5. Chronostratigraphy and Geological Time
Chronostratigraphy is the unifying construct that defines (ideally by international agreement)
boundaries for systems, series, and stages. Chronostratigraphy is the study of establishing the
time relationship among rock units.

5.1 Geologic time units
Geologic time units: Stratigraphic units defined and delineated on the basis of time.
(1) Chronostratigraphic unit
An isochronous body of rock that serves as the material reference for all rocks formed during
the same spans of times. The fundamental chronostratigraphic unit is the system, e.g. Tertiary
system (第三系).
(2) Geochronologic unit
The interval of time during which a correspondingly ranked chronostratigraphic unit was
deposited. The fundamental geochronologic unit is the period – the time equivalent of a
system, e.g. Tertiary period (第三紀).
(3) Geochronometric unit
Pure time units. Direct divisions of geologic time with arbitrarily chosen age boundaries, e.g.
Archean (太古代), Proterozoic(原生代).
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5.2 The geologic time scale
Establishing the relative ordering of
events in Earth’s history is the main
contribution that geology makes to
our understanding of time.
Development of the geological time
scale
Two fundamental stages of
development:
1.Establishing local stratigraphic
sections (using principle of
superposition, fossil controls, and
radiometric ages)
2.Establishing a composite
international chronostratigaphic scale.
Although the systems are accepted by
the international geologic community
as the basic reference sections for
the geologic time scale, considerable
controversy still exists regarding the
Boggs (2001)
exact placement of system
Cambrian: Derived from the Roman name for Wales (Cambria)
Ordovician: Named for Ordovices, an ancient Welsh tribe that was the last in
boundaries and the subdivision3of
Britain to submit to Roman domination.
some systems.
Silurian: Named for Silures, an ancient tribe that had once inhabited Wales.

Nomenclature of Phanerozoic (顯生元)
chronostratigraphic units
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5.3 Calibrating the geological time scale
The major tools for finding ages of sediments to calibrate the geologic time scale are relative-age
determinations by use of fossils – biochronology – and absolute age estimates based on isotopic
decay – radiochronology.

1. Calibrating the geological time scale by fossils: Biochronology
Biochronology is the organization of geologic time according to the irreversible process of
evolution in the organic continuum. FADs (first appearance datum) and LADs (last appearance
datum) are the most easily utilized and communicated types of fossil information upon which to
base biochronology, and they can be used over great distances within the range of the defining
taxa.
The duration of the FADs of many planktonic species may be as little as 10,000 years. The error
caused by an age discrepancy of this magnitude becomes insignificant when applied to
estimation of the ages of rocks that are millions to hundreds of millions of years old. Thus, the
FADs and LADs of may fossil species can be considered essentially synchronous for the
utilitarian purposes of biochronology.

Procedures for establishing the biochronology based on FADs and LADs:
A. Identify wide-spread FADs and LADs
B. Assign ages, if possible, to these events by direct or indirect calibration through
radiochronology, magnetostratigraphy or sedimentation rate estimate.
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2. Calibrating by absolute ages: Radiochronology
An isotope is defined as one of two or more atoms that have the same atomic number but which
contain different numbers of neutrons (e.g., strontium: 84Sr, 86Sr, 87Sr, 88Sr). Some isotopes,
known as daughter isotopes, are produced by radioactive decay of another isotope, the parent
isotopes, whilst others are totally stable and their abundance does not change through
geological time (e.g. 87Sr is the daughter isotope of its parent isotope 87Rb (Rubidium), whilst 84Sr,
86Sr, 88Sr are all stable).
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U238-Th230 method: ~600,000 yrs for
Cave carbonate deposits
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Radiometric methods
Carbon-14 method (sediments), good for 100 < age < 40,000 years.
Impact of cosmic-ray neutrons on ordinary 14N atoms produces 14C in the atmosphere. 14C
atoms in turn decays backs to 14N. 14C is incorporated into carbon dioxide (CO2), which is
assimilated by plants and animals during their life cycles. The age of a sample is determined
by measuring the amount of radiocarbon per gram of total carbon in a sample and comparing
this with the initial amount at the time the organism died. The age equation is:
t = 19.053 + 103 log (A0/A) years
where A is the measured activity of the sample at the present moment in disintegrations per
minute per gram of carbon and A0 is the initial activity.
Thorium-230 method (sediments)
238U

decays through several intermediate daughter products, including 234U, to thorium-230.
230Th is an unstable isotope and itself decays with a half-life of 75,000 years to still another
unstable daughter product, radium (鐳)-226. Owing to this fairly rapid decay of 230Th, cores
of sediments taken from ocean floor exhibit a measurable decrease in 230Th content with
increasing depth in the cores. Assuming that sedimentation rates and the rates of
precipitation of 230Th have remained fairly constant through time, the concentration of 230Th
should decrease exponentially with depth. The ages of the sediments at various depths in a
core can be calculated by comparing the amount of remaining 230Th at any depth to the
amount in the top layer of the core (surface sediments).
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Thorium-230/Protactinium (鏷) -231 ratio method (sediments)
231Pa is the unstable daughter product of 235U. Because 231Pa decays about twice as rapidly
as 230Th, the 231Pa/230Th ratio in the sediments changes with time. The age of sediment with
depth can be determined in a similar manner to the above Thorium-230 method.
Potassium-40/Argon-40 (K-Ar) method (igneous and metamorphic rocks or some
sedimentary minerals, e.g. glauconite): drawback: argon-40 is a gas that can leak out of a
crystal.
Argon-40/Argon-39 (Ar-Ar) method (igneous and metamorphic minerals)
Increasingly used. Advantages: 1. using very small sample, e.g. single mineral crystal; 2.
allowing correction for loss of argon by leakage.
Rubidium-87/Strontium-87 (Rb-Sr) method
Less commonly used because 87Rb is very rare.
Uranium/Lead (U-Pb) method
Fission-track dating
Counting fission tracks in minerals such as zircon. Emission of charged particles from
decaying nuclei causes disruption of crystal lattices, creating the tracks, which can be seen
and counted under a microscope.

13

☆ Dating sedimentary rocks
Types of rocks useful for geochronologic calibration of the geologic time table
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1. Finding ages of sedimentary rocks by analyzing
interbedded “contemporaneous” volcanic rocks

2. Bracketed ages from
associated igneous or
metamorphic rocks.

3. Direct radiochronology of sedimentary rocks
a. Carbon-14 method
b. Potassium-40/Argon-40 (K-Ar) as well as Rubidium87/Strontium-87 (Rb-Sr) methods for glauconites.
c. Thorium-230 method for ocean floor sediments
d. Thorium-230/Protactinium-231 ratio method for
fossils and sediments
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Dating for sediments of age less than a few hundred years

5730 yrs
30.3 yrs
53 days

22.3 yrs

After around 7 half-lives most of radioactive
elements decay completely
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Methods using fallout radionuclides in recent marine sediments
210 Pb, 137Cs and 239,240Pu as tracers.
Pb-210 is a naturally occurring radioactive element that is part of the Uranium-238
Radioactive decay series, and has a half life of 22.3 years. To determine the amount of Pb210, the alpha radiation emitted by another element, polonium-210 (Po-210), is
measured.50

210Pb is the most commonly used chronometer (using 210 Pb profile) for
estimating sedimentation rates in near-shore environments.
To constrain 210Pb based sedimentation rates, distributions of 137Cs and
Pu are also measured.
An example from the East China Sea

Sedimentation rate in cm per year
From Hu and Su (1999) Marine Geology, 160, 183-196.
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