Relative Dating


Rocks or events placed in proper sequence


Principles (common sense)


1.	Youngest rock generally on top, oldest on bottom 












































exceptions are intrusions which can come later and still be on the bottom


�
2.	A younger rock may contain pieces of an older rock (examples:  clasts in conglomerate, inclusions in granite)


























3.	A younger feature crosscuts an older one (examples:  faults, intrusions)





�
4.	Most beds are deposited in horizontal layers (if not horizontal now, something has happened)


























5.	If layers in two rock units are parallel


























No tilting or mountain building happened between the times when the two layers were deposited


Could have been interruption in deposition without any tilting (seas go in, seas go out)


�
6.	If layers are not parallel = unconformity















































Something fun happened


The older layer was tilted and eroded before the younger, flat-lying layer was deposited


An unconformity indicates that some type of uplift, tilting, or mountain building occurred


What caused the mountain building? = plates


How much uplift?


How much time missing?


�
7.	Correlate rock unit from one area to another


Follow unit continuously between areas














Distinctive rock type














Position within a sequence

















Fossils

















Radiometric Dating


Some isotopes (atoms with different number of neutrons) are unstable


Parent nucleus breaks up (decays) into new element (daughter)




















Rate of decay is constant and can be determined


Half life = Time required for half of parent atoms to decay to daughters








Example for an isotope with a half life of 1 year


�
Parent�
Daughter�
�
Start�
1000 atoms�
0 atoms�
�
End Year 1 �
�
�
�
Year 2�
�
�
�
Year 3�
�
�
�
10 years�
1 atom�
999 atoms�
�



�
Radiometric ages can tell us


When an igneous rock formed (crystallized)


When a rock was uplifted and cooled below a certain temperature (tell us when a mountain range was formed = when rocks uplifted)


How hot rock was heated since it formed (helps us determine oil potential)


How old adjacent sedimentary rocks are (use crosscutting relations to a dated igneous rock)


�
Major Subdivisions of Geologic Time


4.6 billion Years:  Formation of earth





Precambrian:  no fossils except algae, bacteria, and some fossils without shells (like jellyfish)





570 million years:  First fossils with shells





Paleozoic:  Fish, Trilobites, Clams, Corals, Ferns





245 million years:  massive extinction





Mesozoic:  Dinosaurs, first scrawny mammals





66 million years:  massive extinction, including dinosaurs (caused by huge meteorite impact)





Cenozoic:  Mammals, humans (late in game)�
Evidence for a long history on Earth


1.	Tree-ring chronology (Bristle Cone Pine record goes back to 8,000 years ago)


2.	Ice Cores in Greenland and the Antarctic


Annual layers go back more than 100,000 years


Ice would require more than 10 million years to accumulate at present rates


3.	Annual Sediment Layers


Repetitive annual layers produced during summer/winter cycles


6 million such layers in a single formation in Utah-Wyoming area


4.	Salt in the oceans comes from rivers


Would take 330 million years to accumulate


Minimum age since some salt is lost from the sea during deposition of marine salt beds


5.	Rates of plate movements measured by satellites


Hawaii moving 8 cm/year toward Japan (consistent with direction/rate of hot-spot trace)


Would take over 100 million years for Atlantic Ocean to have grown at present rates


6.	San Andreas fault


Has 560 km of total movement based on matching rock units on opposite sides of fault


Would require more than 10 million years at present rate





7.	Radiometric age determinations


Nuclear reactors and modern medical devices show that half lives are really known


Ages are reproducible, within analytical limits, by a single lab or between several labs


Consistency of ages by different methods on the same sample (progressive cooling of the rock)


Consistency with fossil record (geologists argue whether Mesozoic-Cenozoic boundary is at 66 or 65 Ma because of very minor differences in dating the extinction layer at different sites)


Consistency with geologic events


Subduction-related volcanism in Arizona stops when the North American- Pacific plate boundary switches from convergent to a transform boundary (San Andreas fault)


Formation of Appalachian Mtns. matches mountain-building event in Europe-Africa -- old continental collision)


Consistent with paleomagnetic data in oceans and on land


8.	Explains things, is predictive, and we can use it


9.	No conflict between theology and science
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