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Stratigraphy, the study of layering in 
rock, ice, and sediment records, lies at the 
heart of the geological sciences. The lithol-
ogy, grain size, and texture of layered suc-
cessions, along with a host of measurable 
geochemical and geophysical parameters, 
record information about past environmen-
tal and geographic conditions. 

Despite the importance of stratigraphic 
records to Earth history, there is a dearth of 
accessible, user-friendly open-source soft-
ware for generating stratigraphic plots and 
analyzing stratigraphic data. Often, strati-
graphic logs and associated geochemi-
cal and geophysical data are assembled 
and plotted manually using multiple soft-
ware packages. The integrated stratigraphic 
data can then be cumbersome to analyze 
quantitatively. 

MatStrat is a software package designed 
to overcome these challenges that was ini-
tially developed for a freshman course enti-
tled “Earth’s Changing Surface and Climate” 
taught by Frederik Simons and Adam Maloof 
at Princeton University. Introductory geol-
ogy courses often rely on qualitative anal-
ysis of visual patterns; students might be 
asked to look at an outcrop and observe the 
arrangement of layers of varying colors and 
textures. This course additionally trained 
students to make stratigraphic measure-
ments in the field, compile these data in a 
spreadsheet, perform a battery of quantita-
tive analyses, and present small hypothesis-
driven research projects. Course instructors 
realized the utility of a precise stratigraphic 
plotting environment for their own research 
and along with a graduate of the course and 
other collaborators developed MatStrat to 
take advantage of the built-in mathemati-
cal and graphical capabilities in MATLAB®. 
With this in mind, MatStrat was designed for 
a range of users from undergraduates to pro-
fessional researchers for scientific analysis 
and display (see Figure 1).

Importance of Stratigraphic Records

Stratigraphic data sets are unique 
because they preserve temporal records of 
environmental change like a tape recorder 
(although intermittent if gaps in deposition 
or preservation occur), placing individual 
geologic observations into a time-ordered 
framework.

As just one example, the Paleocene- 
Eocene thermal maximum (PETM; ~56 mil-
lion years ago) may represent the closest 
ancient analogue to modern climatological, 
oceanographic, and biological responses 
to rapid release of carbon to the atmo-
sphere [e.g., Zachos et al., 2008]. However, 
without the stratigraphic context of Ocean 

Drilling Program (ODP) cores, proxies asso-
ciated with various aspects of the climate-
biosphere system could not be interpreted 
simultaneously to determine correlation 
and cause- and- effect relationships. Detailed 
sampling of the cores has provided prox-
ies for paleoenvironmental setting (lithol-
ogy, grain size, sedimentary structures), 
sediment sources and oxidation- reduction 
conditions (X-ray fluorescence (XRF), rock 
magnetism), carbon release (carbon isotope 
ratios (δ13C) in organic matter and carbon-
ate shells), and ocean temperature change 
(oxygen isotope ratios (δ18O) in carbonate 
and phosphate minerals), to name a few. A 
multiproxy approach permits the analysis 
of a matrix of diverse but stratigraphically 
linked data sets. The relative continuity of 
time series generated from the stratigraphy 
allows for identification of periodic signals 
in some proxy records, astronomical tuning 
of these signals, and the best estimates cur-
rently available for the timing and duration 
of the PETM. 

The same arguments for the importance 
of multiproxy stratigraphic records can be 
made for understanding virtually all of the 

events in Earth history (e.g., mass extinc-
tions, ice ages, changes in the global car-
bon cycle) that were important for shap-
ing the Earth as it is known today and that 
are crucial for providing context to modern 
processes and future predictions. For these 
reasons, a method to translate complex 
field and laboratory data into computer- 
generated, spatially detailed stratigraphic 
columns would be a powerful tool for anal-
ysis and interpretation in geoscientific 
studies. 

Input and Graphical Output

MatStrat is designed to read spreadsheets 
containing physical stratigraphic (lithol-
ogy, grain size, sedimentary structures, 
etc.), biostratigraphic, geochemical (δ13C, 
δ18O, strontium isotope ratios (87Sr/86Sr), 
trace element concentration, etc.), and geo-
physical (paleo magnetic, rock magnetic, 
gamma ray, resistivity, XRF intensity, color, 
density, etc.) data. Using the template pro-
vided, data may be prepared in any spread-
sheet application, exported as a comma- 
separated value (.csv) file, and imported 
directly into MatStrat.

MatStrat generates highly customizable, 
organized stratigraphic logs and allows 
the user to plot multiple vertically aligned 
graphs, permitting viewers to easily visual-
ize stratigraphic correlations in their data, 

New Software for Plotting 
and Analyzing Stratigraphic Data

Fig. 1. Example output plot (Figure 1a) of a stratigraphic log generated using the MatStrat graphi-
cal user interface (Figures 1b and 1d) for a stratigraphic record of shallow-water carbonate 
sediments and carbon isotope data (δ13C) spanning the earliest Cambrian evolution of animals 
[Maloof et al., 2010]. Statistics generated by MatStrat (Figure 1b) are printed in Figure 1c. The 
central vertical bar code in Figure 1a shows output from the Markov chain modeling tool (Fig-
ures 1b and 1e) for each occurrence of a dolostone wavy laminite to microbialaminite couplet. 
The power spectrum (Figure 1b) and 95% confidence interval for the δ13C data are depicted in 
Figure 1f, showing the relative contribution of different frequencies (inverse meters, m-1) to the 
data, which can help in identifying periodic signals within the stratigraphy.
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as in Figure 1a. Any associated geochemi-
cal and geophysical measurements can be 
plotted on an unlimited number of adja-
cent subplots. Graphical interfaces allow 
users to easily design and save templates 
that link their stratigraphic data to specific 
layer widths, colors, and background pat-
terns (Figures 1b and 1d). Output plots may 
be interrogated and modified interactively 
within MATLAB® and exported in standard 
image formats.

Quantitative Tools

Organization of combined stratigraphic 
data using object-oriented programming 
facilitates the determination of quanti-
ties such as the average isotopic composi-
tion of a particular layer type or the per-
cent change in abundance of a particular 
grain size with stratigraphic height (Fig-
ure 1c). Users can evaluate recurring pat-
terns within the stratigraphy using a Markov 
chain tool (whereby the next state depends 
on any number of past states) to com-
pute the empirical likelihood of transitions 
between any stratigraphic property of inter-
est (Figures 1a and 1e). For example, one 
could determine the frequency with which 
a sandstone will follow a shale layer and 

depict the distribution and thicknesses of 
such couplets on a stratigraphic plot. 

Users can also interrogate their strati-
graphic data for periodic signals using a 
basic tool for one-dimensional multitaper 
spectral analysis (Figure 1f), which can 
help to identify the presence and origin 
of recurring patterns in the stratigraphy. 
Generated spectral estimates include 95% 
confidence intervals, allowing the user to 
quickly evaluate the significance of any 
spectral peaks.

Rapid Generation  
of Publication-Quality Products

MatStrat provides a means of precisely 
plotting geochemical and geophysical 
data in conjunction with integrated strati-
graphic logs. Basic analysis tools allow 
users to quickly assess large multidimen-
sional data sets with statistical measures, 
Markov transition probabilities, and power 
spectral analyses. The functionality of Mat-
Strat has relevance to a number of fields in 
the geosciences where ice, rock, and sedi-
ment records are utilized. Developers of 
this product hope that MatStrat will pro-
vide the means for the burgeoning num-
ber of stratigraphers, Earth historians, and 

educators to quickly and easily generate 
publication-quality graphical and numeri-
cal stratigraphic products. MatStrat is freely 
available for download at http://  matstrat 
. princeton .edu.
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U.S. president Barack Obama emphasized 
innovation and competitiveness in his State 
of the Union address on 25 January. He also 
raised science and technology early in the 
hour-long speech, noting that nations like 
China and India are focusing on math and 
science education and investing in research 
and technology. To be competitive with those 
countries, “we need to out-innovate, out-
educate, and out-build the rest of the world,” 
Obama said. “The first step in winning the 
future is encouraging American innovation.”

He called for renewed investment in sci-
entific research. “This is our generation’s 
Sputnik moment,” he declared. “Two years 
ago, I said that we needed to reach a level 
of research and development we haven’t 
seen since the height of the Space Race. 
In a few weeks, I will be sending a budget 
to Congress that helps us meet that goal. 
We’ll invest in biomedical research, infor-
mation technology, and especially clean 

energy technology—an investment that will 
strengthen our security, protect our planet, 
and create countless new jobs for our 
people.”

Although Obama also proposed freez-
ing discretionary government spending for 
5 years to cut the deficit, he said that that 
should not be done at the expense of inno-
vation. “Cutting the deficit by gutting our 
investments in innovation and education 
is like lightening an overloaded airplane 
by removing its engine,” Obama said. The 
president’s proposed budget for fiscal year 
2012 is due to be released in mid-February. 
Eos will report on the budget when it is 
released.

Obama also called for developing clean 
energy, setting a goal of having 80% of Amer-
ica’s electricity come from clean energy 
sources by 2035. A variety of energy sources 
must be part of the clean energy mix, Obama 
said. “Some folks want wind and solar. Oth-
ers want nuclear, clean coal, and natural 
gas. To meet this goal, we will need them 

all.” However, hours before the State of the 
Union address, the White House announced 
that Obama’s energy and climate czar, Carol 
Browner, would leave the position; it was not 
announced at the time whether she would be 
replaced. 

Improving science education is an impor-
tant part of enhancing American innova-
tion and competitiveness, Obama said, not-
ing that “the quality of our math and sci-
ence education lags behind many other 
nations.” 

In his speech, Obama set a goal of pre-
paring 100,000 new teachers in science, 
technology, engineering, and math over the 
next 10 years, as many classroom teachers 
are reaching retirement age. 

Obama emphasized the need to inspire 
students to study science. He declared, “We 
need to teach our kids that it’s not just the 
winner of the Super Bowl who deserves to 
be celebrated, but the winner of the sci-
ence fair.” The president has previously 
shown an interest in science education, 
including when he honored students at the 
White House Science Fair in October 2010 
(see Eos, 91(43), 395, 2010). Several partici-
pants in that fair were among those invited 
to attend the State of the Union address 
as guests seated near First Lady Michelle 
Obama. 

—ernie TreTKoff, Staff Writer
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