depths reflect sediments from the LIA. This was adopted for the discussion in

the manuscript.

2 Leachate neodymium isotope composition
2.1 Methods

To obtain the radiogenic isotope composition of past bottom seawater at the sites of
the sediment cores from the early diagenetic Fe-Mn coatings of the sediment particles,
previously published methods were applied (Gutjahr et al., 2007; Stumpf et al., 2010).
First, the carbonate fraction was removed from the freeze-dried and homogenized
sediment samples using a 15%-acetic acid/l M Na-acetate buffer solution.
Afterwards, the authigenic Fe-Mn oxyhydroxide fraction was leached and separated
from the sediment with a 0.05 M hydroxylamine hydrochloride/15%-acetic acid
solution buffered with NaOH to pH 3.8. For purification of the leachate fraction and

analyses of Nd and Sr isotope composition please refer to the main text.

2.2 Changes in Subsurface Water Masses

The end coating Tecord of core M771-470 only shows a small variability ranging from -
1.2 to -2.3 with a mean value of -1.7 = 0.7 (20(4)) and no significant trends are
observable (Fig. S2, Table S2). For core B0405-6 no &g coating Signature could be
determined because the available amount of left over sediment material was not

sufficient.

Knowledge about changes in the origin of the subsurface waters would help to better

constrain some of the changes in utilisation discussed, i.e. concerning the source



O 00 N O U1 B W N =

NONON DN DN DN NNIDNIDNR B R B R R ol | |1 |,
© O N O Ul & W N R © O 0 N O U1 B~ W N B O

30

31

32
33

regions (northern or southern) of the water masses and therefore which pre-formed
(utilisation) signal should be assumed. Early diagenetic Fe-Mn coatings in marine
sediments have been shown to archive the dissolved eng signature of (bottom) water
masses, which had been acquired in the source regions of water masses via
weathering of continental rocks with distinct isotopic signatures and supply to the
ocean via rivers, eolian input or through shelf exchange processes (Frank, 2002;
Lacan and Jeandel, 2005). The Eastern Equatorial Pacific is influenced by two main
water mass sources. The Central Pacific is characterised by more radiogenic
signatures around -2 and waters of this origin are supplied to the EEP via the
EUC/PCUC (Fig. 1) (Lacan and Jeandel, 2001; Grasse et al., 2012). In contrast, the
water masses of Southern Ocean origin are characterised by less radiogenic signatures
around -8 (Piepgras and Jacobsen, 1988; Grasse et al., 2012). Core M771-470 1is
located in 145 m water depth, which is in the present day core depth of the PCUC
(Fig. 1) (Brink et al., 1983). The &nd coating Signature in core M771-470 ranges between
-1.2 and -2.3, which suggests that the signature has not deviated significantly from the
composition of the present-day PCUC (Grasse et al., 2012; Ehlert et al., 2013). As
described above, the PCUC is the predominant bottom current at the location of the
core under strong upwelling conditions. When upwelling was weak the surface
currents could expand both latitudinally and vertically within the water column and
may also have impacted the bottom water signatures (Montes et al., 2011). However,
as described by Ehlert et al. (2013), the variability of the &nd coating Signature on the
Peruvian shelf has not necessarily only been related to the prevalent current regime
and water mass mixing but exchange between bottom waters and the underlying
sediments and the pore waters plays an important role, in particular under oxygen-
depleted conditions in the sediments and bottom waters (Haley et al., 2004; Lacan and
Jeandel, 2005), which prevents a reliable assessment of past water mass mixing based
on the Nd isotope composition of the coatings. This is the reason why the data for the
one core are not included in the discussion of the main text and only provided here for

completeness.
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Table S1. Core M771-470 a) excess >'’Pb measurements and porosity data, b) age

model based on sedimentation rates from Gutiérrez et al. (2009), and "*Nd/"**Nd, eng

and “’Sr/*°Sr of authigenic Fe-Mn coatings. 204y represents the external

reproducibilities of repeated standard measurements.

a) 210Pb-dating and porosity b) age model

?cer];;h zll;z;’kg) (Balkg)  POTosity ?cer];;h el YA MNUNG ene 20w USIST 2ow
0-1 - - 0.953

1-2 1.14E+03 7.34E+01  0.944 1.5 1976 0.512539 -1.9 0.3 0.709030  2.6E-05
2-3 - - 0.945 35 1965 0.512551 -1.7 0.3 0.708971  2.6E-05
3-4 9.42E+02 5.97E+01  0.940 5.5 1954 0.512546 -1.8 0.3 0.709080  2.6E-05
4-5 - - 0.932 9 miﬁyr 1934 0.512556 -1.6 0.3 0.709099  2.6E-05
5-6 - - 0.938 11 1923 0.512526 2.2 0.3 0.709121  2.6E-05
6-8 9.84E+02 6.36E+01  0.955 15 1901 0.512521 -2.3 0.3 0.709112  2.6E-05
8-10 7.75E+02 5.35E+01  0.935 19 1879 0.512559 -1.5 0.3 0.709094  2.6E-05
10-12  5.28E+02 3.74E+01  0.928 20 1873 0.512571 -1.3 0.3 0.708748  8.0E-06
12-14  2.66E+02 2.57E+01  0.925 23 1853 0.512547 -1.8 0.3 0.709153  2.6E-05
16-18  8.68E+01 1.86E+01  0.920 25 mlljyr 1840 0.512539 -1.9 0.3 0.709132  2.6E-05
20-22  1.27E+02 1.97E+01 0915 26 1833 - - - 0.708973  8.0E-06
22-24  9.49E+01 1.87E+01  0.920 27 1827 0.512542 -1.9 0.3 0.709130  2.6E-05
26-28  <2.28E+01 - 0.838 29 1803 0.512538 -2 0.3 0.709136  2.6E-05
28-30  <2.08E+01 - - 32 1753 0.512523 -2.3 0.3 0.709140  2.6E-05
30-34  <I.89E+01 - 0.818 ?dzupl.) 1753 0.512564 -1.4 0.3 0.708935  5.0E-06
34-38  <222E+01 - 0.846 36 mm/yr 1687 0.512574 -1.2 0.3 0.708727  8.0E-06
40 - - 0.822 40 1620 0.512565 -1.4 0.3 0.708928  8.0E-06
44 - - 0.841 44 1553 0.512572 -1.3 0.3 0.708745  5.0E-06
48.5 - - 0.839 48.5 1478 0.512564 -14 0.3 0.708847  5.0E-06

*average sedimentation rates were determined on nearby core B0405-13.
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Figure S1. Age model for core M771-470 (data: black diamonds, best fit: grey line).
a) porosity versus depth (cm), b) excess 2'°Pb activity (Bq g"), and c) resulting
age/depth relationship (black curve = *'°Pb modeling, grey curve = using average
sedimentation rates of core B0405-13 (Gutiérrez et al., 2009). The grey shading
indicates the bioturbated zone, the yellow shading highlights the transition zone from

the LIA to modern sediments.



[EY

N O o W N

M771-470 ENd 87Qr/36Sr
6 -5 4 3 -2 -1 0 071 0.708
2000 1 1 1 1 1 J " ; 1 3 1 3 1 -
] ] m detritus
¢ coating

0.706

19001
1800

1700

year AD

1600
15001

1400

seawater

1300

Figure S2. Downcore records for core M771-470 for eng and 87S81/%Sr for authigenic
Fe-Mn coatings (grey diamonds) and detrital material (black squares). Error bars
represent 264y external reproducibilities of repeated standard measurements. The
grey dashed line indicates the present day dissolved seawater *’Sr/*Sr of 0.70916.
The blue shading indicates the LIA and the yellow shading represents the time span of

the transition period.



