
Railsback's Some Fundamentals of Mineralogy and Geochemistry

Marine isotope stages and substages
       The study of deep-sea cores, and specifically
the study of oxygen isotope ratios in foraminifera
in those cores, has revealed a consistent pattern
representing changes in the ocean-atmosphere
system through time.  Cesar Emiliani, who pub-
lished the first report of such isotopic data in 1955,
designated the major swings in his data as num-
bered stages, which are now commonly known as
“Marine Isotope Stages”.  Nicholas Shackleton, a 
prominent scholar of the history of the oceans and 
climate, explicitly subdivided Emiliani's Stage 5 
into lettered substages in a 1969 paper.  Thus
Quaternary time came to be divided into marine
isotope stages and substages.

As time passed, other researchers 
followed Shackleton's lead, if less explicitly, by 
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designating other peaks and troughs in various
isotopic time-series as substages.  However, this 
was done with little attention to consistency, and 
eventually any one interval of the record had 
been assigned to as many as five different sub-
stages in different papers.  In an effort to provide 
one consistent system, Railsback et al. (2015a) 
generated the scheme of marine isotope sub-
stages shown below.

The figure below is derived from Figure 3 
of Railsback et al. (2015a), which extends back to
MIS 28c at 1.0 mya.  The oxygen isotope data are
the LR04 stack of Lisiecki and Raymo (2005).
The Mid-Brunhes Shift is from Berger and Wefer
(2003), and the Early Brunhes Shift is from Rails-
back et al. (2015b).

The inverted scale puts higher temperatures and higher sea-level up, and lower temperatures and lower sea-level down.
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