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- Where is our understanding now?

r “New” data
Radiocarbon re-calibration
Pattern of sediment accumulation
Geochemical evidence

- Oceanographic implications
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The GUIDELINE

- Modern (instrumental) ENSO recurrence 2 -7 years
over ~130 years with modal frequency ~5+ yr

The EVIDENCE

- Geochemistry (multiproxy, consistent, but incomplete
time series)

- Image Analysis (resolution 0.1 mm per pixel; interannual
aliasing precluded, pixels per year?)

- Layer Counting (subjective, independent of image analysis)

New - Chronology
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What is the problem?

ENSO reduced or absent between 15ka and 6ka

between 5800 and 3200-2800 Cal yr BP, El
Nino events less frequent that today, and for several millennia prior to
5800 yr El Nino “absent or very different from today” (archaeological,
molluscs) (8°S - 18°S) (Geology, Nature)

30,000 yr low-resolution magnesium-calcium ratio
in foraminifera near Galapagos Is compared with west Pacific alkenone
SST record show “mid-Holocene cooling” suggestive of La Nina
conditions; late mid and early Holocene, and 14-15 ka (Bglling) similar to
today (Science)

Continuous 12,000 yr record from Lake Pallcacocha; not
quite ENSO interannual resolution, but variance in red colour intensity
record suggests low variance in the Early Holocene; either ENSO starts
after 7,000 yr BP, or is weak in the Early Holocene (2°-3°S) (Nature)

Onset of ENSO periodicities at ~6000 yrBP, with a
sudden increase in ENSO magnitude at ~ 3000 yrBP and maximum ~2300-
1700 yr BP; precipitation response to El Nino temp anomalies “subdued”
in mid Holocene; western-central Pacific; attributed to mean southward
shiftin the ITCZ [Quaternary International)
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Modern ENSO pattern continuous since
post mid Holocene

Tropical Pacific SST gradient greater in
middle Holocene than currently

Records not consistent for Early
Holocene or LGIT

Gaps?

What happens to the currents and

sediment in El Nino heartland during
these periods?
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- Recalibrated and regionally extensive
radiocarbon data

- Regionally consistent pattern of
sediment accumulation

- High-resolution geochemical and
image data
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[Quaternary Research]

On basis of co-located terrestrial (charcoal) and marine
(shells) radiocarbon along Chilean coast determined extensive
variability in regional marine reservoir effect AR

20 range between 1000 - 500 yr but three-fold subdivision of
Holocene:

511+ 278 yr (10,500-6,800 yr BP)

226% 98 yr (5 200-1 000 yr BP)

250-350 yr (<1000 yr BP)

Inferred significant changes in ocean currents particularly
with old carbon source (i.e. upwelling) reduced after 5000 yrs
(i.e. long-term El Nino-like conditions increasing after 56500 —
5300 yr BP)

We have recalibrated all previously published

radiocarbon ages using AR :
511+ 278 yr (for> 5000 yr)
279 53 (for 0-5000 yr)

and the Marine09.14C Reimer et al. (2009) Radiocarbon 51
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- The Record.:

Sediment bypass
Deposition and Erosion
Changes to volume of sediment delivery

r Mechanisms

Ocean current velocity/direction (strong
upwelling in midd/e Holocene)

Productivity/Nutrient load
Terrestrial input
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- Avaatech XRF Core Scanner

» 406KL (Marum Bremen);
1229E, 1227A (College Station)

- Nineteen elements @ 2 mm inte
\| Si P S Cl K Ca Ti Mn Fe Rh

) » )

4
- Cu Zn Br Kb Sr Zr Vo Fb
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- Sedimentary layers of at least four types

- Middle Holocene time of disruption —
evidence of both bioturbation (s/ow
sedimentation & oxygenated bottom
waters?) and slumping (increased current
velocity)

- Early and Late Holocene similar in terms of
deposition and preservation of laminae

- LGIT — yet to be resolved; geochemically
different, extensive slumping, high
sedimentation rates, interannual laminations
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grain diameter (microns)

Particle settling time (for 200m depth)
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Three Sets of Spectral Analyses:
(Evolving spectrograms of normally-distributed data using Blackman-Tukey FFT with
Hanning window )

- Red colour intensity of interannual ENSO (band pass filter to extract 2-7.5 yr
variance - ¢rzzq) curye)

- Amplitude modulation of interannual ENSO - zjcjuz) curve

- Layer trends (events per 100 yr)
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Couplets per 100 years (yellow)
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Frequency ~ 220 yr (Suess?)

Inverse correlation between events per 100 years and thickness per 10 cms (/.e. if more layers per time,
they are thinner ~constant sedimentation rate)

~ inverse correlation between thickness per 10 cm and % dark per couplet (i.e. where there are more
events per 100 yr, ENSO (dark) part of the couplet is dominant)

Recent past compaction articfact?

New — Layer Trends
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