The response of the Peruvian Upwelling Ecosystem to centennial-scale

global change during the last two millennia
SUPPLEMENTARY MATERIAL (SALVATTECI ET AL.)
SM1 (Figure):
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SM 1. Cross correlation of laminated sequences amongtgi@res (G) and box-cores
(B). All the cores were retrieved off Pisco, Pérbe yellow lines indicate the position of
the sedimentological shift (Gutierrez et al. 20@Bg upper black bold lines indicate the
start of**!Am activities and the green thick lines indicate torrelations of the diatom-
rich layers. The stratigraphic markers are reprteseby the continuous (dashed) colored
thin lines that indicate possible (less obviousyaations and represent the base of the
sediment sequences (from A to K) except for théi@es A and D where the base is



defined by the limit of detection 6t'Am and the sedimentary shift respectively. The
capital letters from A to K indicate the positiohcontemporaneous sediment sequences.
Black bars at the left side of the cores indicatenbgeneous deposits, while green bars at
the right side indicate the extent of the diatogeta. Given that the box-cores recovered
surface sediments they are aligned at 0 cm; inrasithe gravity cores are aligned to the
position of the shift in core B-14. In all the Xyrand SCOPIX images the colors were
inverted, thus the darker (lighter) laminae repnésiense (less dense) sediments. The
numbers at the right side of the X-rays repredemuncalibrated’C ages. The

composite record shown at the right side is theuseal for the present study. Figure
modified from Salvatteci et alin(revision).



SM 2 (Text):

CoreB-14:

B-14 contained 3 homogeneous deposits identifiesllaaps (homogeneous deposits |1,
[l and IV in SM1). They have been removed from theord in the present work as they
represent instantaneous depositions from upslope. sibsampling in core B-14 was
done in stratigraphic intervals (see Salvatteail.e2012 for details), with a mean interval
thickness of 0.46 cm.

The chronology for the most recent part of B-1ak{(I~150 years) was obtained
from downcore profiles of*Am and exces$'®Pb. The older part of B-14, which
corresponds to the period below a sedimentary sifitre large change in sediment
density and several proxies of oxygenation and yrtdty occurred (Gutierrez et al.,
2009), was dated using the sedimentation ratesnalokdrom bulk organic sedimentary
carbon of a nearby core B-6. A new chronologicatiel@onstructed, using tHéC data
of Gutierrez et al. (2009) and eliminating the seehtary sequences identified as slumps
in B-6, yields a sedimentation rate of 0.07 ci(Balvatteci et alin revision). The
sedimentation rates of core B-6 below the sedinmgrghift can be used in core B-14
because both cores present similar laminae segsiearm# the laminae thickness are
almost identical (Salvatteci et aln revision). A cumulative mass-depth profile was used
for the *%Ph,, and**C profiles due to important changes in sedimensitgithat could
give erroneous age estimations. The Dry Bulk DgndiBD) of core B-14 was taken

from Salvatteci et al. (2012), but these valuesavoerrected by sea salt content.

Core G-10:

The laminated section of core G-10 used in thegrework is located between
18 and 82 cm depth. Below this section there t83& cm thick slump with laminae
reworking (e.g. bands perpendicular to the sediatemt plane). In order to date the
core, 32 radiocarbon ages from bulk de-carbonatgdnic sedimentary carbon were
obtained in core G-10, and 7 samples that werenthkéveen 18 and 82 cm depth were

used to construct an age model. The conventiordgibearbon ages were calibrated



taking into account global and local reservaiR] effects using the program Calib 6.1
(Stuiver and Reimer, 1993). TR to calibrate thé’C ages was estimated to be 367
+40 years and was calculated for the period betwieerbase of the core B-14 and the
last *%Pb-derived age (see also Gutierrez et al., 2009Sa¢htteci et al.in revision).
The age model was based on cumulative mass-demhtaumportant changes in
sediment density. The subsampling in core G-10 dase at regular intervals of 1-cm
thickness.

Assembled record and core chronologies:

In order to establish the connection between Gwith B-14 and develop a
continuous and reliable record, we performed anamicross-correlation between G-10
and the 8 cores retrieved off Pisco that are weks-correlated (SM1). The first diatom
band of the laminated sequence of G-10 (below tmdgeneous deposit V) was cross-
correlated with the base of the sediment sequei¢®&M1). Additional support for the
fact that this diatom band is contemporaneous ith babres came from similar
conventionaf“C ages, in core G-10 the age of this band is 1386yt BP while in core
B-6 is 1215 +30 yr BP. Moreover there is a majangp above the sequence “I” that can
be observed in G-10 and several other cores imts®, confirming the tie point of core
G-10 with the other records. Consequently, thanated sequences at the base of core
B-14 were deposited just after the first diatomdancore G-10 (~89 cm depth SM1),
because the laminated sequences in the base oBebtevere deposited after the slump
V.

The assembled record shows that the sedimenttstesccorresponding to the
periods of interest (RWP, DACP, MCA, LIA and CWP)eamainly composed by
undisturbed laminated sediments (SM1). The assamtdiment record starts with a
homogeneous sediment sequence (SM1). Above tmwdeneous deposit an interval
containing laminated sequences, which correspamtiset DACP, can be observed up to
~125 cm depth, where another homogeneous depolicased until ~112 cm depth
(SM1). This last homogeneous deposit containsqgiatie MCA period. The remaining
part of the MCA (from ~112 to ~94 cm depth) showdlimeter-scale laminae. The



sediment sequences associated with the LIA pehod ghe finest laminated sequences
in the entire record. The transition between th® &and the CWP shows thick diatom
bands interspersed with laminated sequences. T™WE Ghows laminated sediments
from ~40 cm to ~23 cm and then from ~4 to the tdphe homogeneous section from ~23
to 4 cm depth (SM1) was probably caused by biotishaor by rapid sedimentation
event since th&"Ph,, profile is relatively constant in this part of thexord (Salvatteci et
al.,inrevision). An angular unconformity can be observed in d@®#4 at ~4 cm depth
(SM1). Finally, there is a major change in density~62.5 cm depth (SM1) which
coincides with a change in sediment density preshoueported in a nearby core
(Sifeddine et al., 2008; Gutierrez et al., 200Based on the sedimentological description
and given that we couldn’t identify the origin ofiet two homogeneous deposits
(bioturbation or slump) in core G-10 we didn’t dlyeany proxy in these sequences to

avoid uncertainty in the data set.

The ?*%Ph,, cumulative mass depth profile shows four distisettions with
different sedimentation rates (SM3A). The firsttgen ranges from the top to the
angular unconformity located at ~4.3 cm with a seitation rate of 0.18 cnitythe
second ranges from 4.3 to 8.5 cm with a sedimemtatate of 0.15 cmy; the third
extends from 8.5 to 23.2 cm with a high sedimeotatiate of 1.1 cm:yand the last
section ranges from 23.2 to 46.6 cm and has a sedition rate of 0.40 cnily The
chronological model was adjusted using #&m profile by assigning the date 1952AD
to 15.6 cm depth. The sedimentation rate for theth section (0.402 cmily was
extrapolated up to 62.5 cm where the sedimentaift & located The angular
unconformity at ~4 cm in core B-14 was identifiedlaahiatus of ~4 years that occurred
approximately at ~1982 AD.

The sedimentation rates during the RWP, DACP, MW LIA estimated using
14C ages are considerably lower in comparison with gadimentation rates of the last
150 years. SM3B shows the cumulative mass deptagescal BP in core B-6, showing
the sedimentation rate used to determine the Bgb$ arior to the sedimentary shift

(yellow lines in SM1). The sedimentation rate floe pre-shift period in core B-6 was



estimated to be 0.07 cnit.yFig. SM3B). In core G-10 the cumulative masstdes. age
cal BP yields a sedimentation rate of 0.05 ¢m(§M3C). The differences in the
sedimentation rates (between periods) and therdiffesubsampling thickness (between
cores) indicate that the average time spam of saafpled interval during the RWP,
DACP, MCA, LIA and CWP is 21.9, 21.9, 7.5 and 1ehss respectively. Consequently,
the proxies obtained in the samples correspondintpe¢ LIA and CWP periods were
lumped in intervals of approximately 20 years, dhdn the results are presented as

standardized values (value-average/sd).



SM3 (Figure):
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SM 3: Cumulative mass-depth age models showing the sedation rates used in the
present work. A) Core B-14, showing 4 distinct seefitation rates. B) Core B¥C

data taken from Gutierrez et al. (2009) and sediat®m rate obtained from Salvatteci et

al. (nrevision). C) Sedimentation rates in core G-10. The loesérvoir AR) used to
calibrate thé“C ages in cores B-6 and G-10 was 367+40 yearsze#errez et al.

(2009) and Salvatteci et ain(evision).



SM4 (Text):

Analytical procedures of e ements serving as proxies

Major elements (Al and Ti) and trace elements (Mp,Re, Cd, Ni and Cu)
concentrations were analyzed by ICP-MS (Ultramaswiavi) after hot-plate acid
digestion in Polytetrafluoroethylene (PTFE) vesséle acids employed (HF, HN@nd
HCIO,) eliminated OM and removed silicates (Jarvis et192). The methodology for
the sample preparation is based on Jarvis et 882(1land briefly summarized here.
First, 25 mg of powdered sample were weighed ingh-precision microbalance and
placed into the PTFE vessels. Then, 2 ml of HN&%) and 2 ml of HF (40%) were
added to the samples. The vessels were closedrandrsed in an ultrasonic bath for 10
minutes to facilitate the oxidation of OM. Afterdays, the closed vessels were placed on
a hot plate (150°C) for three hours, and then &meptes were removed from the hot plate
to cool down. As soon as they were cool enoughppen samples were placed again on
a hot plate (150°C) to let all the acid evaporaterdtion ~5 hours). Then, 2 ml of HF
(40%) and 1 ml of HCIQ(70-72%) were added to the sample and the tubes placed
on a hot plate (150°C) for 10 hours in order tod#tthe acid evaporate. When the
evaporation was completed, 2 ml HN®5%) were added to the samples and the tubes
were placed again on the hot plate to evaporateetimaining acid (2-3 hours). This last
procedure was repeated twice. Finally, the sampkse placed into larger plastic tubes
with the aid of a funnel and HN@2%). The samples were then analyzed in an ICP-MS
and the accuracy of the trace elements conceniratieasurements was determined
through comparison with international standardse Tiheasurement precision was
determined by performing duplicate analyses. Thexaye values of replicate digestions
were well within the recommended ranges with reéatitandard deviations (RSD) being
<1% for Al, Ti, Mo, V, Ni and Cu, and <2.5% for Re = 229).

The total metal concentrations measured contaitetdatal background and an
authigenic metal concentration (i.e. the part inems of the detrital background; Béning
et al., 2004; Tribovillard et al., 2006; Scholza¢t 2011). Given that the trace elements

may present in some cases a strong detrital fragctie@ focus on the authigenic trace



element content. The chemical composition of aitelés an appropriate representation
of the detrital background of the sediments on Beeuvian margin as proposed by
Boning et al. (2004). Thus, we used the elementerts of andesite to obtain the
authigenic concentration of each trace elementsé&lmntents were obtained from the
GEOROC database (Sarbas and Nohl, 2009) taking adoount the elements
concentrations in andesite from whole rocks from tlentral Andean volcanic zone in
Peru (SM5). The detrital metal fraction was caltedafollowing Tribovillard et al.
(2006): Xgetrital = (X/Al) andesite® Al sample Consequently the authigenic fraction of element
X in a sample was calculated asowf — Xgetitar The authigenic (or non-lithogenic)
fraction is mainly enriched by post-depositionadae reactions (especially in suboxic
environments) and each element exhibits differensgivities to redox conditions along
an oxic to sulfidic gradient. However not all thatlagenic fraction is produced only by
post-depositional reactions because some metdidnapresent above the background
lithogenic concentrations is also due to the fluxneetals associated with settling
biological material (Nameroff et al., 2004; Tribtbard et al., 2006). We calculated the
enrichment factor of the elements to determinef/tare depleted or enriched relative to
andesite. The enrichment factors were calculatétyubke following formula according
to Tribovillard et al. (2006): Efement x= (X/Al) sampie/ (X/Al) angesite If EFX IS greater

(lower) than 1, then the element X is enriched lglep) relative to average shales.

The biogenic silica was quantified by Fourier sfammed infrared spectrometry
(FTIR) analyses (Bertaux et al. 1998). The sanmpkparation for FTIR analysis is
described by Bertaux et al. (1998) and is brieflyjnmarized here. Given that a particle
size of less than gm is required to avoid excessive scattering ofairgd (IR) radiation,
approximately 15 mg of dry pre-powdered sample weeehanically ground with small
agate balls in an agate vial under acetone anccaokng chamber for 90 minutes. Then,
the solution containing the powdered sample andatietone was poured onto a watch
glass to let the acetone evaporate. After thatn&y5of dry pre-powdered sample were
weighed in a high-precision microbalance and 997gc0f KBr was added to the sample.
Then, the powder containing the sample and KBr mva®d by hand in an agate mortar

for 10 minutes and 300 mg of this powder was usgutépare a 13 mm diameter disc by



pressing the mixture in a vacuum die with up t@@stcn? of compression. Finally, in
order to acquire the IR spectra, the discs wereeglanto a Perkin-Elmer FT 16 PC
spectrometer in the 4000-250 trenergy range with a 2 chresolution. In order to
guantify the % of biogenic silica from the IR spacthe spectral-energy range between
1315 and 315 cthwas chosen for calculation because this regioldsimany absorption
features that are relevant for distinguishing thegénic silica in the mixture. The % of
amorphous silica obtained from the FTIR analysisoaincorporates other types of
amorphous silica (e.g., volcanic ashes) but thaicentrations are too low in comparison
with the vast abundance of diatoms valves off Pditus we consider that the % of
amorphous silica obtained through the FTIR analysitects principally the % of
biogenic silica.

The quantification of organic matter was done gdtock-Eval 6 that permits
evaluation of the evolution of organic compoundsrirdy programmed pyrolysis
(Lafargue et al. 1998). During the programmed |ygie several parameters are used in
order to quantify and characterize the organic enag1, S2 and S3. S1 (mg HC/g rock)
corresponds to the quantity of hydrocarbons (HQgased during the isothermal
temperature step at 300°C and represents the thepwized free hydrocarbons
contained in the rock (Behar et al. 2001). S2 H@jg rock) corresponds to the quantity
of HC released between 300 and 650°C and represkatsHC resulting from the
cracking of sedimentary organic matter (Behar e2@01). Finally, S3 (mg C{y rock)
represents milligrams of carbon dioxide generateminfa gram of sample during
temperature programming up to 390°C (Lafargue.e1208; Behar et al.,2001; Peters et
al. 2005). Total Organic Carbon (TOC) is determir®d summing the pyrolysable
organic carbon (obtained from the S1, S2 and S@)tlaa residual organic carbon (Behar
et al. 2001). TOC reflects the quantity of OM prese the sediment and can be used to

infer past export production.

The water column denitrification was inferred thgh N in sedimentary
organic matter and the analyses were performedvin different laboratoriess™*N
analyses for core B-14 were done in the ALYSEEBatdy, France and were measured

on a continuous-flow gas-ratio mass spectromet&andardization was based on a



laboratory standard Tyrosine and Uré&N analyses for core G-10 were done in the
department of Geosciences of the University of ém& and were measured on a
continuous-flow gas-ratio mass spectrometer (Fami@pelta PlusXL) coupled to an

elemental analyzer (Costech). Standardization wased on laboratory standard

acetanilide and the precision was better than £1xP



SM5 (Table): Average (xsd) concentration and Metal/Al for Aniteegn whole rocks
from the central Andean volcanic zone in Peru tdkem the GEOROC database
(Sarbas and Nohl, 2009) and in marine sediments fh@ present study. Re
concentration and Re/Al from andesite taken frowealet al. (2002).

Element/Al

Metal Andesite Present study
average sd average sd

V/AI (x107%) 14 + 0.6 77 + 38
Cu/Al (x10% 44 + 33 147 + 5.4
Ni/Al (x10™) 26 + 238 226 =+ 8.6
Mo/Al (x107) 25 £ 1.9 337.9 + 3408
Cd/Al (x10°) 26 + 24 861.2 + 560.3
Re/Al (x10°% 1.9 1121.2 + 459.0




SM 6 (Figure):
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SM6. X-ray images, lamination style, time periods dénest, and proxies evaluated in
the present study. A) Positive X-ray image of caes4 and G-10 (from 87 cm to the
bottom); the small boxes at the right side of thea}){image indicate the position of the
samples that were dated B¢ in core G-10. B). Simplified lithology, the areaith
horizontal lines represent finely laminated sedite@md the dotted areas represent
mixed sediments or more homogeneous material. €BDIk Density (DBD), data of
core B-14 taken from Salvatteci et al. (2012) otted by sea salt content. D) Al (%),
proxy for terrigenous input. E) Ti (%) proxy fortigenous input. F}*°N (%) proxy for
water column denitrification. G), H) and 1) Authige molybdenum (Mo, ppm),
authigenic vanadium (V, ppm) and authigenic rhen{R®, ppb) proxies for sediment
redox conditions. J) Re/Mo (xE) proxy to differentiate anoxic vs. suboxic cortis.
K) Biogenic Silica (Si%), proxy of diatom produatiol), M), N) and O) Total organic
carbon (TOC, %), authigenic nickel (Ni, ppm), agémnic copper (Cu, ppm) and
authigenic cadmium (Cd, ppm), export productiorx@s. The horizontal dashed lines
indicate the average of each proxy. The colore@ba@t the right and left side of the
figure indicate the Roman Warm Period (RWP), thekDges Cold Period (DACP), the
Medieval Climate Anomaly (MCA), the Little Ice AdklA) and the Current Warm
Period (CWP) according to the age model presemt&M3. Note that in this figure, Cd
is presented as an export production proxy whilEigures 2 this trace metal is used to
reconstruct sediment redox conditions, see tetttermanuscript for more information.



SM7 (Table): Correlation matrix based on the Pearson correlat@eficients (r values)
for Al and Ti (n=229), authigenic metal concenwas (n=229); biogenic silica (n=127);
total organic carbon (TOC, n=203) adidN (n=105) in cores B-14 and G-10. Data from
SM6. Underlined values indicate significance afterrecting for multiple comparisons
(p < 0.004). Cadmium is considered as an expaymtion proxy in this Table, but
given its high relationship with the other sedimesdox conditions proxies, is used from
hereon as a proxy for oxygen availability in theiseents rather than productivity. The
probability level was corrected for multiple compans by dividing the probability
level o (p<0.05) by the number of test (12) perfomed (&a2002). The values in
parentheses indicate that were derived from twegrates that share the same data (Mo,
Re and Re/Mo).

DBD Al Ti Mo V Re Re/Mo §'°N Biogenic TOC Ni Cu Cd
(g.cm’) (%) (%) (ppm) (ppm) (ppb) (%0) silica (%) (%) (ppm) (ppm) (ppm)
_ DBD (g.cm) 1
Terrigenous Al (%
input _( 6) 0.82 1
Ti (%) 08 099 1
Mo (ppm) 0.64 -0.67 -0.69 1
Sediment V (ppm) 025 -0.14 -0.16 0.61 1
REDOX PP == T T ===
conditions Re (ppb) 062 072 071 -023 028 1
Re/Mo 0.63 71 0.73 (-0.88) -0.49 (-0.41) 1

OMZ intensity 3N (%) 069 -0.75 -075 0.68 022 -055 -0.72 1
Biogenic siica (%) -0.58 -0.73 -0.71 0.50 0.01 -0.48 -0.58 0.75 1
Export TQC (%) 013 021 016 024 075 057 -0.09 -0.28 -0.46 1
production Ni (ppm) 028 039 038 008 060 075 008 -028 -025 074 1
Cu (ppm) -0.01 004 001 035 075 047 -019 -0.05 -0.13 087 067 1
Cd (ppm) -040 -037 -039 070 076 0.08 -054 037 019 057 052 05 1




SM 8 (Table): Correlation matrix based on the Pearson correlataeficients (r values)
for metal/Al ratios (n=229); biogenic silica (n=12%tal organic carbon (TOC, n=203)
and&™N (n=105) in cores B-14 and G-10. Underlined valneicate significance after
correcting for multiple comparisons (p < 0.056)ad@ium is considered as an export
production proxy in this Table, but given its higitationship with the other sediment
redox conditions proxies, is used hereafter a®aypior oxygenation rather than
productivity. The probability level was correctied multiple comparisons by dividing
the probability leveb (p<0.05) by the number of test (9) perfomed (&&002).

s\ Biogenic TOC

(%) siica (%) (%) NVAI Cu/Al Cd/Al

Mo/Al V/AI Rel/Al Re/Mo

Mo/Al 1
Sediment
VIAI
REDOX 08/ !
conditions Re/Al 08 084 1
Re/Mo -0.56 -0.73 -0.54 1
OMZ intensity|  §"°N (%o) 079 084 065 -072 1
Biogenic siica (%) 0.69 0.73 0.66 -0.58 0.75 1
TOC (%) -043 -0.16 -022 -0.09 -028 -0.46 1
Export NVAl
production 076 088 0.8 -067 074 074 -006 1
Cu/Al 081 092 084 -069 076 070 -0.02 0.87 1
Cd/Al 078 0% 073 -070 08 070 -016 0.88 0.88 1




SM9 (Figure):
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SM9. Enrichment factors for several trace elementsaverage andesitic composition
and standard deviation (sd). The element/Al frondesite were obtained from the
GEOROC database (Sarbas and Nohl 2009) taking atoount the element
concentrations in andesite from whole rocks from tlentral Andean volcanic zone in
Peru. Andesite Re/Al ratio was taken from Alvesaet(2002). All data available from
cores B-14 and G-10 were used to calculate theagesr The Mo —sd is off scale. Re, Cd
and Mo exhibited the highest enrichments factover@ge tsd): 578+236; 334 +218 and
131 +134; Ni and V show a moderate enrichment 8f£8.4 and 4.7 +2.8 respectively.
Finally, Cu showed the lowest enrichment facto8: £1.2.



SM 10 (Text):
Correlation among proxies and data presentation

The downcore profiles of all the proxies evaluatedhis study are plotted in
SM6, showing that the proxies that represent tineesarocess are highly correlated with
exception of Cd that seems to represent sedimeluixreonditions instead of export
production (SM6 and SM7). The terrestrial runofbyies (Al and Ti) show similar
downcore variability and are highly correlated (SNB®17). Al and Ti% follow the same
downcore changes observed in the DBD values (SNI6&nd E) and also show a strong
correlation with the DBD values (SM7). Additiongllfhere is a strong negative
correlation of the biogenic silica contents with DBAI and Ti (SM7; -0.63, -0.75 and -
0.72, n = 119, p < 0.001). These results are egpdotcause Al and Ti% represent the
detrital fraction, which is denser than the othemponents of the sedimentary matrix

(i.e. OM, biogenic silica and calcium carbonate).

The relationships among the proxies for sedimedbx conditions (Mo, V, Re
and Re/Mo), and their relationships with the watelumn denitrification §°N) also
show an expected pattern. The three sediment redlodtitions proxies (Mo, V and Re)
show an expected relationship based on their sdhsito oxygen levels in the
sediments. Mo and V show the strongest correlgigivi7; 0.61), because both of them
accumulate under anoxic conditions withSHpresence (Scholz et al. 2011). However,
their relationship is not so high probably duete high frequency variability in the V
profile during the LIA-CWP transition not observiedthe Mo profile. Mo and Re show a
negative relationship (SM7; -0.23) as expected wutheir different sensitivity to 6
availability. The "N profile shows a coherent pattern with Mo and Re/{BMS6),
exhibiting high and significant correlations withoMand with Re/Mo (SM7; 0.68 and -
0.72 respectively).

The proxies for export production show some sintiés and differences that can
be used to interpret changes in productivity dutimg last 2 millennia. Biogenic silica
contents show negative correlations with the othgrort production proxies indicating

that the overall export production (i.e. from high@phic levels) is not a simply function



of siliceous productivity. The biogenic silica showegative relationships with TOC, Ni
and Cu (SM7; -0.46, -0.25 and -0.13). Higher brogsilica contents are associated with
visible diatoms bands in the X-ray images, whick present during the LIA-CWP
transition and during some periods within the MOAda&CWP (SM6). There are some
differences among the overall export productionx@® that suggest that TOC, Ni and
Cu are better indicators than Cd. First, Ni andsBaw higher correlation (SM7; 0.67)
than Ni with Cd (Table 2, 0.52) or Cu with Cd (SM7%& 0.56). Second, the correlations
of Cd with the proxies for sediment redox condiigqiMo and V; SM7; 0.70 and 0.76
respectively) are higher than those for export patidn. Third, the correlations between
Ni and Cu with TOC (SM7; 0.74 and 0.87) are higtiem that of Cd and TOC (SM7,
0.57). Finally, the increment in TOC in the lasD~fears is replicated by the Ni and Cu
profiles but not by the Cd profile (SM6 L, M, N a@). The similarity between the Ni,
Cu and TOC profiles is likely due to the fact thaith metals are exported to the
sediments in association with organometallic comgde while the differences with the
Cd profile may probably arise from post-depositiopeocesses (Tribovillard et al.,
2006). These results suggest that Ni and Cu arnerbptoxies to OM flux than Cd
because the export production signal of Cd mayldsewed by metal enrichment in the
water-sediment interface during anoxic conditiomberefore, Cd is used from here

onwards as a proxy for redox conditions and noefgrort production.

Normalization of trace elements concentrationsuph division by Al as well as
the calculation of fluxes (Metal concentration xlisgentation rates x DBD) through the
use of the sedimentation rates obtained from agelelmp are common practices.
However, in the present dataset, the normalizapimtedure increased, decreased, or
even changed the sign of the correlations betweerodified variables. Authigenic trace
element concentrations in the Pisco cores that natreorrelated, like Ni with Mo (SM7,
0.08) or Re with Cd (SM7, 0.08) show a strong stharariability when the data are
normalized by Al (SM8, Ni/Al with Mo/Al: 0.78 and €Al with Cd/Al: 0.73).
Additionally, the strong correlations of the autmgc paleoproductivity proxies with
TOC disappeared when the trace elements were nasda(SM7 and SM8). For

example the correlations of authigenic Ni and Catents with TOC were 0.74 and 0.87



respectively, while the correlations of normaliZéidand Cu with TOC were -0.06 and -
0.02 (SM7). The normalization problems may ariseemvithe coefficient of variation
(standard deviation divided by the mean) of Al aartcations is large compared to the
coefficients of variation of the other trace eletisenin the present work the coefficient of
variation of Al (0.53) was relatively high in compson with Ni (0.33), Cu (0.37), Cd
(0.38), Mo (0.39), V (0.35), and Re (0.37). Thilg changes observed in the normalized
variables are likely due to the relatively high fficgent of variation of Al. These
observations indicate that the normalization byshbuld be avoided in the data set
present on this study. Nonetheless, the averagehement factor of each element in all
the record was calculated to determine which elésnexhibit the highest enrichments
relative to andesite (SM9). Re, Cd and Mo exhibitiee highest enrichments factors
(average +sd): 578+236; 334 +218 and 131 +134;ndi 4 show a moderate enrichment
of 7.9 £3.4 and 4.7 £2.8 respectively. Finally, Showed the lowest enrichment factor:
2.3 £1.2. The high and moderate enrichment faaidiRe, Cd, Mo, Ni, and V support

their use as paleoredox or paleoproductivity prexie

Another possibility to present the data set isflases (Metal concentration x
sedimentation rates x DBD) through the use of gnsentation rates obtained from the
age models (SM3). This approach should also bentakth caution since the fluxes are
highly sensitive to the sedimentation rates, evsudgh if a careful age model was
constructed as in the present work (Van der WeiladR). As also observed in the case
of the Al normalization, the large variations ireteedimentation rates (SM3) produce
distorted correlations between elements (data imotvs). Consequently, we present the
authigenic concentrations of the trace element®aaksof the Al normalization or metal
accumulation rates. In the following sections, rexies shown in Supplementary
Material 6 are plotted versus a time scale, ands#émples corresponding to the LIA and
CWP are lumped into coarser samples in order taimlthe same temporal resolution in

all the record.
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