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Two CategoriesTwo Categories
–– Unstable Unstable –– isotopes that continuously and isotopes that continuously and 

spontaneously break down/decay  in other spontaneously break down/decay  in other 
lower atomic weight isotopeslower atomic weight isotopes

–– Stable Stable –– isotopes that do not naturally isotopes that do not naturally 
decay but can exist in natural materials in decay but can exist in natural materials in 
differing proportionsdiffering proportions



Stable IsotopesStable Isotopes

The absolute values of isotope The absolute values of isotope 
concentrations are usually too small to concentrations are usually too small to 
measure and compare accuratelymeasure and compare accurately

So the convention is to compare isotope So the convention is to compare isotope 
ratios of any given element to a standard ratios of any given element to a standard 
value for that element value for that element 
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Because Because 1212C bonds are weaker C bonds are weaker 
than than 1313CC bonds all natural bonds all natural 
processes will tend to fractionate processes will tend to fractionate 
one or the other  resulting in one or the other  resulting in 
enrichment or depletionenrichment or depletion
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In 1980 there was a large (80,000gal) gasoline In 1980 there was a large (80,000gal) gasoline 
spill from a service stationspill from a service station
Unusual large amounts of methane off gasses Unusual large amounts of methane off gasses 
were foundwere found
Borings showed the area was underlain by lake Borings showed the area was underlain by lake 
sediments and sawdustsediments and sawdust
**D (methane) plotted against D (methane) plotted against **1313C showed that C showed that 
the methane was coming from the sawdust and the methane was coming from the sawdust and 
not the methanenot the methane
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Oil spills were found at an industrial facility Oil spills were found at an industrial facility 
where crude oil was stored where crude oil was stored 
Natural seeps of oil and gas were also present Natural seeps of oil and gas were also present 
as well as numerous pipelinesas well as numerous pipelines
Large amounts of hydrocarbons, COLarge amounts of hydrocarbons, CO22, CH, CH44, H, H22
were present in the soilwere present in the soil
**D (methane) plotted against D (methane) plotted against **1313C (methane) C (methane) 
showed that the methane was coming from showed that the methane was coming from 
microbial fermentationmicrobial fermentation
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Isotope Geochemistry of BeerIsotope Geochemistry of Beer

When plants convert COWhen plants convert CO22 into sugars by into sugars by 
photosynthesis They use two different processes photosynthesis They use two different processes 
yielding sugars with 3 carbon atoms (C3 plants) yielding sugars with 3 carbon atoms (C3 plants) 
and 4 carbon atoms (C4) plantsand 4 carbon atoms (C4) plants
C3 plants are barley, rice, etc.C3 plants are barley, rice, etc.
C4 plants are corn, cane sugar, etc.C4 plants are corn, cane sugar, etc.
Each plant leaves its isotopic signatures  in the Each plant leaves its isotopic signatures  in the 
resulting beerresulting beer
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Gasoline IsotopesGasoline Isotopes

Gasoline from leaky service station tanks is a  Gasoline from leaky service station tanks is a  
frequent ground water contaminantfrequent ground water contaminant
I had a professor at Penn State who woke up one I had a professor at Penn State who woke up one 
night to a popping sound in his basement night to a popping sound in his basement 
It turned out to be gasoline leaking into his sump It turned out to be gasoline leaking into his sump 
pump from a leaky gas station up the hill from his pump from a leaky gas station up the hill from his 
house house 
The gasoline was exploding every time the pump The gasoline was exploding every time the pump 
came oncame on







Where Did the Oil Come FromWhere Did the Oil Come From



You Are What You Eat & DrinkYou Are What You Eat & Drink
The isotopic content of both food and water 
vary from place to place

People and animals eating and drinking in 
different places take on the isotopic signatures 
of their environment

Your travel history is in your hair, teeth, 
bones, etc



Isotopic Composition of Isotopic Composition of 
Water in the USAWater in the USA







Isotopic values Isotopic values 
from the hair of an from the hair of an 
Inca mummy The Inca mummy The 
sinusoidal sinusoidal 
variations are variations are 
thought to be thought to be 
related to seasonal related to seasonal 
variations (more variations (more 
corn in summer, corn in summer, 
etc.) etc.) 
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Research reported in ScienceResearch reported in Science
(31 Oct 2003) compared (31 Oct 2003) compared SrSr, , PbPb, O,, O,
and and ArAr isotopes from the icemanisotopes from the iceman
to the local geology and concludedto the local geology and concluded
that he originated within ~60 milesthat he originated within ~60 miles
of where he was found and that heof where he was found and that he
migrated through a number of localmigrated through a number of local
valleysvalleys

From where did the Ice Man From where did the Ice Man CommethCommeth??
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