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ABSTRACT

Title: A Test of the Half-life of Rb87
Author: Richard M. Powell

Submitted to the Department of Geology and Geophysics on
August 19,1957, in partial Tfulfillment of the requirements
for the degree of Master of Science.

Sr/Rb analyses employing stable isotope dilution
techniques were made on five mica and microcline samples
from the Spinelli and Strickland quarrYl®egmati tes, and on
,threemica samples from the wall rocks:"associated wmth
these Begmatites. Nier, Rodgers, and Wasserburg and Hayden
have obtained concordant ages for the Spinelli and Strickland
quarry pegmatites using radiogenic lead methods. By assuming
the average concordant age for each pegmatite as the true
age of its minerals, a resultant half-life of Rb37 was
cal.cuf.atied: "fooreach mineral.

207The average h~~-life based on the published Pb2~6/u238,
Pb/U435, and Pb /Th232 ages is 4.9C | 0.3 ~ ~ 10 0 years;
the average ha&E—llfS based on the published Pb 0Ob/U238,
i%“i 1/U235, Pb208/ThZ232, and Pb20b/Pb207 ages is 4.9(t 0.3) x
years.

Analysis of biotite from a sample of Monson gneiss
collected at the Spinelli quarry pegmatite-wall rock contact
yielded a Sr/Rb age of 288 x I0b years. Similar analyses
of biotite and muscovite from a sample of Bolton schist
collected at the Strickland quarry pegmatite - wall rock
contact yielded an average Sr/Rb age of 235 x I0b years.

of Rb 7 is 4.9 0.3 ) x 10 years. This conclusion is in
excellent agreement with the latest published values of this
half-life, determined both by the indirect method and the
direct-counting technique. No conclusions are made concerning
the absolute ages of the wall rocks analyzed. Field structural
evidence reported by the U.S.G.S. indicated an age relationship
of the Mon~on gneiss and Bolton schist opposite to the one
suggested by the Sr/Rb ages. However, 1t is pointed out that
-recrystallization at the time of pegmatite emplacement has
taken place in the mica from the Bolton schist, and probably
also in the mica from the Monson gneiss.

gt is conclgfed that throcorrectValue  for the half-life
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IN+ROIUCTION
Many naturally radioactive nuclides are known to .exi.st,but only
comparatively few have been found useful in ,the determination of,geo-

238 U235, Th2325.Rb81, K,40, and C14° The

,logicage. T1:lesdewareU,
disintegration rates of these active.nuclides are fast enough to pro-
duce measurable amounts of ,their decay products, yet sl9w enough to
prevent. complete disappearance of the .parent 1l;uclide, Furthermo~e ,
their occurrence in geologic materials, both geographically and
stratigraphically, iS,sufficiently common to make radioactive age
measurement a valuable tool to the earth sciences.

The beta decay of Rb87 to Sr87 was, First suggested as a possible
means or measuring age by Goldscbmidt(1937)., Hahn, Strassman, a.nd
Walling (1931) extracted: the strontium from a, lepidolite from the,
Silver ,Leaf mine in the Winnipeg River area of M~itoba. The stron-
tium was i1sotopically analyzed by Mattauch (1937), who reported that
97~0f the strontium wa~ of mass 87" an enricbment,presutll;ablydue~o
the decay of Rb87 in th~ mineral. Thus, the method showed itself
readily suited ,toage measurements on lepidolite; unfortunately,
lepidolite 1s a relatively rare mineral. In an effort to broaden
the. scope of the Rb/Sr age method, Hahn, Mattauch, and Ewald (1943),
and Mattauch (1947), repc;>rted.tleast 45~ enrichment of radiogenic
Sr8l in pegmatiticmicrocline and pollucite. However, the method was
still restricted to.one type of igneous rock, the pegmatite.

Whiting (1951) and Holyk (1952) investigated the possi~le exten-

sion of Rb/Sr age measurement to the common rock-forming minerals,

bioti te and feldspar, using optical spectrographic t~chn,iques. .The



introduction of refined analytical techniques, such as isotope dilution
and the use of"ion exchange columns (Aldrich, Doak, and Davis; 1953),
coupled with mass spectrometric analysis, made it possible to measure
much smaller concentrations of rubidium and radiogenic strontium.

Herzog ~ al (1953) and Tomlinson and Das Gupta (1953) found it possible
to determine the rubidium-strontium ages of biotite, phlogopite, and
muscovite, and of feldspars which possessed a SrO/Rb20 ratio less than
A

Investigators today routinely determine Rb/Sr ages on the pegmatite
minerals already mentioned as vell as biotite, muscovite, and feldspar
from such varied igneous and metamorphic rocks as gran! te, diorite,
diabase, gneiss, syenite, rhyolite, gabbro, and norite (Fairbairn, 1951;
Herzog ~ al, 1956). Recently, an attempt has been made at this labora-
tory to apply the Rb/Sr method to hornblende extracted from three igneous
rocks (Pinson, 1957a). As in feldspars, a large variation 1in the ratio
sr/Rb (.14 to 11) made analysis possible for one sample, barely possible
for another, and impossible for the third. However, the results are
encouraging enough to justify further investigation.

AlIl Rb/Sr age measurements thus far mentioned. have been on igneous
or metamorphic rocks. Cormier (1956)applied the Rb/Sr method to sedi~
mentary glauconites in an effort to establish an absolute post-Precambrian
time scale, with considerable success.

Thus, the Rb/Sr method has assumed a very tmportant role in geochrono-
metry. Its wide range of applicability to common rock-forming minerals,
and its extension into the sedimentary column, has made it a valuable tool
of the modern- geologist.  Further, when used in conjunction with the
versatile and increasingly reliable KIA method, close agreement of

results has been obtained.



Despite the success of Rb/Sr dating, absolute ages determined by
this method have been unreliable.  This 1is due to the uncertainty in the
half-life of Rb87; obviously, it is essential 1in any radioactive age
method to know accurately the rate of decay of the active nuclide.
Usually, a known amount of the radioactive element is placed in a suit-
able detection chamber and its specific activity measured. From this can
be calculated the disintegration rate and half-life. This measurement
has been made on rubidium by a number of people. Their results are

presented in Table 1.






The values obtained for the half-life in Table | range from 4.1 to
6.41 x 1010 years. The wide spread of values indicates difficulty in
directly counting the activity of Rb87° This 1is due to the unusual
energy distribution of the emitted beta particles, as shown in Figure 1.
The rather large proportion of low energy betas places the average
particle energy at about 45 Kev , although the maximum energy is 275 Kev.
Source and foil absorption make the shape of the lower energy end of the
spectrum, where a large portion of the activity is located, very
uncertain; thus, extrapolation to zero source and foil thickness is
necessary in a rather critical region of the spectrum. The uncertainty
in extrapolation is carried through to produce an uncertainty in the
half-life of the isotope.

An indirect method of testing the half-life of rubidium87 is
available when minerals favorable to Rb/Sr age determination occur in
geologic units which have concordant ages by two or more of the U-Pb,
Th-Pb, and Pb-Pb methods. By assuming the concordant ages to be the
true age of the rock unit 1 and the uranium and rubidium minerals to be
cogenetic, one can calculate the necessary half-life of Rb87 by measuring

87

the ratio of radiogenic sr87 to Rb in the favorable minerals.

A recent attempt to measure the half-life by this method has been
reported by Aldrich et .al (1956). They measured the Pb206/U238 and
Pb201/U235 ages of a monazite and five uraninites from six pegmatites
ranging in age from 375 to 2680 million years. The ages thus obtained
were in all cases concordant. They then analyzed rubidium rich minerals

from the same rock units for their Rb-Sr contents and for each case cal-

culated the half-life necessary to make the Rb-Sr age agree with the
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U-Pb age. The results are shown in Table Il. The calculated values
for the half-life show good agreement, and yield an average Rb87 half-

life of 5.0 (~0.2) x 1010 years.



TABLE 11

T%(xlOlo years)

Pegmatite Location U/Pb Ages (x100 years) Rb/Sr Data
8 2 2 8
Mineral Pb206/023 Pb 07/U 3 Mineral Radiogenic Sr 7/Rb87

Bikita Quarry, Monazite 2640*100 2680%100 Lepidolite 0.0380%.001
So. Rhodesia
Viking Lake, Uraninite 1790250 1830%50 Biotite 0.0270£.001
Saskatchewan
Bob Ingersoll, Uraninite 1580230 1600430 Lepidolite 0.0239+.001
Keystone, S. D. Muscovite 0.0244%,001

Microcline 0.022L+,001
Cardiff Twsp., Uraninite  1020%20 1020£20 Biotite 0.01L40t.,0007
Onteario
Fission Mine, Uraninite  1040%20 1050420 Biotite 0.01401,0007
Wiberforce, Ont.
Spruce Pine, Uraninite 375%10 380410 Muscovite 0.00515%.0002
N. C. Microcline 0.00535%.0002

5.0

4.8

4.8

5.1

5.2

5.0



It Vas the object of the research reported here to investigate
further the question of the true half-life of Rb81, using the indirect

method as described 1in the preceding paragraphs.



CHAPTER | - BASIC CONSIDERATIONS
A. U-Pb, Th-Pb, and Pb-Pb age methods

The following three nuclear processes:
238 206

us°® > Pp + 8 2He4 !
u23s ~ Pp201 + 7 2He4 |
and Th232 -~ pp208 4+ 6 2Hes

can each be used to determine the geologic age of a mineral, provid~d
the parent and its daughter products have been part of a closed system,
and a correction is made for original lead in the minerals analyzed.
Each of the three processes above involves a long decay scheme con-
sisting of many unstable nuclides. An age may also be calculated from
the ratio Pb206/ph207  pased on t~e difference between the half-lives
of the two parent isotopes, U238 and U235-

When two or more of these radiogenic lead ages are found to agree,
they are termed "concordant”. It has generally been accepted among
workers 1in the field that concordant ages represent the most reliable
determinations of geologic age currently available. They have been
used to calibrate constants of the newer age methods, such as in this
work. SOme of the most crucial dates in the geologic time scale rest
on concordant radiogenic lead ages.

In many cases, striking discordancy between the ages is shown.
This may b~ the result of preferential leaching of uranium (Collins
et al, 1954), radon leaks (Kulp et al, 1954), or daughter isotope
diffusion (Nicolaysen, 1957). The cause of discordancy in these ages

is not vell known and constitutes a major phase of current geochemical

research (Tilton, 1956 Ahrens, 1955).
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B. RDb-Sr method
After Thompson (1905) first reported the evidence of beta activity

in rubidium, RbE:rfas shown to be the parent isotope and sr87

the daughter
by Hemmendinger and Smythe (1931) and Hahn, strassman, and Halling (1937).
As mentioned previously, the majority of the betas emitted by Rb87 are
of rather low energy; hence, the nuclide has a long half-life, on the
order of ten times the latest estimates of the age of the Earth. As a
result of this longevity, 1in order for a mineral to yield a reliable
Rb/Sr age, it must be rich in rubidium and/or older than about 60 million
years. In addition, samples younger than Precambrian should have a
ratio of common strontium to to.tal rubidium less than 1/3- This is due
to the fact that nearly all the common rock-forming minerals contain
original strontium, about 7~ of which 1is sr87, and which will, 1in
rubidium poor environments, completely overshadow any radiogenic sr81
added to the mineral since its crystallization. As with all radio-
active age methods, the mineral must meet the requirement of having been
a closed system with respect.to the parent and daughter isotopes. Also,*"
the isotopic composition of both the daughter element originally
included in the mineral and the parent element must be-known.
C. Mathematical basis

The decay of a radioactive nuclide can be represented by the
equation:

(1)

where

No= number of atoms of the nuclide originally present,

N '= number of atoms of the nuclide Ileft after a time
t, end

A = decay constant.
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The decay constant is the fraction of the radioactive atoms which dis-
integrates per unit time.
In the decay of the Rb87 to sr87, both parent and daughter have the
same mass. In this .case, it can be shown t.hat
)

where

R = concentration of radiogenic sr87,

No = concentration of RbS’ originally present, and
N = concentration of Rb87 present after time t.

Substituting in (1),

NE (N+R e &
or N e
NR
i>ti:,
or 1+ RIN= e (4)

Taking the natural logarithm of (4),
ht =In (1 + R/N)

or

The half-life (Té) of a radioactive substance is defined as the
time required for the substance to decay to one-half of its initial
activity. Expressed in the terms of equation (1),

N™= No at time TJ.=t.
-2 2

Substituting -~n equation (1),
NO/2 = No e-~ [lad (6)
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Again using the relationship (2),

-Ar,/

N+ R = i4p & "

2

or

Taking the natural logarithm of (7),
~T~ = In2 = 0.69315
or

(8)

)

a.re known.

The process of decay is a statistical one; thus, when using a decay
rate or half-life, the number of events must be sufficiently large so
that statistical methods are valid. In this work, as is usually the
case, this requirement 1is satisfied. A full treatment of the theory of
radioacti ve decay may be found in Lapp and Andrews (1956).

Equations (5) and (9)have been used to calculate the results

presented in Chapter 1I11I.



CHAPTER 11 - SAMPLE SELECTION AND ANALYTICAL TIOCHNIQUES
A. Sample selection

During the fall of 1956, a field trip was made to the Spinelli and
strickland quarries near Middletown, Connecticut, for the purpose of
collecting suitable samples for this investigation. Participating in
the trip were Prof. J. W. Winchester, Prof. H. W. Fairbairn,

Prof. W. H. Pinson, Jr., DreR. F. Cormier, and the writer, all of the
M.1.T. Department of Geology and Geophysics. Samples of biotite, musco-
vite, feldspar, and lepidolite were collected.

The muscovite and feldspar samples were in the form of books and
crystals disseminated throughout the pegmati tes; the lepidolite sample
vas finely crystalline and was found on the north waste pile of the
Strickland quarry. The wall rock samples were obtained within five feet
of the pegmatite-wall rock contact at both quarries.

A detailed description of the Strickland and Spinelli quarries can
be found in Cameron et al (1954).

B. sample preparation

When possible-, preliminary hand-picking was used to eliminate
.obvious impurities in the feldspar and muscovite samples. Then the
following procedure was employed:

(1) Samples were crushed and ground, either by mechanical ja-fl

crusher and wheel grinder or by IlOrtar and pestle. All equip-

ment was thoroughly cleaned and precontaminated before using.

(2) Samples were screened and separated into 100 mesh, 140 mesh,
and 200 mesh size fractions, then washed in acetone.

(3) Lepidolite, muscovite, and biotite samples were concentrated
by processing on a Frantz magnetic separator.

(4) Feldspar samples were concentrated by processing iIn heavy
liquids.



i

C. Chemical separation at:Rb a.ndSr

The method employed throughout this work for the extraction of Rb
and Sr is a standard technique used by this laboratory. It was described
in detail recently by Pinson (1957b), and only the general procedure is
indicated below:

A known weight of sample is placed in a platinum disk and known
quantities of*sr84 and Rp87 spike solutions are added. The semple is
dissolved in the analytical grade reagents, HF and HCI04, and the
resulting solution is evaporated to dryness. The residue is dissolved
in a small volume of 2N HCI. Approximately 10 ml of radioactive Srdd
tracer 1s added,and the solution is added by pipette to an ion exchange
column. The separation of Rb and Sr is effected by eluting with 2N and
3N Hel. There is an enrichment of rubidium as the last trace of
potassium leaves the column; this fraction is located and collected by
monitoring for potassium by the flame test. The strontium-enriched
fraction is located and collected by monitoring for the Sr85 tracer with
a Gelger counter.

The Rb fraction is converted to nitrates and about 1 mg. or less
is applied to the tantalum ribbonfilament of the mass spectrometer;
the Sr fraction is converted to oxalate and about 1 mg is applied to
the filament.

D. Mass spectrometers

The mass spectrometers used in this investigation were the Nier
type, 600sector, 6 inch radius, direct-focussing instruments. Positive
ions were produced by thermionic emission, accelerated by a 2500 volt
negative potential, and passed through a sectored magnetic field of 6

inch radius and about ,4000 gauss. This split the ion beam into a number
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of beams, each having a characteristic mass/charge ratio. The split and
deflected beams were then automatically swept back and forth over the
collector slit by varying the intensity of the magnetic field. The
resulting 1ion current, proportional to the intensity of the 10n beam,
was amplified by a vibrating reed electrometer and fed to a Weston or
Brown strip chart recording potentiometer.

A complete description of the mass spectrometers used in this
research has been written by Cormier (1956); for a discussion of mass
spectrometers in general, see Nier (1947), Barnard (1953), and Inghram
and Hayden (1954).

E. Isotopic abundances

To obtain the accuracy inherent in the method of stable isotope
dilution, one must accurately know:

(1) The weight of sample used.

(2) The weight of spike added.

(3) The relative isotopic abundances of the spikes.

(4) The relative isotopic abundances of normal Rb and Sr.

The isotopic abundances of the Rb and Sr spikes supplied by the
A.E.C. have been determined a number of times by this laboratory within
the past four years. The determination 1is made by mass spectrometrically

analyZing the pure spike; the isotopic abundances of the Rb and Sr spikes

used in this research are shown in Table 1II.



TABLE 11

Spike Batch

Rb87 Spike 1, 11

. srd4 Spike 1
sré4 Spike 11

ISOTOPES

85

.1018

84

-4607
.543

.8982

86 Pl
1438 .0881
.137 .038

88
.3075

.282

10



L/

The relative isotopic abundances listed for Sr spike Il are as
determined by the A.E.C.; this spike batch was just recently received
by this laboratory and we have not yet verified the A.E.C. 1isotopic
ailalysis. Only two samples 1in this report were spiked with this new
Sr spike, the Spinelli quarry wall rock biotite (B3372) and the second
isotope dilution analysis of the Strickland lepidolite (L3375).

The spike solutions are calibrated for spike concentration by
mixing a known amount of normal. element solution With a known amount
of spike solution and analyzing the mixture mass spectrometrically.
Replicate analyses are made, and the average of the results is used as
the spike solution concentration. Cormier (1956) discusses the spike
calibration procedure in detail.

The concentrations of the spike solutions, and the samples in which

they were used, are shown in Table IV.

TABLE IV
Spike Solution Concentration Samples Spiked
RbS7 1 61.6 ~lau. L3375(1.D.1), F3371} F3374,
M3370% M3373
R8T 11 49.3 p.g/ml B3372, L3375(1.D.11), B3376}
M3316
sr8% 20.4 Yjg/ml B3376, M3376 , L3375(1.D.1),

F3371} F3374, M3373, M3370
sr84 1 19.8 jag/ml B3372, L3375(1.D.11)
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The 1isotopic abundance of no~I rubidium has been determined by a
number of investigators, among them being Brewer (1938), Nier (1950), and
Herzog et al (1953); the isotopic abundance values used in this work are
shown in Table V.

In the case of the isotopes of strontium, 84, 86, and 88 are non-
radiogenic, whereas 87 is partly derived from the beta decay of Rb87 and
partly derived from the original distribution of the elements. As time
increases, therefore, there is a corresponding increase in the universal
abundance of SI’87, increasing the relative isotopic abundance of Sr81
"which is incorporated into recent minerals over the Sr87 abundance that
was incorporated into very old minerals. This time dependency of ori-
ginal sr87 abundance in minerals will have a negligible effect in
rubidium rich environments, since the original sr87 fraction will be
completely overshadowed by the post-crystallization radiogenic sr87-
However,®in environments with a high Sr/Rb ratio, such as some meteorites
and tektites, the time variation of original sr87 has a decided effect
upon the measured age of geologically old materials. Herzog and Pinson
(1956) have calculated that the relative SI’87 abundance in bulk terres-
trial strontium 4.1 x 109 years ago was .0683 + .0010.

The present relative abundance of sr87 in terrestrial strontium has
been measured as .0102 by Nier (1938), and values closely similar to that
have resulted from measurements by Aldrich and Herzog (1952; .0703), and
a series of analyses on celestite, sea water, etc., made at this labora-
tory (Cormier, 1956; .0701).

Since all the strontium analyzed in this work was from rather
rubidium rich environments, and since the minerals are too young to show
any appreciable depletion in original sr87, the relative abundance of

87

.0102 for non-radiogenic sr-  has"been assumed 1in this report.
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All relative isotope abundance values used iIn this research are

listed in Table V.

TABLE V
Element Isotopes
85 87
Rubidium .7215 .2785
84 86 87 88
strontium .0056 .0986 .0702 .8256

F. Treatment of data

The 1ion currents were recorded by sweeping the separated ion beams,
each of characteristic mass to charge ratio, back and forth over the
collectorslit. The range of sweep was variable so as to include the
ion beams of masses 84,86, 81 and 88 for strontium runs, and masses
85 and 81 for rubidium runs. Each sveep over the mass range is referred
to as a set. The ion peaks were continuously recorded by a Brown or
Weston strip chart potentiometer.

The peaks were then measured using an engineering scale of 60
divisions to the inch. The average peak height for every ten consecutive
sets was then computed for each isotope. From this data, the ratios
84/88, 86/88, and 81/88 for strontium, and 85/87 for rubidium, were
computed. After this, a grand average of each of the ratios was taken.
This procedure was- found to retain a sufficiently close check on the
possibility of fractionation during a run, while considerable shortening
the task of computation. The preVious method employed by this labora-
tory was to compute the ratios for every pair of sets instead of every

ten sets. The iength of runs reported here varied from 60 to 140 sets
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for rubidium analyses, and from 80 to 160 sets for strontium analyses.
Fractionation of strontium isotopes during thermionic emission within

the mass spectrometer has been reported by a number of workers (Herzog et al,

1954; Cormier, 1956). Due to the physical process of evaporating®ions

off the filament, an overabundance of the lighter isotope should occur

near the beginning of an analysis, while the reverse should hold true

near the end of the run. The maximum degree of fractionation observed

84/sr88 . When

at this laboratory has been 3~, occurring in the ratio sr
fractionation does occur, a correction must be made or erroneous ratios
,will result. However, 1n the analyses reported, no fractiona.tion of
1S9topes has been noted.

The concentrations of normal rubidium, normal strontium, and radio-

84,88 ,

genic strontium were calculated from "the ratios Rb85/Rb81, sr
and sr87/sr88 in the standard procedure used at this labora.tory (Pinson,
1957b; Cormier, 1956). The errors attached to these calculations are
in all cases, except the isotope dilution analysis of the Spinelli
microcline, assumed to be no greater than + 5%. This "sta.ndard" error
has been arrived at through replicate analyses, contamination experiments,
and standard deviation calculations on many analyses made at this la.bora-
tory, using procedures similar to those in this work.

In the case of the Spinelli microcline, a rather low ratio of
normal strontium, to spike strontium admitted the possibility of an
error as large as =+2Clfo. An isotope ratio analysis )in which the stron-

tium is isotopically analyzed spike-free, was made on this sample,

lowering the error to the "standard" :t 5dp.



CHAPTER 111 - RESULTS
Results of analyses of five pegmatite minerals from the Spinelli
and Strickland quarries are shown in Table VI. The Rb87 decay constants
and half-lives calculated from this data are based on the concordant
lead ages shown in Table VII. Results of analyses and calculated ages
of three Spinelli and Strickland quarry wall rock minerals are shown

in Table VIII.



TABLE VI

(x1071L yr.~dy
* Sr87

Pegmatite Normal Sr Total Rb
Location Mineral (ppm) (pom) (ppm) * seST/m8T  AQD)  A(2)
Spinelli
quarry Muscovite 9.36 2.79 2730 .00361 1.39 1.36
Microcline I.D. 11.2 .255 219 .00l411 1.59 1.55
I.R. .26 .00397 1.53  1.50
Strickland
quarry Muscovite 3.6h4 1.31 1260 .00367 1.42 +
- Lepidolite I.D.I. 9.7l 7.12 7540 .00334 1.29 5.4 £ 0.3
: I.D.](ZI) 12.8 8.43 16700 .00179 .69k 10.0 £ 0.5
3)
Microcline 29.8 1.05 992 .00373 1.hh 4.8 *+ 0.3

(1) = Based on average of Pb206/0238, Pb207/U235, and PbaOS/Th232 ages.

(2)=Besed on average of Pu20/y238, pp207/y235 pp208/m232  ong 200 pp20T Loeg

(3)=Results rejected.

# = Radiogenic Sr87.



TABLE VII

Concordant AgesI (xlO6 yr.)

Pegmatite Location Mineral szoé/U238 Pbgo?/U235 PbQOBZTh?32 Pb206/P’bz07
Spinelli quarry Samarskite 253 255 266 280
Strickland quarry Uraninite 268 266 239 -

1 - From Faul (1954) and Wasserburg and Hayden (1955)



Since the U-Pb, Th-Pb and Pb-Pb ages play the role of keystone in
this indirect 1l:lethof testing the ha.l1f-lifeof Rb87, an evaluation of
their reliability is in order at this point.

A. Concordant ages

Several people have calculated radiogenic lead ages for the Spinelli
quarry pegmatite. Chemical analysis of samarskite from Spinelli vas
made by Wells (1937). Nier ~ al (1941) determined the isotopic con-

stitution of the lead content by means of a mass spectrograph and

Pb206|U238: 232:

.cakcukat.ed the following ages: 253x|06 years; Pb208ITh

2

266xIO6 years; Pb2~ Ipb 06: 280(£60) xIO6 years, using the decay rate

of thorium determined by Kovarik and Adams (1938), and a decay rate of

uranium238

calculated by Nier et al (1941, reference 6) using measure-
ments of Kovarik and Adams (1941).

Rodgers (1952) calculated four lead ages for the Spinelli quarry
pegmatite using the chemical and isotopic analyses of Wells and Nier.
He assumed with Nier that common lead has the composition 1: 18.5:
15.4: 38.2. After SUbtracting the common lead fraction from each
isotope, Rodgers calculated the following U-Pb and Th-Pb ages:
Pb206|U238Z 25IxIO6 years;'Pb207|U235Z 255xIO6 years; and Pb208/Th232:
264x10° years. The formulas which Rodgers used for his calculations
were developed by Keevil (1939), but modified to make use of the decay

rates of U238, U235, and Th232

as determined by Nier ~ al (1941),
Fleming, Ghiorso, and Cunningham (1951), and Kovarik and Adams (1938),
resp~ctively. Rodgers also calculated Spb207/Pb206 age of 280x|06 years,

using a graph of Wickman*S (1939).
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Previously, Holmes (1947) had also calculated U-Pb and Th-Pb ages
for the Spinelli quarry samarskite. He assumed a slightly different
isotopic composition for common lead; however, the average of those ages
calculated by Rodgers differs from the average of Holmes®™ ages by only
0.7~. Since Holmes apparently used an incorrect set of coefficients in
calculating his ages (see Rodgers, p. 413, footnote 3), and since
Rodgers®™ ages are based on more recent data (see same footnote), Holmes®
lead ages were not used in this work.

Faul (1954, p. 267) presents a set of concordant ages for the
Spinelli quarry which 1is a mixture of the ages determined by Nier and

Rodgers. The Pb206/tf-38 and Pb208/Th232 ages listed by Faul are those

of Nier; the Pb207/U235 age 1is that of Rodgers; the Pb207/Pb206 ages

determined by both investigators were identical. Since the maximum
difference between the two sets of ages as calculated by Rodgers and
Nier is only 0.8%, the set of concordant ages as listed by Faul was
used 1In this work.

The general pattern exhibited by these ages, 1i.e. Pb207/Pb206 =
Pb207/U235 > Pb206/U238 is frequently found, in a more pronounced
manner, among age measurements made on U- and Th- bearing minerals.
Aldrich et al (1955) have discussed the possibility of radon leakage
and recent “catastrophic” loss of lead. Nicolaysen (1957) has dealt
guantitatively with the theory of daughter isotope diffusion in
connection with this problem. Many other workers have also investi-
gated the problem of discrepant radiogenic lead ages, but as yet no one
really knows the true cause of the discrepancies. Since the agreement
between the Spinelli lead ages 1is considered good, they have been used

as concordant ages 1in this work, and as such, have been taken to
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represent the true age® of the Spinelli quarry pegmatite.

Two half-lives have been calculated for each mineral from Spinelli;
one is based on an average of the Pb206/U238, Pb201/U235, and Pb208/Th232
ages, and the other is based on an average of all four lead ages shown
in Table VII. This was done for two reasons: one, to make possible a
strict comparison with the results of the Strickland quarry minerals]
where only Pb206/U238, Pb201/U235, and Pb208/1J:b232ages were used; two,
the lead-lead ratio age is 8% higher than the average of the other three
ages, which agree very closely. Although many physicists consider the
Pb201/Pb206 age to be the best of the lead age methods, it is subject
to several errors. Holmes (1931) recognized that a rather large error
may be introduced by the uncertainty 1in the composition of the original

222 tends to raise the

lead, especially 1in younger rocks. Loss of radon
lead ratio age, while lowering the Pb206/U238 age and leaving the
Pb201/U235 age unchanged (Rankama, 1954). Presence of old radiogenic
lead may also cause a large error (Faul, 1954).

The concordant ages for the Strickland quarry uraninite were

measured by Wasserburg and Hayden (1955), using the following decay

constants:
A Th232 - 4.99 x 10_11_y]éar ,
Au238 _ 154 x 10.19 year -1, and
Au235 - 9.12 x 10-0 year -1.
The U238/ U2 ratio was assumed to be 131.7. The good agreement obtained

betweem the ages suggests that they represent the true age of the pegma-
tite, and have been used as such in this report.
B. Evaluation-of pegmatite analyses

Of the seven analyses made for the purpose of testing the half-life

of Rb81, only one is so seriously anomalous that it must be rejected.
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This 1is the second isotope dilution analysis of the Strickland lepidolite.
A second analyslswas made on this sample in an effort to decide whether
the rather low radiogenic sr81 to Rb87 ratio resulting from the first
analysis was real or simply an analytical mistake. Contamination of
sample or a mistake in analysis has obviously occurred in the second
isotope dilution run. of this lepidolite, since the results show an
increase of 33~in normal strontium and over I~ in rubidium.

Normally, vresults of analyses made at this laboratory can be reproduced
with an accuracy of at least 2fo for rubidium and 3fo for strontium.  When
such a complete lack of agreement occurs in a replicate analysis, one
can either perform a third analysis or accept one or the other of the
first two. Since time did not permit a third analysis to be made, and
since the first analysis was the more reasonable of the two, it was
retained and the second isotope dilution analysis of the Strickland
leipdolite was rejected., Actually, lepidolite is the most favorable of
all minerals~to Rb/Sr age measurements because of its very low ratio of
common strontium to rubidium.

Two strontium analyses were made on the Spinelli microcline. The
first was a standard isotope dilution run (indicated by 1.D. in Table VI).
The large error (#2~) associated with this analysis was due to a combina-
tion of rather low total rubidium content and very unfavorable ratio

81

radiogenic sr87/spike Sr For this reason, a second run was made

(indicated by I.R. 1in Table VI) using the pure unspiked strontium

concentrated from the microcllne. The isotope ratios of strontium were

measured and the radiogenic sr8l

81

computed.  Although the concentrations
of radiogenic S calculated from the isotope dilution and isotope

ratio runs do not differ greatly (4<f), the error was reduced from 12rJfo
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to #5'10. In computing the average Rb8l half-life reported in the next

section of this chapter, the isotope ratio data have been issued.
Although the normal strontium concentration vary from 3.64 ppm to

29.8 ppm, and although the total rubidium concentrations vary from

87/Rb87 show little devia-

219 ppm to 7540 ppm, the ratios radiogenic sr
tion, not only for each pegmatite, but for both rock units 85 a whole.
This indicates that both the Spinelli and Strickland quarry pegmatites
formed at approximately the same time, and the mica-feldspar minerals
within each pegmatite crystalli zed contemporaneously. There 1is a slight
indication in the data that the feldspars give higher radiogenic
sr81/Rb87 ratios than the muscovites and lepidolite. This would corres-
pond to an older age, if true, but the evidence here is too inconclusive
to prove or disprove a trend of that sort.

The Strickland quarry ~crocline, because of its relatively high
ratio normal Sr/total Rb, have an associated error of i7~;all other
errors have been conservatively estimated at 5%, with the exception of
the isotope dilution analysis of the Spinelli microcline. In this case,
an isotope ratio strontium run has reduced the error to +5~.

The estimate of at least 5~ accuracy in these analyses 1is based on
results of interlaboratory comparison determinations, made on the same
samples. Many comparison analyses made in collaboration with the Lamont
Geological Observatory, the Carnegie Institution of Washington, and the
Institute for Nuclear Studies at the University of Chicago, have shovn
that measurements made at this laboratory, using the standard procedures
employed in this report, have an absolute accuracy of at least#bi.

The computed values for the half-life of Rb81 range from 4.5 x 1010
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years to 5.4 X 1010 years. All values agree within experimental error,
except the isotope dilution analysis of the Strickland lepidolite. As
explained in the preceding paragraphs, a second isotope dilution run
was made on this sample, but gave results so seriously anomalous that
it had to be rejected. No reason has been found at this time for the
slightly high half-life value computed from the data of this lepidolite.

It is significant that none of the values reported here for the
half-life of RbS’ compare with the higher values obtained by many
previous direct-counting experiments. Thus, the higher range of values
reported for the half-life (5.9--6.4 X 1010 years) by strassman and
Walling (1938), Curran, Dixon, and Wilson (1951), Lewis (1952), etc.,
is most dou~tful when viewed in the light of recent "indirect" deter-
minations, such as this work, and the direct—cou.?ﬁg experiment of
Geese-Bltm.isch and Huster (1954). (Huster, 1in a private communication
to Aldrich, amended the pUblished result of 4.3 x 1010 years to
4.9--5.0 x 1010 years.)
C. Evaluation of wall rock analyses

As an interesting sideline to the main problem of this thesis, it
was decided to collect and analyze samples of the wall rocks associated
Wi.th the Spinelli and Strickland quarry pegmatites. This was done for
the following reasons:

(1) Excellent opportunity to collect samples during field trips
to the quarries.

(2) Uncertainty as to the effects of metamorphism or nearby
magmatic activity on rubidium and strontium in host minerals.

(3) Uncertainty as to the absolute and relative ages of the
wall rocks associated with these pegmatitese
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The general structural picture of the Middletown area of Connecticut
is extremely complicated. Cameron and others (1954) have given a detailed
description of the structure and lithology of the region. There are a
total of six metamorphic formations outcropping in an area 14 miles long
and 9 miles wide; however, only two, the Bolton schist and Monson gneiss,
are of interest in this report.

The Bolton schist crops out in a pattern resembling the letter "H";
the "Monson gneiss crops out in the north opening of the "R" and along
the east side. The Spinelli pegmatite 1is IQcated in the northern
.portion of the Monson gneiss, and the Strickland quarry pegmatite occurs
about 3.3 miles further south, in the Bolton schist. The composition
of this latter formation was described by Cameron ~ al ss « - quartz-
mica schists, mica gneiss, lenses of amphibole schist, and beds of
guartzite and marble”. The Monson gneiss varies considerably in
composition from place to place. The same authors describe 1its composi-
tion as "eeeeea medium-grained biotite granite gneiss, composed of micro-
cline, orthoclose, quartz, oligoclase or oligoclase-andesine, biotite,
and muscovite".

The only known ages in the area are those that were determined by
radiogenic lead methods on four pegmatites: the Spinelli quarry,
Strickland quarry, Hale quarry, and Rock Landing quarry. All of these
ages are concordant in the. 260 - 280 million year range, tentatively
placing them 1in Late Devonian in the geologic time scale. Also, field
evidence indicates that the Monson granite gneiss has intruded the
Bolton schist (Cameron et al, 1954). Thus, all that is known about the
ages of the two-wall rocks reported on here is that they are probably

pre-Late Devonian, with the Bolton schist being the older of the two.



Location
Spinelli quarry

(Monson gneiss)

Strickland quarry
(Bolton Schist)

TABLE VIII

Mineral Normel Sr(ppm) * Sr87(ppm) Total Rb(ppm)
Biotite 10.6 Co1.bk 1270
Biotite 23.9 .906 929
Muscovite 9.87 1.81 2050

Age (xlO6 yr.)
288 x 14

247 * 17

223 *13
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Table VIII lists the results of rubidium-strontium analyses of
micas from the Monson gneiss and Bolton schist. The data presented
seems to suggest an opposite age relationship than the one proposed in
the foregoing paragraph; however, it is important to remember that
these samples were collected at the pegmatite-wall rock contact.
Sharpness of contact and minor folds in adjacent wall rocks indicate
an intrusive emplacement of the pegmatitesj one would expect the
contact wall rock to be appreciably affected by such an intrusion.

In the case of the Strickland quarry, the concordant U-Pb and
Th-Pb age for the pegmatite 1is 258 million years, whereas the Rb/Sr
analysis of "the wall rock yields 235 (zI5) million year age. This
evidence suggests a complete recrystallization of the mica in the
Bolton schist, in the immediate region of the pegmatite, at the time
of emplacement of the pegmatite.

The concordant radiogenic lead age for the Spinelli quarry pegmatite
is approximately 260 million vyears, but here Rb/Sr analysis of biotite
from the Monson gneiss wall rock has given an age of 288 million vyears.
The relative age relationship 1in this case is plausible, but here again
one must remember the proximity of the wall rock sample to the intrusive
pegmatite. IT this is the true age of the Monson gneiss, then the
Bolton schist must be older than 288 million years, if the structural
interpretation is correct. However, this one analysis of the Monson
gneiss at the pegmatite-wall rock contact is insufficient to support

any definite statement regarding the wall rock age relationships in

this area.
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0. conclusions

) 81 206, .238 201,235
1. The average half-life of Rb_ based on the Pb" U™, Pb I ,

208|Th232 ages of both pegmatites is 4.9 (#0.3) x 1010 years; the

206,238 201 4235
U=, pb /0

and Ph
. 81
average half-life of Rb based on the Pb .
Pb208/Th232, and Pb206/Pb201 ages of the Spinelli quarry pegmatites is
4.9 (20.3) XI010"years. Thus it is concluded from the evidence presented
here tbat the correct value for the half-life of Rb81 is 4.9 (*0.3) x 1010
years. This conclusion 1is in excellent agreement with the recent results
of Aldrich ~ al (1956; 5.0(0.2) x 1010 years}, and Geese-MIInisch and

10 years).

.Huster (1954), as recently amended by Huster (4.9--5.0 x 10
IL Recommendations for future research

1. Additional corroborative determinations of the, half-life of
RS are needed, especially by.more refined direct-counting techniques.
Several 1indirect determinations similar to this one have been made
recently, with excellent agreement on a value of tbe half-life of
4.9--5.0 x 1010 years. Two of these have compared K-A and Rb-Sr
measurements on the same sample (Pinson, 1951c; Wasserburg, 1956}j
this is not really an unequivocal test due to the slight uncertainty
in the brancbing ratio of k40s  One other recent indirect test of the
RbB7 balf-life was made by Aldrich ~ J.!l. (1956), using concordant radio-
genic lead ages of pegmatites, similar to the work reported here but of
much wider scope. Although these four recent tests show excellent
agreement, they are not really absolute determinations of the decay
rate and half-life, since they are based on other natural decay schemes.

Thus, additional direct-counting experiments are needed, such as the

recent one by Geese-Bahnisch and Huster (1954). This experiment, as



amended by Huster, also gave a Rb81 half-life of 4.9--5.0 x 1010 years.
2. Samples of the Monson gneiss and Bolton schist should be

collected at regularly increasing distances from the pegmatite-wall

rock contact. By analyZing the suitable minerals in these samples

for Rb-Sr concentrations, knowledge of the mobility of these two elements

in large rock units would be gained. Also, the true age relationships

of these formations might be learned, provided the metamorphism of the

formations has not been too intensive.



BIBLIOGRAPHY

Ahrens, L.H., (1955) Implications of the Rhodesia age pattern,
Geochimet COSIIX)chiyeta, ~, p. 1

Aldrich, L.T., Doak, J.B., and Davis, G. L., (1953) The Use of ion
exchange co.lumn in mineral. analysis for age determination, Am. J. Sci.
251, p. 371

Aldrich, L.T., Tilton, G.R., Davis, G. L., Nicolaysen, L. 0., and
Patterson, C.C. (1955) Comparison of U-Pb, Pb-Pb, and Rb-Sr ages of
Pre-Cambrian minerals, Prac. Geol. Assoc. canada |, pt. I, p. 7

Aldrich, L.T., Wetherill, G. W., Tilton, G.R., and Davis, G. L. (1956)
Half-life of Rb87, Phy. Rev. 103, No.4, p. 1045

Barnard, G. P. (1953) M:>deriMass Spectrometry, The Institute of Physics,
London

Brewer, A. K. (1938) A mass spectrographic determination of the isotope
abundance and of the atomic weight of rubidium, J. Am. Chem. Soc. 60, p. 691

Cameron, E.N., Larrabee, D.M., McNair, A. H., Page, J.J., stewart, G.W.,
and Shainin, V.E. (1954) Pegmatite investigations 1942-45 NewEngland,
U. S G. S Professional Paper 255

Collins, C.B., Farquhar, R. M., and Russell, R.D. (1954) Isotopic
constitution  of' radiogenic leads and the measurement of geological time,

Bull. Geol. Soc. Amer. 65, p. 1

Cormier, R.-F. (1956) Rubidium-strontium ages of glauconite and their
application to the construction of an absolute post-precambrian time
scale, Ph. D. Thesis, M.L.T. (unpublished)

CUrran, S. C., Dixon, D., and vTilson, H. V. (1951) The natural radio-
activity of rubidium, Bhys. Rev. 84, p. 151

Fairbairn, H. W. (1957) Age program on biotites in Sudbury District,
Ontario, Annual Progress Report for 1956-1951, A.E.C. N.Y.O. 3937, p. 54

Faul, H. (editor) (1954) Nuclear Geology, John Hiley and Sons, Inc.,
NewYork, 414 pages

Fleming, Jr., E. H., GhiorsOl..A., and CUnninghamB. B. (1951) The
specific alpha~acti vity of u~35, Phys. Rev. 82, p. 967

Geese-Bahnische~ 1., and Huster, E. (1954) A new determination of the
half-life  of Rbo7, Natunliss 41, p. 495

Goldschmidt,-V. M. (1937) Geochemische Verteilungsgesetze  der Elements
IX Skrifter Norske Videnskaps-Akad, Oslo, L. =t. - Naturv. KL No4



Hahn, 0., strassman, F., and Walling, E. (1937) Herstellung wagba.rer
Mengendes Strontiumisotops 87 als UlnwancUungsprodukies Rubidimns aus
einem kano~scken Glimmer, Naturwiss 25, p. 189

Hahn, 0., Mattauch, J., and Ewald, H. (1943) Geologische Altersbes-
timmungenmit der strontium Methode, Chem.ztg. 61, p. 55

. Hennnendinger,A., and Smythe, W.R. (1931) The radioactive isotope of
rubidium, Phys. Rev. 51, p. 1052

Herzog, L. F., Aldrich, L. T., Holyk, W. K., ~lIliiting, F. B., and
Ahrens, L. H. (1953) Variations in strontium isotope abundances in
minerals, Part 2. Radiogenic sr87 in biotite,. feldspar, and celestite,

Trans. Am. Geophys. Un:j.orB4, p. 461

Herzog, L.F., et al (1954 Variations in isotopic abundances of strontium,

calcium, and argon, and related topics, Annual Progress Report for
1953-1954, A.E.C. N. Y. 0. 3934-II

Herzog, L. F. et al. (195~a) Varia.tions in isotopic abundances of strontium,
cUcium, and argon, and related topics, Annual Progress Report for 1955-1956,
A.E.C. N. Y. 0. 3936’ .

Herzog, L. F., and Pinson Jr., V, H. (1956b) Rb/Sr age, elemental ,and
iso~pic abundance studies of stony meteorites, Amer.Jl. Sci. 254, p. 555

Holmes, A. (1937) 'I'ne Age of the Earth, ThomasNelson and Sons, London,
287 pages

Holmes, A. (1947) The construction of a geological time scale, Irans.
Geol. Soc. Glasgow?21, p. 111

Holyk, W. (1952) SomeGeological Aspects of Radioactivity, Ph. D. Thesis,
M.L.T. (unpubliShed)

Huster, E. (1956) Half-life of RI087, Nuclear Processes in Geologic

Settings, Proceedings of the Second Conference

Inghram, M.-G., and Hayden, R. J. (1954) A handbook on mass spectroscopy,
Nat. Acad. Sci. - Nat. Res. Council, Publication 3l

Keevil, N. B. (1939) The calculation of geological age, An. J. of Science
237, p. 195

Kovarik, A. F., and Adams,N. I. (1938) The disintegra.tion constant of
thorium and the ~ranching ratio of thorium C, Phys. Rev. 54, p. 413

Kovarik, A. F., and Adams,N. |I. (1941) The rate of emission of
particles from uranium and the relative activity of actinouranium,

4. of App. Phys. 12, p.

Kulp, J. L., Bate, G. L., and Brocker, W. S. (1954) Present status
of the lead method of age determination, Am. J1. Sci. 252, p. 346



Lapp, R. E., and Andrews, H. L. (1954) Nuclear Radiation Physics,
~entice-Hall, Inc., EnglewoodCliffs, N.J., )32 pages

Mattaucn, J. (1937) Das Paar 87RbsB7Sr und die Isobarenregel, Natu:rwiss
25, p. 1tj9

Mattauch, J. (1947) stabile Isotope, ihre Messungund ihre vervendung,
Angew. Chem. A No.2, p. St

Nicolaysen, L. 0. (195'1) Solid diffusion in radioactive minerals and
.the measurement of absolute age, Geochimet Cosmochim Acta il, p. 41

Nier, A. 0. (1938) Isotopic composition of Sr, Ba, Bi, T1, and Hg,
Phys. Rev. 54, p. 275

Nier, A. 0., Thompson,R. W., and Murphey, B. F. (1941) The isotopic
constitution of lead and the measurement of geological.. time, Phys. Rev.

60,p. 112

Nier, A. 0, (1947) A mass spectrometer for isotope and gas analysis,
Rev. Sci. Instruments 18, p. 393

Nier, A. 0. (1950) A redetermination of the relative abundances of the
isotopes of neon, krypton, rubiditml, xenon, and mercury, Phys. Rev. 79,
p." 450

Pinson, Jr~,- W. H. (1957a) Rb/Sr age measurements on hornblende, Annual
Progress Report for 1956-1957, A.E-C. N.Y.O. 3937, p. 51

Pinson, S€., W. H. (1957b) Preparation of Rb, K, and Sr samples obtained
from rocks and minerals for solid source mass spectrometric analysis,

Annual Progress Report for 1956-1957, A.E.C. N. Y. 0, 3931, p. 75

.Pinson, Jr., W. H. (1957c) Comparison of K/Aand Rb/Sr ages of three

precambrian rocks, Annual Progress Report for 1956-1257, A.E.C. N. Y. O.
3937, p. 39 .

Rahkama, K. (1954) lsotope Geology, McGraw-Hill, NewYork, 535 pages

Rodgers, J. (1952) Absolute ages of radioactive minerals from the
Appalachian region, Am J. Sci. 250, p. 411

Strassman, F. and Walling, E. (1938) Die Abscheidung des reinen
Strontiumisotops 87 aus einem atten rubediurnbaltigen Lepidolith und die
Hal.fweetsyeit des Rubidiums, Ber. deut. Chem. Ges. 7I.B, p. 1

Thompson,J. J. (1905) Emission of negative corpuscles by alkali metals,
Phil. Ma.g. (6) 10. p. 584

Tilton, G. R. (1956) The interpretation of lead-age discrepancies by
acid-washing experiments, Trans. AlDer.Geophys. Union 37, p, 224




Tomlinson, R. H., and Das Gupta, A. K. (1953) The use of isotope
dilution in determination of geologic age of minerals, Can. J. Chem.
31, p. 909

Was~erburg, G. J., and Hayden, R.J. (1955) A% . 00 dating, Geochim
et CosloOochim Acta 7, p. 51 )

wa.s~erburg, G~J. (1956) A40 - JCt0 measurements, Nuclear Processes in
Geologic Settings. Proceedings of the Second Conference

Wells, R. C. (1937) Analysis of rocks and mineral.s from the laboratory
of the U.S.G.S., 1914-1936, U.S.G.S. Bull. 878

Whiting, F. (1951) Use of biotite for Strontium Age Measurements, Ph.D.
Thesis, M.1.T. (unpubliShed)

\-TickmanF. E. (1939)Some graphs on the calculation of geological age,

Sveriges gecl. undersokning avhock U'>ps. (ser. C.. No.-421) Arsb. 33,
No-7




