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The reconstruction of past conditions is fundamental to 
the science of geology. It is this historical component of 
our science that elevates the discipline to something 
more than a collection of problems in applied physics or 
chemistry. From the first conceptions of rock cycling, 
geologists have tried to tease meaningful understanding 
from a geologic record that is both fragmentary and 
frustratingly complex. Far too often natural systems are 
characterized by an underdetermined set of differential 
relationships. In such cases, there do not exist sufficient 
sets of independent data from which to draw firm 
conclusions as to the nature of a system's dynamics. A 
classic example of this form of geological under-
determinism is the field of paleoclimatology. Despite the 
difficulties associated with such work, our collective 
understanding of past climates has advanced rapidly in 
recent years. These advances have been the product of a 
combination of technological innovation, creative 
research, and dedicated effort on the part of researchers. 

The first step towards comprehending past 
conditions is expressing what is meant by the concept of 
climate. In the modern world, climate is generally 
defined to be some combination of parameters 
expressing typical conditions as well as the natural 
variability of those parameters about a statistical 
expectation. Measures of temperature, precipitation, 
relative humidity, wind speed and direction, as well as 
type and density of cloud cover provide a reasonable 
measure of seasonal and interannual variability that, 
when taken together, sketch an image of a region's 
climate. It is the purpose of the field of paleoclimatology 
to construct, as accurately as possible, a similar 
understanding of the conditions of the past. 

Importantly, the parameters used to describe the 
modern climate are continuous variables. Even when 
precipitation or wind speed is zero, it remains a 
continuously variable quantity albeit one with zero 
magnitude. Clearly, unique combinations of these and 
other variables characterized ancient climates. The 
geologic record, as discussed previously in this column, 
is anything but continuous. As a result, we are able to 
assess paleoclimatic conditions with only limited 
precision. An interesting conundrum exists between the 
temporal resolution and the temporal duration of 
paleoclimatic records. It is this conflict between 
precision and duration of data sets that leads researchers 
to strive for ever more accurate estimates of the past. 

Until the middle of the twentieth century, 
paleoclimatic records were limited to qualitative 
comparisons based upon sediment composition, fossil 
content, and the interpretations of stratigraphic 
reconstruction. The introduction of the use of stable 
isotopic ratios as tracers of geochemical processes 
revolutionized our abil ity to describe the past 
quantitatively. For the first time, precise estimates of 
surface temperature could be made based upon a sound 
theoretical foundation. The relative abundance of 
deuterium and oxygen-18 in the hydrologic cycle allows 
for detailed studies of fluxes between various reservoirs 
of the atmosphere, hydrosphere, and cryosphere. 
Likewise, recognition of differences in the fractionation of 
carbon-13 between the C3 and C4 metabolic pathways in 
plants and grasses provides a direct measure of the 
nature of regional vegetation. Today there does not exist a 
sedimentary environment that can not offer up at least 
some geochemical clues as to the nature of ancient 
climate. It is essential to recognize, however, that all of 
these isotopic systems, no matter how wonderfully 
complex, provide only proxy measures of the physical 
and chemical parameters we use to define the modern 
climate of the Earth. That is, we will never have a direct 
measure of ancient temperature, relative humidity, or 
any of the other critical continuous variables of the 
modern climate system. 

That is not to say, however, that reliable estimates 
of past conditions are not possible. Geochemists struggle 
mightily to unravel the complexities of isotopic 
systematics and deconvolve the tangles of diagenetic 
alteration. Their successes have been measured in our 
enhanced understanding of the ancient Earth. Even if 
isotopic studies were not indirect proxies of the past, 
even if a direct measure of temperature or humidity 
from a stratigraphic record were possible, even if the 
record once created was never subjected to diagenetic 
overprinting, the very nature of sedimentary deposition 
would limit the fidelity with which the conditions of the 
past could be read. The stratigraphic record is replete 
with lacuna of various duration. This temporal 
incompleteness is additionally complicated by irregular 
and ever-changing rates of sediment deposition. As 
such, extracting meaningful paleoclimate data is not 
only a paleontologic or geochemical problem, it is an 
intrinsically stratigraphic one. 

Fortunately, there exist some extremely long 
records of past climate, ice cores and the planktonic 
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foraminifer of deep sea sediments are two of the most 
well known examples. Yet, the records of longest 
duration typically offer up limited temporal resolution. 
The passage of time, irregulari ties in rate of deposition, 
diagenetic alteration, and other processes combine to 
blur these records. This problem only intensifies, as one 
looks deeper into Earth history. Conversely, there exist 
some records of changing conditions at a resolution of 
days to a few weeks. In these cases, the high-level of 
temporal precision is counter balanced by a restricted 
temporal duration. Typically, these short duration, high 
resolution, climatic records are derived from the skeletal 
material of a single fossil, be it clam, coral, or fishbone. 
As such, not only is the record limited in duration it is 
also biased by its reliance upon an individual organism's 
response to locally changing conditions. The presence of 
a particular response in a given shell or otolith may or 
may not be representative of the actual cl imate 
parameter the isotopic analysis purports to record. 
Extrapolating from the local to the regional or global is, 
of course, as risky as any ot her form of extrapolation. 
Thus, the quality of our understanding of the past is 
filtered through vet more layers of complexity. 

There exist, however, some interesting records of 
past climate that seem to span between the two extremes 
of low resolution-long duration and high resolution-
short duration. Tree rings and lacustrine varves provide 
annual records of local or regional climate that can 
extend for hundreds or thousands of years. Bristlecone 
pine trees from the Pacific Northwest are some of the 
longest living terrestrial organisms. Individual records 
of tree growth can extend for more than one thousand 
years. Likewise, lakes that posses buoyantly stable 
bodies of anoxic deep water often preserve laminated 
annual sediment couplets. In both cases, these records 
are of very long duration, and of annual or subannual 
precision. Yet, interpreting tree ring or varve series data 

can be even more difficult than extracting estimates of 
paleoclimatic conditions from isotopic data. 

One factor that makes tree ring and varve data 
important is that they record condit ions on the 
continents. Unlike other long duration proxies such as 
ice cores or deep sea sediments that record conditions in 
regions generally inhospitable to human life, the 
continental records of ancient climate tell us something 
about conditions in places similar to where we find 
ourselves living. This is interesting and important not 
only due to our anthropocentric biases but more 
importantl y to the fact that land, water, and ice  respond 
differently to changing climate. Due to the natural lags 
and buffers associated with the hydrologic system, 
continental climates tend to be significantly more 
dynamic in the face of annual and interannual 
variability than either oceanic or glacial climates. Of 
course, policymakers, funding agencies, and the public 
are most interested in how global climate change could 
be manifest in their particular region of interest. 

W h e re  t h e n  r e s t s  t h e  q ue s t  f o r  g r e a t e r  
understanding of the Earth's past climate? Climate is 
recorded in sedimentary systems, be they oceanic, 
lacustrine, or glacial. As such, the hard-won lessons of 
quantitative stratigraphy are essential to the accurate 
interpretation of the Earth's climatic history. Applying 
the techniques of stratigraphi c analysis to paleoclimatic 
data series has the potential to provide significant 
insight to both the nature of climate variability as well as 
the ways in which sedimentary systems record those 
changing conditions. From the time of William Smith, 
stratigraphy has been as much about the reconstruction 
of ancient climates as it has been about the detailed 
nuances of correlation. 
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