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BVt oes chemostratigraphy differ
Irom biostratigraphy?

: t differs from

) tratlgraphy that it uses variations in

ical signatures within sedimentary

layers to establish stratigraphic
ionshlps, whereas

as on the distribution of fossils.

R Chemostratigraphy focuses on isotopic and
elemental data, while biostratigraphy uses
fossil assemblages to date and correlate
strata.




WHET iS chemostratigraphy?

is a branch of stratigraphy that
composition of rocks to correlate
nt locations and time periods.

| 7 of chemical variations
the sedimentary sequences, either based on

I of the rock
rmine stratigraphic relationships. It is a very

bowerful stratigraphic tool which is applied in

combination with bio- and magneto-stratigraphy. It

also provides a useful tool for

, unconventional resource
exploration and development.



. This
e identification of

al concentrations, ratios or systematic



TR,

Basic Premise

igraphy is based on the

the same age have similar
hemical signatures, because they were
rmed or eposited under similar
nditions. By measuring and comparing
' concentrations of certain elements or
topes in the rocks, the researcher can
ablish a relative or absolute chronology
different kind of events (e.g., related to
the ocean chemistry, climate, biosphere,
tectonic activity), and correlate them with
global or regional changes.







JENmportance of sedimentary
Miorganic geochemistry

oxies used for stratigraphy were originally

ilized as proxies for

change se chemical proxies turned out to record

lifferen global and/or regional changes in
oclimate anc oceanography reflecting mostly

clima na

provel =

' changes left their signature in marine or terrestrial
| entary records. Due to the geologically short mixing
tir the ocean-atmosphere system, which is in the order

of 1sands of years, some signatures of global
environmental change stored in the atmosphere and/or
seawater will be minored in a variety of proxies that can be
used as accurate stratigraphic marker.




OWIIO you measure the
eical composition of rocks?

ical composition of rocks, you need to
erent locations and depths and
)ry using various technlques such as:

. L he mass and abundance of
or molecules in a sample, and can determine the
c ratios of elements.

uo measures the emission of X-rays by
in a sample, and can determine the elemental
ition of rocks.

measures the emission of light
. b?/ atoms or ions in a sample, and can determine the
emental or isotopic composition of rocks.



— AnalycalTechngues

Inductively coupled plasma spectrometry

Remains the most effective all round tool for
analysis, but in recent years several other viable
options have appeared

:::::

X-Ray Fluorescence

These instruments are now
capable of producing high
quality data comparable to
ICP, but with sample quality
limitations

Bench-top X-Ray Fluorescence

Small compact instruments that are now
capable of producing good data in

remote locations

Laser Induced Breakdown
spectroscopy
Small compact instruments that are now

- capable of producing good data in
- remote locations
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TR, '
HOWXO you Interpret the

d to compare them with reference values or
oresent the global or regional
ations of the chemical parameters over time.

e values or curves are derived from well-
d and well-studied rock sections, such as
e sediments, volcanic rocks, or ice cores.

By matching the patterns of your data with the
reference values or curves, you can assign ages
to your rocks, and correlate them with other
rock sections or events.



Breiches of Chemostratigraphy

Elemental Cher

for
and subdivision of sedimentary sequences
et inct units and correlation of strata in
dimentary basins
Ele .2 The element composition of
mentary rocks is governed by their mineralogy which
ct the history of the sedimentary rocks.

Isotopic

Ox uses the ratio of oxygen isotopes
5 and O-18) to infer changes in temperature, ice volume,
and salinity of the oceans.

Q r utilizes the ratio of carbon isotopes
(C-12 and C-13) to infer changes in the carbon cycle, organic

productivity, and atmospheric oxygen levels.

Q utilizes the ratio of strontium
isotopes (Sr-86 and Sr-87) to infer changes in continental
weathering, volcanic activity, and seawater composition.



WXYOENNSOTopes as stratigraphic tool
gen 1sotopes used in chemostratigraphy are
Over 99% of the oxygen on Earth is 1°O,

e remainder being 1°0.

1ce there is significantly less *O on Earth, we can
pare subtle fluctuations in '°0 relative to °O to get
se of what climatic processes were happening at

e point or region over a certain amount of time.

(lgo/léo)sample - (]SO/lﬁo)smnclard

3180 = ——
(11'1 %0) (lBO/lﬁO)Sm ndard

x 1000

180 /1°0 values are reported relative to international
laboratory standards (V-PDB, VSMOW). The results are
expressed in the per mil notation. Oxygen isotopes are
measured in the shells of marine organisms, because the
isotope record occurs primarily in ocean water.




IBOTOpIC Chemostratigraphy

> The most powerful method used in
chemostratigraphy is stable isotope geochemistry
and is mostly used for paleoclimatic analyses
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Long-term 680 in the deep ocean as
EEslred from the calcite shells of foraminifera

Two factors: b

Ice sheet growth
and > 7°C additional

‘ (1) Changes in cooling of deep water
deep-
ocean Some

-~ Antarctic
Ice present Early phase:
> 6°C cooling of
S deep water

(2) Growth of e
on land ice
(1O enriched)

i |

2 1 0
Deep water 8180 value (%o)




More chemostratigraphic environmental
BERstraints... Mediterranean Messinian salinity

variations
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M I50topes as stratigraphic tool

able carbon isotopes, the abundance of *C is
o, while °C forms the remaining 1.11%.

d: 1ces of the two C-isotopes lead to strong
onation during photosynthetic incorporation of
into organic matter, while inorganic carbonate
tates formed in the aquatic environment are less

| 1 by fractionation processes.
\ The kno ledge of the C isotope record is

. not only in stratigraphic correlation but
also because of its potential to help understand the

development of Earth’s climate, evolution of its biota
and CO, levels in the atmosphere.
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Carbon 1sotopes show overall storage of organic carbon 1n organic

matter (

short-term changes to extremely low values at about 55.5 million
ears ago (in the latest Paleocene), the time of the LPTM (PETM).
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Ice-free Temperature (*C)

). Note the very




(AIs0tope Stratigraphy

ocean residence time of 2.4106 years,
r isotope geochemistry has been of
igh-resolution stratigraphy (104-

anerozoic Sr-1sotope composition is

erized by long-term fluctuations marked by
turning points in the Sr-isotope curve which
used as stratigraphic marker levels. For
example, the turning point in the Mesozoic
%6Sr/%7Sr in the Late Jurassic, the rapid change in
Sr-isotope values around the Aptian, and at the
Ordovician-Silurian boundary.



Zanclean

0.70890

0.70880

0.70870

0.70860

0.70850
00
0709050  0.709150  0.709250

early Zanclean
global ocean

Messinian

LE@MDI &

/Y

Mediterranean sea

5.971

Sr isotope curve

Manzi et al., 2016

ACyprus UG (this work)

ACyprus RLG (this work)

® Cyprus pre-MSC (Flecker and Ellam, 2006)

® Cyprus ODP-DSDP (Mueller and Mueller, 1991)

OMSC Strontium database recalibrated (Roveri et al., 2014b)
* GLOBAL OCEAN

l.l

600 00
0.709350 0.709450

B7Sr/%5Sr samples

o The Mediterranean Sr curve is

— -<>— foraminifers

] strongly differentiated from the

[ os (transitional)

gem (marine)

- = global ocean curve

— and presents distinct values

McCulloch and De Deckker, 1989
Lugli etal., 2010

Reghizzi et al., 2017

this wol

Lu and Meyers, 2003

this work

Fortuin et al., 1995
this work

Ne
-@a-
®* ©

: within the MSC stages, indicative

—O— basal Pliccene

n e of the paleoenvironment

—@— pre-MSC

) =0~ this work

global ocean (5.971 - 5.33 Ma)

0.708960 0.709050



Example: well-to-well correlation

Correlation between well A and well B based on GR and lithology depending
element (A).



Correlation between well A and well B based on lithology independent
element/element ratio (B/C).



gmplesisequence stratigraphic development
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The chemostratigraphic expression of transgression (T), regression (R), maximum
flooding surfaces (MFS), and maximum regressive surfaces (MRS)




y has several advantages over other
stratigraphy, such as:

J

> , like biostratigraphy, lithostratigraphy,

magnetostratlgraphy or cyclostratigraphy, to
enhance the accuracy and trustworthiness of the
correlations.



Potential Advantages
atigraphy
Eintel(ae -, It can be applied to samples of
lithology in cle
reservoirs ling but not restricted to claystones,
ones, Ve lastics, coals, carbonates and
rites), g
deposit
core, out
. turbines

, and equally as well in

- Analy > can also be performed on a

, where sample volumes are limited,
'partlcularly in well cuttings, so initial preparation
involves “picking” the desired lithology and

washing to remove drilling fluid contamination.



Potential Limitations

1ent of specialized equipment and
asure and analyze the chemical

mination, leading to alterations of the original
“al signatures.

oe influenced by local or regional factors, such

- as the source of the rocks, the depositional
environment, or the tectonic setting, potentially

creating variations or anomalies in the chemical data.



WisElir aife Seme of the events in Earth’s
piBeIy that chemostratigraphy has
geen able to explain?

> causes of . For
tr identified the huge
ous-Paleogene ndary extinction based on the
itent, but chemostratigraphy greatly

d to our understanding of its causes (asteroid
__ rsus volcanism), through the identification of
heawv al enrichments and isotopic shifts in the
oundary beds. MR,




WisEiie aife Some of the events in Earth’s
piBie)IRy that chemostratigraphy has
peen able to explain?

e recognition of

global glaciations (“Sno in the

rozoic was aided by carbon isotope

ioraphy. Likewise, the discovery that the

1 an ozone layer in the Archean, and the

! on of its formation in the early
leoproterozoic, was based mostly on sulphur isotope

mostratigraphy.

C



ogic events in the
record be able to

iced by the environment in which they
1te nvironment can be defined as a set of
al, chemical, and biological conditions. These
ns are all inter-related through the interactions
sphere-hydrosphere-atmosphere-biosphere, to
he chemical elements and their isotopes are all

sensitr

\*Through “documentation of geochemistry of these
archives, we can trace past environmental variations,
(e.g., ocean temperature, ice volume) and extrapolate
them into the future, enabling the distinction of natural
cycles from anthropogenic impacts.



of Chemostratigraphy

1w has been used to address several

cation of climate changes, and
bon exploration.

' wever, it is noted that the potential applications are
much broader.



»of Chemostratigraphy

locations of artifacts of ancient
mical fingerprinting,

res through gec
tanding the ancient climatic changes, and
able identification of ancient catastrophic
uch as meteorite impacts, major volcanic

~ eruptions, ocean chemistry turnover, and extreme
glaciations.




Aeelications of Chemostratigraphy

phyisa  Chemostratigraphy
| Across Major

evolving Chronological Boundaries

cience. It will |

> to shed light

leep

| al past and
~allow us to reconstruct,

in unmatched detail,

1dden, catastrophic

A = r W =rh L .
.l'-"u]l:d e N. 5{:| Claudio Gaucher, Muthuvairavasamy

events, Romkumar, and Volderez P. Ferreira
Ecitors
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