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Time scales examined in this book
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Dating methods
1.1 Radiometric dating
1.2 Fission-track dating
1.3 Cosmogenic nuclide geochronology
1.4 Luminescence dating
1.5 Incremental dating
1.6 Paleomagnetic dating
1.7 Magnetostratigraphy
1.8 Chemostratigraphy
1.9 Correlation of marker horizons



Radiometric dating

[HBLE 3-1 Radioactive Decay Used fo Date Climate Records

Parent
isotope
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(*Rb)

Uranium-238
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(14C)
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880 - Tracer of the water cycle
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880 - Tracer of the water cycle
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A positive § value means that the ratio of the heavy to the light
iIsotope is higher in the sample than it is in the standard

Units reported as “per mil” or %o

Standard:

V-SMOW: Vienna-Standard mean ocean water
or

V-PDB: Vienna - Pee Dee Belemnite



Isotope systematics in the hydrological cycle:

The isotope composition of natural meteoric waters (which form the main
reservoirs of freshwater on earth, ice caps, lakes, rivers and
groundwater) is determined by three main factors.

= 1) The isotopic composition of the source of the moisture i.e. the
ocean, the largest water reservoir on earth.

= 2) Processes of fractionation during evaporation from the ocean.

= 3) Fractionation processes during condensation in the cloud and
precipitation to the ground.



Isotope water cycle




850 (%o vs. SMOW)

Temperature effect
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= Strong overall d180 -
surface temperature
relationship for locations in

the extra-tropics

= Can be used for calibrating
the d180 record in ice cores

FIGURE 4.12: Effect of mean
annual air temperature on the
oxygen isotope composition of
meteoric precipitation. The ef-
fect is largest and most linear
at high latitudes, where con-
densation occurs close to the
land surface. Circles are annual
data from Dansgaard (1964);
open diamonds are summer
data, closed diamonds winter
data, from Fricke and O’Neil
(1999).
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isotope geochemistry



Continental effect
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Seasonal effect preemns SRR

8 YO (sMow)
S &
T T
== L

i
o
T

|

N
(=]

| |
1975 1980 1985 1990

Midway

Valentia

Tokyo
Groningen

b Vienna

" Ottawa

Wynyard

. 185 (%o) Northern Hemisphere

J F M A M J J A S O N D



Altitude effect

0
e ® ANDES(ARGENTINA)
4 - »
: —0.6%+/100m
8 -
12
] T ~0.2%0/100m
-16 -
1 '8 (%)
20 - . . . , , ! _ :
0 1000 2000 3000 4000
—p Altitude (m)




8180 signal in different climate archives
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3180: Temperature dependence

Shell material from marine organisms
like mussels,brachiopods and snails in
different water temperature

Empirical relationship

T(°C) = 16.9 - 4.2(5'80, - 8'80,,) +
0.13 (580, - 8'80y,)?

T (°C) = 16.5 - 4.80(5'80
6180water)

calcite ~

1 per mil shift in 0 (under
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FIGURE 6.2: Plot of Epstein et al.’s (1953) corrected data set for determining the fractiona-
tion factor for carbonate-water. The x-axis (6%c) refers to the (6. — 8,,) of equation (6.4),
while T(°C) is the measured water temperature. Reprinted with permission from the Geological

Society of America.
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@ Expedition Map | Contact IODP

& |0DP

mecovemvemoon EXploring the Earth Under the Sea N ko »

EXPLORING FOR PROGRAM
OUR PLANET SCIENTISTS INFORMATION MEDIA

Home ¢ For Scientists + Publ

Scientific Publications AEd For Scientists

The IODP Publications page (publications.lodp.org) includes links to: DRILLING PROPOSALS
+ Scientific prospectus SITE SURVEY DATA BANK
» Preliminary reports
» Proceedings ACCESS SAMPLES AND DATA
for each Integrated Ocean Drilling Program (2003-2013) and Intemational Ocean Discovery Program APPLY TO SAIL
ACRONYMS

(2013-2023) expedition.
The IODP Publications page also contains links to:
+ Deep Sea Drilling Program (DSDP) Publications
* Ocean Drilling Program (ODP) Publications
= Scientific Drilling, the journal for the IODP and the International Continental Scientific Drilling

Program (ICDP) PUBLICATIONS
as well as a downloadable copy of the Statement on IODP Publications and Reports. WORKSHOPS
Scientific Drilling is an open-access multi-disciplinary program journal delivering peer-reviewed FORMER PROGRAM 2003-2013
reports on science, technology, and engineering from ocean, continental, lake and ice drilling
scientific research projects.it is designed to enhance communication between and among IODP, the 10DP Council

International Continental Scientific Drilling Program, and other scientific drilling communities.
Meeting Reporis

The IODP Digital Reference for Smear Slide Analysis of Marine Mud. Part 1: Methodology and Atlas Meeting Schedule

of Siliciclastic and Volcanogenic Components (IODP Technical Note 1) is available in a variety of

formats at the IODP TECHNICAL NOTES site. Policies and Guidelines
Science Advisory Structure

ODF legacy information is available at the ODP Legacy site, and a database of publication citation
records related to the Deep Sea Drilling Project, Ocean Drilling Pregram, and Integrated Ocean Task Forces
Drilling Program is available at the Ocean Drilling Citation Database.

Finally, the SELECTED PUBLICATIONS page contains a list of representative articles appearing in
the journals Science, Nature, and Nature Geoscience based on scientific ocean drilling program
exneditions heainnina in 2003




Fig. 1 Cenozoic Global Reference benthic foraminifer carbon and oxygen Isotope

Dataset (CENOGRID) from ocean drilling core

sites spanning the past 66 million years.
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Ice Cores and Ice Sheet Flow
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Poréwnanie zmian sredniej temperatury globu i koncentracji
CO2 w atmosferze od czaséw dinozaurow (65 milionéw lat
temu) do teraz z mozliwym antropogenicznym globalnym

ociepleniem (450 lat).

https://websites.pmc.ucsc.edu/~jzachos/images/CENOGRID_Cartoon_withProjection_alternate.png

Epoch 0ef Paleocene Eocene Oligocene Miocene Pliocene Pleistocene Holocene| ninopo"

= s : last 10000 last 1505 300 years
g |0n|an ‘ Tara‘n“an years years |into the future|

Stage §

Magneto-
chron

g

=]
SO
12 - 153L
o £
o & o))
g b o
o 8 — . o |
. Icehouse 085
© T | 5 (s3]
f - m -
8 4 . 5 e
£ 4 W) sEg
e gk o e
© ; oo
) l e 1l o Q0
= Bl R4 4l ] i ! o e
o 0 [ ! benthic rjeé:;_—_?_e_ record | ! i ; 0 g [a]

| =

<

-5

(wdd) 200 d

Rcrzs |- 128

/, : r i 'y :
lellullll,ulllllllll

LIl 'I- I LI | LU | LU I UL I UL | LU | LILLEL I LI I LI [ LILILEL | LI ] | T II T I{,?‘I. T | T I T I T I
65 60 55 50 45 40 35 30 25 20 15 10 54321 400 200 20 10 & m@Q Q,><o° (L§§>
Million Years Before Present) kyr Before Present Year


https://websites.pmc.ucsc.edu/~jzachos/images/CENOGRID_Cartoon_withProjection_alternate.png

Fig. 2 Climate states of the Cenozoic.
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oxygen isotope record.
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srodkowy pliocen 3,3-3 min lat temu
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llustracja 3.2.2. Anomalie temperatury w Srodkowym pliocenie, na krétko przed powstaniem lado-
lodu Grenlandii, wzgledem poziomu z epoki przedprzemystowej. Na wykresie po prawej stronie
czarna linia pokazuje najbardziej prawdopodobne anomalie temperatur na réznych szerokosciach
geograficznych nad ladami, a zielona globalne; rozmyte pasy pokazuja przedziat ufnosci 2o (praw-

dopodobienstwo 95%).
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miodszy eocen 54-48 min lat temu
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llustracja 3.2.3. Anomalie temperatury w mtodszym eocenie wzgledem poziomu z epoki przed-
przemystowej. Na wykresie po prawej czarna linia pokazuje najbardziej prawdopodobne anomalie
temperatur na réznych szerokosciach geograficznych nad ladami, a zielona - nad lagdami i oceanami
tacznie; rozmyte pasy pokazuja przedziat ufnosci 2o.



global mean sea level
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Application in ice cores .,
Abrupt climate change

= Study the long ice record in
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Abrupt Climate Change — przyktad: PETM
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Figure 1: Sunspot numbers since 1610, a) Manthly (since 1749) and wyearly
(1700 — 1749) Walf sunspot number series. b)) Manthly group sunspot number
series. The grey line presents the 11-wear running mean after the Maunder
minimum. Standard (Zdrich) cycle numbering as well as the Maunder minimum
(W) and Dalton minimum (D) are shown in the lower panel.
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potkula Ziemi otrzymuje latem wiecej
energii (czemu sprzyjajg dwie niezalezne
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Problem nachylenia osi:
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Fig. 7.5: The seasonal and latitudinal distribution of daily-mean flux factor for four different values of the
obliquity. In these plots, a circular orbit has been assumed. To obtain the daily mean energy flux incident
on each square meter of the planet’s surface, one multiplies the flux factor by the solar constant. For
example, if the solar constant is 1000W/m? , the incident solar flux at the pole during the Summer solstice
is about 700W/m? if the obliquity is 45°. (Pierrehumbert, ,Principles of planetary climate”)



Past Future
0 0

Obliquity (*)

Tropical ASST (°C)

(9)

“

h
o Ao

Benthic 8'*0 (%)

-0.06
-0.04
0.02

600

500

400
Age (ka)

300

200

dT/dt

Antarctic AT (°C)

a level (m)

Eccentricity

cession

Wymuszenia
orbitalne

| ich efekty
zapisane w
proxies.
(IPCC 2013)



Temperature Anamaly (*C)

Temperature Anomaly (°C)

m

Temperature Anomaly (“C)
(1961-1990 CE)

{1961-1920 CE)

(1961-1990 CE)

Years (BP)
1000 :

LI B | L)
1000

T
1004

g
1 Mobergds

L
1000

- Temperature Anomaly (“C)

Temperature Anamaly (°C)
{1961-1990 CE)

T

Temperature Anomaly (°C)
(1961-1990 CE)

Wlﬂﬂ Nlllﬂ 4|]||JI} EEILW 0

Years (BP)

(1961-1990 CE)

L AL L L L
8000  &0DO 4000 2000 0

[T T T T T T T
g000  G0OO 4000 2000 0

l"""'l"rih

Czy teraz jest
podobnie?

Porownanie
rekonstrukgji
globalnych i
hemisferycznych
zmian temperatury w
holocenie

(ostatni interglacjat)
oraz
obserwowanego
ostatnio wzrostu
temperatury

S A Marcott et al.
Science 2013;339:1198-1201

AYAAAS

Published by AAAS



Abrupt Climate Change — przykiad: Drias Mtodszy

—Shakunet al Marcottetal —HadCRUT4

Temperature Anomaly [°C]
o

-20000 -16000 -12000 -8000 -4000 0 4000
Year(BC / AD)



SST (°C) Foram transfer function 'O Greenland ice cores (%)

Mg/Ca - IMWT (°C)

8BC C.wuellerstorfi (%o)

28 O
: V) g (e) AT2m (°C)
29 B
58 :
o g’ %
|
gm -30 a
&
8=

12.5

10.5

10

SST (°C) Foram transfer function

20 E
w
19 £
% iy
18 23 gt
Z % ;
17 o S @
16 ~9 O 7
100 : o
ey : " ‘:—;r_,_b_ﬂ_._.-:‘v.-.q
s T e
=)
: B j ' . I
'Es 1
8 . -35 -15 5.2 0 2 5. 15 35 .
<  Figure 5.18 | Compilation of selected paleoenvironmental and climate
50 <

model data for the abrupt Holocene cold event at 8.2 ka,
documenting temperature and ocean-circulation

changes around the event and the spatial extent of climate anomalies
following the event (IPCC 2013)




260 =
)
.
.. |F g
a 240 - =<
& = S
~ o L=
@) a ©
. S >
o 2204 5o =
= o ©
b 5 e
c T 8-
Y o =
c 2004 o 3
N = )
= 2
, o=
180 LGM oD B-A YD Holocen
—4- < > < ><  >< >« >

I ’ I 1 | ' I L) I L I ' | ¥ | W
22 20 18 16 14 12 10 8
Tysigce lat temu

llustracja 3.1.6. Srednia globalna temperatura (niebieska linia) okre$lona na podstawie wskaznikow
klimatycznych, temperatura Antarktydy (czerwona linia) okreslona na podstawie rdzeni lodowych
i atmosferyczna koncentracja CO, (zétte kotka). Zaznaczony stopien niepewnosci 10. Zaznaczone s3
okresy: maksimum ostatniej epoki lodowej (LGM), starszy dryas (OD), Bolling-Allerad (B-A), mtodszy
dryas (YD) oraz holocen.
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llustracja 3.1.11. Gérny panel: zmiana swiatowego poziomu morza w ciggu ostatnich 20 tys. lat
(czarna linia), na podstawie posrednich wskaznikéw poziomu morza (czarne kropki z pionowymi
niebieskimi liniami pokazujacymi stopnien niepewnosci). Dolny panel: Tempo zmiany swiatowego
poziomu morza usrednione w interwatach 500 lat (z wyjatkiem zmian z ostatniego stulecia).
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Wielorakie rekonstrukcje: multiproxy.
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Figure 5.7 | Reconstructed (a) Northern Hemisphere and (b) Southern Hemisphere,
and (c) global annual temperatures during the last 2000 years (IPCC 2013)
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llustracja 3.4.1. Skala wymieran gatunkéw w ostatnich 400 min lat (na dole) vs objetosc wielkich pro-
wincji magmatycznych (na gorze). Kontynentalne wylewy bazaltu pokazane sg jako stupki w kolorze
czarnym, oceaniczne w kolorze szarym. Wyraznie widoczna jest korelacja pomiedzy wielkimi wymie-
raniami a wylewami lawy z wielkich prowincji magmatycznych.
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llustracja 3.4.2. Zmiany §'3C, pokazujace bardzo szybkie wprowadzenie do cyklu weglowego bardzo
duzych ilosci lekkiego izotopu wegla (pochodzenia organicznego) 251,94 min lat temu. Kolorowe
tta prezentuja stadia erupcji wulkanoéw trapéw syberyjskich (fioletowe - wylewy powierzchniowe,
zielone — wylewy podpowierzchniowe). Okres wielkiego wymierania jest zaznaczony szarym polem.
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llustracja 3.4.3. Diagram podsumowujacy procesy zachodzace podczas wielkiego wymierania na
przetfomie permu i triasu. Zielone prostokaty: bezposrednie dziatanie wulkanéw. Niebieskie prosto-
katy: bezposrednie mechanizmy eksterminacji zycia. Stosunek izotopow 87Sr/86Sr w réznych rodza-
jach skat jest rozny, jesli przyspieszaja procesy wietrzenia skat ladowych, powoduje to zmiane sto-
sunku izotopu strontu w osadach oceanicznych.



Wielkie wymierania nastepowaty,
gdy dochodzito do silnego
zdestabilizowania
cyklu weglowego przez duze
emisje CO2 i w konsekwencji duzej
| szybkie]j zmiany klimatu.



Wartosci czutoSci klimatu wraz z zakresem
niepewnosci okreslone na podstawie badan
paleoklimatycznych (PALEOSENS 2012). :
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Fig. 1. Carbon dioxide and
climate through the
Phanerozoic.

(a) Latitudinal extent of
continental ice deposits
shown as blue bars (left
axis) and atmospheric CO2
content (red, right axis).

(b) A close-up of the last
0.8 million years comparing
COz2 from ice cores (red,
right axis) with benthic
foraminiferal oxygen
isotope ratios (6*20) (blue,
left axis).
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Atmospheric CO, ppm Radiative Forcing (AR; Wm™)

(a) The relationship between atmospheric CO, concentration and global mean surface temperature
(GMST) for five time intervals where both variables have been recently well constrained by geological
data.

(b) The relationship between radiative forcing (AR in W m~2) and global mean surface temperature
(AGMST) relative to pre-industrial values. Contours show equilibrium climate sensitivity from 1 to 10°C
per CO2 doubling, and the blue band shows the canonical IPCC range of Equilibrium Climate Sensitivity
of 1.5 to 4.5°C per CO- doubling.
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