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IntroductIon

What is climate? To most, it is the long-term measure-
ment of practical environmental parameters that affect hu-
mans, such as wind speed, temperature, precipitation, the 
annual number of drought or frost-free days, and so on. 
These data are desired not only in terms of annual averages 
but also as seasonal averages and as maximum and mini-
mum values. 

Studies of paleoclimate—the climate of the geological 
past—comprise two equally important, but completely in-
dependent parts. First is the estimated value of a parameter, 
such as precipitation or temperature; this value commonly 
is referred to as a climatic proxy. Second is the geochronol-
ogy of the record—the age of the events—and the time 
period between events. Today’s investigators of paleocli-
mate strive to improve upon both climatic proxies and 
geochronological methods. Investigators are attempting to 
determine the causes of climate change in order to prepare 
for the effects of future climate change. 

In the absence of recorded measurements of environ-
mental parameters, paleoclimatologists interpret other re-
cords that function as proxies for such measurements. For 
these interpretations to be valid, two important criteria 
need to be met. First, the records must be layered so that 
a time series can be established. The layering may be con-
centric, such as in tree rings or stalagmites, or tabular, such 
as layers of lake sediment, ice, or loess. Second, the basis of 
the proxy record must be firmly established. For example, 
tree-ring widths may be correlated to effective moisture 
(the balance between annual precipitation and evapora-
tion), based on historical data. The known relationship can 
then be applied to measurements of the proxy beyond the 
historical record, permitting an interpreted record of cli-
mate change. Known broadly as the “Method of Modern 
Analogs,” this is an application of the basic geology tenet 
“the present is the key to the past.”

Interpretation of a proxy record of climate change is 
only as good as the geochronology—the record of when 
the changes took place. Additionally, it is important to 
determine whether the changes correspond with cyclical 
phenomena such as sunspots (solar activity), El Niño–La 
Niña cycles, or Milankovitch cycles. Many of the recent ad-
vancements in understanding climate change are a result of 

improvements in dating methods. Radiocarbon dating, for 
example, has been used since the 1950s, but revolutionary 
breakthroughs in atomic particle accelerator technologies 
have resulted in radiocarbon ages that have greater preci-
sion using much smaller samples. Other dating methods 
used for Quaternary samples include luminescence dating 
of sediment (Forman and Pierson 2002), uranium-series 
dating of speleothems (Dorale et al. 1998, Richards and 
Dorale 2003), beryllium-10 (10Be) inventories of paleosols 
(Curry and Pavich 1996), and amino acid racemization of 
snail shells in loess records (Miller et al. 1994). 

History of Climate Change Studies
More than 500,000 years of climate change have been 

interpreted from the Quaternary fossils, soils, and sedi-
ment that mantle Illinois (Table 13-1). Evidence of climate 
change was observed by the first scientists as they described 
and mapped the surficial deposits of the midwestern Unit-
ed States by canoe and on horseback near the end of the 
nineteenth century. One of the most unusual and exciting 
of their discoveries was the layers of well-preserved coni-
fer debris, organic-rich soil, and weathered sediment sand-
wiched by unweathered glacial “boulder clay” (Figure 13-
1) (Leverett 1898, 1899). Although moraines had provided 
evidence for local ice margins, this evidence indicated that 
the glaciers had waxed and waned and that vegetation had 
regained a foothold between the glaciations.

These early scientific observations in Illinois were im-
portant for at least two reasons. First, evidence of glacial 
ice was found as far south as Carbondale (37° 20′ N lati-
tude), the southernmost reach of the great Laurentide ice 
sheet that once covered much of Canada and the northern 
United States (Geikie 1894, Dyke et al. 2003). Second, the 
evidence for climate change was overwhelming. Scientists 
were confronted with the need to explain how the layers 
of Quaternary sediment and fossils were deposited under 
climate conditions ranging from glacial to warm temperate. 

Since their discovery, the buried organic-rich deposits 
and soils observed by Leverett and others have been stud-
ied meticulously by several generations of geologists (e.g., 
Leighton 1926, Willman and Frye 1970, Follmer et al. 1979, 
Wang et al. 2003). Until about the 1980s, Illinois’ Quater-
nary stratigraphic succession was considered by most to 
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