肆、鈾系定年法(Uranium-series Dating)





一.鈾系衰變基本原理


1.Secular equilibrium: If a U-mineral is left undisturbed for a few million years, the activity of each of these daughter isotopes comes to be equal to that of the parent U isotope, as measured in numbers of disintegrations per unit time, per unit weight of rock.


2.The more soluble U may be separted from some of its daughter isotopes due to their lower solubility or different chemical behavior.





二.鈾系定年基本原理


1.234U/238U法


  234(A) = 234(A)s + 234(A)x


  234(A)s = 238(A)


  234(A)x = 234(A)x0 e-l234t


  234(A)x = 234(Ax)0 e-l234t


  234(A)x0 = 234(A)0 - 234(A)s


  234(A) = 238(A) + [234(A)0 - 238(A)] e-l234t


  [234(A)/238(A)] = 1 + {[234(A)/238(A)]0 - 1} e-l234t


  [234(A)/238(A)]0 = 1.15





2.230Th/238U法


  230(N)s = l234/(l230 - l234) 234(N)0(e-l234t - e-l230t)


  230(N)s 即U-supported atoms


  when secular equilibrium achieved  234(N)0 l234 = 234(A)0 = 238(A)


  l230 - l234 ~= l230


  e-l234t = 1


  230(N)s l230 = 238(A) (1- e-l230t)


  230(A)s = 238(A) (1- e-l230t)


-------------------------------


  230(A) = 230(A)x0 e-l230t + 238(A) (1- e-l230t)


  230(N)x = l234/(l230 - l234) 234(N)x0(e-l234t - e-l230t)


  230(A)x = 230(N)x l230 = l234/(l230 - l234) 234(A)x0


                                                                                                                         (e-l234t - e-l230t)


  234(A)x0 = 234(A)0 - 234(A)s


  230(A)x = l234/(l230 - l234) [234(A)0 - 234(A)s] (e-l234t - e-l230t)


  [230(A)x/238(A)x] = l234/(l230 - l234) {[234(A)0 - 234(A)s]/238(A)}


                                                                      (e-l234t - e-l230t)


  230(A)/238(A) = (1- e-l230t) + [l234/(l230 - l234)] 


                                               {[234(A)0/238(A)] - 1}(e-l234t - e-l230t)





3.230Th/234U法


  230(A)/234(A) = {1/[234(A)/238(A)]} (1 - e-l230t) 


                            + {1 - 1/[234(A)/238(A)]} [l230/(l230 - l234)] 


                                                                 (e-l234t - e-l230t)


4.231Pa/235U法


  231(A)/235(A) = 1 - e-l231t





5.U-trend法, 226Ra法, 230Th/232Th法, 231Pa/230Th法, 4He/U法





三.適用之材料


1.It must have formed at a discrete time, within the dating time range of the method being employed.


2.At the time of its deposition, it must have undergone a chemical modification or have been formed de novo, in such a way as to reset the daughter/parent ratio to some well-defined state.


3.Subsequent to deposition, the material was either totally undisturbed, or else underwent a well-defined process of alteration, whose time dependence can be independently estimated.


�
四.基本假設


1.The sample being dated has behaved as a chemically closed system since the time of its formation.  That is, there has been no loss or gain of any isotope except by radioactive decay.


2.At the time of formation, the isotope ratios being used to determine the age (e.g. 230Th/234U) were either zero or some other determinable value.





五.年代範圍









































六.污染鑑定


230Th/232Th 值大於20則表示標本沒有受到污染





七.分析法


1.a-spectrometry


2.Mass spectrometry





八.問題與限制


1.Detrital contamination


   (1) a pure component which initilly contained only uranium and no Th


        or Pa.


   (2) a contamitant, uaually clastic detritus, which contained, at t=0, 


        a measuable amount of Th and Pa as well as U.


2.Precision of analysis


   5-10% arise almost entirely out of counting statistics in alpha


   spectrometry


3.Time range


   the range depends on the initial ratio itself


4.Open-system behaviour


       U-trend dating method
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