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Radiometric dating method useful for determining the ages of rocks and meteoritesSamariumneodymium dating is a radiometric dating method useful for determining the ages of rocks and meteorites, based on the alpha decay of the long-lived samarium isotope (147Sm) to the stable radiogenic neodymium isotope (143Nd). Neodymium isotope ratios
together with samariumneodymium ratios are used to provide information on the age and source of igneous melts. It is sometimes assumed that at the moment when crustal material is formed from the mantle the neodymium isotope ratio depends only on the time when this event occurred, but thereafter it evolves in a way that depends on the new
ratio of samarium to neodymium in the crustal material, which will be different from the ratio in the mantle material. Samariumneodymium dating allows the determination of when the crustal material was formed.The usefulness of SmNd dating stems from the fact that these two elements are rare earth elements and are thus, theoretically, not
particularly susceptible to partitioning during sedimentation and diagenesis.[1] Fractional crystallisation of felsic minerals changes the Sm/Nd ratio of the resultant materials. This, in turn, influences the rate at which the 143Nd/144Nd ratio increases due to production of radiogenic 143Nd.In many cases, SmNd and RbSr isotope data are used
together.Samarium has seven naturally occurring isotopes, and neodymium has seven. The two elements are joined in a parentdaughter relationship by the alpha decay of parent 147Sm to radiogenic daughter 143Nd with a half-life of 1.066(5)1011 years and by the alpha decay of 146Sm (an almost-extinct radionuclide with a half-life of 9.20(26)107
years[2][a]) to produce 142Nd.To find the date at which a rock (or group of rocks) formed one can use the method of isochron dating.[6] The SmNd isochron plots the ratio of radiogenic 143Nd to non-radiogenic 144Nd against the ratio of the parent isotope 147Sm to the non-radiogenic isotope 144Nd. 144Nd is used to normalize the radiogenic
isotope in the isochron because it is a quasi-stable (with a half-life of 2.29(16)1015 years) and relatively abundant neodymium isotope.The SmNd isochron is defined by the following equation: (143 Nd 144 Nd)present=(143Nd 144 Nd)initial+ (147Sm 144 Nd) (et 1), {\displaystyle \left({\frac {{} "~ {143}\mathrm {Nd} }

{{}" {144} \mathrm {Nd} } }\right) {\mathrm {present} }=\left({\frac {{} "~ {143} \mathrm {Nd} }{{} "~ {144} \mathrm {Nd} }}\right) {\mathrm {initial} }+\left({\frac {{} "~ {147} \mathrm {Sm} }{{}"~{144}\mathrm {Nd} } }\right)\cdot (e {\lambda t}-1),} where:t is the age of the sample, is the decay constant of 147Sm, (etl) is the slope of the
isochron which defines the age of the system.Alternatively, one can assume that the material formed from mantle material which was following the same path of evolution of these ratios as chondrites, and then again the time of formation can be calculated (see #The CHUR model).[6][1]The concentration of Sm and Nd in silicate minerals increase
with the order in which they crystallise from a magma according to Bowen's reaction series. Samarium is accommodated more easily into mafic minerals, so a mafic rock which crystallises mafic minerals will concentrate neodymium in the melt phase relative to samarium. Thus, as a melt undergoes fractional crystallization from a mafic to a more
felsic composition, the abundance of Sm and Nd changes, as does the ratio between Sm and Nd.Thus, ultramafic rocks have high Sm and low Nd and therefore high Sm/Nd ratios. Felsic rocks have low concentrations of Sm and high Nd and therefore low Sm/Nd ratios (for example komatiite has 1.14 parts per million (ppm) Nd and 3.59 ppm Sm versus
4.65 ppm Nd and 21.6 ppm Sm in rhyolite).The importance of this process is apparent in modeling the age of continental crust formation.Through the analysis of isotopic compositions of neodymium, DePaolo and Wasserburg (1976[6]) discovered that terrestrial igneous rocks at the time of their formation from melts closely followed the "chondritic
uniform reservoir" or "chondritic unifractionated reservoir" (CHUR) line the way the 143Nd:144Nd ratio increased with time in chondrites. Chondritic meteorites are thought to represent the earliest (unsorted) material that formed in the Solar System before planets formed. They have relatively homogeneous trace-element signatures, and therefore
their isotopic evolution can model the evolution of the whole Solar System and of the "bulk Earth". After plotting the ages and initial 143Nd/144Nd ratios of terrestrial igneous rocks on a Nd evolution vs. time diagram, DePaolo and Wasserburg determined that Archean rocks had initial Nd isotope ratios very similar to that defined by the CHUR
evolution line.Since 143Nd/144Nd departures from the CHUR evolution line are very small, DePaolo and Wasserburg argued that it would be useful to create a form of notation that described 143Nd/144Nd in terms of their deviations from the CHUR evolution line. This is called the epsilon notation, whereby one epsilon unit represents a one part per
10,000 deviation from the CHUR composition.[7] Algebraically, epsilon units can be defined by the equation Nd (t) = [ ( 143 Nd 144 Nd ) sample (t) (143 Nd 144 Nd ) CHUR (t) 1 110 000. {\displaystyle \varepsilon {{\text{Nd} }(t)}=\left[{\frac {\left({\frac {~ {143} {\text{Nd}} }{" {144} {\text{Nd}}} \right) {{\text{sample}}(t)}}{\left({\frac
{~ {143} {\text{Nd} } }{ ~ {144} {\text{Nd} } } F\right) {{\text{CHUR}}(t)}}}-1\right)\times 10\,000.} Since epsilon units are finer and therefore a more tangible representation of the initial Nd isotope ratio, by using these instead of the initial isotopic ratios, it is easier to comprehend and therefore compare initial ratios of crust with different ages. In
addition, epsilon units will normalize the initial ratios to CHUR, thus eliminating any effects caused by various analytical mass fractionation correction methods applied.[7]Since CHUR defines initial ratios of continental rocks through time, it was deduced that measurements of 143Nd/144Nd and 147Sm/144Nd, with the use of CHUR, could produce
model ages for the segregation from the mantle of the melt that formed any crustal rock. This has been termed TCHUR.[1]In order for a TCHUR age to be calculated, fractionation between Nd/Sm would have to have occurred during magma extraction from the mantle to produce a continental rock. This fractionation would then cause a deviation
between the crustal and mantle isotopic evolution lines. The intersection between these two evolution lines then indicates the crustal formation age. The TCHUR age is defined by the following equation: TCHUR = (1 )In[ 1 + ( 143 Nd 144 Nd ) sample ( 143 Nd 144 Nd ) CHUR ( 147 Sm 144 Nd ) sample ( 147 Sm 144 Nd ) CHUR ] . {\displaystyle

T {\text{CHUR} }=\left({\frac {1}{\lambda } }\right)\In \left[1+ {\frac {\left({\frac {~{143}{\text{Nd}}}{~ {144} {\text{Nd}}} Hright) {\text{sample} }-\left({\frac {~{143}{\text{Nd}}}{"~ {144} {\text{Nd}}} Nright) {\text{CHUR}}}{\left({\frac {~ {147} {\text{Sm}}}{ {144} {\text{Nd}}} I\right) {\text{sample}}-\left({\frac {~{147}
{\text{Sm}}}{" {144} {\text{Nd}}} }\right) {\text{CHUR}}}}\right].} The TCHUR age of a rock can yield a formation age for the crust as a whole if the sample has not suffered disturbance after its formation. Since Sm/Nd are rare-earth elements (REE), their characteristically immobile ratios resist partitioning during metamorphism and melting of
silicate rocks. This therefore allows crustal formation ages to be calculated, despite any metamorphism the sample has undergone.Graph to show the depleted-mantle model of DePaolo (1981)Despite the good fit of Archean plutons to the CHUR Nd isotope evolution line, DePaolo and Wasserburg (1976) observed that the majority of young oceanic
volcanics (Mid Ocean Ridge basalts and Island Arc basalts) lay +7 to +12 units above the CHUR line (see figure). This led to the realization that Archean continental igneous rocks that plotted within the error of the CHUR line could instead lie on a depleted-mantle evolution line characterized by increasing Sm/Nd and 143Nd/144Nd ratios over time.
To further analyze this gap between the Archean CHUR data and the young volcanic samples, a study was conducted on the Proterozoic metamorphic basement of the Colorado Front Ranges (the Idaho Springs Formation).[8] The initial 143Nd/144Nd ratios of the samples analyzed are plotted on a Nd versus time diagram shown in the figure. DePaolo
(1981) fitted a quadratic curve to the Idaho Springs and average Nd for the modern oceanic island arc data, thus representing the neodymium isotope evolution of a depleted reservoir. The composition of the depleted reservoir relative to the CHUR evolution line, at time T, is given by the equation Nd (T ) = 0.25 T 2 3 T + 8.5 {\displaystyle
\varepsilon Nd(\mathbf {T} )=0.25\mathbf {T} ~{2}-3\mathbf {T} +8.5} .SmNd model ages calculated using this curve are denoted as TDM ages. DePaolo (1981) argued that these TDM model ages would yield a more accurate age for crustal formation ages than TCHUR model ages for example, an anomalously low TCHUR model age of 0.8Gy from
McCulloch and Wasserburg's Grenville composite was revised to a TDM age of 1.3Gy, typical for juvenile crust formation during the Grenville orogeny.Radiometric dating”™ The former value used was 1.03(5)108 years; the value 6.8(7)107 years was also in use between 2012 and 2023.[3]1[4]1[5]The Wikibook Historical Geology has a page on the topic
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Share copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution You must give appropriate credit , provide a link to the license,
and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or
technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for
your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. This post is a compilation of the exercises from Chapter 5: Radiogenic Isotopes from the book Geochemical Modelling of Igneous Processes - Principles and Recipes in R language by Vojtch Janouek, Jean Herv Martin, Vojtch
Erban and Colin Farrow.Many of the parent-daughter dating methods are based on similar principles. The parent (radioactive) isotope decayse to ther daughter (radiogenic) isotope:\[ "~ {87 }Rb\rightarrow”~ {87} Sr\IN[ "~ {147} Sm\rightarrow ™ {143} Nd\IN[~ {176} Lu\rightarrow ™~ {176 }HA\]\[~ {187 } Re\rightarrow ™ {187} Os\]Do note that while the I ratios
are measured directly with the mass spectrometer (TIMS or ICP-MS), R ratios must be calculated from elemental concentration obtained by isotope dilution, ICP-MS, XRF or other analytcal methods.The formula based on Faure (1986)\[\frac{ "~ {87}Rb}{"~{86}Sr}=(\frac{C {Rb}}{C {Sr}})[2.6939 + 0.2832 \frac{"~{87}Sr}{"~{86}Sr} N\
[\frac{"~{147}Sm}{"~{144}Nd}=(\frac{C {Sm}}{C {Nd}})[0.53151 + 0.14252 \frac{"~{143}Nd}{~ {144} Nd}\] Relationship between daughter and parent ratios:\[I=R(e” {\lambda t}-1)\]* I: ratio of daughter isotope to a stable, non-radiogenic isotope (e.g: \(~{87}Sr/~{86}Sr\), \(" {143} Nd/" {144} Nd\) or \("~ {176} Hf/~{177}Hf\))R: ratio of
parental isotope to the same non-radiogenic isotope in I (e.g: \("~{87}Rb/~{86}Sr\), \("{147}Sm/" {144} Nd\) or \("~{176}Lu/"~{177}Hf\))\(\lambda\): decay constantt: time (Ma or ka)However, due to the presence of common element present, the formula to correct the initial ratio, is modified as:\[I=I {i}+R(e”™ {\lambda t}-1)\]\(I_{i}\): the initial ratio
of common daughter-stable isotopeFrom this, if the age is known, the isotopic ratios can be easily age-corrected and used in petrogenetic considerations. On the other hand, knowing the initial ratio, we can determined the age by solving for t:\[t=\frac{1} {\lambda}In(\frac{I-I i} {R}+1)\] The SrNd isotopic study of the Central Bohemian Plutonic
Complex (CBPC) (Janousek et al.1995) has proven a diversity of sources and processes involved in genesis of individual intrusions and suites. The file contains an excerpt from the data for several granitoid types and two country rocks.Import the data file into a matrix izo, calculate the \(™~ {87}Rb/”~ {86} Sr\) and \(~{147}Sm/" {144} Nd\) ratios and
attach them to the matrix as the last data columns.Design functions yielding Sr and Nd initial ratios; back-calculate these at 350 and 300 Ma ago; can you program a single function with an argument identifying the isotopic system (Sr or Nd)?Calculate the age of the sample Koz-2 assuming that its initial ratio is 0.705.# Part aizo



