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Geological Dating
How we determine the age of rock layers and geological events?  There are two basic approaches to dating rocks: absolute dating and relative dating.  Absolute dating yields and actual age (+/- a margin of error).  Relative dating does not yield an actual age; it just tells us whether a rock or geologic event is younger or older than another one.  

In order to do absolute dating, the rock must contain radioactive isotopes.  Those radioactive isotopes became incorporated into minerals at the time the mineral crystals first formed.  

In the case of igneous rocks, the rocks form as the minerals crystallize from a magma (or lava).  It follows that the age of the minerals is the same as the age of the rocks.  

In the case of metamorphic rocks, the metamorphic mineral assemblage forms as a result of an intense change in temperature and/or pressure on a previously existing rock.  New metamorphic minerals are formed.  The age of the minerals corresponds to the age of the metamorphic event, not the age of the parent rock itself.  

Detrital sedimentary rocks are recycled rocks.  A very young detrital sedimentary rock may be composed of fragments of very old rocks.  Dating the minerals on sedimentary rocks tells us very little about the age of the sedimentary rocks themselves.  In the case of non-detrital sedimentary rocks, the age of the mineral will match the age of the rock.  However, radioactive isotopes rarely occur on non-detrital sedimentary rocks.  We rely on fossil dating and relative dating for sedimentary rocks.

As discussed in lecture, different radioactive isotopes have different half lives.  Below is a list of some radioactive isotopes and their half lives:
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Half-life
Parent isotope Daughter (years)
Carbon (C)-14 Nitrogen (N)-14 5,730
Aluminum (A1)-26 Magnesium (Mg)-26 740 thousand
Todine (1)-129 Xenon (Xe)-129 17 million
Uranium (U)-235 Lead (Pb)-207* 704 million
Potassium (K)-40 Argon (Ar)-40 1.3 billion
Uranium (U)-238 Lead (Pb)-206° 4.5 billion
‘Thorium (Th)-232 Lead (Pb)-208° 14 billion
Rubidium (Rb)-87 Strontium (r)-87 49 billion

‘Note: Paent isotopes in the top part of the table are extinet: the enire quantity that was
present in the Earch when it formed, 4.55 billion years ago, has decayed. Decay of the
uranium and thorium isotopes () yields helium (He) as well as lead.





1- Uranium 235 is a radioactive isotope of uranium found in minerals such as zircon and uraninite.  It has a half-life of 704 million years and decays into its stable daughter isotope, lead 207.  Assume a rock sample yields 0.05 grams of U-235 and 0.15 grams of Pb-207.  How old is the mineral?

Mass of Radioactive Isotope:


________grams

+ Mass of Daughter Isotope:


________grams

Total Mass:




________grams

Radioactive Proportion = Radioactive Mass / Total Mass =   ________

Based on the radioactive proportion, how many half-lives have gone by since the mineral first formed?    __________ half-lives

Age of Mineral = (Half-Life) (Number of Half-Lives)



  = (__________) (__________)

Age of Mineral =    __________ years

RELATIVE DATING
Based on the diagram:





2- What type of unconformity is defined by the boundary between layer C and the layers below it? 
Angular
3- What is the oldest labeled rock unit?  _______A______

4- What is the youngest rock unit?  _______E____

5- Focus on units C, D, and F only:

a. Youngest ____F______

b. Oldest _____C_______

6- Units F and G are igneous dikes and may contain radioactive isotopes. Assume that radiometric dating of those two units reveal that F is 50 million year old and G is 10 million year old.

a. Layers D and E MUST be ( ) younger than 10 million year old ( ) between 10 and 50 million year old ( ) older than 50 million year old

b. Layers A, B, and C MUST be ( ) younger than 10 million year old ( ) between 10 and 50 million year old ( ) older than 50 million year old.

7- On the diagram below, “A” is an igneous intrusion. Assume there is a thin aureole of contact metamorphism surrounding the igneous intrusion.  List the rock layers in the proper chronological order
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Youngest
_____





_____





_____





_____



Oldest

_____

8- On the diagram below, “D” is an igneous intrusion and “E” is a normal fault.  List the rock layers and the fault in the proper chronological order.
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Youngest
_____





_____






_____






_____




Oldest

_____

Geological Time Scale
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http://geology.com/time.htm
Earth’s history is divided into unequal time intervals.  The boundaries between the intervals mark significant geological (very early Earth) or evolutionary events on Earth’s history.  Example: The boundary between the Precambrian eon and the Phanerozoic eon is marked by the rapid evolution and diversification of organisms with hard body parts.  

The time intervals are eons, which are subdivided into eras.  The eras are subdivided into periods.  The periods are further subdivided into epochs (not shown on figure).

1- What is our current eon ______________, era _______________, and period _______________
2- Age boundary between the Hadean eon and Archean eon __________________
3- Age boundary between Archean eon and Proterozoic eon __________________
4- Age boundary between Proterozoic eon and Phanerozoic eon ________________ 
5- Age boundary between Paleozoic era and Mesozoic era ____________________
6- Age boundary between Mesozoic era and Cenozoic era ____________________
7- What is the longest eon? _________________

a. Duration of that eon ________________

b. What percentage of Earth’s history is covered by that eon?

% = (Duration of Eon / Age of Earth) X 100

% = (_____________ / 4.65 billion) X 100

% = _____________

8- What is the shortest eon? ___________________

a. Duration of that eon ________________

b. What percentage of Earth’s history is covered by that eon?

% = (Duration of Eon / Age of Earth) X 100

% = (_____________ / 4.65 billion) X 100

% = _____________

9- What is the longest era? _________________

a. Duration of that era ________________

b. What percentage of Earth’s history is covered by that era?

% = (Duration of Era / Age of Earth) X 100

% = (_____________ / 4.65 billion) X 100

% = _____________

10- What is the shortest era? ___________________

a. Duration of that era ________________

b. What percentage of Earth’s history is covered by that era?

% = (Duration of Era / Age of Earth) X 100

% = (_____________ / 4.65 billion) X 100

% = _____________

11- What is the longest period? _________________

a. Duration of that period ________________

b. What percentage of Earth’s history is covered by that period?

% = (Duration of period / Age of Earth) X 100

% = (_____________ / 4.65 billion) X 100

% = _____________

12- What is the shortest period? _________________

a. Duration of that period ________________

b. What percentage of Earth’s history is covered by that period?

% = (Duration of period / Age of Earth) X 100

% = (_____________ / 4.65 billion) X 100

% = _____________

13- The suffix “zoic” is Greek for “life.” Which two eons do not have that suffix as part of their name?

a. _______________

b. _______________

c. What does the absence of the suffix suggests regarding life during those two eons? ________________________________________________

14- Notice the Figure does not subdivide the Hadean eon into eras (like the other eons).  Taking into account the age of the eon, what will be the most likely reason for not doing era subdivisions? _______________________________________

15- The Phanerozoic eon is the eon of complex life (at least in terms that life moved from microscopic to macroscopic and involved the rapid evolution and diversification of organisms with hard body parts).

a. For how long has “complex” life existed on Earth? _________________

b. How long did it take for it to first appear (Assume Earth’s age is 4.65 billion years)? _________________

16- The first evidence of life on Earth (a chemical signature of life) dates back to about 4 billion years.  How long did it take for life to first appear on Earth (assume Earth’s age is 4.65 billion years)? ______________

17- As we explore our neighboring planets, would it make sense to use the current Geologic Time Scale to explain/describe their geologic history?  Why or why not?

