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they should theoretically be the same. The discrepancy is
probably due to the small number of repeat experiments done
on the bauxites, and to the fact that many of these were
repeated without changing the sample, thereby eliminating

weighing and packing errorss

Accuracy. The error between each combination of
determinations is shown in table 6. Fig. 34 is a histogram
of the error frequency, The histograms illustrate the
discrepancy between the precision and accuracy of Al analysis
in bauxites, and show large experimental errors. In general,
the fluffy bauxites no.'s 4 and 5 gave lower activation
constants than the others. Although fig. 34 does not suggest
a Gaussian curve, the standard deviation is 11.7% for comparison

with the other standard deviations.
L4e Conclusions.

Induced activity analysis in bauxites was not
performed satisfactorily. Although theoretically feasible,
the experimental determinations gave high errors. The probable
source of these large errors is in packing. Better results
would be obtained by using a volumetric container and a

coarser sample, say plus 4O mesh.

In the containers used, the induced activity is not
evenly distributed. The part in the bottom, between the two
cylinder walls (see fig. 8), is closer to the neutron source

and the surrounding oil bath that thermalizes the neutrons,
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and this part of the sample contributes the main part of

the induced activity. Also, the increased gamma absorption

in the top part of the sample as it gets thicker would add to
this effect. Little is gained if the sample size is increased

by piling up on tope.

The bauxite samples contained less than 5% silica,

and the correction was negligible.
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PART IV
SODIUM ANALYSIS IN IGNEOUS ROCKS

1. Introduction. Induced radiocactivity is a labor
saving method for the quantitative analysis of Na in igneous
rocks. After crushing,the operation proceeds with only
periodical attention from the operator, actually taking less

than one-half hour.

2+ Method. 300 gm. samples of crushed igneous rock
were used, the same as for Al analysis. The background and
natural radioactivity was measured for each instrument setting.
They were irradiated with slow neutrons overnight (16 hours)
and then left for 7 hours. In this time, most of the activity
due tg.the Si, Al, Fe, and Mg content disappeared (see Table 1
Page 26). The longer lived unstable isotopes of Na and K are
now the main sources of induced activity. However, the effect
of Na will be dominant, by about 17 times that of K, because:
(a) Na?3 has 100% abundance while K¥l has 7%.
(b) Na is usually twice as abundant as K in igneous
rockse
(c) K has a cross-section for the thermal neutrons
of 1, Na 0.,6. |
The decay curves of some igneous rocks, showing Na?h activity
are shown in Fig. 35. Four gamma counting methods were t?iedf
(a) Integral counting of all energies above 662 Kev

(b) Integral counting of all energies above l.4 Mev
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(c) Differential count of the 1.38 photopeak,
gate 1.32 - 1.52 Meve ' .

(d) Differential count of the 276 photopeak,
gate 2.63 = 2.81 Mev.

Methods (a), (b) and (c¢) have, in that order, the
fastest counting rates, and take less than 15 minutes to
count. Their disadvantages are, firstly, a high background
count, and secondly, the inclusion of other induced activities
which are not corrected fore. Potassium, and probably Fe,
interferes The fast neutron reaction probably takes place,
and gives high results for the high-iron rock R-1767. Method
(c) includes the count of the 1.46 Mev photopeak of K.

Methods (c) and (d) have the weakness of the low efficiency
of the photoelectric effect for high energy gammas. The
counting rate is low, and (d) will require a half hour counte
The advantage of (d) is that there.is.no interference. The
background is low, and only the Na24 2. 76 Mev photopeak is
coveredes A further advantage in this method is that the

7 hour delay period to eliminate interferring activities can

be dispensed with, and in consequence a higher counting rate

will be available. than that reported in table 10,

3¢ Experimental data is given in tables 7 - 10,
as follows:
Table 7 - method (a)
Table 8 - method (b)
Table 9 - method (c)
Table 10 - method (d)
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R-1767 gives excessively high results for methods (a), (b)
and (c). This rock is exceptionally high in Fe, containing

29% FeO and 5% FeéOB, as shown by table 2.

ke Error. The sources of error are the same as
for the Al method in igneous rocks, except for the absence
of the errors of graphing ane calculation, and the additional
errors of interference. The interference of K is small, and
'did not give noticeable error. The effect of Fe was only
noticed in the case of R-1767; however, that it exists is
clearly shown in fige. 35. R=1803 and R-1751 have similar
amounts of Na;O, (4:18% and 4.08%), and their decay curves
coincide after 4 1/2 hours. Up until that time the curve
of R-1803 (8.8% FeO and 6.5% Fe:203) had greater activity than
that of R-1751 (6.8% FeO and 1.6% Fe,05), because of the
2.6 hour Mn induced from Fe50,

Method (a) gave results accurate within 11%, with

one large exception, R-1767.

Method (b) gave results accurate within 14%, with

one large exception, R-1767.

Method (c¢) gave results accurate within 20%, with

one exception, R-1767.

Method (d) gave results accurate within 10%, except

for R-1883, which was 15% too lowe



769‘

TABLE 7

Na analysis in igneous rocks by integral count of

induced gamma activity above 0,662 Mev, method (a)

Activity Corrected Weight :
Sample counts/m Background c/m NazO c/mfg Na20
R-1883 30 :20 248 ;277:2 18..‘7;2 148
R-1883 3133 252 2881 18,72 154
R-1791 1731 ?52 1479 9. 30 160
R=1737 }681 277 }Agh S.QO 167
R-1751 ?355 ?27 2028 l?.gL 165
R-1751 2087 211 1876 12.24 153
R-1730 1365 135 1230 7089 156
R-l80§ 2125 256 1869 12.54 149
R~l982 1521 180 1341 8,13 165
R=-1989 1480 166 1314 8416 }61
R-1767 105} 164 887 3.16 281

R-1767 1122 155 967 3.16 306
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TABLE 8

Na analysis in igneous rocks by integral count of

induced gamma activity above l.4 Mev, method (b)

Sample %§§§¥§7§ Background Cor§7;ted Wﬁ;igt c/mfg Na;o
R-1883 1350 90 1é60 18«7? 6743
R-1883 1273 75 1198 18,72 6lya1
R-1791 7§g 67 665 9.30 71.5
R=-1737 722 91 631 8.40 7561
R-1751 1038 187 851 12,2, 6946
R-1751 911 66 845 12,24 69.1
R-1730 599 45 554 ?.89 7043
R-1803 930 81, 846 12.54 67.4
R-1803 892 6? 830 1é.54 6642
R-1982 626 52 57 8.13 70.7
R=1767 373 41 332 3,16 105

R=1767 363 53 310 3.16 98,1
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TABLE 9

Na analysis in igneous rocks by differential count

of induced gamma activity 1l.32 to 1.52 Mev, method (c)

Activity Corrected Weight .
Sample counts/m Background c/m Na20 c/mfg Na 0
R-1883 @72 30 @4% 18a7é ésaé
RAL79L 268 39 229 9.30 2.6
R=1737 281 30 251 8440 2847
R-1751 328 30 298 12 24 2he3
R-1751 37k 30 3hk 12¢24 8.1
R—l?BQ 221 23 201 789 ?5r5
R=1982 236 29 207 8¢13 25.4
R-1767 127 28 99 3.16 31.3

R=1767 118 28 90 3,16 2845
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TABLE 10

Na analysis in igneous rocks by differential count

of induced gamma activity 2.63 to 2.81 Mev, method (d)

Activity ‘ Corrected Weight .

Sample counts/m Background c/m Na 50 c/m/g Na,0
R-1883 174 11 163 lS.?é 8469
R=1791 96 10 87 9. 30 9w?5
R-1737 95 9 86 8;@0 10,2
R-1751 137 11 1#6 12.24  10.3
R=-1751 136 12 léh 12.24 lQ.l
R~1730 86 10 76 7w89 9.@4
R-1803 141 13 128 l?.54 10.2
R-lSO? 134 ? 1é6 lZ.Sh 10.1
R=1982 91 12 79 8.13 9.71
R=-1767 L3 13 30 3.16 9¢49

R-1767 L2 10 32 3.16 10. 3
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5. Conclusions.

Rapid analysis of Na in igneous rocks is feasible
by measuring the induced gamma activity. Counting the 2.76 Mev
photopeak excludes the interference of other elementse. The

probable error will be within 15%.

R-1767, a rock exceptionally high in Fe, gave high

results in the other methods tried.

The scintillation counter must be checked every

day to make sure that the counting rate is constant.
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PART V

ALPHA COUNTING
PRELIMINARY EXPERIMENTS

l. Introduction. Alpha counting is a direct, fast,
method for the quantitative analysis of U and Th, and is
sensitive in tracg amounts. Hurley and Fairbairn (1953)3
Larsen et al (1952), and Kulp, Holland, and Volchok (1952)

have used it in geological investigations.

The U content is necessary for the age determination
of granitic rocks by the zircon method. It is anticipated
that dating parts of granitic rocks will help solve some of
the structural and genetic problems of geology, and the zircon

method has appealing advantages.

Larsen, Keevil and Harrison (1952) used an age formula
which required a trace lead determination and an alpha count.
The constant in this formula includes the Pb/Uf/age constant,
the apparatus constant (alpha/U), and to a satisfactory extent,

a correction for the Th content,.

The zircon method of Holland and Gottfreid (1955),
requires an alpha count (or U determination) and a measurement
of the structural deformation by X-ray crystallography. His
charts convert this data into the solution of the equation
"time‘x activity equals deformgtion!t!'.s In the structure of

~b 4

zircon, independant 8104 tetrahedra are linked by Zr+ in
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8 fold co-ordination. However, the radius-ratio of Zrth

to 072 is theoretically 0.66, which is in the 6-fold

coordination ratio range (0.41 - O0.73); therefore the arrangement
is not stable and is deformed by radioactivity. Although the
atomic radii of U*s (1.05) and Th*% (1.10) are larger than

Zr*4 (0.87) there is some substitution which makes zircons

radioactive.

2¢ Theoretical considerations.

(a) It is assumed that the U series is in equilibrium.

(b) Th will interfere with these methods. However,
Larsen claims that the Th content is small and fairly constant
and is satisfactorily corrected for in his equation constant.
There are 8 alpha emissions in the U238 series, ranging in
energy from 4,18 to 7.68 Mev. There are 6 alpha emissions
in the Th series, ranging = in energy from, 3,98 to 8.87 Meve
u238 disintegrates 3 times as fast as The32, Therefore, the
U equivalent of Th is

(a) for o activity x

%oy
w =

1
b

(b) for Pb content 1
3

(c) Alpha particles are heavy and easy po stop, they
have an atomic weight of 4, and a charge of plus 2. They will
not even penetrate a layer of paper and this is the difficulty
in cbunting them. The sample must be as close as possible

to a bare phosphor.

(d) The thin layer of phosphor powder will stop the
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alphas. Most of the betas and gammas will penetrate the
phosphor, and the scintillations that are produced can be
discriminated out because they have less energy than the

alphase

3¢ . Apparatus. The same scintillation counter
set-up is used, the ohly change necessary is the phosphor;
see fig. 35, For alpha counting, ZnS(Ag) gave the best results.
A plastic sheet type was tried, with no success. The idea
behind the plastic sheet was that the beta and gamma rays would
pass right through and only the alphas would count. Also,
the sheet was very convenient for sample application. The
powdered sample was simply spread directly on the plastic
sheet, and after counting, could be brushed clean. On the
other hand, in the use of ZnS(Ag), this powder must be
sprinkled on into silicone o0il, and the photomultiplier inverted

over the sample so that the phosphor will not be contaminated.

Le Procedure.

(a) The detector unit was checked to make sure that
it was light kight. The house was made up of a detachable
cylinder, fitted on the aluminum basee

(b) The end of the photomultiplier tube was lightly
smeared with silicone oil. The powdered phosphor, ZnS(Ag),
was sprinkled lightly into this oil,

(c) The alpha emitting sample, ground to a powder,
is placed in the sample holder. This is a plate of lucite

with a circular depression 1 m.m. in depth. The diameter of
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this depression was one quarter inch less than that of the
photomultiplier tube, so that the sample does not touch the
phosphor on the end of the photomultiplier. This arrangement

is shown in fig. 36.

(d) Turn the amplifier up as high as it will go.
Although the alphas may have high energies, the scintillation
in this phosphor is long and not too intense. Also, as there
is no reflecting syste@ around the phosphor, as there is in
a Nal crystal, only a 2w portion of the scintillations reach

the photomultiplier tube,

(e) Energy calibration of the system. A strong alpha
emitter, Th in form of Th(NOB)A’ was placed in the sample
container, The differential discriminator was used with a
fairly wide gate opening. The differential, or energy, spectrum
was taken for two runs. In run (a), a slip of paper was placed
between the sample and the phosphor. This acted as an alpha
filter, so that the phosphor received only betas, gammas, and
cosmic rays. In run (b), the paper was removed and the alpha
spectrum obtained. See fige. 37. This graph show§ alpha radiation
is being detected. The rate of about 400 ¢/m or 24000 c/h on
the differential discriminator would be increased by an integral
count, if total alpha count was desired. A significant feature
of the graph is the trough at about O.4 on the bias. This is

the upper energy of the gammas and the lower limit of the alphass

(f) A sample of ground zircon from the mineralogy
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museum was placed in the container and covered with an alpha

filter. The integral discriminator was set at 0.8 on the dial,

so that all counts of energy above this level would be counted.

The first run with the alpha filter gave the background at
20 ¢/he Then the alpha filter was removed, and the alphas
counted for one-half hour at the same settings. The rate was

2[]—0 C/ho'

5¢ Resultse. Crushed zircons, with an assumed
U content of about 40 p.p.m., gave an alpha count of 240 c/he
The background, caused by noise and high energy cosmic rays,

was 20 c/h., leaving a net activity of 220 c/h.

6o Conclusions.
(a) Sheet plastic phosphor does not work.
(b) Using a ZnS(Ag) phosphor, the alphas from
a trace amount of U or Th can be counted at a satisfactory
rates
(c) The rate could be increased by
(1) scanning a larger sample area with the
photomultiplier tube, and
(2) grinding the zircons to a finer powder,

below 100 meshs,

7. Future problems. The constant relating alpha
count to U or Th-U content must be evaluated. The easiest way
would be to write to Dr. P.M. Hurley at M.I.T. and ask for

some of his measured zircon sampless
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