
GEOCHEMISTRY AND 
EARTH HISTORY 



Homework for Friday

• Use Google Scholar to find a journal article that combines your 
interests in Geology and Chemistry to tell an 
interesting/meaningful story…. 

• What to turn in on Friday  
• A reference to the article 
• A summary paragraph 
• Be ready to share what you learned with the class. 



Dynamic change on Earth and Beyond

Matter 

Energy/Processes 

Products 



Matter – bodies of atoms, elements, minerals 
• Air

• Magma – Lava – Minerals to Rocks – Sediments to Soils 

• Water – Ice 

• Life

• Phase changes and cycles 



Siccar Point,  Scotland          ‘The Great Unconformity’ 

James 
Hutton 



The rock record is not continuous!



Absolute Age Dating 

Clair Patterson 
Mitchellville, Iowa
Some consider him the 
most influential 
geochemist/geologist of 
the century!



SNOWBALL EARTH 
Example of Geochemistry 



Neoproterozoic 

• Till vs Tillite

• Iceberg deposited dropstones
• Even along the Equator 
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https://francismacdonald.fas.harvard.edu/

https://francismacdonald.fas.harvard.edu/


Hypotheses – Potential contributing factors

• Winter snow must extend into and 
through summer

• Solar radiation was 6% less lower 
than today
• H to He, increased core density

• Neoproterozoic Supercontinent
• Rodinia, equatorial, easier for 

intercontinental glacial expansion

• Positive Feedback
• Glacial albedo 



Grant Young Paul Hoffman



Neoproterozoic glacial and iron deposits 
541 

Ma
1000



Banded Iron Formations (BIF) 
Initial Hypothesis –

• Started again in correlation with 
glaciations because O2
concentration was low due to 
increased ice cover’ Similar to 
Archean Seas… 

Current hypothesis 
• O2 isn’t the most important 

factor, Rather BIF are common 
during increased seafloor.  
hydrothermal activity 

• BIFs were developed during 
glacial retreat, causing sea level 
to rise  



Evidence for… Against…

• If the oceans were frozen, they 
would become depleted in O2
because photosynthesis from 
phytoplankton would end. 

• Aerobic bacteria would continue 
until all dissolved O2 would be 
used. 

• There are no oceanic Mass 
Extinctions during the 
Neoproterozoic

• There is evidence of 
dropstones in both Sturtian
and Marinoan Tillites.   



Geochemistry
& Geophysics



Oceanic                                                Changes 



Melting polar ice 

• Accelerating 

• Arctic Amplification
• Warming leads to less ice

• Less ice leads to more warming
• Positive feedback loop   



Sea level rise 

• Thermal expansion 
• Expansion of surface water
• Expansion of deep water

• Increased water availability 
• Melting of Antarctic and 

Greenland ice sheets
• Melting of Terrestrial glaciers 



NOA



https://salinity.oceansciences.org/highlights03.htm

https://salinity.oceansciences.org/highlights03.htm


Changes in Deep Ocean Currents and storage
Reduced Reservoir Capacity

to 
Reversal ? 



GeoEngineering
• Carbon Dioxide Sequestration
• Iron Hypothesis 

• Good ideas?  

https://grist.org/energy/a-midwest-pipeline-promises-to-
return-carbon-dioxide-to-the-ground/

https://grist.org/energy/a-midwest-pipeline-promises-to-return-carbon-dioxide-to-the-ground/










Viva Ray Anderson



Cedar Falls

125 miles



“Scenic Overview” of the Manson Impact Structure

MANSONMANSON



Iowa Geological Survey
Annual Report Volume 33
1928



PDFs in 
Quartz Grains

Manson 1-A core

1 mm

“decorations”
(fluid inclusions)
“decorations”
(fluid inclusions)



1980



vibroseis trucks

geophone



65.5 + 0.3 Ma

Cretaceous -100 Ma

Pleistocene till -500,000 yr

Manson
100 Ma – 500,000

Tertiary

Cretaceous



Drilling of  the Manson M-3 Core near Clare

Terrace Terrane

Crater Moat

Central
Peak

1-A

M-1

M-2

M-3

M-4

Amoco
Seismic
Line

2-A
M-5

M-6
M-8

M-7

M-9M-10

M-11

1953 cores

1991-92 cores

drilled 4,826 ft hole
- rock-bit 1,500 ft

collected 3,257 ft core
98% recovery

Manson Drilling
- begin - 8 April 1991
- end – 3 December 1992



Central Peak Crater Moat Ring Graben

Phanerozoic-Clast Breccia
OverturnedKeweenawan-Shale

Clast Breccia
Crystalline

Clast Breccia
(Melt Matrix)

Crystalline 
Clast Breccia

Proterozoic
Crystalline

Megablocks

(Sandy Matrix)

IMPACT ROCKS

IN THE MANSON STRUCTURE

Sedimentary Strata

(cross section from crater center to eastern edge)



Manson 
crater

burned
by EM pulse

trees
blown over

Chicago

shockwave
knocks humans

unconscious

Pittsburg

Atlanta
Albuquerque

Salt Lake City

St Louis

KILL
ZONE

ColumbusDenver

Effects of Manson Impact Today

[200,000- 500,000 x]

5.5 billion  kilotons

Japan
A-bombs

13,000 kt
22,000 kt

2.2 x 10      ergs
28



Time for a Glacial Ice story? 
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