


Major Silurian-Devonian Outcomes A carbonate
extravaganza

e 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.
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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
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evonian Life

-,‘r/d//zﬁ’ oz

e T

Douvilling

Odontocephalus Xl Strophodonta X '/2 Phacops X3/2



Devonian Life

PDunklcesicus

Hinged bony
plates
protecting head

and thorax Dorsal Unarmored

fin / skin

¥*

Bony jaws that Ea,:l::al

functioned like

razor-sharp Pectoral
teeth Fin

11.5 feet (3.5 m) long







323 Ma

Carboniferous - Mississippian - Last major sea To
358 Ma
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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

e |s as an important groundwater reservoir for north central
lowa
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Starrs Cave Formatio




Burlington Formation

+ One of lowa’s most well-known &

formations

* Excellent source for
flint/chert used by native
Americans

* Crinoidal limestone (packstone
and grainstone)




Warsaw Formation




ississippian Life



Paleontologists
of all kinds!

Harrell Strimple
1970s

Wachamuth and Springer's
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Charles Wachsmuth
1850s




Carboniferous - Pennsylvanian -
Coal swaps

Wniv. of Michigan History  Diroama
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How Petroleum and
Natural Gas Were Formed

Tiny sea plants and animals died and

wera buried on the ocean floor. Over time,
they were covered by layers of sediment and rock.
Over millions of years, the remains were buried deeper and
deeper. The enormous heat and pressure turned them into oil
and gas.

Today, we drill down through the layers of sedimentary rock to reach the rock

formations that contain oil and gas deposits.
Mate: not to scale



Types of Coal




lowa Coal
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Mesozoic - Evaporite Deposits to

Last of the Shallow Inland Seas 2o

* Massive weathering and erosion
 Large unconformity between the Mesozoic and Cenozoic
* lowa 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
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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
* CaS0+* H:0
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The Cardiff Giant

* 1866 - George Hull visits his sister
in Ackley, lowa 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

e James Hall - The most remarkable
object yet brought to light in this

Bii ¢ i-023

“People are gullible”
- George Hull

The photograph published in Strand Magazine in 1895.
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Important fossil sites

icate fossils like
d wings

us for the discovery of




Jurassic Solnhofen



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

Fossil sites cont.

ls include Smilodon and




Jurassic Morrison Fm.




La Brea Tar Pits




Dinosaurs:
Land-based




Pterosaur Traits

illustration by Phil Wilson

terosaurs lived across a span of more than

150 million years. Their bodies changed over
the course of time. The smallest ones were the
size of sparrows and caught flying insects. Larger
pterosaurs caught fish and small animals. The
last pterosaurs to soar the skies were giants that
may have been scavengers.

Head

Many pterosaurs impressed
their mates with bony crests
decorating their heads. -

/-

S

P ™

S ]
\‘l

=
'Y

Thalassodromeus
sethi

Skin
Pterosaurs did not have
scales like other reptiles.
They had smooth skin
covered with fuzzy
“threads” that were
like early feathers.

MESOZOIC ERA 251-66 million years ago

Jurassic Period
165 million
years ago

Pterosaurs

" lived for millions
> of years.

Claws
A pterosaur hand had

three fingers with sharp
claws and a very long

fourth finger attached to
its wing. The back feet
were often webbed

and also had claws.

S =———
il ™ il
e Lacusovagus
. ) magnificens

Pterosaur snouts came in
many shapes. Some had
small, sharp teeth and others
had long, spiky teeth. Later
pterosaurs had big beaks
with no teeth at all!

145 million 125 million
years ago years ago

Pterosaurs lived for a long time, much longer th
several kinds of dinosaurs. The first pterosaur
period. As time passed and Earth changed, pte
were able to survive for millions of years—but li
dinosaurs, they died out at the end of the Creta

Wings
The wing
membranes
stretched
from the
pterosaurs” .
hands to their
back legs.

Tail
The first pterosaurs had
long, straight tails with sails
at the ends. Later pterosaurs
have not been found with
the same sorts of sdils.
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Therapods:
Chickens to
Eagles

Simplistic view of evolution of the reptile line from dinosaur to chicken

A Gradual

Major extinction event
: TRIASSIC JURASSIC CRETACEOUS _CENOZOIC
Transformation | [ | oo |
252 million years ago 201 mya 145 66
Scientists have long wondered how evolution B 4 g T;/
produces entirely new groups of organisms. T
The fossil record of birds and their dinosaur
ancestors indicates that such transitions unfold 2
very slowly. The hallmark traits of birds accu- Lizards
mulated piecemeal over tens of millions of
years and in many cases originated for reasons
unrelated to the purposes they now serve. Crocodiles
Archosauria Ornithischians
Upright posture;
Dinosauria Sauropods
Bipedal posture; long, straight legs
and feet with three main skinny toes;
simple filamentous feathers Tyrannesaurs
Saurischia 5
Avian-style lung with air sacs SiNOSAUROPLETyX:wassssessscssnnstasess
: : Theropoda
"‘i‘r‘l"‘:'l‘;;'l“‘ Hollcy, ight bones;
Birds have a multitude If::i::?e:’;mmm"s Oviraptorosaurs
of characteristics that set them =
apart from other modern e
creatures. Many of these Dromaeosaurids
features function to Quill pen feathers help
enable flight. generate lift and thrust Maniraptora —
Small wings; vaned Troodontids
Long forelimbs {quill pen) feathers;
provide expanded enlarged forebrain
Archa
surface for feathers Pt eopteryx
Enlarged wings; forearms that
can fold against the body Jehalomis
Avialae/Aves (Birds)

Fused, shortened
tailbones anchor
tail feathers

Large forebrain
coordinates flight and
controls navigation

Wishbone serves as spring
during wing flapping

“Flow-through” lungs (red) and
air sacs (blue) take in extra
oxygen and lighten skeleton

Keeled sternum anchors
huge chest muscles

Elongated arms

Pygostylia

Pygostyle (fused,
shortened tail)

Ornithothoraces
Keeled sternum

Ornithurae

ccnmuummm-,mm-,s

Hypercharged growth rates
and full warm-bloodedness

Enantiornithines

Hesperornithiforms

Neornithines







Dinosaur: Feather Fossils




Archaeopteryx




Dinosaur - Intelligence and senses
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The dinosaur
w collapses and dies.

Flesh rots away; I

o - : l')ones remain.

Preservation g Sl T el sediment butles the
. ' S s : bones and footprints.

po te n t] a l Footprints are left ‘

in the mud.

A.Anoxic _
Conditions < A thick sequence of

sediments accumulates

over the bones;

B ° Ra p]d bU r]al ” e : . o fgéggﬁzgy the bones

C.Presence of
hard parts

layer of strata containing
+ the bones and footprints.

., Erosion exposes the |
- .-J‘_“’"‘f —

This bed contains the
dinosaur bones.




Cretaceous

 Dakota Formation
 Western lowa

 Sandstone,
mudstone,
conglomerate

e Fluvial environments




Late

Cretaceous
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BEDROCK GEOLOGIC MAP OF IOWA
1998

Geologic Systems

Age of rocks in lowa
(mullion years before present)

| Cretaceous
(74-102)

D Jurassic
(160)

Pennsylvanian
(298-320)

Mississippian
(325-333)

Devonian
(355-385)

Silurian
(415-435)

Ordovician
(439-505)

Cambrian
(505-530)

Precambrian
(6007-2,910+)

— Fault trace

Manson Impact
Structure

Shading highlights relief
on the bedrock surface.

0 40 80 kilometers

i Iowa Department of Natural Resources
Geological Survey Bureau ® 109 Trowbridge Hall » Iowa City, lowa 52242-1319
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Presenter Notes
Presentation Notes


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. 


The facies of the cuttings also is abnormal, especially in the
appearance of econglomerate and in the large amount of arkosic
material. Tn some aspects they are strikingly similar to those of
the De Witt well below the Saint Peter sandstone, and to similar
sections at Maquoketa and Preston, which the writer has inter-
preted as the fill of deep erosion channels cut in rocks of the

Prairie du Chien during the interval prevedinmgthedepositof the

Saint Patar candetana,

The exceptional character and thickness of the shales and
arkose of the Manson well are explainable by a like hypothesis—
the fill with continental deposits, and finally with marine sedi-
ments also, of a valley of erosion. The depth of the valley,
300 feet deeper than that of the Mississippi in northeastern Towa,
is notable. The arkosic material of the fill sucgests that the
headwaters of the river worked in the igneous rocks of the states
bordering Iowa on the north.

The deposits themselves, so far as the cuttings reveal them,
do not appear to offer conclusive evidence as to their age, whether
they were laid at the close of the long erosion interval preceding
the deposit of the Pennsylvanian or of that preceding the Cre-
taceous. The fact that Manson is located less than 5 miles west
of the provisional eastern horder of the Cretaceous would pre-
clude the expectation of finding there any great thickness of
normal marine sedimentary deposits of Cretaceous age, but not
the fill of a deep pre-Cretaceons valley.

DEEP WELLS OF IOWA
(A Supplementary Report)

by

=

W.H. NORTON

WITH A CHAPTER. ON

Well Water Recessions in lowa

by

James H. Lees

WITH A TABLE OF IOWA TOWNS GIVING

Municipal Water Supplies
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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.


The late Luis Alvarez, a physicist, and his geologist
son, Walter, examine a clue to the dinosaurs' demise.
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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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Manson Drilling
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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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Hot Spring, SD - Mammoth Site

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

. Natural ‘trap’ setting

. Exceptional preservation
. Mostly young males

. Active dig site
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Permafrost

yotic soil is at or below
reezing point of water
2 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
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Will end Thursday June 25
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