Geological Time and
the Fessil Record

BI 201 Natural History off Guam
Class Presentation 12



¢ Geological time

— Geological time began with the
formation of Earth some 4.5 Bybp

— Because of the magnitude of this time
Span, Earth’s history: is subdivided into
categories to help us in discussing
events during Various periods
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— Earth time iIs subdivided into four
categories:
¢ Eons

¢ Periods
¢ EPOCNS




¢ Eons

— An eon Is the largest geological time unit,
spanning hundreds of millions to billions of
years

— There are four eons:

o Priscoan [L. priscus = of former times, ancient]; >4
Bybp

& Archaean [Gr archae = beginning, fromi the
beginning|; 4-272 Bybp

¢ Proterozoic [Gr proteros = earlier]; 2,500—560 Mybp

& Phanerozoic [[Gr phaneros = visible; zojon = animall;
time off visible life; <560 Mybp

— Many: geologists refier ter the first three eons
collectivVelVrasttherPrecamibhian N EGR

—Each eon IS subdivided inter ar nUmbErR Off eras



¢ Era
— An era is a first-order geologic time unit
— Eras often span tens to hundreds of millions of




— Because this class is concerned primarily with
the Phanerozoic Eon, there are three eras for
study:

o Paleozoic [ Gr. palaios = ancient, old]; 540-245 Mybp

+ Mesozoic [[Gr. mesos = middle]; 245-65 Mybp

& Cenozoic [|Gr. kainos, = recent, new] 65 Mybp to
PrESENE

— Guamyrs: geological history: fallsrwithin the
CEenozoeIc Era

— [EQChI €ra IS| COmPOSEd Off SEVEral PERIOAS



¢ Period

— A period is a second-order geologic time unit
Periods span millions to tens of millions of
years oft Earth history

— [The Palaeozoic Era is subdivided into six
periods (or seven inf America); the Mesozoic
Era IS subdivided into three periods; and the
Cenozoic Era Is subdivided Into two: perieods

— Ihe geological histery: off GUam Spans Moest of
the tWor periods off the €Cenozelc Era, the
Iertiary, and Quaternary: PERIOES

— Geological periods are further subdivided: Into
EPOCAS



¢ Epoch
— An epoch IS a third-order time unit

— Guam'’s geological history began in the Eocene
Epoch and spans the five subsequent epochs
to the present, which IS callea the Hoelocene

pPoch or Recent Epoch
dChl EpOEh may: be further subdivided Into
cologicallages




¢ Absolute Time

— Absolute time is the age of rock In years

— Absolute time is difficult to ascertain,

but it s best determined by radiometric
dating

o Radiometric dating Is the most precise
method off dating rocks, WhEreIn the age of
the rock Is calculated firom the relative
PEFCENtages Off parent: and daughter:

ISOLOPES Off al particllar radioactive: element
N EhE reck



— Radiometric dating make use of the fact
that "heavy’ isotopes of elements tend
to be unstable and undergo
spontaneous nuclear disintegration,
called radieactive decay

¢ Radioactive decay 0Ccurs When protons or

neutrons are lost from the nucleus of an
unstable isotope

o \\Vhen protens or neutrons leave the
AuUcleus, energy. (I.e., radiation) Is emitted

+ \\hen protons are oSt fromi the nucleus
dUrING radioactiverdeecay, the resulting atem
DECOMES! a different element, called a
Gl ERPREGINEE



o For example, when 438U decays, 10 protons
and 22 neutrons are lost from the nucleus

— Therefore, the resulting daughter element is lead:
206Pph “which contains 82 protons + 124 neutrons
In its nucleus
¢ [he rate of radioactive decay Is constant; it
IS not affected by temperature or pressure
OF any. change in the physical envirenment

— [herefore, radioactive decay. off heavy: elements Is
a Very precise clock that is useful for determining
the age off rock

¢ [IhEe rate off radioactive decay. IS gIiVEn as a
half-life

— A half=liferis the time It takes for a givVen amount
Off al radIeaCtIVE ISOtope tor be reduced by, one-half



& Some radioactive isotopes for dating rocks include:

Isotope Daughter Product | Half-life
Potassium 40 (#°K) Argon 40 (4°Ar) 1.3 By
Uranium 238 (22cU) lLead 206 (2°°Pb) 4.5 By
Uraniumi 235 (222U) llead 207 (2°7Pb) /13 My
Thoritm 232 (Z220h) | Lead 208 (2°°Ph) 14.1 By
RUBIditimr 87 (57Rb) Strontitm: 87 (7SK) 49 By
Carbon 14:(14€) Nitregen: 14 (%I\) 5,730 yr




¢ Ihe steps that are taken to determine the
age of rock containing “°K would be as
follows:

1. First, the amount of “°K present in the sample
must be determined by chemical analysis

2. Next, the amount of “°Ar present in the sample
must be determined by chemical analysis

3. lihen, we use the data from (2.) to calculate the
amount of “°K present when the rock was
flormed

45 Einally, using the ratior of (5.) = (2.), We can
calculate the age of the rock



o For illustrative purposes, let’s say that our
rock sample has 0.25 g “°K and 0.75 g “°Ar
at the present time

— Based on these data, we would estimate that
there was 1.0 g “°K at the origin of the rock

— [herefore, the age of the rock is 2.6 By

Jihat is, 1.0 g “°K decays te 0.5 g *°K in; 1 half-
life, or 1.3 By, and

0.5 g “°K decays 0.25 g “°K in 1 half=life, or
1.3 By

lherefore, the'sample hasi decayed by twoe
half=lives, or 2 x 1.3 By = 2.6/ By,
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Absolute Dating. Outcrops L and R contain the radioisotope uranium 235.
It has a half-life of 710 million years and decays to lead 207. Dating with
radioisotopes is possible for many types of rocks but is more broadly
possible with igneous rocks like the basalt and granite that make up most
of the oceanic and continental components, respectively, of Earth’s crust.
At out crop L, the ratio of **U to *’Pb of 1:1 means that one-half of the

**U atoms have decayed to *’Pb, so the rocks are one half-life of **U old,
or 710 million years. In Outcrop R, the ratio of **U to *’Pb is 3:1. This

means that one-fourth of the original **U atoms have decayed to *'Pb,

so the is rock is one-half of a half-life old, or 355 million years. ’ ‘
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o [here is one significant limitation to

radiometric dating

— Geologists can date only igneous rock with: this
method, because sedimentary rock may be
contamlnated with previously formed daughter

ducts anc 3\)\.\),)35 fom more
IgnEoUS rock formation

¢ herefore, geologists: must use: relative age
fior dating sedimentary rock




¢ Relative Time

— Geologists use four basic principles to
determine the relationship of geologic
events to one another
1) Principle off originall horizentality:

). PrinCIple off stuprapestion
3) Principle off lateral continuity.

). PrINCIpIE ol CroSS=CUtting) Felationships




— Original Horizontality

¢ [he principle of original horizontality states
that beds off sediment deposited in water
formed as horizontal or nearly horizontal
layers

— Superposition
¢ Ihe principle’ off SUPErPOSItion: states that
Within ar Seguence off undisturbed

Sedimentary, Or VolCanic rocKS) the  layers
alre YoUnger going firom: bottem: tor tep



— Lateral continuity

o [he principle of lateral continuity states that
an original sedimentary layer extends
laterally until it tapers or thins at its edges

— Cross-cutting relationships

¢ e principle of cross-cutting relationships
states that a disrupted pattern Is elder is
older than the calise of the disruption



¢ Fossils

— Fossils are traces of plants or animals
preserved in rock

o Plants and animals that lived at the time the
sedimentary rock was fiorming were buried
by sediment, and their fossil remains are
preserved in the reck




— Fossils are common in sedimentary.
rock, and their presence is important for
correlation

o Correlation is the determination of the age
relationships between rock units or
geologicall events' in separate areas

& FOSSIIS| Infone layer off sedimentary. rock
often diffier markedly frrem fessils in the
layer above or below: them

o No matter Where on Earthr they: are found,
INdIvidualf fessilFSpECIES: alWay.s  OCCU IR the
Same SeqUERCE relative ter one another



Relative Dating. Fossil assemblages used in relative dating can be found in
Outcrops L and R. Assemblages 3, 4 and 5 may be matched, telling us the
rocks in segments of the outcrops formed at the same time. We could not,
however, tell how many years ago this formation occurred when fossil
evidence was the only dating tool we had. The concept of superposition
states that younger sediments are laid down on older deposits.




— Some fossils

are restricted in geographic

distribution, representing organisms
adapted to special environments

— Other fossils

are distributed glebally,

Indicating that they lived over vast

areas off Eart

¢ Fossil assem
distributed' s

n
plages; firom these widely,

DECIES May, be Used for

Worldwide correlation



