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Astronomical dating
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Astronomical
tuning of sapropels
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Capo Rossello Composite Astronomical Time Scale

(Langereis and Hilgen, 1991) (Lourens et al., 1996)
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Capo Rossello Composite Astronomical Time Scale

(Langereis and Hilgen, 1991) (Lourens et al., 1996)
z -
> I m > z
] 10} . 222
2 zEE S La901,1) La90uny 3 w287 _ Q%
w2z uw g : SyeLz2re
Lcelo £ PRECESSION INSOLATION 3 Q58883
S wWoo x E < E8821I50
wuwa O J -0.06 0.06 540 400 WOoONwEOD A
L ) L 1
Gelasian GSSP > 130 77 A5 s 28 2% 275 B
\ E p-cycle 4 i-cycle —w S|
b A4l5 — i m 250 el ~ 2582
A 5 Sia
Ad T T 256 b 256 b 2
120 A3 s——— 27 % 274 27 Z
W ~ s % mE

5.236

53

MPL1
|
r

@ — 264 B 264 B
% A1 s i 268 i 28 i £
-1 212 < —m S| 3
E: i 276 ) 27 1 |7
z "2 29+ 294 = 2 294 %
110 H - e 280 280
g =5 t— & 12
5 110 o 286 4 286 4< =
1 |2 708 B -3 N |7 A= 3032
Kl n T 1Z b
ol = : = 2 & 25| |1
2 H 3.1 6 314 e 3148 < 3116
1008 1o S ] m w L Ll
£ 16 K =% =% * & 3207
s A N | [ o
& | w o &
5 =12 1 c| [maMMOTH
= 33 38 33 R L s [§
31 318 o © 3.330
go _ = ~ 320 - 320 — < z
322 - Z
E / 1 8 g 1z & |,
i 3 _ 330 i S &
-~ 332 3 c
3 / 334 334 g
l / 35 38 357 3 357
2 340 340
{ b 42 b b
N ( / ‘I g Odlrrree
™ 7 348 348 -
3 350 350 i <
. i / 1 E 1 # S|
- Piacenzian GSSP = — J 374 2= ., = o, |22
e 7 : e 3 38 5
- : i o 2
364 364
7042 7 3 / - 366 i 366 4
a 368
— 370 - = — 370 —
1 / a2 a2
39 e 39 T4 394 — |z
1 380 T 380 | N
/ 382 382 <
4 N B =
/ g, E ] o3
— 398 398 =
B E= == 2 B
= - - | _ 4.188
50 = 410 7 410 T o &
a 42 434 42 434 s 4.300
< 416 i 416 i 3
de a18 418 N
z 420 e S -1 = -
= 424 71 424 T &
o 426 426
a B 3 7
EE
“7 2 & a5 B oesE (e
B e 14 ol S I NuNvak
a 440 = 440 O w 5
@ P 1z 3 632
= 446 - 446 e ﬁ 0] 4
448 448 o~ -
30 & 47 B arq SBE
— 454 454 % &
5 456 1 456 7
23 84 bt} 4 = 4799
- T o~ c :
2 1 |2|= 2 SIDUFJALL
] o= &
< Y 494 |= 4.896
20 % ; 72 i ‘:’
= ©
= 4 4.998
-4 < 480
w -
d c
S : w017 < [l THVERA
10 = . &
= 508 o 508

Zanclean GSSP => o

Arenazzolo  L-:

FIGURE 1



Capo Rossello Composite

(Langereis and Hilgen, 1991)
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Climatic
precession
extremes
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Orbital
forcing of
monsoons
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Insolation control of the
Monsoon
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Insolation control
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Climate modeling of orbital extremes
(precipitation in mm/dag)
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Climate modeling
of orbital extremes
(precipitation in
mm/dag)
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Astronomical solution

@ Part 1: Orbital part, solves planetary system,
used to compute eccentricity

@ Part 2: Earth-Moon part, solves the Earth-
Moon system, used to compute precession
and obliquity

@ Part 3: Earth part, tidal dissipation and
dynamical ellipticity, affect precession and
obliquity



Astronomical Solution (La90-93)

Tidal Dissipation Term

¢ present = 1
¢ ice-age=0to 1

Dynamical ellipticity
¢ present = 1

¢ [ce-age < 1

These parameters both affect precession and obliquity and are
added as suffix and between brackets to the solution, so La90, ,,
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Monte dei Corvi

relative stratigraphy [cm]
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Spearman rank correlation coefficient, squared
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Conclusions

@ Earth’s orbital and inclination cycles have a
marked effect on climate.

@ Astronomical tuning underlies the standard GTS
over the last 60-70 million years.

@ The ATS will result in unit stratotypes for stages
and Milankovitch cycles as chronozones.

@ Climate models are very useful for understand-
iIng astronomical climate forcing.

® Paleoclimate data are needed to constrain the
Td/dE values in the astronomical solution.
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Milankovitch on Mars
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Laskar et al., 2004
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Laskar et al., 2004

* first time astronomical computations used
to establish the chronology over a full
geological period (Neogene, last 23 million
years)

* makes it possible for paleoclimatologists to
be (much) more precise in dating the
geological events and understand
paleoclimate

* The next step ... Is to provide an
astronomical calibration of the Paleogene
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Solutions are also available for Mars paleoclimates here.

Solutions L.a2010 for Earth orbital elements from -250 Myr to the present

Data files here (revision 08 mars 2011)

reference:
Laskar, J., Fienga. A, Gastineau, M., Manche, H.: 2011,
La2010: A new orbital solution for the long-term motion of the Earth.

Astron. Astrophys., Volume 532, A89
PDF (free access paper)

For insolation and obliquity, the La2004 solution (below) should be used.

Solutions L.a2004 from -50 Myr to +20 Myr

Source programs and data files here (revision 18 january 2010)

Precompiled packages for various platforms are available in this download area (revision 18 january 2010)
Computations could be performed using this web-based interface (revision 18 january 2010)

This solution is the nominal solution La2004 used in (Laskar et al., 2004).

The solution from -100 Myr to + 20 Myr 1s also included for information.

reference:
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