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Among the more common natural radioactivity relationships investigated in 

geochronology the paired uranium-lead isotope systems have always been of in

terest for the multiple isotopic information yielded in a single study. Even in the 

earliest investigations of Nier (1939) it was apparent, however, that disagreement 

206 238 207 235 • between the apparent ages calculated from the Pb /U and Pb /U ratios 

was a common phenomenon. It has been definitely established that, in general, 

errors in analytical techniques or in the accepted values of the decay constants 

238 235 
of U and U are not the sources of the more serious discrepancies. It is clear 

that this type of age discordance is a reflection of natural disturbances of the iso

topic systems during their geologic history. 

For the dating of common igneous rocks only a few, relatively rare, minerals 

such as zircon and monazite contain appropriate original uranium and lead concen-

trations. The elaborate chemical procedures developed by Tilton and colleagues 

(1955, 1957) which are necessary for successful analysis have tended to discourage 

the investigation of U-Pb systems. Further, when considerable efforts have been re

warded frequently with discordant age data which are rather difficult to interpret, 

leading workers have tended sometimes to characterize these systems as comparatively 

unreliable (See, for example, Aldrich and Wetherill, 1958, p. 269,294, and Russell 

and Farquhar, 1960, p. 110} lnno small part this was a reflection of the absence of 
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a suitable approach in selecting samples from which data could be successfully 

systematized and interpreted. 

In this paper, an approach for investigating such discordant ages is offered 

together with excerpts from results of research in press or in progress. These data 

indicate that the uranium-lead systems wil I provide a powerful age-dating tool 

for the very specific reason of the existence of discordance phenomena. The 

subsequent discussion is based principol ly on studies of zircons, but the funda

mental approach hos been found to be applicable to other uranium-bearing access

ory minerals in common rocks. 

Investigations of zircons in many plutonic and volcanic rocks hove shown that 

in any single rock the mineral species zircon has a significant range of uranium (and 

thorium) concentration. In figure one, data are presented on the variation in 

ct-particle radioactivity (expressed as parts per million of equivalent uranium) for 

zircons from about 30 rocks. The zircon concentrate from each rock has been sep

arated into two or more fractions on the basis of size alone. Considerable variation 

of radioactivity with zircon size is the rr.de. Commonly, the finer-grained zircon 

is more radioactive. The concentration of radioactivity has also been found to vary 

with several other j,hysical parameters. This relationship reflects the behavior of 

the mineral, zircon, and the trace elements, uranium and thorium, during the 

crystallization (or recrystallization) history of the rock. The petrological implications 

are discussed elsewhere (Silver and Deutsch, in press; Silver, in press and in prepar

ation). 

From the geochronological point of view, this relationship is extremely im-

portant. It provides in most rocks, a family of cogenetic radioactive systems, hosted 
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in the same mineral structure, and subjected to precisely the same geological 

history subsequent to crystallization of the zircons. It is possible, therefore, to 

investigate the stability of the isotope systems in the various zircon fractions, with 

the variable of comparative geological environments removed from consideration. 

In a detailed study of zircons from a single block of Precambrian granodiorite 

less than 2 cubic feet in volume, Silver and Deutsch (1961, and in press) have shown 

that all of the zircons are discordant; that the sensitivity of the U-Pb isotopic system 

to disturbance differed with each fraction and that systematic variations in the cumu-

• 206 238 207 235 lat,ve Pb /U and Pb /U ratios have been produced. Strong evidence is 

found for lead loss as the principal change in the systems. Uti Ii zing the data on the 

"Concordia" diagram of Wetherill (1956) it is possible to deduce a history for the gran

odiorite starting with crystal! ization at about 1660 ± 20 mi II ion years ago and followed 

by a profound episode of disturbance at about 90 ! 20 million years ago. Th~se two 

events are quite compatible with the results of extensive detailed geologic studies 

made in the region. 

From this initial work and from numerous additional investigations, it has been 

demonstrated that the concentration of radioactivity in the zircon hasa profoundbearing 

on the sensitivity of the system to disturbance. In figure two, a number of cogenetic 

zircon families are represented. Members of a single family are circles connected by 

lines. They are presented in terms of their uranium concentration measured by isotope 

dilution ( :t' 1%) and their Pb
2

06 /u238 
ratios ( ! 2%). The uranium content consistent

ly represents 75-9()0/4 of the total radioactivity. It is clear that most of the families of 

zircons show trends with negative slopes. This yields the important generalization, 
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that other factors being constant, the less radioactive the zircon, the higher is its 

apparent age. The same groups of systems also show increasing concordance in the 

pair of U-Pb ages with decreasing radioactivity. Therefore in the search for con

cordant ages, the least radioactive zircon fractions in any given rock should be 

sought. 

The variability of slopes in the families of data in figure two appears to be 

related to both original variability in activity and disturbance mechanism. Recog

nition of this radioactivity dependence provides a basis for constructing and testing 

various hypotheses (Wetherill, 1956; Nicolaysen, 1957; Tilton, 1960; Silver and 

Deutsch, 1961, and in press) for possible mechanisms of disturbance in the U-Pb 

and Th-Pb systems. We are currently investigating these possibilities. 

From the geochronological point of view the families of cogenetic systems offer 

a basis for bringing order to apparently discordant systems. In figure three data ore 

presented for a series of cogenetic zircons and one uraninite found in, or associated 

with, a diabase-wanophyre mass in a critical intrusive relation to later Precambrian 

strata in centra I Arizona (Silver, 1960). The Precambrian assignment of the strata was 

uncertain, the age of the intrusion known only as pre-Devonian. Isotopic analyses 

yielded sharply discordant ages for the ages of the zircons and the uraninite varying 

from 80 to 1100 million years. On a nConcordia 11 diagram, however, the family of 

cogenetic isotope systems yielded a pronounced pattern, with the original age indi -

+ 
coted at 1150 - 30 mi 11 ion years (the upper intersection). A disturbing episode sug-

gested at 80 :: 30 million years is supported by field studies. 

206 238 207 235 
In figure four, the Pb /U and Pb /U systems for zircon separates 

from a suite of Precambrian crystalline rocks from the Dragoon quadrangle, Cochise 
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County, Arizona are presented on a "Concordia II diagram. Nineteen systems from 

a single post-tectonic granodiorite pluton are shown by the solid triangles. These 

represent a number of families of systems fr,im rock samples in different geologic 

settings within the pluton studied by Silver and Deutsch (1961). Seven zircon 

systems from highly deformed rocks which are interpreted on independent field 

evidence as syntectonic or pretectonic in their orogenic setting are shovVn as open 

circles. The older rocks occur in a metamorphic section intruded by the pluton. 

Although the various U-Pb systems from the granodiorite show a great range 

of discordance and the apparent ages calculated from the Pb206/ u238 ratios vary 

from less than 300 to nearly 1600 million years, they fall with greQt regularity on 

a chord intersecting the 11Concordia 11 curve at 1660 million years and 90 million 

years. The points representing the families of zircons in the older rocks fall similar-

ly very close to a single straight chord which intersects the "Concordia" curve at 

about 1720 million ,ears and about 90 million years. Almost no overlap exists in the 

graphical plot although the apparent Pb-U ages overlap completely. This method 

readily permits a distinct resolution of rocks separated by about 60 million years in 

age at 1700 million years (less than four percent age difference). These data indicate 

the age limits of a major Precambrian deformation in southern Arizona ,an orogenic event 

which had not been successfully defined by any previous geochronological work. The 

11 Laramide 11 orogeny apparently has obscured the Precambrian ages in most of the 

common dating minerals. With the cogenetic U-Pb systems, however, it is possible 

to see through the later effects for the recognition of the older age. 

It is clear that high resolution is complementary to precise correlation. The use 

of families of cogenetic uranium-lead isotope systems as defined here may significantly 
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assist in probing geological history. The prospects of establishing more precise 

continent-wide or even intercontinental correlations (e.g. Silver, 1961, and 

in press) with these techniques are attractive. It is to be hoped that more work

ers in geochronology will test and utilize this approach. 
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