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Course objectives

* |nvestigate the upper Midwest’s environmental resources:
Rock, Sediments, Water and their subsequent products

» |dentify their historical context and future developments

* Apply geochemistry to understand the resource’s potential
benefits and hazards (economics to health)

* Develop materials that may help students learn about our
environmental resources and their importance.
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Time

 Precambrian
» 4 Billion years

» Paleozoic
* 545-245 Ma

* Mesozoic
e 245-65 Ma =

 Cenozoic
* 65-2Ma

* Pleistocene
« 2Ma-11,200




The Holocene

About the past 11,200 years
* Hunting/Gathering to self driving tractors
» Civilizations have come and gone
» 266 Catholic Popes
« 47 U.S. Presidencies
e Cubs 3 World Series Championships

About 1
minute




What do we use to interpret lowa Geologic History?




541 Ma

Precambrian - The Oldest Rocks to
4.6 Ga

» lowa’s geologic history began approx. 3Ga ago with igneous and
metamorphic rocks.

* Followed by mountain building events: Penokean, Central Plains,
?ndt Eastern Granite-Ryholite Province ‘orogenies’ a product of plate
ectonics.

 Jowa’s oldest exposed rock is the Sioux Quartzite (approx. 1.6 Ga)

* 1.1Ga North America and lowa were nearly torn apart by the Mid-
continent Rift System



Extended concept (Igneous Intrusive vs Extrusive rocks
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-1.97 Billion)

Regional Basement Structure

yDSON OROGE

BELT (1.88

-H

» Oldest rock = Minnesota terrane
3.6Ga, Penokean Volcanic belt
1.8Ga, the Granite provenances in
the south approx. 1.4Ga

__PLAINS
OROGENIC
BELT

 Black Hills Granite (famously

represented by Mount Rushmore) via
a Tertiary uplift/orogeny

Anderson, lowa’s Geological Past T' ‘



lowa’s Igneous &
Metamorphic ‘Basement’

 Gravity surveys supplement
direct observations
(samples)
* (+) anomalies indicate dense

rock bodies i.e. basalt and
gabbro

* (-) anomalies indicate low
density rocks i.e. sandstone
and shale




The Eischeid Well -
lowa’s Deepest Drilled Well

e Carroll County
 Amoco Production Company

» 208 days of drilling to reach a
depth of 17,851ft (one of the
deepest in the Midwest!)

« $20,000,000.00

Upper ‘Red-
Clastic’

Lower ‘Red-
clastic’




Duluth Complex & North shore
Lake Superior

.3”"

EXPLANATION[EE = S92
Sandstone ‘ “

Minnes

Complex " B Gabbro

B Basalt

-
Known nickel and S

%_:-"r Yellow Dog B ﬁﬂ?ﬁlgﬂr; I‘legftlgﬁ

A_HE/’ ' Peridotite
cho Lake

Gabbro @ ravorable target

Michigan Faulis, in part
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Wisconsin e adge of
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P 200000 |
Inferred Pluton 50 100 Miles



cC
O e
S =
N il
e J.W II_ |||||| S R |I_T.|.|.|..rww
= w e
= . =
. cp) ;
Sy L g e e R R i >l
e R e
o | i
: e W i
I U _ ﬁ
| A [ Z
ce e e S o
". " %_.HN
E | _?._L._
! _ i
: e iy 2
1 M v

S i

' PLY MOUTH

t
EER a
"

ACiT
RS

F




Sioux Quartzite

* Gitchi Manitou State Preserve
1969

* The rock is still quarried near
Sioux Falls, SD

« Was mistaking called Sioux
Granite

 NOT part of an uplift rather the
Sioux Ridge is likely a product |
of differential weathering
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Pipestone

~ « Pipestone National Monument, MN

» Adjacent red to pink mudstones
* Catlinite (after George Catlin,
1800s)

* Prized by Native Americans and
traded throughout the Great
Plains and Colombia River Basin







Banded Iron Formations (BIF)
Stopped then began again




lowa’s Paleozoic
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Floodplain

As sea level rises, the shore migrates
inland, and coastal environments
(swamps and beaches) overlap
terrestrial enviromments.

Swamp

Shore

Orrganic
debris

subsides.

Erosion forms a canvon and

exposes the sequence today.
MMaximum limit of

transgression
— e

; Redbeds
Shore migrates inland. Coal
Sandstone
S5hale
Sandstone
Coal

= i Redbeds
ITansgression

Regression

Shore migrates seaward.

Time

Concept - Transgressive vs. Regressive Seas




485 Ma

Cambrian - Sandy Marine Shelves & Shorelines 54§0Ma

* The Cambrian is generally know as a periods for the Explosion of Life and
for a dramatic increase in available/atmospheric O2

* The early to mid-Cambrian saw massive periods of weathering/erosion
and as a product there is a large unconformity until the late Cambrian in
lowa

« During the Late Cambrian, shallow seas encroached upon lowa and
reworked the eroded (Precamblran & Early Cambrian) sediments
including resistant quartz, feldspar, clay minerals, and trace amounts of
zircon, tourmaline and garnet.



Late Cambrian Sandstone
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Stratigraphy - The science of rock layers

This Grand Canyon cliff

2 Concerned W]th all CharaCtel’S exposes five formations.
and properties (physical,
chemical and/or biological)

* Enables geologists to trace rock
formations from one place to
another

The surface
between two

« Helps geologists to interpret
modes of origin and history



Santuit |~ Mil? Limestone - =
Sandstone pinches out.
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Milo . PORTRAIT of a PLANET
Limestons Correlation
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Sandstone P el
Rufus Limestone
~ Hamilton pinches out. k
Conglomerate R g
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Shale — -
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David /"
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PORTRAIT of a PLANET
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Relative dating
Superposition
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What a Geologist Sees






EXPLAMATION
Thickness of Jordan

Location =] A Gy

WADTHA |

&0
120

l | Jeordan Sandstone absent

——50—= Line¢ of equal thickness of Jordan
Sandstone—Dashed where
approximately located,
Interval 20 feet

- Figure 109. The Jordan
Basa modified from U.S. Modified from Horisk sad Stainhiler, Sandstone ranges in thickness
E‘T::.. Eﬁﬁr‘mhnl 1978; and Dalen and Woocward, THE4 Ir-m about 20 ﬁ."&‘l in ._-En{,-m‘
SCALE 1:6.000.000 fowwa to about 140 feet in
50 MILES northeastern and east-cenlral

Iowsa.




443 Ma

Ordovician - Warm, Shallow Seas e

» Early Ordovician - Again on the edge of a shallow sea depositing carbonate,
sandy carbonate, and quartz sandstones (Prairie du Chien Group) before
another series of weathering and erosion!

» Mid-Ordovician - Major sea transgression changed a sandy shallow sea to
carbonate shelf. Ash layers appear in the Decorah and Dunleith Formations.

» Late Ordovician - Increasingly muddy depositional environments forming the
carbonate-rich shale layers (e.g. the Maquoketa Shale).

» Towards the end of the Ordovician the seas regress and weathering and
erosion begin again, creating an ?7?
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Formation of
the Earth
from planetesimals

3

Formation of
the Moon

Formation of Much of the Earth's surface is volcanic rock,
Earth's atmosphere forming unstable regions of erupting lava.

Oldest known
rocks

Sizable continental areas
begin to form.

Extensive
shallow seas
on the margins
of continents
and deposition
of banded-iren
formation

Oldest known fossils: single-
celled arganisms (prokaryotes)
and stromatolite-forming

2)) cyanobacteria
g
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boundary
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St. Peter Formation

Quartz Sandstone (super mature)

* But, In NW lowa the St. Peter
contains a lot of shale from the then
exposed Transcontintal Arch

Well exposed in Pikes Peak St.
Park

An important economic resources
for glass and fracking

1960’s served as a fall out shelter
with supplies to meet the needs
of 44,000 residents for two weeks
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How does Galena & Zinc form in Limestone?

» Space is created, through karst
processes

« Warm sulfide-rich solutions
migrate upwards and infiltrate the
new space

» Sulfide minerals precipitate out of
solution and along the edges of
these new spaces

* The Mississippi cuts its channel
into the landscape and lowers the
water table

« Exposing the sulfide minerals,
creating lron sulfide, Lead sulfide,
and Zinc sulfides




Spain ruled lowa via the Treaty of Paris (1763) as a
product of the French and Indian War (1756-1763)

 Julien Dubuque became friends with the local
Meskwaki, eventually marrying Potosa and entering
their culture as Little Night.

 Julien, identified the mineral recourses and with
the Meskwaki’s permission began mining

 Julien, requested ownership/confirmation of his
land from the Spain, and it was granted in 1796.
“The Mines of Spain’

Died t45 (1810) ‘
i

deeply m debt




Maquoketa Formation

* Thick impermeable shale

 Large caverns were excavated
under Johnson and Polk
counties to seasonally store
liquefied petroleum gas

« Enables the pipeline industry B st el
to store their product so that 7] dolomte =5
they can meet demand during Ak it PR
the winter | ke et ] ek

phosphorite or
" phosphatic diminutive faunas

cherty dolomite




Process of Dolomitization

N , CaCO3
\1 L Mg replaces some Ca
- CaMg(C0O3)2

D A _\_ﬂ __ Watertable __ _

Vadose zone

— Supratidal area :
(Sabkha) = High tide line

Sea level Sea level
(Groundwater)
L _\J;:}_:_:_:”'_*u—“‘_*_"— o - Sea water
-—— — = — - Mixing zone ==—7=-
= — = {Proposed zone of dolomitization) — = - -7 T T TN \

Dolomitized zone
N\, Limestone
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-92°00' —91°45 i Possible Keweenawan (~1.1 Ga) rocks,
' " o largely undeformed
‘ ' ¥ intermediate or silicic intrusive rocks

mi?
Q mega/;/_
iﬁ-' .,/ = Tevn ‘

(strongly magnetized but not dense)

mafic intrusive rocks
(strongly magnetized and dense)

43°30'

N-polarized diabase dike

08.8¥

R-polarized diabase dike

| weakly magnetized rocks of Decorah
complex (possibly 1500-1430 Ma)

m gabbro of Decorah complex
(possibly Mesoproterozoic)
Yavapai province (1.8-1.72 Ga) rocks,

some presumed

strongly magnetized part of subvertically-
dipping layered intrusion

weakly magnetized part of subvertically
dipping layered intrusion

1760 Ma metagabbro; part of subvertically
dipping layered intrusion

- undifferentiated mafic rocks, spatially related
to layered intrusion

- silicic pluton: S-type granite?

Y undifferentiated Yavapai province rocks:
metavolcanics, plutons, & metasediments

ShLoEY

43°15'

I . .
A’ line of cross section model

-92°00' —-91°45' | A
_gF_ 25 0 25

S borehole penetrating .
km ossible fault
d ® Proterozoic rocks 3
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419 Ma

Silurian - Dolomite and Carbonate Mounds To
443 Ma

* Six Dolomite and two limestone formations, that provide the foundation for
many of Eastern lowa’s State parks.

* There are five marine Transgression to Regression phases recorded in lowa’s
Silurian Formations.

* These Silurian rocks have great economic value (agricultural lime, road
aggregate, aggregate for concrete, building stone and as bedrock aquifers.

« Towards the end of the Silurian there was another period of weathering and
erosion that created an unconformity between the Silurian and Devonian.
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Silurian stratigraphy Witzke

COWER

* Dolostone formations
* Mosalem
» Tete des Morts
 Blanding
« Hopkinton
* Scotch Grove
* Gower
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e Limestone formations

« Waucoma
 Le Porte City




Hopkinton Formation




State Parks

* Maguoketa Caves State
Park

 Backbone State Park

* Mississippi Palisades State p-
Park &5

* Picture Rock County Park
(Jones Co.)




Scotch Grove Formation




Anamosa Facies - Ideal building stone

sed for many of lowa’s early
buildings

Rock Island Arsenal (IL)
Anamosa Prison

Stone City, IA

Cornell College

Herbert Hoover Presidential
Lib.

Three large buildings in
downtown Minneapolis




358 Ma

Devonian - A Marine Extravaganza © To
419 Ma

* The Devonian System contains 13 formations.

« Economically valuable resource for road and concrete aggregate in
eastern lowa and gypsum is mined southeastern and north-central

lowa for Portland Cement.

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

* These formations also contain significant and well preserved
fossils



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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Lithograph City Formation




Carboniferous - Mississippian - Last major sea

oo i

First ™ : ’ |

EXTENSIVE ICE Cap

-,'\f .- | hominoids

ICE SHEETS IN
MNORTHERM
HEMISPHERE

“ Mountain building in 1 =
f 7 | First horses e Himalayas and Andes b il
: | pri Warmaest climate . o
& f} }% Primae = Start of global cooling,
é:i = e ¥ l:nn_u:nll: i) which continues to present
Laramide orogeny Fil "i whales a First monkeys
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Taconic orogeny Acadian/Caledonian orogeny orogeny IcE AGE

0 i s 1
’

gﬁgﬁgﬁ : CE AGE ?“h*":"::’“’. in First gymnosperms Alleghenian
L i) ed-beari lants aroge

First shellfish First tarapeds; |/4ed bearing plants) oo

and corals Extensive coal forms.

deposits form. (Permian)

Many organisms
| First First mammal-

with skeletons

@@@ @_‘f L Ifé: L‘(f reptiles  |like reptiles

=
=
w
=
=
>
[
wy
wi
=T
=

Cambrian PerlodJ Ordovician Period

Formation of
the Earth ih
from planetesimals i

-
I )
Formation of
the Moon

Extensive
shallow seas

on the margins
of continents

and depasition
of banded-iron
formation

Formation of | Muich of the Earth’s surface is volcanic rock, | Sizable continental areas
Earth’s atmosphere forming unstable regions of erupting lava. | begin to form.

Cldest known
rocks

Oldest known fossils: single-
celled organisms (prokaryotes)
and stromatolite-forming

F’(‘f cyanobacteria
ok

4,567

Cenozoic Era

23.0

W. Morth America
Rifting in E. North

B

e Aces QM
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SR

Supercontinent breakup;
passive margins surround
MNorth America
Early multicellular erganisms
imals): Ediacaran fauna

jamalgamation of
continents into the
supercontinent Rodi

Significant levels of
oxygen in the atmosphere;
formation of the azone shield

Sexual reproduction

First eukaryotic cells

g e L0 %

Geological time
{miillion years ago)

b, Deccan traps
(India)




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



CAMBRIAN
EXPLOSION

First shellfish
and corals

Many organisms
with skeletons
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Taconic orogeny Acadian/Caledonian orogeny orogeny ICE AGE
., ICE AGE Shallow seas in First gymnosperms Alleghenian
* £ o - North America (seed-bearing plants) orogeny
O First terapods . ; Pangaea
— xtensive coal forms,
E Tar::u - ::;;itm deposits form. (Permian)
First jawless First E plants First First mammal-
fish land & Wi reptiles like reptiles
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Cambrian Period

g Paleozoic Era g

Formation of
the Earth
from planetesimals

) J
Formation of
the Moon

Formation of
Earth’s atmosphere

Much of the Earth’s surface is volcanic rock,
forming unstable regions of erupting lava.
Oldest known

rocks

and stromatolite-forming

.'// cyanobacteria
s

Oldest known fossils: single-
celled organisms (prokaryote:

Precambrian

Sizable continental areas
begin to form.

—

Extensive
shallow seas
on the margins
of continents
and deposition
of banded-iron
formation
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Mississippian

(name)

upper
Ste. Genevieve

rooting
in :
ponmarine lower

Ste. Genevieve

ST. LOUIS _ St. Louis

WARSAW
Keokuk

KEOKUK

bone bed

glauconitic
Haight

BURLINGTON middle
_grainstone
oy Dolbee Creek
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WASSONVILLE

F glauconitic

Wassonville

Prospect Hill

McCraney

(number)
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‘ormations

* Excellent source for
flint/chert used by native
Americans

* Crinoidal limestone (packstone
and grainstone)







Carboniferous - Pennsylvanian -
Coal swaps
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Open File Map OFM-2010-01
March 2010
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Stratigraphy, petrology, and paleopeography
il the upper portion of the

Cherokee Group

i Micldie Fulu‘lt:luh mivlan i,
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Lepidodendron
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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.

Mote: not to scale



Types of Coal




lowa Coal

{igh ash and sulfur content

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

e Sulfur occurs as pyrite (FeSz)

e lowa coal is not considered a
natural resources because it is
not economically feasible to
extract.




. - - 66
Mesozoic - Evaporite Deposits to

Last of the Shallow Inland Seas &

* 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



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
e 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
"=l 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
country’

“People are gullible”
- George Hull

The photograph published in Strand Magazine in 1895



Cretaceous

 Dakota Formation
 Western lowa

» Sandstone,
mudstone,
conglomerate

e Fluvial environments
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Northwest
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Southern

lowa
Drift Plain
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Terrain Characteristics | s L olacial drif

* moderate loess cover '

* weathered glacial drifts
with paleosols

e —ar— e e e e e e gy
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* integrated drainage network
* bedrock exposed in
deeper valleys
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colluvium™ _

* gently rolling terrain i s i o AR, S < B
* thin, discontinuous loess R WA e R

or loam over glacial drift == =
* bedrock near surface Tipesione
* local karst conditions s s O D R e e o e s e
* scattered glacial boulders

* integrated drainage network

Terrain Characteristics T~ L

* isolated elongate hills (paha)
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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

st Sorting
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Formation of the lowan Surface 16,500 — 21,000 ybp
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Sink holes in pasture, Floyd |
County photo by Stan Grant




BEDROCK
GEOLOGIC MAP
OF IOWA

000

Tow al and Water Survey
Open File Map OFM-2010-01
March 2010
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Des Moines
Lobe

Terrain Characteristics

* fresh glacial till

* no loess cover

* bands of knob and kettle
terrain

* areas of level terrain

* poor surface drainage

* natural lakes, wetlands

&
('

Areas of gy
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Ocheyeden Mound a

large Kame in Osceola Co.

gravel-laden
melt-water river

Freda Haf'fhe'r" Kettlehol‘é--:
State Preserve
a large kettle in Dickinson Co
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Upland sand and gravel deposits

photo by Tim Kemmis sl e, _
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Natural lakes
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Terrain Characteristics
* thick loess cover

* sharply ridged terrain

* high drainage density [Fs 28
* rapid surface runoff B

* gully development

* vertical road cuts




49°

45° L

41° |

104°

7 WISCONSI
RS  Loess?

f. a®

old topography

T1 $

Wind Direction ’g_g‘.,ﬂﬁ

&
T2 4
Wind Direction M "
outwash

+
thickness

average +\

|

particle
size -

Distance

(Muhs et al., 2013)



Type Section of Loveland
Loess, Pottawattamie
County, 1971 Photo by
Jean Prior
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N()rthwest Northern lowa Plains, Cherokee County  photo by Jean Prior

Terrain Characteristics

* moderate to thick loess over
glacial till
* gently rolling terrain

* integrated drainage network

=]

glacial drift
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Gently rolling terrain

f‘:i ".=-¢ e T ,'

--,.5.-‘.&-!:..-'."..--  r——
. T g il
ol et By

. b 1 B A e i .

R T
=i . & Ly " : ’ B el
Y ROy D A
! I |I. 1'| Tk -*g e -". T .J- g E L]
il < B I LU | By ye ¥ il i ; i i I- Y "I'i". TR | F:Il'l'lr I*l_. P
g i T b .n.-_- i ..'." |... Ak .--'I- i ol o e -.-' i w 1 : ¥ ol s Th . .l #4l I
;J. I,-r -",L.‘[‘.,'.r'f? i _. + ek (LT s g, g s - ”*'lﬂl Yol | 4 '_ i

Wi

m:a e

sl b n-b i !ru

b 1=
kel
! ]
1
1]

Rolling hills of the Northwest lowa Plains p/



~Paleozoic Plateau in Allamakee

- County

Paleozoic
Plateau

- photo by Jean Prior
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thin loess cover
isolated patches of glacial drift

Glacial Geology of lowa
unpublished map by Jean Prior
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sea level)
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Fish Farm Mounds State Preserve, Allmakée Count;II _
photo by Jean Prior




Sinkhole country, Clayton County
photo by Gary Hightshoe



Alluvial
Plains

Terrain Characteristics

* thick alluvium

* level terrain along valleys
includes stream channels,
floodplains, oxbow lakes,
terraces, alluvial fans,
sand dunes
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