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INTRODUCTION 
• Integration of astronomy, astrophysics and geology 

to explain where we came from 

• Hazen has been involved in all of these aspects of 
this research 

• He starts at the beginning of the universe and 
continues through time 

• He does NOT attempt to answer, “what initiated the 
Big Bang?” 

• I have not attempted to integrate all of the detail in 
the book; this is just a brief overview 

• He had no illustrations in his book, so I have 
attempted to find appropriate examples 
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TIME LINE:  MORE DETAIL 

GRAPH FROM WIKIPEDIA 



THE BIG BANG:  13.7 GA 

• 13.7 GA:  Electrons and quarks formed first 
– Electron: a stable subatomic particle with a charge of 

negative electricity, found in all atoms and acting as the 
primary carrier of electricity in solids. 

– Quark: any of a number of subatomic particles carrying a 
fractional electric charge, postulated as building blocks of 
the hadrons,  the most stable of which are protons and 
neutrons, the components of atomic nuclei. 

• At +.5 MY, The universe had cooled enough to 
form elements; H+ as protons and electrons 
united 

GA = Giga annum, = 1 Billion years before present  



ATOMS 

 
•As electrical properties 
pulled these together, they 
developed mass and this led 
to GRAVITY; which pulled H+ 
atoms together to form 
stars. 
•As H+ atoms collide they 
form He atom with 1% less 
mass, = fusion, releasing 
LIGHT as energy. 
•E=mc2 
 



ELEMENTS 
• Fusion continues as H2 

becomes He, which 
becomes C, N, O, etc, on 
up to Fe; which at 26 is too 
stable for continued 
fusion.  

• When a star forms an iron 
core, fusion stops and 
gravity overcomes energy 
expulsion.   

• The star then collapses in 
on itself and then explodes 
as a “SUPERNOVA”.   
 

 



SUPERNOVA 

• The formation of an 
iron-cored star, 
collapse, and explosion 
takes a few million 
years.   

• This is called the 
“SUPERNOVA CYCLE”.   

On the left is Supernova 1987A after the 
star has exploded.  On the right is the star 
before it exploded.  Credits:  NASA 



WHAT HAPPENS WHEN A SUPERNOVA 
EXPLODES? 

• CHEMISTRY HAPPENS! 

• It seeds the universe with 
these 26 elements. 

•   These 26 elements combine 
to form all of the other 
elements of the periodic table.   

• The 26 elements begin to form 
into life-precursor molecules;  
H2O, CO2, CO, N2, NH3 
(ammonia), CH4, etc. 

• Minerals begin to form, 
starting with diamond from 
carbon. 

• THIS “SUPERNOVA CYCLE” HAS 
REPEATED ITSELF again and again 
for the past 13.7BY with each 
cycle enriching the universe with 
more elements and minerals.   

 

 

 



FORMATION OF OUR SOLAR SYSTEM:  
4.567 GA 

• 9.1 billion years after 
“BIG BANG” 

• 2/3 of all time elapsed 
before an event 
triggered the formation 
of our solar system 

• Started with a Nebula 
Cloud.   

• A nebula is an 
interstellar cloud of dust, 
hydrogen, helium and 
other ionized gases. 

 

Orion Nebula Cloud 



SPINNING DISK OF NEBULAR DUST 

• A shock wave from a 
nearby exploding star 
triggered the collapse of 
a nebular cloud into a 
star (90% H+, and 9% 
He).  As it collapsed it 
began to spin faster, and 
flatten into a disk.  
Eventually the core 
ignited (sun).   

 

 



RESULT:  OUR SOLAR SYSTEM 
• A single origin is implied 

by: 

– All bodies are in 1 plane 
and rotational axis.  

– The 4 inner planets are 
all rocky 

– The 4 outer planets are 
all large gas clouds.   

– These imply an early 
solar wind to blow 
gases out and allow 
dust to settle in closer.   

 



Classes of meteorites 

• Chondrules, (90% of all 
meteorites), are made of 
pre-solar system dust and 
minerals.  They began as 
molten or partially molten 
droplets.   

 

• Chondrites and achondrites, 
early solar system rocks and 
dust.   

• These are called stoney 
meteorites 

 



FORMATION OF PLANETS 
• Our SUN is the perfect size for life and should have a 10BY 

total life.  If it were a binary star it would be unstable, and 
its planets would have unstable orbits.  Not only do our 
planets have stable orbits, but their moons have stable 
orbits.   

• Half of sun’s life is past! 
• As these clouds of debris rotate around the sun, they 

smash together, sticking together to become 
planetesimals.  Mostly they melt on contact and become 
like eggs with iron cores.  Eventually a few large 
planetesimals “vacuumed” up the space around them to 
become “PLANETS”.   

• Our EARTH formed quickly, within the first M.Y. after the 
sun, by absorbing other planetesimals near its orbit.   
 

 



FAINT SUN PARADOX 
• The early sun was 25-

30% cooler than today.   
– The early ocean was 

heated from below, and 
had a greater greenhouse 
effect from all of the Fe, 
there were no clouds 
because there were no 
plants to nucleate them, 
OR  

– the high % of CH4 plus 
the high UV light, caused 
organic molecules which 
generated an “orange 
smog”.  

This artistic illustration shows how the early Earth might 
have looked under bombardment, with circular impact 
features dotting the daylight side, while hot lava glows 
on the night side. A thick, yellowish hazy atmosphere is 
also present. Credit: Southwest Research Institute 

 
Read more at: https://phys.org/news/2016-
06-solution-faint-young-sun-
paradox.html#jCp 
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THE MOON 

• Our MOON is an 
anomaly!   

– It is too large 

– It does not have an iron 
core (some other 
authors claim that it 
does) 

– It has no volatile gases 

 

 



ORIGIN OF OUR MOON:  THE “BIG 
THWACK” 

• When the earth was 
about 50 M.Y. old, a 
companion planet, 
called Theia, with a 
mass ~ 40% of the 
earth, hit the earth with 
an off-center hit.   

 



RESULTS OF THE “BIG THWACK” 
1. Most of the iron was attracted to the earth’s core 
2. Theia’s gases/vapor was driven off into space 
3. The resultant cloud of debris coalesced into the moon 
4. Moon is part of the earth’s rotation:  the same side always faces the 

earth 
5. The earth’s axis of rotation is tilted 23 degrees.   
6. The moon formed 15,000 miles from the earth, and is moving away at 

3.82 CM/year.  It is now 239,000 miles from earth.   
7. Due to the preservation of angular momentum as the moon moved 

away from the earth our days are getting longer: the original day was 
5 hours long, and the moon rotated around the earth every 84 hours.   

8. Because the moon was closer, the original earth tide had an 
amplitude of about 1 mile, and generated heat from internal friction. 

9. Tidal forces from conservation of momentum: 
1. Pushed the moon further away 
2. Slowed the earth’s rotation. 

 



 
STRUCTURE OF THE EARTH 

“BLACK EARTH”:  4.567 TO 4.467 GA (AGE 0 – 100 MY) 

 
• Molten state lasted only a few 

thousand years 

• Iron sank to form a core 

– Inner:  solid, 750 mi dia. 

– Outer:  liquid, 2000 mi dia. 

• Mantle formed as olivine and 
pyroxene crystals formed and 
sank.  As they sank they 
“partially re-melted”, releasing 
their lighter elements to form 
“crust”.   

 

SEGREGATION OF CORE, MANTLE AND CRUST 



MANTLE SEGREGATION  

• As the olivine and pyroxene crystals sink, and as 
their density increases, the olivine morphs first 
into “wadsleyite” and then into “perovskite”.    
The combination of olivine and pyroxene is called 
the rock PERIDOTITE.  

• The continued crystallization, sinking,  and 
“partial remelting”, segregate the lightest  
elements into the upper mantle and crust.  
Peridotite cannot form a crust, but BASALT, the 
rock composed of the lighter elements can.  

 



“BLUE EARTH”  4.467 TO 4.367 GA (AGE 100 – 200 MY) 
FIRST WATER 

Volcanoes ejected N2, CO2, and H2O into the atmosphere.  Even 
though much was lost into space, this water condensed and 
began to cool the crust.  Water has 3 important properties: 

1. It is “polar”.  It will combine with many other elements.  It is 
a super-solvent.  It began the process of erosion.   

2. It has capillarity and surface tension.  It will form rain 
“drops” and not just mist. 

3. Water is denser than ice, so a column of water is not frozen 
at the bottom. 

It was once thought that nearly all of the water on earth was in 
the oceans: but now we know that there is a “deep” water 
cycle.  The upper mantle has an estimated 9 X the water in 
the oceans, and the deep mantle has 16X the water in the 
oceans.  The core could “possibly” have 80X the water in the 
oceans.   
 



ENVIRONMENTAL RESULTS FROM  
THE “BIG THWACK” 

• The “Big Thwack” destroyed the early 
atmosphere , and much other atmosphere has 
been lost to other impacts; but Zircon crystals 
from the Jack Hills, Australia (4.4GA) show 
that there were early oceans at that time.   

• These early oceans were shallow and 
widespread, because there were no 
continents, yet.  They were very salty and 
acidic with a lot of Fe, Mg, and Ca.   

 



GREY EARTH: 4.367 – 4.067 GA (AGE 200 – 500 MY) 
FIRST GRANITE CRUST 

• Mineral differentiation from 
partial melting in the mantle led 
to the formation of a granitic 
crust.  This allowed these new 
lighter rocks to “pile-up” above 
sea-level.  Thus the first “vertical 
tectonics” or isostacy.  

• The combination of mantle 
plumes and mineral segregation 
finally led to “plate tectonics”.  

• This concept was finally 
deciphered as geologists began to 
understand mid-oceanic ridges, 
magnetic bands on the ocean 
floor, differences in crustal 
thickness, transform faults, and 
magnetic mapping.  

 



PLATE TECTONICS 
• It also took better instruments to measure 

that the Atlantic Ocean is growing by 2” 
per year. 

• Then came the question, “Where did the 
crust go?”  

• How is heat transferred to the surface? 

– Rocks and magma impede Radiation 

– Conduction is not much very efficient 

– Therefore it must be Convection 

• Convection cells in the mantle turn over 
and transfer heat.  This is the origin of 
Mid-oceanic ridges. 

• This led to more subduction,  
       which led to more partial melting, 
       which led to more granite,  
       which led to more and bigger 

continents and deeper oceans. 
• This led to more environmental 

niches for life to develop. 



LIVING EARTH:  4.067 – 3.567 GA ( AGE .5 – 1 BY) 
FIRST LIFE 

• What is life?   

• How do you define it?  

Life has 2 independent modes 
of self-preservation; 
metabolism and genetics.  
But not all life is 
photosynthetic, nor is it all 
carbon-based.  We now 
know that life exists around 
“Black smokers” in the deep 
ocean, around hydrothermal 
vents, that there are 
microbes in sandstones, 
some deeply buried; and 
other extreme life scenarios 
also exist. 



FORMATION OF LIFE 

• HOW MIGHT LIFE FORM? 
1. Self-organization:  some lipids 

can form cell-like spheres 
under certain special 
conditions 

2. Template direction:  Amino 
acids and sugars will adhere to 
certain crystal faces, 
promoting adsorbtion and 
organization 

3. Chiralty:  Most amino acids are 
left handed and most sugars 
are right handed.  Most non-
living processes are neutral, 
although a few minerals are 
chiral, and some bio-
molecules can have either + or 
– charges. 

 

LIPID 
 SELF-ORGANIZATION 



REPLICATION 
• LIFE IS NOT LIFE WITHOUT 

REPRODUCTION 

• There are 3 possible methods: 

– Citric Acid Cycle 

– Autocatalytic Network 

– Self-replicating RNA 

• We don’t know which came 
first, but the process expanded 
rapidly, because there was no 
competition/ predation.  The 
oldest traces of organic carbon 
are 3.85 GA, and the oldest 
true fossils, of stromatolites 
are 3.5 GA. 

• Stromatolites are still around 
today.  

Modern stromatolites, “ bound algal 
mounds” from Shark Bay, Australia. 

Ancient stromatolites, Glacier National Park. 



RESULTS OF LIFE:  PHOTOSYNTHESIS 
AND OXYGEN 

• The first life used chemical 
energy and released O2.  
This would change the world 
forever.  Now the earth has 
both a geosphere and a 
biosphere. 

• Then life learned to use light 
for energy.  At 3.567 GA 
there was only microbial life, 
but as life learned to use 
light for  PHOTOSYNTHESIS, 
life began to add O2 to the 
atmosphere.   

 

About half of all 
oxygen fixed by 
photosynthesis 
today is done by 
algae. 



RED EARTH:  3.567 TO 1.867 GA (AGE 1 TO 2.5 BY) 
PHOTOSYNTHESIS AND OXIDATION 

• Continents still barren 

• No O2 in the atmosphere 

• From 3.567 to 2.567 GA little 
happened 

• Then, at 2.4 GA, O2 levels rose 
suddenly 

• “The Great Oxidation Event” 

• Between 2.5 and 1.8 GA, over 
90% of the world’s banded iron 
formations were deposited, 
along with Mn, Cu, Ni, and U.  

• WHY?  

Banded Iron Formation, from Western Australia 

Banded Iron Jasper, from Canada 



BANDED IRON FORMATIONS 
• Iron was fixed  by 

cyanobacteria 
• Allowed first ozone layer to 

form 
• 3 types of rock capable of 

preserving early life for our 
analysis: 
– Black Chert (like the Gunflint of 

MN) 
– Deep-water carbon-rich black 

shales 
– Stromatolites 
– Now we have to add microbial-

mat sandstones 

• From 2.4 to 2.2 GA 
atmospheric O2 levels 
increased from 0 to about 1% 
of today’s levels 



HAZEN’S BIG CLAIM 
• This is why the earth is different from all of the rest of the 

planets in the solar system; AND this is the key point we 
should be looking for in identifying any other planets that 
might be hosting life.   

• Two thirds (2/3) of earth’s 4500 known minerals would be 
impossible without Life/ O2. These minerals form in the 
shallow crust by interaction of pre-existing minerals with O2-
rich waters. 

•  Mars is different, because it only has a surface “rust”.  This 
rust is due to reaction with O2 as the H is lost to space.   

• All of the water on Mars is deep and frozen, while on Earth 
the O2 and H2O are in our atmosphere; where it can break 
down granite into nutrient-rich soil to make the earth 
habitable for life. 



THE “BORING BILLION” 1.85 TO .85 GA 
PLATE TECTONIC BUILDS SUPER-CONTINENTS 

• PRIOR TO THIS THERE HAD BEEN AT LEAST 5 SUPER 
CONTINENTS 

• Plate tectonics kept pushing these pieces of granite 
around until they collided and merged.   

• Ur is normally considered the oldest at 3.1 GA; but 
there  is a suggestion of an older Vaalbara at 3.3 GA 

• At 2.7 to 2.5 GA there was Kenorland (also called 
Superia), Baltica and Ukrania 

• Laurentia at 2.0 GA became Columbia at 1.9 GA  
• Columbia began to split about 1.6 GA, and this formed 

a great inland sea 
• These pieces reformed into Rodinia about 1.2 GA 

 



COLUMBIA’S Formation was the start 
of the “BORING BILLION” 

• Presence of super-continents implies super-
oceans on the other side of the globe 

• The oceans had a mass of 250X the mass of 
the atmosphere 

• After the Banded Iron Formations and 
oxygenation of the atmosphere at 1.8 GA, it 
took 1 billion years to oxygenate the oceans 

• Hence “The Boring Billion” 

• Why is this important? 



The “Great Mineral Explosion” 
• Before oxygenation, the ocean was sulfur-rich and 

“smelly” 

• It was called “The Intermediate Ocean” 

• This is where “The Great Mineral Explosion” took place 

• This exposed all of the elements in the ocean to 
increasing amounts of O2  

• By charting the number of minerals containing Boron 
and Berellium, both increased 8X around 1.7 GA.   

• For Mercury, the increase was at .6 GA, because the 
Mercury was bound to Sulfur in the intermediate 
ocean until there was enough O2  to release the 
Mercury.   



SOME BORON AND BERELLIUM GEM MINERALS 

• BORON 

 

• BERELLIUM 

 

BERYL 

PHENAKITE 

TOURMALINE 
VAR.  ELBAITE 

RED TOURMALINE 
RUBELLITE 

https://www.mindat.org/photo-33512.html
https://www.mindat.org/photo-120068.html
https://www.mindat.org/photo-175842.html


WHITE EARTH:  850 TO 550 MA 
SNOWBALL – HOTHOUSE CYCLE 

• The earth has a number of both positive (reinforcing) and 
negative (offsetting) feedback loops for temperature, cloud 
cover, sea level, etc 

• During the Boring Billion, these maintained a steady 
environment in the S-rich ocean 

• But, with the break-up of Rodinia, and the small increase in O2 
in the atmosphere and ocean, all of that changed 

• Rodinia (its ocean was called Mirovia) began to break up at 
850 MA, and was in full rift by 750 MA 

• This resulted in major basaltic flows, 1000’s of miles of new 
coastline, rapid coastal erosion and new sedimentary basins 

• These all provided massive quantities of new nutrients to 
algae, which generated O2 in the atmosphere 



SNOWBALL – HOTHOUSE CYCLE 
• Because organic C + O2 = CO2, the burial of organic matter 

increases the O2 content in the atmosphere 
• The CO2 combined with Ca in the ocean and formed 

limestones.  Thus the oldest known limestones on earth are 
790 to 740 MA.  This is the earliest CO2   sequestration.  

• Increased algal blooms consumed more CO2, raised O2, and 
slowed greenhouse warming 

• Continued rifting meant more inland seas, more volcanos, 
and warmer water; all of which led to more erosion, more 
nutrients, more algae 

• This led to more O2 in the atmosphere, even less greenhouse 
warming, and more weathering which consumed more CO2 

• Exposed  and dessicated continents, which were all near the 
equator reflected more sunlight away from earth, because 
there was less cloud cover, which led to more cooling! 



SNOWBALL – HOTHOUSE CYCLE 
• As a result the earth was covered with ice from pole to 

pole 
• At 700 MA it is estimated that the earth’s average 

temperature was -500F 
• Life/ algae were almost wiped out.  But the snowball 

earth didn’t stop plate tectonics 
• Black volcanic cones began to spew CO2 into the 

atmosphere, and without algae and photosynthesis the 
CO2 levels rose to several 100 X today’s levels; triggering a 
greenhouse feedback with clouds reflecting solar heat 
back down to earth 

• As dark continents were exposed, more heating and more 
melting released methane.  The source of this methane 
may be from either methanogenic algae or from gas 
hydrates being exposed and released 
 



SNOWBALL – HOTHOUSE CYCLE 
• At the end of the 

snowball ,the earth 
tipped in a few 1000 
years from a snowball to 
a hothouse.  It was hot 
for about 30 MY and then 
cooled again 

• There were at least 3 full 
glaciation events: 
– Sturtian:  max at 720 MA 

– Marinoan:  max at 650 MA  

– Gaskiers:  max at 580 MA 

 



2nd GREAT OXIDATION EVENT 
• As the earth went from hot to 

cold and back, weathering 
released pulses of Mn, Mo, Fe 
and especially P; all essential for 
life 

• The resultant algal blooms 
pumped O2 into the atmosphere 
until it neared 15%, while algae 
rotted in the deep ocean due to 
a stratified water column 

• This led to deep-ocean banded 
phosphorite deposits 

• At the same time, deep 
weathering formed clays, which 
can bind to organic molecules, 
which led to deeper weathering, 
which led to more clay, which 
led to more algae, which led to 
more O2  

• By 650 MA, the O2 level in the 
atmosphere was near today’s 
levels.  
 

• THIS SET THE STAGE FOR: 
 

 

Phosphorite mine, Israel 

ANIMALS 



THE INVENTION OF ANIMALS 
• The first life was single isolated 

cells, and then it developed into 
co-dependent cells/mats 

• Finally, some cells engulfed other 
cells (endosymbiosis) 

• This is the idea that today’s 
internal cell structures 
(mitochondria, chloroplasts, 
nucleus, organelles, …) evolved 
from earlier simpler cells that 
were engulfed and co-opted  

• At 600 MA, complex cells with 
nuclei and other internal 
structures, were ready to cross a 
new symbiotic threshold; to 
congregate, specialize, grow and 
move as a collective;                      
AS AN ANIMAL 

• The snowball-hothouse 
cycle generated new 
niches for life to inhabit 
and raised the O2 levels 

• The earliest animal-
derived fossils used to be 
the Ediacaran of Southern 
Australia, 580 MA 

• Now they have been found 
in the Doushanto of China  
633 MA 

• Both are immediately 
post-snowball/glacial 

Ediacaran fossils 



GREEN EARTH:  542 MA TO TODAY 
RISE OF THE TERRESTRIAL BIOSPHERE 

• 5 ways that plate tectonics 
saved the earth from itself!   
– Continents continued to shift, 

opening and closing oceans, 
and forming and breaking new 
super-continents 

– The climate has fluctuated 
from hot to cold and back and 
forth repeatedly, but not to 
extremes 

– O2 had a third enrichment, but 
has been both up and down 

– Sea level changes repeatedly 

– Life has evolved and exploded; 
and does it quickly! 

 

• STRUCTURAL SETTING 
– ACT 1:  542 MA.  Rodinia has 

broken up, and there is a 
large connected ocean.  
Continental pieces slowly 
drift together again and form 
Gondwanaland and Laurentia. 

– ACT 2:  300 MA.  
Gondwanaland and Laurentia 
reunite into Pangaea, with 
the Panthalassa Sea. 

– ACT 3:  175 MA.  Opening of 
the Atlantic ocean and the 
resultant fragmentation into 
today’s 7 pieces. 



GEOLOGIC TIME SCALE 



PALEOZOIC:  THE ANIMAL EXPLOSION 
STARTED WITH PLANTS 

•As algal blooms took place and O2 
increased in the atmosphere, an 
ozone layer developed to block UV 
rays, so that life could escape the 
ocean 

•Algae and primitive plants began 
the colonization, but it too 100MY 
for animals to crawl out 

 

• The first land plant with spores 
appear at 475 MA 

• At 430 MA plants developed 
from liverworts to mosses and 
simple vascular plants 

• At 400 MY simple vascular 
plants developed roots, but the 
plants were spindly leafless 
plants with photosynthetic 
stems.  But there were giant 
fungi as much as 25’ tall 

• By 360 MA, plants had 
developed leaves 

• Most of Life’s history on earth, 
the earth has been hotter than 
it is today! 



BETTER PLANTS LEADS TO ANIMAL LIFE  

• More rooted plants on 
earth = bio-erosion and 
more O2 which = more 
erosion and more 
weathering 

• Results:  more soil for 
better root systems to 
grow in 

• Finally, plant roots 
developed a symbiosis 
with fungal spores 
(mycorrhiza) in the soil to 
better extract P from the 
soil 

• The plants provide 
glucose and other sugars 
to the mycorrhiza, in 
exchange for the P 

• This process is still critical 
today 

• As plants developed, 
animals evolved that 
could utilize them 



FIRST ANIMAL LIFE ON LAND 
• Invertebrates began in 

the ocean nearly 600 MA, 
and then 100 MY later 
vertebrates appeared 

• It took until 350 MA 
before animals began to 
develop protective shells 

• The first amphibians  
developed from fish 
about 340MA 

• Separate evolutionary 
paths operated in the 
oceans and on land 

 



THIRD GREAT OXIDATION EVENT 
• O2 in the atmosphere rose 

from 18% at 380 MA to 
25% at 350 MA to 30% at 
300 MA.  Possibly it 
reached as high as 35% 

• Animals grew larger, and 
huge insects were able to 
fly in the heavy air 

• Life on Pangaea was benign 
• This period we call the 

Mississippian and 
Pennsylvanian.  In Europe it 
is often called the 
Carboniferous. 

• THEN LIFE COLLAPSED AT 
251MA:  

• THE END OF THE 
PALEOZOIC 

• Since 540 MA there have 
been 5 major and 15 
minor extinctions 

• Each major extinction 
killed off over ½ of all 
species 



THE GREAT DYING 
• At 251 MA it is estimated that 

the earth lost 70% of all land 
species and 96% of all marine 
species 

• Atmospheric O2 dropped to 
20%, there was a major global 
cooling with a small ice age, 
and a large drop in sea level 
that exposed all of the 
continental shelves 

• Large scale volcanism in Siberia 
(along with a large probable 
bolide impact in Antarctica) 
caused wide-spread volcanic 
ash and dust, sulfur/acid rain 
and a loss of the ozone layer 

• It took 30 MY for the earth 
to recover 



MESOZOIC:   
230 MA:  THE RISE OF DINOSAURS 

• Dinosaurs competed with 
amphibians until 205 MA 
when another mega-
volcano killed off nearly all 
of the amphibians and 
other non-dinosaurs 

• In the oceans the 
ammonites and 
cephalopods dominated life 

• Also, flowering plants 
appeared as did the first 
small mammals 

• Pangaea broke up forming 
the Atlantic Ocean 

• O2 levels continued to drop 
to 15% and then 
rebounded to their current 
21% 

• Sea levels rose and fell 
repeatedly, but there was 
no glaciation 



MESOZOIC LIFE 
THINK JURASSIC PARK 



65MA:  START OF THE CENOZOIC 
• A 6 MILE DIAMETER 

ASTEROID HITS THE YUCATAN 
PENINSULA! 

• accompanied by tsunamis, 
dust clouds, major fires and 
fire storms, photosynthesis 
stopped and there was major 
cooling of the earth 

• In India, the major Dekkan 
Basalt Flows occurred 

• Between the asteroid, the 
basalt flows and the cooling, 
the only remaining dinosaur 
line is now the birds 

• All of the ammonites are also 
gone 
 



ANTIPODAL THEORY 
• Hazen doesn’t discuss what I 

consider the best explanation for 
the K/T extinction. 

• When a bolide strikes the earth, 
the resultant seismic waves are 
focused at a point called the 
antipode,as they travel around 
the earth 

• This is a point at the exact 
opposite side of the globe.   

• At the end of the Cretaceous, the 
antipode to Chixulub, was India, 
the location of the Dekkan traps.  

• The Iridium layer in Texas is about 
300,000 years older than the 
faunal K/T boundary.   

• The Chixulub impact timing 
coincides with a major increase in 
Dekkan flow. (70% of volume) 

 

• The impact may represent the 
trigger that increased basaltic 
outflow to the extent that the 
caused this major extinction.   

• There are bolide impacts AND 
major basalt flows at all major 
and many minor extinction 
events!   

• Dekkan traps cover over 
200,000 square miles and are 
over 6500’ thick. 



AGE OF MAMMALS 

• This environmental stress 
opened the way for the 
MAMMALS 

• Within 10 MY they had 
taken over the earth 

• Mammals have waxed 
and waned over the last 
65MA with minor 
extinctions at 56, 37 and 
34 MA 

Indricotherium 

megaloceros 

Gastornis 

Sabre-toothed cat 



HUMANS 
• Monkeys and the great 

ape genetics point to a 
common ancestor at 30 
MA 

• The first hominid 
appeared at 8 MA 

• Meanwhile glaciation 
returned about 20 MA, 
with 8 in the last 3 MY 
alone 

• Glaciation opened “land 
bridges” as sea level fell, 
allowing animal migration 
into North America 

Note that Hazen and some other authors use slightly 
different ages for common ancestor and first hominid 



EFFECTS OF PLEISTOCENE GLACIATION 
• The closing of the Strait of 

Panama coincided with the 
start of Northern 
Hemisphere glaciation.  
Major change in oceanic 
circulation. 

• The ice ages “MAY” also have 
favored the survival of 
infants that stayed closer to 
their mothers for longer 
periods of time, and of 
babies with larger 
heads/brains 

• Homo habilis (the tool 
maker) appeared at 2.5 MA, 
at the end of one of the 
glaciations 

Bering Sea Land Bridge during Pleistocene Glaciation 



THE FUTURE 
• Our sun will burn out in about 

5 BY, but the earth won’t 
always be habitable 

• When all of the H+ is burned 
up in the sun, it will begin to 
burn He and become a RED 
GIANT and absorb all of the 
inner planets (This is the REAL 
Global Warming!) 

• But before then, it will get 
hotter 

• Remember, at 4.5 GA, the sun 
was at 70% of its current 
brightness, and at 2.4 GA (the 
Great Oxidation Event) it was 
at 85% 

 

• Soon it will be both hotter 
and brighter 

• The earth’s feedback 
mechanisms may moderate 
it for a few 100 MY, but by 1 
BY in the future, the oceans 
will be evaporating, and the 
earth will be a sauna with 
no polar ice caps, no 
glaciers, and tropical poles 

• By 2BY in the future, it will 
be barren 

 



TIMELINE OF THE EARTH’S FUTURE 
• Some slight 

differences between 
Hazen and Wikipedia 

– End of Oceans:  1BY V 
1.9 BY 

– Earth Barren:  2BY V 
2.8 BY 

– Sun H+ burns out:  5 BY 
V 7.5 BY  

GRAPH FROM WIKIPEDIA 

TODAY 



PLATE TECTONICS OF THE FUTURE 
• 20 MY, Antarctica and 

Australia will continue to 
move north, Africa will 
move north, close the 
Mediterranean, and start 
another mountain range 
similar to the Himalayas 

• 250 MY, if the Atlantic 
Ocean continues to 
expand, the Pacific Ocean 
will shrink, and another 
super continent, 
NovoPangaea will form 

• In 100 MY, either: 

– The Atlantic continues to 
open, as described above, 
or 

– Like the past Atlantic, it will 
reverse and close, due to 
episodic and variable 
mantle convection.  In this 
scenario, the new super 
continent is Amasia.  Same 
pieces, different shape. 

 



IMPACTS 
• In the next 50 MY, it is 

likely that we will have 
another “Big Thwack”.  
The earth is hit by a 25’ 
rock every year.  It is hit 
by a: 
– 100’ rock every 1000 years 

– ½ mile rock every 500,000 
years 

– 3 mile rock every 10 MY 

 

• A 10 mile diameter rock 
would devastate the 
earth (Yucatan was 6 
miles) 

• Carl Sagan thought that 
man needed space flight 
to escape extinction! 

 

“Oh, well.  Earth wasn’t that great anyway” 



MEGA-VOLCANO 
• All of the earth’s past 

extinctions have been 
accompanied by globe-altering 
volcanism.  (Are these mega-
volcanics related to bolide 
impacts on the opposite side 
of the earth?) 

• This is called the antipodal 
theory 

• The 251 MA Siberian Traps 
extruded over ½ million mi.3 of 
basalt.  End of Paleozoic. 

• The 65 MA Dekkan Traps 
extruded  about 120,000, mi.3 
of basalt.  End of Mesozoic. 
 

Naples Caldera / Mt. Vesuvius, Italy 

Yellowstone Caldera, USA 



TIME LINE OF THE UNIVERSE IN ONE 
24 HOUR DAY 

• If The Big Bang took place 
at midnight, 13.7 GA, and 
today is the next midnight 

• 1 Hour = 570.83 MY 

• Age of Solar System 

– 4.567 GA = 4PM 

• Oldest Organic Carbon 

– 3.85 GA = 5:15 PM 

• Oldest multi-cellular life 

– Ediacaran 580 MA = 11 PM 

 

• Start of Mesozoic 

– 230 MA = 11:36 PM 

• Start of Cenozoic 

– 65 MA = 11:53:14 sec 

• Oldest Hominid 

– 8 MA = 11:59:10 sec 

• Birth of Christ 

– 2000 yr = .0125 sec 
before midnight!   

– 1/80 of 1 second 



APOLOGIES 
• I am sure that I have made errors in interpreting 

and simplifying Mr. Hazen’s words.   
• I apologize for those errors of mis-interpretation 

and omission. 
• I have attempted to introduce pictures to clarify 

and simplify many of the concepts.  Some of 
those picture are not exact matches to Hazen’s 
work, either in interpretation, date, or fact.   

• I am in no way taking credit for any of this work; 
rather I am attempting to share it work with 
others. 

• For a better understanding of this data, please 
read Hazen’s book for yourself.  



THANK YOU 

 


