
Devonian to Quaternary



Major Silurian-Devonian Outcomes 

• Diversification of life following the Great Ordovician Biodiversity 
Extinction (GOBE)

• Jawed fish and mollusks expand into freshwater environments. 
• First vascular plants on land (Silurian) along with amphibians and the 

first insects (Devonian). 
• Coral reefs continue to thrive.  
• Late Devonian Mass extinction removes much of marine life, nearly all 

coral-strome reef communities and placoderm fish. 
• Global cooling/glaciation likely triggered these extinctions. 

• Acadian Orogeny occurred as Laurentia, Baltica and Avalonia collided 
creating the Appalachian Mountains of N. America. 

A carbonate 
extravaganza



Devonian – A Marine Extravaganza  

• The Devonian System contains 13 formations. 
• Economically valuable resource for road and concrete aggregate in 

eastern Iowa and gypsum is mined southeastern and north-central 
Iowa for Portland Cement.  

• The Devonian System also serves as an important aquifer/water 
source for eastern and north-central Iowa. 

• These formations also contain significant and well-preserved 
fossils

358 Ma
To 

419 Ma





Little Cedar Formation

• Basal Fm. of the Cedar Valley Group
• Solon Member is mostly limestone 

with abundant fossils
• Rapid Member fine-grained 

argillaceous limestone that is also 
fossil rich



Lithograph City Formation

• An extremely fine grained / pure 
limestone

• Used for Lithography in the early 1900. 
Lithography City – Floyd-Mitchell county 
line

• Quarried extensively for road and 
concrete aggregate as well as Portland 
Cement 



Devonian Life



Devonian Life



Devonian Life – Via the Devonian Fossil Gorge 



Carboniferous – Mississippian – Last major sea 
323 Ma

To 
358 Ma



Carboniferous – Mississippian – 
Last major sea 

• The stratigraphic record contains TEN Transgression-
Regression (T-R) Cycles 

• Oolites and sand-sized fossil fragments are abundant 
• Exceptionally preserved fossils!

• Likely similar to the Bahama Banks environment of deposition 
today 

• Uniformitarianism 
• Is as an important groundwater reservoir for north central 
Iowa

323 Ma
To 

358 Ma





Mississippian 



Starrs Cave Formation 

• Burlington, Iowa along Flint Creek
• Oolitic grainstone 



Burlington Formation 

• One of Iowa’s most well-known 
formations 

• Excellent source for 
flint/chert used by native 
Americans

• Crinoidal limestone (packstone 
and grainstone)  



Warsaw Formation 
• First described by James Hall 
near Warsaw, Illinois 

• Southeastern Iowa
• Lower clay-rich dolostone unit 
yields abundant geodes 



Mississippian Life



Paleontologists 
of all kinds! 

Charles Wachsmuth 

Harrell Strimple 

1850s 

1970s



Carboniferous – Pennsylvanian – 
Coal swaps

•  Coastal shorelines
• Coal deposits 
• Cliff-forming 

Sandstone 
• Dolliver Memorial State 

Park
• Ledges State Park
• Wildcat Den State Park
• Red Rock Reservoir
• Pilot Knob County Park

• Deltas 

232 Ma
to 

298 Ma







Cherokee 
Group 



Lepidodendron



Formation of Coal

• Accumulation of plant material 
• Pennsylvanian were some of the 

most extensive swamplands of all 
time

• Peat formation is the precursor to 
coal, where, growth of vegetation 
exceeds rate of decay



Types of Coal 

•Anthracite 
•Bituminous 
•Sub-Bituminous 
•Lignite 



Iowa Coal
• Sub-Bituminous to Bituminous 
• High ash and sulfur content

• Ash results from sediment 
(impurities) that were 
washed into the swamps

• Sulfur occurs as pyrite (FeS2)
• Iowa coal is not considered a 

natural resources because it is 
not economically feasible to 
extract. 



Mesozoic – Evaporite Deposits
Last of the Shallow Inland Seas

• Massive weathering and erosion 
• Large unconformity between the Mesozoic and Cenozoic 
• Iowa has no Permian or Triassic rock record! 

• Fort Dodge Formation contains thick evaporate 
deposits of rock gypsum with minor red, green, and 
gray clastic rocks. 

• Manson Impact Structure at 73.8 Ma

66 Ma
to 

232 Ma

66
to 
252







Fort Dodge Formation 

• First thought to be Permian, 
because of association with 
western USA gypsum and ‘red-
bed’ deposits

• Jurassic – based on fossil plant 
remains 

• Fort Dodge Gypsum 
• CaSO4 * H20



The Cardiff Giant 
• 1866 – George Hull visits his sister 

in Ackley, Iowa and goes to church
• 1868 – One dark night the Gypsum 

Giant is buried on his Brother-in-
laws farm near Cardiff, New York

• 1869 – The Giant was ‘discovered’, 
a tent was set up, droves of people 
came to see the giant @ 50 cents a 
person

• James Hall – The most remarkable 
object yet brought to light in this 
country’ 

“People are gullible”
- George Hull



1193 to 
1280







Important fossil sites 

1. Burgess Shale (Canada)
• Located in the Canadian Rockies 
• Dates to about 508 million years 

ago (Cambrian period) 
• Famous for preserving soft-bodied 

organisms, which are rarely 
fossilized 

• Key to understanding the 
Cambrian Explosion, when 
complex life rapidly diversified

2. Solnhofen Limestone (Germany)
• Late Jurassic (~150 million years 

ago) 
• Extremely fine-grained limestone 

preserved delicate fossils like 
feathers and wings 

• Most famous for the discovery of 
Archaeopteryx, a transitional 
form between dinosaurs and birds



Jurassic Solnhofen

https://iugs-geoheritage.org/geoheritage_sites/jurassic-solnhofen-eichstatt-archaeopteryx-serial-site/


Fossil sites cont. 

3. Morrison Formation (USA)
• Late Jurassic (~155–148 million 

years ago) 
• One of the richest dinosaur fossil 

beds ever discovered 
• Produced iconic dinosaurs like 

Allosaurus, Stegosaurus, and 
Diplodocus

4. La Brea Tar Pits (USA)
• Located in Los Angeles, California 
• Dates mostly to the last Ice Age 

(~50,000–10,000 years ago) 
• Natural asphalt trapped animals, 

preserving skeletons in remarkable 
detail 

• Famous fossils include Smilodon and 
Dire wolf



Jurassic Morrison Fm. 



La Brea Tar Pits 



Dinosaurs:
Land-based
• Saurischians (“lizard-
hipped”) → includes meat-
eaters like Velociraptor and 
long-necked giants

• Ornithischians (“bird-
hipped”) → includes plant-
eaters like Triceratops

Ironically, birds evolved 
from saurischians—not 
ornithischians.







Therapods: 
Chickens to 
Eagles



Dinosaur: Scales/Fossils 



Dinosaur: Feather Fossils 



Archaeopteryx



Dinosaur – Intelligence and senses 



Preservation
potential 

A.Anoxic 
conditions 

B.Rapid burial 
C.Presence of 

hard parts



Cretaceous 

• Dakota Formation 
• Western Iowa

• Sandstone, 
mudstone, 
conglomerate

• Fluvial environments 



Late 
Cretaceous

• Hell Creek 
Formation



Viva Ray Anderson



Cedar FallsCedar Falls125 miles125 miles



“Scenic Overview” of the Manson Impact Structure

MANSONMANSON
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3.  The Manson Impact Structure Today
Today as you travel across the MIS, there is no visible evidence to suggest that an ancient meteorite impact structure exists in the bedrock only a few hundred feet below the surface of these farmlands.  The sequence of observations, tests, and measurements which led to our present understanding of the MIS provides good examples of how geologists work and how technological developments in science often allow us to observe and measure things we cannot directly see or examine. 



Iowa Geological Survey
Annual Report Volume 33
1928
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5.  Norton 1928
In May of 1928 the town of Manson completed a second town well.  Again the well-drilling encountered unusual rock materials which were described and reported by W. H. Norton.  Instead of limestone (expected at the bedrock surface of north-central Iowa), drilling encountered 800 feet of mostly shales.  Beneath these shales were found materials resembling broken-down or decayed gneiss or granite.  Granites and gneisses were known in well records for other places in the state, but usually these rocks were encountered only at depths exceeding 2500 feet below the surface!  The question of why granitic materials would be found so close to the surface beneath the Manson area was one that Norton knew was important, however he did not have an explanation.
.
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Slide 68.  Skylab Photo of Manson
-Start with annotated Skylab photo of Manson Structure
This is an old Skylab photo of the area of the Manson Impact Structure taken in 1976, on which I drew a line to show the limits of the crater.
-click for county outlines 
The crater includes parts of Humboldt County, Webster, Calhoun, and Pocahontas.  This the is town of Manson that gives the Crater its name; Gilmore City and the town of Pocahontas are perched on the edge of the structure and Rockwell City is just south.  The white lines are section line roads.
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16.  Shocked Quartz Grains in Granite -- Manson 2-A Core
In his article Short published microscopic photographs like this of quartz grains in granite from the Manson 2-A core.  This photograph shows many microscopic planar shock features, now referred to as “pdfs” (planar deformation features), in several quartz grains in a granite from the 2-A core.  Quartz which displays these shock features is now commonly referred to as “shocked quartz.”  The presence of these pdfs, particularly in multiple intersecting sets, is presently seen by almost all researchers as definitive evidence of an impact origin.  By the late 1960’s a meteorite impact hypothesis for the origin of the MIS was accepted by most geologists.



1980
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18.  Luis & Walter Alvarez
Events leading to renewed investigations of the MIS began in 1980 due to the work of these two men and their colleagues.  Luis Alvarez (left) a Nobel laureate physicist and his son Walter, a geologist, both worked at the University of California at Berkeley.  

Image Source:  Smithsonian, 9/89,  p. 90.
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19.  K-T Boundary -- Svens Klint, Denmark
Walter Alvarez had been conducting an investigation of a thin clay layer that lay between Cretaceous and younger Tertiary limestones in Italy and Denmark.  In this outcrop from Denmark, the clay layer is a dark band located about 1/3 of the way down the exposure below the overhanging ledge.  The boundary between the Cretaceous and Tertiary geologic periods is frequently referred to as the Cretaceous-Tertiary (or K-T) boundary, and is marked by a massive extinction event that claimed nearly 75% of all life on Earth.  The thin clay layer pictured here was deposited during this extinction event.
Alvarez was attempting to determine the length of time it took for the clay to be deposited, therefore the length of time it took for the extinctions, by measuring the amount of cosmic dust present in the clay layer.  Cosmic dust is produced as micrometeorites burn upon entering Earth’s atmosphere.  Since the amount of cosmic dust that rains down on the Earth is relatively constant, Alvarez concluded that the amount of cosmic dust in the clay layer could be translated into the length of time involved in the clay’s deposition.  To do this, he measured the concentration in the clay of the rare platinum group element iridium, since iridium is rare on Earth, but more abundant in meteorites and other cosmic debris, including cosmic dust.  Much to his surprise, his measurements showed iridium in concentrations 10 to 60 times greater than could be explained by the normal influx of cosmic dust.  
Image Source: 
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30.  Amoco Manson Seismic Data
In 1986 the Amoco Production Company provided the MIST team with a reflection seismic profile which had been made across the eastern portion of the MIS.  The seismic profile had been produced as part of an Amoco program of petroleum exploration.  Shock waves produced by special truck-mounted vibrators were projected down into the Earth.  When the waves reflected back from rock layers encountered at various depths, they were recorded on a string of special microphones.  
The section begins a few miles west and one mile north of the center of the MIS and continues east for 18 miles.  The uninterpreted section clearly shows several regions characteristic of complex impact structures.  On the right side of the section one can see parallel horizontal reflectors indicative of the undisturbed Phanerozoic age limestone, shale, and sandstone layers common to Iowa.  Below that zone one can see indistinct reflectors of Proterozoic red clastics, and near the center of the section a series of reflectors dipping down and to the right that mark the Proterozoic crystalline basement surface that is dipping into the Midcontinent Rift.  As one follows the Phanerozoic reflectors to the left, the eastern edge of the crater is evident as a dramatic disruption of the reflectors.  Discontinuous packages of parallel reflectors indicate a series of uplifted or down-dropped blocks of Phanerozoic strata.  This region of the crater is known as the Ring Graben.  Continuing to the left, the reflectors abruptly disappear into an area known as the Crater Moat.  Below the crater moat area the reflectors which identify the crystalline basement complex rise abruptly to the surface.  This area is referred to as the Central Peak.  These crater boundaries are delineated on the illustration which follows. 
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Drilling of  the Manson M-3 Core near Clare

Terrace Terrane

Crater Moat

Central
Peak
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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
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Slide 74.  Drill Rig
-Start photograph of M-3 drill rig 
With this seismic information we were able to identify a number of targets for drilling and sampling the crater.  In 1991 and 1992 we drilled a series of test holes into the structure and recovered over 3000 feet of drill core.
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45.  Impact Litholgies in the Manson Impact Structure
Seven major types of impact rocks were found in three zones of the MIS.  This illustration represents a generalized cross-section across the three zones.  Five groups of rocks have been recognized to make up the Central Peak zone.  We will first consider these five rock groups, from the base upward.

The lowest group, labelled “Proterozoic Crystalline Megablocks”, is made up of large generally intact blocks of granite and gneiss of Proterozoic age.  The ages of these rocks generally range from about 2.0 to about 1.5 billion years old.
Above the Proterozoic crystalline megablock group is the “Crystalline Clast Breccia -- Sandy Matrix” a rock unit made up of small pieces of granite and gneiss within a matrix of sand-sized rock and mineral fragments.  (A matrix is the smaller-grained portion of a rock which sorrounds and holds larger fragments, or clasts.  If a chocolate chip cookie were a rock, the chocolate chips would be considered clasts and the rest of the cookie matrix.)  This Crystalline Clast Breccia formed when energy from the meteorite impact fractured and pulverized pieces of the Proterozoic Crystalline Megablocks found immediately below it.  The pulverized fraction of the rock units became the matrix.
Moving up, the next group, labeled “Crystalline Clast Breccia -- Melt Matrix”, is different only because there are fewer large pieces of granite and gneiss and the matrix between them has melted and cooled to form a glassy material.  In some areas the matrix remained molten long enough to recrystallize and form new minerals.  One of the new minerals formed was a feldspar known as sanadine, a mineral which was to yield an important new age date.  The difference between this rock group and the one below it comes from the way the matrix materials reacted to heat and pressure from the meteorite impact. The Melt Matrix unit was the actual lining of the crater as it was being formed.  Being closer to the impact focus, it was subjected to more energy, causing the matrix of the rock unit to melt.

The next group is the “Keweenawan - Shale Clast Breccia”.  While the lower three units are different phases of the same rock units, this breccia is made from different rock material (shale) of a different age.  The designation Keweenawan refers to a sequence of rocks about 1 billion years old that are exposed on the Keweenaw Peninsula of Michigan and continue southward in the subsurface through Iowa.  Some Keweenawan sedimentary rocks lie above the granites and gneisses on the basement surface beneath the Manson area.  This shale breccia is made from clasts of shale and large masses of melt-rock within a matrix of pulverized and melted shale fragments.  

Atop the Central Peak is a thin layer of “Phanerozoic Clast Breccia”, made of materials which were pushed out of the area during crater formation, only to be swept back in and deposited over all regions of the crater, including the Central Peak, during the later stages of the impact event.  In Iowa, The term Phanerozoic refers to rocks with ages less than about 525 million years.  Phanerozoic sedimentary rocks make up nearly all of the surface bedrock of our state.  In the MIS, the Phanerozoic Clast Breccia is made up of fragments of sedimentary rocks in a matrix of pulverized rock and mineral grains.  This breccia is interpreted as a debris blanket which forms a thin cover on most of the Central Peak and also deeply fills the Crater Moat.
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Lacey-Keosauqa State Park Van Buren County

Terrain Characteristics
* moderate loess cover
* weathered glacial drifts
      with paleosols
* integrated drainage network
* bedrock exposed in 
      deeper valleys

Mahaska County Mammoths





Hot Spring, SD – Mammoth Site  

1. Largest concentration of 
mammoth fossils in the 
world 60+

2. Natural ‘trap’ setting
3. Exceptional preservation 
4. Mostly young males 
5. Active dig site 



Ashfall Fossil Beds, Nebraska 

• ‘Pompeii of the Plains’
• Ties into Yellowstone  
• Slow motion ecological 
disaster
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glacial 
drift & 
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Sangamon  Geosol at Nelson Quarry – Des Moines County by Ray Anderson
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* volcanic ash beds

Ash exposure at County Line Pit, Harrison County                            photo  by Jean Prior



View looking west across North Liberty Lobe
of Iowan Surface, North Liberty in Johnson Co

photo by Ray Anderson

Terrain Characteristics
* gently rolling terrain
* thin, discontinuous loess
      or loam over glacial drift
* bedrock near surface
* local karst conditions
* scattered glacial boulders
* integrated drainage network 
* isolated elongate hills (paha)



Permafrost

Or cryotic soil is at or below 
the freezing point of water 
0 °C (32 °F) for two or more 
years. Most permafrost is 
located in high latitudes (i.e. 
land close to the North and 
South poles), but alpine 
permafrost may exist at high 
altitudes in much lower 
latitudes

http://en.wikipedia.org/wiki/Latitude
http://en.wikipedia.org/wiki/Altitude




Frost Sorting 



Summer Field course June 23,24,25 T-Th

• Work to be at UNI ready to go 
by 8am 

• Will meet at Latham Hall Room 
111, our base camp

• Possibility of coming in a day 
early and staying in the dorms 
at your own expense about $40

• Panther Village = Dorms 
• Will provide parking tags 

• Most food will be provided
• Will be sending a specific 

Itinerary asap… 



Field course clothing 

• Primary Proper Planning 
Prevents Piss Poor Performance 

• Close-toed shoes 
• Sun hat 
• Long pants 
• Light weight shirts 
• Gloves 
• Sunglasses 
• Will provide safety glasses, 

vests, rock hammers, hard 
hats 



Summer Logistics 

Personal gear • Water bottle 
• Coffee travel mug 
• Sunscreen, bug spray 
• Snacks 
• Notebook pencils 



Will end Thursday June 25

• Check out of Panther Village 
around 7am 

• Course will end around 4pm 
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