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Course Outline 
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TREE RINGS (Dendrochronolgy) 

• Tree ring dating is based on a simple and seemingly 

straightforward notion that every year a tree forms one 

ring in the wood that it creates as it grows.  All one has 

to do to determine the age of the tree, to a fairly good 

estimate at least, is count the rings.  

 

• The first scientist to really start doing this as a serious 

means of dating things was Andrew Ellicott Douglass 

(1867-1962). Douglass was an American astronomer 

who is now generally credited with being the "Father of 

Dendrochronolgy".   
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TREE RINGS (Dendrochronolgy) 
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Increment Borers remove a core sample of wood without 

damaging the tree. 
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Close up view of wood core taken from tree.   Rings 

are counted in the core sample. 
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• Edmund Schulman 

(1908-1958), from 

the University of 

Arizona, took up the 

notion of tree ring 

dating and in the 

process made 

Bristlecone pines 

famous. Schulman 

studied these very 

old tree for over 30 

years (primarily in 

the White Mountains 

at elevations 

between 9,500 to 

11.500 ft).  
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• The living trees could be dated as far back as 4,700 

years. The Methuselah Tree is has around 4,767 rings, 

making it the oldest living thing on Earth)  

 

• Then came Charles W. Ferguson starting about 1967 

studying Bristlecone pines. It was Ferguson who noticed 

that the dead wood scattered on the surrounding slopes 

did not match the existing ring patterns of the living 

trees. This mismatch seemed to create a gap in time 

between the living and dead wood.   
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• The way such gaps are breached is also rather simple 

and straight forward in theory.  All one has to do is find 

matches in the pattern of the tree rings found in the living 

trees as well as the dead trees.  This overlap is used to 

create a sequence that links up different pieces of wood 

to make a longer sequence.  This method is what was 

used to create the Bristlecone pine sequence  
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• Ferguson was eventually able to construct a continuous 

tree ring record reaching as far back as 8,680 years 

before present (B.P.). Then, during the 1980s, Ferguson 

was able to extend this continuous sequence back to 

about 11,300 years B.P., using radiocarbon dating to 

help with the validation process.    
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COMPLICATING FACTORS FOR TREE RING DATING 

• Certain studies have shown that occasionally Bristlecone 

pines do not produce a ring for a given year and, more 

commonly, produce an extra ring during some years. 

Lammerts (1983) found extra rings after studying the 

development of Bristlecone saplings. He suggested that 

the existing chronology should be compressed by up to 

20% because of this problem alone.  
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COMPLICATING FACTORS FOR TREE RING DATING 

• A great deal of subjective interpretation is required to 

judge between true and false rings and true and false 

pattern matches between different pieces of wood.  For 

estimating the ages of trees that are still living, this 

doesn't seem to be a significant problem, but when it 

comes to matching up wood from different trees, to 

create an extended overlapping chronology, the 

problems become a bit more difficult to overcome. 
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COMPLICATING FACTORS FOR TREE RING DATING 

• Yamaguchi recognized that tree rings tend to "auto 
correlate" or actually cross-match with each other in 
several places within a tree-ring sequence.  

• Yamaguchi found 113 different matches having a 
confidence level of greater than 99.9%. For example, 
Yamaguchi demonstrated that his log could cross-match 
with other tree-ring sequences to give t-values of around 
5 at AD 1504 (for the low end of the ring age), 7 at AD 
1647 and 4.5 at AD 1763. That means that this particular 
piece of wood could be dated to be any one of those 
vastly different ages to within a 99.9% degree of 
confidence.  (Note t-values above 3 are considered high 
confidence.) 
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COMPLICATING FACTORS FOR TREE RING DATING 

• Changing climatic conditions also seems to play havoc 

with the reliability of tree ring matching.  
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Glaciers as records of climate 

• Ice cores:  

– Detailed records of 

temperature, 

precipitation, volcanic 

eruptions, etc. 

– Go back a few hundred 

thousands years 
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ICE CORES DATING AND CLIMATE INFORMATION 

• An ice core is a core sample that is typically removed from an ice 

sheet, most commonly from the polar ice caps of Antarctica or 

Greenland or from high mountain glaciers elsewhere.  

• Ice core analysis is a fairly new science; the first deep cores were 

drilled in the 1960s. Although not reaching back deep into geologic 

time, ice cores do represent times long before humans began to 

influence the environment, and are therefore very valuable.   

• Ice core dating can be compared to tree ring dating for simple 

cases.  Layers can be visually distinguished in ice. Shallow cores, or 

the upper parts of cores in high-accumulation areas, can be dated 

exactly by counting individual layers, each representing a year.   

• Ice cores also provide significant information about historical climate 

changes and other natural events such as, precipitation, chemistry 

and gas composition of the lower atmosphere, volcanic eruptions, 

solar variability, desert extent and forest fires. 
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Methods of Dating Ice Cores 

• Ice layers may be also be distinguished by the following 

techniques: 

– They may be visible; light and dark bands 

– They may be chemical; related to differential transport 

in different seasons 

– They may be isotopic; reflecting the annual 

temperature signal 
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Methods of Dating Ice Cores 

• VISUAL DETERMINATION 

– Layers can be visually distinguished in ice. Shallow 

cores, or the upper parts of cores in high-accumulation 

areas, can be dated exactly by counting individual 

layers, each representing a year, and sometimes only a 

single season.  

– The width of a layer reduces with depth of the core as 

the ice compacts under the weight of layers 

accumulating on top of it. Deeper into the ice the layers 

thin and annual layers become indistinguishable.  
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Chemical Methods of Dating Ice Cores 
 

• Many materials can appear in an ice core. Layers can be 
measured in several ways to identify changes in 
composition 

– Using volcanic eruptions as Markers  

• Marker: volcanic ash and chemicals washed out of 
the atmosphere by precipitation  

• use recorded volcanic eruptions to calibrate age of 
the ice-core 

• must know date of the eruption  

–  Dust in the core can be linked to increased desert 
area or wind speed. 

– Ash can be linked to forest fires 
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Isotope methods of dating ice layers 

• We need to take a tangent to explain isotopes since it will be a vital 

part of all additional dating techniques. 
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Basic Terms 

• Atom – a group of particles composed of two main parts: electrons 

and the nucleus 

• Electrons – negatively charged particles which form the outer, 

mostly empty, portion of an atom.  Different numbers of electrons 

change the charge of the atom and are responsible for most 

chemical reactions. 

• Nucleus – relatively densely packed inner portion of the atom.  

Composed of positively charged protons and generally uncharged 

neutrons. 

• Element – A single type of matter, gold is an element, as is lead, 

copper, carbon, argon and hydrogen for example. 
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Basic Terms Continued 

• An element is defined by the number of protons in the nucleus. 

– Hydrogen ALWAYS has one proton and Carbon ALWAYS has 6 

protons. If there is a change in the number of protons it is a 

different element. 

• The number of electrons and neutrons can and does change without 

changing the identity of the elemental atom. 

• A change in the number of electrons changes the electrical charge  

of the atom. 

• A change in the number of neutrons makes a different isotope 

of the same element.  
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All of the nuclei pictured here are the element Hydrogen, because 

they all contain a single proton, but each is a different isotope of 

Hydrogen, because they contain different numbers of neutrons. 
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Isotope methods of dating ice layers 

 

 16O (Light Element) 

18O (Heavy Element) 

Chemical and Biological processes  

can sort the light elements from the  

heavy elements 
Fractionation 
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Isotope methods of dating ice layers 

 

• Oxygen18 and Oxygen 16 are stable isotopes of Oxygen.   They 

differ only in the number of neutrons in the nucleus of the atoms.    

• Modern Oxygen-18/Oxygen-16 ratio:   1:500 

 

• Evaporation: lighter water containing 
16

O  evaporates more easily 

from a water body resulting atmospheric H2O vapor is poorer in 

Oxygen-18  than oceanic water. 

• Condensation: heavier water molecules containing 
18

O are 

precipitated faster than lighter 
16

O 

 

• So: coldest snow is lightest (less heavy 
18

O    isotopes, more lighter 
16

O isotopes) 
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18
O/

16
O ratio: “delta Oxygen-18” 

• Stable isotope ratios are expressed as parts per 

thousand (per mil – ‰) relative to a standard  

 

• Ratio expressed as deviation of 
18

O from the Standard 

Mean Ocean Water ratio (SMOW) 
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Evaporative Fractionation 

Water vapor d18O? 

Precipitation will be 

depleted in 18O relative 

to the standard (ocean 

water) 

 

  

Negative d18O 
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Isotope methods of dating ice layers 

 

• The process is dependent on temperature, so snow that 

falls in the winter is enriched is Oxygen-16. Thus, ice 

cores can provide a dating chronology. Each annual 

layer begins Oxygen-18 rich, becomes Oxygen-18 poor, 

and ends Oxygen-18 rich again.  

 

• Summer (warmer) and winter (colder) periods in glacial 

ice can be observed as long as the delta Oxygen-18 

ratio is locked into the ice 
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Isotope methods of dating ice layers 

• Beryllium is a radioisotope generated by cosmic 

radiation interacting with atmospheric Oxygen atoms.  

The Beryllium minerals are washed from the atmosphere 

by snow and rain.   

 

• Cosmic radiation can be modulated by the intensity of 

solar activity 

 

• Therefore Beryllium-10 concentrations found in ice 

layers are linked to cosmic ray intensity which can be an 

indicator for variability of solar strength during various 

periods of time such as glaciation periods. 
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How do we reconstruct past climate from ice 

cores? 

• Oxygen Isotope analysis: 

– In addition to marking annual summer and 

winter seasons isotope analysis can also 

give clues about cold eras and warm eras 
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Delta Oxygen-18 and temperature 

• Temperature affects Oxygen-18/Oxygen-16 ratio: 

 

–  colder temperatures  more negative values for the 

delta 18O  

– warmer temperatures  delta 18O values that are less 

negative (closer to the standard ratio of ocean water) 

– Therefore, Isotopic analysis of the ice in the core can 

be linked to temperature and global sea level 

variations.  
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Temperature reconstructed from Greenland Ice core 
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How far back do records go? 

• Greenland: the last 100,000 years 

• Antarctica: record going back 400,000 years has been 

reconstructed  
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Climate Analysis 

 

• Analysis of the air contained in bubbles trapped in the ice can reveal 

the composition of the atmosphere in early history- in particular CO2 

variations  

 

• Ice core records are most applicable to the study of greenhouse gas 

concentrations. They are in fact the most detailed record available.  

 

• Data from 1999 measured the historical record of temperature 

variations and atmospheric concentrations of CO2, methane and 

other greenhouse trace gases (GTG) back to 420,000 years before 

present (BP).  The ice cores were drilled to over 3,600 meters.  This 

is just over 2.2 miles deep.  These new data double the length of the 

historical record.  
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Climate Analysis 

• The main significance of the new data lies in the high correlation 

between GTG concentrations and temperature variations over 

420,000 years and through four glacial cycles.  However, because of 

the difficulty in precisely dating the air and water (ice) samples, it is 

still unknown whether greenhouse trace gas (GTG) concentration 

increases precede and cause temperature increases, or vice versa--

or whether they increase synchronously.  It's also unknown how 

much of the historical temperature changes have been due to 

GTGs, and how much has been due to, increases in solar radiation, 

or perhaps long-term shifts in ocean circulation.   
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COSMOGENIC NUCLIDES AND DATING 

• Cosmic rays consist of normal matter that have been accelerated to 

near light speed by shock waves produced from supernovae in the 

Milky Way.  This matter is ionized, having been stripped of its 

electrons, and consists of protons, neutrons, and subatomic 

particles. 

• Approximately 3 supernovae occur in the galaxy each century to 

yield a fairly constant source of this material interacting with the 

earth throughout geologic time. 

• Cosmic ray flux is believed to be fairly constant for time spans of the 

past million years. 
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COSMOGENIC NUCLIDES AND DATING 

• Cosmogenic nuclides are produced by the interaction of 

cosmic rays on the nuclei of atoms in the Earth's 

atmosphere and on rocks and minerals at the Earth's 

surface. 

 

• I have already mentioned Beryllium-10 (a result of 

cosmic ray neutron capture by atmospheric oxygen and 

fragmentation to Be-10) as a radionuclide found in ice 

cores used as an indicator for solar activity 

 

• Carbon 14 is also produced in the atmosphere by the 

interaction of cosmic rays with Nitrogen gas.   I will deal 

with C-14 dating in the next lecture. 
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Basic Terms Continued 

• An element is defined by the number of protons in the nucleus. 

– Hydrogen ALWAYS has one proton and Carbon ALWAYS has 6 

protons. If there is a change in the number of protons it is a 

different element. 

• The number of electrons and neutrons can and does change 

without changing the identity of the elemental atom. 

• If the number of protons changes then the identity of the elemental 

atom changes 

• A change in the number of electrons changes the electrical charge  

of the atom. 

• A change in the number of neutrons makes a different isotope 

of the same element.  
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All of the nuclei pictured here are the element Hydrogen, because 

they all contain a single proton, but each is a different isotope of 

Hydrogen, because they contain different numbers of neutrons. 
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Basic Terms Continued 

• Different isotopes of an element have different physical 

properties --in this discussion, different isotopes of an element 

have different levels of stability. 

• A stable isotope will not change into another isotope or 

element under normal circumstances. 

• An unstable isotope will change into another isotope of the 

same element or into another element  within a statistically 

determined time (the number of protons has changed). 

• There are various levels of stability found in isotopes, 

resulting in different periods of time that the unstable isotope 

will exist.   

• Isotopes that change into other isotopes or different elements 

by emitting radiation are called radioisotopes. 



44 

Basic Terms Continued 

• Radioactive decay does not happen all at once.  A certain 

percentage of the quantity of the radioisotope will decay over 

a period of time.  The time that it takes for half of the original 

mass of the radioisotope to decay is called the half-life of the 

isotope.  If the original mass is 1000 grams, at one half-life in 

time there will be 500 grams of the radioactive material 

remaining. At two half-lives, there will be 250 grams 

remaining. 
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Half-life seen graphically 
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Terrestrial Cosmogenic Nuclides 

• When cosmic 

rays interact 

with the earths 

surface they 

penetrate from 

a few 

centimeters to 

no more than 

two meters 

before they are 

stopped. 
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Terrestrial Cosmogenic Nuclides 

• There are four main phenomenon that can affect incident 

cosmic ray density. 

– fluctuations in the geomagnetic field   

– changes in atmospheric shielding,  

– modulation of cosmic ray flux due to changing solar 

activity (solar wind reduces incident cosmic radiation 

therefore the 11 year solar cycle of the sun must be 

accounted for in calculations.) 

–  variations in the primary galactic cosmic ray flux. 
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Terrestrial Cosmogenic Nuclides 

• The production of cosmogenic nuclides at the 

earth’s surface are dependant on: 

– Intensity of incident radiation (already discussed) 

– Concentration of target nuclides 

– Surface orientation  (area exposed) 

– Chemical structure of exposed minerals (calcite forms 

six fold Be-10 than quartz) 
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Terrestrial Cosmogenic Nuclides 

• Using radiometric dating techniques to solve problems in 

recent geological history (quaternary geology ~2 million 

years) was not possible until twenty years ago (late1980’s) 

with the advent of commonplace accelerator mass 

spectrometers. 

 

• Accelerator mass spectrometry (AMS) differs from other 

forms of  mass spectrometry in that it accelerates ions to 

extraordinarily high kinetic energies before mass analysis. 

The special strength of AMS among the mass spectrometric 

methods is its power to separate a rare isotope from an 

abundant neighboring mass ("abundance sensitivity", e.g. C-

14 from C-12, Be-10 from Be-9, etc). 
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Terrestrial Cosmogenic Nuclides 

• Extremely small quantities of cosmogenic nuclides are generated 

by cosmic rays on the order of 5 to 100 atoms per gram of rock 

per year of exposure. 

• Cosmogenic nuclide production on a rock formation can be 

estimated from the fact that the radioactive decay of cosmogenic 

nuclides at a certain old non-eroded surface will reach 

saturation equilibrium after about 5 half-lives of the nuclide being 

analyzed.  (That is decay rate will equal the creation rate due to 

incident radiation).   

• The amount of time passed from a recently exposed formation 

can then be estimated by relating the total concentration of the 

radionuclide measured at a surface of the formation in question 

to the concentration of nuclides of similar formation exposed to 

radiation for five half-lives of the same nuclide. 
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Requirements for dating landforms 

• In order for a landform to be precisely dated using surface exposure 

cosmogenic nuclide techniques, the exposed surface must be 

rapidly positioned with no further movement after the event causing 

the new position.   

 

• It is important that the newly position landform came from a depth 

below the earth’s surface where cosmogenic irradiation did not 

penetrate. 

 

• If erosion removes top layers of a surface exposure over time this 

will result in underestimates of productions rates, since the topmost 

layers, those containing the greatest abundance of cosmogenic 

nuclides, are no longer present. 
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Terrestrial Cosmogenic Nuclides 

• To date, cosmogenic nuclide dating has proven useful in 

determining erosion rates and in dating landforms such 

as landslides, lava flows, glacial moraines, alluvial 

landforms and faults. 
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Terrestrial Cosmogenic Nuclides - Complications 

• The biggest problem with cosmogenic nuclide dating is 

the lack of knowledge about the variability of nuclide 

production rates throughout time and space. Many early 

studies have shown double digit percentage variations 

between result sets.  
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• Optically Stimulated and Thermo luminescence 

(OSL and TL) Dating 
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Thermo luminescence Dating 

• Thermo luminescence dating is very useful for determining the age 
of pottery. Thermo luminescence dating has the advantage of 
covering the time interval between radiocarbon and potassium-
argon dating, or 40,000–200,000 years. In addition, it can be used to 
date materials that cannot be dated with these other two methods. 

 

• How Does it Work 

– Cosmic Rays not only create radionuclides in surface material 
they also excite electrons from the atoms in flint, quartz or 
feldspars and other minerals in pottery clay.  

– All natural crystalline minerals contain imperfections within the 
crystal lattice.   Some of the excited electrons become trapped 
in the areas of imperfection in the crystal lattice. 

– The longer that an crystal has been exposed to radiation, the 
greater number of trapped excited electrons will exist in the 
crystal. 
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Thermo luminescence Dating 

• How Does it Work continued 

– High heat (between than 350 to 500 degrees C) or intense light 

will release the trapped excited electrons, which then return to 

ground state and release photons of light. 

– This tiny bit of light can be multiplied  and  quantified on very 

sensitive equipment.  
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Thermoluminesence Dating Process 

• In the process of making a ceramic vessel, the soft clay 

vessel must be heated in a kiln to harden it. The process of 

firing the vessel releases the trapped electrons (energy), and 

resets the thermo luminescence clock to zero.  

• The process of accumulation of excited electrons (energy) 

begins after it cools and the material is again exposed to 

normal cosmic radiation. 

• The accumulated excited electrons are again released when 

heating occurs every time the ceramic vessel is reheated 
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Thermo luminescence Dating 

• What an archaeologist would be able to measure using this 

technique is the amount of time since the last time the vessel 

was heated - either at the time the vessel was first fired or the 

last time it was heated if it was used as a cooking vessel 

 

 

• In the laboratory, the release of electrons can be induced 

through heating or the use of a laser beam. The intensity of 

the light emissions (luminescence) can be measured to 

determine the number of years that has passed since the 

vessel was last heated and the present laboratory heating of 

the vessel.  
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Thermo luminescence Dating 

1. This method also does not take into account any significant 

changes that may have occurred over the years to the sample 

or its environment.  

2. Results are best if a number of samples from the same area 

or archaeological dig can be compared. There can be a fairly 

large margin of error in this method, which is why it is best to 

corroborate the results with other dating methods if possible. 
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Optically Stimulated Luminescence (OSL) Dating 

• Optically Stimulated Luminescence Dating is very similar to Thermo 

luminescence Dating 

– In both techniques crystalline material is excited by radiation and 

excited electrons are trapped in crystal imperfections in the 

lattice.  The difference is the electrons are brought back down to 

ground state by light irradiation rather than heating. 

 

• Optically Stimulated Luminescence can be conducted on quartz or 

feldspar crystals. Both are very common in sand and generally in the 

crust of the earth. 

• On quartz, the crystal is exposed to blue or green light and the 

luminescence is measured in the near ultraviolet. 

• On feldspar, the crystal is exposed to near infrared light and the 

luminescence is measured in violet light.  
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• Thermo luminescence on a single grain of crystal (selected 

from a large sample by the dating lab) is the most accurate of 

these two methods.  
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Radiometric Dating   
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Selected types of Radiometric dating to be discussed 

• Radiocarbon: Used for things that were once alive, including 

organic decay products like Humates and carbonates. Age 

range: pre-aboveground atomic bomb test (1952) to ~40000 

year ago and post-atomic bomb (1952) to modern. 

• Argon dating (Potassium/Argon) Used to date igneous rocks 

(rocks that formed directly from the molten state) as well as 

some metamorphic rocks (rocks that have been changed by 

heat and/or pressure) Used to great effectiveness in bracket 

dating pre-humans in volcanic regions.  

• Uranium lead dating:  Generally used on the element Zircon 

though other elements can be used.  Age range: 10 million 

years ago to 4.5 billion years.  Not used for archaeology.  

Commonly used in dating geologic events. 
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Radiocarbon dating (C-14) 

• Only three of the Carbon isotopes occur in the natural world: 

C-12, C-13, and C-14 

• Carbon-12 And Carbon-13 are stable, with nearly 99 percent 

of the carbon in the world being the Carbon 12 isotope and 

nearly 1 percent being Carbon 13. 

• There is about one Carbon-14 atom for every 850 billion 

Carbon 12 atoms in the atmosphere. 
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Where does 14C come from 

• Carbon 14 is formed when a neutron in the cosmic radiation in the 
upper atmosphere impacts a Nitrogen 14 atom and dislodges a 
proton forming carbon 14. (cosmogenic radionuclide) 

 

 

 

 

 

 

 

 

 

 

• This is an ongoing process, generating a relatively stable 
percentage of Carbon 14 atoms in the atmosphere. 
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Why is C-14 radioactive or unstable 

• Stable carbon-12 has six protons and six neutrons.  

• Stable nitrogen-14 has seven protons and seven neutrons.  

• Stable oxygen-16 has eight protons and eight neutrons.  

• But C-14 is not so well balanced. It has six protons and eight 

neutrons, which makes it unstable. Sooner or later, one of the 

neutrons spits out an electron, beta particle, and becomes a proton. 

This gives it seven protons and seven neutrons, which makes it the 

stable element nitrogen.   

 

 

 

 

 

• The source of a beta particle is the nucleus. 
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Half Life 

• One cannot predict exactly when a particular C-14 atom will emit an 

electron and turn into N-14, but the statistics are very predictable. 

Given a large number of C-14 atoms, we can say with a high degree 

of confidence that half of them will turn into N-14 in 5,730 years. 

This is called the half life because half of the C-14 will disappear. 
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Carbon-14 gets absorbed into the atmosphere 

• Atomic carbon is very reactive.   With all the oxygen in the 

atmosphere the newly formed C-14 will react with the oxygen 

to form Carbon Dioxide, CO2. 

 

• C-14  +  O2     14CO2 
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Carbon-14 gets absorbed into our bodies 

• As long as a plant is alive, it takes carbon dioxide from the air 

and water from the ground and converts them into sugar. Since 

about 0.00000006% of the carbon in the carbon dioxide it 

breathes is C-14, about 0.00000006% of the carbon atoms in 

the sugar it builds will be C-14.   

• Animals eat plants to get the sugar they need to survive. Since 

a fixed % of the carbon they get from sugar is C-14, the same 

fixed % of the carbon in their muscles, bones, fat, etc. will be C-

14.  When a plant or animal dies, no new carbon atoms are 

acquired.  
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Carbon-14 is incorporated into all living things. 

• All living things are composed of this same fraction of the 

isotopes of carbon. 

• When an organism dies, it is no longer taking in the carbon 

and the decay clock on the radiocarbon begins. 

• The longer the time that has past since an organism has died, 

the smaller the percentage of radioactive carbon will remain in 

whatever is left of the organism. 
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Carbon-14 gets absorbed into our bodies 

• For example, the wooden boards used to make King Tut’s 

coffin are not acquiring any more carbon of any kind today. 

But the 14C in those boards is slowly decaying into nitrogen 

(14N). So, when a scientist takes a sample of King Tut’s coffin 

and measures the ratio of C-14 to C-12, the ratio will be lower 

than it was when the wood was alive because about 33% of 

the 14C atoms in it have turned into 14N.  

•  Obviously then, if the original ratio is known and the current 

ratio is known, the time involved can be easily calculated 

based on the known half-life of C-14.    
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Measurement of Carbon-14 

• Originally, radiocarbon dating was conducted by counting samples, 

in a liquid scintillation counter.  

• The radioactive emissions are measured over a period of time. The 

quantity of Carbon-14 remaining in the sample is calculated. The 

ratio of C-14 to C-12 is calculated and from the ratio the age of the 

sample is determined.  

• This method generally requires over a gram of carbon.  The method 

also takes time because you have to wait for a statistically significant 

number of decays to occur (about 10,000 decays) before a trusted 

value is obtained 
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Measurement of Carbon-14 

• Liquid scintillation counting is conducted by dissolving the sample in 

a special solution that becomes chemically excited when energetic 

radioactive particles pass through it.    

• The excited solution then emits light.  The emitted light is detected 

and the signal multiplied and recorded.  

• The number of pulses measured indicates the quantity of 

radioactivity present. 

• The brighter the light corresponds to the amount of energy in the 

decay and indicates what isotope is being counted.  

• This method requires a large sample and returns fairly broad time 

periods for an age of the sample (plus or minus around 90 to 150 

years).  
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Measurement of Carbon-14 

 

• Accelerator Mass Spectrometry (AMS) counts the actual numbers  

of atoms of each isotope, (it does not have to wait for them to decay) 

and requires only very small samples (>0.0002 grams of processed 

carbon, or about 0.001 grams of field sample), and returns very 

precise ages for the sample (plus or minus 15 to 30 years). 

 

• The disadvantage is, Accelerator Mass Spectrometers are very, 

very, very expensive!!!! 
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How Accelerator Mass Spectrometers work 

• The Carbon sample is placed on a sample wheel, where a Cesium 

plasma ion beam turns the sample into atoms (it knocks off the 

electrons and other bonded atoms). 

• Powerful magnets pull the atoms into the accelerator, then strip all of 

the non-carbon atoms from the plasma, and send a beam of carbon 

atoms through a series of bends.   

• Due to the different atomic weights of the isotopes, they will deflect 

at different angles and be received at different detectors. 

• The detectors count the impact of the different isotopes and 

establish the ratio of each. The age of the sample is then 

straightforward math. 
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Schematic of Accelerator Mass Spectrometer 
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Potential Problems #1 

• The assumption one has to make when computing C-14 dates 

is that the ratio of 14C to 12C is essentially the same today as 

it was when the organic material we are dating - died. 

 

• Certainly this is the assumption that scientists must make, but 

is this a valid assumption?   

 

• Is there evidence that may undermine the validity of this 

assumption?    
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Potential Problems 

• Data indicate that the ratio of  14C to 12C is not in equilibrium at all 

but is increasing and is known to have fluctuated significantly 

throughout history.  
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Equilibrium  what does it mean. 

• Lets start a mind experiment using radioisotopes of SW14 which has a 
half life of 1 year.  Each year 1,600 isotopes of SW14 are created in 
the atmosphere.  

 

– Year 0 1,600 

– Year 1 1,600 + 800 (1/2 of 1,600)  = 2400 

– Year 2 1,600 +1200 (1/2 of 2400)  = 2800 

– Year 3 1,600 + 1400 (1/2 of 2800)  = 3000 

– Year 4 1,600 + 1500 (1/2 of 3000)  =  3100 

– Year 5 1,600 + 1550  (1/2 of 3100) =  3150 

– Year 6 1,600 +  1575 (1/2 of 3150)  = 3175 

– Year 7 1,600 +  1587 (1/2 of 3175)  = 3187 

– Year 8 1,600 +  1594 (1/2 of 3187)  = 3194 

– Year 9 1,600  + 1597 (1/2 of 3194)  =  3197 

– Year 10 1,600  + 1599 (1/2 of 3197)  =  3199 

 

• Equilibrium is reached when the production of SW14 equals the decay 
of SW14. 
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Potential Problems 

• The changes in isotope ratio could indicate that not enough time has 

passed for equilibrium to have been reached. 

 

• Or that equilibrium has been disturbed by: 

– various long term weather changes or  huge geologic events, or 

other catastrophic changes affecting the biosphere.   

– changes in the levels of cosmic radiation based on variations in 

the earths magnetic field and the frequency and intensity of solar 

storms.   
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Potential Problems 

 

• As Dr. Suess himself has stated in the "Symposium Organized By 

International Atomic Energy Authority", H. E. Suess, UCLA 

•  "...presented the latest determinations... as adduced from the 

current activity of dendrochronologically dated growth rings of the 

Californian bristle cone pine....The carbon14 concentration 

increases rather steadily during this time.  These results confirm the 

change in carbon14 concentration.... and indicate that the 

concentration increases..."  (Science, Vol.157, p.726) 
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C-14 Age Calibration Curve 

 

 

 

 

 

 

 

 

 

 

 

 

• What has to be done in order to get "accurate" carbon 14 dates is 
that the ratio of 14C to 12C must be "calibrated" or compared to the 
14C to 12C ratios in organic samples of known historical ages 
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Atmospheric data from Reimer et al (2004);OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron] 
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This is INTCAL 2004 calibration curve for the past ~14000 Radiocarbon years 

Radiocarbon age calibration is the process of drawing a line from the 14C determination 

to the curve and then dropping a line to the calendar year.  Sounds simple right? 

Example: 14C determination of 12500 RCYBP becomes calendar year 15000 BP. 
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Potential Problems #2 

• There is also what is called a "reservoir effect" where significant 

variations of the ratio of present day 14C to 12C are recognized (as 

compared to the average ratio in the overall biosphere).   

• Since the oceans have lower levels of carbon 14 compared to the 

atmosphere, most living marine creatures date at least several 

hundred years old.   

• Because of local thermal vents that spew out large quantities of 

dissolved carbonates with greater ratios of carbon-12 compared to 

C-14, therefore, certain aquatic mosses living in Iceland near the 

vents date as old as 6,000 to 8,000 years via the carbon-14 dating 

method.   

• Marine shells in Hawaii show younger dates if preserved in volcanic 

ash vs. limestone (a carbonate rock).    

• In Nevada, living snails have apparent carbon-14 ages up to 

27,000 years old.   

 



88 

Potential Problems #3 

• There is yet another very interesting problem with C-14 dating. 

Significant amounts of carbon-14 have been detected in specimens 

previously thought to be millions of years old:  These include coal, 

oil, and carboniferous portions of fossils belonging to dinosaurs etc.  

• Of course this would seem to be impossible because of the fact that 

carbon-14 in any amount cannot theoretically exist beyond 75,000 to 

at most 100,000 years.  These ancient fossils should have no 

carbon-14 remaining at all.  
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Potential Problem #3 

• Such claims for carbon 14 found in organic material dating in the 

millions of years are in fact quite common.   

• Coal is supposed to have formed millions of years ago, and yet all 

coal has fair amounts of carbon-14.  

• Fossil wood found in Upper Permian rock that is supposedly 250,000 

old still contained significant amounts of carbon-14. Recently, a 

sample of wood found in rock classified as middle Triassic, 

supposedly some 230 million years old, gave a carbon-14 date of 

around 33,720 years.  The accompanying checks showed that the C-

14 date was not due to contamination of "modern" carbon-14.   

• “Infinite age" samples of fossil carbon are being reported in the 

literature as having C-14 ages in the 40,000-year range. The 

laboratories doing this research are from Europe, Canada, and the 

USA (Brown et al. 1983; Jull et al. 1986; Beukens, Gurfinkel, and Lee 

1986; Grootes et al. 1986; and Bonani et al. 1986).  
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Conclusion 

• Radiocarbon dating results must be carefully reviewed 

before reporting because of the multiple sources of 

instability of the “constant” C-14 to C-12 ratio assumed 

when making dating calculations. 
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Potassium-40 to Argon-40 

• Potassium (K) is the seventh most common element in the earths 

crust and makes up 1.5% of the weight of the crust. 

• There are three naturally occurring isotopes of Potassium: 

– K -39 is stable and the most common form. It occurs 93.3% of the 

time 

– K-40 is an unstable (radioactive) form of potassium (0.0117%) 

– K -41 is stable and occurs 6.7% of the time 

• Potassium-40 decays by two pathways 

– 89% of the time it decays to Calcium-40 by Beta emission 

– 11% of the time it decays to Argon-40 by electron capture 

• Argon is a gas with a single stable isotope, Ar-40 

• Calcium-40 is too common to be used for dating 
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What can be dated with Potassium/Argon dating? 

• K-40 has a half-life of 1.28 billion years and is useful for 

dating rocks older than 100,000 years. 

• Volcanic rocks high in potassium, particularly the micas 

(muscovite and biotite), volcanic feldspar, and highly 

metamorphic horneblend are usually chosen to date with 

K-40 to Ar-40 technique. 
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Process of Measuring K-40  to Ar-40 

• While the rock is liquid (as in lava), the gas, argon, can 

escape. Once the rock solidifies the clock starts.  

• The argon-40 is trapped in the solid crystal structure of 

the rock and accumulates as the potassium-40 decays 

into argon-40. 

• The age of the rock is measured by determining the ratio 

of K-40 to Ar-40.  
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Process of Measuring K-40  to Ar-40 

• To perform the experiment, the sample is split into two 

sub samples. 

• The rock sample for Argon testing is melted, the Argon 

gas collected and the quantity is measured on a mass 

spectrometer.  

• The other half of the sample is also heated and the 

quantity of potassium measured using a an atomic 

absorption spectrometry or flame photometry 
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Example of dating a rock by ratio 

• Assumptions:   

– There was no Ar-40 at the beginning of the rock’s life 

– K-40 decay rate is constant and cannot be influenced 

by external conditions 

– No Ar-40 escapes from the rock crystal 
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Example of dating a rock by ratio 

• Calculation 

– Measured Ar-40  11mg and K-40 100mg 

• Since Ar-40 is only 11% of the decay product then it 

must have come from 11mg/ 0.11 = 100mg of K-40 

– The ratio is 100mg Ar-40 to 100mg of K-40 or 1 to 1 

– This means half of the original K-40 has decayed 

– Thus the rock age is equal to the ½-life of the K-40 or 

1,280,000,000 years old. 
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Uranium to Lead Decay dating 

• The Uranium to Lead decay series is a complicated decay pattern 

with 14 daughter products.  All of these daughter products are 

radioactive except Lead 206 (Pb-206).  

• There are two Uranium decay schemes.  One for U-238 to Lead-206 

and one for U-235 to Lead-207.  U-238 is the most abundant by far 

(about 99%).   

– The U-235 isotope is fissionable and used for making atomic 

bombs.  It is the separation of the two isotopes that is the most 

difficult step in making an atomic bomb.   This is why they need 

so many centrifuges in Iran.  
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Uranium-238 Decay Series 
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Uranium to Lead Decay dating 

• The U-238 series is useful for dating geological events, not 

archaeological events, as the entire decay series has a half-life of 

4.6 billion years. 

• The ratio of Uranium-238 to lead-206 establishes the age of the 

rock. 

• This method dates the formation of the rock. 

• Used for rock older than 10 million years 
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Assumptions used in dating rocks 

 

• An assumption in Uranium / lead dating is that there was no lead in 
the rock when it was formed. 

– There are three naturally occurring lead isotopes found in the 
earth’s crust.  Their abundances are: 

• Pb-206 24% 

• Pb-207 22% 

• Pb-208 52% 

– For this reason, zircon crystals are the first choice for dating 
because they do not bond with lead, but preferentially bond with 
uranium. 

• Another assumption is that decay rates have not changed over all 
the millennium.   No evidence against this assumption 

• A third assumption is that none of the intermediate daughters leak 
from the rock crystal 
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Conclusion 

• All of the dating clocks used in Archeology and Geology 

are conceptually fairly simple to understand yet in 

practice it is very difficult to perform the experiments. 

• All of the measurements use very sophisticated and 

expensive equipment. 
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Conclusion 

• All dates determined are based on assumptions of 

uniformity and constancy of change. 

– Add a tree ring or ice layer per year 

– Formation rate of cosmogenic isotopes constant 

– Zero percent of final decay product at beginning of 

clock time 

– No leakage or loss of daughter isotopes or stable final 

product while the clock is running 

– Radioisotope decay rates constant* 

• These assumptions are not always true- particularly 

the longer time period you attempt to date. 
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Conclusion 

• As in life – All dating relationships may be hazardous to 

your reputation 


