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Datação Absoluta

� Adiciona números às colunas 
estratigráficas baseadas em fósseis

� Baseada em decaimento radioativo de 
alguns elementos químicos



Revisão de Conceitos

� Video no moodle



número atômico = número de prótons no núcleo





Radioatividade

� forças de ligação de p e n não tão fortes

� núcleos instáveis

� o núcleo se separa espontâneamente 
(decaimento)



Tipos de Decaimento
� alpha:   perde 4He (2n, 2p)

e.g., 147Sm ® 143Nd
� beta:  perde 1 e- (neutron ® proton)

e.g., 87Rb ® 87Sr
� captura de elétron: (proton ® neutron)

e.g., 40K ® 40Ar



� no massa reduzido em 4
� no atômico reduzido em 2



� no massa não se altera
� no atômico aumenta em 1



� no massa não se altera
� no atômico reduzido em 1



Decaimento Radioativo
� Elementos radioativos (pais) decaem para 

estáveis, elementos não-radioativos (filhos)
� A taxa pela qual decaem é constante e 

conhecida

� Se nós conhecemos a taxa de decaimento e a 
quantidade atual de elementos  pai e filho nós 
podemos calcular há quanto tempo essa reação 
está ocorrendo.



Meia-Vida

A meia-vida de um isótopo 
radioativo é definida como o 
tempo necessário para que 
metade de sua massa se 
transforme em filho (decaia).



Premissas

• sistema fechado
• Taxa de decaimento constante
• Concentração inicial do filho é 

conhecida (descontar)



� Exercício moodle para casa
� Exercício em grupo agora (Classroom)

� https://classroom.google.com/c/MzY0MTAw
OTY5Mjg3/a/MzcyNjI2NDY3MTc3/details

https://classroom.google.com/c/MzY0MTAwOTY5Mjg3/a/MzcyNjI2NDY3MTc3/details


Curiosidades



Isótopos
Pais

Isótopos
Filhos

Meia-vida do 
pai (anos)

Intervalo efetivo
de datação (anos)

minerais e materiais datáveis

238U 206Pb 4,5 ba 10 Ma a 4,6 ba zircão
apatita

235U 207Pb 0,704 ba 10 Ma a 4,6 ba zircão
apatita

40K 40Ar 1,3 ba 50000 a  4,6 ba muscovita
biotita e hornblenda

87Rb 87Sr 47 ba 10 Ma a 4,6 ba muscovita
biotita
K-feldspato

14C 14N 5730 100 a 70000 madeira, carvão, ossos, 
conchas, águas com CO2 
dissolvido

Principais elementos radioativos utilizados na datação radiométrica



1. fonte de íons (termo-ionização e plasma); 
2. analisador de massas
3. sistema de detecção.
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sample is 0.021686, while the value for seawater from which 
it formed is 0.021713. To better visualize this small differ-
ence, most researchers have adopted the delta notation 
used for gas isotope ratio comparison so that ratios can be 
compared on a per mil (‰) basis. Using the Ca example:

� values are preceded by a plus or minus sign to denote 
ratios that are, respectively, heavier or lighter than the 
reference material, which in this case is seawater. There 
are two important variants of the � notation: (1) �A-B may 
be used to represent the difference in � values between two 

samples, A and B; and (2) workers may use the � notation, 
equal to 10 times �, or parts per 10,000, when differences 
in isotope composition between samples are extremely 
small. Again, caution is advised as there are additional uses 
of both � and � in isotope science terminology, and some 
researchers report isotope ratio variations on a per atomic 
mass unit basis. Authors need to rigorously defi ne termi-
nology, and readers need to understand those 
defi nitions.

Standard Reference Materials
Standard reference materials (SRM) permit inter- and intra-
laboratory comparison of isotope ratio measurements. 
While the mass spectrometers used in different laboratories 
might produce different absolute values for an SRM, the 
ratios obtained on samples are comparable through use of 
the delta scale calculated relative to the SRM. Most stan-
dards used in metal stable isotope research come from two 
sources: the Institute for Reference Materials and 
Measurements (IRMM, Belgium) and the National Institute 

BOX 1 Generalized schematic of the 
important aspects of multicollector mass 
spectrometers used for determination of 
metal stable isotope compositions. All 
instruments consist of three main regions: 
ion source, ion optics (ion acceleration, ion 
beam focusing, isotope mass separation), 
and ion collection. Ions are produced by 
thermal processes in the source region. In 
MC–ICP–MS, the sample is injected into 
the source region, either as a nebulized 
liquid aerosol or in a gaseous stream that 
passes through a high-temperature plasma 
(~10,000oC; see photo of plasma torch) at 
near-atmospheric pressure. At this high 
temperature, atoms of the sample material 
are very effi ciently ionized. In TIMS, the 
sample is deposited on a wire fi lament (see 
photo) and placed in a high vacuum (~10-8 
torr), and the fi lament is heated to the 
temperature required for ion production of 
the particular element (typically 800 to 
1700oC). The ions produced in either 
instrument then enter the optics region, 
where they are accelerated through a large 
potential (up to 10 kV) and focused 
electronically to create a discrete ion beam. 
In MC–ICP–MS, the vacuum must be 
substantially improved over this short 
optics region via effi cient mechanical and 
electrical pumps. Beyond the ion optics 

region, an exceptional vacuum (~10-8 torr) 
must be maintained in both instruments. 
The accelerated and focused ion beam 
then passes through a slit into the fl ight 
tube, where the different isotopes of the 
element are dispersed by mass using an 
electromagnet. The width of this slit 
determines the ability of the mass 
spectrometer to partially resolve sample 
ions and extraneous molecules of nearly 
similar mass (“isobaric interferences,” for 
example, 56Fe as the target analyte versus 
40Ar16O in MC–ICP–MS, or versus organic 
molecules having a mass close to 56 
atomic mass units in TIMS); the thinner the 
slit, the greater the resolving power. 
In MC–ICP–MS, prior to entering the 
magnetic fi eld the ion beam passes 
through an electrostatic discriminator (not 
shown), where the energy spread of ions 
produced in the plasma is reduced to a 
nearly monoenergetic condition for 
passage through the magnetic fi eld; in 
TIMS, ions produced at the source fi lament 
are essentially monoenergetic at the 
outset, and electrostatic fi ltering is not 
required. Then, when passed through the 
magnetic fi eld, ion fl ight paths are bent 
parallel to the axis of the fl ight tube 
depending on the ratio of ion mass to 
charge: light ions are bent more (green 
path in diagram), and heavy ions are bent 

less (red path). Collectors are confi gured to 
perfectly intersect the resulting fl ight paths 
of the component isotope ion beams of the 
element. In some instruments, collectors 
can be moved perpendicularly to the ion 
paths until desired coincidence is achieved 
for a particular element. In other 
instruments, the collector positions are 
fi xed and the trajectories of the ion beams 
themselves are adjusted along the fi nal 
section of the fl ight tube by further 
electronic focusing in order to achieve 
coincidence. Collectors are either Faraday 
cages—credit card–sized boxes open at 
one end to receive and trap ions, resulting 
in a measurable total ion current on the 
internal surfaces—or ion counters that 
record individual ion collisions with the 
counter surfaces. Faraday cages may have 
slits positioned along the ion fl ight path 
prior to the point of ion entry into the cage 
in order to better shape the ion beam for 
optimum signal detection. Channel-
specifi c total ion currents or collisions 
detected over a certain period of time are 
then processed through a series of 
electronic conversions into signals that can 
be interpreted by computer software as 
relative isotope abundances for the 
element. 



leves

pesados



e = carga do íon
v = velocidade do íon
m = massa do íon
V = diferença de potencial
B = campo magnético
R = raio de curvatura da deflecção
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Datação de rochas sedimentares

� Partículas de 
idades diversas

� Não posso datar 
diretamente por 
isótopos



Datação de rochas Ígneas
� Rochas ígneas: 

cristais formados na 
mesma época





Datação de rochas sedimentares

� A idade de rochas 
sedimentares pode 
ser determinada 
pela sua relação 
com corpos ígneos 
de idade 
conhecida



Importância

� estimar taxas de processos geológicos
� precisar a escala de tempo
� reconstruir a cronologia de eventos
� antropologia: reconstruir os passos da 

evolução humana
� sismologia: reconstruir o movimento de 

falhas que podem ocasionar terremotos



14C
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Idade do Planeta



Rocha mais antiga
� rocha mais antiga: gnaisse Acasta (Canadá) – 4 Ga



Registro mais antigo
� registro mais antigo: 4,4 Ga (zircão, Jack Hills, Austrália)

http://geoscience.wisc.edu/geoscience/people/faculty/john-valley/the-earliest-piece-of-the-earth/



Idade do Planeta
� Como determinaram que a Terra tem 

4,56 Ga?
� Meteoritos – Claire Patterson Pb-Pb



Exercício





A Escala do Tempo Geológico

Divisões nas colunas estratigráficas de 
todo o mundo baseada nas variações de 
fósseis preservados



Fig. 10.12

existência de vida

archaios = antigo

próteros = anterior;
zóikós = vida
antes da vida

phanerós = visível
zoikós = vida
vida visível



Fig. 10.12

existência de vida tipo vida dominante



� Eras



Fig. 10.12

existência de vida tipo vida dominante mudanças no registro fóssil

vida visível

antes da vida


