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• Finish Week 1 (pre-Illinoian / maps)

• Causes of Glaciations

• Early Discovery and Evidence



pre-Illinois Episode

~ 800,000 to 420,000 years ago  (mid-Pleistocene)



Paddock Creek Section, Prairietown 7.5’ Quadrangle, Madison Co., IL

pre-Illinoian deposits



pre-Illinoian till

Banner till ---- Ames Quadrangle (AMS-2), Randolph County



pre-Illinoian
depositsRobbins Core, St. Clair County, IL

Yarmouth Geosol 
(interglacial soil)

Banner Formation 
(glacial till)

Harkness Silt 
(lacustrine 
and loess)

Canteen 
Member 
(preglacial 
alluvium)

bedrock

Illinoian till

Petersburg Silt (Illinoian)

PRE-ILLINOIAN

Sangamon Geosol 
(interglacial soil)

Wisconsinan loess



Amino Acid Geochronology:  
Robbins Core --- St. Clair County, IL

Harkness Silt (immediately 

below pre-Illinoian till; 144 ft.); 

terrestrial fauna

Petersburg Silt (immediately below 

Illinoian till; 82 ft.); aquatic-amphibious 

fauna



Amino acid geochronology
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from various sites in central and southern Illinois

amino acid 
racemization: diagenetic 
interconversion of L-
amino acids to their D-
isomeric configurations;

• Rate of conversion  is 
a function of time and 
temperature  history

• Can give an estimate 
of age within a 
geographic area

-- data from Dr. Rick Oches, 
Bentley University



Bedrock Exposures in 
Unglaciated or Thin Drift 
Areas

Grafton, Jersey County  ILnear Ames, Randolph County  IL



Maps and Cross-Sections



Bedrock Surface Topography (below Q deposits)

legend for SW Illinois map

Mahomet Valley



Maps

of Surficial

(Quaternary) 

Geology



Cross-

Sections of 

Quaternary 

Deposits







Principal Surficial Mapping Units:  St. Louis Metro East Area
Unit Material Color

/ Sed.
Paleon-
tology

Comp./ 
Mineralogy

Eng. 
Props.

Distri-
bution

Origin Age

Cahokia 
Fm.

Clay, silt, sand
(mapped 
separately)

Fines 
upward

Deciduous 
wood

Leached of 
carbonates

Soft (low 
Qu); high 
w%

Meand.
stream 
patters

Alluvium Post-
glacial

Equality 
Fm.

Silty clay, silt, 
fine sand

Crudely 
strat;grey
-tan-pink

Spruce wood ; 
ostracodes

High 
expandables

Low Qu  
(< 1.5); 
w  20-30 %

Large trib. 
valleys and 
terraces

Lake 
sediment

Wisconsin
Episode

Henry 
Fm.

Sand and 
gravel

Stratified Spruce wood Calcareous Mississippi 
Valley; 
braided 

Outwash Wisconsin
Episode

Peoria 
Silt

Silt Massive
Tan

Terrestrial 
gastropods; 
Mammoth

Dolomitic, 
high 
expandables

Low Qu 
and blow 
count

Uplands Loess Wisconsin
Episode

Roxana 
Silt

Silt Massive
Pinkish

Terrestrial 
gastropods 
(Allogona)

Rel. high 
expandables 
and kaolinite

Low Qu 
and blow 
count

Uplands Loess Wisconsin
Episode

Glasford 
Fm.

Loamy 
diamicton
(some sand)

Tan to 
grey

Incorporated 
fossils

High 
dolomite,    
40-60 % illite

Qu > 1.5

w 15-22 %

Uplands 
and trib. 
valleys

Till and 
ice 
marginal

Illinois 
Episode

Peters-
burg Silt

Silt to silty clay 
loam

Crudely 
strat. Tan 
to grey

Spruce wood; 
aquatic and 
terrestrial 
gastropods 
(Pomatiopsis)

Generally 
similar to 
Glasford

Moderate 
Qu and w

Buried 
valleys

Lake 
sediment 
and loess

Illinois 
Episode

Banner 
Fm.

Silty clay loam 
diamicton
(some sand)

Orange –
brown to 
grey

Incorporated 
fossils

High calcite 
and 
expandables

Qu > 1.5

w 20-26 %

Buried 
valleys

Till and 
ice 
marginal

pre-Illinois 
Episode

Sangamon
Geosol

Yarmouth
Geosol



Quaternary Deposit  MapBedtopo Map



Quaternary Deposit  MapThickness of Quaternary Deposits



Questions ?



Causes of Pleistocene 
glaciation; early discovery 

and evidence

David A. Grimley, Illinois State Geological Survey,
Prairie Research Institute, University of Illinois.

dgrimley@illinois.edu (217)-244-7324

mailto:dgrimley@illinois.edu


Map of Pleistocene Glaciation in Northern Hemisphere
(how do we know the extent of glaciation ?; why did it happen ?)

http://www.roebuckclasses.com/105/regions/namer/namericaphys/physnamer.
htm



North American Glaciation

• Southernmost extent of Pleistocene continental glaciation 
in N. Hemisphere



cross section





Pliocene-Pleistocene records 

from Lisiecki and Raymo (2005); constructed by combining 
measurements from 57 globally distributed deep sea sediment cores.

Significant growth of ice sheets did not begin in Greenland and North America until 
approximately 3 My ago, following the formation of the Isthmus of 
Panama by continental drift. This ushered in an era of rapidly cycling glacials and 
interglacials.

The two strongest orbital cycles (obliquity, 41 kyr and precession, 26 kyr) probably 
do drive changes in ice volume. The data in the figure have been fitted to these 
periods and also to the longer, much weaker 100 kyr eccentricity cycle. Over the 
past ~1 million years there have been a number of very strong glacial maxima and 
minima, spaced by 80,000 - 120,000 years, but evidence for orbital forcing is less 
secure. The ~100 kyr cycle may be controlled by some other as yet unknown 
mechanism.

http://en.wikipedia.org/wiki/Greenland
http://en.wikipedia.org/wiki/North_America
http://en.wikipedia.org/wiki/Isthmus_of_Panama
http://en.wikipedia.org/wiki/continental_drift
http://en.wikipedia.org/wiki/ice_age
http://en.wikipedia.org/wiki/obliquity
http://en.wikipedia.org/wiki/precession
http://en.wikipedia.org/wiki/eccentricity_(orbit)


Astronomical (Milankovitch) Cycles
https://www.youtube.com/watch?v=iA788u
sYNWA

https://www.youtube.com/watch?v=iA788usYNWA




Precession effects



Hays, Imbrie, and Shackleton, 
1976    (evidence for 
Milankovitch cycles)



Obliquity Dominant ? (Huybers, 2006)



Vostok 420 ka Ice Core Record

420,000 years of ice core data from Vostok, Antarctica research station. Current period is at left. From 
bottom to top: * Solar variation at 65°N due toen:Milankovitch cycles (connected to 18O). * 18O isotope 
of oxygen. * Levels of methane (CH4). * Relative temperature. * Levels of carbon dioxide (CO2). From 
top to bottom: * Levels of carbon dioxide (CO2). * Relative temperature. * Levels of methane (CH4). 
* 18O isotope of oxygen. * Solar variation at 65°N due to en:Milankovitch cycles (connected to 18O).

http://en.wikipedia.org/wiki/Vostok_Station
http://commons.wikimedia.org/wiki/Antarctica
http://en.wikipedia.org/wiki/Milankovitch_cycles
http://en.wikipedia.org/wiki/Milankovitch_cycles


• Milankovitch cycles also influence the carbon cycle, which in turn feeds back into the glacial system.
• Since the Industrial Revolution, the burning of fossil fuels has caused a dramatic increase of CO2 in the 

atmosphere, reaching levels unprecedented in the last 400 thousand years. This increase has been implicated as 
a primary cause of global warming.

http://en.wikipedia.org/wiki/Milankovitch_cycles
http://en.wikipedia.org/wiki/carbon_cycle
http://en.wikipedia.org/wiki/Industrial_Revolution
http://en.wikipedia.org/wiki/fossil_fuel
http://en.wikipedia.org/wiki/global_warming


Ice core records (Greenland, Antarctica)

*  Similarities and differences between Greenland and Antarctica records.



Global Ice Volume Record

initiation of high amplitude 
changes in global ice volume      
~ 800 ka

pre-Illinoian 
glaciations

Illinoian glaciation

Wisconsinan glaciation



Exceptionally Long Interglacial Ahead? A. Berger,
M. F. Loutre* Science 23 August 2002:

Vol. 297 no. 5585 pp. 1287-1288

Long-term variations of 
eccentricity (top), June 
insolation at 65°N (middle), and 
simulated Northern Hemisphere 
ice volume (increasing 
downward) (bottom) for 
200,000 years before the 
present to 130,000 from now. 
Time is negative in the past and 
positive in the future. For the 
future, three CO2 scenarios 
were used: last glacial-
interglacial values (solid line), a 
human-induced concentration of 
750 ppmv (dashed line), and a 
constant concentration of 210 
ppmv (dotted line). Simulation 
results from (13, 15); 
eccentricity and insolation from 
(19).

future past

Wisc. Ill.

http://www.sciencemag.org/search?author1=A.+Berger&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=M.+F.+Loutre&sortspec=date&submit=Submit
http://www.sciencemag.org/content/297/5585/1287.full#aff-1


Questions ?



Early Discovery and
Evidence of Glaciation



Louis Aggasiz --- first to formally propose 
past ice ages existed (1837)



Aletsch Glacier, Switzerland



"After having obtained in Switzerland the most conclusive proofs, that at a former period the 
glaciers were of much greater extent than at present, nay, that they had covered the whole country, 
and had transported the erratic blocks to the places where these are now found, it was my wish to 
examine a country where glaciers are no longer met with, but in which they might formerly have 
existed. I therefore directed my attention to Scotland . . . (Agassiz Letter to The Scotsman 
newspaper, October 6, 1840)

"If the analogy of the facts which he has observed in Scotland, Ireland, and the north of England, 
with those in Switzerland, be correct, then it must be admitted that not only glaciers once existed in 
the British Islands, but that large sheets (nappes) of ice covered all the surface." (Agassiz, 1840)

Glacial grooves and 
striations



Pegmatite on schist in Central Park, Manhattan

erratic boulder in Scotland



View of terminal moraine from a glacier which descended from 
the hills to the right of the area pictured. One of several 
moraines described by Buckland (1841) after he, together with 
Agassiz, first recognized evidence of glaciation in the British 
Isles (Fall of 1840). Near Thornhill, north of Dumphries, 
Scotland. http://www.grisda.org/origins/09028.htm

Glacial landforms (constructional)

http://www.grisda.org/origins/09028.htm


Extent of the continental ice sheet that 
covered northern Europe 20 000 years 
ago, and summer sea-surface 
temperatures.

Central Europe had a climate 
comparable to northern Siberia, and 
southern Europe was forested.

http://donsmaps.com/grottevache.html



First Glacial Map of N. America (1894)

T.C. Chamberlain

recognized buried soils 
and multiple glaciations



detailed Map of Green 
Bay Lobe glaciation in 
Wisconsin (1882)



Frank Leverett

Frank Leverett (USGS), 
with George Kay (Iowa) 
and Paul MacClintock 
(Illinois) in Iowa

glacial 
(Pleistocene) map 
in western NY



Leverett  1898 glacial map of Illinois (1898)

NORTH AMERICA



Champaign Co. boring records (Leverett, 1899)



buried soils recognized (Leverett – 1899)



Kelley’s Island Ohio, glacial grooves

http://www.hollianneholmes.com/glacialgro
oves/

western part of Lake Erie

http://www.hollianneholmes.com/glacialgrooves/


southern Green Bay Lobe (WI)

Drumlins – Ice directional indicators



Evidence for Glaciation

Jefferson County, IL

Glacial Erratic



Minerals/ Exotic Rocks in glacial sediments
http://www.isgs.illinois.edu/outreach/geolog
y-
resources/conglomerate?width=600&heigh
t=400

http://www.isgs.illinois.edu/outreach/geolog
y-resources/omar?width=600&height=400

http://www.isgs.illinois.edu/outreach/geolog
y-resources/tillites?width=600&height=400

http://www.isgs.illinois.edu/sites/isgs/files/i
mages/outreach-images/belcher.gif

http://www.isgs.illinois.edu/outreach/geology-resources/conglomerate?width=600&height=400
http://www.isgs.illinois.edu/outreach/geology-resources/omar?width=600&height=400
http://www.isgs.illinois.edu/outreach/geology-resources/tillites?width=600&height=400
http://www.isgs.illinois.edu/sites/isgs/files/images/outreach-images/belcher.gif


H.B. Willman and J.C. Frye, 1970



Mineral/Magnetic Signatures in Glacial Sediment





LiDAR image, Champaign County



Mega-lineations on 
10m DEM from 
southeastern Illinois

Northern Illinois flutings

Ice Flow Directional 
Indicators
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