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Course 410 

Molecular Evolution



Now we need to review some evolution 

What is evolution? 

What is to evolve?



Evolution in general

Change through time

Non-biological Biological

Is evolution a fact or a theory? 

Evolution (biological and non-biological) is a 
fact that is explained by theories 

Not buying it?



Evolution in general

Can you think of a theory that 
explains the evolution of:  

1) Food and cuisine (ex. 
Machboos) 

2) Cars (ex. Ferrari) 

3) Houses and cities (ex. 
skyscrapers) 

4) Clothes and fashion (ex. 
Deshdasha)





What about biological evolution? 

Need evidences?



Evidence of evolution 
1. Changes of earth over time



Lessons from geology



stratigraphy





plate tectonics



Uniformitarianism



Gradualism



Catastrophism



Continental drift



Continental drift



Geologic time scale



Age of earth
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Abstract Earth scientists have devised many complementary
and consistent techniques to estimate the ages of geologic
events. Annually deposited layers of sediments or ice
document hundreds of thousands of years of continuous Earth
history. Gradual rates of mountain building, erosion of
mountains, and the motions of tectonic plates imply hundreds
of millions of years of change. Radiometric dating, which
relies on the predictable decay of radioactive isotopes of
carbon, uranium, potassium, and other elements, provides
accurate age estimates for events back to the formation of
Earth more than 4.5 billion years ago. These and other dating
techniques are mutually consistent and underscore the reality
of “deep time” in Earth history.
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Historians love to quote the dates of famous events in
human history. They celebrate great accomplishments and
discoveries, such as the Wright Brothers’ first flight of
December 17, 1903, and the first manned moon landing on
July 20, 1969. They recount days of national loss and
tragedy like December 7, 1941 and September 11, 2001.
And they remember birthdays: July 4, 1776 and, of course,

February 12, 1809 (the coincident birthdays of Charles
Darwin and Abraham Lincoln). We trust the validity of
these historic moments because of the unbroken written and
oral record that links us to the not-so-distant past.

Geologists also love to quote historic age estimates:
about 12,500 years ago, when the last great glaciation
ended and humans began to settle North America;
65 million years ago, when the dinosaurs and many other
creatures became extinct; the Cambrian boundary at
542 million years ago, when diverse animals with hard
shells suddenly appeared; 4.56 billion years ago, when the
Sun and Earth formed from a vast cloud of dust and gas.
But how can we be sure of those age estimates? There’s no
written record past a few thousand years, nor is there any
oral tradition that can inform estimates of Earth’s ancient
chronology.

Earth scientists have developed numerous independent
yet consistent lines of evidence that point to an incredibly
old Earth. I describe just three of these many approaches—
annual layerings, geologic rates, and our most accurate and
reliable method, isotopic age determinations or “radiometric
dating.” When properly applied, all three approaches yield
identical estimates of geologic events.

But first, a warning: it is difficult for anyone to conceive
of such an immense time span as 4.5 billion years. The
oldest humans (the current record according to Guinness is
held by a French woman who lived to celebrate her 122nd
birthday) fall far short of living for 4.5 billion seconds
(about 144 years). All of recorded human history is much
less than 4.5 billion minutes. Yet, geologists claim that
Earth formed half-a-million times longer ago than that. No
one can easily fathom the meaning of “deep time.” So how
can we be sure such age estimates are correct? The answer
lies in the testimony of the rocks.

Portions of this article have been adapted from Hazen and Trefil
(2009) and Trefil and Hazen (2010).
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Disclaimer

 Figures, photos, and graphs in my lectures are 
collected using google searches.  I do not claim to have 

personally produced the material (except for some). I 
do cite only articles or books used. I thank all owners of 

the visual aid that I use and apologize for not citing 
each individual item.  If anybody finds the inclusion of 
their material in my lectures a violation of their copy 

rights, please contact me via email. 

hhalhaddad@gmail.com
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