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The method of chronological dating using radioactive carbon isotopes Radiocarbon dating (also called carbon dating or carbon dating-14) is a method of determining the age of an object containing organic material, using the properties of radiocarbon, radioactive carbon isotope. The method
was developed in the late 1940s by Willard Libby of the University of Chicago, who won the Nobel Prize in Chemistry for his work in 1960. It is based on the fact that radiocarbon (14C) is constantly created in the atmosphere as a result of the interaction of cosmic rays with atmospheric
nitrogen. The resulting 14C is combined with atmospheric oxygen to produce radioactive carbon dioxide, which is incorporated into plants by photosynthesis; The animals then purchase 14C by eating plants. When an animal or plant dies, it stops exchanging carbon with its environment, and
then the 14C amount it contains begins to decrease as 14C is exposed to radioactive decay. Measuring the amount of 14C in a sample from a dead plant or animal, such as a piece of tree or bone fragment, provides information that can be used to calculate when an animal or plant has
died. The older the sample, the less 14C there should be detected, and because the half-seil period of 14C (the period of time after which half of the sample will decompose) is about 5,730 years old, the oldest dates that can be reliably measured in this process date back to about 50,000
years ago, although special training methods sometimes make an accurate analysis of old samples possible. Research has been going on since the 1960s to determine what a proportion of 14C in the atmosphere has been over the past fifty thousand years. The data obtained in the form of
a calibration curve are currently used to convert this measurement of radiocarbons into a sample in the sample calendar age estimate. Other adjustments should be made to account for the proportion of 14C in different types of organisms (fraction), and different levels of 14C throughout the
biosphere (reservoir effects). Additional complications arise from the burning of fossil fuels, such as coal and oil, as well as from ground-based nuclear tests conducted in the 1950s and 1960s. Because the time it takes to convert biological materials into fossil fuels is significantly longer than
the time it takes to break down below detectable levels, fossil fuels do not contain nearly 14C, and as a result there has been a marked drop in the proportion of 14C in the atmosphere since the late 19th century. Conversely, nuclear testing increased the amount of 14C in the atmosphere,
which peaked around 1965 at almost twice as much as in the atmosphere before nuclear tests. The measurement of radiocarbons was originally done with beta-counting devices that counted the amount of beta radiation emitted by decaying 14C atoms in the Recently, the method of choice
has become accelerating mass spectrometry; it counts all the 14C atoms in the sample, not just the few that occur with decay during measurements; So it can be used with much smaller samples (as small as individual plant seeds), and yields much faster results. The development of
radiocarbon dating has a profound impact on archaeology. In addition to allowing more accurate dating in archaeological sites than previous methods, this allows you to compare the dates of events over long distances. The history of archaeology is often referred to as its impact by the
radiocarbon revolution. Radiocarbon dating allowed to date key transitions in the backstory, such as the end of the last Ice Age and the beginning of the Neolithic and Bronze Age in different regions. Background History In 1939, Martin Stone and Samuel Reuben of the Radiation Laboratory
in Berkeley began experiments to determine whether any of the elements common in organic matter have isotopes with half a million lives long enough to be valuable in biomedical research. They synthesized 14C using a laboratory cyclotron accelerator and soon discovered that the half-
seed period of the atom was much longer than previously thought. This was followed by the prediction by Serge A. Corf, then employed at the Franklin Institute in Philadelphia, that the interaction of thermal neutrons with 14N in the upper atmosphere would create 14C. , Willard Libby, who
was then at Berkeley, learned about Corf's research and conceived the idea that radiocarbon could be used for dating. In 1945, Libby moved to the University of Chicago, where he began his work on radiocarbon dating. In 1946, he published an article suggesting that carbon in living matter
could include 14C, as well as non-radioactive carbon. Libby and several employees began experiments with methane collected from sewerage in Baltimore, and after isotopeally enriching their samples, they were able to demonstrate that they contain 14C. The results were summarized in a
paper published in the journal Science in 1947, in which the authors noted that their results imply that to date to date to date materials containing organic carbon. Libby and James Arnold began testing the theory of radiocarbon dating by analysing samples with known age. For example, two
specimens taken from the tombs of two Egyptian kings, Sozer and Snefer, regardless of 2625 BC of plus or minus 75 years, were dated by radiocarbon measurements until an average of 2800 BC plus or minus 250 years. These results were published in the Science in December
December Over the past 11 years, more than 20 radiocarbon dating laboratories have been established around the world. In 1960, Libby was awarded the Nobel Prize in Chemistry for her work. Physical and Chemical Details Main Article: Carbon-14 In Nature, Carbon Exists as Two Stable,
Non-Radioactive Isotopes: Carbon-12 (12C), and Carbon-13 (13C), and Radioactive Isotope, Carbon-14 (14C), also known as radiocarbon. The half-term duration of 14C (the time it takes for half of this amount of 14C decay) is about 5,730 years, so its concentration in the atmosphere could
be expected to decrease over thousands of years, but 14C is constantly produced in the lower stratosphere and upper troposphere, primarily galactic cosmic rays, and to a lesser extent solar cosmic rays. These cosmic rays generate neutrons by traveling through the atmosphere, which can
strike nitrogen-14 (14N) atoms and turn them into 1 →4C. After production, 14C is quickly combined with oxygen in the atmosphere to form the first carbon monoxide (CO), and eventually carbon dioxide (CO2). 14C and O2 → 14CO, O 14CO, OH → 14CO2 and H Carbon dioxide produced
in this way, dissipates in the atmosphere, dissolves in the ocean and is picked up by plants through photosynthesis. Beasts eat plants, and eventually radiocarbon spreads throughout the biosphere. The ratio of 14C to 12C is approximately 1.25 parts from 14C to 1012 parts 12C. about 1%
of carbon atoms have a stable isotope →13C. One of the neutrons in the 14C nucleus changes to a proton, and the 14C nucleus returns to a stable (non-radioactive) isotope 14N. Once it dies, it stops acquiring 14C, but 14C within its biological material at a time will continue to disintegrate,
and so the ratio of 14C to 12C in its residues will gradually decrease. Because 14C breaks down at a known rate, a fraction of radiocarbons can be used to determine how long it has been since the sample has stopped exchanging carbon - the older the sample, the less 14C will remain.
Equation regulating the decay of the radioactive isotope: N n n 0 e t (N'N_{0} display), e'lambda t, where N0 is the number of isotope atoms in the original sample (in t 0, when the organism from which the sample was taken has died), and N is the number of atoms left after t. for this isotope
it is equal to the mutual average life - i.e. the average or expected time when the atom will survive before it undergoes radioactive decay. The substate life, denoted by Kew, is 14C, 8,267 years old, so the equation above can be rewritten ⋅  as: It is assumed that the sample N_{0} originally
had the same ratio of 14C/12C as the ratio in the atmosphere, and since the sample size is known, the total number of atoms in the sample can be calculated, which gives N0, the number of atoms 14C in the original sample. Measurement N, the number of 14C atoms currently in the sample,
allows the calculation of t, the age of the sample using the equation above. The half-seed period of a radioactive isotope (usually denoted t1/2) is a more familiar concept than average life, so although the equations above are expressed in terms of average lifespan, it is more common to
quote the value of a semi-readiness of 14C than its average lifespan. Currently accepted the value for a semi-chemity of 14C is 5730 ± 40 years. This means that after 5730 years only half of the original 14C will remain; a quarter will remain after 11,460 years; eighth after 17,190 years; And
so on. The above calculations make several assumptions, for example, that the level of 14C in the atmosphere remains unchanged over time. In fact, the level of 14C in the atmosphere has changed significantly, and as a result the values provided by the above equation must be corrected
with data from other sources. This is done with calibration curves (discussed below) that convert a 14C measurement into a sample into a projected calendar age. The calculations include several stages and include an intermediate value called the radiocarbon age, which is the age of
radiocarbon sampling years: the age quoted in the radiocarbon years means that no calibration curve has been used - calculations of radiocarbon years suggest that the atmospheric ratio of 14C/12C has not changed over time. The calculation of the radiocarbon age also requires a half-
seed period value of 14C. In Libby's 1949 work, he used a value of 5,720 ± 47 years, based on Engelkemeir and others, which was surprisingly close to the current value, but soon after the accepted value was revised to 5,568 ± 30 years, and this value was used for more than a decade. It
was revised again in the early 1960s to 5,730 ± 40 years, which meant that many of the calculated dates in the documents published before were incorrect (the error in the half-term period is about 3%). Radiocarbon conference in Cambridge (UK) to use Libby half-life 5568 years.
Radiocarbon age is still calculated using this half-seed period and is known as the Normal Radiocarbon Age. Since the Calibration Curve (IntCal) also reports past atmospheric concentrations of 14C using this normal age, any normal ages calibrated against the IntCal curve will produce the
correct calibrated age. When the date is cited, the reader should know that if it is an uncalculated date (a term used for dates given in radiocarbon years), it may differ materially from the best estimate of the actual date of the calendar, both because it uses the wrong value for a 14C semi-
action, and because no correction (calibration) has been applied for a historical change of 14C in the atmosphere over time. (Note 6) Carbon Exchange Reservoir A simplified version of the carbon exchange reservoir, showing the proportions of carbon and relative activity of 14C in each
reservoir, carbon is distributed throughout the atmosphere, biosphere and oceans; they are collectively referred to as a carbon exchange reservoir, and each component is also individually referred to as a carbon exchange reservoir. The different elements of the carbon exchange reservoir
vary in how much carbon they store, and how long it takes for the 14C generated by the cosmic rays to mix completely with them. This affects the ratio of 14C to 12C in different reservoirs, and therefore the radiocarbon age samples that originate in each tank. The atmosphere, which
generates 14C, contains about 1.9% of the total amount of carbon in the reservoirs, and 14C contains mixtures in less than seven years. The ratio of 14C to 12C in the atmosphere is taken as a baseline for other reservoirs: if another tank has a lower ratio of 14C to 12C, this indicates that
the carbon is older and therefore that either some of the 14C has disintegrated, or the reservoir receives a carbon that is not at atmospheric baseline. An example is the ocean surface: it contains 2.4% of the carbon in the exchange reservoir, but there is only about 95% as much 14C as one
would expect if the ratio were the same as in the atmosphere. The time it takes to mix carbon from the atmosphere with the surface ocean is only a few years, but surface waters also receive water from the deep ocean, which has more than 90% of the carbon in the reservoir. Water in the
deep ocean takes about 1,000 years to circulate back through surface waters, and so surface waters contain a combination of old water, with depleted 14C, and water recently on the surface, with 14C in balance with the atmosphere. Creatures living on the ocean surface have the same
14C, and the water in which they live, and as a result of the reduced ratio of 14C/12C, the radiocarbon age of the marine marine usually about 400 years old. On-land organisms are in closer equilibrium with the atmosphere and have the same 14C/12C ratio as the atmosphere. (Note 8)
These organisms contain about 1.3% of the carbon in the reservoir; Marine organisms have a mass of less than 1% of those on land and are not shown in the chart. The accumulated dead organic matter, both plants and animals, exceeds the mass of the biosphere by 3 times, and since
this issue is no longer exchanged with carbon with the environment, it has a ratio of 14C/12C lower than that of the biosphere. Dating considerations Main article: Radiocarbon dating considerations Changing the ratio of 14C/12C in different parts of the carbon exchange reservoir means that
simply calculating the age of sampling based on the amount of 14C it contains often give the wrong result. There are several other possible sources of errors that need to be addressed. Errors have four common types: changes in the 14C/12C ratio in the atmosphere, both geographically
and over time; isotopic fractional part; fluctuations in the 14C/12C ratio in different parts of the reservoir; Pollution. Atmospheric fluctuations of the atmosphere of 14C for the northern and southern hemispheres, showing a percentage excess above the prebomb level. The partial test ban
treaty came into force on 10 October 1963. In the early years of using this technique, it was clear that it depended on the atmospheric ratio of 14C/12C, which remained unchanged for the previous few thousand years. To test the accuracy of the method, several artifacts that were datable by
other methods were tested; the test results were in reasonable agreement with the true age of the objects. Over time, however, discrepancies began to emerge between the famous chronology of ancient Egyptian dynasties and radiocarbon dates of Egyptian artifacts. Neither the existing
Egyptian chronology nor the new method of radiocarbon dating can be considered accurate, but the third possibility is that the ratio of 14C/12C has changed over time. The issue was solved by studying the rings of trees: comparing overlapping rows of tree rings allowed to compile a
continuous sequence of data on the ring of trees, which lasted 8000 years. (Since then, the tree ring data series has been expanded to 13,900 years.) In the 1960s, Hans Suessen was able to use a sequence of tree rings to show that the dates derived from radiocarbon radiation
corresponded to the dates set by Egyptologists. This is possible because although annual plants, such as corn, have a ratio of 14C/12C, which reflects the atmospheric ratio during their growth, trees only add material to their outer ring of the tree in any given year, while the inner rings of the
tree do not get their 14C replenished and instead begin to lose 14C Thus, each ring maintains a record atmospheric ratio of 14C/12C for the year in which it grew. Carbon dating of wood from ring trees itself provides the test required at an atmospheric ratio of 14C/12C: with a sample of a
known date, and measurement of the value of N (the number of atoms 14C remaining in the sample), the carbon dating equation allows us to calculate N0 - the number of 14C atoms in the sample at the time of the tree's formation of the ring - and, therefore, the ratio of 14C/12C in the
atmosphere at that time. Equipped with carbon dating results, it has been possible to build calibration curves designed to correct errors caused by a time change in the 14C/12C ratio. Coal and oil began to be burned in large quantities during the 19th century. Both are old enough that they
contain little or no detectable 14C and as a result, CO2 is released by a substantially diluted atmospheric 14C/12C ratio. Dating an object from the early 20th century therefore gives a clear date older than the true date. For the same reason, 14C concentrations in areas of major cities are
lower than the average for the atmosphere. This fossil fuel effect (also known as the Suess effect, after Hans Suess, who first reported it in 1955) would only mean a reduction of 0.2% in 14C activity if additional carbon from fossil fuels were distributed throughout the carbon exchange
reservoir, but due to a long delay in mixing with the deep ocean, the actual effect of 3% reduction. A much larger effect comes from ground-based nuclear tests that released large amounts of neutrons into the atmosphere, resulting in the creation of 14C. when atmospheric nuclear tests
were banned, it is estimated that several tons of 14C were created. Since then, the level has dropped, as this pulse bomb or carbon bomb (as it is sometimes called) seeps into the rest of the reservoir. Isotopic fractional photosynthesis is the main process by which carbon moves from the
atmosphere to the living. In photosynthetic pathways, 12C is absorbed slightly more easily than 13C, which in turn is easier to digest than 14C. Differential absorption of three carbon isotopes results in a ratio of 13C/12C and 14C/12C in plants that differ from those in the atmosphere. This
effect is known as isotopic fractional. Determine the degree of what happens at this plant, the number of isotopes 12C and 13C is measured, and as a result the 13C/12C ratio is then compared to the standard ratio known as PDB. (Note 9) The 13C/12C ratio is used instead of 14C/12C
because the first is much easier to measure and the second can be easily obtained: 13C depletion relative to 12C is proportional to the difference in atomic masses of the two isotopes, so that exhaustion for 14C is twice the depletion of 13C. known as 13C, calculated as follows: 44 δ C 13
(C 13 C 12) with m l e (C 13 C 12 ) t a n d a r d 1) × 1000 (display y delta)ce ({13}C) on the left (frak left) Se ({13}C) {12} {13}C) See {12}C right) standard-1 right) times 1000 where the sign q indicates parts on a thousand. Because the PDB standard contains an unusually high proportion of
13C, the most measured 13C values are negative. Ronaldsay's Northern Sheep on the beach in North Ronaldsay. In winter, these sheep eat algae that have a higher content of 13C than grass; Samples of these sheep have a value of 13C about 13 euros, which is much higher than for
sheep that feed on herbs. Material Typical range PDB 0' Marine plankton No22' to 1745 C3 plants from 30 to 22 to 45 euros C4 from 5 to 9 to 45 in the atmosphere CO2 no8 q44 q to 13.45 euros for marine organisms details of photosynthesis reactions less clear, and 13C for marine
photosynthetic organisms depends on temperature. At higher temperatures, CO2 has poor heat availability in the water, which means that less CO2 is available for photosynthetic reactions. Under these conditions, the fragmentation decreases, and at temperatures above 14 degrees
Celsius, the value of 13C is correspondingly higher, while at lower temperatures CO2 becomes more soluble and therefore more accessible to marine organisms. The value of 13C for animals depends on their diet. A beast that eats food with high 13C values will have a higher q13C than
one that eats food with lower 13C. The animal's own biochemical processes can also affect the results: for example, both bone minerals and bone collagen typically have a higher concentration of 13C than in an animal's diet, albeit for different biochemical reasons. Bone enrichment 13C
also implies that the excreted material is depleted in 13C relative to diet. Since 13C is about 1% carbon in the sample, the ratio of 13C/12C can be accurately measured by mass spectrometry. Typical values of 13C were found as a result of the experiment for many plants, as well as for
different parts of animals such as bone collagen, but when dating this sample it is better to determine 13C for this sample directly than to rely on published values. Carbon exchange between atmospheric CO2 and carbonate on the ocean surface is also prone to fractionation, with 14C in the
atmosphere more common than 12C dissolved in the ocean. The result is an overall 14C/12C ratio in the ocean of 1.5% relative to the 14C/12C ratio in the atmosphere. This increase in 14C concentration almost exactly reverses the decrease caused by rising water levels (containing old,
and therefore 14C depleted, carbon) from the deep ocean, so that direct measurements of radiation of 14C are similar to measurements for the rest of the biosphere. Correcting isotopic fractionation, as is done for all radiocarbon dates, allowing to compare results from different parts of the
biosphere, gives an obvious age of about 400 years for the surface waters of the ocean. The reservoir influences Libby's initial hypothesis on the exchange tank, suggesting that the ratio of 14C/12C in the exchanged tank is permanent worldwide, but since then it has been found that there
are several reasons for the change in the ratio between the reservoir. Marine Effect Marine Effect: CO2 in the atmosphere is transmitted to the ocean by dissolving in surface waters as carbonate and bicarbonate ions; at the same time, carbonate ions in the water return to the air as CO2.
This exchange process brings 14C from the atmosphere to the surface waters of the ocean, but 14C is thus imposed takes a long time to seep through the entire volume of the ocean. The deepest parts of the ocean are mixed very slowly with surface waters, and mixing unevenly. The main
mechanism that brings deep water to the surface is upus payment, which is more common in regions closer to the equator. Factors such as the topography of the local ocean floor and coastline, the climate and nature of the wind are also influenced by factors such as the topography of the
local ocean floor and coastline. In general, mixing deep and surface water takes much longer than mixing atmospheric CO2 with surface waters, and as a result water from some deep ocean areas has an obvious radiocarbon age of several thousand years. Upwelling mixes this old water
with surface waters, giving surface waters an obvious age of about a few hundred years (after correction for fractionocy). This effect is not homogeneous - the average effect is about 400 years, but there are local deviations in several hundred years for areas that are geographically close to
each other. These deviations can be taken into account in calibration, and software users such as CALIB can provide an appropriate correction for the location of their samples as input. The effect also extends to marine organisms such as seashells, and marine mammals such as whales
and seals, which have age, which seems to be hundreds of years old. [35] [35] The influence of the Northern and Southern Hemispheres have atmospheric circulation systems that are fairly independent of each other that there is a noticeable lag of time in the mixing between them. The
atmospheric ratio of 14C/12C is lower in the southern hemisphere, with an obvious additional age of about 40 years for radiocarbon results from the south compared to the north. (note 11) This is due to the fact that a large area of ocean in the southern hemisphere means that there is more
carbon between the ocean and the atmosphere than in the north. Because the surface ocean is depleted at 14C due to the marine effect, 14C is removed from the southern atmosphere faster than in the north. The effect is amplified by a strong amplification around Antarctica. Other effects
If the carbon in fresh water is partially acquired from the withstanding carbon, such as rocks, the result will be a reduction in the ratio of 14C/12C in water. For example, rivers flowing through limestone, which is mainly composed of calcium carbonate, will acquire carbonate ions. Similarly,
groundwater may contain carbon derived from the rocks through which it has passed. These breeds tend to be so old that they no longer contain any measurable 14C, so this carbon reduces the 14C/12C ratio of water it enters, which can lead to obvious ages of thousands of years for both
the affected water and plants and freshwater organisms that live in it. Other sources of carbon such as pergramme can produce similar results and can also reduce the obvious age if they have a more recent origin than the sample. The effect varies greatly and there is no general bias that
can be applied; more research is usually needed to determine the size of the displacement, for example by comparing the radiocarbon age of the sedimented freshwater shells with the accompanying organic material. Volcanic eruptions emit large amounts of carbon into the air. Carbon has
a geological origin and has no detectable 14C, so the ratio is 14C/12C in close proximity to the depression volcano relative to the surrounding areas. Sleeping volcanoes can also emit aged carbon. Plants that photosynthesize this carbon also have lower ratios of 14C/12C: for example,
plants in the Furnas caldera area in the Azores have been found to have an obvious age that ranged from 250 years to 3,320 years. Pollution Any addition of carbon to a sample of a different age will result in the measured date being inaccurate. Pollution with modern carbon makes the
sample seem younger than it actually is: the effect is greater for older specimens. If a sample of 17,000 years of age is contaminated in such a way that 1% of the sample is carbon, it will appear 600 years younger; For sample sample 34,000 years, the same amount of pollution will cause an
error of 4000 years. Pollution of old carbon, with no remaining 14C, causes an error in the other direction, regardless of age - a sample contaminated with 1% of old carbon appears to be about 80 years older than it actually is, regardless of the date of the sample. Examples Of the main
article: Samples of radiocarbon dating Samples for dating should be converted into a form suitable for measuring 14C content; this may mean switching to a gaseous, liquid or solid shape, depending on the measurement technique used. Before this can be done, the sample must be
processed to remove any contamination and any unwanted components. This includes the removal of visible contaminants such as root vegetables, which may have penetrated the specimen from the moment it was buried. Alkaline and acid rinses can be used to remove humic acid and
carbonate contamination, but care must be taken to avoid removing part of the sample that contains carbon for testing. Material considerations usually reduce the wood sample to the pulp component before testing, but since this can reduce the sample size to 20% of its original size, all wood
is often tested. Charcoal is often tested, but will probably require treatment to remove contaminants. Unburned bones can be checked; usually today it uses collagen, a protein fraction that remains after washing away the structural material of the bone. Hydroxyprolin, one of the amino acids
in the bone, was once considered a reliable indicator because it was not known except in bone, but it has since been discovered in groundwater. For a burnt bone, the testability depends on the conditions under which the bone was burned. If the bone was heated in a reduced environment,
it (and related organic matter) could be carbonated. In this case, the sample is often used. The shells of both marine and terrestrial organisms are composed almost entirely of calcium carbonate, either as aragonite, or as calcite, or from some mixture of these two organisms. Calcium
carbonate is very susceptible to dissolution and recrystalization; the re-crystalized material will contain carbon from the medium of the sample, which may have a geological origin. If testing of a redistallized shell is inevitable, it is sometimes possible to identify the original shell material from
the test sequence. You can also test the konchiolin, an organic protein found in the shell, but it is only 1 to 2% of the shell material. The three main components of peat are humic acid, humines and fulvic acid. Of these, humins give the most reliable date because they are insoluble in lye and
less likely pollutants from the environmental sample. A particular difficulty with dried peat is to remove the roots, which are likely to be difficult from exemplary material. Soil contains organic material, but due to the likelihood of contracting humic acid from a more recent origin, it is very difficult
to obtain satisfactory radiocarbon dates. It is preferable to sift the soil for organic fragments, and dated fragments by methods that are tolerant to small sample sizes. Other materials that have been successfully dated include ivory, paper, textiles, individual seeds and grains, straw made of
clay brick and charred food residue found in ceramics. Preparation and size Especially for older samples, it can be useful to enrich the amount of 14C in the sample before testing. This can be done with a thermal diffusion column. The process takes about a month and requires a sample of
about ten times more than would otherwise be necessary, but it allows for a more accurate measurement of the 14C/12C ratio in the old material and extends the maximum age that can be reliably reported. Once the contamination is removed, the samples must be converted into a form
suitable for the use of measuring technology. Where gas is required, CO2 is widely used. For samples to be used in liquid scintillation meters, carbon must be liquid; The sample is usually converted to benzene. Solid graphite targets are the most common for accelerating mass
spectrometry, although carbonated CO2 can also be used. The amount of material needed for testing depends on the type of sample and the technology used. There are two types of testing technologies: detectors, radioactivity recordings, known as beta meters, and accelerator mass
spectrometers. For beta counters, a sample weighing at least 10 grams (0.35 ounces) is usually required. Accelerating mass spectrometry is much more sensitive, and samples containing as little as 0.5 milligrams of carbon can be used. Measuring 14C is now the most commonly done with
a mass spectrometer accelerator for decades after Libby conducted the first radiocarbon dating experiments, the only way to measure 14C in a sample was to detect the radioactive decay of individual carbon atoms. This approach measures activity by the number of decay events per unit of
mass over a period of time, sampling. This method is also known as beta-counting because beta particles emitted by decomposing 14C atoms were detected. AMS calculates the ratio of 14C/12C directly, not sample activity, but measurements of activity and ratio of 14C/12C can be
converted into each other accurately. Over the course of the time beta-counting methods were more accurate than AMS, but AMS is now more accurate has become the method of choice for radiocarbon measurements. In addition to improved accuracy, AMS has two more significant
advantages over beta counting: it can perform accurate sample testing too small for beta counting, and it's much faster – 1% accuracy can be achieved within minutes with AMS, which is much faster than would be achievable with the old technology. The beta score of Libby's first detector
was a Geiger counter of his own design. He converted the carbon in his sample into a black lamp (soot) and covered it with the inner surface of the cylinder. This cylinder was inserted into the counter so that the counting wire was inside the sample cylinder, so that there was no material
between the sample and the wire. Any interposal material would prevent the detection of radioactivity, as the beta particles emitted by decomposing 14C are so weak that half stops with a thickness of 0.01 mm of aluminum. Libby's method was soon dried up by gas proportional meters,
which were less affected by carbon bombs (an additional 14C created by nuclear weapons tests). These counters record bursts of ionization caused by beta particles emitted by decaying 14C atoms; bursts are proportional to particle energy, so other sources of ionization, such as
background radiation, can be identified and ignored. The counters are surrounded by lead or steel shielding to eliminate background radiation and reduce the frequency of cosmic rays. In addition, anticoicide detectors are used; these recording events off the counter and any event recorded
simultaneously both inside and outside the counter is treated as an outsider and ignored. Another common technology used to measure 14C activity is the counting of liquid scintillace, which was invented in 1950 but which had to wait until the early 1960s, when effective benzene synthesis
techniques were developed to become competitive in gas counting; since 1970, liquid meters have become a more common technological choice for newly built dating labs. Counters work by detecting flashes of light caused by beta particles emitted by 14C when they interact with the
fluorescence agent added to benzene. Like gas meters, liquid scintillation meters require protection and anticoicide meters. Both the gas-sized counter and the liquid scintillation counter measure the number of beta particles detected during a given period of time. Because the sample weight
is known, this can be converted into a standard measure of activity in units, or counts per minute per gram of carbon (cpm/g C), or bekkereli per kg (Bq/kg C, in SI units). Each measuring device is also to measure the activity of an empty sample, a carbon sample sufficient for This provides a
value for background radiation to be deducted from the measured activity of the sample, dated to obtain activity related exclusively to 14C of that sample. In addition, a sample with standard activity is measured to provide a baseline for comparison. The Mass Spectrometry Accelerator
Simplified schematic layout of the mass spectrometer accelerator used to calculate carbon isotopes for AMS carbon dating calculates atoms 14C and 12C in this sample, determining the ratio of 14C/12C directly. The sample, often in the form of graphite, is made to emit SI ions (carbon
atoms with one negative charge) that are injected into the accelerator. The ions accelerate and pass through the stripper, which removes several electrons so that the ions appear with a positive charge. The ions, which can have 1 to 4 positive charges (from C to C4), depending on the
design of the accelerator, then pass through the magnet that curves their way; the heavier ions are curved less than lighter ones, so different isotopes emerge as separate streams of ions. The particle detector then records the amount of ions found in the 14C stream, but since the volume of
12C (and 13C required for calibration) is too large for individual ion detection, the amount is determined by measuring the electric current created in the Faraday cup. The large positive charge, induced by a stripper, causes molecules such as 13CH, which weighs close enough to 14C, to
interfere with measurements, to communicate, so they are not detected. Most AMS machines also measure 13C of the sample for use in calculating the radiocarbon age of the sample. The use of AMS, unlike simpler forms of mass spectrometry, is necessary because of the need to
distinguish carbon isotopes from other atoms or molecules that are very close in mass, such as 14N and 13CH. You can measure two different types of blank: a dead carbon sample that has not been chemically processed, to detect any background of the machine, and a sample known as
a blank process made of dead carbon, which is processed into the target material in the same way as the sample that is dated. Any 14C signal from the machine's background is likely to be caused by either bundles of ions that have not followed the expected path inside the detector or
carbon hydrides such as 12CH2 or 13CH. The 14C signal from the empty process measures the amount of contamination injected during the preparation of the sample. These measurements are used in the subsequent calculation of the sample age. Calculations Main article: Calculation of
radiocarbon dates Calculations to be performed on measurements depend on the technology used, as beta counters measure the sample while AMS determines the ratio of three different carbon isotopes in the sample. To determine the age of the sample, the activity of which was
measured by beta counting, it is necessary to find the ratio of its activity to the activity of the standard. To determine this, an empty sample (old or dead, carbon) is measured and a sample of known activity is measured. Additional samples can detect and correct errors such as background
radiation and systematic errors in the laboratory installation. The most common standard sample of the material is sorrel acid, such as the HOxII standard, which was prepared by the National Institute of Standards and Technology (NIST) in 1977 from the French beet harvest. The results of
AMS testing in the form of ratios of 12C, 13C and 14C, which are used to calculate Fm, fractions are modern. This is defined as the ratio between the ratio of 14C/12C in the sample and the ratio of 14C/12C in modern carbon, which in turn is defined as the ratio of 14C/12C, which would
have been measured in 1950 if there had been no fossil fuel effect. For the faction, you need to adjust the results of beta testing and AMS. This is necessary because different materials of the same age, which due to fractional have naturally different ratios of 14C/12C, will seem different
ages, because the ratio of 14C/12C is accepted as an indicator of age. To avoid this, all radiocarbon measurements are converted into a measurement that would be seen if the sample were made of a tree that has a known value of 13C in 25 degrees. Once the corrected ratio of 14C/12C is
known, the radiocarbon age is calculated using: 75 Age No. 8033 ⋅ ln  (F m) Displaystyle text-8033'c (Fmdot) Calculation uses 8,033, Life expectancy derived from Libby's semi-term at 5,568 years, rather than 8,267, is the average life expectancy derived from a more accurate modern value
of 5,730 years. Libby's half-seed value is used to maintain consistency with early radiocarbon testing results; Calibration curves include a correction for this, so the accuracy of the final recorded calendar age is guaranteed. Errors and reliability Reliability of results can be improved by
lengthening the testing time. For example, if the counting beta breaks down within 250 minutes is enough to give the bug ± 80 years, with 68% certainty, then doubling the count time to 500 minutes will allow the sample to only half as much as 14C to be measured with the same error time of
80 years. Radiocarbon dating is generally limited to dating samples no more than 50,000 years old, as samples older than these samples are not 14C enough to be measurable. Old dates were obtained using special methods sample, large samples, and a very long measurement time.
These methods allow you to measure dates up to 60,000, and in some cases up to 75,000,000 to date. Radiocarbon dates are usually presented with a range of one standard deviation (usually represented by the Greek letter sigma as 1) on either side of the middle. However, the date range
1 represents only a 68% confidence level, so the true age of the object measured can lie outside the range of dates cited. This was demonstrated in 1970 by an experiment conducted by the British Museum's Radiocarbon Laboratory, which conducted weekly measurements on the same
sample for six months. The results varied widely (albeit consistently with the normal distribution of measurement errors) and included multiple ranges of dates (self-confidence) that did not match each other. The measurements included one with a range of about 4,250 to about 4,390 years
ago, and another with a range of about 4,520 to about 4,690. Errors in the procedure can also lead to errors in the results. If 1% of benzene in the modern reference sample accidentally evaporates, the scintillation count will give a radiocarbon age that is too young at about 80 years.
Calibration Home article: Calibration of radiocarbon pine stump is a very old pine bristles. Tree rings from these trees (among others) are used in curves calibrating buildings. The calculations above produce dates in radiocarbon years: i.e. dates representing the age of the sample would
have been if the ratio of 14C/12C had been historically constant. Although Libby already in 1955 pointed out the possibility that this assumption was incorrect, only after discrepancies began to accumulate between the measured age and known historical dates for artifacts, it became clear
that the correction should be applied to radiocarbon ages to obtain calendar dates. To create a curve that can be used to relate calendar years to radiocarbon years, a sequence of reliably dated samples is needed that can be tested to determine their radiocarbon age. The study of tree rings
led to the first such sequence: individual pieces of wood show characteristic sequences of rings that vary in thickness due to environmental factors such as precipitation in a given year. These factors affect all trees in the area, so studying the sequences of a tree ring from an old tree allows
you to identify overlapping sequences. Thus, the continuous sequence of tree rings can be extended far into the past. The first such published sequence, based on the rings of pine bristles, was created by Wesley Ferguson. Hans Suessen used this data to publish the first calibration curve
for radiocarbon dating in 1967. The curve showed two types from a straight line: long-term fluctuations with a period of about 9,000 years and short-term changes, often called swinging, with a period of decades. Suess said he drew a line showing the swaying swaying schwung, by which he
meant that the variations were caused by extraterrestrial forces. For a while it was unclear whether the wiggles were real or not, but now they have proven themselves well. These short-term calibration curve fluctuations are now known as the effects of de Vries, after Hessel de Vries. The
calibration curve is used by taking the radiocarbon date reported by the laboratory and reading in front of that date on the vertical axis of the graph. The point where this horizontal line crosses the curve will give the sample's calendar age on the horizontal axis. This is the reverse way of



constructing a curve: the point on the graph comes from a sample of a known age, such as a tree ring; when testing, the resulting radiocarbon age provides a data point for the graph. The Northern Hemisphere curve from IntCal20. As of 2020, this is the latest version of the standard
calibration curve. The diagonal line shows where the curve would lie if the radiocarbon age and calendar age were the same. Over the next thirty years, many calibration curves were published using different methods and statistical approaches. They have dried up in a series of IntCal
curves, starting with IntCal98, published in 1998 and updated in 2004, 2009, 2013 and 2020. Improvements to these curves are based on new data collected from tree rings, warves, corals, macro-fossil plants, speleotemas and foraminifera. The IntCal20 data include separate curves for the
northern and southern hemispheres, as they are systematically different due to the hemispheric effect. The Southern Curve (SHCAL20) is based on independent data where possible and is derived from the northern curve, adding an average bias for the southern hemisphere where there
was no direct data. There is also a separate marine calibration curve, MARINE20. For a set of samples that form a sequence with a known time-sharing, these samples form a subset of the calibration curve. The sequence can be compared to a calibration curve and a better match to an
established sequence. This method of wiggling matching can lead to more accurate dating than is possible with individual radiocarbon dates. Wiggle mapping can be used in places where there is a plateau on the calibration curve, and therefore can provide a much more accurate date than
the interception methods or probabilities are capable of producing. The technique is not limited to tree rings; for example, the stratified tefrem sequence in New Zealand, which is believed to have preceded the colonization of the islands by man, was dated 1314 AD ± 12 years by wiggle
matching. Stir also means that reading a date from a calibration curve can give more than one answer: it occurs when the curve stirs up and down enough that the radiocarbon age curve in more than one place, place, radiocarbon results may be reported as two separate age ranges
corresponding to two parts of the curve intercepted by the radiocarbon age. Bayesian statistical methods can be used at multiple radiocarbon dates that need to be calibrated. For example, if a series of radiocarbon dates is taken from different levels in a stratigraphic sequence, Bayesian
analysis can be used to estimate dates that are emissions, and can calculate improved probability distributions based on preliminary information that the sequence should be ordered on time. When bayesian analysis was introduced, its use was limited to the need to use mainframe
computers to perform computations, but this method has since been implemented on programs available for personal computers such as OxCal. Since the first samples were dated, several formats have been used to quote radiocarbon results. From 2019, the standard format required by
Radiocarbon is as follows. Uncalibrated dates should be reported as : ± BP where: determines laboratory, which has tested the sample, and the sample ID is the definition of the laboratory's laboratory, the laboratory's assessment of the age of 1 .14C is a laboratory assessment of the age of
1 confidence. BP has been in favour so far, citing the date of the 1950 countdown, so that 500 BP means the year 1450 AD. For example, the unpretentious date UtC-2020: 3510 ± 60 BP indicates that the sample has been tested by Utrecht van der Graaf's laboratory, where it has a sample
number for 2020, and that the uncalculated time is 3,510 years to date, ± 60 years. Sometimes appropriate forms are used: for example, 10 ka BP means 10,000 radiocarbon years to date (i.e. 8050 BC), and 14C yr BP can be used to distinguish the non-calibrated date from the date
obtained from another dating method, such as thermoluminescence. Calibrated 14C dates are often reported as cal BP, cal BC, or cal AD, again with BP, referring to 1950 as a zero date. Radiocarbon provides two options for reporting calibrated dates. The general format is cal,d-date-
range, where: the range of dates corresponding to this level of confidence indicates the level of confidence in this range of dates. For example, cal 1220-1281 AD (1) means a calibrated date for which the true date is between 1220 AD and 1281 AD, with a level of trust given as 1, or one
standard deviation. Calibrated dates can also be expressed as BP instead of using B.C. and AD. The curve used for результатов, должна быть последней доступной кривой IntCal. Откалиброванные даты должны также определить любые программы, такие как OxCal,
используемые для выполнения калибровки. Кроме того, статья в Журнале Radiocarbon в 2014 году о&lt;/confidence&gt; &lt;/date-range&gt; &lt;/confidence&gt; &lt;/date-range&gt; &lt;/range&gt; &lt;/14C&gt; &lt;/laboratory&gt; &lt;/range&gt; &lt;/14C&gt; &lt;/laboratory&gt;
&lt;/laboratory&gt; The Reporting Date Convention recommends information on the method of processing samples, including sample materials, pre-processing and quality control measurements; That in reference to the software used for calibration, the version number and any variants or
models used should be specified. and that a calibrated date should be provided with collateral probabilities for each range. The use of the key concept in the interpretation of radiocarbon dates in the interpretation of archeological dates is: what is the true connection between two or more
objects at archaeological sites? It is often the case that a sample of radiocarbon dating can be taken directly from an object of interest, but there are also many cases where this is not possible. Metal grave cargo, for example, cannot be dated by radiocarbon, but they can be found in a grave
with a coffin, coal or other material that can be assumed to have been deposited at the same time. In these cases, the date of the coffin or charcoal indicates the date of deposition of the grave cargo, as there is a direct functional link between them. There are also cases where there is no
functional relationship, but the association is quite strong: for example, a layer of charcoal in a garbage pit provides a date that is relevant to the garbage pit. Pollution is of particular concern in dating very old materials derived from archaeological excavations, and great care is needed in the
selection and preparation of samples. In 2014, Thomas Higham and his colleagues suggested that many of the dates published for Neanderthal artifacts were too recent because of young carbon pollution. As the tree grows, only the outer tree exchanges carbon with its environment, so the
age measured for the wood sample depends on where the sample is taken from. This means that the radiocarbon dates on wood samples may be older than the date on which the tree was cut down. In addition, if a piece of wood is used for a variety of purposes, there may be a significant
delay between cutting down the tree and final use in the context in which it is located. This is often referred to as the old wood problem. One example is the Bronze Age trackway in Withy Bed Copse, England; The track was built of wood, which clearly worked for other purposes before being
reused in the track. Another example is driftwood, which can be used as a building material. Reuse is not always possible. Other materials may present the same problem: for example, bitumen is known to have been used by some neolithic communities for waterproof baskets; The
radiocarbon age of bitumen will be more than measurable by the laboratory, from the actual age of context, so testing the material of the basket will give a misleading age if not taken care of. A A The issue related to reuse, is that long-term use, or delays deposition. For example, a wooden
item that stays in use for a long period will have an obvious age greater than the actual age of the context in which it is deposited. Using outside archaeology archaeology is not the only field to use radiocarbon dating. Radiocarbon dates can also be used, for example, in geological,
sedimentary and lake studies. The ability to date minute samples using AMS means that paleobotanists and paleoclimatologists can use radiocarbon dating directly to sediment-cleared pollen, or on small amounts of plant material or charcoal. Dates on organic material extracted from layers
of interest can be used to correlate layers in different locations that appear to be similar for geological reasons. Dating material from one location provides information about the date of another location, and dates are also used to place layers on the overall geological scale. Radiocarbon is
also used today for carbon released from ecosystems, in particular to monitor the release of old carbon previously stored in soils as a result of human or climate change. Recent advances in field-gathering techniques also allow radiocarbon dating of methane and carbon dioxide, which are
important greenhouse gases. The famous application of the Pleistocene/Holocene boundary in the two streams of the Pleistocene fossil forest is a geological epoch that began about 2.6 million years ago. The Holocene, the current geological epoch, begins about 11,700 years ago, when the
Pleistocene ends. Setting a date for this boundary, which is determined by sudden climatic warming, was the goal of geologists for most of the 20th century. In two creeks, in Wisconsin, fossil forest (Two streams buried by the forest of the state's natural area) was discovered, and
subsequent studies have shown that the destruction of the forest was caused by the Ice Reaction of Valders, the last movement of ice south to the end of the Pleistocene in the area. Prior to the advent of radiocarbon dating, fossilized trees were dated by the correlation of sequences of
deposited sediments annually in the Two Creeks with sequences in Scandinavia. This led to estimates that the trees were between 24,000 and 19,000 years old, and therefore it was taken on the day of the last Wisconsin glaciation promotion before its final retreat marked the end of the
Pleistocene in North America. In 1952, Libby published radiocarbon dates for several samples from the Two Creeks site and two similar sites nearby; dates were on average up to BP with a standard error of 350 years. This result was uncalibrated because the need to calibrate the
radiocarbon age had not yet been understood. Further results over the next decade supported by support date 11350 BP, with results considered the most accurate average of 11,600 BP. The initial resistance to these results was from Ernst Antevs, a paleobotanist who worked on the
Scandinavian varwe series, but his objections were eventually discounted by other geologists. In the 1990s, samples were tested using AMS, giving (uncalibrated) a date of 11,640 BP to 11,800 BP, with a standard error of 160 years. Subsequently, a sample from the fossil forest was used
in an interlaborator test, the results were provided by more than 70 laboratories. These tests produced a median age of 11,788 ± 8 BP (confidence 2 ) which when calibrated gives a date range of 13,730 to 13,550 bp. 101 Radiocarbon Dates of the two plants are now regarded as a key
result in developing the modern understanding of North American glaciation at the end of Pleistocene. The Dead Sea Scrolls Part of the Great Isaiah Scroll, one of the Dead Sea Scrolls in 1947, scrolls were found in caves near the Dead Sea that appeared to contain writing in Hebrew and
Aramaic, most of which are believed to have been produced by Essen, a small Jewish sect. These scrolls are important in the study of biblical texts, as many of them contain the earliest known version of the books of the Hebrew Bible. A sample of linen packaging from one of these scrolls,
the Great Isaiah Scroll, was included in Libby's 1955 analysis, which is estimated to be 1,917 years ± 200 years old. Based on analysis of the writing style, paleographic estimates of the age of 21 scrolls were made, and samples of most of them, along with other scrolls that were not
paleographically dated, were tested by two AMS laboratories in the 1990s. The results ranged from the early 4th century BC to the mid-4th century AD. In all cases, over two, the scrolls were identified over 100 years with a paleographically defined age. Isaiah's scroll was included in the
testing and it was found that two possible range dates are at the level of trust 2 , because of the shape of the calibration curve at that time: there is a 15% probability that it dates 355-295 BC, and an 84% probability that it dates from 210-45 BC. In order to make reading easier; it was argued
that failure to remove enough castor oil would have made the dates too young. Several articles have been published in support and counteracting criticism. Shortly after Libby's work was published in 1949 in the journal Science, universities around the world began to establish radiocarbon
dating laboratories, and by the late 1950s there were more than 20 active 14C research laboratories. radiocarbon dating principles are valid, despite certain discrepancies, the causes of which then remain unknown. The development of radiocarbon dating has had a profound impact on
archaeology, often referred to as the radiocarbon revolution. According to anthropologist R. E. Taylor, the 14C data made possible the history of the world by contributing to a timeline that transcends local, regional and continental boundaries. It provides more accurate dating within sites
than previous methods, which usually derive from either stratigraphy or typology (e.g. stone tools or ceramics); it also allows you to compare and synchronize events over long distances. The advent of radiocarbon dating may even have led to improvements in field methods in archaeology,
as a more quality record of data leads to a more solid link between objects and samples to be tested. These improved field methods were sometimes motivated by attempts to prove that the 14C date was incorrect. Taylor also suggests that having certain date information freed
archaeologists from having to focus so much of their energy on determining the dates of their finds, and led to an expansion of the issues that archaeologists were willing to explore. For example, since the 1970s, questions about the evolution of human behavior were much more common in
archaeology. The dating frames provided by radiocarbon have changed the prevailing perception of how innovation is spreading across prehistoric Europe. Researchers have previously thought that many ideas are spread by spreading across the continent, or invading peoples bringing new
cultural ideas with them. As radicar dates began to prove that these ideas were wrong in many cases, it became apparent that these innovations sometimes had to occur at the local level. It was described as a second radiocarbon revolution, and in regards to the British backstory,
archaeologist Richard Atkinson described the impact of radiocarbon dating as radical ... therapy for the progressive disease of invasion. More broadly, the success of radiocarbon dating has stimulated interest in analytical and statistical approaches to archaeological data. Taylor also
described the impact of AMS and the ability to obtain accurate measurements from very small samples, both heralding a third radiocarbon revolution. Sometimes radiocarbon dating methods are dated to objects of public interest, such as the Shroud of Turin, a piece of linen cloth that some
believe bears the image of Jesus Christ after his crucifixion. Three separate laboratories dated flax samples from the Shroud in 1988; the results pointed to the origins of the 14th century, which raises doubts about the authenticity of the shroud as relics of the 1st century. Researchers
studied other radioactive isotopes created by cosmic rays to determine, determine Can also be used to assist in dating sites of archaeological interest; such isotopes include 3He, 10Be, 21Ne, 26Al and 36Cl. With the development of AMS in the 1980s, it was possible to measure these
isotopes accurately enough to be the basis of useful dating methods that were primarily applied to rock dating. Natural radioactive isotopes can also work at the heart of dating methods, such as when dating potassium argon, argon dating and uranium series dating. Other dating methods of
interest to archaeologists include thermoluminescence, optically stimulated luminescence, electron rotation resonance and date of the dividing route, as well as methods that depend on annual bands or layers such as dendrochronology, thermal chronology and wart chronology. Cm. also
The Absolute Dating Dating Methodology in Archaeology Notes and Corfa's paper actually refers to slow neutrons, a term that since the days of Corfa has taken on a more specific meaning, referring to a number of neutron energies that do not intersect with thermal neutrons. Some of
Libby's original samples have since been retested, and the results, published in 2018, were generally in good agreement with Libby's initial results. The interaction of cosmic rays with nitrogen and oxygen below the Earth's surface can also create 14C, and in some circumstances (e.g. near
the surface of snow accumulations that are permeable to gases) this 14C migrates into the atmosphere. However, this path is estimated to be responsible for less than 0.1% of total output of 14 ±C. Average lifespan and semi-mymie are associated with the following equation: T 1 2 and
0.693 ⋅ T_ display frac {1}{2} 0 693'cdot s tau - Two experimentally defined values of the early 1950s were not included in the value used by Libby: 6090 years and 5900 ± 250 years. The term regular radiocarbon age is also used. The definition of radiocarbon years is as follows: age is
calculated using the following standards: (a) using a libby half-preparation period of 5,568 years, rather than the current accepted actual half-preparation period of 5,730 years; (b) Using the NIST standard, known as HOxII, to determine radiocarbon activity in 1950; (c) The use of 1950 as a
date for counting the years to date; (d) A correction of the fraction on the basis of the standard isotope ratio and (e) the assumption that the ratio of 14C/12C has not changed over time. Data on the percentage of carbon in each part of the reservoir are taken from the reservoir's carbon
estimate for the mid-1990s; estimates of the distribution of carbon in pre-industrial times are significantly different. For marine life, the age is only 400 years after It's done. This effect is taken into account during calibration using another sea calibration curve; without this curve, modern
marine life seems to be 400 years old when radiocarbon is off. Similarly, the claim of terrestrial organisms is true only after fractionation is taken into account. PDB means Pee Dee Belemnit, a fossil from the P.D. formation in South Carolina. PDB is 11,2372. The last two estimates included
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