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they should theoretically be the same. The díscrepancy is
probably due to the smalL number of repeat experiments done

on the bauxites, and to the fact that many of these hrere

repeated without changing the sample, thereby eliminating

weighing and packÍng €Prorso

Accuracy. The error between each combj.nation of
determinations is shown in table ó. Fig. 3h is a histogram

of the error frequency" The histograms illustrate the

discrepancy between the precÍsion and accuracy of Al analysis

in bauxites, and show large experimental errors. In general,

the fluffy bar¿rcites no.rs b and 5 gave lower activatÍon
constants than the others. Although fig. 3l¡ does not suggest

a Gaussian curve, the standard deviation is J.l-"flo for comparison

with the other standard deviations.

l+. ConclusiorlS.

fnduced activity analysis in bar¡cites was not
performed satisfactorily. Although theoretically feasi-bIe,

the experimenÈaL determinations gave high errors. The probable

source of these large errors is in packing. Better results
would be obtained by using a voLumeüric container and a

coarser sample r sâ¡r plus þ0 mesh.

In Èhe containers used, the induced activity is not

evenry distributed. The part in bhe bottom¡ between the two

cylinder roal-l-s (see fig. 8), is cLoser to the neutron source

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

the induced activity. AIso, 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 top.

The bauxite samples contained less than 5% sj.l.J.ca¡

and the correcti.on was negligible "'
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PART ÏV

SODIII{ ANALYSIS n'l IGNEOUS ROCKS

l. Introd.uctÍon. fnduced. radioactivity is a Labor

saving method for the .quantitiative analysis of Na in igneous

rocks. After crushingrthe operation proceeds w1th only

periodical attention from the operatorr actually taking less

than one-ha1f hour.

?. Method. J00 gm. samples of crushed igneous rock

urere used, the sane as for Al analysis. The background and

natural radioactivity uras measured for each instrument setting.

They r¡{ere irrad.iated with slow neutrons overnight (16 hours)

and then left for f hours. In this time, most of the activity
d.ue to- the SÍ, 41, Fe , and lvig conüent disappeared ( see Table 1

¡

Page 26). The longer lived unstable i.sotopes of Na and K are

now the main sources of induced activity. Howeverr the effect

of Na will be dominantr by about 17 times that of Kr because:

(a) Na23 has J:QO(" abundance while K&I has Wo.

(b) lüa is usually tis'Íce as abundant as K in igneous

rocksr,

(c) K has a cross-secüion for the therrnal neutrons

of 1, Na 0.6.

The decay curves of some igneous rocks¡ showing Na24 activity
are shovslr in Fig. 35. For¡r gamma counting methods were trÍed.

(a) Integral eounting of all energies above 662 Kev

(b) fntegral counting of alL energíes above 1./+ Mev
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(c) Differential count of the 1.38 photopeak,

gate t. 3,2 - t, SZ Mevo

(d) Differential count of the 
'276 

phofopeak¡

gate 2.63 - 2.81 Mev.

Methods (a), (b) and (c) have, in that order, the

fastest counting ratesr âîd take Less than L5 minuües to

count. Their dieadvantages âf,ê¡ firstly, a high background

countr âfrd secondly, the inclusion of other induced activities
wtrich are not corrected for.' Potassiumr ând probably Fe,

interfere. The fast neutron reaction probably takes place,

and gives high results for the high-iron rock R4767,' Method

(c) includes the cowrt of the L.b6 Mev photopeak of K.

Methods (c) and. (¿) have the weakness of the low efficíency
of the photoelectric effect for high energy galnmas. The

counting rate is 1ow, and (¿) hlill requi.re a half hour count.

The advantage of (¿) is that there. is, no interferêÐc€¡ The

background is low¡ and. only the Na2& 2.76 IVIev photopeak is
covered. A further advantage in this method is that the

7 hour delay period to eliminate interferring activities can

be dispensed wlth, and in eonsequence a higher counting rate

will be available. than that reported in table 10.

3., Experimental data is given in tables 7 - 10,

as follows:

TableT-method(a)
Tab1e I -method. (U)

labLe 9 -method. (c)

Tab1e 10 - method (d)
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n-L767 gives excessively high results for methods (a), (b)

Sttd 
(c). This rock is exceptionally niSl in Fe, containing

Z9/o FeO and, 5/o FdrOU, as shown by table 2n

4, Errorn The sources of error are the same as

for the A1 method in igneous rocksr except for the absence

of the errors of graphing and calculabi.on, and the additional
errors of interference. The interference of K is small, and

did not give noticeable €rropr The effect of Fe v¡as only

noticed in the case of R-L767; however, that it exisüs is
clearly shown, in fig. 35. B-I80¡ and R-1751 have similar
amounts of Na20, (b.IÙ/, and, b.Oi%'t ¡ and, their decay curves

coincid.e after 4 fl2 houns. Up untíl that time the curve

of R-1803 (8.8r/" FeO and 6.5f" FJ2Or) had greater activity Èhan

that of R-1751 (6.8F" FeO and I.6% rerOr), because of the

2.6 hour l¡la induced. from Te56.

Method (a) gave results accurate w-ithÍn LL%, wiÈh

one large exception, R4767.

Method (b) gave results accurate within l4{", rvith

one large exception, n-I767.

Method (c) gsve

one exception, R.4767.

Method (d) gave

for R-1883, which was L5%

results accurate within 20%, with

results accurate within LO/r, except

too low.



Na analysis

gamna activity

TABTE 7

Ín igneous rocks

above 0"662 Mev,

76.,

by integral count

method (a)

of

induced

Sample

R-1883

R-I883

H-L79L

R.-L737

R+75L

n-L75L

R-r730

R-I803

R-1982

R-lggg

R-L767

n-t767

Activity
counts/m

zozo

3t33

t73L

1681

2355

20t7

y95
2L?5

t52L

1¿',80

10:1

Lt22

Background

zbt

rlr
?52
277

?27
211

+35

256

180

L66

L6b

L55

Correcüed
cln

2772

2881

tb79

1494
2028

t876

L230

l869

t34L

tlrh.
887

967

Itreight
Na0

2

L8'".72

L8"72

9.30

9. f0
t?" 

?t,

L2.21+

7-89
L2,5b

s,13

8.1_6

3"L6

3.16

clnl e NarO

1&8

L5t+

160

]67

t65

t53

L56

l't+9

L65

161
281

306
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TABTE 8

Na analysis in igneous rocks by integral count of
induced gamma activity above 1.l¡ Mev, method. (U)

Actívity Corrected Weieht ,

Sample counts/m Background ein NarO clnlg Na20

R-r88¡ t35o

R-L88t t273

e-t79J. Z??

R-L737 722

R-t75L 1038

R-1751 g11

R-1730 5gg

R-180¡ %?

R-1803 8?2

R-L982 6e6

H,4767 373

R-t767 363

90

75

67

91

L87

66

l+5

84

6?

52

l+L

53

t260

1198

66r

6zt

85r

8ur

55t+

8t+6

8¡o

57h

332

3ro

18.72

l8.72

9.30

9. !0
t?. 

?,n

12.21+

7,89
].2.5b

12,5t+

8.13

3.L6

3.L6

67.3

6lr.l

7r.5

75.r

69.'6

69 "l
70.3

67.!

66"2

70"7

105

98.1



TABTE g

Na analysis in
of induced gamma activity

78.

by differential count

Mev, method (c)

igneous rocks

L.32 þo L.52

Samp1e

R-188¡

R 47gL

R-L7 37

R,-T75L

R-T75L

R4730

a-1982

R-L767

n-1767

Activity
counts/ m

!7'2

?68
291

328

?7r

?2h
2?6

L27

118

Background
Correct,ed

clm

l+b2

r*
?5r
298

3bl*

?ot
207

99

90

iüeight
Naro

l8.'72

9.30

9. to
L?. 

?t*

].Zs'21+

7.89

8'13

3.16

3"16

cl nl e Nar0

23r'6
'?4.6

?8,'7
21+.3

38-1

?5.5
25.b

?L.l
28,5

30

39

30

30

30

23

29

28

28
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igneous rocks

2"63 to 2"81

79"

by ilifferentlal count

Mev, method (d)

Actívity
Sample counts/m Background

Comected !'u-eightcln Nalo clnl e

t8,72

9.30

9" !0
I?" 

?4

L2.24

7,89
I?.5t*
j.2.51þ

9.13

3.16

3"16

Na20

R-l88¡

R-t7gr

n4737

n-r75t
E -.r7 5L

R-t730

R-1803

R-1803

R-1982

n4767

n-L767

L7b

96

95

rg7

u6
86

1l+1

L3ù,

9L

b3

l+2

].63

87

86

L?6

r2l+

76

1?8

L26

79

3o

32

8.69

9.'?5

10.2

10,3

10.1

9.9'r

LO.2

10.1

9"7L

9"49

10.3

1t

10

9

11

T2

l_0

13

?

L2

t3

10
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5. Conclusionso

RapÍd 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 elementso The

probable error will be w:ithin l5/o,

R4767 , a roek exceptionally high in Fe, gave high
resul-ts in the other methods tried.

The scintilLation counÈer must be checked every

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

Af,PHA COUNTTNG

PRETTMTNARY EXPER]IVIENTS

1. fntroduction. Alpha counting is a direct, fast,
method for the quantitative analysis of U and Th¡ and is
sensitive in trace amounts. Hurley and Faj.rbairn (L953) 

.,

Larsen et al (1952') , and Kulp, Holland , and Volchok (L952')

have used it in geological investigations.

The U eontent is necessary for the age determination

of granitie rocks by the zircon method. ft is anticipated
that dating parÈs of granitic rocks w"iIl help solve some of
the structural and genetic problems of geology, and the zircon
method has appealing advantages.

Larsen, Keevil and. Harrison (]jg5lt used an age formula

vshich requi.red a trace lead determination and an alpha count..

The constant in this formula incrudes the Pb/u/age constant,

the apparatus consËant (atpna/u), and to a satisfacÈory extent,
a correction for ùhe Th content.

The zircon method of Holl-and and Goürfreid (Lg{jjl,
requires an alpha count (or U determination) and a measurement

of the structural deformation by [-ray crystallography. His

charts convert this data into the solution of the equation
f ttime x activity equal-s deformgtiont t. rn the structure of
zircon, ind.epend.ant SiOi.-& ,ut""hed.ra are linked by Zr*b in+
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8 fold co-ordination. However, the rad.ius-ratio of Zr+l+

to O-2 is theoretically 0,66, wtrich is in the ó-fold
coordination ratio range (0.1+1 - o"73); therefore the arrangement

is not stabl-e and is deformed by radioactivity. Although the

atomic radii of U+4 (1.05) an¿ Th*4 (l.lO) are larger than

b*4 (0.87) there is some substitutíon wtrich makes zircons

radi.oactive.

2. Theoretical considerations.
(a) ft is assumed that the u series is in equilibrium.
(b) Th ïr:ill interfere vj:lth these method.s. However¡

Larsen claims that the Th content is smalJ. and fairly constant

and is satisfactorily corrected for in hÍs equation constant.

There are I alpha emisSions in the Uæ8 series, ranging in
energy from l+.18 to 7"68 Mev. There are 6 alpha emissions

ip the Th series, rangi.ng in energy frgm. 3".98 to 8.82 Mev.

u;238 disintegrates 3 tiraes as fast as Th232. Therefore ¡ the
U equivalent of Th is

(c) Alpha particles are heavy and. easy to stop, they
have an atornic weight of /+ ¡ and a charge of plus z.' They will
not even penetrate a layer of paper and this is the diffieurty
in counting them. The sample must be as close as possibre

Èo a bare phosphor,

(a)foroactivity 9*I=L83h
(b) for Pb content I

3

(¿) The thin layer of phosphor powd,er urill stop the
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alphas" Most of the betas and garnmas wil-L penetrate the

phosphoi, and the scintiLlations that are produeed can be

dÍscrirninated out becau.se they have l-ess energy than the

alphas.

3n Apparatus. The same scintillation counter

set-üp is used., the only change necessary is the phosphor;

see fig. 35. For alpha countÍ.ngr ZnS(Ag) gave the best results.
A plastic sheet bype was tried, with no success. The idea

behind the plastÍc sheet was that the beta and gamma rays worrld

pass right through and only the alphas would countn Also ¡

the sheet v¡as very convenient for sample applicationo The

powdered sample was simply spread directly on the plastfc
sheet, and after countÍ-ng, could be brushed cleann On the

other hand, in the use of ZnS(Ae), thls povud.er must be

sprinkled on into silicone oil r and the photomultiplier inverted.

over the sample so that the phosphor will not be conta¡ninated.

l+r' Pro cedure n

(a) The detector unit was checked to make sure that
it was light üight. The house was made up of a detachable

cylinder, fitted on the aluminum base.

(b) The end of the photomultiplÍer tube was Lightly
smeared wlth silicone oil-. The powdered phosphor, ZnS(lS),

!üas sprinkled lightly into this oilo
(e) The alpha emitting sarnple, ground to a poïder,

is placed in the sample hol-der" this is a plate of lucite
with a circular depression 1 Ír.m" in depth. The diameter of
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-"8ose conrù/n/ng
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this depression vnas one quarter inch less than that of the

photomultiplier tuber so that the sample does not touch the

phosphor on the end of the photomultiplÍer. this arrangemenü

is shorr¡n in fi.g. 36"

(d) Turn the amplÍfier up as hÍgh as it will go"

Although the alphas may have high energies, the scintillation
in this phosphor is long and not too intense. Also r âs there

is no reflectlng system around the phosphor, as there is in
a NaI crystal, only a 2rr portion of the scintillatÍons reach

the photomultiplier bube.

(e) Energy calibration of the system. A strong alpha

emítter, Th in form of th(NOr)4, was placed in the sarnple

container. The differential discriminator was used with a
fairly w:ide gate opening. The differentialr or energy¡ spectrum

uas taken for trn¡o runs. In run (a) , a slip of paper was placed.

between the sample and the phosphor. Thís acted as an alpha

filter, so that the phosphor received only betas, ganunasr ârrd

cosmj.c rays. In run (U), the paper was removed and the alpha

spectrum obtained. See fig. 37. This graph shows alpha radiation
is being detected. The rate of about 400 cfm or 2¿F0OO c/h on

the differential discriminator would be increased by an integral
count, if total alpha count was desj-red. A significant feature

of the graph is the trough at about 0.d on the bias. This is
the upper energy of the ganunas and the lower limit of the alphas"

(f ) A sample of ground. zi.rcon frorn the mineralogy
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museum was placed ín the container and covered w:ith an alpha

fil-ter. The Íntegral discriminator was set at OnB on the dial,
so that all counts of energy above this leve1 v¡rculd be counted"

Th" first run w'ith the alpha filber gave the background at

20 cflrr, Then the alpha filter was removed, and the alphas

counted for one-half hour at the same settíngs. The rate i^ras

ãh,O cfh.

5.' Resultsn Crushed zircons r w'ith an assttmed

U content of about l+0 p.p.Inry gave an alpha count of 2lþO cl\.
The background, caused by noise and hÍgh. energy cosmic rayst

was 20 clh. , leaving a net activity of 22O clh.

a Ërace amount

raf e"'

Concl-usiorrs.

(a) Sheet plastic phosphor does not work.'

(b) Using a ZnS(Á,s) phosphor, the alphas from

of U or Th can be counted at a sati-sfactory

(c) The rate could be increased by

(1) scanning a larger sample area with the

, photomultiplier tube, and

(Zl grinding the zircons to a finer powder,

below 100 mesh,

7" Future problems. The constant relating alpha

count to U or Th-U contenü must be evaluated" The easiest i..ray

would be to write to Dr. P.¡4. Hurley at M,I.T. and ask for
some of his neasured zircon samplesn'

6.'
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