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ABSTRACT

Title: A Study of Leaching Effects upon the Messured
Age of a Cambrisn Clauconite,

Author: W, Kirby Gowen, Jr,

Submitted to the Depertment of Geology and Geophysics on
August 28, 1958, in pertisl fulfillment of the requirements

for the degree of Bachelor of Science =2nd Master of Science
in Geology.

& single glauconite of Upper Cembrisn sge from the Birke
mose member of the Franconia formstion from Wisconsin hae been
meéchanically purified and split into six fresctions, Ages have
been determined for four of these fractions by using both the
Bb/Sr and K/A methods, The four vortions were trested in the
following manner: G3280A (?a) wes lesched in 25% HAe for 17
hours, G3280A (4) was heated st 97°C for 25 hours, G3280A (5)
was not treated, and G328024 (6) which was composed of fines

and contained & lerge amount of celcium carbonate, was un-
treated also,

‘The Eb/Sr age for 03280A (22) was in excellent sgreement
with G3280A (4 end 5) although ite normsl strontium content
was reduced from 12 ppm to 8,6 ppm. The K/A ages for G32804
(22, &, and 5) showed excellent agreement so that heating, at
least at a tempersture of 97°C, has no effect on the argon
content, The Rb/Sr retio for 53280& (6) wee lese thsn one-
tenth of that measured for the other three fractions, end the
ages for both the isotope dilution znd isotope ratio anelyses
were highly erroneous, The K/A age for this portion was in
excellent agreement with the Rb/Sr ages but thirty-five mile
lion years too high for the rest of the K/A ages,

The calculeted ages for three of the frections show good
agreement with the Holmes B Time Scsle., The a ¢ of the Birke
moee member of the Franconia formetion is 455 %~20) million
years sccording to the Ek/Sr method, The age, eccording to
the K/A method, 1s 425 (222) million years, but the potasesium
values may be slightly high., The average age for both methods

1s 440 (220) millien years which ig in perfect egreement with
the Holmes B Time Scale,
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AINTRODUCTION

The usefulness of the minerel glsuconite as a2 mesns
of measuring absolute sedimentary rock ages hes been ex-
plored by several workers, Wassserburg gt a1 (1955) end
Lipson (19%€) sterted the K/A work while Herzog et 21 (1958)
began the initisl Rb/Sr investigetions with Cormier develop=
ing this method further 28 2 Doctor's thesis (1956), These
analyses which range from Cembrisn to Redent in age show
good egreement in most cases with Holmes' B Time Scele
(Figure 2), A good summery of the previous work done on
the age defarminuticn of sodimentary rocke has been presente
ed by Herzog gt 21 (1958),

Pest studies on the origin and formstion of the minersl
gl=uconite by numerous investigzetors have 811 shown that
certein limiting conditions prevailed, Wershew (1957) has
summarized these conditions as follows:

"The site of formation is in moderately shallow
marine waters which are slightly reducing due to

decaying orgenic matter,

"The formation takes place Guring times of decreased
or negligible sedimentation of detritsl msteriel.

"After or during formation glauconite 1is usuelly
reworked by wave action, which may be that of tronse
gressing or regressing seess,

"Glsuconite develops largely by the replacement
of pre-exieting silicmtes; however the type of source
materisl and menner of ite renlscement vary,

If glsuconite is formed as an slterstion product, any
radiogenic 5r87 present in the original mineral must be

removed before the glauconite is formed, #n isotope dilution



analysie of & recent sediment glsuconite from the North . -
Atlentic Ocean.by Cormier showed no measuresble asmount

of radiégenic Sr87;

Heasured normal strontium aontént for the glauconites
analyzed by Cormier varied so grestly (from 4,2-163 ppm),
and microscopic determinations of the impurities woée made,
It was found thét most of the glzuconites observed oontainod
calcium carbonate 28 a2 cement coating on the grains or fille
ing eracks ﬁlthin the grains themselves,

To test this hypothesis, Cormier leached a portion of
the Iswos glauconite from Leningrad, Russis, with 1.5 N Hel
for three minutes while the rest was left untreated, Mass
spectrometric determinstions on both frections showed that
the normai strontium content had dropped from 28.9 ppm for
the untreated portion to L,2 ppm for the leached portion or
by a factor of 7, Becesuese the ages for the two fractions
agreed within experimental error (460 and 471 million years),
the leaching in this cese did not effect the radlogenic * s
8r873b87 ratio, According to geologic and psleontologic
evidence, the Iswos 1s Lower Ordoviclan; but, sccording to
'Cormier, it is anelyticelly older then the Frsnconia
formetion,

The present investtgation was begun with 2 threefold
purpose which is outlined below,

The first purpose was to obtain further information

on the effects of leaching of 2 glauconite with particular



attention paid to the following:

8. the measured smounts of rubidium to gsee if there
is eny loss from sc¢i1d leaching., A difference
could be due to the presence of rubidium in the
carbonate cement or the lesching of rubidium from
the glauconite itself,

b, the measured smounts of normal strontium (to de-
termine how much normal strontium) in the untrested
portion was conteined in the cerbonaete cement.

¢, the measured smounts of rsdiogenic etrontium to

meke sure that it was 211 present in the gleuconite
end not pertly in the cement,

d. the measured 'Sr37/3b87, which is the ratio used to
determine the final sge of the glauconite,

The second purpose was to determine en ege for the
glauconite and the sedimentary rock from uhich_lt was taken,
By analyziﬁg the glauconite by both the Rb/Sr end K/A
methods of age déterminations, sn excellent opportunity wes
afforded to test the amount of sgreement which could be eX-
pected for a gleuconite,

The third purpose wsg to study the effect heating would
have unon the argon content of the glauconite, It was
believed that diffusion of argon would occur at elevated
temperatures,

It wee with these purposes in mind thet the following

specificatione were set up.

1. A large ssmple of at least 100 grams so that ell
portions would contain a2t le=sst 20 grems,

2. A high Bb/Sr gatio so that smell veriations in the
radiogenic 5rc7 content, which is formed from the
decsy of EbS7, would be measurable with s smell
analyticel error,

3. A well-crystellized glaueonite with a basal lattice
spacing da{001)=10,1 A



8,
b.
c.
d.

By using x-ray powder diffrection photographs,
Warshaw (1957) hes classified glesuconites in the
following menner:

"well-crystallized" glsuconite
"typical® glauconite
"mixed-layer" glsuconite
"poorly-crystellized® glsuconite

a(o01)=10,1 A
d(001)=10,2-10.3 A
d(001)=10,4-11.0 A
a(ool) 11.0 A

The well-crystellized glauconite occurs as lobate,
globular grains in dolomite, chert, or arenaceous
rocks, while the less ordered varieties occur a&s ire
regular, porous greoins,



A, SELECTION OF A GLAUCONITE
A Cambrian glauconite 03280 was selected for the

following ressons:

1,

2,

6.

Sample is stratigraphicelly and paleontologically
well dsted,

1t wes known to have a Eb/Sr ratio of roughly 20
from a previous isotope dilution enalysis by
Cormier (1956),

It was analyzed by x-ray powder diffrection photog=
raphy (Moore, 1958) and found to have s basal
lattice spacing of 10,1 A,

A similar sample has been independently snalyzed
in enother leboratory (Wasserburg and Hayden, 1955).

It wee of sufficient size (500 grems) to insure

that enough pure glauconite would be obtained after
mechanical concentration,

It slso offered an excellent opportunity to refine
Cormier's Cambrisn and Ordovician ages which ranged
from 380«480 million years,

Semple R3280 from Hudson, Wisconson, wes collected by

Professor E, Mencher of M,I.T. during the Geologicel Society

of America's Field Trip No. 2, 1956 and ceme from the

Birkmose Member of the Franconia Formation of Upper Csmbrien

age, This exposure of the Birkmose is described in the

Guidebook (Berg 1956) as the type locality. The Franconie

formation 18 shown in Figure I znd consiste of five members,

Sterting with the oldest they are: the Woodhill- a cross-

bedded, medium to cosrse-grsined sandstone; the Birkmose-

a2 glauconitic, fine-grained sandstone; the Tomah- a very

fine-greined sandstone plus interbedded shale; the Reno-
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a glsuconitic, fine-grained szndstone; 2nd the
Mazomenie- 2 thin-bedded or cross-bedded ssndstone,

Under the binoculsr microscope the crushed, untreated
semple wes seen to consist of 60-70% gress-green glsuconite,
cozted with a reddish-yellow cement, Disseminsted quertz
grains were 21so present.,

B, MECHANICAL PREPARATION

Student John Moore of M,I.T. d1d the mechanieceal
seperation which ies described here, A 500 grsm sample
was crushed pertly by finger, =nd by rolling under en iron
pestle on an iron surfasce snd later on 2 plastic table top.

The sample was then screened, The +48 mesh size was
recrushed, the =48+100 snd -100+200 mesh sizes were run
through 2 Freantz magnetic sepsrstor, while the 200 mesh
slzecwas also retained, Eventuslly 211 but sbout 50 grams
passed the +48 mesh screen.

The non-megnetic portion was collected and lebeled
R3280B, The magnetic portion, composed of epproximately
100 gremes of glesuconite some with a reddish carbonate coste
ing, wes collected snd labeled G3280A. |

The semple wee then split into 20 grem portions for the

following trestments:

G3280A (1). This portion wes separated in bromoform,
whose density wae sdjusted with scetone,
8o that quartz floeted while dolomite
sank, Most of the rsmple sank.

G3280A (2), This portion was divided in helf.
a8, Becruse acetic n2¢id is known to leech
cerbonete and =dsorbed ions on clay, this
fraction wss leached in 80 ml, of 25% HAc
for 17 hours,

6 | o ‘s



b, This fraction was left in 100 ml.
of deminerslized weter for 17 hours,

The solutions were stirred once, 2llowed
to sit for 17 hours, =nd then vacuum
filtered, The HAc leached fraction:was
waghed several times, dried in air at a
temperature of 35~“0§C. :

G3280A (3). This portion was hested for 25 hours st
160°C end lost aporoximetely 0.4 of 2 gram
in welight, probebly sdeorbed weter, This
sample was not used becsuse it wes felt
thet 2 high loss of argon would be encountered,

G3280A (&), Thie portion was heated for 25 hours st 97°C
and lost 2pnroximetely 0.3 of & gram in
weight,

G3280A (5). This portion wse left untrested.

G3280A (6), This portion is composed of the -200 mesh
frection of the originsl sample snd wes
weshed in a2cetone to clesn the gresins of
eny minute particles which might be present,

A binocular inspection of the treated esmples showed no
spperent chenges except that the HAc lesched frsction contain-

ed less carbonate-coated grains,

Of the seven fractions described above, the four listed
below were chosen to be snelyzed for this study,.

G3280A (2a)., This frsction waes of prime importance
beceuse it would show if leaching the
calcareous cement surrounding & minersl
effected the rasdiogenic strontium or
rubidium content of the mineral itself,
By also messuring the potessium and argon

] content =nd comparing 1t with G3280A (5)
any varisztions in the sbundsnce of either
element could be noted,

G3280A (&), This frection wee chosen to test the effect
heating might have upon the 2rgon present
in the glauconite, The rubidium, strontiu,
and potessium concentrations should remain
unchanged, these elements not being volatile
from silicateg at thie low tempersture,
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G3280A (5), This unheated fraction wes used ss the
etendard so that any differences in the
other portions could be noted,

G3280A (6), This frection, which was only zbout 50-60%
glauconite, was chosen to study how much
2 large =2mount of non-rsdiogenic strontium,
which was present in the csrbonste cement,
would effect the precision of messurement

of the resdiogenic strontium content end
also the age,

C. CHEWICAL PREPARATION

1.0 gram semples for Sr-BEb isotopic dilution anslyses
and 0.4 gram semples for K analyses sre =ccurstely weighed
to =0.2 mg, while roughly 3.0 grsms are used for the strontium
isotopic ratio anslyses,

A11 weighings are then placed in platinum dishes with the
isotopic dilution samples receiving # known smount of Srgu and
Bb87 epike solutions whose compositions snd concentrations sre
given in Tables 1 and 2, The samples sre decomposed in resgent
grade hydrofluori@ and sulfuric scid., The semples are taken
almost to dryness, =nd then 15 ml, more of hydrofluoric sre
added to make sure that a2ll the silicon hes been removed,

The ssmples are then taken to complete dryness,

The isotopic dilution 2nd retio fractions are tsken into
solution using & small volume of 6 N, HC1 and ies heated for
over an hour to insure removal of 211 fluoride ions,

The potassium fractions sre teken into colution using a
deminerslized water solution cont2ining 1.2 ml, of HyS0), per
liter, All HC1 used in this study has been distilled in vycor
glassware and stored in polyethylene bottles, All water hss

been psssed through 2n lon exchange resin demineralizer =nd

contzins less than 0.3 ppm electrolytes as NeCl, Isotopie



dllution analyses of this water disclosed the presence of
0,04 ppm pétassium, 0.0005 ppm rubidium, snd 0,0003 ppm
strontium (Pineson 1958),

Boughly 5 ml, of rasdiosctive Sr83 tracer ere asdded to
the isotopic dilution =nd ratio ssmples before they are placed
on the ion exchenge columns for monitoring purposes, This
trecer was produced by deuteron bomberdment of resgent grade
rubidium chloride in the M,I.T. cyclotron ond has been
deseribed by Winchester (1957).

The ion exchenge columns were constructed using Dowex 50,
8% cross-linked, 260—“00 mesh cetion exchange resin, The
columns ere msde of vycor glass one inch in Adismeter and con-
tein epproximetely 12" of resin. The columns sre eluted with
2 N, HC1 throughout. Becesuse rubidium enriehmﬁnt occurs as
the lest of the potecsium leaves the column, & platinum wire
was used to locate the rubidium by monitoring the elution for
potessium, The strontium is locsted by monitoring the column
for the Sras tracer with a Geiger counter, Before being
placed on the tsntalum filsment of the mass spectrometer
source, the rubidium is converted to nitrete snd the strontium
to oxalate, The conversions of rubidium snd strontium
chloride to nitratoland oxslate respectively have been fully
described by Pineson (1957).

Once the potasssium frsctions have been taken into solu-
tion, they are trensferred to volumetric pyrex flssks snd
diluted to exactly 500 ml. with 2 solution containing 1.2 ml.

of sulfuric acid per liter of water, A 50 ml. aliquot of



thia solution 1s pipetted into a volumetric flesk and

5 ml, of a standard lﬁlution contsining 16, 000 ppm
lithium is sdded. The resulting mixture is diluted to
100.0 ml., Thies solution is then resdy for flame photo-
metric analysis. Potassium stenderds, conteing lithium
plus synthetic biotite, were prepsred using resgent grade
potaseium phthalate =2nd lithium nitrete =2né the synthetic
biotite described by Pinson (i958). The 1ithium is used

as an internal standerd,
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CHAPTER II - INSTRUME AND ISOTOPIC ABUNDANCES

The mase spectrometer used in this study was a Nier
type, 60° sector, € inch radius, direct-focussing instru-
ment, Thermionic emission 1s used to produce positive ions
which ere accelerated between two half plates at 2 2500 volt
negative potential and passed through s sectored magnetic
field of 6" radius and about 4000 geuss. As the ions or
charged particles enter the magnetic field they are split
into several beems with esch representing a certain mass/
charge ratio. The beams then continue up the tube; and, as
the strength of the magnetic field is varied, the different
mass beams pass over the collector slit. The resulting cur-
rent is amplified by a vibrating reed electrometer (Applied
Physics Corporation Model 30) end fed to = Brown strip chart
recording potentiometer, A detajled discussion of the mass
spectrometer used in this study has been written by Cormier
(1956) .,

B. ELAME PHOTOMETRY AND ARGON SYSTEM

The flame photometer used in this study was e Perkin
Elmer Model 146, This instrument wes just recently pur-
chased, and for the first set of analyses was not function-
ing properly. There is still = small amount of arift present
in the deflection needle. Becsuse propene gas was recome

mended for potassium enalyses, a2 tank of propane was asdapted

11



for the photometer, It wss used during 11 of the snalyses
reported in this study,

The operationsl procedure ig described fully in the
Perkin Elmer hendbook end will only be briefly outlined
here, The fleme photometer is turned on 45-60 minutes
beforehend, A lithium solution is atomized, snd the
instrument is adjusted to give the recommended seneitivity.
The slope of the curve for the potmssium stendsrds is
determined, snd the instrument is then ready for enelysis,
The potaseium unknowns are run alternately with nesrby
stendards, Although the hendbook mentions thet mo olesning
of the atomizer ie necessary between runs (except when it
ie clogged), a smell smount of the next solution to be run
was used to clesn the atomlgor anyway ,

Student Stenley Hart of M.I1.7., ren the argon snelyses
reported in this study on the argon system which has been
desoribed by Hurley (1957) snd (19:8),

C. ZISOTOPIC ABUNDANCES OF STRONTIUM AND BUBIDIUM AND
SALIBRATION OF SPIKES

A number of pure Srf% snd Eb®7 epike camples have been
mess spectrometrically snalyzed by this lasborstory in order
to determine the relstive sbundsnces of the isotones in the
spikes, These values sre listed in Table 1., All samples
analyzed in this work were spiked with the same EbS7 and

SrB“ spike solutione, in the concentretions shown in

Table 2,

The normel relstive abundanéas of rubidium snd strontium

.
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isotopes shown in Table 1 are those reported by Nier (1950)
and Bainbridge end Nier (1950)., For the age caleculation
on Sr87 relative sbundance of 0.0700, instesd of 0.0702
was used, on the basis of Herzog and Pinson's (1956) emd
Schumacher's (1956) caleulated velue of 0.068320.0010 for
the sbundance of 5r87 in totel terrestrisl strontium 4.7
billion yeers ego and Bainbridge and Nier's (1950) calculated
velue of 0,0702 for the relative abundsnce of 5r87 in
terrestrial strontium today, A graph wes drewn up with the
chenge in 8r37/5r pletted as a function of time, It was
from this greph thet the normel Sr°’ abundance used in this
study was taken,

ip 84 1 87 88

sr® spike Ti% oﬁw 0.062k ©0.2826

Normal 9.0656 0.0986 0.0702 6.8256
87 § - LA 2

Rb 'Spike  0.0450  0.9550

Normal 0.7215  0.2785

Because the quantities of spike obtained trua the
Atomic Energy Commission ere smell and therefore the error
in weighing great, 1t 1s necessary to cslibrate them,

The calibration is expleined in detail by Cormier (1956)and

13



will only be outlined here, Large amounts (0,? grems)

of resgent grade normel rubidium sre weilghed out znd put

into solution sepsrately, This meskes sny error in weighing

negligible, Aliguots of these solutions sre then mixed with
& known amount of the Bb87 ena Sr8% epike solutione and

enalyzed on the mass spectrometer, The czlibrested con=-

centrations of the spike solutions used are given in Table 2,

IABLE 2
Spike Selution Concentration
sr8% spike 19.8 pg/ml
Rb37 Spike 57 .8 mg/ml

14



CHAPIER 111 - IEEATMENT OF RUBIDIUM-STRONTIUM DATA

As only one ion besm strikes the collector slit of the
mass spectrometer at any given time, it is possible to re-
cord the various pesks in succession on the Brown strip
chart recorder, A large number of sete of peaks are neces-
sary in order to correct for the small variations which oCe
cur in the ion currents, A single sweep across the mass
renge of the element is called a set., A rubidium set would
be composed of two peaks; 2 strontium set of four peaks,
From 25-60 sets were collected for rubidium snalyses while
from 50-120 sets were collected for strontium analyses,

The peak heights were measured using a 50-scale engin-
eering ruler and averaged in paifl to compensate for the
rising or falling in ion current stength which is usually
preseht. The pair averages are then used to calculate the
following ratios: 85/87 for rubidium and 84/88, 86/88,
87/88, end 87/86 for strontium. These ratios are then to-
talled, 2 grend average for each for the whole.run is cal-
culated, and this is the number used to determine the amounts

of rubidium and strontium in the isotope dilution and ratio

analyses,
A, CALCULATION OF NOBMAL BUBIDIUM AND STRONTIUM

In order to caleulate a Bb/Sr ege for 2 mineral it is
first necessary to determinme the radiogenic Sr87/Bb37 ratio.
The total rubidium and RbS7 present ere obtained from the
rubidiunm iaotope d1lution snalysis in the following manner:

15



If: N=number of ztoms of normel rubidium present
S=number of etoms of spike rubidium present

and the relative abundences of Rb85 and Rh87
given in Table 1 are used

Then: total Rb85 atoms=0,7215N+0 04508
total Rb® atoms=0.2785N+0,95508
For the anslysis of (32802 (4), the measured 85/87
ratio of the spiked Bb wes 0,5267, This snslysis is
referred to as 032804 (4) Rb IDI (a), signifying the first
isotope dilution anslysis of this semple.

16N & 0 OLENS
Then; 0.5?6?'§f§%%5§ + 0.9550§

Cross multiplying: O,1467N + 0.50308 = 0,7215N + 0,04508
Collecting terms: 0,5748N = 0 45808
and N/8 = 0,7968 the atomic ratio of normel to spike
A difference in stomic weipht of normel rubidium =nd spike
rubidium due to the difference in their isotopic comvositions
mekes it necessary to multioly the stomic ratio by » weight
fector obtasined by dividing the stomic weight of normel
rubidium by the atomic weight of spike rubidium, This
weight factor is 00,9844,
Then, Ny/S, = 0,7968 x 0,984k = 0,784k

Since 5§ ml, of 8b87 spilke of concentration 57.8 ugmn/ml
were added to the sample, :

Ny = 0,784k x 5 x 57.8 = 226.,7 mgm Eb

Dividing by the weight of the semple, the concentration
of rubidium 1s found to be:

m = 226.,3 ppm Bb
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Bp IDI (b) for G32B0A (4), 2 second rubidium run,
gave 226.9 ppm Rb,

Since Bb®7 15 28,32% of the total rubidium by
weight the amount of Rb®7present in this sample
would be:

zzﬁ.z_gmazé.s X 0,2832 = 64,2 ppm BbS7

The etrontium isotove dilution enalysis 18 run
primerily to determine the smount of normal strontium

present in the ssmple and is celeulated in the same menner

a8 the rubidium,

If: N=number of stoms of normel strontium present
S=number of atoms of spike strontium present

and the relestive abundenceg of 5,8“ and 5,88
listed in Tsble 1 are used

Then: total Sp8¥ atoms = 0 ,00856N + 0,53485 gnd
totel £rS8 atome = 0 RB256N + 0 ,28265

If: the measured 84/88 ratio for 032804 (&)
Sr IDI = 0,9961

0 gnigﬁ + {2.,53&2,&
Then: 0,9961 0,8256N + 0,282

Cross multiplying and collecting terms,
0.8168N = 0,25338
and N/S = 03101 the atomic ratio

xelght of normel Sr
Since the yoight of spike Sr - 1 +0253

Then: N,/S. = 03101 x 1,0253 = 0,3179
Although the 84/88 retio is used to calculate the nore

mal strontium present in the sample becesuse the 84 and 88
peaks are usually about the same height and are representa-

tive of the spike and normel strontium concentrations, 2
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good check on the oversll run is to calculate the N/S ratio
using the 86/88 ratio from the isotope dilution enslysis.
These ratios yield ages which sgree within a few percent,
but the age besed on the 84/88 measurement is considerably
more relisble because the concentrations of the 86 isotope
in the spike and normal strontium are about the same,

Using the relative strontium 86 and 88 abundnnoel.fron
Table 1 and the measured 86/88 ratio for G3280A (4) Sr IDI,
the N/ ratio was found to be:

N/S = 0,3060
The difference between this and the 84/88 N/8 ratio is:

-8—_8-8%:1eo=1.3$

Since 2 ml, of 19,8 mgm/ml, sr8k spike wasg added to

the 1.0017 gm sample, the total amount of normal strontium
would be:

W = 12.6 pom

B, CALCULATION OF RAI L
The rediogenic 5987 cen be calculated using the isotope

dilution analysis if there is no rubidium present or if the
ratio of 85/87 in the conteminating rubidium is known ap-
proximately. This ratioc is difficult to know beceuse of
memory effects which are present in the mass spectrometer
from previous runs, There was rubidium contamination
throughout the entire isotove dilution run for G3280A (&)

Sr IDI; but compsrisons, between the end of the run where

18



the rubidium wes almost gone end the beginning of the rum,
mede it possible to aporoximate the 85/87 ratio for rubidium
to b@ ebout 2, The maximum error in age thie sssumption
could lead to 1s roughly 10%; but, since & separate isobope
retio snalysis of the unspiked Sr is mede, this error 1s |
not introduced, The isotopic dilution 2nelyses for 33289A
(6) and G3280A (2e) both conteined sets, free of oontaminitlng
rubidium, which were used to celculste the isotopie dilution
age of each, Rubidium contemineation in G3280A (5) persisted
throughout the run snd made the éelculatian of an isotope
dilution age for this sample imposeible to do with any degree
of sccurascy, Using thie correction fact of 1/2 for the mess-
ured 87 pesks of G3280A (4), an:. 87/88 ratio was found to be
0,1364, Becsuse pert of the sp87 atome present in this run
are contributed by the rsdioactive decay of EbS7, it is
neces~ary to introduce a third term (R) equsl to the number
of atoms of radiogenic strontium present.

Using the relative strontium 87 and 88 abundsnces from
Teble 1, the |

totsl Sri7 atoms = 0.0700N + 0,0424S + B end
total Sr88 atoms = 0,8256N + 0,28268

Then: 87/88 = 0.136k = %%W
Cross multiplying 2nd collecting terms
0.,0426N = 0,00395 + R
R = 0,0426N - 0,00398
But N = 0,31018 from the 84/88 N/& esleculation
Substituting: R = (0,0426 x 0,3101) 5 - 0,00398
B = (0,0132 - 0,0039) § = 0,00938
B/S = 0,0093

19



The atomic weight of radiogenic Sr = 1,017
atomic welight of spike Sr

and the astomic Bw/Sw = 0,0093 x 1.017 = 0,00946

The totzl amount of radiogenic strontium would be:

= 374 p
1.,0017 gm o

The more accurate method for determining the rediogenic
strontium content of 2 mineral is to supplement the isotopic
dilution analysis with an isotopic ratio snselysis and calcu-
late an 87/86 retio for the unspiked sample, The amount of
common strontium is still determined by isotopic dilution
analysis,

The 87/86 ratio for G3280A (4) Sp IDI was 1,0381,

Then using the equation:

R = 0,0969 x Sr x (87/86 - 0,7099) 1.0116

Where R = the radiogenic Sr87 = (#5587)

0.0969 = weight abundance of Sr86 in common strontium
Sr = amount of normel strontium present = 12,6 ppm

87/86 = found by mess spectrometric analysis = 1,0381

0.7099 = initial atomic 87/86 ratio present in the

mineral
1.,0116 = the ratio of the a:ggxe weight of Sr87 to the

atomic weight of S
The rsdiogenic strontium concentration would be:
0.0969 x 12,6 x (1.0381 - 0,7099) 1.0116 = 0,405 ppm
The r.albgcnie 3r87 concentration of an isotopic ratio
anelysis is more accurate for the following reasons:
2. In an isotope dilution analysis the measured amount
of 587 is dependent not only on the smount of normel and

radiogeniec 8r37 present in the glauconite but slso on the
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amount of 3r87 in the spike which is added, If the isotopic
abundance of Sr87 in the spike 1s not known with grest
accurscy, it would have a noticeable effect upon the radioe-
genic strontium concentration determined.

b, Since the rediogenic strontium is essumed to be
present only in the gleuconite, not in the contamineting
carbonste, sny addition (2 ml. of SpB¥ spike) to the total
amount of strontium messured csuses the ratio of radiogenic
strontium to toal strontium to decresse andlintroduoea
greater error, The isotoplc ratio snalysies hes no sr8%
splke added,

¢, If the calcareous cement surrounding 2 grein is leached
away snd the radiogenic strontium content of the grein itselfl
is not disturbed, then the total amount of common strontium
measured will be reduced, The percentage of rediogenic stron-
tium to tosl strontium present would be increased, 2nd the
precision of measurement would a2lso be improved.

C. CALCULATION QF AN AGE

Now that the 'Sr37/kb87 retio hes been calculsted; and,
using the decay comstent determined by Aldrich (1956), the
age for G3280A (4) cen be cezlculated,

If: t =4 1n (1+ ’%gi-,??)
Where t = age of the minersl

A = the decay constant = 1,39 x 10'11/yoar
#sp87 = radiogenic Sr87 = 0,405 pom

BbS7 = 64.2 pom
Then: ¢t ’1':%9—1—13-_—_[-1 1in (1 + legg) .
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= 0.7194 x 10 ™1n (1.00631)
= 0.719% x 101 x 0.00630

= 453 x 106 years

D. CALCULATION OF STANPARD ERRORS

The errors used for the various retios, isotopic
compositions, end spiking heve been arrived at by running
duplicate semples, standardizing laboratory procedures,
interlaborafory checks on smelyses, running occasional
contamination checks, and by caleulating the standsrd
deviations for a large number of samples which have been
run in this laboratory,

They are:

error in measurement ratios =~ 0,5%
error in isotopic composition of spike and normal element

~ 0,258 -
error in spike ~ 2%

84/88 = 0.9961 (20,005) =

Cross multiplying: 0,8224+0,28155 = 0.0056N+0 ,53488
Error in 0.8224 = 0,8224 V(0,005)2 + (0.0025)2
= 00,0046
Error in 0.2815 = 0.2815 V(0.005)2 + (0.0025)2
= 0,0016
Error in 0.0056 = 0,0056(0,0025) = 0.00001
Error in 0,5348 = 0.5348(0,0025) = 0,0013
Golloofing terms and adding errors,
0.8168N(20,0046) = 0.25338(%0.0029)
N/S = 0,3101
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Error in N/8  0.3101 Mk
= 0040
end N/8 = 0,3101(20,0040)
Converting to weight ratio
Nw/Sw = 0.3101(20,0040) x 1.0253 = 0.3179(=0,0041)
The error in the spike = 39.6 (%£0.79) ugm
¥w = 00,3179 x 39.6 = 12,6

Error in Nw = 12 .6 9. fafgfggggir

a:a,ja
Since the error in sample weight 1is negligible compared
to those already mentioned, the concentration of normal

strontium is:

%%3§T$ ‘%%%3%&1 = 12.6(20.3) ppm

The error in the rubidium concentration was calculated
in the seme way ql.the normal strontium and is given below,

Total Bb = 226.6(Z4.9) ppm end

Bb7 concentration = 0.2832 x 226.6(1h ,9)= 64,2(%1.4) ppm

Assuming 2 meximum error of (21%) in the measured 87/88
ratio for G32804 (&) Sr IDI, the error in radiogenic strontium
content for this smelysis was found to be 0.374(%,038) ppm or
10.4%,

Using an error of (20,5%) for the measured end normal
87/86 retios, the error in radiogenic strontium content for
the isotopic ratio analysis wes found to be 0.“05(:0.01hk) ppu
or 3.68. The error in the age of this sample is calculated
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in the following menner,

Ir: ¢ e -
1 = . + e
1.5 % 10-IT '® (1 (31,

= L&§3 x 106 years

The srror in age would be:

453 x 108 J(%-%-’;L‘) “ &'17&5

= 319 x 108 years or 4,2%

But according to Gest (1957)_fi”:he number of enalyses
increases the error decrecses by VK where K equals the
number of asnslyses,

Although the three semples G3280A (2a2), (&), and (5)
were not interided to be repetitions at the start of this
etudy, it is now apperent that their totai rubidium to
totel strontium ratios szre 211 quite gimilsr, aporoximately
twenty to one, For this resson they can be considered as

2 tripllcgte analysis of G32804, snd the formula Gsst refers

to can he applied,

e = ke = 0 5774
i \,3._9577

The error for the three runs would then be

0.5774 x 4 2% = 2 L%

The error in age would be =11 x 108 yesrs,
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CHAPTER IV, - IBEATMENT OF POTASSIUM=-ARGON DATA

In order to cslculate e potassium—argon age, 1t is
necessery to determine the ratio of A“O/Kuo in the sample,

Semple G3780A (&) 1s used =s an example,

M uo -10 por *
AU/ = WK - N -10~2 x D,0119 x 10

where Y = number of A8 atoms in gpike = 87
N = 6,02 x 10°°
0,1058 = reastio of 40/38 in the spike gas
0.0119 x 10~? = 1sotooic sbundence of K 'O
*R = 38/L0 ratio after sir correction = 0,311
39,100 = atomic weight of potessium
W = weight of semple = 5.00

K = potassium velue in per cent = 6,74

Collecting 211 the constants together into one term

= 0,003285 -
abo ke Q‘QQ2%%§{§2%1§fgﬁl§igfgﬂﬂﬂzlll
= 0,0264
A. CALCULATION OF AN AGE

The eguation used to cslculzte the age is:
+
where t = age in yesrs
A = total decay constant = § .28 x 1o'lq&esr

A"O/K“O = reatlo ag determined above = 00,0264

R = branching ratio = 0,118 = —-%;;—
- Ae = 0,557 x 10'1°/year

AB = 4,72 x 10~10 yeor
25



Substituting,

t= Thprsere n [140.0260 (X28aH-) |
" g rTeTe 1 1.28

= k2b x 106 yoars
B. CALCULATION OF STANDARD EREOR
The standerd error sssumed for the messured rstios are:
38/40 = 20,1-0.3%
36/38 = 2108
The overell error in any one srgon messurement is be-
lieved to be $28. For runs with am sir correction greater
than 10%, the error mey be s high as -5%, These errors are
mostly quelitetive and are based on duplieste analyses,
agreement with standerds, snd contemination checks, At present
the largest single error in eny sge is still due to the potas-
sium values., For this resson the project recently purchased
a Perkin Elmer Flame Photometer Model 146, Although only 8.
few samples snd stsnderds have been enslyzed, it hes greatly
inereased the sccurscy of potsssium determinations and hes
shown & high degree of reproducibility so far,
By atomizing seversl different potassium standards over
e period of about 30 minutes, & working curve for the standards
was set up; and the meximum devistion wes found to be 3%,
This error is reduced by renetition of snslyses, Seversal
analyses of B3207, B3208, and B3209, three biotite standerds
whose potsssium contents have been grnvtnntrtilﬁﬁ:,dntcrn&u@d
by Goldich (19373; show very good agreement with Goldich's
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values,

If the error in chemistry of potassium = =28 and
the error in determination of potassium = 2

The Mnn potessium error = 23 6% and

If the oversll srgon error = «2.0f for G3280A (&)

Then total error = -'J*.#‘or 21 x mé years.
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SHAPTER ¥ - EESULTS

The results for the four different portions of G3280A
analyzed ere given in Tables 3, &, 5, 6, 7, and 8, Tables
3 snd & give the messured strontium end rubidium ratios,
number of sets collected, snd semple weight., Tables 5§ and
6 contein the potamssium snd srgon messurements, Tables 7
end 8 give the finel results for both methods,

In Tables 7 and 8 the rediogenic 5r%7 ena ege determinse
tions marked I.D, were calculasted from the isotope dilution
enalyses, while the determinetions marked I.E, were cel-
culated from the isotope ratio snslyses,

The standerd error for rublidium concentrations wes
found to be roughly 2%, while for normsl strontium it wes
spproximately 2.5%, The stenderd error for sny one of the
snalyses G3280A (2a, &, or 5) is asbout 4,28, The errors
reported in Table VII for G3280A (?a, ﬂ, and §) were based
on the formule discussed by Cast (1957) which gives an
error of 2 4%,

The stendard error for the potassium-argon asges hﬁ!
slresdy been described for G3280A (4), Beosuse of the
somewhat higher air corrections ntoouiarr‘fof‘932aﬂi'(lu
and 6), maximum srgon errors of 4 and 5% rdiy:ativtly

were used,
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Table 3

RESULTS OF ISOTOPIC DILUTION ANALYSES OF THE GLAUCONITE
Measured Ratlos

- S _BRb
Sample No. Tmtmt Weight 84/88 86,/88 87/88 85/87
G3280A (2a) 1leached (HAc) 1.,0069 gms 1,1683 0.3492 ge 0.5286 b o.ggos
*0 .001 ?.G. 20,
‘ ntn; ’50 utn 10 aeta %7 uts ‘3? “g}
G3280A (4)

G3280A (5)

G3280A (6)

All samples were spiked with:

hested {97°C) 1.0017 gus 2 6’3‘?0) 0016} 40700 oow l ‘m'gg’zg
ime sets) 122 sets) f&'utn 3 nts 31 seu;

(Rb Corrected)

untreated 1.0050 gms  1.0077 0,3179  Rb _0;5234 0.5I‘f6
» BER @Ry el R
!27 utn
matrix 1,0036 gms  0,2990 0.1746 0,0961 &) 0.3379
(2 m} . o) (Broete) (52 setes

2.0 ml of Sro¥ spike, containing 19.8 ugm spike
5.0 m1 of RbST spike, containing 57.8 fg spm%
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Table 4

RESULTS OF ISOTOPIC RATIO ANALYSES OF UNSPIKED STRONTIUM FROM THE GLAUCONITE

Measured Ratlos

Sample No, Weight 87/86 86/88 84/88
G3280A (2a) 3 gms ( :5:36’2) (54 sets) n::l.lgg)ug sets) ( g:gg}(la sets)
G3280a (4) 3 gms 1.0381 (105 sets) . 0.1206 (26 sets) _ 0.0075 (26 sets)
(t0.0052) tm.oola .0001)
.04 . 26 . i —
G3280a (5) 3 gms *Jé.wssg)(ma sets) ( ﬁg.égg)( sets) N *g.%f)fas sets)
G3280a (6) 2 gms No 88 peaks were No 84 or 88 peaks

0.7325 (74 sets)
37)

(*0.00

-

scanned

were scanned
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Sample No, _ Welght (g/1) (in K Average FK
G3280A (22) 0.4030 27.0 6.70
z?& 69% 6‘81
27. 6. 6.75
2?‘5 6.’;&
0.4198 28.1 6.69
G3280a (4) 0.3919 26.4 6.74
26,37 6.7u  O-TH 6.75
0, 4047 27.3 6.75
G3280A (5) 0.3793 25.8 6.80 -
0.4048 27.3 6.74 :
G3280A (6) - 00,4067 15,2 3.74 3.76
0.4100 15.55 3.99 ’

# The K concentration is taken from the working curve which plots the

concentration as a function of the internal standard reading.
#% This analysis was run by Stanley Hart of M,I.T,
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Table 6

R Alir A"O
Sample No, Welght (uncorrected) Y Correction  Net R (in std, cc,)
G3280A (2a)  4.00 gus 0,348 86 9.2% 0.377 1,225 x 1074
63280A (4) 5.00 gms 0.296 87 4.5% 0.311 1,210 x 10™%
a3280A (5) 5,00 gms 0.299 86 1.3% 0.804 3,226 x 107
43280 (6) 4,00 gms 0.522 85 13% 0.60 0.744 x 1074

#* All argon analyses reported here were run by Stanley Hart of M.I.T.
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Table 7

FINAL RESULTS FOR BOTH METHODS

Wt #sr (ppm by wt) #3587 /RLST
Sample No. b §§§7 sr___ 1D, IR, I,D. I.R, % K akoxio

a3280a (2a 226.8 8.6 0.410 0,006 6.75 0.0266
e 64,2 0.416 0.00647 !
@3280a (4)  226.6 12.6 0.405 0.00630 6.74 0.0264
64,2 0.374 0.00582 | |
G3280a (5)  223.7 g 12.2 0.402 0.00633  6.77 0.0266
G3280A (6) 125,5 ##80,9 ‘ #80,179 #%0,00503  3.76 0,0289
35,5 - »80.1365 #%0,00384

% Used Sr%/%raa ratic to compute N/8 ratio because of contamination in the 84 peaks.
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Table 8

SUMMARY OF AGES BY BOTH METHODS FOR THE GLAUCONITE

4 : Rb/Sr
Sample No. D, LR K/A
@3280A (2a) 465(#30) x 10°% yrs  458(*11) x 1@5 yrs L26(+26) x 10° yrs |
632008 (4)  M19(#4h) x 106 yre  453(411) x 106 yws  A2b(%21) x 106 yrs
@3280a (5) i | 455(¥11) x 105 yrs  426(221) x 10° yre
*276(+180) x 10° yrs #369{2120,) x 106 m 460($31) x 10° yrs

G3280a (6)

# Used 81036}8:'88 ratio for N/8 ratio computation.



The glauconite ages for the Franconis reported in
Table 8 compare very favorably with those listed in Table 9,
There are two glauconitic members present in the Franconia
formation so that an exact comparison between the ages listed

in the two tables is not possible,

ZABLE 9
AUCONITE AGES FOR FEANCONIA FORMATIO!
Analyst Geologic Age *5r87 /8p87age K40/a%age
Cormier (1956) Middle Upper Cambrian 436 x 1osyrs.
Wasserburg & 6
Hayden (1955) Middle Upper Cembrien +460 x 10°yrs,

+A brenching ratio of 0,118 wes used

G3280A (2a), The strontium and rubidium analyses for this
sample were quite goed. The close agreement between the
messured 'Sr37 content for the 1se£optc dilution and ratio
snslyses supports this fact, The calculated 86/88 ratio
(0.1192) for the isotope ratio snslysis shows good agreement
with the accepted value of 0,1194 (Bainbridge and Nier, 1950),
The 87/88 ratio for the isotopic dilution anz2lysis was cale
culated using the rubidium free portion of the run.

One of the potassium solutions was run four times be-
bause during the second set of anelyses the galvanometer
needle cparted drifting badly.

The portion analyzed for argon was placed in the furnace
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and outgassed 2t room temperature overnight., None of the
samples placed in the furnace were outgassed at elevated temp-
eratures prior to fusion,
G3280A (4), The duplicete rubidium analyses show excellent
agreement, The strontium isotope dilution run contained
rubidium contamination throughout., In order to celculate
an age for this run, a rubidium 85/87 ratio hed to be
estimeted, and the messured 87 pesks had to be corrected for
by subtracting the smount of Bha7 present, The emission,
during the strontium isotope ratio snalysis, was somewhat
erratic es witnessed by the strontium 86/88 ratio of 0,1206
as compared to the normel value of 0,1194,

The potessium snalyses for this sample showed excellent
agreement, The portion enalyzed for asrgon was put in the
furnace snd pumped on for four and one-half days with no

heating,

832804 (5), The rubidium anslyses far this portion show
greater variation then the two portions above but are still
in good agreement, The strontium isotope dilution enalysis
contained rubidium contamination throughout; and, because
no rubidium peakes were scanned before the strontium emission
started, the calculation of an age using this analysis would
heve a very large error, The strontium isotope ratio analyngl
for this yont}@h was steady, and the strontium shows excellent
agreement,

The potessium snelyses show good agreement. The srgon
portion was allowed to outgse overnight at room tempersture

under vacuum,
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832804 (€). The rubidium concentration is besed on only

one analysis, Two earlier attempts to enalyze the rubidium
content falled when the filement on the mass spectrometer
burned out before the samples could be run, The strontium
isotope dilution analysis was 2 very good run with excellent
resolution a2nd no rubidium contamination from start to
finish. The strontium isotope dilution enalysis was a

very good run with excellent resolution and no rubidium
‘contemination from start to finish, The strontium isotope
ratio run was feir, Beceuse no strontium 88 peaks were
collected, no 86/88 ratio could be calcéulated to chedk
against the normel strontium 86/88 ratio.

The potassium anelyses show good agreement, The argon

portion was placed in the furnace and sllowed to pump overnight,

B, CONCLUSIONS
1. The Bb/Sr agis for G3280A (2a, 4, and 5) show excellent
agreement and prove that the acetic acid lesching for
sovontocn‘ﬁouru had no effect on the age of this particuler
glauconite, The rubidium snd radiogenic strontium content
remained unchenged while the normel strontium content was
lowered from 12 ppm to 8.6 ppm, By reducing the common
strontium present, the percentage of *Sra?ISr 18 increesed
end the precision of measurement should be 1npréve§. Because
of the large amount of calcium carbonate present, the matrix
. portion gave 2 much lower Rb/Sr ratio (<2?) than the other
three enalyses which geve ratios of about 20, This low ratio
caused the errors to renge from 32% for the isotope ratio
age to over 100§ for the isotope dilution ege snd made them
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completely unrelisble,

a. The K/A ages for G3280A (2e, 4, and 5) slso show

excellent agreement end prove that heating at 97°C for

twonty-f;vn hnurs_ﬁoe§ not qftcet the age, Although the

A“Q.egntoﬁt listed in !uhléﬂiifar_ﬂjzaﬁa (&) 1s roughly

1.3% lower than G3280A Gza&ad?sig enalyst Hert does not

attribute this difference taléhg heating trestment which

the aaﬁplé received, It should 2lso be noted thet this

fraction w@- outgassed for four and one-helf days prior

to being snalyzed for argon., The matrix portion geve an age

which 18 in excellent agreement with the Bb/Sr ages but is

35 million years elder tham the three other K/A anslyses.

The meszsured amounts of Ahd and potassium were both proportion-

adely lower because of the large smount of extreneous calcium

eapbonata present., This does not appeer to have effected

th‘ age except to increasse the error in the accurscy with

which the smeller quantities of argon and.potsastun can be

measured, _ |

3. A plot of the three relisble Bb/Sr end K/A ages on the

Holmes B Time Scele (Figure 2), which was taken from Cormier's

thesis (1956), shows good sgreement. The K/A sges sppear to

be slightly lower while the Eb/Sr eges sre slightly higher,

An aversge of the sges for the two methods gives 440(220)

million years which falls right on the line used by Holmes

in his time scale,

4, An sge for the Birkmose member of the FPranconis formatiom

of the Upper Cambrian has been calculated as 455(220) million
38 '
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years using the Bb/Sr method., An ege of 425(222) milliom
years hes been calculated using the K/A method, At present
the age caloulated by the Bb/Sr method is slightly more
accurate because of the uncertainity which is still present
in the method used for potessium determination. If the
potessium anelyses reported in this study are sctuslly 3%
high, the calculsated ages would 211 be roughly 12-15 million
yeare older; but the dissgreement with Yasserburg and
Hayden's K/A age (Table 9) needs further investigation,

€, SUCGESTIONS FOE FURTHER INVESTIGATIO)

1., Another semple or two from the Birkmose member should

be analyzed in order to determine sample to sample re-
producibility by both methods of age determinetion,

2. The portion G3280A (3) should be enelyzed now to determine
the effect of heating 2t & higher temperature prior to the
ergon anslysis, o

3, A sample from the Reno member, which lies sbove the
Birkmose (Figure 1) should be enelyzed to test the precision
end degree of resolution which cen be obtained by the Bb/Sr
and K/A methods,

4, In order to determine just how mich materiel can be
leached from @ gliugunit-, seversl glauconites should be
split into three or four portions with all but one being

treated by a different strength of hydrochloric or acetic
- @61d, The results from en snelysis of this type would be

helpfu) for two reasonsh -
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2) It may show that scids above » certain eoncentration i;%
affect the 'Sr87/3b retio, If this 1s =0, then only |
acids below that concentration should be used,

b) It mey show thet solds above o certsin strength all
leach the seme emount of common strontium from the
gleuconite, If this 1s so, then one of the weskest of

. these acide which 1§aeh the same smount could be used
88 2 stenderd to lesch 211 glsuconites,

5.  §rofansor Pinson of MIT has suggested setting up 2 column

similesr to 2n ion exchange column using a gleuconite in place

of the resin, This glauconite would. then be continuously

eluted with san =cid for seversl hours, This experiment
sounds like an emeellent 1des becsuse it would simulate the
action 6f ground water'an it flows through a permeable bed,

é, Glaucoﬁitos of different lattice epacings (some of the

less ‘ordered varieties) should elso be leached snd enalyzed

by both methods, The poorly crystslliged verieties are
likely to show a much greater spresd batwtén methods because
of the probability that loss of the elements from the

glauconite itself is more likely to occur,
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