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The status of K39/K41 abundance ratios in rocks and minerals is reviewed and 
,he errors and corrections required in such meusurements pointed out. A double- 
collecto~ mass spectrometer wilh digital recording has been usedfor K30/K41 measure- 
ments in a number of granites, charnockites and zeolites. While the gmniges do 
not revealfractionation eSfect, K3QcIeJciency hns been observed in charnockites and 
zeolites. Possible reasons for sneh a fiacfionarion are pointed out. 
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Reports on the variation. of K30/K4* in natural samples started as early 
as 1936 through the work of Brewer.* Natural variations have been. reported 
since then through to the present day. Man.y of the early results have 
been discredited an.d some workers comluded that no natural variatjons in 
the ratio have been obser~ed.~.  It was suggested that observed variations 
may be due to impurity in the sample or fractionation due to difference in 
crystal structure of the ~a rnp le .~  Nevertheless natural variations in the 
ratio K39/K41 contime to be r e p o ~ t e d . ~ - ~  Important results, viz., natural 
variations of K3%/K41 in contact zones have been reported by Schreiner 
et d.8 and natural fractionation a t  a grar.ite/gabbro contact zme has been 
reported by Perminor et al.9. However, even these results are still not 
completely beyond controversy (Verbeck-personal communication). 

From theoretical considerations, however, such variations are expected 
under couditions of extreme temperature/pressure fractioiiation as in deep- 
seated rocks like chamockiies and in processes involving selectivc ion cx- 
change/absorption as in zeolites.l0 Practically all the above measurements 
h e  beer! made with a single collector and peak scanning. We have made 
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an attempt to investigate the existence of such variations by an improved 
mass spectrometric technique employil7.g double collection and digital 
measurement. 

It is quite worthwhile lo begin with a consideration of some of the 
difficulties and problems in the mass spectrometric measurement of K- 
isotopic abundances using a thermal ionisation source and how most of 

thein can be avoided or minimised. 

The problems of K-isotope studies with thermal ion source are the 
foiiowing : 

(1) Variable efficiency of ion. collection due to lack of perfect focusing 
of the ion beam. 

(2) Poor resolution and poor line profiles. It has been  calculate^ 
by Reuters,wand4 that the fraction of ions emitted from the source which 
is collected by the collector is - 1% for V,,,,,. = 1000 V and T = 1000°K. 
These limitations pertain only to early studies and are overcome in modern 
instruments with better f0cusin.g and vacuum conditions. 

(3) Space charge limitatioil was studied by Copley et dl1  Accord- 
ing to them, space charge has some influer.ce or! saturated emission. The 
effect is di~ectly proportional to beam intensity amd inversely proportional 
to beam width.. But accordin-g to Becker and W ~ l c h e i ~ ~ ~  the effect is re&. 
gible for ion currents smaller than 10-0 amp-a condition that holds in 
most isotope abundance measurements; 

(4) Deflection of ion beam due to niagnetic field of filament heating 
cu1ren.t. However, the effect was f0un.d to be much smaller than other 
experimental errors in abundance d.etermination.4 

(5) Scanning with electric field iniroduces some mass discrimiaation 
effect due to change of electrodynamic forces13 which causes different pox- 
tions of the ion beam to pass through the entrance slit. However, this 
effect can be minimised to a gieat extent by properly centeria.g the 
and can be avoided completely by scanning magnetic field or no scann@ 
as in the case of double collection techniqt1el4 (with flat top peaks). 

(6) (a) Beam translation across the entrance slit. 
(4 Beam inclination in the mediar. p1an.e of magnetic field end 
(c) Beam i~~clination in the median plane of collector system. 
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;;oweveid, according to Reutersward4 the errors due to these cacses 
be reduced to less than other experimental errors by proper focusing 

of the beam resulting in flat-top peaks. 

(7) Varyivg thiclcness of coating 011. filament. It has been observed 
by Reutersward4 that change in K39/K41 ratio of as much as 2.5% could be 
czu~ed by a thick coating of th.e sample on tE.e filament. Mutual collision 
jnteraction of th.e atoms of djfferert layers may be th.e cause for such dis- 
cqancies. This effect can be reduced to very low values by loading a 
very small amount of sample at  the cePt1.e of the filament in the form of a 
thin coating. 

(8) Memoi'y effect can be eliminated as discussed by Ken.dall15 by heat- 
i11g the filamen-t to a high temperature for complete evaporation of the 
sample, followed by chemical c1eanin.g of the filament and jon source. 

(9) A plati~.um filament contains a good amount of alkali atoms wb:ich. 
interfere with the precise measurement of KSS/K41. This effect can be 
eliminated by degassing the filament in vacuum for about an hour at white 
hot temperature before 1oadin.g the sample. 

(10) Temperature effect: Within a single analysis a discoa.tinuous change 
in measured abundance ratios may result from a change of filament tempe- 
rature.16. l7 This phenomenon clearly shows that there is a variable iso- 
tope discrimination OT fractionation effect which depen-ds on the dimea- 
sioml changes of the filament or conditions of its surface. However, this 
effect can be minimised for measuring relative variation. by measurin.g both 
the standard and sample under identical tempemture conditions of the 
filament. 

(11) Consumption of sample. It  is observed that as the amount of 
sample gets consumed during analysis, a systematic variation of isotopic 
ratio takes place. This is due to the preferential evaporation of the lighter 
isotope. Re~tersward.~ has given. an analysis of this by Raylei& fractio- 
nation which shows a relation between. the measured ratio at time t, q ( t )  
and the ratio at time t =O, q (O), given by the expression 

where n (0) and n ( t )  are the number of isotopic molecules of mass Nremain- 
1% at t = 0 and t G t respectively and N and M are the mass numbers of 
the two isotopes. However, to a close approximation n (o)/n ( t )  = idit 
where i denotes the ion current correspon.din.g to isotope N. 
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m e  measurement ~ h o w s  tb.at the effect is r?egligible if the 
m2p.t is taken befoide an ap.pp:-eciable fs,?ctiol, of ss.mple i s  consumed, A 
typ;cal curve (Fig. 1 )  for stardard K2SOB ( M ~ c k )  obtaired with our i p e b -  

mlrt  shows th.e variatior of ratio with :!~oUrt of K" HVzporated, T~~ 
value of a calculated from tl2.e ctri've = - 0 .628  which is cloee to the tbeo. 
retical value of a = (39/41)li2 - 1 = - 0.a25.  It is further obzelved that 
up to the evaporation of a smell fraction of K39, the error i'tloduced in the 
1easuremen.t is less than. the expel-imental er'sol'. This has been *in- 
tairled in all the presen.t measuremeats. The result supports the earlier 
result obtained by Reutersward." 

Amount o f  K~~ evaporated 

FIG. 1. Variation of K@/KAl ratio with the amovnt of KJ8 evaporated. 

Descriptiorz of the Zinstrument 

The mass spectrometer used for the present measuremnts is a 
type, 90" sector magnetic field, 10" radius single focusing ~ J l i n e  * 
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, , p r ~ ~ i ~ ~ s l y  used for: the measurements of Rb and Sr and geochronological 
in this laboratory.18 

The collector en.d of tb.e machine has been modified with a double- 
collector assembly mounted OE a sewrate Racge and ii7serted at  the collector 

The double collector which facilitates the simultan.eons collec- 
tion of both the isotopes closely f o l l o ~ s  Net's original design.19 In our 
case the separation betweer, K3a and. K41 is 12.5 mm. So the entrance 
,,@tor slit is 13.5 mm and the slit 011. th.e first collector is about 1.2 
wide. The advantages of dual collector are the following:20 

? 
(a) Elimination of errors due to variations in ion beam intensity slnce 

it is insensitive lo variations in ion emission; 

(b) consemation of sample; 

(c) improved precision generally by cancellation of certain time 
dependen.t errors th.at are associated with the analysis; 

(d) no scanning is necessary and thereby the time for analysis is 
reduced. 

(e) due to static nature of simultaneous collection., the time cons'ats 
can be increased and hence noise levels reduced. 

There are a few disadvan-tages in dual collection system such as the 
following : 

(a) Beams follow slightly different paths and so the efficiency of ion 
collection is not the same in the two channels. Efficiency of 
collection can depen.d on voltage distribution at  the source. 
However, for relative measurement tb.e effect is negligibly small. 

(b) Tails of adjacent isotopic beams m y  overlap. With a single 
collector one can correct for this effect whereas in. double collector 
the effect must be kept negligibly small. 

All the measurements have been taken at  a pressure of the order of 
torr. The vacuum is obtained by two oil diffusion pumps with cold 

traps connected in parallel backed by a rotary pump. 

Electronics 

(1) For the acceleration of the ion beam a highly stabilised 2 . 5  1cV 
mutant voltage power supply has been used. The output voltage is 
s1900&1~ vzriqbb from 400 V to 2.5 KV wi@ a regulation of 0.01%. 
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(2) For the magnet, a highly stabilised constmt current supply has 
been used. The current is smoothly variable from 50 to 5 O O a .  pe 
current regulatio~~ is of the order of 0 41./,. 

(3) A highly stabilised con.stmt current low voltage (6 V, 5 A) supply 
has been used for heating the filament. A Pt-Pt* Rh (lOpo) thermocouple 
been used for monitoring tb.e filament temperature. 

(4) For the detection set up, two identical electrometer amplifiers!l 
(usin.g CK 5886, transistors and ICs) have been mounted very close to tb,e 
collector end in shielded boxes. The amplifier lin.earity, stability and sensiti. 
yjty have been tested to be satisfactory. 

The analog ouput of the electrometer is converted to digital form. rfi 
the present set up, two identical voltage to frequency coD.Verters using 
op-amp and comparatorsa have been used. The lil1earity of the units is 
-0.01% and the stability is - 5 in lo3. The sensitivity of V.F.C. is 
1500 c/s per volt. The isotopic signals are integrated for a kn.0~13 time a ~ d  
counted by frequency counters. Frequency counters using 7490 a11d 7441 
with nixie display have been constructed for this purpose. To facilitate 
the integration of isotopic beams m d  counting of respective freque~cies by 
the counters for equal time for both, a gate an.d a timer have beer? used. 
The ratio of counts in th.e counters gives directly the ratio of isotopic species. 
The block diagram of the collection technique is given. in Rg. 2. 

Collector I 

Converter I 

Electrometer 
Amplifier 11 Converter I1 

'2 

?G. 2 .  Schematic (liagram ~f the digital technique for dual col le~tioh 
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~ ~ c k  aud mineral samples (charnockiles and zeolites) have beel? vsed 
the plsese~?t measurement. Polassium has been separated by r;oidmal 

chemical treatment with NF, peschloric acid, eic., end the fined solutiol~. 
eontaini~g K2S04 is concentrated so that 1-2 drops a t  the centre of the 
f i b ~ n t  yield a steady beam (5 X 10-IT A for Kdl) for 1-2 hours. 

The focusing of the instrume17t has beell tested with standard K,SO, 
(Mer&) sample. For each. sample the instrument is adjusted for flat-topped 

with a chart recorder and after obtaining the best focusing condition, 
the &?,st recorder is replaced by the digital recoi'ding system. The contri- 
bution to K4l by rhe tail of the K3$ peak is found to be less than .03%. 

(a) Measurements with standard 

In each run with the standard 3 sets of 20 measurements of isotopic 
ratios of K39/KI1 have been taken. The same standard has been repeated 
a  umber of times and alternately with the sample. No systematic varia- 
tions have been observed. The r'alio remained con.stant within an error of 
0.357;. 

The ratio of K39/K41 (averaged over 25 runs) obtained is 14.20 & 0.02 
for the standard. 

(b) Measurements with granite, zeolite, gra~~i tc  associated with char- 
nockite and chamockite far away from gran-itic region have been cal'xicd out 
under conditions identical to those for standard (particularly temperature 

Granite 

Sample and locality Kag/K41 

S (standard &SO3 

GI Prophyrite and homogeneous 
G8 [granite from Kolar District ] 

I 
G, (Arsikere granite from Kanlataka) 

G, @omogeneous and pandeol granite, 
Patm area, Kolar District) 



m d  state of evaporation.). Periodic repeats of staildard an$ sample have 
been carried out to check the comistency of the results. The results 
obhin.ed are shown. in Tables 1 to 111. S denotes standard KaSoe; 
denote zeolites (mtural) ; GI+ are gran-ites ; Gq-GC, den.& granites 
associated with charnockite and C-15 to  C-17 are charnockites. 

Clzui.nockite and gtwnite ussociated with ~hatwockite 

Sample and locality K39/K4' R - R, - 
Ro x loo 

( 3 1 5  (Discordant charnockite from 
Kabuldurga) 13.8510.02 2,4710.2 

C-16 (Concordant charnockite 
from Kabuldarga) 13.89f0.02 2.1810.2 

C-17 (Charnockite, Bastipur Village, 
Karnataka) 13.82f0.02 2,681-0.2 

GC-1 (Grey laistite gneiss from 
Kabuldurga) 14.0110.02 1.34k0.2 

GC, Pink gueiss from 13.951t0.02 1,7610.2 
GC. [Kabuldurga 1 13.98f0.02 1.5510.2 

TABLE III 

Zeolite (All from Gujurat) 

K3'/K" 
R - R o  

Sample R, 
- x 1W 

Z, (Lamontite) 

Z, (Stilbite) 

Zg (Natrolite) 

Zg (Scolecite) 

2, (Heulanditc) 

2, (Gyrolile) 

Z7 (Apophyllite) 
-. - - . - - .- - 
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The results on granites reveal a constancy of isotopic abundance 
ratios con&ming the recent measurements available in litei*ature.@ The 
grar,ites cover a fairly wide range of miner2.10gical compositiol?., texture and 
geological age (3000-1000 MY). The p rese~~ t  results do not suggest large 
scale isotopic discrimin.ation. processes in the formation. of large granitic 
bodies. 

For charnockites K30/K41 ratios 13.82-1 3.89 are obtained thus indi- 
cating a 2.68 to 2.18% depletioll of KS9 with respect to th.e standard. Char- 
nockites are deep-seated crustal rocks belonging to the granulite facies of 
metamorphism. There Is geocb.emical evidence that they have been sub- 
jected to repeated an.atectic melting processes ifi the deeper crust, as indi- 
cated by their low K, Rb, U and Th contents an.d high K/Rb ratios. Iso- 
topic fractionation is therefore col?ceivable" iir! such hig&ly differentiated 
rocks. Here K39 may be expected to be con.centrated in the anatectic melts 
that have been removed to th.e upper crustal regions resulting in lower 
@39/K43 radios for the residual granulitic rocks. measure me^-ts in this 
laboratoryz4 show ab~ormally large (K/Rb) ratios in these rock types. It 
is intere5tin.g that the granites associated with tb.e charnockite (GC,-GC,, 
Table 11) also show a depletion effect. 

The results on a large n-umber of zeolites also reveal a fractionation 
effect cor.sisting of K39 depletion (1-2.7%). Taylor and Ureylo fouad as 
much as 10% change in KS9/K41 ratios in laboratory experime~ts involvir?.g 
cation exchacge on zeolites. I t  is logical to expect a similarity of the 
process of preferential isotope effect in nature also. Cation exchange 
processes are expected to have played a role in the crystallization of the 
natural zeolites and their interactiom with hydrothermal solutions. 
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