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- beach & coastal erosion;

- flooding
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RCP 2.6 = CO2 emissions are zero by 2100; CH4 = half of 2020
RCP 8.5 = CO2 emissions continue to rise through 21st century
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LESSONS FROM THE PAST

Milankovitch suggested that the glacial/deglacial
cycles were triggered by small changes in the Earth’s
obliquity and precession, which caused changes in the
intensity of solar radiation reaching at 65°N in summer.

- eccentricity has a very weak impact on insolation;

- there is a direct relationship between climate
(temperature, CO2 concentratfion) and sea-level
changes;

- global ice volume varied at ~41,000 yrs between 2.58
and 0.78 Ma and 100,000 yrs thereafter.

sea-level reconstructions based on oxygen isotopes
contain uncertainties in the range of 210 m or larger

warmer-than-modern climate:

during mid-Pliocene Warm Period (MPWP) proxy data
suggest that atmospheric CO2 levels were similar to foday
(between 350 and 450 ppmyv) and that global mean
temperature was elevated by as much as 2-3°C with
respect to pre-industrial;

Last interglacial (MIS 5e) 1-1.5°C & similar CO: levels.
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PALEO-SEA-LEVEL INDICATORS:
CORALS

strengths:
- fossil coral reefs capture the position of sea level directly
and with absolute dating (U-series);
- widespread nature of reefs throughout the warm regions
of the world;
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PALEO-SEA-LEVEL INDICATORS: CAVE DEPOSITS

coastal karst basins: contain sea-level indicators in caves (above/below psl*) and sinkholes;
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Fig. 6.1. Coastal karst basins (CKBs) provide accommodation space for unique environments, sedimentation patterns, and
ecosystems that are distinct from all other coastal environments. All four environmental categories can be observed with
increasing distance from the coastline, and sea-level rise causes predictable environmental succession in CKBs (top right
corner). The distinctive environmental change that occurs during sea-level oscillations is preserved in the geologic record
through speleothems and sediments in CKBs. Green: microfossil remains; red: sea-level indicators; blue: groundwater
hydrography and flow; black: common sedimentary processes. For color details, please see Plate 15.
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PALEO-SEA-LEVEL INDICATORS: CAVE DEPOSITS
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PHREATIC OVERGROWTHS ON SPELEOTHEMS (POS)

e precise sea-level index points (elevation, absolute age, indicative meaning, geographic positioning)
e indicative of fidal range

POS stops growing POS starts growing
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PLIOCENE SEA-LEVEL IN MALLORCA

Coves d’art & Petites highest POS on the island
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PLIOCENE SEA-LEVEL IN MALLORCA
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PLIOCENE SEA-LEVEL IN MALLORCA
FINDINGS & PREDICTIONS

Age (kyr)
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MARINE ISOTOPE STAGE (MIS) 5e
Age (years BP)

112000 114000 116000 118000 120000 122000 124000 126000 128000 130000
8 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 8

CPV-B6 -
CPV-B9
DI-D1v

DI-D3v B
GE-D1v 6
GE-D5v
OX-D1v B
PI-D1v 5
SE-D1v

MIS-5e dataset consists of 45 U-series dates
from 11 different POS samples from 8 caves.

POS indicate that sea level was as high as present by 127 ka
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the NH summer insolation peak and occurred ~6-7 kyr after
the SH, fact confirming an early Antarctic conftribution to ESL
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MARINE ISOTOPE STAGE (MIS) 5e

The different responses by region and latitude occurred because 25.0 A

maximum obliquity occurred earlier than precession at the time of MIS ' i

5e and because the obliquity effect is largest in high latitudes. 24.0

. . . : : . 23.0 i

The low- and mid-latitude response is dominated by precession, which
lags obliquity over this interval and is manifested most strongly on large 200k ‘ 1

landmasses (NH). | Obliquity :

R —
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MIS 5e high sea level peak may be consistent with Milankovitch forcing,
but the insolation from obliquity and precession have been sometimes
out of phase (within the same hemisphere) and explaining other high
sea level stands (e.g., MIS 5a) needs to consider other factors (e.g., ice (0107 A A A A B Y
sheet dynamics, atmospheric dust, concentration of COq, etc.). 0.04+
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MARINE ISOTOPE STAGE (MIS) 5a

The ~81 ka timing of the Mallorca MIS 5a high stand (~1 m) closely matches
the June 60°N insolation peak at ~84 ka, a pattern that is consistent with the

Milankovitch model.

2,

Age (ka)
5 [ 1 1 ] T [ T L I 1] | l
& 70 a5 10 118 120
£
23
5
3| =
ors
2 E
LS
<3
a
0 | ,r"“‘"\
7 .
are j A\
; @ l"" 'Al‘o ' \
o] [ L M f =
a D / \/ t\ { \ 'J
§ q | v \ ' " fl
m A\ \
gleg [V |8 A O
©od 7] L
—
g =
T S5e-1 &2
.}“' Hﬂ"{—fﬂ\ A
a - s \\ '/ \‘
: 1Y
::UL B \ ," \
Ef / \
-k c 5 ! '\
=1 = / \
Tn' [ I‘ ' % \\ l’ \.
ilw \ \ / \ |
w ? [ S ~
- 1 —y
e 6d
- &b
[ 1 § ] L] T I T T | T 1
70 a5 1C0 1§ £ 120
Dorale et al. 2010 Age (ka)

25,0 —————————

24.0

23.0

220
- Obliquity

21.0
Berger & Loutre, 1991

-0.06 o
B

-0.04
-0.02
0.00
0.02

0.04 .
Precession

006 N N . " I N N 1 N s
0 50 100 1
Time (Ka)

T

0 150

3

The 100-kyr cycle of glaciation model assumes gradual buildup and more
rapid ice melt;

new evidence, however, suggests both process may happen very rapid
indicating 100-kyr cycle applies rather poorly to ice growth/decay, but
better to CO2, CH4, and T° recorded in polar ice and some seqa proxies.



FUTURE WORK

Additional precise chronologies for various archives to better test
Milankovitch hypothesis

for POS:

Additional locations (e.g., Croatia, Cuba, Japan, Mexico,
Sardinia, etc.)

234 —> 230Th ingrowth in speleothems, 0-500 kyr;
U-Pb for older speleothems

In-between known ages, we must interpolate using plausible
scheme (generally unprovable)
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