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Core location and description
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The evolution of Oxygen Minimum Zones (OMZs) has been extensively studied at glacial-interglacial and millennial N (g A 5° ‘ i
timescales (e.g. De Pol Holz et al., 2007; Robinson et al., 2007; Chazen et al., 2009; Gutiérrez et al., 2004) but multidecadal : - : {
and multiannual variations have not been described for periods anterior to the last millennium. Eq [ } Eqr
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The history of the Peruvian Oxygen Minimum Zone is tightly linked to ENSO. Indeed, the apparition of modern ENSO ST
dated at around 5000 years BP has been detected through stronger variability in water column denitrification (Chazen '
et al., 2009). However, certainly because of discrete sampling, this study did not capture the intensification of ENSO
which occurred 2000 years ago as observed on other records (Conroy et al., 2008). We here refine the relationship
between ENSO and the Peruvian OMZ over the last 7000 years through a unique study at the lamination scale. 1954
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Peruvian OMZ fluctuations over the last 7000 years and 20°S 8
Its link with ENSO . m R
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Core M772-003-2 records four major intervals over the last 7000 years:
Figure 1: a) Oxygen concentrations at 200 m depth; b) Nitrate concentrations in surface waters.

7/000-5300 yrs BP: We here represent the values measured annually between 1935 and 1978 (Levitus, 1982).
- Decreasing trend in denitrification (Fig. 3a) until a minimum around 5400 years BP We analyzed the first 4.83 m of a laminated piston core located within the modern OMZ (core M772-
_, weakened OMZ 003-2; 15°S; 271 m water depth; Fig.1). Core chronology, based on eleven '4C dates performed on

humic acid, indicates that the 5 first sections cover the last 7000 years. X-ray radiographies show that
sediments are organized in millimeter-scale laminations and pluri-centimeter to decimeter-scale bands
with variable densities throughout the core (Fig. 2). All laminations were individualized and sampled,
using visual observations and X-ray radiography. One lamination represents 10 years of sedimentation
5300-4400 yrs BP: on average. Each lamination was analyzed for major and minor elementary composition (XRF core-
scanning), bulk 6°N and diatom assemblages.

- Increase In rainfall (Fig. 3b) and decrease In productivity (Fig. 3c) — Transition from La
Nina-like to EI Nino-like mean conditions in the Peruvian Upwelling System (PUS)

- Increase iIn OMZ intensity around 5300 years BP (Fig. 3a)
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Two-step transition between the modern and mid-Holocene states of the Peruvian OMZ 80 I 80
e Strong increase in OMZ intensity and productivity around 5300 years BP, previously Bottom: 83 cm 90
considered as the onset of the modern state of the Peruvian OMZ (Chazen et al., 2009) _ o
 Weaker increase between 2600 and 2200 years BP, followed by alternating periods of Bottom: 183cm  Bottom: 283 em Bottom: 383 cm Bottom: 483 cm
mte_nsmed ano_l Weakenec_l OMZ_ — onset of the modern state _of the OMZ_ 2200 years ago Figure 2: X-ray radiographies of the first 4.83 m of piston core M772-003-2
Both increases in OMZ intensity (blue shaded areas on Fig.3) In phase with decreases In the
frequency of El Nifio events (Fig. 3d and e) :
— Increased OMZ intensity when El Nino events are less frequent under La Nina-like mean Zooming on the last 3000 years
conditions - La Nina-like mean conditions in the PUS (low precipitations, strong productivity
Age (years BP) and intense OMZ) over five intervals (light sediment bands, gray areas on Fig. 4) .
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< § ~ o T - Centennial-scale variations in the mean state of the PUS controlled by the
o @ : il | Walker circulation
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Figure 3: Evolution of OMZ intensity (a), rainfall (b) and productivity (c) in southern Peru compared with Figure 4: Evolution of rainfall (a), productivity (b) and OMZ intensity (c) compared with
records of ENSO activity (d: Laguna Pallcacocha, Ecuadorian Andes, 2°S, Moy et al., 2002; e: Laguna El records of the zonal SST gradient in the Pacific Ocean (d; Conroy et al., 2009) and salinity In
Junco, Galapagos Islands, 0.8°S, Conroy et al., 2008). The red triangles represent the 14C ages available. Moon Lake, North Dakota, USA, 46°N (e; Laird et al., 1996). The gray shaded areas represent

periods dominated by La Nifa-like mean conditions.

Conclusion

This study Is the first tracing changes in the mean state of the Peruvian Upwelling System at the scale of the laminations over several millennia. We here show that the OMZ associated to the
PUS intensified twice in times of dominant La Nina-like mean conditions and reduced frequency of El Nino events. At the centennial timescale, La Nina-like mean conditions predominate when
the Walker circulation is enhanced. The alternation between periods dominated by El Nifo-like and La Nina-like mean conditions could also be triggered by changes in solar irradiance, which
control ENSO either directly or through its teleconnection with climate oscillations in the North Pacific. Model studies are needed to test these two hypotheses.
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