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Abstract.

The lacustrine carbonates of the Bonney Drift, Taylor Valley,
Antarctica were deposited in lakes proglacial to glaciers advancing
through the valley, and now occur as lag and clasts in the glacial
drift formed by the glacier. They commonly contain 8 to 25%
detritus, including high levels of silica, titanium, iron, manganese,
and other elements; making the extraction and purification of
uranium and thorium problematic.

A standard U-Th dating process was adapted to deal with the
technical problems peculiar to the samples dated. Silica often
formed a gel at the head of the U-Th separation column, and was
removed using HF. Titanium frequently precipitated out during the
conversion of the thorium fraction from a HCl matrix to HNO3 form
(used for further ion exchange purification) causing very low
thorium recovery. This was overcome by using much higher
volumes during conversion.

The uranium eluate from the separation column often contained
high levels of iron and manganese. These were removed on a small
ion exchange column in HNOs3;. The resin and wash volumes were
adjusted to allow iron and manganese to wash off, but allowing the
uranium to be held and eluted subsequently.

An electrodeposition method was developed to achieve the thin
plates necessary for alpha spectroscopy. Silver cathode discs were
used in a teflon plating cell, with a stirrer rotating on the spiral
planar platinum anode. An NH,CI/HCI electrolyte was used, adjusted
in pH after sample uptake.

Of the 62 samples successfully dated, 13 were eliminated for such
reasons as low resolution and spectral shift; leaving 17 duplicates,
one triplicate and 12 single analyses for further consideration.
Samples with low 232Th/230Th levels were corrected for detrital
230Th addition.

The dates obtained were considered in terms of age, geographic
distribution, and uranium isotope ratios and concentrations. §180
suggested that samples were derived from either Taylor Glacier
meltwaters, or possibly Ross Ice Sheet Stage 6 meltwaters, and
showed that 3!80 values in the meltwaters increased towards the
middle of each event.
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Three major events were identified.

(i) an extensive period of deposition around 240 to 300kA (Stage
97), This may possibly represent two events, in a lake(s) most likely
formed proglacial to an expanded Taylor Glacier.
(ii) a short period of lacustrine conditions around 175 to 190 kA
ago, correlated with either Taylor Glacier expansion at the end of
Stage 7, or Ross Ice Sheet thickening at the start of Stage 6.
(iii) a period of carbonate deposition from 130 to 80 kA( Stage 5),
more extensive than that at 175-190 kA. The expanding glacier
(Taylor II) then advanced through the carbonates, and those of the
earlier events, and redeposited.

The events interpreted appear to correlate with global
interglacials, as suggested by Hendy et al (1979). It seems that
during interglacials, the East Antarctic Ice Sheet expands (the
absence of a sea ice apron allows increased precipitation). As a
result, expansion of the East Antarctic Ice Sheet would be expected
as a consequence of greenhouse gas warming, offsetting sea level
rises caused by melting of temperate glaciers and ice sheets.
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Chapter 1.
Introduction: Uranium-Thorium Dating.

Radiometric Dating.

A number of naturally occurring nuclides are inherently unstable,
by virtue of unfavourable balances of protons and neutrons in their
nuclei. To achieve a more stable configuration they undergo
radioactive decay, spontaneously emitting one of three types of
radiation -

(i) alpha particles - two neutrons plus two protons (i.e. a helium
nucleus). Alpha particles have a short range, are readily
blocked by matter, and have energies in the range of 2-10
MeV.

(ii) beta particles - positively or negatively charged electrons.
Although the nucleus contains no electrons, they can be
produced by nucleon transformations. Beta particles have
energies less than 2MeV and can penetrate matter a short
distance, due to their high velocities.

(i1i)) gamma rays - short bursts of electromagnetic radiation, often
accompanying alpha or beta emissions. Such gamma rays
have energies from 10keV to 7MeV.

Although individual atoms decay at random, a body of such atoms
(N atoms) will display a describable rate of decay. This rate is
proportional to the number of atoms present -

i.e the rate of decrease, -dN/dt = AN (1.1)
A is the decay constant, equivalent to the probability that any atom
will decay in the unit of time. This equation can be integrated:
-dN/dt = AN & -InN = At + C (1.2)
Since N=N, at t=0 (N, = initial no. of atoms), therefore C = - In N,
Therefore, -In N = At - InN, & N = Ngexp (-At) (1.3)

That is, the number of atoms present can be deduced from the
initial number, the time elapsed, and the decay constant. A
convenient analogue of the decay constant for a nuclide is it's half-

life (ti/2). This is the time taken for half of any given number of
atoms to decay.



The half life is derived from:
1/,No, = Noexp(-Aty2) & In(l2) = -Aty2 & ty2 = 0.693/4 (1.4)

For example, if a body of 100 atoms has a half-life of 5 years,
then after 5 years only 50 atoms would be left, after another 5
years only 25 would be left, etc, etc.

This feature of radioactive decay provides the basis for
radiometric dating methods. If the initial number of atoms in a
system is known, and the half life known, then a determination of
the number of atoms currently present gives all the information
needed to evaluate the time elapsed since formation of the body of
atoms. The half-life of the species determines the period of time
over which it is a useful chronometer, since after 6-7 half-lives
around 99% of the original atoms will have decayed away. This
limits the method, depending on the accuracy of detection of the
method (usually determined by the technique and equipment
available). A huge range of half-lives are found for different
species, ranging from fractions of a second (e.g.212Po, typ= 3x10-7s)
to millions of years (e.g. !47Sm, ty, = 1011 yrs). Although most
short-lived isotopes might be expected to have long since
disappeared, some are continually formed -

(i) by interaction with cosmic rays (e.g 14C, 10Be)

(ii) by decay of longer-lived 'parent' nuclides (e.g 23!Pa from 235U)

(iii) by artificial means (e.g 3H)

There is a wide range of useful species available for radiometric
dating. Some examples are given in table (1.1).

Table 1.1 Some common radiometric geochronometers

Nuclide Half-life Useful dating range
210Pb 22 yrs 0 - 100 yrs

14C 5730 yrs 0 - 50 000 yrs
230Th 75 200 yrs 0 - 400 000 yrs
40K 1.25 x 109 yrs {0 - age of the earth.




The Uranium Series Geochronometers.

Of particular interest in this thesis are the radiometric decay of
238y, 235U and 232Th. All three have half-lives long enough for
them to have survived since synthesis, and all three decay to give
chains of shorter-lived radioactive daughters. The three decay
chains all culminate in different stable isotopes of lead. As
described earlier, radioactive decay alters the nucleus - alpha
decay decreases mass number by four and atomic number by two
units, while beta decay increases the atomic number by one unit,
‘but retains the same mass number.

The three decay chains are given in figure (1.1).

The chaining of decays complicates the simple decay equations
given earlier. The first nuclide in the series will decay as predicted
by equation (1.3); however the decay of subsequent daughters is
limited by their rate of formation from parent nuclides. Their rate
of change is the difference between their rate of formation and
their own rate of decay i.e dNj/dt = AN - A2N2 (1.5) (Ny, Ny =
number of atoms of parent (N;) and radioactive daughter (N3)).
Initially the daughter activity will be zero, but will rise rapidly
until it becomes limited by the decay rate of it's parent.

In the case of each of the uranium series decay sequences, the
half-life of the longest lived daughter is many many times smaller
than that of the parent isotope i.e. A3 - A; = Ay. After several
daughter half-lives this gives rise to a special condition, called
secular equilibrium. This means that after such time, the activity of
the daughters will equal that of the parents, and will continue to be
identical thereafter. i.e. at secular equilibrium A;N; = A3Nj3 = A3Nj3 =
A4N4 = ... \yNy (1.6)  (for a series of decays Ny - N3 - N3 — ... Np)

The uranium series decay sequences give rise to three possible
methods of dating -

(i) the rate of decay of the parent nuclide. This is generally
inapplicable as it is difficult to determine the initial amount
of the nuclide present.

(ii) the rate of accumulation of a stable daughter. For example, the
amount of 206Pb present in a sample, as a function of the
amount of 238U can sometimes be used to estimate the



sample age. Rutherford attempted the first ever U-series
dating calculations by using the build-up of helium (from
alpha particles) to determine the minimum age of the earth.

(iii) the ratio of parent to daughter activity. From the calculations
above (eqn 1.6) it can be seen that this will only be useful
up to the point of secular equilibrium, beyond which the
ratios of activity will be unity at all times (this does,
however, give a minimum sample age) The longest lived
daughter of any is 234U (tj2 = 248 000 yrs), thus this
uranium series dating method is only useful for Pleistocene
(0 - 2.5 Myr) samples.

If all samples had been closed since formation of the elements
(i.e. no addition or loss of elements by chemical means), it would
follow that secular equilibrium would be found in all samples.
Fortunately this is not the case. As seen in the decay schemes,
daughter species are always different elements from their parents,
giving the potential for chemical fractionation and disruption of the
decay chain. For example, radon is an inert gas formed in all three
decay schemes. It will readily escape most geological bodies, thus
there will be a permanent disequilibrium between radon and it's
parent (radium). If at any time the system became closed to radon
escape, the build-up of the radon daughter polonium could be used
to measure the date at which the system became closed (if the
sample is younger then the age of radon - polonium secular
equilibrium). Furthermore, when the radon escapes to the
atmosphere, it produces daughters that readily return to earth.
Once they return to earth they are isolated from the parent
isotopes and can be used for a short time for dating (e.g. 210Pb is
used to date snow and ice)

Of particular interest is the chemical fractionation of uranium and
thorium in the 238U series. As discussed below, thorium is
separated from the uranium, effectively resetting the geological
clock. The return from disequilibrium to equilibrium proceeds as a
function of the time since separation of the thorium from the
uranium, i.e. the 230Th/234U ratio is a function of the age of the
sample (with some complications discussed later).

4
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The Decay Chains of the Primeval Uranium and Thorium Isotopes

Element U-238 Series Th-232 Series U-235 Series
Neptunium
uU-238 U-234 U-235
Uranium w90’ 2.48" 10° 7.13110°
yrs yrs yrs
. Pa-234 Pa.231‘
Protactinium 1.18 A decay J/z,s,:m
Th-234 Th-230 Th-232 Th-228 Th-231 Th-227
Thorium 2 1.5%10° 139%10% 1.90 256 LN
days yrs y°s y's hrs days
Ac-228 Ac-227
Actinium I a decay sh:g 7;50
Ra-226 1 Ra-228 Ra-224 Ra-223
Radium 1622 67 3.64 "1
yrs yrs aavs oays
Francium
Rn-222 Rn 220 Rn-219
Radon 3e28 5¢5 3.92
azys sec sec
Astatine
Po-218 Po-214 Po-210 Po-216 Po-212 Po-215
Polonium 3.05 1.6 %107 138 ¢ 158 3.0%210°7 15311672
min sec days sec 65% sec sec
Bi- 214 Bi- 210 Bi-212 Bi-21
Bismuth 197 50 605 2.16
_rmin cays min min
PL-214 Pb-210 Ph-203 PE-212 Pb-208 Pb-211 Pb-207
Lead 26.8 218 staoie tead 16 |35% siable vead 361 siabe wad
min y's (1sotope; nrs y tsolope) min 4 1sotope)
T1-208 T1-207
Thallium 31 [ ]
mn m.n




Initial fractionation of Uranium and Thorium.

Disequilibrium can occur due to the highly disparate chemistries
of uranium and thorium, particularly in solution. Thorium ([Hg]
6p66d27s2) favours a +4 oxidation state, while uranium ([Hg]
6p65£36d17s2) can exist as U4+ or U6+, but in oxidising conditions
readily forms the stable UO32+ cation. When initially found in
igneous rocks they are often associated, as their large atomic radii
make them both late to crystallize in magmas. They are generally
found in the more residual phases, such as granites and pegmatites
(Goldschmidt, 1954). A number of uranium and thorium rich
minerals can form, such as uraninite (UO3), monazite
(Th,Ce,La(POg4)), and uranothorite ((Th,U)SiOg4).

When weathering occurs, the first major fractionation of the two
elements begins. Th#+ tends to hydrolyse in solution above pH 3,
and very readily adsorbs onto solids. This is usually the way in
which thorium is transported. Uranium, however, 1is quickly
oxidised to U072+, which easily forms soluble complexes, and is
transported in the solution phase. At low CO; partial pressures
uranyl carbonate complexes such as UO2(CO3)34- and UO2(CO3)72-
are common, while under some conditions organic acid complexes
are favoured. As the weathering solution moves from groundwater,
through streams and rivers to a body of water, the separation of
the uranium and thorium continues. 230Th4+ formed by decay of
234U 1is rapidly scavenged to the solid or particulate phase (about
75% of the thorium in the ocean comes from decay, only 25% is
from streams etc (Faure, 1986)). The speed of scavenging of Th is
demonstrated by it's residence time in the sea of only 300 yrs,
compared to uranium at 500 000 yrs (Faure, 1986).

When the environment becomes depositional it is possible to form
sediments free of thorium (or uranium). Precipitation of calcium
carbonate is a common depositional process, and it is during this
that sediments containing uranium, but initially no thorium, are
formed. This occurs by three methods - degassing of the carbon
dioxide (e.g. in speleothems), evaporation of the water so as to
force precipitation (e.g. in some lacustrine environments), and by
biogenic incorporation in the skeleton of organisms, followed by
settling of the discarded shell (e.g. in seawater). Uranium is readily
incorporated in the calcium carbonate matrix, substituting for Ca2+.
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Thorium is also readily substituted for Ca2+ but has usually been
previously removed from the solution. After the precipitation and
sedimentation of the calcium carbonate, any thorium formed by
alpha decay of 234U is retained in the carbonate. It builds up as the
sediment ages, and after 400 000 yrs (t;/2230Th = 75 200 yrs), the
thorium reaches secular equilibrium with 234U, and the activity
ratio is no longer a function of a unique age.

The fractionation of uranium from thorium can be demonstrated

by looking at their relative concentrations at stages of their
geochemical cycles (Table (1.2)).

Table 1.2 Fractionation of Uranium and Thorium.

Source [238U] | [232Th] |Th/U Reference
(ppm) | (ppm) '
granites 4.8 21.5 4.5 Rogers and Adams, 1969
Mississippi water | 1.0 0.01x10-5 |0.01x10-5 | Moore, 1967
Mississippi sedim. | 2.6 10.5 4.04 Scott and Salter, unpub.
Seawater 3.3ppb|8x100ppb|2.4x10-6 | Kaufman,1969
Ku et al, 1974

Oceanic sand/clay |0.7-4 1-30 0.4 -10 Junref.
limestone - CaCO3 |2 v low 0 Heye, 1969

- detritus | 2.3 8.2 3.6 Ku et al, 1968

Although limestones are of concern here, the method is in
principle applicable to a number of carbonate systems, such as
corals, speleothems, and mollusc shells; and also to several non-

carbonate systems e.g. peat, marine phosphates, bone, and some
volcanic materials.

Complications in the 230Th/234U method

1. Necessary assumptions.

For valid dating by the 230Th/234U disequilibrium method,
two requirements must be met, or approached.
(i) No Th is incorporated into the system i.e. initial 230Th/234y
ratio = 0. Obviously such Th will contribute to the 230Th/234U ratio
at the time of analysis. Because of the extremely low solubility of
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Th in natural aqueous systems, the presence of 230Th at genesis is
almost entirely due to the detrital component of the formation. If
such 230Th is present in the system, it will invariably be
accompanied by 232Th, which is chemically identical. The 232Th
does not decay appreciably over the periods for which 230Th/234U
dating is used, and can thus be used as a check for the presence of
detrital 230Th. If the initial 232Th/230Th ratio can be deduced, then
a correction can be made for the detrital 230Th contribution to the
apparent 230Th/234U ratio (see later).

(ii) The sample remains closed to post-depositional migration of the
relevant nuclides. In particular, groundwater will readily
redissolve the uranium nuclides, or will deposit more uranium.
These processes have invalidated much of the use of 230Th/234U
dating for molluscs (Broecker, 1963). Evidence for these processes

are recrystallization of the sample, and unlikely nuclide ratios (e.g
excess 230Th).

The validity of these assumptions for the samples dated is further
discussed in Chapter 4. In brief, detrital 230Th contamination needs
to be considered, recrystallization is unlikely to be a problem.

2. Decay of 234U.

234U has a half-life of 248 000 years (Evans, 1955), and will
thus decay appreciably over the period of usefulness of the
method. Initial work on the 230Th/234U method assumed that 238U
and 234U would always be in secular equilibrium, due to their
activity ratio of unity in source rocks, and presumed identical
chemical behaviour. Since 238U would not decay over the period,
methods used the 230Th/238U ratios as identical to the 230Th/234U
ratio.

It was shown that such equilibrium is not the case (Cherdynstev,
1955), and 234U/238U activity ratios of up to 30 have been found.
In sea-water the ratio is 1.15, and in almost all known cases 234U
activity exceeds that of 238U. The decay of excess 234U towards
secular equilibrium with 238U must be taken into account when
calculating the age of the rock.

The reason for the 234U excess is it's preferential leaching by
solutions, over 238U. When an alpha particle and two beta particles
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are ejected from the 238U nucleus to from 234U, the atom must
recoil to conserve momentum. Obviously the large mass of the
nucleus only need move a small distance (p=mv). However, in
moving, the lattice site of the 234U nucleus (previously 238U)
becomes slightly distorted, making 234U much more susceptible to
leaching and mobilisation.

Equation of Age.
Two contributions must be considered in the age equation; the

decay of 234U with time, and the decay of 230Th with time and with
decrease in 234U activity. The relationship can be derived:

230Th = 1 - exp(-Ao3o) + (1-__ 1 ). _A230_ . (I-exp(-(A230-A234)1))
234y 234y/238y 234y/238U  A230-A234
(1.7)

This cannot be solved directly, either a graphical approach or an
iterative method must be used for solving the equation. A
computer programme (Appendix A) was used to solve the equation
iteratively. Graphical solution isochrons are given in figure (1.2).
The graph also shows the need to minimise errors in older samples.

Corrections for Contamination by Detrital Thorium

A number of correction schemes have been proposed to allow for
incorporation of detrital 23Th into the sample at the time of
depositional, due largely to the widespread occurrence of 'dirty'
carbonates that need to be dated. These include travertines,
caliches, and (here) lacustrine marls.

Two approaches can be used to correct for detritral thorium.

(i) separation of detrital thorium during processing.

It is very difficult to physically separate the detrital
component from the carbonate part, in the solid state. However, by
dissolving with dilute acids, it is possible to take the carbonate
thorium into solution, and leave much of the detritus intact. There
are still problems with this method, as uranium and thorium
adsorbed to the detrital surfaces will be leached, and may be of



4.5

4.0

234U
238U

35

3.0

2.5

2.0

1.5

0.0

10

0 0.25 0.5 0.75 1.0

230Th/234U

EiE!lIE 1.2 Isochron plot for the 230]‘_11;234!1 age equation

(modified by Hendy et al (1979) from Kaufman (1964))



11

different nuclide ratios to the carbonate phase. Nevertheless, use of
dilute acid does help minimise interferences from detritus.

(ii) mathematical corrections.

Using 232Th to estimate 239Th corrections. As suggested
above, any 232Th in the detritus (or in the carbonate phase) will be
accompanied by 230Th. If the initial ratio of 232Th/?3Th were
known, then the approximate age determined can be used to
calculate the interference of detrital 230Th, and so recalculate the
apparent age (assuming that the Th isotopes are retrieved from the
detritus in the same ratio as they were incorporated. 232Th will not
decay appreciably over the period. Kaufman and Broecker (1965)
calculated the true carbonate 230Th activity as follows:

230Thyrye = 239Thmeasured - R .232Thmeasured exp(-A230t) (1.8)

where  230Thyye = 239Th corrected for detrital 230Th
232.230Thmeasured = total 2>223Th measured in sample
t = apparent age measured.
R = detritus 23°Th/?32Th activity ratio at t=0.

R is difficult to estimate with any accuracy, and varies between
1.0 and 3.0 generally. It can often be estimated by looking at a
variety of samples that are assumed to have the same R value, but
different absolute amounts of 232Th. This could be assumed when
geomorphic, physical and temporal proximity of a set of samples
suggest a common detritus source.

The method was first used by Kaufman (1971). The true
carbonate 230Th/234U ratio is taken from the slope of an isochron
plot of 230Th/232Th vs 234U/232Th. It is necessary to have a set of
samples of varying detrital content, in order to get a slope (i.e.
identical samples will all plot at a point). The 230Th content takes
contributions from both the detrital (D) and carbonate (C) phases;
and will thus vary with detrital content relative to 232Th, which
only comes from the detritus. i.e:

230mtotal = (230ThDi23OﬂC) =230ThD + 230&C
232Thtotal 232Thtotad 23zThtotal 232Thtotal

and likewise 84U o1l = (234Up+234Ucy = 234Up  + 234yc
232Thtota] 232Thtoxal 2?'ZThtota.l 232Thtotal



12

Therefore 230The = 230Thypm - 230Thp (1.9)
234[_]C 232Thtotal 232Thtota1
23"'Qlotal - 234QD
232Thtotal 232Thtotal

The ratios of 230Thp/232Thoa1 and 234Up/?32Thoral are assumed to
be independent of the amount of detritus present (since 232Thioral
all comes from the detritus as well). The equation is therefore of
the standard form m = (x-a) / (y-b), and a plot of x vs y will have a
slope of m, and x and y intercepts of a and b respectively. The true
carbonate 230Th/234U activity, the detrital contribution of thorium,
and the true age can then be recalculated for each sample.

A similar plot can be used to find the 234U/238U activity for the
pure carbonate, since the ratio may be different from that of the
detrital phase. Using similar derivation to that above, 234U/238U s
plotted against 232Th /234U, giving a slope of 234Uc/**¥Uc.

The use of this method for coeval contaminated calcites has been
described by Schwarz and Latham (1989).

Other detritus correction schemes have been proposed, including a
number that separately analyse the residue and carbonate
fractions for the various isotopes. The mixing plot approach
outlined above will be further discussed in Chapter 3.
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Analytical Methods for U-Th dating.

Because of it's short half-life, the actual concentration of 230Th in
any sample is extremely low. For example, if an ancient sample
contained lppm of 238U, the 230Th concentration would be 5.4x10-6
ppm. This has made mass spectrometry impractical for dating until
very recently, when Edwards et al (1987) developed a machine
capable of such low level measurements. This method is many
times more accurate than the traditional method, alpha-
spectroscopy, and will doubtless supersede it eventually.

Alpha spectroscopy directly determines the activities of the
nuclides. The inaccuracy of alpha spectroscopy is due to it's use of
alpha decay counting. Decay counting is based on the random
individual decays, where the variance of a given number of alpha
events is the square root of the count. Counting is based on surface
barrier detectors, which contain thin silicon wafers doped to semi-
conductivity. When the alpha particle (ionizing) strikes the
detector, it causes a potential difference between the anode and
cathode attached to the wafer. The signal sent is a function of the
energy of the alpha particle received. Unfortunately 230Th and
234U emit alpha particles of approximately the same energy, and
must therefore be completely separated chemically before alpha
counting. Alpha spectroscopy requires a uniformly distributed and
thin sample to achieve good resolution. Alpha particles are readily
diminished in energy by interaction with other matter, and a thick
source will have a noticeable low energy tail. It is thus important
that the sample for counting be free of any contaminants, as these
will absorb alpha particle energy and diminish sample resolution. A
number of lower energy particles may run under any nearby lower
energy peaks, and such a tail will have to be allowed for when
calculating the activity of those peaks.

The brief for the 230Th-234U alpha spectroscopy method is thus to
completely separate the uranium in the sample from the thorium,
and to isolate both from any other elements; before thinly
mounting each on a surface suitable for alpha counting.
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Uranium-Thorium Methodology.

Introduction.

Previous methods used at Waikato were based on a mixture of ion
exchange chromatography and organic extraction, culminating in
disc preparation by evaporation from an organic medium. Double
scavenge coprecipitation led to an anion exchange column where
uranium and thorium were separated. The thorium was purified by
extraction from hexone using saturated AI(NOs3)3 as a salting out
agent, the thorium was then plated out. Iron was separated from
the uranium by extraction into di-isopropyl ether, followed by
plating of the uranium. This method gave very variable yields, and
usually low resolution.

A preliminary attempt at a new U-Th method was based on
techniques developed at the Institute of Nuclear Sciences (DSIR)
(McCabe et al, 1979) as part of their U-Th and U-Pa dating
programme. Their method was based on a cation exchange column,
and claimed quantitative yields for uranium and thorium, obviating
the need for a spike solution to trace yields. The cation column was
designed to work at elevated temperatures in a teflon column,
followed by further purification (for wuranium); and finally
electrodeposition from a sulphate bath, with a rotating cathode
system. Attempts at this method were unsuccessful. Leakage
problems between the teflon column and water jacket; the
difficulty in using polythene beakers as a substitute for teflon; and
the attempted use of Al discs as a substitute for stainless steel, all
contributed to the failure. Most importantly, the method was
unable to deal with the high levels of titanium found in the
samples to be dated. A new, simpler, method became available
during this time, and was successfully adopted. The method came
from the Lamont-Doherty Geological Observatory, Columbia
University, where it was developed by Bob Anderson. It was
adapted for Antarctic lacustrine carbonates by Dr C. Hendy, and
further modified as discussed in this chapter. The method uses
standard uranium and thorium processing techniques for the most
part; it also features a uranium purification column based on nitric
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acid, and electroplating from a chloride bath onto silver
planchettes. Some emphasis is placed on achieving high yields -
such as through multiple rinsing at all stages and through the use
of teflon beakers wherever practical. At neutral and near neutral
pH conditions thorium exchanges for sodium in ordinary glasses,
including borosilicate (i.e laboratory pyrex) glasses. Teflon
(polytetrafluoro-ethylene) beakers are quite expensive (currently
$18-00 each), but do not chemically adsorb thorium. While high
yields are not essential to the process, due to the use of isotope
dilution methods, they lead to higher count rates, thus decreasing
the statistical error in the dates obtained. High yields are also very
important in allowing the method to be readily adapted to samples
of low uranium (and thorium) concentration.

All samples were processed in batches of four. However, the
method could easily be upgraded to allow batch sizes of eight
samples at a time, given more centrifuge bottles, teflon beakers
and electroplating units.

The method was developed to cope with a number of problematic
trace elements, but to still give high yields of good resolution. Much
of the methodology was developed concurrently with routine
sample processing, and by the time of processing the final samples
had achieved the objectives to a very good degree.

Initial Treatment

Sample Selection.
Samples were selected on several criteria.
(1) the need for a wide range of sites (i.e. sample numbers)
to be represented.
(2) sample quality (which limited the first criteria). Samples
preferred showed -
(a) pristine appearance (absence of any sign of
weathering, oxidation etc (characterized by reddish-
brown veneers) - which could mean post-depositional
alteration of the nuclide ratios.)
(b) absence of obvious clastic contamination. This was
achieved by rejecting samples with obvious non-
carbonate inclusions in the matrix e.g. gravels, basalt
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sands, quartz. Such detritus may contain labile uranium
and thorium in ratios independent of the sample age.
However, a number of samples with obviously high
levels of detritus were dated to satisfy the need for a
range of sample sites.
(3) The final criteria was that a single specimen of the
sample must weigh at least 30gms, allowing a margin for
duplicate processing of samples. This is as individual
specimens from a site may not be homogeneous. Some early
samples (nos 87-253a, 87-031-66b, 87-024-48c, 87-017-
38b, 87-006-019) were of composite specimens.

Thus the samples dated are not an unbiased selection of the
carbonates present in the area.

Pretreatment.

Samples selected were scraped clean to remove any surficial
detritus, and any obvious pieces of gravel etc were removed.
Samples were crushed (mechanical crusher) and ground in a ring
mill grinder for 30s. Although powdering increased the exposure of
labile isotopes in the detritus, it made sample dissolution much less
time-consuming and ensured homogeneity between duplicates. 10g
samples were weighed out accurately, and added to a 600ml
beaker. Although sample weight was not critical to the age, all
samples weighed from from 9.998g to 10.002g. This allowed
228Th/230Th and 232U/234U ratios to be used to trace major
discrepancies in the ages of replicates.

Spike.

100 mls of distilled water and 10 mls of spike were added.
Uranium and thorium are not necessarily extracted quantitatively
by the process, thus a spike of non-critical uranium and thorium
isotopes was added at the first stage of processing. This allowed the
relative yields of the uranium and thorium to be calculated, and
hence the true sample 230Th/234U ratio to be calculated (the isotope
dilution method).

UNIWERSITY OF WAIKAY"
LIBRARY
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Separation of Uranium and Thorium from Calcium etc.

8N HNOj3 was added to the sample until effervescence ceased.
HNOj3; was preferred over HCl because of it's greater oxidising
power, ensuring that all uranium was converted to the uranyl form,
UO,2+. This was a critical part of the process, as the acidity was a
prime determinant of how much detritus was dissolved or leached
along with the carbonate fraction. In all cases this acidification was
done very carefully, with minimal excess acid added. The sample
was then boiled very gently under a watchglass for approximately
one hour, again excessively vigorous conditions would affect the
detritus too much. The aim of boiling was to drive off the CO,
dissolved in the solution, and to ensure that the spike and the
natural uranium and thorium isotopes had the same distribution
between solution and solid phases.

After cooling for a few minutes the solution was transferred to a
200ml centrifuge bottle, carrying as much of the detritus as
possible. Centrifuging was for 10mins at 3000 rpm, the supernatant
was then transferred to a 400ml beaker. Any detritus remaining in
the 600ml beaker was washed into the centrifuge bottle with a
minimum of distilled water. A few drops of 8N HNO3 were added,
and the residues centrifuged again. The supernatant was added to
the 400ml beaker, while the residue was filtered on a Buchner
funnel, along with washings of any residues from the 600ml
beaker. The residue was dried and weighed on the filter paper. A
constant filter paper weight of 0.37g was assumed (this was the
average of multiple weighings, the distribution was N(0.37g,0.01g)).

The separation of the residue from the acid-soluble phase was
completed as rapidly as possible, to minimize excess leaching of the
detritus, and to minimize reabsorption of CO;(g) by the solution
after boiling.

Initially the only treatment prior to coprecipitation was to add
several drops of FeCl; (aq). Also tried was the INS solution of
9.7mls FeCl3/200mls 0.1N HCI(McCabe et al, 1979). The FeCl; acted
as a coprecipitant for the uranium and thorium. Although natural
Fe levels were very high in many samples, added FeCls was used in
all samples as a safeguard. The earlier results gave reasonable
uranium yields, however these had a maximum value of around
80%. Uranium can readily escape coprecipitation, so the method
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was modified. The problem was the ability of the uranium to form
soluble uranyl complexes with a number of species, such as organic
acids and CO,.

ie. CO2+ HO & HCOj3 + Ht & CO32- + 2H*

U032+ + 3CO32 & UO; (CO3)34- (soluble at pH > 7)

Organic acids form soluble uranyl species above pH 6. These are
unlikely to be present in any quantity, if at all, but are possible due
to the biogenic source of the carbonates. Thorium coprecipitation is
quantitative under most conditions.

To overcome any possible loss of uranium in this part of the
process, rigorous conditions were adopted. 10mls of conc HCl was
added to the solution, and the solution brought to the boil. The HCI
+ HNOj solution would be strongly oxidising enough to destroy any
organic complexing reagents. After 5 mins boiling to expel any CO,
(the HCI/HNOj3 solution boils very rapidly) the solution was
precipitated while still hot.

The coprecipitation stage allows for separation of uranium and
thorium (along with Fe, Al and many other trace elements) from all
the Group I and Group II elements, particularly Ca. Concentrated
ammonia solution was added dropwise, with stirring, until the pH
reached 7-7.5 (pH meter). The ammonia may have introduced some
CO; to the solution, so for some preliminary samples the ammonia
was boiled prior to coprecipitation. This did not affect recovery.
Gascoyne (1977) made an extensive investigation into this
prospect, it seems unlikely that CO; in the ammonia is a significant
problem.

It was of interest here that the precipitate from the HCI/HNO;
solution was very much visibly finer than that from HNOj3 solution.
This gives a greater surface area for coprecipitation, and for some
reason gives much less flocculation at the surface, eliminating
another small source of uranium and thorium loss.

The precipitate was centrifuged in 200ml plastic bottles. This and
all subsequent centrifugation was at 3000 rpm for 10 mins. Higher
revolutions were not possible without stressing the centrifuge,
shorter times did not always compact the precipitate enough. The
supernatant was transferred back to the 400ml beaker; the
precipitate was washed with 30mls of distilled water and
recentrifuged. This removed any adsorbed Ca back to the aqueous



19

phase. The supernatant was added to the 400 ml beaker. The
combined supernatants were reacidified with a minimum of conc
HNO3 (about 2mls was needed). A few drops of FeCly (aq) were
added, again as a coprecipitant. If necessary more HNOj; was added
to dissolve any solid phase. Some preliminary samples were
reboiled at this stage, this was abandoned as having a minimal
impact on recovery relative to the extra time needed for reboiling.
The supernatant was precipitated with ammonia to pH 7 - 7.5, and
added to the centrifuge bottle containing the first precipitate
(insufficient centrifuge bottles for separate centrifugation). After
centrifuging the supernatant was discarded. The 400ml beaker was
rinsed with a minimum of distilled water, and this was added to
the precipitate. Again this was centrifuged and the supernatant
discarded.

The combined precipitates were redissolved in 8N HCIl and diluted
to 100mls, in the centrifuge bottle. The solution was reprecipitated
with concentrated ammonia in the bottle, centrifuged, and the
supernatant discarded. The precipitate was washed with 30mls of
distilled water and recentrifuged. Again the supernatant was
discarded. The aim of these steps was to ensure complete release
of any adsorbed or coprecipitated species that should have been in
the aqueous phase; by guaranteed complete dissolution in a new
acid, HCL.

The precipitate was dissolved in three times its volume of conc
HC1 for loading onto the first ion exchange column. The
coprecipitation scheme is summarized in figure (2.1).
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Figure 2.1
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ration of ranium_ From Thorium

Separation of uranium from thorium was achieved by ion
exchange chromatography. The distribution of a number of
elements between resin and eluant on anion exchange columns in

HCl has been investigated by Kraus and Nelson (1955). Some
relevant results are given in figure (2.2).

Fig (2.2) Log dijstribution coefficient vs normality of HCI
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The anionic species formed adhere to the resin, while any cationic
or neutral species are washed off. The species of note here are :
U072t + 3Cl- & (UO,Cl3)-
U022t +4Cl- &  (UOClyg)?2-
Fe3+ + 4Cl- & (FeCly)-

The resin used was DOWEX 1X8 100-200 mesh (laboratory grade).
This was preferred over coarser meshes which although have
faster flow, have poorer quality of separation. Analytical grade
resin would have been preferable, but was deemed too expensive.
A quantity of resin was made into a slurry with distilled water. The
slurry was allowed to settle for 5 minutes, after which the
supernatant was decanted, taking with it most of the finings. The
wash was repeated, again any finings were decanted.

The columns used were BIORAD 20cm x 1.5cm chromatography
columns. They were filled with distilled water and allowed to run
out, during which time the slurried resin was added. This ensured
no air bubbles were trapped in the base of the column.
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Approximately half-filled columns were used, generally containing
12-15mls of resin. This was washed with a column volume of
distilled water, followed by two volumes of 8N HCIl. As in all stages
of ion exchange chromatography it was preferable not to allow the
head of the resin to run dry. This was largely achieved, but not
always. Fortunately 100-200 mesh resin retained the liquid enough
that air bubbles did not form in the bed, although some may have
worked into the base of the column.

The sample was loaded straight from the centrifuge bottle, and a
100ml teflon beaker (labelled) was placed under the column. When
the top of the sample solution was approaching the head of the
resin, a wash of 8N HCI was added to the column; followed by two
more washes of 8N HCI in like manner. These washes were
previously used to thoroughly rinse the original sample centrifuge
bottle (or beaker), ensuring complete sample transfer to the
column. When the last of the 8N HCl washes were approaching the
head of the resin the receiving beaker (containing thorium and
other elements) was replaced by another 100ml labelled teflon
beaker. A wash of distilled water (column volume) was followed by
one of distilled water plus 5 drops conc HCI, followed by a final
wash of distilled water. These washes eluted the uranium and iron
(and other trace elements) into the beaker. At such low chloride
concentrations the uranyl complexes are not held to the resin.

Two major problems arose during this section of work - solid
phases on the column and discoloured thorium fractions.

(I) Yellow or yellow-brown washings frequently appeared in the
thorium wash, which should be completely clear. This had two
sources:

(i) Fe was not retained on the column. The iron complex formed a
distinctly brown coloured band at the top of the resin bed. Any
movement of the band during the Th washes showed it was not
being held to the resin, and was a reasonable proxy for similar
uranium movement. This occurred if the chloride activity was less
than optimal. Specifically the movement of the Fe band would
occur if the sample was loaded in solutions significantly less than 8
molar in HCl. Because the final precipitate from the previous stage
was highly hydrated, triple its volume of conc HCl was added to
give a total molarity of 8N. Unfortunately this was a subjective
measurement and undoubtedly far too little HCl was added on a
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couple of occasions. When the Fe band was washed off the bottom
of the column the washings continued, starting from the first
distilled water wash; with all washings combined. The combined
eluates were boiled down and dissolved in 8N HCI, before reloading
on the column. This was only done on two occasions, as all other
discoloured thorium washes were attributed to the other source.

(ii) Colouring by resin products. Frequently the discolour of the
thorium fraction was not consistent with that expected for Fe
complexes. In these cases drop tests with potassium ferrocyanide
gave negative results (whereas Fe3+ solutions diluted to the same
colour intensity readily turned blue ). It seemed likely that
byproducts of the resin were being formed by contact with the
acid, and that these were the source of the discolour. Further
evidence for this was that the colour often disappeared on boiling
the solution; and that if boiled to dryness the residue was not red-
brown but white. The discolour would also occur when the Fe band
was visibly holding at the head of the resin. Strongly discoloured
solutions often appeared slightly oily, and sometimes the source of
the colour could be partially extracted into hexone.

This effect could be reduced by pre-washing the columns with 8N
HNOj, then with the 8N HCI twice. This discolour was present in
virtually all the latter samples, but was not a problem. It was
ignored as any organic species would be destroyed when HNO3 was
added to the boiling HCl solution at a latter stage. This was
confirmed by the clear colour of the solution after conversion to the
HCI form.

(I) Column blockage. It was common in the early samples for the
drip rate of the solutions to become very slow, virtually stopping
sometimes. Initially this was thought to be due to swelling of the
resin with changes in eluant normality. Solutions of 7N or 9N HCI
still gave the same result. The precipitate was also boiled to
dryness and taken up in 8N HCI to ensure the same normality as
subsequent washes. This was also ineffective.

Some samples showed a lightening of colour in the head of the
resin, presumed to be a trace element since blank control columns
ran satisfactorily. Stirring the head of the resin allowed a short
remission in the slowing of the elution rate. A new bulk sample
used for preliminary work (87-253a) formed a particularly heinous
plug of clear gel up to 3cm long on top of the resin. This was
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realised to just be a more blatantly manifested form of the earlier
lighter colour in the head of the resin.

Samples of the gel were retrieved for further examination. The gel
was partially soluble in nitric acid. Atomic absorption analysis
suggested high levels of Fe, but gave negative results for Mn, Al,
and Si. This was not considered conclusive at the time as there
were problems with the AA machine. The gel was found insoluble
in organic solvents (CH;Cl;, benzene) and had no distinctive smell
(as would be expected from the amine products that were the most
likely products of resin reaction). This excluded resin byproducts as
a source of the gel.

After dessication under vacuum the powdered gel was submitted
for X-ray fluorescence analysis. The results showed the powder to
be SiOp, the gel was a hydrated form of the same. The analysis also
showed the gel to have taken in high levels of other trace elements,
as shown in table (2.1). The identity of the gel was confirmed by
it's solubility in HF.

Table 2.1 XRE Results for Silica Gel

Element Atom %
Silicon 85.4
Aluminium 11.6
Calcium 0.9
Titanium 0.8
Manganese 0.5
Chromium 0.3
Iron 0.3
Zinc 0.1

Processing samples with the SiO2 levels present in some samples
was not practical. The time necessary to pass the needed washes
through the solution was of the order of days. Furthermore the
retention of Fe by the gel suggested UO22+ was also likely to be
retained, it is uncertain whether or not Th4+ would have been
affected.

An obvious treatment to remove SiO; was to use HF, and the
reaction SiO7 + 4HF & SiF4 (g) + 2H70. It was not simple to predict
the presence of high SiO2 levels on the basis of the sample
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chemistry preceding the first column. Generally, though, high levels
of quartz in the residue correlated with high SiO; levels. This
assessment was not sufficiently explicit, so all samples were
treated for SiOj.

At first the treatment was carried out after the precipitation and
scavenge from HNOj3 solution, prior to precipitation from HCI
solution. The precipitate was dissolved in 10mls HF, boiled dry,
redissolved in 3mls HF and boiled dry. Repeated evaporation with
conc HCl (5x) (since HCI was the desired final matrix of the sample)
was unsuccessful in removing residual HF, due to the difference in
boiling points of the acids (HF 112° , HCl 108°).

Although this was successful in removing SiOj, traces of HF tended
to bleach the top of the resin and sometimes formed a hard white
impermeable layer. This led to the use of HClO4 to remove residual
HF, followed by evaporation from HCl (which also oxidises any
HC104 not destroyed by the prolonged heating at dryness). In some
samples the levels of Ca2+ were still too high at this point, and
quantities of CaF, gel formed - these were unable to be dissolved
later. Thus the SiO; treatment was moved to beyond the final HCI-
NH3 precipitation, just preceding the first column. Also attempted
was the use of boric acid to help break up the more stable fluoride
complexes (McCabe et al, 1979) such as the insoluble green FeFj3.
This was helpful, but found unneccessary as other aspects of the
SiO, treatment were refined.

The final method for SiO; removal was as follows. After the final
precipitate was obtained it was dissolved in conc HNO3 and
transferred to a 100ml teflon beaker. The centrifuge bottle was
rinsed with a minimum of HNOsj3, and this was added to the beaker.
HF was added dropwise until the solution cleared (mainly
FeCl3.6H20 (yellow) < FeF3.nH20 (clear) ). This was boiled to
dryness for about 2-3 hours. 15 mls of HClO4 was added and the
beaker was boiled dry at a low heat overnight. A few mls of conc
HCl were added, and the solution boiled to dryness. The residue
was readily redissolved in 10-20mls of 8N HCI for loading onto the
first column.

The final observation of note on the U-Th separation column was
the occasional occurrence of a green band in the resin. This would
hold just below the Fe band and slowly move downwards with the
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8N HCI washes, often fading in colour. This was seen in samples 87-
014-32c¢, 87-033a, 87-036-76b, and 87-006-019. After fading the
green colour was not seen again. It is interesting that the Th
fraction often had a slightly green tinge after conversion to the
HNO3 form. The colour was attributed to a trace element in the
sample, one that doesn't form a strongly holding anionic chloride
complex. Nickel was a possibility.

Unlike some Antarctic carbonates processed in previous years it
was never possible to overload the column with high Fe levels. On
one occasion two columns were used to reprocess samples, it was
found that the apparent overloading was due to suboptimal
normality. Correct loading and use of the column always led to the
Fe band being held in the top quarter (3-4cm) of the column.

Thorium - Purification

After the final eluates of 8N HCl had passed into the uranium-
thorium separation column, the beaker was removed to a hot plate.
The major elements in the solution were Th, Al, Ti, and any
remaining Group I and Group II elements that came through the
precipitation stages. To separate these from the thorium an anion
exchange column in nitric acid form was used. Some relevant

distribution coefficients for a range of acid molarities are given in
fig(2.3).
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The thorium ion forms a very stable nitrate complex that holds
well to the column: Th4+ + 6NO3- <  Th(NO3)g 2- , with a
maximum stability around 8N HNOj3.

As in the first column, a 20cm x 1.5cm chromatography column
was used, half filled with DOWEX 1X8 100-200 mesh anion
exchange resin. The resin was washed with two volumes of 8N
HNOj3j, in similar manner to that described for the first column. For
preliminary samples the same resin as used for the first column
was regenerated - the two washes of 8N HNOj3 simply displaced the
chloride on the resin. Major problems with overall thorium
recovery occurred, and the thorium purification columns were
considered a possible source of the loss. This was never proven to
be the case, but it became standard practice to use fresh resin for
the thorium column. The other advantages of fresh resin were
reduced contamination by any residual U or Fe left in the first
column (very unlikely), removal of interference by any silica gel
left in the resin of the first column, and most importantly, reduced
breakdown of the resin. For some reason it seemed that pre-used
columns were more disposed to producing discoloured eluates
during the thorium elution; possibly due to the oxidising power of
mixed traces of the HCl and HNOj3 solutions.

Before running the column the thorium fraction was converted
from a chloride matrix (eluate from the first column) to an 8N HNO3
matrix. When the thorium fractions were first heated, a few mls of
conc HNOj3 (and a couple of mls HClIO4 in badly discoloured
fractions) were added immediately, to aid in oxidising any resin
byproducts present. On evaporation of the solution, a white
precipitate formed at lower volumes. This was the biggest problem
in the whole process - the appearance of titanium precipitates. The
species formed was probably hydrated polymeric (TiO), 20+, It
would seem that nitrate as a counter-ion gives much lower
solubility than the chloride form.

The TiO2 came from the detrital component of the sample,
probably from the basaltic sands and ilmenite present. This is the
reason for the great care needed in acidifying and boiling the
sample initially. Over vigorous conditions released excessive TiOj
into solution. There was a clear correlation between titania
precipitates at this stage, and little or no recovery of thorium. It
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was likely that the polymer chains were highly binding for the
readily scavenged Th4+ ion. It was thus necessary to ensure no (or
minimal) precipitation of (TiO2+), occurred at this stage.

Initially samples were boiled down until a precipitate just started
to form, whereupon HNOj to three times the volume of HCI present
was added. This was boiled under reflux until all the HCl was
removed. The solution clears as no more brown nitrogen dioxide
was being formed via
6HCI1 + 2HNO3 < 2NOCI + 2Cl; + 4H70 (+02) < 2NO3 + 4H20 + 3Clp

On clearing, the watchglass and beaker walls were washed with
HNO3 and boiled for a further 5 minutes. Volumes at this point
were typically 20-30 mls, with the precipitate having formed at
10-15 mls. Some samples could be boiled to dryness without a
precipitate appearing.

After all the HCI had been removed, an equal volume of distilled
water was added, bringing the solution to 8N HNOj3 (conc HNOj3 =
16M). If there was any sign of a precipitate the solution was
centrifuged (10mins, 3000rpm). The supernatant was poured off
and loaded onto the column. Twenty mls of 8N HNOj3 was used to
rinse the beaker, then added to the centrifuge bottle. After
dissolving as much of the precipitate as possible, the solution was
centrifuged again, and the supernatant added to the column. If any
precipitate was still present the step above was repeated. After the
last of the sample had been loaded, the column was washed with
three column volumes of 8N HNOj3. The three washes were also
used to rinse the beaker and centrifuge bottle. After the last
washings had passed onto the column, a labelled 100ml teflon
beaker was placed under the column. Three column volumes of 9N
HCl were used to elute the thorium. Washing with 8N or 10N HCI
produced no discernible change in quantity or quality of yield.

This method still frequently gave solid phases on the column,
ranging from a distinct layer of white precipitate at the head of the
column to a general cloudiness of the loading solution. This
invariably led to low thorium yields.

A less retroactive means of dealing with the TiOz problem was
sought. This entailed using maximal volumes of solution during the
matrix conversion in the hope of preventing a precipitate forming
in the first place. This was at the expense of solution loading time.
The HCI1 solution was boiled down to about 30mls, at which stage
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about 50mls of conc HNO3 was added. This was boiled under reflux
until the solution went clear, adding more HNO3 as necessary, as
boiling proceeded. The watchglass and walls were then washed
with HNOj3, and the solution boiled for another 5 minutes, to
remove final traces of HCl. The watch glass was removed, and the
solution was boiled back to a volume of 50 mls. An equal amount of
distilled water (by filling a matching beaker to the same level) was
added to bring the solution to 8N HNOs3. This gave a total volume of
100mls of sample solution, which could take up to an hour to load
onto the column. However, this method produced no visible Ti
based solids, and thorium recovery became higher and less
variable.

After retrieving the thorium fraction, the same process was
repeated on a smaller column, with commensurate volumes. The
thorium fraction was boiled down, with 3mls conc HNOj3 added
before boiling started, to help oxidise any organic resin products in
the washings. When the thorium fraction was almost dry a few mls
of conc HNO3 were added. Again the sample was boiled down to a
drop.

A small BIORAD 0.7cm x 10cm chromatography column was used,
filled with 2 mls of DOWEX 1X8 100-200 mesh anion exchange
resin. This was washed with a column volume of distilled water,
followed by two volumes of 8N HNOj3. The resin was prepared in
the same way as described for the wuranium/thorium separation
column. The evaporated thorium fraction was dissolved in Smls of
8N HNOs3, and loaded onto the column. If any solid residue was still
evident, the beaker was gently heated, taking care not to evaporate
the H»O and increase the HNO3 concentration. After the sample had
passed into the column the beaker (heating if necessary) and
column were washed with four aliquots of Smls 8N HNO3. The
effluent was discarded, and the thorium eluted off with three
column volumes of 9N HCI, into a labelled 100ml teflon beaker. The
sample was covered with a watchglass, since any dust, aerosols etc
entering the sample at this point would be electrodeposited as well.
The sample was boiled down to a drop of HCI, as described under
electrodeposition.

A couple of problems arose with this process.

(1) Due to lack of air circulation, the clamps holding the columns
became extremely corroded. Infrequently corrosion products off
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the columns would fall into the receiving beakers, during all
column stages. It was particularly a problem with the final column,
as no further purification would normally take place. On the
occasions that this problem arose the sample had to be boiled down
and redissolved, often necessitating the use of HF and/or HClOg;
before repeating the final column. On one occasion this had to be
repeated twice. Fortunately the high stability of the Th(NO3)g2-
complex on the resin makes this separation quite efficient, and it is
unlikely that much thorium is lost by repeating this column,
provided all solids were redissolved.

(2) The insolubility of thorium made it susceptible to not being
fully retrieved from the beaker by the loading and washing
solutions. Often visible deposits were still evident after the four
Sml 8N HNOj3; washes had rinsed the beaker. The loading method
was changed to improve thorium recovery.

Instead of dissolving the sample in S5Smls 8N HNO3 it was dissolved
in a minimum of conc HNOs3. This was evaporated back to
approximately 0.25ml, and 0.25ml distilled water was added. Three
mls of conc HNO3 were added to dissolve the sample, followed by
three mls of distilled water. The solution was thus 8N in HNO3, and
was loaded onto the column. The four 5ml washes were replaced
by one of 3mls conc HNO3 plus 3mls distilled water; one of 2mls
conc HNO3 plus 2mls distilled water; followed by two of 5Smls 8N
HNOj. This quickly reduced the frequency of residual sample being
left in the beaker.
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ranium urification

When the uranium fraction was retrieved from the column, along
with Fe, it was boiled down. Prior to this 3mls of conc HNOj3 was
added. Although this works against the aim of taking the residue to
a chloride matrix, it was found necessary in order to help destroy
organic byproducts of the resin. Failure to do this often left a ring
of black stain at the maximum volume level of the solution. These
were presumed to be organic, and as such may have complexed the
uranium. In addition, any organics remaining in the solution may
also have complexed uranium, interfering in the following organic
extraction step. This step was the first stage of purification of
uranium - a separation from iron. Both species are complexed by
the chloride ion, however only the ferric chloride complex is
soluble in ether. Many methods for U-Th dating extract the iron
prior to the column separation of uranium and thorium. Extraction
subsequent to separation is preferable, as it allows Fe to act as
excellent visual control on the efficiency of the first column.

The solution was evaporated to dryness, 3mls of conc HCl was
added (to remove any residual HNO3) and the solution was boiled
to dryness again. It was then dissolved in 3mls 8N HCIl. The solution
was transferred to a 15ml glass centrifuge tube. A further ml of 8N
HCl was used to wash the beaker, this too was added to the
centrifuge tube. Five mls of di-isopropyl ether was added to the
tube, after being used to wash the last of the sample solution out of
the beaker. The sample was emulsified on a vortex mixer for 30s.
The wupper (ether) phase, containing Fe, was discarded. The
extraction was repeated three more times. By this time the chloride
concentration had dropped well below the optimum level (about 6-
7N). To return to efficient extraction 5 drops of conc HCl were
added, and two more extractions with Smls di-isopropyl ether were
performed. The resultant solution was transferred to a new 100ml
labelled teflon beaker. The centrifuge tube was washed twice with
3mls 8N HCI, these too were added to the teflon beaker. The ether
residues were stored and eventually washed with water to remove
Fe, and distilled to recover pure ether.

The problems encountered in this section related to incomplete
extraction of the iron - it is unlikely that much, if any, uranium is
lost by co-extraction into the ether (Gascoyne, 1977). The samples
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analysed generally had extremely high natural Fe levels, in
addition to the Fe added for coprecipitation. This had two effects.
Firstly, if extraction was at all incomplete it meant that levels of Fe
would still be unacceptably high. Secondly it could cause three
phases to form in the centrifuge tube during the first extraction.
The middle layer was a pure iron-chloride-ether compound
(Fe(iPrp0)2Cl4") (Gascoyne, 1977), and was discarded along with the
top layer.

Extraction efficiency was easily monitored visually. The Fe
imparts almost all of the orange-yellow colour to the solution. The
aqueous solution should be almost clear after the sixth extraction, if
extraction is complete. The successive extractions remove Fe at a
constant rate (allowing for the small changes in chloride activity),
giving an exponential decrease in [Fe]. If extraction works well the
aqueous phase will be virtually clear after 4 ether extractions -
however, in the preliminary work and first samples the aqueous
phases were frequently still very coloured after 6 extractions.

Inefficient extraction took two forms. Extraction would either take
place very slowly, leaving a definite yellow colour in the aqueous
phase after the final extraction; or else essentially nil extraction
would occur, leaving a cloudy orange aqueous phase from start to
finish. Attempts to rectify these were based on considering the
chloride activity through the process, and on the possibility of trace
element interference.

Inconsistency of the method between samples suggested trace
element problems (including natural Fe levels). Some samples that
extracted poorly were boiled down and extraction repeated. Some
of these would clear on the second set, even after 2+2 (i.e two
extractions, 5 drops conc HCI, two more extractions); while some
would still fail after a second 2+2. This suggested variations
between samples. The occasional presence of black solids (in spite
of oxidising for resin products) suggested MnO7 to be present; this
was confirmed by the frequent presence of red solids (MnCl3) when
the sample was evaporated to dryness. Some samples were tested
for Fe by reaction with potassium ferrocyanide, the presence of
Fe3+ giving a deep blue colour. Some samples were strongly
coloured after 4+2 extractions, yet gave negative results for this
test. Atomic absorption analysis showed the colour to be due to
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very high levels of manganese (i.e the extraction was, in fact,
efficient for Fe).

However, many samples tested after 4+2 showed Fe to still be
present in the aqueous phase. In particular, a spike sample taken
through the process was still yellow after 4+2. The only foreign
element present was Fe from the coprecipitation stage (this sample
also gave three layers in the first extraction).

Chloride concentrations were varied on some samples to improve
iron extraction. One ml of conc HCl added after 2 extractions
followed by 0.5ml conc HCI after the fourth extraction still gave
poor results. Extraction from 9N HCI, with half a ml conc HCI after 2
extractions also failed to improve efficiency. These suggested that
decreasing chloride activity was not the source of the problem.
After extra acidification had failed on another sample 3mls of
distilled water were added, since too higher an acidity would
increase the solubility of the ether in the aqueous phase. This also
failed to help.

The problem was overcome by changing the relative volumes of
the aqueous and organic phases. A sample was dissolved in 6mls
8N HCIl and the beaker washed with Iml 8N HCI, giving a total
volume almost double that previously used. To allow for the
limited volume of the centrifuge tube the volume of ether was
reduced to 3-4 mls per extraction. This worked well on samples of
this and a subsequent batch. These volumes were adopted as
standard procedure.

It would seem that the volume of 8N HCI used was insufficient to
dissolve all the species in some samples, allowing the Fe to retain a
form that was not amenable to extraction into di-isopropyl ether.
Occasional samples still retained a slight yellow colour after 4+2.
This was usually due to the presence of Mn, or sometimes low
levels of Fe. Both these circumstances were able to be dealt with by
the final uranium purification column.

The sample and washings from the ether extraction stage were
boiled down to dryness in a teflon beaker. The residues varied
from yellow-brown to grey to a bright green (in the chloride form),
suggesting various trace elements to be present. These were often
difficult to dissolve, needing a mixture of HCI and HNOj3, and
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occasionally HF. They were boiled down and eventually the solution
was taken up in HNOj3 for the final phase of uranium purification.

This stage was the most critical with respect to uranium yield. It
entailed separation of uranium from any residual Fe, Mn, Al, and
any other trace elements still present, on an anion exchange
column in the nitrate form. The problem is that the maximum
distribution coefficient only rises to 100, at 8N HNOj3. Relevant
distributions are given in figure (2.4).
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The method prescribed loading the sample onto the column (a
small BIO-RAD chromatography column (0.7cm by 10cm) part filled
with DOWEX 1X8 (100-200 mesh) anion exchange resin) in 2mls of
8N HNOj3, then washing three times with 2mls 8N HNOs3.
Hydrochloric acid (1.5mls) was added to create a front for the later
washings, and the top of the column was allowed to run dry. The
uranium was then collected by washing with a column volume of
distilled water, the same with a few drops of conc HCI, followed by
a final volume of distilled water. The sample was then boiled down
for electrodeposition.

Although there were no immediate problems evident with this
particular phase of uranium processing, there still remained a
general problem with uranium yield. Yields were generally good,
and fairly consistent, but had a maximum yield of around 80%.
After adjusting the electrodeposition and coprecipitation stages,
there was still a problem, this was assumed to be due to the
difficult uranium purification column.
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Attempts were made to increase the performance of the column,
based on the premise that the uranium was being washed off the
column before collection. The number of washes of 8N HNO3 was
decreased from 6mls to Smls, and then to 4mls, with little impact
on recovery. A batch of samples was compared by only adding Iml
conc HCl as a chloride front; while adding the standard 1.5mls to
the other two samples. The former samples gave higher yields,
with no obvious extra residual Fe i.e the reduced front still gave
sufficient HCl to wash the uranium off. A further test was with
0.75mls conc HCIl on two samples and one ml on the remaining two.
There was no difference in yield evident. One ml of HCl became the
standard addition for the column. It was also possible that the
lower [Cl-] reduced the subsequent molarity, allowing better
retrieval of the uranium. In case wuranium was being held by the
column, the final distilled water wash was increased to two column
volumes.

The volume of resin was also increased 50% from the
recommended 2mls of resin to 3mls; in order to help hold any
mobilised uranium. Although this in theory could have helped
retain Fe, the combined loading solution (2mls), plus washing
(6mls) plus HCl (1ml) still gave about three column volumes for Fe
removal. There was no visible increase in residual Fe in the
uranium fraction.

As in the small thorium column it was preferred to dissolve the
initial residue in a concentrated acid, to aid in dissolution of any
nuclides particularly adherent to the teflon beaker. Thus the
sample was boiled down to a drop, and a few mls of conc HNOj
were added. This was boiled back to a few drops, beyond which the
sample often became insoluble. A matching few drops of distilled
water and one ml of conc HNO3 were added. After dissolving the
sample a further Iml of distilled water was added, bringing the
total molarity to 8N HNOs3. Although the final solution in this case
may vary slightly from the critical 8 molar normality needed for
good separation (cf dissolving in a straight 2mls of 8N HNOj3 from a
bulk solution), it was found necessary to ensure retrieval of all the
residue from the beaker.

As in the thorium column there were problems with debris from
the clamps falling into the beaker, requiring the column to be
repeated. In a couple of preliminary samples there seemed to still
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be high levels of Fe in the sample after the final column, so ether
extraction was repeated, with a successful reduction in Fe levels. In
all cases 3mls of conc HNO3 was added to the collected uranium
fraction before boiling down for electrodeposition, in order to help
oxidise any resin byproducts.

Electr ition

The development of an electroplating method for depositing the
samples on discs suitable for alpha-spectroscopy was the major
innovation over methods formerly used at Waikato. Prev'iously all
samples had been mounted by evaporation of a benzene solution of
the thenoyl-trifluoroacetone (TTA) complex in benzene.

Initial attempts to find a suitable electrodeposition method were
based on a technique developed by the Institute of Nuclear
Sciences (DSIR) as part of their own U-series dating program.
Because of the expense of the cathode discs used by the method
($5-00 each), the method was modified. Aluminium discs were
used and cell design (fig (2.5)) was modified to a less expensive
fixed cathode in the base of the cell, with a separate anode and
motor driven teflon stirrer. 10ml samples of spike were taken up
in dilute sulphuric acid, and adjusted in pH with dilute NaOH (pH
meter). Various pHs were tried, from unadjusted (pH < 1) to pH 3.5.
The highest recoveries were , as expected, around pH 3.4. However,
these recoveries were still only around 3-4%. These were plated
for 2hrs at 3.6V, using a Pt anode (other anodes were previously
tried - these decomposed under electrolysis, with spike recoveries
less than 2%). Early samples used a magnetic stirrer sitting directly
on the Al plate - this caused irregular deposition over the disc, and
scour marks. Increasing the deposition time up to 18 hrs had little
effect on % recovery. Maximum recovery achieved during this set
of experiments was approx. 5%, when an HNO3/NaOH electrolyte to
pH 3.4, with 2hrs deposition , was used. The counting system used
included a delay amplifier which was later found to be cutting out
a high proportion of alpha counts. Allowing for this, recoveries
would still only have approached 10%. Resolution was invariably
extremely low.



37

Most deposits produced in this set of experiments were white and
powdery. They adhered poorly to the Al disc and were readily
washed off, or sucked away under vacuum in the alpha
spectrometer counting chamber. This was probably the major
source of failure in this method. Possibly the alumina layer on the
discs precluded the normal metal deposition mechanism, and
hence reduced adherence. Furthermore, Al was not readily flamed
to stabilize and remove polonium - it frequently melted rapidly
before glowing red.

It would seem that Al is not a suitable cathode material under
these conditions.

A completely new method of U-Th processing was attempted, as
described earlier, incorporating a new electrodeposition technique.
This was based on an HCI-NH4Cl electrolyte and Ag discs.

The described method was to dissolve the sample in the
minimum of HNO3z and evaporate to a droplet. 1ml of 0.01N HNOj
was added, the beaker rinsed and sample transferred to the
electroplating cell. 2mls of electrolyte (2N NH4Cl taken to pH2 with
HCl) was used to rinse the beaker and was added to the cell,
followed by 1 ml of the same. The sample was plated at 6V, with
an initial current of 0.8A. After 45mins the walls of the cell were
washed down with distilled water, to recover any uranium or
thorium splashed out, and plating was continued for 15mins. At
the end a little NH4OH and distilled water were added (NH4OH fixes
the hydrous oxide film formed to the disc (Mitchell,1960)). The
power was turned off, the cell dissembled and the disc washed
with distilled water. Finally it was heated to glowing red in a
bunsen flame. The prescribed method also alleged the use of silver
as an anode. A new cell design (fig (2.6)) was also used, with a
spiral anode used to support the magnetic flea stirrer (fleas needed
to be trimmed to size).

The first attempts at the new method used the Al discs and the
cell constructed for the previous method, with a Pt anode. 2hrs
plating of a spike sample evaporated to dryness and treated as
above gave a brown deposit on the disc, with a brown electrolyte
solution. The disc deposit turned white on heating, although as
usual the Al disc was not heated to glowing. The results were of
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low resolution with a recovery of 37%. On construction of the new
cell, testing continued. A qualitative test was to deposit a solution
of UO2Cl, for 5Smins. This gave a high count rate , but still low
resolution. The new cell contained the Ag anode, Al discs were still
being used.

The first carbonate samples (run concurrently) invariably gave
low results, particularly for thorium. In the deposition stage thick
grey sludges up to 3mm thick were often formed on the discs.
Some were counted both before and after washing the sludge off
with the distilled water - little difference in the low count rate was
evident. Continued testing of the electrodeposition method (still
using Al discs) continued to give low results, with the added
observation of a discolouring/crusting on the Ag anode. Testing of
the former INS method using the new cells gave brown solutions
and black deposits, but still of low recovery.

At this stage the pH of the electrolyte stock was found to have
drifted to pH 3. Deposition with a new stock gave no sludge, but
still a low recovery. In retrospect the non-appearance of sludge
was coincidental.

Longer plating times were used as an obvious means of increasing
the yield. An ammeter was also obtained to monitor current
change in the cell. 10mls of spike was evaporated to a drop and
taken up as described. It was also standard at this point to add
several extra mls of plating solution to cover the anode and so
render the stirrer effective. The spike sample was plated for 2hrs,
washing with a little distilled water at 45mins and 90mins. The
current was initially 40mA, which soon dropped and stabilized at
8mA. At the conclusion the current was 6.5mA. Although the
currents observed were much lower than expected, the recovery
was 65%. This seemed a reasonable basis for further processing of
carbonates, but again thick crusts formed on the cathode discs,
with nil Th recovery and low U recovery.

Further testing of spike samples on newly acquired Ag foil discs
gave a recovery of 55% for one hour of deposition. Continued
processing of carbonate samples gave variable yields, occasionally
acceptable, but the majority very low. Again sludges and crusts
formed on the discs during electrodeposition. Testing with spike
samples (5 replicates) gave very thick deposits of low resolution
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Figure 2.5
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and variable yield. Further carbonate samples gave poor results.
Starting currents dropped to 3-10 mA.
A more thorough testing of the electrodeposition process was
carried out. Six spike samples were evaporated down and plated as
described. Recoveries are presented in table (2.2). Some of the low
recoveries correlated with leaking cells. The higher recoveries gave
black deposits, others gave grey sludges which were easily washed
off. Flaming of these discs removed most of the deposit, with very
little left.

Table 2.2. Recovery from electrodepositions,

Sample [Cell | Time |[Recovery
1 2 lhr 5.7% Cell leaked?
2 1 lhr 16.4% Cell leaked?
3 3 lhr 10.7%
4 2 45min |5.9% Cell leaked?
5 1 lhr 10.6%
6 3 1.10hr |8.1% Stirrer erratic.

The grey sludges on the cathodes and anodes, low currents and
low recoveries suggested anode passivation, due to the formation
of a silver oxide layer. Reversing the potential across one cell for a
few minutes caused pitting on the cathode (normally the anode i.e.
the Ag spiral), later depositions using this cell were more
encouraging. Various treatments to remove the oxide film were
attempted, the most successful of which was to soak the cell
(containing the anode) in NH40H for 4 hours. This removed all the
sludge, but still left the Ag wire intact (with a thin white film left
on the anode).

Quadruplicate depositions with fresh Ag wire anodes (1.5hrs)
gave recoveries from 29% to 40%. Very thick cathode deposits
were washed off these discs. After washing the cells in NH40 H
deposition of spike samples was repeated, giving recoveries (3hrs
deposition) of 40% to 75%. Again carbonate processing was
continued, but results continued to be low. Increasingly low
starting currents during plating was cause for further testing of the
electrodeposition method. Four spike samples gave recoveries of
13%, 12%, 14%, and 49%; suggesting increasing anode passivation
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with use. Use of silver anodes was abandoned. Cell performance
over this period is presented in table (2.3).

Table 2.3 Performance of Silver Anodes.

Cell Recovery Initial |Recovery Recovery

Number | (fresh Current [ (anodes washed |(after more
anode) in NH4OH for|samples)

time = t)

1 29% 0.38A 144% (t=2hrs) 49%

2 36% 0.20A |74% (t=17hrs) 13%

3 40% 0.35A |40% (t=2hrs) 12%

4 38% 0.36A |75% (t=17hrs) 14%

‘In retrospect the pattern of success of Ag anodes can be
interpreted in terms of anode passivation. Fresh anode coils
regularly gave good results, but performance decreased with use,
as layers of silver oxide built up on the coils. This decreased the
current outflow, reducing yield. Build-up of sludge on the cathode
was due to decomposition of the anode by electrolysis and by
removal of the oxide due to mechanical agitation by the stirrer.
The occasional encouraging result for used anodes was probably
due to fortuitous exposure of sections of fresh Ag wire (by stirrer
agitation); the fresh Ag allowing performance to approach that of a
new Ag anode.

It seems extremely unlikely that silver anodes were in fact used
in the original Lamont-Doherty process.

One cell was fitted with a platinum spiral electrode. Four
consecutive depositions of spike samples were made, each of
1.5hrs. Realistic starting currents of 0.6A to 0.75A were obtained.
Recoveries of 45% (first run), 64%, 84%, and 75% were achieved.
The low first result was probably due to the unattended stirrer
being jammed still in the anode for much of the deposition.

All cells were converted to platinum, three using Imm wire, and
one using 0.5mm wire. No overall difference in results was evident
for this latter electrode, however it frequently distorted and bent
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under the weight of the stirrer. Further testing of the newly
converted cells gave recoveries of 49%, 50%, 7%, 96%, 81%, and one
negligible recovery (all one hour dep.) Brief counting of discs
before and after flaming showed no major loss of uranium nor
thorium due to flaming.

Further testing suggested that fresh plating solutions may be
necessary for good deposition (plating solutions set the pH, which
is critical). These results are summarised in Table (2.4).

Table 2.4 Effect of plating solutions,

Plating Solution |Spike Recovery
6 weeks old 6%

38%
Fresh solution 97%

74%

At the time of testing the spike was not calibrated, and calculated
recoveries were deemed higher at the time (and suggesting the
need for such calibration).

Several other problems were encountered during this period.
Some of the lost activity could be attributed to adsorption of the
nuclides on the teflon cell walls. This was due to the volumes of
solution being used barely covering the anode, such that the stirrer
readily splashed solution onto the walls. This was overcome by
doubling the volumes of electrolyte used, giving much more even
stirring. This required much longer plating times to overcome the
lowered diffusion rate due to dilution. The even stirring also led to
a large increase in sample resolution, thus overcoming another
problem encountered frequently.

Dissolution of the base of the well holding the discs occurred due
to leakage of the cells. This deepened the well, making sealing even
more difficult. To overcome this, the formerly used Al discs were
inverted in the well, and the Ag disc mounted on top. These discs
occasionally formed crusts to the point of insulation, requiring the
cell to be dissembled and backing disc replaced.

To ensure a reasonable recovery it became standard to deposit all
solutions until the current dropped to less than 0.3A (although it
was later found that changes in the measured current of 10-20%
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could be induced by percussing the ammeter). This generally
entailed much longer plating times than prescribed. Flaming the
discs was also a difficulty, as 0.013mm Ag foil was used. Several
discs were substantially melted, inadvertently, before they had
glowed red.

After processing a large number of carbonate samples there
seemed to be a systematic problem with thorium recovery. This
was traced to the electrodeposition stage, since straight deposition
of Th standards frequently gave poor results. Adsorption on the
cell walls was a likely problem, so quadruplicate depositions of a
thorium standard were carried out, with a watchglass on top of the
cell to aid reflux back down the cell walls (although the Th
standard had very high levels of 230Th, the tail of which swamped
the 232Th peak, recovery was calculated from the 228Th peak,
assuming unity between it and the 232Th peak.). Under such
refluxing conditions, recoveries were very low.

Monitoring the pH of the solution required the cell to be turned
off at intervals, to preclude the acidic Clp(g) bubbles (from the
anode) affecting the reading. Results under reflux showed the pH
to drop from 2.5 - 3.0 to less than 0.7 over the course of the
deposition (1.35hr), prior to the addition of distilled water. This
was probably due to Cl(g) being retained, redissolved, and
returned to the solution as HCI, thus increasing acidity. (solubility
in 100cc H20 (at STP) of Cly is 310cm3 while for NH3 it is only 90
cm?3)

Further testing included the addition of F- as a complexing
reagent, and of hydroxylamine hydrochloride as a plating agent
(Talvitie, 1972). Little change in the low recovery was evident.

As part of the process testing the change in current was
measured over the course of a deposition. The results (fig 2.7) gave
no clues as to the source of the thorium recovery problem.

The electrolyte was tested, as it was presumably retaining the
thorium. A qualitative measurement was devised, whereby the
electrolyte was made basic with NH4OH and FeCl3 (aq) was added,
to quantitatively precipitate out any thorium or uranium left. This
was filtered and the central section of the filter paper counted
directly in the alpha spectrometer. This method was validated by
straight precipitation of standards.
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A failed deposition showed no activity in the electrolyte, a re-
examination of the beaker used to boil down the standard showed
a small but obvious staining in the base. It would seem that much
of the standard nuclides were being retained in the beaker,
possibly due to excessive evaporation to dryness. The pH of the
electrolyte solution (pH 2) was probably insufficient to remove
well-adhered thorium from the teflon beakers.

The electrodeposition of actinides was reviewed, looking in
particular at some of the pioneering methods in the field. The
methods of Mitchell (1960), Talvitie (1972), and Puphal and Olsen
(1972) were considered. Mitchell's method was selected as being
rapid and simple. It was based on the ammonium chloride/
hydrochloric acid electrolyte previously used, The previous cell
design was retained. Mitchell's method used platinum discs,
however the Ag discs proved quite satisfactory, and far cheaper.
The principal advantage of the method was that the electrolyte
was initially unadjusted in pH, allowing samples to be taken up in
concentrated acid. The sample was taken up in 1ml of hydrochloric
acid, and added to the plating cell. Two Iml distilled water washes
were used to rinse the cell. Methyl red was added as a pH
indicator. Ammonium hydroxide was added until the solution just
turned yellow, then 2N HCI was added until the solution just
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turned red again (all dropwise). An extra drop of 2N HCl was
added, giving a final pH of 3 - 4 (methyl red: pink (pH4.4) to
yellow (pH6.2)).

Mitchell's method used a 2A current, with a disc area of 3cm?2.
Voltage was not stated. Recoveries of 98-100% after 15mins were
claimed, although this time was not reproducible for Puphal and
Olsen (1972). The ratio of current to disc area is critical for rapid
deposition (fig (2.8)). Mitchell's method used a ratio of 0.67 Acm-2,
while the cell available rated at 0.2 Acm'2 (22mm wide discs). This
was probably the main reason for the longer plating times found
necessary.
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Mitchell's method was attempted, using 2mls conc HCl and two
2ml washes of distilled water to bring the volume up. The former
supply was used (6V, 0.8A), and Ag discs were used. Current was
monitored down to 0.15A, at Shrs. Distilled water was added 10
mins before the end, to wash down the cell walls. 1ml of NH3(aq)
was added one minute prior to the end, and the electrolyte poured
out before turning the cell off. The disc was washed with NH3(aq),
distilled water, and ether, before gently flaming.

Recovery was 96.2% for uranium plus thorium. It is possible that
recovery was quantitative for this experiment, as the detector
geometry was only known approximately.
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Two further tests looked at the effect of 2 drops hydroxylamine
hydrochloride, and at shorter deposition times. Results are
presented in Table (2.5). Since long deposition times were a simple
way to make up for any losses earlier in the system a minimum
plating time of 3 hours was adopted.

Table 2.5 Spike EI leposition R

Conditions Recovery
5 hours electrodeposition 96%
3 hours electrodeposition 91%
S5 hours with hydroxylamine-HCIl | 76%

Final development of the electroplating system was carried out in
the course of routine sample processing. Some samples were left to
plate overnight, for up to 12 hours. When these were counted they
showed a high proportion of low results (particularly for thorium).
This practise was discontinued. Failure to remove all HNOj3 from
the residue (by repeated evaporation with HCl) gave a yellow
solution when HCl was added. The plates for such solutions were
invariably thicker, due to dissolution and redeposition of the Ag
disc by the powerful HCI/HNO3 solution.

High resolution is important for accurate age determination.
Thorium discs commonly had high resolution, with the twin peaks
of both 230Th and 228Th often obvious. For uranium, however, such
minor peaks usually appeared as shoulders, as did the 235U peak in
the 234U tail. This is converse to what might be expected. The low
activity of 232Th still corresponds to a very high concentration of
thorium (due to it's very long half-life). This huge carrier effect
could be expected to degrade the resolution as much as for the
uranium nuclides. It seems likely that the lower uranium
resolution was largely due to Fe sneaking through the uranium
purification process. This was partly rectified by changes in the
small uranium column process.

A major change in resolution was also achieved by further
altering the electrodeposition method. It seemed that the Ag from
the disc was being dissolved as the HCI carrying the residue was
added to the cell. Evidence for this was the frequent very dark to
black (Agy0?) colour of the discs. For the latter samples it became
standard to add 4mls of distilled water to the conc HCl before it
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was added to the cell. This achieved the sought increase in
resolution. Deposits were mainly translucent, whereas previously
they had been mainly opaque. All peak tails were reduced to
satisfactory levels, in particular 235U peaks became much sharper.
Finally, the last few discs were made of thicker foil (0.13mm).
Although more expensive, it was much easier to work with, less
likely to give cell leakage, and scribing of the reverse side did not
ridge the plating side (which may give slightly more even plating
and better resolution).

The final method for electrodeposition was as follows:

1. Evaporate the sample to a droplet and continue to evaporate
down in small volumes of HCI until no more brown fumes/HNOj
discolouration occurs. Some dried out samples may need HCI+HNO3,
or HF, to be redissolved; in which case extra care is needed to
remove the HF or HNO3,

2. Scribe the back of an Ag foil disc with a unique sample code.
Wash and clean the disc with distilled water.

3. Place two Al backing discs in the brass well and assemble the
cell with the disc in place. Fill the cell with distilled water and
leave for 5 mins to check for leakage. Empty cell. Leakage through
the anode port may occur, if so reseal with molten plastic.
Retighten nuts if necessary.

4. Dissolve sample in 2mls conc HCl, and add 4mls distilled water.
Rinse beaker and add to plating cell. Wash beaker with 1ml conc
HCI, add to cell. Repeat with 2 mls distilled water.

5. Add several drops of methyl red solution. Carefully add a
magnetic flea to the cell, and stir the solution. Carefully add NH40 H
until the solution just turns yellow. Add 1IN HCI until the solution
just turns red, add one more drop IN HCIl. If endpoint is badly
overshot add more ammonia and repeat.

6. Plate at 6V, 0.8A until the current drops to 0.3A or less (about
3hrs). Wash cell walls with several mls of distilled water and
continue plating for 20 minutes.

7. Add 2mls NH40H and a few mls distilled water. Continue 30s,
then pour electrolyte out of cell. Turn cell off.

8. Wash cell with NH40H, then with ample distilled water.



48

9. Dissemble cell and wash disc with distilled water, and finally
acetone (discs only washed with distilled water often give ridged
deposits on flaming).

10. Very carefully flame the disc until it just glows red, then store
in a small labelled ziplock plastic bag until ready for counting.
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ike _ Disequilibri

As uranium and thorium were not necessarily extracted
quantitatively by the process, isotope dilution techniques were
used to determine recovery efficiency. This was carried out by the
addition of a spike of 232U and it's daughter 228Th. If the ratio of
activity of 228Th/232U was known, it was possible to calculate the
ratio of 230Th/234U in the sample solution. It is important to
accurately know the relative activities of the spike members (the
spike activity ratio) for age determination. This accuracy is
particularly critical for ages near the limit of the method (200-400
kA). It is also useful (although not essential for the age calculation)
to know the absolute spike nuclide activities, in order to calculate
the yields and hence the uranium and thorium concentrations in
the original sample.

The spike used was a trace solution of 232U (half-life = 72yrs),
nominally in equilibrium with it's immediate daughter 228Th (half-
life = 1.9yrs). The spike activity ratio at equilibrium is not, as could
be assumed,actually unity. Due to the use of two of short lived
isotopes (i.e. ty;2 (232U) - ty;2 (228Th) > 0) the activity ratio
(228Th/232U) approaches 1.0275. But in practice it is common for
the spike to be out of equilibrium. This is usually due to
complexing of the spike members, which leads to adsorption on the
container walls, or settling/non-homogeneity.

The spike solution was purchased from the Radiochemical Centre,
Amersham, U.K., stored in 1M HCIl. This stock solution was diluted
1:1000 to produce a mother liquor in HNO3. The mother liquor was
diluted 1:500 to produce the working spike solution. Aliquots of
10mls of spike (by volume) were added to each sample analysed.

Disequilibria in both the spike and mother liquor were observed
by Judd (1986) (228Th/232U = 0.438, s=0.014) and by Clayton-
Greene (1986). A number of experiments were carried out to
determine the extent of disequilibria in the spike, as follows -
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(1) Direct counting. The spike solution contains a number of
nuclides, given in table (2.6).

Table 2.6 _ Spil lid
Nuclide Alpha energy |Emission Intensity
(MeV)
232y 5.32 68.6%
5.26 31.2%
5.14 0.3%
228Th 5.42 71.0%
5.34 28.0%
5.21 0.4%
224Ra 5.68 94.5%
5.45 5.5%
220R n 6.29 100%
216pPo 6.78 100%
212P b B-emitter
212Bj 36%
o—emitter
6.05 25%
6.09 9%
5.62 0.6%
5.55 0.4%
212Pp o 8.79 64 %

(CRC Handbook of Chemistry and Physics, 1969)

Typical resolution of the surface barrier detector is about 25keV,
which means that for infinitely thin samples it is possible to
resolve the 5.42MeV alpha (228Th) from the 5.32 MeV alpha of
232(J, but not possible to resolve the 5.34 MeV alpha of 228Th from
the 5.32 MeV alpha of 232U; nor the 5.34 MeV (228Th) from the
5.45 MeV alpha emission of 224Ra.

Thus by directly counting a separated spike sample it was
possible to estimate the activity of 224Ra from the 5.68 MeV alpha,
subtract 5.8% of this from the combined 5.42 MeV peak, which was
multiplied by 1.41 to obtain the activity of 228Th. This can then be



51

subtracted from the total 232U plus 228Th activity (5.42 MeV to
5.26 MeV) to give the 232U activity.

A sample of spike was evaporated down and plated out. A high
volume of plating solution and a high stirrer speed were used to
give higher resolution, and a long plating time used to approach
quantitative deposition of both 232U and 228Th. The results were
inconclusive, as insufficient resolution was gained to adequately
resolve the two peaks. It is also doubtful that Th was recovered
quantitatively, even at longer plating times. Ag anodes were still
being used at this stage - causing lower recoveries and massive co-
deposition of Ag , hence the low resolution.

(2) Direct plating of spike plus standard. A spike sample
with a small amount of U-Th ore DH-1la (described later) was
repeatedly evaporated with HF to remove all SiOj, the small deposit
left was plated out. Again a low recovery, low resolution plate was
obtained - due to the use of Ag anodes and codeposition of Ag and
non U-Th elements from the ore.

(3) Uranium and thorium standards. Standard solutions were
made up from AR uranyl acetate and AR thorium nitrate, with
standard activities approximately equal to that expected for the
spike members. Quadruplicate samples of spike plus both
standards (10mls each) were evaporated down and taken up in a
few mls of 8N HCI. This was added to a small anion exchange
column (2mls resin). Separation was achieved by a commensurate
replication of the standard uranium - thorium separation column
procedure. The results showed a massive peak at 4.6 MeV in the
thorium spectra. This suggested contamination in the standards.
226Ra was possibly present in the uranium standard, while poor
separation could have led to a 234U peak- however this could be
excluded as no 238U peak was obvious (234U/238U activity = 0.6 in
the uranium, which is a byproduct of the nuclear industry).

The suspected source was confirmed by plating in duplicate the
uranium and thorium standards. These showed the expected
uranium spectrum, but a thorium spectrum with a huge amount of
230Th present. The 230Th should not have been naturally present in
the Th(NO3)4, and suggests that this also was a byproduct of the
nuclear industry, perhaps having been used as a carrier in uranium
processing. The amount of standard required to give a reasonable
232Th count gave a 230Th count several orders of magnitude higher
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- the tail of which was too large to give an accurate 232Th count.
The experiment was repeated in quadruplicate with conditions
favouring high resolution, the results remained inconclusive. The
very poor stoichiometry of thorium nitrate (with respect to water
of hydration) would also have precluded accuracy in this
experiment.

(4) Spike vs standard ore. DH-la is a uranium and thorium
reference ore developed by the Canadian Certified Reference
Materials Project (Steger et al, 1981). It is a (powdered) pebble
conglomerate containing feldspathic quartzite and pyrite. In
addition many minor minerals are present, including the
radioactivity sources uraninite and brannerite (and also some
monazite and uranothorite). Uranium and thorium concentrations
are certified as 0.2629% and 0.091% respectively (although the
230Th peak was used for the thorium calibration, rather than the
232Th peak), giving a 238U activity of 32.71 Bq g-1. However the
independent 226Ra certification gave an activity of 31.5 £1.5 Bq g-1.
Assuming the 238U series is in equilibrium, at least as far as radon,
the latter value was taken as the 238U, 234U, and 230Th activity.

Ten mls of spike was added to each of four independently
weighed samples of DH-la. These were boiled down in HF/HClO4
repeatedly, then redissolved in 8N HNOsj3. Samples were filtered to
remove any residue and processed by the standard procedure.

Results.

One sample (#4) gave marginally disparate counts for 234U and
238U. The uranium result for this sample was derived from the total
238U + 234U + 235U count. Subsequently the other samples were
treated in this way for parity. (234U = (238U + 234U + 235U)/2.046)
The total peak count was also used for 232U. The 234U count was
preferred over 238U as it was more likely to be in equilibrium with
230Th. Results are given in tables (2.7) and (2.8).
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Sample Spike weight of DH-1a | DH-1a activity
1 last 10mls of[0.0501 £0.0002 |1.578 +0.006
spike 1/2/90
2 10mls of fresh|0.0498 £0.0002 |1.569 +0.006
spike 1/5/90
3 10mls of fresh|0.0504 £0.0002 |1.588 +0.006
spike 1/5/90
4 10mls of fresh|{0.0499 +£0.0002 |1.572 +0.006
spike 1/5/90
Table 2.8 _ Spil Lysi I
Sample: 1 2 3 4
[U] Bg/10mls |[1.86 +0.02 |1.76 +0.01 |1.84 £0.02 |1.81 +£0.02
[Th] Bq/10mls [1.81 +£0.02 |1.74 +0.02 |1.75 £0.02 |1.76 +£0.02
228Th/232U 0.97 £0.02 {0.99 £0.01 [0.95 +0.02 [0.97 £0.02

Several conclusions could be drawn from these results.

(1) the first sample shows possible enrichment of
nuclides. This could be due to dilution differences
between spikes 1/2/90 and 1/5/90. This spike was
stored in conc HCI, and the sample taken was quite
yellow, suggesting leaching of container walls. This
would be a precursor to complexing and settling of
the nuclides, hence their enrichment. This is far from
unequivocal as the results are from one sample only.
(2) there i1s some disequilibria in the spike. The
activities adopted were averages of the last three
samples.
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ie. [U] = 1.80 Bq/10mls,
[Th] = 1.75 Bq/10mls,
spike activity ratio (228Th/232U) = 0.97 + 0.02

(3) the activity is at variance with that expected from
dilution calculations. The diluted spike activity would
have been 1.48 Bq/10mls at the time of purchase
(197?); in 1990 the activity should have been 1.22
Bq/10mls. This gives a 50% variance against the
observed activity. Presumably there was less than
the recorded dilution made during creation of the
mother liquor.

Spike 1/5/90 was used for all the dates reported. This was used
over a period of 5 months, and no subsequent checks on
disequilibria were carried out.

ross-contamination

Frequently staining was observed in the teflon beakers, and was
often still present after soaking in a nitric acid bath. Teflon beakers
are noted for their non-adsorbent qualities. This may be valid for
chemical adsorption, but they would still seem to suffer from
physical adsorption at elevated temperatures. Cross-contamination
by uranium was noted in teflon beakers in one uranium-thorium
laboratory (McCabe et al, 1979). On deposition of one spike sample,
the spectra showed a small peak at 4.6 MeV. This was thought to
be due to 230Th or 234U, as a cross-contaminant in the teflon beaker
used to boil the sample down (it was also possible that the peak
was due to a small 233U (alpha emission at 4.8 MeV) impurity in
the spike, as has been noted in another U-Th spike (Ivanovich and
Warchal, 1981)). Obviously cross-contamination is a potentially
major problem, as the contaminants will almost certainly have
different uranium and thorium isotope ratios to the current sample.

Assuming cross-contamination, the cleansing method for the
teflon beakers was changed. Initially they had been washed in hot
water and placed in a conc HNO3 bath overnight. This was changed
to a conc HF bath. A noticeable increase in the cleanliness of the
beakers was evident, and no further cross-contamination was
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found. The bath was later changed to one of 1200mls HF, 500mls
HNO3, 300mls water and 200mls of detergent; for a minimum of
8hrs. This maintained the high cleansing ability of the previous
bath, and caused a massive increase in the hydrophobicity of the
beakers. Glassware continued to be scoured with Ajax and stored
for at least 12hrs in a conc HNO3 bath.
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Final Method for Uranium-Thorium Processing,

Initial Treatment.

1. Take a 30gm specimen (if dating in duplicate), clean the surface,
crush and grind to a powderl.

2. Accurately weigh out about 10gm and add to a 600ml glass
beaker.

3. Add about 100ml distilled water and 10ml of 232U/228Th spike
(pipette).2

4.Add 8N HNOj3 until no more effervescence, taking care not to add
too much excess acid.3

5. Boil gently under a watchglass for one hour to remove COj3. Do
not boil too vigorously, or the detritus will be affected.

6. Remove from heat and centrifuge.

7. Decant aqueous phase into a 400ml glass beaker.

8. Wash residue with distilled water and add a few drops of 8N
HNO;3.4

9. Centrifuge and add supernatant to the 400ml beaker.

10. Filter residue, dry and weigh.

11. Add 10mls conc HCIl and 2 drops FeCl3 to the 400ml beaker.5

12. Cover with a watchglass and boil for 5 mins

ICleaning removes unwanted detritus. Grinding ensures sample
homogeneity and decreases dissolution time.

2 The amount of spike added should generally give count rates
similar to that of the sample. 100mls of distilled water helps
moderate subsequent acidity.

3The 8N HNO3 releases all the CO32- from the sample, and puts the
uranium and thorium into solution. However, excess acid will attack
the detritus, releasing unwanted uranium, thorium, titania and
silica to the solution phase.

4These steps separate off the detrital component and also release
any carbonate fraction not dissolved in the initial stages.

5 The HCI, when boiled, destroys any organic uranium complexing
reagents; the boiling also ensures all CO2(g) is driven off. FeClj3 is
added as a coprecipitant for uranium and thorium.
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13. Remove from heat, add stirrer and stir. While hot add conc
NH4O0H dropwise until the pH reaches 7 - 7.5 (use a pH meter).6

14. Centrifuge. Return supernatant to the 400ml beaker.

15. Wash the precipitate with distilled water and recentrifuge.”

16. Add supernatant to the 400ml beaker.

17. Add 2ml HNOj to the beaker, followed by 2 drops FeCl3. Add
more HNO3j if necessary, until all precipitate is dissolved.8

18. Repeat precipitation. Centrifuge and discard the supernatant.
19. Wash ppt with distilled water, centrifuge and discard
supernatant.

20. Dissolve combined precipitates in a minimum of 8N HCI, and
dilute to 100ml with distilled water.

21. Repeat precipitation. Centrifuge and discard the supernatant.
22. Wash ppt with distilled water, centrifuge and discard
supernatant.”®

23. Dissolve ppt in the minimum of 8N HNO3 and transfer to a
100ml teflon beaker, labelled S1. Rinse centrifuge bottle a few
times with a few mls of 8N HNOj3; and add to beaker.

24. Carefully add HF until the solution goes clear, add a couple
more drops.

25. Evaporate the solution to dryness and leave at a low heat for a
couple of hours.10

6A whitish precipitate is initially formed at pH 3 (AI(OH)3), then at
pH 4-6 a reddish-brown flock forms, this is Fe(OH)3. The uranium
and thorium are quantitatively precipitated by pH 7. The aim of
this step is to separate off calcium and any other Group II or Group
I metals, which do not form insoluble hydroxides until pH 9- 10.
TWashing and recentrifuging ensures that any coadsorbed Ca, Mg
etc is returned to the solution.

8The supernatants are scavenged once more with extra
coprecipitant to recover any uranium or thorium that escaped the
first precipitation.

9The last few steps completely redissolve the sample (by going to
an HCI matrix), again releasing any coadsorbed Ca, Mg, Na etc.
10Hopefully all the SiO2 in the sample is converted to SiF4, which is
gaseous, thus removing Si from the sample. Otherwise it can
interfere with the U-Th separation column. Much of the residual HF
should be evaporated away due to the higher boiling point of HNOj.
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26. Add 15 mls HCIO4 and evaporate at a low heat overnight, or at
least until no more fumes are emitted.l!

27. Add a few mls conc HCI and evaporate to dryness.12
28. Dissolve in 10-20 mls of 8N HCI.

Uranium-Thorium Separation Column.

1. Take sufficient resin (BIORAD 1X8 100-200 mesh anion exchange
resin) for all the columns in a beaker, and fill the vessel with
distilled water.

Stir, allow the resin to settle and decant off the finings.

Add more distilled water and repeat.13

Prepare a large ion exchange column with 15 mls resin.14

Wash with a column volume of distilled water.

Wash with two column volumes of 8N HCI.

Place a 100ml teflon beaker, labelled Th 1, under the column.
Load sample onto column.

. Wash column with three column volumes of 8N HCI, rinsing the
f1rst teflon beaker (S 1) each time.l5

10. Replace the Th 1 beaker with a fresh 100ml teflon beaker,
labelled Ul.

10 00 N OV AW

ITHC104 has a particularly high boiling point, in it's presence all HF
will be preferentially evaporated.

12 This destroys any HClO4 not already destroyed by the prolonged
heating.

13The finings interfere with the resin function, as they are not of
the certified size range, and may be of foreign composition.

14The amount of resin must be enough to easily hold all Fe and U,
but should not be so low that the cross-section to length ratio of the
resin is so high as to allow Fe and U past. Add distilled water to the
column, then the slurry, to prevent air bubbles forming. For the
same reason, try never to let the head of the resin run dry.

15 Thorium, aluminium, nickel,titanium, Scandium group elements,
Group II elements and Group I elements are not held on the resin
in 8N HCI
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11. Wash the Fe and U off the column with a column volume of
distilled water, followed by a column volume of distilled water plus
5 drops conc HCI, and a column volume of distilled water.16

12. Add a few mls conc HNO3 to both the Thl and U 1 beakers and
start boiling down.l7

16 In dilute HCl iron, uranium, most remaining transition metals,
and many of the metals of Group IV and V are eluted.

17The HNOj3 destroys any resin byproducts in the beaker, when
boiled with the HCI.
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Thorium Purification

1. Evaporate Th 1 fraction down to a volume of about 30mls, add
50 mls of conc HNO3 and boil under a watchglass.!8

2. Prepare a fresh large ion exchange column with 15mls of anion
exchange resin (BIORAD 1X8 100-200 mesh).

3. Wash the column with one column volume of distilled water, and
two of 8N HNO3

4. Boil until the solution in Th 1 goes clear, and no more brown
fumes are given off. It may be necessary to add more HNO3 if the
solution fails to clear.1?

5. Once clear, wash down watchglass and beaker walls with conc
HNOj. Continue boiling for 5 minutes.

6. Boil the solution back to about 50mls.

7. Add an equal volume of distilled water to bring the solution to
8N in HNO3.20

8. If there is any sign of a precipitate (unusual), centrifuge the
solution and load onto the column. Add 20mls 8N HNOj3 to the
centrifuge bottle to dissolve any precipitate. If there are still signs
of precipitate being present repeat this step until no precipitate is
evident. Add all supernatants to the column.2!

9. If no precipitate, add load solution (approx 100mls) straight onto
the column.

10. Rinse the column with 3 column volumes of 8N HNO3, washing
the beaker (Th 1) and centrifuge bottle each time.22

18The volumes are kept as large as is practical to prevent titania
from precipitating out.

19The HNOj3 gives off brown fumes in the presence of HCI, thus
when no more such fumes are evident, the solution must be free of
HCIl, which would have interfered with the following column.

20If samples are known to have low titania levels, the volumes can
be reduced through these stages. Larger volumes take longer to
load onto the column.

21The precipitate can sometimes be redissolved in 8N HNOj3,
however this is difficult to do. Any undissolved titania precipitate
will quickly scavenge thorium from solution.

22 Species washed off by the 8N HNOj3 are aluminium, nickel, any
3d transition metals that inadvertently came through the first
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11. Place a 100ml teflon beaker, labelled Th 2, under the column.
12. Wash off the Th with 3 column volumes of 9N HC].23
13 Add 3mls conc HNO3 to the beaker and place on hot plate.

Small Thorium Column.

1. Prepare a fresh small ion exchange column, with 2mls of anion
exchange resin (BIORAD 1X8 100-200 mesh anion exchange resin)
2. Wash with one column volume of distilled water, and two of 8N
HNO;3

3. Boil the solution in Th 2 back to a small volume (until solids start
to appear), add 3mls conc HNOj3. Boil back to about 0.25mls HNOj3,
4. Add a matching volume of distilled water, followed by 3mls conc
HNOj to dissolve the sample. 24

5. Add 3mls distilled water to bring the solution to 8N in HNOj.

6. Load onto the column.

7. Rinse the beaker with 3mls conc HNO3, add 3mls distilled water
(heat the beaker very gently to dissolve any solids, only if
necessary) and load onto the column.

8. Repeat previous step with 2mls conc HNO3 and 2mls distilled
water.

9. Rinse beaker twice with 5mls 8N HNO3z and load onto column.

10. Place a 100ml teflon beaker labelled Th 3 under the column.
11. Elute the thorium with 3 column volumes of 9N HCl.25

12. Immediately add 3mls conc HNO3 and cover with a watchglass,
to keep out any dust, aerosols etc.

13. Place on the hot plate and start boiling down.

column, and any Group II or Group I metals present. The only
common species held on this column are the actinides, some early
lanthanides, zirconium, palladium and gold, the last few are very
unlikely.

23This should result in only thorium being washed off. With such
high levels of contaminants and Gaussian elution profiles, it is
likely that some other species may get through.

24Dissolving the sample in this way ensures complete retrieval of
any sample well adhered to the beaker

25 This repeats the separation of the previous larger column, just
increasing the quality of separation.
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Uranium Purification.

1. Boil the sample (U 1) back to dryness, add 3mls conc HCIl and boil
back to dryness again, to ensure removal of all HNOs.

2. Dissolve sample in 5mls 8N HCl and add to a small centrifuge
tube.

3. Rinse the beaker with Iml 8N HCIl and add to the centrifuge tube.
4. Rinse beaker with 4mls di-isopropyl ether and add to centrifuge
tube.

5. Emulsify on a vortex mixer for 15 seconds. Extract the ether
phase (top layer) and discard into a waste ether bottle (the ether
can eventually be retrieved).26

6. Repeat extraction with di-isopropyl ether 3 more times.

7. Add 5 drops conc HCl and extract twice more, each time with
4mls of ether.27

8. If the solution is not fairly clear, (i.e. no Fe), it will have to be
boiled down and extraction repeated.28

9. Transfer to a 100ml labelled teflon beaker (U 2) and wash the
centrifuge tube twice with 8N HCIl, adding washings to U 2.

10. Add 3mls conc HNO3 and place U 2 on the hot plate.

Small Uranium Column.

1. Prepare a fresh small ion exchange column, with 3mls of anion
exchange resin (BIORAD 1X8 100-200 mesh anion exchange resin)
2. Wash with one column volume of distilled water, and two of 8N
HNO3

3. Boil the solution in U 2 down to a few drops. Add a few mls conc
HNO3 and boil back to a few drops again. Cool and add a matching

26The iron forms an ether-soluble chloride complex, while the
uranium chloride complex remains in the aqueous phase.

27The chloride concentration drops below optimal as the iron
chloride complex is removes. The conc HCI increases the
concentration again.

28 Test a drop of the solution with potassium ferrocyanide to
ensure that the discolour is in fact due to Fe, and not to Mn or other
species.
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volume of distilled water. If there is any insoluble material present
the sample may have to be boiled down again and taken up in
larger volumes. HC1 + HNO3 may be needed to redissolve, this must
then be removed before creating the loading solution.

4. Load the solution onto the column.

5. Add Iml conc HNO3 to the beaker, then 1ml distilled water; load
onto the column.

6. Rinse the beaker with two 2ml volumes of 8N HNOj3, adding these
to the column.29

7. Add 1ml of conc HCI to the column, and allow to run until the
column head is exposed.

8. Place a 100ml labelled (U 3) teflon beaker under the column.

9. Wash the uranium off with a column volume of distilled water,
then a column volume of distilled water plus 3 drops conc HCI, and
finally two column volumes of distilled water.30

10. Immediately add 3mls conc HNO3 and cover with a watchglass.
Place U 3 on the hot plate.

Electrodeposition

1. Evaporate the sample (U3 or Th3) to a droplet and continue to
evaporate down in small volumes of HCI until no more brown
fumes/HNO3 discolouration occurs.3!

2. Scribe the back of a 22mm Ag foil disc with a unique sample
code. Wash and clean the disc with distilled water.

3. Assemble the cell with the disc in place and rinse with distilled
water.32

29In 8N HNOj3, the uranium is weakly held. Iron, aluminium, Group
I and II elements, and all 3d transition metals will pass through
the column. Species held are actinides, gold, palladium and
zirconium, the last few of which are extremely unlikely to be
present.

30The uranium is readily washed off the column with most other
remaining species.

31Presence of HNO3 in the HCl creates a solution that readily
dissolves the Ag disk, so that resolution is reduced by the
codepositing Ag.

32Ensure that the cell is not leaking, and that it is all very clean.
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4. Dissolve sample U3 or Th3 in 2mls conc HCI, and add 4mls
distilled water. Rinse beaker and add to plating cell. Wash beaker
with Iml conc HCI, add to cell. Repeat with 2 mls distilled water.

5. Add several drops of methyl red solution. Carefully add a
magnetic flea to the cell, and stir the solution. Carefully add NH4O H
until the solution just turns yellow. Add 1IN HCI until the solution
just turns red, add one more drop IN HCI.33

6. Plate at 6V, 0.8A until the current drops to 0.3A or less (about
3hrs). Wash cell walls with several mls of distilled water and
continue plating for 20 minutes.34

7. Add 2mls NH40OH and a few mls distilled water. Continue 30s,
then pour electrolyte out of cell. Turn cell off.35

8. Wash cell with NH40H, then with ample distilled water.

9. Dissemble cell and wash disc with distilled water, and finally
wash with acetone.36

10. Very carefully flame the disc until it just glows red, then store
until ready for counting.37

The separation of trace elements by the system is summarised in
figure (2.9).

33If the endpoint is badly overshot, then add minimum drops
NH3(aq) and readjust.

34This washes down any nuclides splashed onto the cell walls.
35The ammonia fixes the hydrous metal film to the disc.

36 Acetone evaporates away quickly and doesn't leave a ridged
deposit on flaming, unlike distilled water.

37 The disc must be flamed sufficiently to remove all polonium, but
not to the point of melting the disc.
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Future Development of the System,

The method developed has some scope for improvement. The
broad structure of the phases seems adequate, but within each
stage of separation and purification there is opportunity for
development and refinement. Yield is generally satisfactory for
most samples, but can be quite variable. There is a general need to
identify the remaining areas of uranium and thorium loss in the
system. This would obviously lead to improvements in the method,
and would make it quite feasible to date samples of quite low
uranium concentration. More accurate yield determination would
require a better knowledge of the counting geometry of the alpha
spectroscopy system (Ch 4), to this end a calibrated alpha source
(e.g 241Am) would be needed. Specific refinements possible for the
method are as follows.

(1) The spike solution - the presence of disequilibria suggests that
there may also be changes in the degree of disequilibria. It would
be preferable to work with a spike continually at equilibrium. Use
of storage containers guaranteed to be inert and non-leachable for
the stock solution, mother liquor, and working spike would be
essential. Storage in a dark, refrigerated place would be helpful.
Possibly complexing reagents could be investigated for stabilizing
the nuclides.

For spike calibration it would be useful to obtain a thorium
compound with low or nil levels of 230Th, that is also readily
soluble and of known stoichiometry (especially with respect to
water of hydration). Such a compound would allow the spike to be
quickly and simply calibrated with wuranium and thorium
standards, using only a small anion exchange column for
separation, and electroplating for deposition.

(2) Initial treatment - it would be a great advantage to develop a
means of separating the detritus in the sample from the carbonate
phase, prior to acidification (which leaches the detritus). In
particular the larger gravel inclusions could be removed by
mechanical/physical separation. The validity of dates obtained
would be greatly enhanced by a study of the effects of different
acids, and different acid strengths, on the samples; in order to
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assess the contribution of labile uranium and thorium from the
detritus to the isotope ratios observed.

The coprecipitation phase is probably close to quantitative. A
possible refinement would be to double scavenge the final
coprecipitation from HCl solution, and possibly to reboil the solution
before doing so. The use of very fine filtering methods to remove
silica may be useful.

(3) Uranium - Thorium separation column. The use of analytical
grade resin would be a definite advantage in achieving higher
quality separation, due to it's narrower particle size range.
Analytical grade resin is also pretreated to remove impurities, and
would be less likely to produce discoloured washes. A preparatory
wash with NaOH or other solutions may also help reduce resin
byproducts. It would be productive to examine the effects of low
levels of silica (through which the solutions still pass at practical
speeds) on the yields of uranium and thorium. It would also be of
interest to identify the green band in the resin seen for some
samples.

It could be possible to separate off titanium on this column. Data
for the activity of titanium on anion exchange columns suggests
that titanium 1is increasingly retained in chloride form at acid
strengths of above 8N, although not very strongly (Kraus and
Nelson, 1955). If it were held, a simple separation would be
possible. The sample could be loaded and washed three times with
conc HCl (11.6N) to elute thorium. After this, three washes of, say,
6N - 7N HCl should wash off the titanium but still leave the
uranium and iron in place. These could then be eluted with trace
HCl solutions, as usual. A number of factors would need to be
considered, namely the stability of the resin in conc HCI, the
potential for swelling of the resin with changes in normality to
block the column, the retention of Ti in multiple washes of conc HCI,
and the possible unwanted elution of uranium in 6N -7N HCI. It is
nevertheless a potentially promising method.

Use of a partial vacuum could be considered to reduce the lengthy
time needed to boil down solutions, at all stages of the process.

(4) Thorium purification. It would be of interest to identify the
source of the slight green colour often seen in the thorium fraction.
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An improved method of dealing with the titania precipitates is still
possible, particularly one that leads to quicker loading of the
thorium fraction onto the column than in the current method.
Possibly a specific titanium separation stage could be devised.

It would be useful to identify any trace elements that follow
thorium through the two columns, possibly via XRF of a few
samples after the final Th column, particularly to identify those
that make the residue difficult to dissolve. A simple flexible cover
attached to the base of the final thorium column would solve the
problem of dust, aerosols, and clamp corrosion from entering the
beaker, as would also be useful for the final uranium column.

(5) Uranium purification. The ether extraction phase could be
further refined to maximise iron extraction, by monitoring changes
in chloride activity and Fe concentration through the steps; and by
looking at the effect of various trace elements in interfering with
this stage.

On boiling down of the uranium solution after ether extraction it
would be useful, as for the thorium column, to identify the trace
elements still present, particularly the insoluble species. The small
uranium column could be checked and refined for yield, looking at
both uranium eluted with the 8N HNO3z washes, and at Fe retained
in spite of those washes. Again it would be useful to identify any
trace elements that follow uranium past this column, with a view to
added separations. In particular polonium-210 is an alpha emitter
(half-life = 130 days) in the 232U area, and can add to the 232U
count.

(6) Electrodeposition. This stage has the greatest immediate
potential for improvement, especially with respect to time taken
for deposition. The system of chloride electrolyte with silver discs
appears to work adequately. It would also be preferential to retain
the current yields for deposition, in excess of 90% for each of
uranium and thorium. An investigation into the exact pH and
chloride concentration needed for optimal electrodeposition would
be helpful, followed by standard use of a pH meter to rigidly set
the pH. The Ag discs should be of the thickness used for the last
few samples (0.13mm), rather than that used for the bulk of the
samples (0.025mm). The thinner discs costed approximately $1-30
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each (1990) while the thicker discs were about $3-00 each (1990).
This would be a minimal increment in terms of total sample costs.
All discs should be cleansed with silver polishing paste prior to use.
The use of complexing reagents to block deposition of some trace
contaminants could be useful (Puphal and Olsen, 1972).

Cell design has some room for improvement. In the current
design, availability of more platinum would allow a more closely
spiralled anode to be used, allowing the stirrer to work more
smoothly at greater speed.

Ideally, cell design should be based on a rotating cathode, which
has multiple advantages over the traditional style (McCabe et al,
1979) for rapidly obtaining a high quality deposit. The use of
motors is obviously a more expensive initial cost. Samples could be
deposited from reasonable volumes in their beakers at high
cathode rotation speeds, giving rapid deposition.

The most pressing need in the current method is to reconsider the
current density, which seems to be too low. A current density (i.e.
the ratio of current to disc surface area) of around 0.6 A cm-2 (cf
currently about 0.4A cm-2) would be preferable, giving much more
rapid deposition.
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Chapter 3.
Spectral Analysis.

Following preparation (Ch. 2), the discs were then analysed by
alpha spectroscopy, from which isotope ratios were determined. A
number of corrections and adjustments were necessary to the raw
data, in order to allow the correct 230Th/234U and 234U/238U ratios
to be calculated. From these the age was determined. The route
from uncounted disc to final sample age is here examined in some
detail, particularly with regard to some of the standard
assumptions.

Alpha spectroscopy.

Samples were analysed on several systems. The majority were
performed with one of two Tennelec TC-256 alpha spectroscopy
counters linked via a TC-306 router multiplexer to a 2048 channel
micro-pulse height multi channel analyser (Nucleus Model 811) on
an Apple Ile computer. Several detectors were used in the system,
most commonly Tennelec PD-400-100-21-CM (+50V) detectors.
These were unused prior to this work. The chambers were
dedicated to either uranium or thorium disc counting, in order to
render the background due to recoil contamination more constant.

Many of the earlier samples were ‘counted’ on other
arrangements, due to difficulties in detector supply and breakdown
of most components of the above system at various stages. The
alternative was generally an Ortec 121 preamplifier with an Ortec
428 detector bias supply, connected to the sample in a Vollrath
counting chamber. The signal was sent to the router and MCA via
an Ortec 444 gated biased amplifier (when available) or via an
Ortec 451 biased amplifier. Several detectors were used in this
system, namely Ortec models BA-040-300-100, BA-030-450-100,
and BA-055-450-100. Two wuranium discs were counted using a
small high resolution detector, a BA-016-50-100. These latter
combinations were mainly used for preliminary work, such as
spike analysis and electrodeposition testing. Peripheral aspects of
the alpha spectroscopy systems included the use of petroleum jelly
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to seal the chamber doors, and to hold the discs steady under
vacuum. This was soon thought to be a possible contribution to
detector breakdown, and small tabs of adhesive paper were then
used to prevent the very light discs from moving out from beneath
the detector under vacuum. For a short time a liquid nitrogen trap
was used in the vacuum pump line to prevent pump oils from
entering the chamber and breaking down detector surfaces.
Spectra were accumulated at full scale of 3-8 MeV, with two
counters operating simultaneously through the multiplexer - giving
two spectra of 1024 channels each. Spectra were saved to floppy
disc for later analysis. Count times were variable, with a general
minimum of either 24 hours or until 10,000 counts (alpha decay
events) were accumulated for each major isotope peak. Some low
activity samples were counted to only 7-8000 counts for the lowest
activity major peak. Since many samples were expected to be at
the upper limit of the method (i.e. around 200 - 400 kA), where
counting errors were critical, many samples were counted to a
minimum of 40,000 counts per major isotope. In many cases
individual isotopes had accumulated several hundred thousand
counts. Uranium and thorium spectra for sample 87-L1W3 are
given in figures (3.1a) and (3.1b). This sample displays typical
resolution, although has a lower 234U/232U ratio than most.

Isotope Peak Integration.

Integrating the number of counts for each peak gives the activity
of the isotope of that energy. Ideally integration should embrace
the entire peak for each isotope, with the limits of integration set at
those channels above and below the peak at which the count falls
to zero. In practice this is not usually practical due to the under-
riding of one peak by the low energy tails of another peak. Several
criteria for setting the limits of integration for the peaks are
available. The same criteria are applied to all the peaks in the
spectra of interest. This is not entirely valid due to the small
differences in peak shape between peaks of the same spectra, it is
however a reasonable approximation for those peaks which make
the major contributions to the activity ratios. For example 238U,
234U, and 232U all have twinned peaks, with a minor peak (of 23%
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Table 3.1
i imits: n r
f -
238!! peak
Criteria with 238y 238y 238y 238y
respect to apex count bground tail final
(+10,-50) 43923 1157 200 42566
10% of apex counts 40802 561 5 40235
25% of apex counts 37788 421 8 37359
50% of apex counts 31213 275 0) 30938
(+10,-40) 43415 964 192 42259
(+10,-30) 42750 731 151 41869
(+5,-30) 40235 608 113 39514
(+5,-20) 38658 503 22 38133
(+5,-10) 32463 2908 82 32083
234! Dﬂak
Criteria with 234y 234y 234y 234y
respect to apex count bground tail final
(+10,-50) 106195 2560 721 102914
10% of apex counts 99324 588 379 97957
25% of apex counts 91374 362 248 950764
50% of apex counts 75242 82 96 75064
(+10,-40) 105003 2069 688 102246
(+10,-30) 103245 1584 407 101255
(+5,-30) 98749 1566 173 97010
(+5,-20) 94714 888 222 93604
(+5,-10) 78155 82 145 77928
2347 /238U ratio
Criteria with 234y Total %error
respect to apex 238y error
(+10,-50) 2.4178 0.01437 0.59437
10% of apex counts 2.4346 0.01472 0.60450
25% of apex counts 2.4295 0.01511 0.62191
50% of apex counts 2.4263 0.01649 0.67847
(+10,-40) 2.4195 0.01455 0.60136
(+10,-30) 2.4184 0.01447 0.59822
(+5,-30) 2.4551 0.01505 0.61287
(+5,-20) 2.4546 0.01519 0.61874
(+5,-10) 2.4290 0.01623 0.66833
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for 238U, 28% for 234U, and 32% for 232U) just below the main peak
(238U at -0.048MeV, 234U at -0.051MeV, and 232U at -0.057MeV).

Integration limits commonly used include those channels
containing 1% of the channel count of the peak apex channel
(Rosholt,1978), or those channels containing a channel count of 50%
of the peak apex channel. The integration scheme chosen was to
integrate over a set number of channels with respect to the peak
apex. The lower limit of integration was that of the minimum
distance between any peak and the point at which the tail of that
peak under-rode the next lowest peak. This was always at the
235U -238U confluence for uranium spectra, and the 224Ra-228Th
confluence for thorium spectra. A similar criterion was used for
upper integration limits i.e. the point at which the upper end of the
peak became seriously contaminated by the tail of the next highest
peak. The critical points here were the 234U-235U boundary, and the
228Th-224Ra boundary. Reasonable margins within these limits
were allowed. The majority of samples were thus integrated to
+10,-50 channels with respect to the apex for uranium peaks; and
+10,-30 channels for thorium spectra. Typical peak apex
separations were 110 channels between 232U and 234U, 105
channels between 234U and 238U, and 70 channels between 235U
and 234U; giving a typical resolution of 0.0055 MeV/channel.
Typical thorium spectra showed 140 channels between 230Th and
228Th, 120 channels between 230Th and 232Th, and 50 channels
between 228Th and 224Ra; giving a typical resolution of 0.0053
MeV/channel. The criteria allowed smaller integration limits to be
set for samples of lower resolution, in which marginal increments
of integration limits have a higher associated marginal correction.
For some individual peaks the apparent peak apex was not truly
representative of the peak shape, and an apex was chosen that
roughly equated to that which would have been expected from
smoothed data.

Although larger integration limits require larger tail and
background corrections, they also give a higher count and thus
lower final error in the peak activity. The contribution of the
higher background and tail corrections can be allowed for by a full
error analysis. Results from different integration schemes, with
regard to the 238U/234U ratio of a typical sample (87-L1W3), are
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given in table (3.1). The scheme chosen demonstrates a slightly
higher accuracy, i.e. lower standard error, but is not much more
accurate then the other 'wide' integration schemes..

Background Correction.

In the absence of sample discs, a noticeable spectra of counts
could still be accumulated. This was due to electronic noise in the
counting system (minor), defective surface barrier detectors, and
recoil contamination of the detector surface. Recoil contamination
occurs when nuclei ejected by recoil from alpha decay events
become deposited on the detector and counting chamber. The decay
of the recoiled nuclei provides the major component of the
background. Obviously this will produce highest backgrounds for
those nuclei of shortest half-lives. In the region of interest, nuclei
of 228Th and it's daughter 224Ra are the most significant. Detectable
backgrounds were found under the 228Th peak (due to a-recoiled
224Ra (and possibly 222Rn), 234U and 230Th peak areas (due to a-
recoiled 226Ra) and in the 232U region due to a-recoiled 210Po. An
apparent defect in the surface barrier detector used for analysing
most of the latter uranium discs caused a constantly higher than
expected background for these discs in the 4 - 4.5 MeV region.

Background spectra were accumulated periodically, generally at 4
to 6 week intervals, or when different detectors were installed. An
appropriate background spectra was integrated over the equivalent
area of interest for each isotope peak, multiplied by the ratio of
sample count time to background count time, and subtracted from
the sample count for each peak.

Tail Corrections.

As evident in figures (3.1a) and (3.1b), low energy tails under-
ride lower energy peaks in the spectra. The degree of tail
encroachment is unique to each spectra, and is a combined function
of sample disc thickness, disc - detector geometry, chamber
vacuum etc. The tail of a higher peak must be corrected for to
determine the true activity of an isotope. Mathematical equations
for modelling peak shapes and subsequent correction by
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extrapolation of the equation is not yet possible. Two major
schemes were used to correct for tail encroachment.

(i) graphical extrapolation of the tail - a graph of the peaks allows
the low energy tail to be extrapolated underneath the affected
peak, and the tail contribution can be calculated manually.

(i) by modelling using peaks of similar shape - several of the
major peaks show similar shapes, while varying in size. By
integrating over the set number of channels at the same number of
channels below the 'model' peak apex as the errant tail is below the
'tail' peak apex; followed by multiplying by the size ratio of the two
peaks; it is straight-forward to make a reasonable estimate of the
tail correction. Integrated peak count ratios without tail corrections
provided a more accurate assessment of relative peak size than
apex channel count ratios.

Figures (3.2a) and (3.2b) show the applicability of two such
models for tail corrections. 238U can be used to correct for the tail
of 234U under 238U, and for 232U under 234U. The high correlation
between 216Po peak shape and 224Ra peak shape is fortunate, as
the tail of 224Ra under 228Th is by far the most significant tail
correction that needs to be made. The disparate shape of the 228Th
peak shows the inapplicability of 216Po modelling for correction of
thorium peak tails. Although 232Th could possibly be used to model
the peak shapes of 230Th and 228Th, 232Th count-rates are
invariably too low to be statistically useful.

Thus peak modelling on 238U was used to make tail corrections for
the 238U and 234U counts; while 216Po modelling was used to correct
for the tail under 228Th. Tails under 232Th, 230Th and 224Ra were
estimated by graphical extrapolation. No tail correction was made
under 232U since isotopes of higher a-energy were absent and
almost all of the 228Th peak in any uranium spectrum would have
been a background effect; thus the peak tail would also have been
included in the background.
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Figure 3.2a
Use of 238-U peak shape as a tail model for 232.234-U
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Corrections to 228Th count.

Several other corrections need to be made to the 228Th count.
(i) A minor peak of 224Ra occurs in the region of integration of
228Th. Since this peak (5.45 MeV) is 5.1% of the total 224Ra count ,
0.054 * the 224Ra count (0.054 = 5.1/(100 - 5.1)) was subtracted
from the 228Th count.
(ii) The short half-life of 228Th means that it could decay
appreciably between separation from it's supporting parent 232U,
and counting. This was readily corrected for by the equation N/Ng =
exp (-At). (A = 9.927*10-4 per day). Given delays of up to 189 days
between the U-Th separation column and counting, this meant a
maximum correction in one case of 228Th,. = 228Th/0.8289.
However, most corrections were of the order N/Ngo = 0.95 - 0.99.
(iii) 228Th occurs naturally in the sample, due to the presence of
232Th (decays to give 228Th). The 232Th/228Th ratio will be unity
due to 228Th's short half-life, thus the 232Th count was subtracted
from the 228Th count to give the true count of 228Th due to the
spike.

Error Analysis.

A full treatment for errors was used for all samples. The Poisson
distribution found for decay events has the standard deviation (o)
as the square root of the count. Examples of errors propagated by
mathematical functions, as applied to the above measurements, are
as follows:

e.g. true count = count - background - tail
o(true count) = V(count + background + tail)

e.g. 234U/238U = true count (234U)/true count (238U)
6(234U/238U) = (N((0(234U)/234U)2+(o(238U)/238U)2)) *(234U/238U)

e.g. 228Th = (228Th - 0.054224Ra - 232Th)/decay factor
o(228Th)= V((0.054*(c(224Ra)?)+0(232Th)2+0(228Th)2)/decay factor)
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The practice of using the 228Th decay rate as a divisor in the error
equation was overlooked at the time of calculating results. This
means that in the case of a sample whose 228Th count was much
lower than that of any other major peak, the error may be
underestimated by several percent. A second deficiency in the
error analysis was due to background counts being multiplied by
the sample to background count time ratio before the square root
was taken as the standard deviation. Again this would have caused
a very slight decrease in the errors given.

Errors due to spike composition.

The spike nuclide ratio of 228Th/232U was determined as 0.97 =
0.02 (Ch. 2). There are convincing arguments both for and against
including this error in the analysis. Most obviously, the error
should be included to give the true absolute age range of any given
sample. A contrary argument is also valid. The spike nuclide ratio
can be presumed to have a single fixed value within the error
bounds, rather than varying within the error. i.e the error is due to
measurement deficiencies rather than the spike itself. Thus were
the nuclide ratio 0.96, all samples would be slightly reduced in
range, or were it 0.99, all samples would be slightly increased in
age. While including the spike error would make the absolute ages
more correct, excluding the error makes the relative sample ages
more accurate. The latter approach was used, but the validity of
both approaches was noted.

Yield and Concentration Calculations.
Yields and concentrations were calculated using the equations:
%U yield = (232U*100)/(gs*3600*1.8*(hours))
%Th yield = (228Th*100)/(g*3600*1.75*(hours))
[U] (ppm) = (238U*1.80)/(0.0123*232U*gms(CaCO3))

[Th] (ppm) = (232Th*1.75)/(0.0041*228Th*gms(CaCO3))
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where 232U,228Th etc = corrected counts for those nuclides.

g¢ = disc - detector geometry factor.
(= 0.22 for almost all samples counted)

hours = count time for the disc in hours.
1.80 = 232U activity (Bq) for 10 mls of spike.
1.75 = 228Th activity (Bq) for 10 mls of spike.
gms(CaCO3) = weight of the dissolved part of the sample.
0.0123= activity of 10-6 gm of 238U.(Bq/10-6 gm).
0.0041= activity of 10-6 gm of 232Th.(Bq/10-6 gm).

Preliminary results of dating.

An initial list of the dates obtained is given in table (3.2). A small
number of results are dubious. These are due to three main
sources-

(1) - spectral shift. This refers to samples for which there seems
to have been a problem in the alpha spectroscopy system. The
source of the problem has not been identified, but is clearly
evidenced by widely disparate 234U/238U ratios. It would seem that
one of the counting units was occasionally not recording events in
the 234U region. On another occasion, a 224Ra count in a thorium
spectra was only about 25% of it's theoretical value from decay
laws, given the time between plating and counting. This result (87-
017-38b) was adjusted on the basis of the expected 224Ra count.
Spectral shift also refers to the observation made in one sample
(87-025-51c) of doubled peaks, suggesting the entire spectrum had
been translated during counting.

(ii) - low resolution. Several samples had extremely low
resolution, generally due to poor electrodeposition, or the presence
of large impurities. This caused a tail correction of about 15% for
one isotope in one of the samples (87-L1W4). Where such samples
disagreed markedly with a replicate, the low resolution sample was
disregarded.

(iii) - low recovery. One sample (87-252b) had an extremely low
recovery, and produced a date unlikely in the context of the sample
set. Although error analysis usually allows for this, the possibility
of low levels of cross-contamination or reagent effects suggested
that this result should be disregarded.



SAMPLE| % [U] |230Th| o |234U| o |Age [(+)[(-)]|234U o |{232Th| o©
residue [ppm| 234U 238U (kA) 238U(t=0) 234U
37-06-019A| 8.2 13.2 0.7432 0.01092.07450.0279 125.9 3.4 3.2 2.528  0.034 0.0664 0.0016|Thrcc different
87-06-019B| 8.3  14.7 1.1398 0.0127 2.0058 0.0200 378.7 29.4 24.1  3.899  0.039 0.0302 0.0003|specimens of sample
87-06-019C| 199  23.5 1.0331 0.02202.1700 0.0260 247.7 18.1 15.8  3.340  0.040 0.0510 0.0020|87-06-019
87-014-32¢| 33.8  11.7 1.0070 0.02002.31600.0350 228.6 13.4 12.1  3.490  0.050 0.0730 0.0020|Mixcd specimens?
87-014-32¢| 34.1  12.0 0.9850 0.02202.31600.0230 216.2 13.0 11.8  3.410  0.030 0.0720 0.0030
3
3

87-033a 13.3 15.2 1.0520 0.02202.0720 0.0220 268.4 20.6 17.8 3.270 0.030 0.0240 0.0010|{Mixcd spccimens?
87-033a 10.5 14.8 1.0770 0.02202.05300.0210 291.6 24.9 20.9 3.380 0.030 0.0320 0.0010

87-015-34c 23.4 3.4 1.42250.01781.6428 0.0312 xs Th 0.3400 0.0080

87-015-34c¢ 229 3.2 1.1523 0.0176 1.5858 0.0172 xs Th 0.3989 0.0083

87-017-38b 8.9 17.7 1.0560 0.01202.15800.0190 267.5 10.9 10.0 3.4406 0.030 0.0240 0.0010|Mixcd spccimens?
87-017-38b 8.3 17.3 1.0630 0.01302.20000.0210 271.3 12.1 11.1 3.5601 0.034 0.0250 0.0010

87-024-48¢ 21.0 14.8 0.9420 0.01202.69800.0280 189.6 5.6 5.4 3.884 0.040 0.0360 0.0010|Mixcd spccimcns?
87-024-48c¢ 20.2 15.8 0.9140 0.00902.52700.0240 179.7 4.0 3.9 3.520 0.030 0.0330 0.0010

87-025-51c 23.3 45.0 1.0017 0.0087 1.71050.0088 249.2 7.4 7.0 2.426 0.013 0.0335 0.0003

87-025-51c¢ 22.0 44.0 0.7477 0.01541.72320.0082 130.4 4.9 4.7 2.041 0.010 0.0167 0.0016[(Low Th, spectral shif
87-031-66b 9.3 16.0 1.0330 0.01301.97100.0170 258.4 11.4 10.4 2.999 0.026 0.0280 0.0010(Mixcd specimens?
87-031-66b 9.5 15.9 1.0400 0.00801.96700.0110 264.1 7.3 6.9 3.023 0.017 0.0280 0.0010

87-67a 6.1 64.0 1.2549 0.01361.1459 0.0043 infinitc 0.0181 0.0006

87-67a 5.9 64.9 1.1340 0.00851.11700.0040 infinitec 0.0160 0.0003

87-74a 7.7 14.9 1.0812 0.00342.0067 0.0110 299.0 4.4 4.2 3.322 0.018 0.0294 0.00006

87-74a 7.8 14.6 1.0736 0.00902.04320.0102 289.0 9.6 8.9 3.340 0.017 0.0261 0.0007

87-036-760 9.0 15.0 1.0820 0.02402.0660 0.0260 295.7 28.5 23.4 3.440 0.040 0.0260 0.0010

87-036-76b 7.8 15.6 1.0840 0.02502.00700.0240 301.9 31.7 25.5 3.340 0.040 0.0330 0.0010

87-85a 27.1 21.1 0.6578 0.00422.6868 0.0116 101.5 1.1 1.0 3.240 0.014 0.0372 0.0005

87-85a 27.5 20.3 0.6869 0.00692.6868 0.0279 108.4 1.8 1.7 3.283 0.034 0.0409 0.0005




! Prelimi -Th_an i
SAMPLE %o [U] |230Th| o (234Ul o |Age |(+){(-)]|234U c [232Th| o©
residue [ppm| 234U 238U (kA) 238U(t=0) 234U

87-95a 6.4 23.2 1.0138 0.01101.3926 0.0096 294.1 15.9 14.0 1.893 0.013 0.0278 0.0003
87-95a 6.5 14.8 1.0523 0.01162.04120.0147 270.2 10.9 10.0 3.216 0.023 0.0251 0.0008
87-96a 8.1 17.2 0.7680 0.00922.4136 0.0164 130.8 2.8 2.7 3.038  0.021 0.0183 0.0007
87-96a 7.8 41.3 0.7508 0.0087 1.0074 0.0064 150.3 4. 4.0 1.011 0.006 0.0138 0.0005
87-61-130b| 20.9  11.1 0.7694 0.00592.0346 0.0112 133.9 1.9 1.9 2.504  0.014 0.1009 0.0013
87-61-130b| 21.1 11.2 0.7643 0.0063 2.04350.0135 132.3 2.0 2.0 2.510  0.017 0.0980 0.0013
87-69-140b 9.2 14.5 0.7267 0.0098 2.7424 0.0176 118.1 2.6 2.6 3.424  0.022 0.0187 0.0009
87-69-140b 7.7 13.2 0.7132 0.00512.8766 0.0167 114.3 1.3 1.3 2.877  0.017 0.0170 0.0004
87-82-153b 6.6 11.5 1.0298 0.01462.7923 0.0186 232.1 9.1 8.5 4.429  0.030 0.0229 0.0013
87-85-157b] 28.3  21.4 0.6672 0.0044 2.5608 0.0121 104.0 1.1 1.1 3.088  0.015 0.0427 0.0005
87-85-157b| 28.0  20.3 0.6846 0.00492.6261 0.0128 108.0 1.2 1.2 3.199  0.016 0.0438 0.0006
87-86-160c| 25.9  21.9 1.0923 0.01151.86320.0099 325.0 17.0 15.0  3.141  0.017 0.0445 0.0012
87-86-160c| 26.5  18.4 1.0991 0.0069 1.8139 0.0091 340.5 11.9 10.9  3.108  0.016 0.0455 0.0005
87-91-189b 6.8 15.2 1.0888 0.01261.9314 0.0170 313.6 17.4 15.3  3.238  0.029 0.0278 0.0003
87-91-189b 6.9 14.9 1.0657 0.01191.9979 0.0191 284.5 12.9 11.7  3.210  0.031 0.0251 0.0006
87-105-2041 34.2  12.7 0.6853 0.00602.67700.0234 108.0 1.5 1.5 3.268  0.029 0.0360 0.0009
87-105-2041 36.1 12.9 0.6319 0.00732.6697 0.0241 95.7 1.7 1.6 3.182  0.029 0.0397 0.0011
87-252b 31.3 9.1 0.4977 0.01403.2086 0.0707 68.5 2.6 2.5 3.675 0.081 0.0650 0.0041
87-253a 13.5 22.7 0.6060 0.01302.42200.0400 90.7 2.9 2.8 2.830 0.050 0.0210 0.0010
87-253a 10.5 22.0 0.6530 0.01302.46700.0100 101.0 3.1 3.0 2.950 0.010 0.0230 0.0010
87-253a 13.0 24.1 0.5910 0.01402.40700.0310 87.6 3.0 3.0 2.800 0.040 0.0180 0.0010
87-253a 13.3  22.6 0.5910 0.01402.44700.0370 87.5 3.0 3.0 2.850  0.040 0.0170 0.0010
87-254b 7.6 21.4 0.6588 0.00732.54090.0149 102.1 1.7 1.7 3.050 0.018 0.0145 0.0004
87-256b 11.2 12.0 1.0426 0.01542.2308 0.0383 254.1 13.1 11.8 3.519 0.060 0.0418 0.0010

Spectral  shiflt

Spectral shift

V. low resn, recovery
/and spcctral shift
Lower % residue

€8
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SAMPLE %0 (U] {230Th| o |234U| o |Age ([(+)]|(-)]|234U c (232Th{ o©
residue [ppm| 234U 238U (kA) 238U(t=0) 234U

87-L1W3 21.8 2.8 1.0048 0.0064 2.34030.0118 226.7 4.1 3.9 3.526 0.018 0.1384 0.0021
87-L1W3 22.2 2.2 1.0114 0.0107 2.3458 0.0281 230.5 7.3 6.9 3.563 0.043 0.1561 0.0030
87-L1W4 14.6 2.9 1.0704 0.007012.29000.0167 273.4 6.6 6.3 3.770 0.027 0.0999 0.0015
87-L1W4 14.7 3.1 0.9979 0.00492.42340.0146 221.0 3.1 3.0 3.640 0.022 0.0991 0.0010
87-L26 18.0 2.1 1.0739 0.00722.4048 0.0195 271.8 6.6 6.3 4.002 0.032 0.1566 0.0018
87-L26 17.8 2.0 1.11510.01272.3997 0.0324 309.5 15.9 14.2 4.324 0.058 0.1456 0.0038
87-L28 15.1 18.9 1.0233 0.00312.62820.0054 231.5 1.9 1.9 4.108 0.008 0.0137 0.0002
87-S13 27.1 28.8 1.5221 0.00863.1299 0.0098 xs Th 0.0108 0.0002
87-S13 26.4 29.7 1.8515 0.01113.08560.0110 xs Th 0.0116 0.0002
87-S30 21.3 25.8 1.5231 0.01103.02750.0146 xs Th 0.0100 0.0002
87-S30 20.6 25.0 1.5369 0.0064 3.0030 0.0079 «xs Th 0.0116 0.0002
87-S37 21.6 21.6 1.1124 0.00432.94500.0083 286.3 3.9 3.8 5.329 0.015 0.0157 0.0002
8§7-S37 21.7 21.1 1.1119 0.00333.0226 0.0076 283.8 2.9 2.9 5.471 0.014 0.0153 0.0001

V.v.

low resn

v8
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Correction for detrital thorium.

Several samples showed high 232Th/234U ratios, suggesting
contamination of the sample by detrital thorium. It could be
expected that any 232Th in the detritus was accompanied by 230Th,
and thus the apparent age may be in error. This can be corrected
for by the methods outlined in Chapter One (and Schwarz and
Latham,1989).

A plot of 230Th/232Th vs 234U/232Th for a suite of coeval samples
will have a slope equalling the 230Th/234U ratio of the samples, and
a y-intercept equalling the initial 230Th/232Th ratio of the detrital
component of the sample. Table (3.3) gives those samples having a
230Th/232Th ratio less than 20 (above which any correction should
be negligible). Parameters given are for averaged data in the case
of duplicates.

Fable 3.3 Samples having 230Th/232Th < 20

Sample 230Th/232Th Age

87-105-204b 17.3773 101.9 87-254b (102.1kA) used as additional

87-85a 17.1969 105.0 data point to constrain slope error.

87-85-157b  15.6097 106.0

87-06-019B  11.1928 125.9 87-69-140b (116.2kA) used as additional

87-61-130b  7.7075 133.1 data point to constrain slope error.

87-014-32c¢  13.7379 222.4 | No coeval samples of high 230Th/232Th.
Use plot of samples of similar age to
obtain (230Th/232Th)( value.

87-015-34c  3.4842 infinite[230Th/234U = 1.2874. A correction would
still give an infinite age.

87-L1W3 6.8439 228.6

87-L1W4 10.0696 221.0

87-L26 7.2435 290.7 | No coeval samples of high 230Th/232Th.

Use (230Th/232Th)y ratio of 87-
L1W3/L1W4 plot to obtain correction.

The relevant graphs for each correction are given in figure (3.3 a-

g). Although detrital uranium was not expected to be significant,
given that much of the detritus was clay (binds Th well, but not U),
similar corrections for detrital uranium in the same samples are
also given in figure (3.3 a-g).



Figure 3.3a  230Th/232Th vs 234U/232Th
for samples 87-105-204b, 254b, 85a, 85-157b
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Figure 3.3¢c 234U/232Th vs 238U/232Th
for samples 87-06-019A, 61-130b, 69-140b
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Figure 3.3d 234U/232Th vs 238U/232Th

for samples 87-06-019A, 61-130b, 69-140b
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Figure 3.3e 230Th/232Th vs 234U/232Th

for samples 87-014-32c, 82-153b, 33a, 06-019C, 025-51c, 256b
(all 230Th/232Th ratios adjusted to equivalent ages)
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Figure 3.3f 230Th/232Th vs 234U/232Th
for samples 87-L1W3, L1W4
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Results of corrections for detrital thorium and uranium are given
in table (3.4)

Table 3.4

Sample Raw Age Figure Graph equations ** Corrected age

87-105-204b 101.9 3.3a Th: y= 0.39914 + 0.65283x (R2=1.00) 100.9 kA

87-85a 105.0 3.3b  U: y= 1.5887 + 2.4834x (R%?=1.00)

87-85-157b  106.0

87-06-019B 125.9 3.3¢ Th: y= 0.33330 + 0.69658x (R2=1.00) 112.9 kA

87-61-130b 133.1 3.3d  U: y= -6.3623 + 3.1199x (R2=0.998)

87-014-32¢c 2224 3.3e Th: y= 1.0282 + 1.2039x (R2=0.949) 185.5kA
Let (230Th/232Th)g = 1.0282

87-015-34c  "infinite" not corrected, too much xs Th "infinite"

87-L1W3 228.6 3.3f Th: y= 0.21167 + 0.9769x 206.8kA

87-L1W4 221.0 3.3g U: y= -0.76493+ 2.6071x

87-L26 290.7 Let (230Th/232Th)g = 0.212 263.0

** See Chapter One:.
Th = slope equation for plot of 230Th/232Th vs 234U/232Th.
U = slope equation for plot of 234U/232Th vs 238U/232Th,

The method used for sample 87-014-32¢ was to take a set of
samples of nearest age that were likely to have a similar detritus
source, namely those samples of ages 230-255kA (87-82-153b,
33a, 06-019, 25-51c, and 256b). The 230Th/232Th ratios for these
samples were adjusted to reflect the age differences between each
sample and sample 87-014-32c

i.e. (330Th/232Th)corr = (339Th/232Th)orig /exp(-A(t(kA)-222.4))

The adjusted 239Th/232Th ratios were plotted against the
234U/232Th ratios to give the (230Th/232Th)o ratio of 87-014-32c,
from which the age was recalculated.



Final Results.
After eliminating the dubious results and excess thorium results,
averaging the duplicated results (by averaging 230Th/234U ratios
and recalculating ages), and correcting for detrital 239Th and 234U, a
final results list was obtained. This is given in table (3.5), along
with the other major parameters useful in further analysis - the

uranium concentration and

formation of the sample.
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the 234U /238U ratio at the time of

Table 3.5 Final results of U-Th analysis.
Sample no. of [U] Age (+) () 234IL(1=0) S
samples (ppm) (kA) 238y

87-253a 3 23.1 88.6 3.0 2.9 2.83 0.04
87-105-204b 2 12.8 100.9 1.6 1.6 2.97 0.03
87-85a 2 20.7 100.9 1.3 1.3 2.97 0.02
87-85-157b 2 20.9 100.9 1.1 1.1 2.97 0.02
87-254b 1 21.4 102.1 1.7 1.7 3.05 0.02
87-06-019A 1 13.2 112.9 2.6 2.6 3.91 0.03
87-61-130b 2 11.2 112.9 1.5 1.4 3.91 0.02
87-69-1400b 2 13.9 116.2 2.0 1.9 3.50 0.02
87-96a 1 17.2 130.8 2.8 2.7 3.04 0.02
87-024-48¢ 2 15.3 184.5 4.8 4.6 3.70 0.04
87-L1W3 2 2.5 206.8 4.7 4.6 3.86 0.02
87-L1W4 1 3.1 206.8 2.6 2.6 3.86 0.02
87-L28 1 18.9 231.3 1.9 1.9 4.11 0.01
87-82-153b 1 11.5 232.1 9.1 8.5 4.43 0.03
87-014-32c¢ 2 11.9 241.8 16.1 14.3 3.59 0.04
87-025-51c 1 45.0 249.2 7.4 7.0 2.43 0.01
87-06-019C 1 23.5 247.7 18.1 15.8 3.35 0.04
87-256b 1 12.0 254.1 13.2 11.9 3.50 0.06
87-031-66b 2 16.0 261.2 9.4 8.7 3.01 0.02
87-017-38b 2 17.5 269.4 11.5 10.6 3.50 0.03
87-95a 1 14.8 270.2 10.9 10.0 3.22 0.02
87-033a 2 15.2 279.5 226 19.2 3.32 0.04
87-S37 2 21.4 285.1 3.4 3.3 5.40 0.01
87-L26 1 2.1 290.7 11.3 10.3 4.16 0.05
87-74a 2 14.8 293.9 7.1 6.7 3.33 0.02
87-91-18%b 2 15.1 298.2 15.0 13.4 3.22 0.03
87-036-76b 2 15.3 268.7 30.1 24.4 3.39 0.04
87-86-160c 2 20.2 332.4 14.7 13.2 3.12 0.02
87-06-019B 1 14.7 378.7 29.4 24.0 3.90 0.04
87-67a 2 64.5 infinite
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Full results are given in Appendix C, with some additional dating
carried out reported in Appendix B. Original sample record sheets
are given in Appendix D

Additional Results

In addition to those above, a further set of results was available.
These were prepared by Dr C. Hendy (Univ. of Waikato) at the
Lamont - Doherty Geological Observatory. Although one sample was
analysed in common (87-254b), they were apparently different
specimens of the sample - thus no cross- calibration of the methods
is available. However, samples 87-253b and 253a were different
specimens samples from the same site, and gave similar ages,
suggesting no major disparity between the analyses. Spike nuclide
ratios for both sets of samples were, however, determined with
some care. Both data sets are therefore likely to be 'cross-
comparable’.

Since the second set of results are from the same sample collection
as those prepared here, they have been included for further
discussion. The additional results are given in table (3.6). Uranium
concentrations were not available.

Tabl .6 Additional -Th result

Sample |Age (+) (-) 234 S
(kA) 238 (t=0)
87-05¢ 257 50 36 2.42 0.01
87-011 190 10 8 1.24 0.01
87-012 284 14 12 3.26 0.02
87-013c 237 48 34 2.38 0.01
87-087 84 2 2 2.38 0.02
87-087c 97 3 3 3.11 0.04
87-116 177 7 7 3.64 0.03
87-204 178 6 6 3.76 0.02
87-253b 81 4 3 2.84 0.03
87-256b 115 3 3 2.75 0.02
87-257 216 9 9 2.63 0.01
87-L1-W2 125 12 11 3.17 0.13
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Chapter 4.

Analysis of Results.
Intr tion
The Taylor Valley.

The samples dated came from the Taylor Valley, one of the Dry
Valleys of the Antarctic in the McMurdo Sound region (figure (4.1)).
The Taylor Valley runs through the Trans-Antarctic mountains,
from the East Antarctic Ice Sheet to the Ross Ice Shelf, and is kept
largely ice-free by katabatic winds descending the valleys to the
sea. There are several major basins along the length of the valley, of
which the "Bonney Basin" is of interest here. The Taylor Glacier,
flowing out of the East Antarctic Ice Sheet currently terminates in
the Bonney Basin, as do several alpine glaciers on the walls of the
valley. Lake Bonney (7km long by lkm wide) occupies part of the
basin, receiving meltwater from the Taylor Glacier and alpine
glaciers. In addition the valleys contain many deposits assigned to
earlier expansions of the Taylor Glacier, and to paleo-lacustrine
deposits. Throughout the valley floor thin fragments of limestone
(and other lacustrine deposits) are found incorporated in glacial
drift. 180/160 determinations on these have been used to
distinguish between carbonates deposited from waters derived
from the East Antarctic Ice Sheet via the Taylor Glacier (8180 =-42
per mille) and those derived from local alpine glaciers (8180 =-34
per mille) (Hendy (1979)). Most of the published results indicate
that the carbonate clasts have been derived from the Taylor Glacier.
In addition a series of strand lines and moraines on the walls of the
basin attest to former limits of glaciation.

Quaternary history of the Taylor Valley.

The Taylor Valley is a typical U-shaped glacial valley carved
through the TransAntarctic Mountains by an outlet glacier from the
interior of the continent. Drilling into the sediments at the eastern
end of the valley has yielded fjordal drifts of Miocene age beneath
numerous poorly defined younger terrestrial drifts, presumably
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deposited by glaciers which were cold-based, and doing little or no
active cutting of the valley floor. Many of the upper drift sheets
contain basaltic lithologies derived from the McMurdo Volcanics,
including kenyite, which is only known to outcrop on Ross Island;
while the deeper drifts contain lithologies of continental origin.
These suggest that the valley floor has been occupied by glaciers of
two different origins, namely the East Antarctic Ice Sheet and
McMurdo Sound (Robinson, 1985).

Morphology of the valley floor shows numerous subtle
glacial/proglacial features, including moraines surrounding the
alpine glaciers, a set of at least four drift sheets of increasing age
enclosing the Taylor Glacier, and a extensive drifts sheet originating
from McMurdo Sound. The most recent of these is also associated
with lacustrine features (shorelines, deltas, silt, algae, and drop
structures) filling the valley from the Frxyell Basin to the Taylor
Glacier. Dating of algae within these sediments reveal that it was an
Isotope Stage 2 (25,000 -12,000 yrs old) glaciation. Further to the
south, Judd (1986) has found, proglacial to icesheets in McMurdo
Sound, sediments dating Isotope Stage 2 (25,000 -12,000 yrs old)
and Isotope Stage 6 (135 - 185,000 yrs) in the Marshall Valley.

Clayton-Greene (1989) has found similar Isotope Stage 2
sediments in the Miers Valley. Denton (1989) has demonsrated that
these drifts have been caused by the Ross Ice Shelf grounding on
the continental shelf of the Ross Sea, flowing around Ross Island
into McMurdo Sound and finally terminating in the glacial valleys
opening into McMurdo sound. The last such glaciation has been
named the Ross Sea Glaciation.

At the upper end of the Taylor Valley, as suggested above, there is
evidence for advances of the Taylor Glacier (an outlet to the
McMurdo Dome of the East Antarctic Ice Sheet) down into the
valley. Pewe (1962) first described the drift sheets and assigned
them to four glacial advances; representing expansion of the East
Antarctic Ice Sheet during glacial times. He correlated these with
the four European Pleistocene glaciations known at the time.
Lacustrine deposits were assigned to interglacial periods. Denton et
al (1971) assigned the earlier drift sheets on the basis of the K-Ar
chronology of lava flows separating the drift sheets. Taylor V, the
oldest glaciation was placed at older than 3.5 Myr, at which time
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the Taylor IV glaciation began. The Taylor III glaciation was dated
to at least 1.6 to 2.1 Myr ago. Denton et al (1970) also suggested
that the glacial expansions of the Taylor Glacier were out of phase
with those of the Ross Sea Ice Shelf (and local alpine glaciers).

The deposits of the younger Taylor Glaciations (the Bonney or,
Taylor II, Drift) were dated by Hendy et al (1979), on the basis of
the U-Th chronology of limestones found in the western end of the
Bonney Basin./n situ deposits gave many ages of around 87 - 100
kA, with some 70 - 75 kA samples farthest to the west (upper end
of the valley). A few samples gave ages of 120kA, assigned to
apossible earlier expansion of the lake (these were assigned to
limestones formed in water from the Taylor Glacier, on the basis of
oxygen isotope data). Clast and lag deposits suggested lake
expansions at 190 - 200 kA (oxygen isotope data suggesting lakes
of both alpine and Taylor Glacier origin), and at 300 + 40 kA (Taylor
Glacier expansion). The advance of the Taylor Glacier and alpine
glaciers was suggested to tbe synchronous.

Hendy et al (1979) suggested that these deposits were due to
thickening of the East Antarctic Ice Sheet causing ice to flow out
down the Taylor valley. The 200 kA event appeared to be much
less extensive than the 100 kA (Taylor II) event. The distribution of
the samples yielding ages around 300kA suggested a very large
expansion, possibly right down the valley to the sea (also Hendy
(1979)). These expansions were correlated with global interglacial
periods (Stages 5, 7, and 9 respectively).

Hendy et al (1979) inferred that during interglacial periods sea
ice retreated and atmospheric moisture capacity increased, both
causing an increase in precipitation on the interior of the East
Antactic Ice Sheet. This outweighed the increase in ablation due to
higher temperatures, causing a net advance of the Ice Sheet down
the Taylor Valley. Since ablation also increased (although not as
much as did accumulation), the proglacial lakes also expanded. As
global glacial conditions took over, the precipitation rate decreased
relative to the ablation rate, and the glacier retreated by attrition.
This has been confirmed by recent ice-core studies (Jouzel et al,
1989) using the 10Be record. They suggested that during the last
glacial maximum (16000 yrs ago), the central East Antarctic Ice
sheet was several hundred metres thinner than at present.
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Further studies in the Arena Valley (off the upper Taylor Glacier)
and in the upper Taylor Valley were based on cosmogenic 3He
decay in sandstones and granites from moraines (Brook et al, in
press) suggested glacial expansion around 68 - 177kA (averaging
116kA), 95 - 280kA (averaging 210kA), 304 - 578kA (averaging
423kA) and 893 - 1550kA (averaging 1130kA).

Sample Description,

The samples analysed were collected during the austral summer of
1987-88 from the Bonney Basin. They are limestones precipitated
by algae from lakes formerly in the area; and were collected either
from the surface, from within pits dug in mounds on the valley
floor, or from stratigraphic sections near the LaCroix and Suess
glaciers. The general area was between Lake Bonney and the Suess
Glacier outlet (figure 4.2a), and includes recollection from sites
dated by Hendy et al (1979). Most came from the area of the valley
floor in front of the terminus of the LaCroix glacier. The samples
were typically plates ranging from 3 to 15 cm across, and from 1 to
2 cm thick (figure 4.2b). The high uranium and low thorium levels
make them suitable for U-Th dating, as evidenced by the results
presented. The samples also conform reasonably to the
requirements of U-series dating, as discussed in Chapter 1. Post-
depositional leaching or addition of critical nuclides is unlikely to
have occurred, as the extremely low  temperatures in the area
preclude groundwater movement - the only reasonable vector for
nuclide movement. High levels of 230Th were almost certainly
present in several samples at the time of formation, however this
has been corrected for in most samples by the methods given in
Chapters 1 and 3. Most samples showed no such need for correction.

Time line for sample age distribution,

The principal analysis of the samples dated is their temporal
distribution. Samples show a distinct clustering around certain
periods. The LaCroix (prefixed 87-L...) and Suess (prefixed 87-S...)
section samples are presented separately, as they come from
distinct sections exposed by meltwater streams from the respective
glaciers. A separate assignment for these samples is also suggested
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on the basis of their uranium concentrations (see below) (less than
4ppm, cf all others > 10 ppm). The initial 234U/238U ratios of the
LaCroix and Suess samples are all greater than 3.80 (except 87-L1-
W2, 3.17), whereas all others are lower then 4.0; 75% of them in
the range 2.0 to 3.5.

Samples 87-L28 and 87-82-153b show parameters common to
both data sets, with 87-82-153 having a 234U/238U ratio
comparable to that of a LaCroix section sample, and 87-L28 a much
higher uranium concentration than other LaCroix samples. The
similar age of these samples, both around 232kA, makes their
assignment difficult. The uranium concentration data is more
convincing, and both are assigned to the bulk of the samples.

Time lines for the data sets are given in figure (4.3).

Figure 4.3 Time line for sample age distribution
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There appear to be several clusters in the data. Definite events are
evident at 80 - 130 kA and 175 - 190 kA for the main sample set,
while the LaCroix/Suess Section samples show three distinct groups,
at 125 kA (one sample), 206kA, and 285 -290 kA. The pattern for
the bulk of the samples around 210 to 320 kA is more difficult to
decipher. If 87-257 and 87-86-160c are left as an outliers, the rest
of the dates fall between 230 kA and 300 kA. Although there are
possible clusters around 242 - 261 kA (6 dates, 2 replicated), 269 -
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270 kA (2 dates, 1 replicated), 279 - 284 kA (3 dates, 1 replicated)
and 294 - 299 kA (3 dates, all replicated), it is also likely that the
dates represent a single event from 240 to 300 kA ago, with the
spread due to geochemical factors such as 230Th adsorption or U
mobility etc etc. These factors become increasingly important as the
230Th/234U ratio approaches secular equilibrium.

Uranium concentration and isotope ratio.

Uranium concentrations and initial 234U/238U ratios are plotted
against age in figure (4.4). While no obvious distinguishinging
trends are apparent, it is confirmed, as suggested above, that
several samples have anomalous parameters relative to the bulk of
the data. Samples 87-L26 (290.7 kA), L1-W4 (206.8 kA), and L1-
W3 (206.8 kA) all have uranium concentrations an order of
magnitude lower than rest of the samples, while 87-S37 has a much
higher 234U/238U ratio than the other samples, and 87-025-51c and
87-67a (not plotted) have much higher uranium concentrations
than the other samples. It is possible that these samples record
extreme conditions with respect to the events recorded by the
majority of the samples.

Figure 4.4 Uranium concn and initial234U/238U ratio vs age
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Geographical Distribution of Ages,

The sample ages were plotted with respect to their locations
(figure 4.5). A number of samples were obtained outside of the area
for which an aerial photograph was available. There is no marked
pattern to the age distribution, suggesting that the Taylor Glacier
has advanced through the area and ploughed up most of the
samples and redeposited them over a wide area. There is, however,
a grouping of younger ages at the eastern end of the sampling area.
This suggests that the deposits of this age were generally
distributed further east than previous glaciations, i.e the proglacial
lake around Isotope Stage 5 was more extensive than that of the
previous event (175 - 190 kA).

Oxygen Isotope Analysis.

Samples were also analysed for 8180 content. As oxygen isotopes
are fractionated between the hydrosphere and atmosphere, with a
temperature-dependent degree of fractionation, it is possible to
distinguish between carbonates precipitated from water from
different sources (since there is a definable relationship between
the 8180 content of the water and that of the carbonate precipitated
out). In the Antarctic region, a variety of 8180 values have been
noted for precipitation, snow and ice. Taking the Standard Mean
Ocean Water standard (SMOW) as a reference, values of -40 to -55
per mille are found for current precipitation at the South Pole
(Epstein et al 1963; Epstein et al, 1965); values of -40 to -42 per
mille are found for the ice currently at the limit of the Taylor
Glacier (Hendy et al,1979); -28 to -34 per mille is typical of the
alpine glaciers in the Taylor Valley region (Hendy et al,1979); while
the Ross Ice Sheet varies from 0 to -30 per mille (Hendy et
al,1979). Subsequent analyses (Hendy, in press) have shown that
lacustrine carbonates deposited during Isotope Stage 2 in Miers,
Marshall and Taylor Valleys had been precipitated from waters
with 8180 values of -30 to -37 per mille (mean of -34), but those
deposited in the Marshall valley during Isotope Stage 6 ranged
between -38 and -47 per mille (mean -43). If such a lake had
occuppied the Taylor Valley, it's carbonates would be difficult to
distinguish from those deposited from Taylor Glacier water, but
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would tend to be slightly more negative. Morgan (1982) also
showed that in general the Antarctic Ice Sheets display an
increasing 8180 value with altitude.

The carbonates are compared to the water 3180 values by the
relationships between standards. Samples were analysed with the
local Waitomo Limestone Standard (WLS) as a reference. This is
converted to the PDB standard, currently accepted as normal for
carbonates, by the relationship:

3180ppp = 0.999646 + 0.0098545 - 1.84

This in turn can be converted to the SMOW standard. Assuming
the lakes existed at around, say, 4°C, then:

SISOHZO(SMQW) =$180 (CaCO3)(PDB) - 3.25 (per mille)

Samples were ground up and reacted with 100% phosphoric acid
in a sealed reaction vessel under vacuum at 50°C. The CO, formed
by the reaction was taken across to a Micromass 602 mass
spectrometer for analysis against WLS (above). Results are given in
table (4.1).

3180 values (wrt to SMOW) were plotted against sample age.
Results are given in figure (4.6)
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SAMPLE 5180 wrt PDB 3180 wrt SMOW
(per mille) (per mille)
87-L26 -37.74 -40.99
87-L1W3 -38.56 -41.81
87-L1W4 -38.56 -41.81
87-L28 -40.31 -43.56
87-86-160c -37.62 -40.87
87-82-153b -37.65 -40.90
87-S37 -40.28 -43.53
87-74a -35.49 -38.74
87-85-157b -37.69 -40.94
87-67a -38.08 -41.33
87-253a -36.52 -39.77
87-024-48c¢ -35.08 -38.33
87-105-204b -37.74 -40.99
87-36-76b -36.20 -39.45
87-96a -35.98 -39.23
87-256b -37.29 -40.54
87-06-019 -41.27 -44.52
87-95a -37.33 -40.58
87-254b -38.20 -41.45
87-61-130b -40.02 -43.27
87-91-189b -37.62 -40.87
87-85a -37.66 -40.91
87-33a -35.54 -38.79
87-69-140b -40.09 -43.34
87-14-32¢ -38.50 -41.75
87-31-66b -40.09 -43.34
87-17-38b -41.95 -45.20
87-25-51c -37.14 -40.39

The results suggest that none of the samples could have formed
from the Ross Sea Glaciation (Isotope Stage 2) waters, and show
little influence from local alpine glaciers. They could have formed
from either Taylor glacier or Isotope Stage 6 Ross Ice Shelf

meltwaters.
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Epstein et al (1970) analysed oxygen isotope ratios from a core
taken from Byrd Station. 8180 values were shown to decrease
sharply at the termination of the Wisconsin cold interval (Isotope
Stage 2), from about §!80 = -33 to -about -42 (wrt SMOW), and then
to slowly rise again to around -38 at the termination of Stage
5.around 75 kA. At interglacial Stage 5 8180 values rose again to
around -33 (the latter dates are less certain as they come from the
base of the core where thinning due to ice flow occurs). Later
results from the Vostok core (Jouzel et al, 1987) confirmed this
variation in trend, but suggested a lower magnitude of change.

The results given in figure (4.5) show a possible similarity to the
results of Epstein et al (1970). 3180 values decrease from -39 to -45
through the Stage 5 samples, then rise to around -39 again for the
final sample, which is closest to the Stage 5/6 boundary. As the
carbonate 6180 values represent that of the ice terminating in the
Taylor Glacier, there are two possible explanations for this. Possibly
it represents glacier ice coming from higher altitudes, in which case
it could be postulated that the ice reached maximum thickness
around 115 - 120 kA, plus the.lag time time between precipitation
in the interior and melting from the Taylor Glacier. Jouzel et al
(1987) estimated from the 10Be record that precipitation reached a
maximum in the interior at 130kA, with an error no more than 5%.

It is also possible that the changes in 8180 values reflect changes in
the flowlines of the ice coming from McMurdo Doome between
glacial and interglacial times, i.e during interglacial times the ice
terminating in the Taylor Glacier comes from higher up on
McMurdo Dome, where 8180 values are more negative.

The low 8180 value of the single sample dating around 180 kA
confirms the suggestion that this was a minor event compared to
the Stage 5 and 230 - 300 kA events. However, 8180 analysis of the
additional samples (table 3.6) dated to this event may show lower
3180 wvalues.

The 8180 data for the samples 230 - 300 kA old do not resolve the
question of whether one or two events occurred over this period. It
would seem that the samples dating around 290 - 300 kA do not
represent full interglacial conditions, if compared to the trend
through the Stage 5 samples. Possibly the meltwaters forming a
lake around this time came from an ice body that attained
maximum thickness around 260 - 280 kA.
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Chronology of paleo-lake formation.

The absence of any intact stratigraphy makes interpretation of the
chronology of lake formation difficult for the earliest cluster of
dates, when the scatter in ages approaches the interval between
lakes, however there was at least one lake formed by meltwaters
from the Taylor Glacier between 300 and 230 kA, from which thin
lacustrine carbonates were deposited. Typically these contained 10-
25 ppm U with a 234U/238U ratio of 3.2 to 3.5 (carbonates from this
lake(s) have been incorporated into till by the Taylor II glacier
advancing down the Taylor Valley, and left as a prominent part of
the drift sheet covering the valley floor and lower valley walls
between Lake Henderson and Lake Bonney).

A second, smaller set of dates between 177 and 185 kA, with a
234/238U ratio of 3.70 and a uranium concentration similar to the
earlier event above, could have formed from a second lake, around
the end of Isotope Stage 7 (Stage 6/7 boundary placed at around
184kA (SPECMAP, 1984)).

A third set of dates ranging between 131 kA and 81 kA; with
234U/238U ratios of about 2.5 to 3.5, and a uranium concentration
again of 10 to 25 ppm; form a geographically distinct group,
presumably corresponding to lacustrine conditions in Isotope Stage
5. 8180 values suggest that this lake was formed from Taylor Glacier
meltwaters. The youngest set of samples include the in situ deposit
of the Suess Stream Section, and clasts which appear to have been
only slightly disturbed on the south wall of the valley (87-252 to
87-257), plus clasts at the eastern (distal) end of the drift sheet.

It would appear that the Taylor II glaciation can be bracketted by
the sets of lacustrine carbonates. The glacier advanced into
sediments containing 230-300 kA, and 177-185 kA carbonates,
incorporating them into it's till. The Isotope Stage 5 carbonates
(131-81 kA) are incorporated into drift at the eastern end of the
drift sequence, are in place or only slightly disturbed towards it's
margins, but are absent from the main body of the drift; suggesting
that they were deposited in a lake proglacial to the Taylor II
glacier, and thus provide a minimum age of the glaciation at 84 kA,
with a maximum age of 131 kA.
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Chapter 5
Conclusions.
Methodology.

The Uranium-Thorium dating method has been applied to the
lacustrine carbonate deposits of the Taylor Valley, Antarctica. These
samples have high levels of detritus, seldom less than 5% and
frequently up to 30%. In the past this has made the separation and
purification of uranium and thorium particularly difficult. A method
has been developed to increase the yields, purity and resolution of
the sample mounts required for U-Th analysis by the alpha-
spectroscopy technique.

The basic method was a general one used by the Lamont-Doherty
Geological Observatory, and was gradually modified to suit the
Antarctic lacustrine carbonates samples. Samples were dissolved in
dilute nitric acid, with some emphasis placed on the need to
minimise excess acidification, and to minimise contact time of the
residue with the acidic solution. This was in order to preclude the
leaching of uranium and thorium from the detrital phase into the
solution phase; but most importantly to prevent titanium and silica
from being leached into the solution (which ideally represented
only the carbonate part of the sample). Samples were boiled for one
hour to drive off COz and to equilibrate the uranium and thorium
isotopes in the 232U-228Th spike (added after dissolution) with the
sample nuclides in the solution and adsorbed to surfaces. The
solution was centrifuged down and the solution phase decanted off.
Since organic compounds were a possible source of uranium loss
(via complexing), 10mls of HCl was added and the solution boiled
for 5 minutes further. FeCls (aq) was added in order to help
coprecipitate the uranium and thorium. This was done by adding
aqueous ammonia to the solution in nitric acid while still hot (to
prevent re-adsorption of COjz). A double scavenge method was used
to ensure complete removal of the uranium and thorium, while
Ca2+, Mg2+ and other ionic cations were left in the solution phase.
The uranium-thorium-iron precipitate was redissolved in a
hydrochloric acid matrix and reprecipitated to ensure complete
removal of Ca, Mg etc.
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Initially samples were separated on an ion exchange column at this
point, however the column was frequently blocked by a mass of gel
at the column head. Analysis suggested this to be a silica gel, this
was confirmed by XRF analysis. Since it was difficult to predict the
occurrence of this gel, all samples were treated to remove silica
prior to loading onto the first column. The method used was to
dissolve the final precipitate in HNO3, add a couple of mls of HF, and
boil down to dryness over several hours. A further quantity of HF
was added, and the solution boiled down very gradually overnight.

An ion exchange column in chloride form was used to separate the
uranium from the thorium. Once silica gels had been removed this
column presented no major problems. Loading and washing in 8N
HCl eluted thorium, while uranium and iron were washed off with
very dilute HCI solutions. Organic breakdown products were found
in both eluates, and both were made extremely oxidising with HNOj
to remove organics. The thorium eluate was further boiled down
and converted to an HNOj; final form, for further separation on
another column. Another trace element problem became apparent
here, the occurrence of a precipitate of a hydrated form of titanium.
This caused very low Th yields, as Th was readily scavenged by the
polymeric titania. The suggested method was to centrifuge out the
precipitate, load the supernatant onto the column and redissolve
the solid phase in more 8N HNO3. Low thorium yields still occurred
using this method. An alternative way of dealing with the problem
was developed, whereby maximum volumes were maintained
throughout the conversion from chloride to nitrate form. The eluate
was boiled down to a volume of about 30 mls, at which point nitric
acid was added to a volume of around 80mls. This was boiled down
gradually until no more colour existed in the solution (all HCl gone).

When distilled water was added to make the solution 8 molar in
HNO3, this gave a total volume of 100mls. This took up to an hour to
load onto the next ion exchange column, but no further white
precipitates were noted during this stage of processing, while yields
became higher and more consistent. The thorium was then purified
on an anion exchange column (15 mls resin) in nitrate form, to
separate out aluminium, and any remaining Group I or II metals.

This process was repeated on a second, smaller (2mls resin),
thorium column.
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The uranium eluate was boiled down and converted to chloride
form. The iron was extracted out into an isopropyl ether solution.
Although the aqueous phase should have been colourless after 6
extractions with ether, it was still frequently a strong yellow colour.
The extraction procedure was varied in a number of ways to
maximise iron extraction, however the colour still persisted.
Occasionally incomplete iron extraction occurred, but often it
seemed that the colour was due to a further trace element, possibly
manganese. This was supported by the common occurrence of red
crystals on boiling down the solution (MnCl3). The final purification
necessary for the uranium was separation from any other
remaining trace elements (particularly transition metals) on an ion
exchange column in nitrate form. This phase of processing was the
most likely cause of the low uranium yields. The parameters of the
column process, such as resin quantity, wash volumes, and loading
volumes were variously modified, with the aim of losing less of the
uranium. The resin volume was halved to around 1ml, while the
volume used for washing was also decreased. Uranium yields
became more consistent after this.

The final stage of sample preparation was electrodeposition of the
sample on planchettes suitable for alpha spectroscopy. The method
followed only occasionally gave reasonable yields, and the whole
electroplating process was reviewed. The same cell design was
retained, however the recommended silver anodes were replaced
with platinum anodes. Samples were dissolved in conc HCI, rather
than the previously used electrolyte solution pre-adjusted in pH
(this solution failed to adequately dissolve the sample). After
sample dissolution, the HCl was diluted down with distilled water
before being added to the cell. It was then adjusted to around pH 3-
4 using a methyl red indicator and aqueous ammonia. Plating times
were increased to around 3hrs. This was in order to marginally
maximise yields, at no expense in terms of lab work. Distilled water
was used to wash down the cell walls shortly before turning the
solution off. The work of Mitchell (1960) on current density and
deposition rate suggests that the cell used may have been
underpowered.

Some time was spent in determining the spike nuclide activity
ratio. Various methods of spike calibration were attempted, the
successful method used a ground silicate uranium-thorium mineral
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standard (DH-1a), treated by the above method (with repeated
prior evaporation from an HF solution to remove silicon). From four
replicates the spike 228Th/232U ratio was established as 0.97
(s=0.02).

The success of the methodology developed was evidenced by the
increasing yields obtained as dating progressed. Yields for the final
three batches of samples counted, at which point no more
adjustments were made to the process, averaged 76.7% for
uranium, and 75.4% for thorium. Such yields are quite respectable
normally, and even more so for samples of such high detrital
content. Yields for all samples counted prior to this averaged 52.8%
for uranium, and 52.9% for thorium.

Alpha decay spectra were accumulated, and data reduction carried
out. The validity of several models used to correct for peaks under-
ridden by tails from higher energy peaks were tested. These results
suggested 216Po was an excellent model for the tail of 224Ra, but not
for the thorium isotopes; while 238U was confirmed as a valid model
for the shape of the 234U and 232U tails. Several integration schemes
were evaluated, showing the need for as wide an integration limit
as possible (at least for the samples dated, which invariably had
obvious tails extending through all regions of interest). Errors from
the spike analysis were not included in the overall error, in order to
preserve the relative accuracy of the ages. Samples with a high
232Th content (232Th/230Th > 20) were assumed to have also
contained 230Th at the time of formation and were adjusted using
plots of 232Th/230Th vs 234U/232Th and 234U/232Th vs 238U/232Th.

Most samples were dated in duplicate. Results were considered
quite rigorously, and a number were eliminated as dubious, due to
a variety of reasons; for example, apparent excessive leaching of the
detritus, spectral shift, and extremely low resolution. The
duplicated results were averaged, while dubious and excess Th
results were eliminated; to produce a final date list. A number of
other samples were analysed but recovery or resolution was too
low to be worth counting This was due to the concurrent
experimenting with methodology and sample processing. Of the 62
sample analyses counted, 13 were eliminated for various reasons,
leaving a total of 49 valid results, 34 as duplicates, one in triplicate
and 12 as single analyses.
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Analysis of results.

The results obtained were analysed with the hope of building up a
picture of both the chronology and nature of past events in the
Taylor Valley. Previous work on the Bonney Drift (from where
these samples were collected) (Hendy et al, 1979) had suggested
advance of the Taylor Glacier, correlated to thickening of the East
Antarctic Ice Sheet, in interglacial Isotope Stages 5 and 7, and
possibly at Stage 9. The dates derived here largely supported that
contention, with the dates clustering at around 90 - 130 kA, 175 to
185 kA, and 240 - 300 kA. The large number of samples falling into
the latter cluster were difficult to resolve, as there were possible
groupings within this cluster at 240 to 260 kA, 270 to 285 kA and
290 to 300 kA. It seemed most likely that the data represented one
extensive event, although two events at 230 to 250 kA and 270 to
300 kA were also possible.

Uranium concentrations and 234U/238U data were used to pick out
anomalous results, which probably reflected extreme conditions
within the events described. Of particular interest were the samples
from the stratigraphically intact LaCroix and Suess Sections from
the valley walls, which had uranium concentrations an order of
magnitude lower than the bulk of the samples from the valley
floor. These could represent the first stage of paleo-lake formation.

The geographical distribution of the samples ages revealed that
the last major glacier to advance through the area had ploughed up
most of the samples and redeposited them. However a general
grouping of younger ages to the eastern end of the area sampled
suggested that the lake associated with the Taylor II glaciation of
Isotope Stage 5 was a more extensive event than that of Stage 7.

Oxygen isotope analysis was carried out on all of the samples
dated. 8180 values were of a quite restricted range, from -38 per
mille to -45 per mille. this confirmed that none of the carbonates
were deposited from lakes proglacial to a thickened Ross Ice Sheet
(Stage 2), nor from lakes formed by local alpine glacier meltwaters
(from which far less negative 3180 values would be expected). There
was some evidence for 8180 values decreasing towards the middle
of an interglacial period, due to either changes in surface altitude of
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the interior ice-sheet or with changes in the flow-lines of the ice
coming from the interior.

By combining the results acquired here with those of Hendy et al
(1979), the late Quaternary events contributing to the components
of the Bonney Drift can be summarised as follows.

(i) An extensive period of lacustrine conditions from 230kA to
300kA, formed proglacial to the Taylor Glacier. The carbonates
deposited contained 10 to 25 ppm uranium, and a 234U/238U ratio of
3.2 to 3.5. It is possible that two lakes are represented by the data,
or one lake with two periods of extended volume. However, there is
evidence that on this occasion the Taylor Glacier advanced at least
to the coast at New Harbour (Chapman-Smith, 1975; Powell, 1976,
1981); suggesting that one large event is most likely. Possibly this
event climaxed around 260kA. All the carbonates deposited in the
lakes at this time were redeposited by the Taylor II glacier (and
possibly other glaciers).

(ii) a less extensive event occurred around 210 to 175 kA ago,
when again a lake proglacial to the Taylor Glacier formed in the
Bonney Basin. The results of Hendy et al (1979) suggested that the
earlier carbonates (210 to 190 kA) were deposited from alpine
glacier meltwaters, while results here suggest that the later dates
were from samples deposited from a lake largely composed of
either Taylor Glacier meltwater, or possibly Ross Sea Ice-sheet
(Marshall Drift) meltwater. The carbonates deposited by the lake
from 190 to 175 kA typically had a uranium concentration of10 to
25 ppm, and a 234U/238U ratio of about 3.70.

It would seem that a change in conditions, probably due to the
precipitation change caused by an increase in the proximity of open
sea, was initially only responded to by the alpine glaciers, but later
on may have caused the Taylor Glacier (representing the East
Antarctic Ice Sheet) to expand (if the later dates were due to Taylor
Glacier and not Ross Sea Ice-sheet meltwaters. As stated above, this
event was probably less extensive than the other events
interpreted here. The carbonates deposited were later ploughed up
by the Taylor II glacier.

(iii) an extensive lake existed in the Bonney basin, the Hoare Basin,
and probably the Fryxell Basin from around 75 kA to 130 kA. This
proglacial lake was formed by meltwaters from the Taylor glacier.



113

Carbonates were deposited from the lake, typically containing 10 to
25 ppm uranium, with a 234U/238U ratio of around 3.2 to 3.5. If the
abundance of samples reflected the extent of carbonate deposition,
this lake was probably at it's most extensive around 85 to 105 kA
ago.

The Taylor II Glacier advanced through it's own proglacial lake,
shifting the lake down valley and ploughing up the carbonates
deposited and redepositing them further down the valley.

(iv) a couple of samples suggest that at least one other Quaternary
event also occurred; given the pattern above it is likely that several
other glacial advances have also occurred during the Pleistocene.

Interpretation of glacial chronology.

Assuming that the proglacial lakes described above are related, as
seems likely, to advance of the Taylor glacier, it is reasonable to
infer that they also correlate with thickening of the McMurdo Dome,
and probably hence with thickening of much of the interior of the
East Antarctic Ice Sheet. The dates obtained suggest that this
thickening occurs during global interglacial periods. This is
supported by the currently observed increasing lake level of Lake
Bonney and increase in interior accumulation rates (Jouzel et
al,1987) since the last glacial maximum. The 80 to 130kA event
clearly correlates with Stage 5 of the marine 8180 record, while the
175 to 210kA event relates to the Stage 7 interglacial. The 230 to
300kA event does not conform to the marine record. It is likely that
this due to both the sample age spread exceeding the actual
timeframe of the event, due to geochemical factors in the samples
and the inherent lower resolution of the U-Th method around these
ages; and due to the poor absolute chronological control of the
marine record around this time. Isotope stage 9 is placed at around
300kA in the marine record, the dates above suggest that it may
have been more recent than this.

This can be explained by the mechanism of Hendy et al (1979).
During global interglacial conditions sea ice around the continent
retreats and atmospheric moisture content increases, allowing more
precipitation to reach the interior of the East Antarctic Ice Sheet -
this exceeds any increase in ablation rate caused by increased
temperature. this causes the ice sheet to thicken, whereas in global
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glacial times, the extent of sea-ice prevents much precipitation from
the open sea reaching the interior. Although this says nothing about
the lateral extent and coastal thickening of the ice-sheet, it would
seem that one parameter, interior thickness, of the East Antarctic
Ice Sheet (containing 76% of the world's fresh water) could act to
moderate such interglacial features as increased sea-level.
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Appendix A
Iculation of - Th ages

Ages and initial 234U/238U ratios were derived from the calculated
230Th/234U and 234U/238U ratios, using the BASIC programme listed
below. This is the Apple Macintosh listing, in practice the
programme was rewritten for, and used on, an Apple Ile. The
programme uses an iterative method of solution.

Other BASIC computer programmes were written for the Apple
ITe. A simple programme integrated a spectrum between entered
channel limits. A data manipulation programme was written, giving
options of subtracting a background spectrum file (or any other
file), with allowance for time ratios; smoothing a spectrum file;
subtracting or adding a constant to a spectrum; multiplying or
dividing' a spectrum by a constant; and saving the resultant file so it
could be loaded back into the multichannel analyser programme.

Computer programme for age equation solving.

10 REM U_TH AGE CALCULATION
20 REM V 02/23/1989 LDGO

23 INPUT "SAMPLE NUMBER";SN$
25 INPUT "230TH/U234 =";TU

35 INPUT "+/-";ETU

40 INPUT "234U/238U";UU

45 INPUT "+/-";EUU

50 CA=.009219

55 REM HALF-LIFE 230TH = 75,200 YRS
60 CB=.002795

65 REM HALF-LIFE 234U = 248,000 YRS
70 MT=0

80 GOSUB 800

90 A0=X

100 TU=TU+ETU

110 UU=UU-EUU

120 MT=0

130 GOSUB 800

135 REM COMPUTE MAXIMUM AGE
140 A1=X

150 TU=TU-2*ETU

160 UU=UU+2*EUU

170 MT=0

180 GOSUB 800

190 REM COMPUTE MINIMUM AGE
200 A2=X:AE1=A1-A0:AE2=A0-A2
230 PRINT "AGE = ";A0;" kA"

240 PRINT "+";AE1

250 PRINT "-";AE2



260 PRINT " (1 s.d.)"

290 REM CALCULATE ORIGINAL 234U/238U RATIO

300 UU=UU-EUU:TU=TU-ETU

330 TUR=(UU-1)*EXP(CB*A0)+1

340 EIUR=(IUR*EUU)/UU

350 PRINT "INITIAL 234/238 =";IUR;"+/-";EIUR

600 GOTO 10000

790 REM THIS SUBROUTINE COMPUTES

795 REM THE AGES

800 DEF FNC(X) = (1-EXP(-CA*X))/UU+(1-1/UU)*CA/(CA-CB)*(1-
EXP((CB-CA)*X))-TU

810 B1=1:B2=600:V1=FNC(B1):S1=SGN(V1)

820 V2=FNC(B2):52=SGN(V2)

825 REM CHECKING FIT OF ITERATIONS

830 IF S1*S2=0 THEN GOTO 920

840 IF S1*S2<0 THEN GOTO 875

850 GOTO 810

875 D(2+S1)=B1:D(2-S1)=B2

885 X=(D(1)+D(3))/2:MT=MT+1

890 S3=SGN(FNC(X))

895 IF S3=0 THEN GOTO 940

900 D(2+83) =X

905 RE=ABS(D(1)-D(3))/(ABS(D(1))+ABS(D(3)))

910 IF RE<.00001 THEN GOTO %40

912 REM IF ERROR <0.0001 THEN AGE CALCULATED

913 REM IF ERROR LARGER THEN ADJUST AGES AND

914 REM RECALCULATE

915 GOTO 885

920 IF S1=0 THEN GOTO 935

925 X=B2

930 GOTO %40

935 X=B1

940 RETURN

10000 END
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Appendix B

Dating of some Kidnappers Group molluscs.

In addition to the Taylor Valley lacustrine carbonates dated, four
samples (in duplicate) of molluscs were analysed by the U-Th
method. The samples were collected by Dr P. Kamp, University of
Waikato. Sample KD came from the base of the Te Awanga
Formation in the Kidnappers Group, while samples KA, KB, and KC
outcropped several metres apart in the Clifton Sandstone of the
same Group. The samples were expected to reflect periods of
marine or estuarine deposition in the largely terrestrially sourced
Kidnappers Group. Ages of around 120 - 125 kA (Isotope Stage Se)
for the KA sample, and around 180 kA ( = Isotope Stage 7) for
samples KD, KC, and KB; were expected. Results of dating are given
in Table (B). Carefully chosen multiple specimens were used for
each sample ( = 20gms each).

Table B Results of dating Kidnappers Group molluscs.

Sample KA KB KC KD

Yresidue |0.18 0.28 0.20 0.31

(U] ppm |1.75 1.12 1.71 1.29
234U/238U (s)|1.71 (0.04) 1.67 (0.05) 1.71 (0.04) 1.61 (0.05)

230Th/234U [0.149 0.127 0.145 0.161

s 10.006 0.005 0.008 0.009
Age (kA) (4/-)|17.3 (0.8) 14.6 (0.6) 16.8 (1.0) 18.8 (1.1)
init.234U/238U (s){1.75 (0.04) 1.70 (0.05) 1.74 (0.04) 1.64 (0.05)

The ages obtained were inconsistent with sample stratigraphy, and
are ascribed to post-depositional migration of critical nuclides. This
is commonly the case for mollusc samples (Kaufman et al, 1971).
The low 230Th/234U ratios suggest post-depositional uptake of
uranium, either throughout or late in the sample history. The
234U/238U ratios observed are inconsistent with those expected for
marine/estuarine samples (marine 234U/238U = 1.15), and suggests
that the uptake of uranium was from groundwater; which could be
expected to have a much higher 234U/238U ratio than the
sea/estuary in which the molluscs formed.

Despite the failure of the effort to date these important samples, it
should be noted that the analytical technique worked well, yielding
good recoveries of uranium and thorium.



Appendix C

Full Results of U-Th dating

SAMPLE |weight| % |[U] |[Th]| %U |% Th| Th |230Thf o 234U| o |[230Th| o |234U| o |232Th| o
(g) |resid/ppm|ppm]|recov|recov|decay[228Th 232U 234U 238U 234U
87-06-019 110.001 8.2 13.2 6.3 45.4 20.7 0.9678 1.3173 0.01411.71930.0173 0.7432 0.0109 2.0745 0.0279 0.0664 0.0016
87-06-019 [10.001 8.3 14.7 2.7 70.2 85.0 0.9823 2.1730 0.0119 1.84930.0183 1.1398 0.0127 2.0058 0.0200 0.0302 0.0003
87-06-019 10.001 19.9 23.5 1.5 44 .8 41.7 0.9870 1.7900 0.02001.68000.0180 1.0331 0.02202.17000.0260 0.0510 0.0020
87-014-32c [10.000 33.8 11.7 5.8 74.8 72.5 0.9900 1.2690 0.00901.22300.0160 1.0070 0.02002.3160 0.0350 0.0730 0.0020
87-014-32¢ {9.999 34.1 12.0 5.8 80.4 62.0 0.9810 1.2690 0.01501.25000.0130 0.9850 0.02202.3160 0.0230 0.0720 0.0030
87-033a 10.000 13.3 15.2 2.2 66.2 67.8 0.9870 1.9660 0.02101.86800.0190 1.0520 0.02202.07200.0220 0.0240 0.0010
87-033a 10.000 10.5 14.8 2.9 87.7 34.7 0.9840 2.0590 0.02101.85400.0190 1.0770 0.02202.05300.0210 0.0320 0.0010
87-015-34¢ [10.000 23.4 3.4 5.7 15.4 42.6 0.9736 0.4275 0.0047 0.29150.0039 1.4225 0.0178 1.6428 0.0312 0.3400 0.0080
87-015-34c¢ 19.999 22.9 3.2 7.0 8§2.8 28.9 0.9745 0.3150 0.00420.26520.0020 1.1523 0.0176 1.5858 0.0172 0.3989 0.0083
87-017-38b {10.001 8.9 17.7 2.6 57.1 80.1 0.9850 2.5930 0.02102.38200.0200 1.0560 0.01202.15800.0190 0.0240 0.0010
8§7-017-38b [9.999 83 17.3 2.8 54.5 90.6 0.9900 2.6140 0.02102.38500.0230 1.0630 0.01302.20000.0210 0.0250 0.0010
87-024-48c [10.000 21.0 14.8 4.2 59.6 91.5 0.9840 2.0980 0.01702.16100.0190 0.9420 0.01202.6980 0.0280 0.0360 0.0010
87-024-48c |10.001 20.2 15.8 4.0 72.8 72.1 0.9920 2.0510 0.01002.17800.0190 0.9140 0.00902.5270 0.0240 0.0330 0.0010
87-025-51¢ |10.002 23.3 45.0 7.8 42.8 69.5 0.9852 4.1692 0.02164.03740.0280 1.0017 0.0087 1.7105 0.0088 0.0335 0.0003
87-025-51c {10.002 22.0 440 3.9 83.4 2.5 0.9630 3.1196 0.06224.04700.0273 0.7477 0.0154 1.7232 0.0082 0.0167 0.0016
87-031-66b |9.999 9.3 16.0 2.7 19.2 85.8 0.9800 2.0810 0.01801.95500.0170 1.0330 0.01301.97100.0170 0.0280 0.0010
8§7-031-66b [10.001 9.5 15.9 2.6 66.6 77.1 0.9920 2.0730 0.01001.93300.0110 1.0400 0.00801.96700.0110 0.0280 0.0010
87-67a 10.000 6.1 64.0 3.9 64.5 28.1 0.9338 6.0870 0.05724.70520.0257 1.2549 0.01361.1459 0.0043 0.0181 0.00006
87-67a 10.000 5.9 064.9 3.5 49.5 77.9 0.9209 5.4370 0.02734.65000.0260 1.1340 0.00851.11700.0040 0.0160 0.0003
87-74a 10.000 7.7 149 2.6 33.4 46.5 0.9356 2.0966 0.01061.88100.0100 1.0812 0.0034 2.0067 0.0110 0.0294 0.0006
87-74a 9.999 7.8 14.6 2.3 $7.9 592 0.9478 2.0786 0.01411.87810.0094 1.0736 0.00902.04320.0102 0.0201 0.0007
8§7-036-76b 110.000 9.0 15.0 2.3 64.7 45.1 0.9860 2.1550 0.02201.93200.0230 1.0820 0.02402.0660 0.0260 0.0260 0.0010
87-036-76b [10.001] 7.8 15.6 3.0 62.3 57.9 0.9790 2.2090 0.02401.97700.0240 1.0840 0.02502.00700.0240 0.0330 0.0010
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SAMPLE |weight| % [[U] [[Th]| % U [% Th| Th |230Th} o 234Ul o |230Th| o (234U| o |232Th| o
(g) kesid|ppm|ppm|recov.recovdecay|228Th 232U 234U 238U 234U
87-85a 9.999 27.1 21.1 6.3 57.5 72.4 0.9544 1.9132 0.00892.82110.0119 0.6578 0.0042 2.6868 0.0116 0.0372 0.0005
87-85a 10.001 27.5 20.3 6.7 7.0 81.7 0.9611 1.9176 0.03302.70800.0255 0.6869 0.0069 2.6868 0.0279 0.0409 0.0005
87-95a 10.001 6.4 23.2 2.7 69.0 15.6 0.9611 2.1565 0.0168 2.0634 0.0155 1.0138 0.0110 1.3920 0.0096 0.0278 0.0003
87-95a 10.002 6.5 14.8 2.3 84.7 76.3 0.9554 2.0921 0.0177 1.92840.0135 1.0523 0.0116 2.04120.0147 0.0251 0.0008
87-96a 10.001 8.1 17.2 2.3 77.2 55.2 0.9554 2.0610 0.02022.60320.0181 0.7680 0.00922.4130 0.0164 0.0183 0.0007
87-96a 10.002 7.8 41.3 1.7 49.8 12.4 0.9687 2.0303 0.01592.62310.0225 0.7508 0.0087 1.0074 0.0064 0.0138 0.0005
87-61-130b [10.001 20.9 11.1 6.9 40.3 33.6 0.9697 0.9692 0.0059 1.2219 0.0057 0.7694 0.0059 2.0340 0.01 12 0.1009 0.0013
8§7-61-130b [10.001 21,1 11.2 6.7 57.6 72.0 0.9573 0.9710 0.0059 1.2323 0.0070 0.7643 0.0063 2.0435 0.0135 0.0980 0.0013
87-69-140b |10.001 9.2 14.5 2.2 38.1 14.0 0.9639 1.8520 0.02222.47200.0150 0.7267 0.0098 2.7424 0.0176 0.0187 0.0009
87-69-140b |10.001 7.7 13.2 2.0 70.4 92.2 0.9497 1.7629 0.00932.39760.0123 0.7132 0.0051 2.83700 0.0167 0.0170 0.0004
87-82-153b |10.002 6.6 11.5 2.2 06.3 20.3 0.9544 2.1854 0.02832.058060.0117 1.0298 0.01462.7923 0.0186 0.0229 0.0013
87-85-157b |10.001 28.3 21.4 7.1 46.5 55.8 0.9273 1.8599 0.0093 2.69800.0127 0.6672 0.0044 2.5608 0.0121 0.0427 0.0005
87-85-157b {10.001 28.0 20.3 6.8 38.7 40.2 0.9459 1.8507 0.01042.62230.0121 0.6846 0.0049 2.62061 0.0128 0.0438 0.0006
8§7-86-160c [9.999 25.9 21.9 4.3 82.8 34.9 0.9412 1.8928 0.0173 1.6809 0.0085 1.0923 0.01151.8632 0.0099 0.0445 0.0012
87-86-160c |10.000 26.5 18.4 4.0 33.2 61.7 1.9020 0.0073 1.6786 0.0083 1.0991 0.0069 1.8139 0.0091 0.0455 0.0005
87-91-189b [10.000 6.8 15.2 2.4 54.7 78.4 0.9620 2.0936 0.0162 1.86520.0160 1.0888 0.01261.9314 0.0170 0.0278 0.0003
87-91-189b |10.000 6.9 149 2.2 52.4 90.4 0.9535 2.0811 0.01221.89420.0176 1.0657 0.01191.9979 0.0191 0.0251 0.00006
87-105-204bH{3.933 34.2 12.7 3.7 86.5 83.1 0.9459 0.4247 0.00290.6011 0.0034 0.6853 0.00602.6770 0.0234 0.0360 0.0009
87-105-204H10.000 36.1 12.9 4.1 45.8 51.6 0.9544 0.9797 0.0087 1.5038 0.0110 0.6319 0.00732.6697 0.0241 0.0397 0.0011
87-252b 10.001 31.3 9.1 5.7 3.8 2.7 0.9630 0.6999 0.0167 1.36420.0402 0.4977 0.01403.2086 0.0707 0.0650 0.0041
8§7-253a 10.003 13.5 22.7 3.4 11.8 38.4 0.9910 2.0340 0.02403.25400.0600 0.6060 0.01302.42200.0400 0.0210 0.0010
87-253a 10.001 10.5 22.0 3.7 19.9 18.8 0.9900 2.2330 0.03803.32000.0110 0.6530 0.01302.4670 0.0100 0.0230 0.0010
8§7-253a 9.999 13.0 24.1 3.1 18.8 15.1 0.9890 2.0980 0.03703.44300.0510 0.5910 0.01402.4070 0.0310 0.0180 0.0010
8§7-253a 9.995 13.3 22.6 2.7 11.6 17.3 0.9880 1.9910 0.03703.26800.0560 0.5910 0.01402.44700.0370 0.0170 0.0010
87-254b 10.002 7.6 21.4 2.6 49.6 38.7 0.9563 2.3336 0.0207 3.4358 0.0220 0.6588 0.00732.5409 0.0149 0.0145 0.0004
8§7-256b 10.000 11.2 12.0 3.4 29.3 79.4 0.9535 1.7442 0.01151.62270.0214 1.0426 0.0154 2.2308 0.0383 0.0418 0.0010
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SAMPLE |weight| % |[U] |[Th]| %U |% Th| Th |[230Th| o |234U| o |(230Th|] o |234U| o |232Th| o
(g) Fresid{ppm|ppm]recov.recov.decay]228Th 232U 234U 238U 234U
87-L1W3 10.001 21.8 2.8 2.7 103.7! 46.9 0.9046 0.3643 0.00200.3517 0.0011 1.0048 0.0064 2.3403 0.0118 0.1384 0.0021
87-L1W3 10.000 22,2 2.2 2.5 92.8 85.3 0.9136 0.2921 0.00220.28010.0021 1.0114 0.0107 2.3458 0.0281 0.1561 0.0030
87-L1w4 10.001 140 2.9 2.3 68.7 60.4 0.8948 0.4221 0.00200.38250.0018 1.0704 0.00702.2900 0.0167 0.0999 0.0015
87-L1w4 9.999 14.7 3.1 2.2 62.5 91.7 0.9173 0.4494 0.0014 0.4368 0.0017 0.9979 0.0049 2.4234 0.0146 0.0991 0.0010
87-L26 10.001  18.0 2.1 2.3 83.8 94.2 0.9073 0.3059 0.00140.27630.0013 1.0739 0.00722.4048 0.0195 0.1566 0.0018
87-L26 9.999 17.8 2.0 2.1 81.8 75.1 0.8289 0.3058 0.0024 0.26600.0022 1.1151 0.01272.3997 0.0324 0.1456 0.0038
87-L28 10.001 151 18.9 2.0 97.0 92.8 0.8781 3.0452 0.0069 2.8868 0.0057 1.0233 0.00312.62820.0054 0.0137 0.0002
87-S13 10.000 27.1 28.8 2.9 75.5 53.3 0.8364 7.0533 0.03264.4948 0.0149 1.5221 0.00863.1299 0.0098 0.0108 0.0002
87-S13 10.000 26.4 29.7 3.9 87.8 68.8 0.9182 8.8014 0.04044.61100.0177 1.8515 0.01113.08560.0110 0.0116 0.0002
87-530 10.000 21.3 25.8 2.4 40.3 59.6 0.8389 6.6213 0.03084.2167 0.0230 1.5231 0.01103.02750.0146 0.0100 0.0002
87-S30 9.999 20.6 25.0 2.6 81.8 87.4 0.8877 6.5372 0.01944.12590.0120 1.5369 0.0064 3.0030 0.0079 0.0116 0.0002
87-S37 10.000 21.6 21.6 3.0 74.7 81.6 0.8833 3.9044 0.01083.40460.0093 1.1124 0.00432.9450 (0.0083 0.0157 0.0002
87-S37 10.001 21.7 21.1 2.9 46.6 83.8 0.8720 3.9194 0.0068 3.41930.0083 1.1119 0.00333.0226 0.0076 0.0153 0.0001

0?1
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Appendix D.

Sample record sheets

The laboratory records for each radiometric analysis are
reproduced below.



URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: 77 -ceG €19 Lab number: 18/7/90 3
Sample:
/ . /l/é;/ 2 t)f’V‘l - '4( u-(
Sample  weight: 0. “"'j
Residue weight: ¢ %2/ %residue: #. /o

Weight dissolved: 4./ 70 Jesoluble: ¢/. 7+,

Sample treatment:
—

Date of U-Th sepn: /4/7/9c Counting delay: /& .fiys 228Th decay factor: O 4 ¥¢23
Spike activity: U:/ dwdyraAThe v 2807 oA Mis spike: /o
Date of plating U eszpeo T Lu/p i

URANIUM Counttime: $2%54> Star: /£ 454 ssfsfro Swop: ¥.2Sp (/Y
Channels counted: =30  +10 ({0, /0 Ai-ves Ld- 4"‘”’)( sp= < <F7)

Count std dev bground |tail net Zesid  dev/100
B8y liggor 37 / 45 | 295 /2! ©.00ER
234y 31276 63/ 77| 178 300/ 0. oS Z
22y 14873 gs /104 | -— /6769 Y
Bground : a2yg40 ¢34 (‘ 52¥y/ 3)
Tail mclhod 217 "‘""é‘”"j
THORIUM Countiime: $O4 Sian: 12497 /870 Siop: R -4S0 BE/O
Channels counted: =30 10
Count std dev bground |1ail net %s1d dev/100
232Th | 3657 ! 12 / 20| 40 397 ©.-01 B4
20Th  [22257 40 /47| 200 128010 0.0027
28Th | ¢gas] q0 /05| 1780 64366 0.004- |
224Ra [ 59523 298 /341| 600 CTSTEC 0,00 4-2
Bground: /&0 -r>A [, S<%3)
Tail method: 4’4/’ 0. 22T57,
kil

r 232220, 7 . 220,79
/€ e>‘¢-—va4 y2%

RESULTS;
234U238U: 2.00Sa  sid dev: ¢ -0200 234U/232U:/ . 2493 sid dev: ¢ v/ 8 S
[U) ppm: /4-. 7 Uyield: ~ 702% 7
228Th-0.054Ra: &12c.2  228Th/decay factor: ¢ 25cs”  228Th-232Th: S¥<¢& CRIZ2YJ
230Th/228Th: 2. /730 sid dev:o o1/¢

(Th) ppm: 2.7 Thyield: 35.0Y%

230Thf234U: /./ 751  siddev.0.or30  Spike 228Th232U: O 7 7

Correct 230Th/234U: /. 139 %  siddev: ¢;.0123 232Th234U: © . 032  sid dev: 0 (x00 ¢
Age (kA): 275 7 (+) 249 4 ()24

(234U0238UN=0: $ £99  siddev: ¢ ¢S4 234U/238U age: sid dev:

Comments:
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: %7 0%e ¢y Lab number: 2¢/6/9¢ 4
Sample: oy lo Vidley s frine cobonude

Sample weight: /© ©/y .

Residue weight: TS Gresidue: /7T

Weight dissolved: Tl %soluble: O . |

Sample treatment: ---

Date of U-Th sepn: J//¢/4o  Counting delay: ./Jeciys 228Th decay factor: @ 787
Spike activity: U: /- o dy /radTh /- #5705, / 1w Mls spike: 7O

Date of plating U: Th:
S 1S 7 9. #S5a H 7
URANIUM Counttime: 4CO%A . Star:  srDfe Stop: S~ 2/ F
Channels counted: - ¢ <l
Count std dev bground |tail net Zuvsid dev/100
238y JOE93 FrLe 325 2OOTE 0. ey
234y 44436 Xy 202 G553 C cos
232y 2544 /oy - 25889 c 0ot
Bg.round : elFrre S (:'40'4/7?}
Tail method: 70 .cws& d&.7 :
THORIUM Count time: 474 Swan: /) /7 Stop: s #/?
Channels counted: . IS, 1o
Count std dev bground |tail nelt %sid dev/100
232Th Ji ¥ F 1 2S go | 2322 o Ul
230T 4408 603 lo,| 48482 0. voy
228Th S1635 le?| w77 | Jo481 [ coo
224Ra 2¢.05 37 400 25 3e 0006
Bground: C/TFreo 74 477373

Tail method: J;t,?, el & A 7L

RESULTS:

234U0238U: 2.17¢ siddev: ©.006 234U/232U: / é600sid dev: ¢ -0 1D
[U) ppm:  23.y U yield: 44~ 5

228Th-0.054Ra: 228Th/decay factor: 228Th-232Th: 27/42

230Th/228Th: /. 7400 sid dev: ©.0200

(Th) ppm: /S Thyield: 4/.7

230Th/234U: ). vey sid dev. © <2< Spike 228Th/232U: 0.9 #

Correct 230Th/234U: o ¢ sid dev: &> @43 232Th/234U: 0.05/C  sid dev: 0.0c)
Age (kA): 24 4. 7 +) (&1 () s.T
(234U7238Un=0: 5 <4 std dev: ©O- <~ 234U/238U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: & 7 -©r4 -32¢ Labnumber. /0/7410 ¢
Sample: 7;]4« l/fl/éy liscos bt corbonllo
Sample  weight: < 9444

Residue weight: S 40k %eresidue: S/
Weight dissolved: ¢ s/ %soluble: €547
Sample treatment:

Date of U-Th sepn: ¢//7/7° Counting delay: /%«tays 228Th decay factor: ¢ .9/

Spike activity: U:/ &8 )ianATh: + 75 @, 10us5 Mls spike: /&
Date of plating U: Th:

URANIUM Counttime: 43724 San:  7-3g, 2¥? Swop: 5, 25/7

Channels counted: - £ (/0

Count std dev bground [tail net %std dev/100
238y L A4 3E 23y 300 Degoy o vee
234y 6 33FF 223 754 62763 e .cof
232y 4995 7 /16 - 4954/ oct

Bground : 75A (/43’/,./,3)

Tail method: 272, e e B3y

THORIUM Counttime: /74 Suan: // 30a 3¢/7  Swop: 4 39> /7
Channels counted: -30, # /O

Count std dev bground |1ail net %s1d dev/100
232Th PRI O 4.0 L2 45" €22
230Th S/68 59 < [ 4O 3/65S C.006
228Th JF66R "/'5 e e 229y o 006
224R a 4093 15 & SO0 PZAYE

Bground: 734 x 295
Tail method: ... bl - 222
Grarial g Ay
RESULTS:
234U7238U: 7-3/6  sid dev: 0-043 234UN32U: 7 25< sid dev: ¢ ¢3¢
[U] ppm: /2. Uyield: 54
228Th-0.054Ra: 228Th/decay factor: 228Th-232Th: 2 #?29
230Th/228Th: /. 2¢%90 sid dev: o.¢/S0O
[Th) ppm: $ .2 Th yield: 62O
230Th/234U: /- o/ ¢ sid dev. @ .02 3 Spike 228Th/232U: © . v~
Cormrect 230Th/234U: ©-93%  siddev: ©°© 722 232ThR34U: © © 72 gddev: O o 3
Age (kA): 2762 (+) /3.0 () 18
(234U238Un=0: ¢S 4/ std dev:  ©.< 35 234U7238U age: sid dev:

Comments:
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Sample no:

URANIUM-THORIUM SAMPLES.

UNIVERSITY OF WAIKATO.

572-0/4-32.

Lab number:

)
S, e,

7a7 fon Kr/éj (étc.dAu/e L‘a\/(u--m:é

Sample:
Sample  weight: /¢ <O
Residue weight: 3 82

Weight dissolved: é.¢76

Sample

Date of U-Th sepn:

Spike activity:

treatment:

Date of plating U:

249,090

Yoresidue:
%soluble: ¢.¢ 2

Th:

z2%Z

LG

/

Counting delay: 7 .iys 228Th decay factor: ¢ Ggc¢
U: 1 et sa0-€The 1 75 13 /icemds MIs spike: (&

URANIUM Countiime: 774 Star: Go 22/7 Stop: 3. 23/ 7
Channels counted:  # /¢, - ¢ < ’
Count std dev bground |1ail net %sid  dev/100
238y 1223 (€5 276 1879 © Gty
234y 27974 35y c 245 Q73 7/ | e ove
232y 22437 5 4 - - 22383 | 0 06 7
Bground C/Pr10 7 3A X275y
Tail method: 2 750) .,..”étd:a]
THORIUM Countiime: 774 Sta: /7 Y5 IB/7 0 Siop: o sse ses%
Channels counted: ro - 4o
Count sid dev bground |tail net %s1d dev/100
232Th 6B6 2 2 7 Fyo €133 6. €©/33
230 E490C 175/ 250 srovo 2l @m.ooig
228Th TCr20 Ze<s S 2 e 274 oL UGN R
224R a 3628 457 | r2so SE3RE
Bground: €/ 70 234 ( 7//;3)
Tail method: 2/¢/% .o &l gl 229, 2, ’
o ALt J tyjé,ud-%

RES S:
234U238U: 2. 3/0 siddev: 0.05s 234U232U: 1/ 223osid dev: © -0 16

(U} ppm: J/ 7 Uyield: 746
228Th-0.054Ra: 228Th/decay factor: 228Th-232Th: 6735¢
230Th/228Th: /- 2690 sid dev: ©.04

(Th) ppm: S0 Th yield: 31-S
230Th/234U: /. 032 std dev. ¢ <'wu Spike 228Th/232U: ¢ /3
Cormrect 230Th/234U: /- < 7 sid dev: @ <2 232Th/234U: © ©7239 sid dev: © vl
Age (kKA): 276G +) 1549 () 12/
(238UR238UN=0: 3 44  siddev: ©- <. 234U238U age: sid dev:

Comments:



Sample no:

URANIUM-THORIUM SAMPLES,

B7-083a

UNIVERSITY OF WAIKATO,

Lab number:

7‘\j/¢.-' M‘léj Lac - cab

Sample:

Sample weight: /0. vco
Residue weight: 1 327
Weight dissolved: 2 e¢73

Sample

treatment:

Date of U-Th sepn:

Spike activity

U:

: U: /‘-Eooyk‘,\a'h:
Date of plating Th

%residue: 7§ 3

%soluble:

28/e/90

Be F

2

Counting delay: /S%~3 228Th decay factor: © - % 57 o
1 78 13y/r-4Mls spike: 10..6

126

URANIUM Counttime: 29 72A Start: /o~ 27 Siop: 6-35s 2//F
Channels counted: ~-3©, »75
Count std dev bground f1ail nelt %sid dev/100
238y 25799 /e 4 59 25 1.2 0 oces
234y 2766 TED 52| S2043 Co et
232y 2792é 2K — 2 7C8T C ey
Bground or7he pia r '”'3/4])
Tail method: 242 ) . sz
7
THORIUM Countiime: 2 74 Sta: /35w /P/F Siop: 2°3S se/7
Channels counted: A YR
Count std dev bground |tail net %sid dev/100
232Th Y 85 2 o 1096 O 46
230Th 48390 32 /55 %7 8€S 0 CoOFl
228Th ) 7350 95~ 261 26134 0.0
224R a Doos. e 6 70 /9799 e oce
Bground: /7 M0 SC (12?/73/

Tail method:” 27¢/2, . &l -

RESULTS:

22
%

féé?! 7,7{,&4./6 A oy

234U/238U: 2 «2z2c¢ std dev: @ w22 234U232U: 7 Ze® sid dev: ¢ w7

(U] ppm:

228Th-0.054Ra:

230Th/228Th:

(Th] ppm:

230Th/234U:

/5.2

/. 9¢ e

2.2

/o5

Correct 230Th/234U: /-¢20O

Age (kA):

(234U/238Un=0:

Comments:

sid dev:

std dev.

(@

std dev: ¢ 22

022

Uyield: GC-2
228Th/decay facior:
0.02y

Th yield: ¢F. &

228Th-232Th: J434<

232Th/234U: 0 2«40

2604 () 206 () /2.5
3.27¢  siddev: O-GSe 234U7238U age:

Spike 228Th/232U: 0?7

std dev: ¢ o

sid dev:



URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: F7-03%a Lab number: rer#fio D
SamPlCZ \71%./ [/14'(4_‘/ Qg . Q._/A‘,.M_é
Sample weight: /¢ c"t.~(3<;

Residue weight: /). o5 Y%eresidue: /7§

Weight dissolved: ¢ .¢44 %soluble: 79 .5

Sample treatment:

Daie of U-Th sepn: Counting delay: /& 228Th decay factor: ©. 9 &%

Spike activity: U: /B0 s /wdh: / 7S 13 /16 MIs spike: /0

Date of plating U: Th:

URANIUM Counttime: 254 Star:  $.390 25/7 Siop: 4-305 /7

Channels counted:  »/&2 -
Count std dev bground |1tail net %s1id dev/100

238y Je s /59 Fac|  Jsges 0 006
234U Ss905 T 52 2/6 3306 F SO0 OOF
232y JD0510 e/ JEIS A (SR TA

Bground : («2343)

Tail method: 2360 ,4,_‘.4‘/4?

THORIUM Count time: €A Star: b 27T Swop: M Y7

Channels counted: - /2 3y
Count std dev bground |1ail net %sid dev/100

232Th DAY 25/ o /EZ 7 . 003
230Th 65 £2Y 5O /5ol w2899 € s
228Th 55239 2/9 7 % F4042 0. 006
224R R G120 -2, Kels 2¢ ST ©.OCT &

Bground: .

Tail method: 72 gl v <240

(‘,/4/’ J 5}0-'»1 L&lg
RESULTS;

234UN38U: 2.0S5S3 siddev: o -02/7234U/232U: / 8S<sid dev: © o4

(U) ppm: /4.©  Uyield: 87 7

228Th-0.054Ra: 228Th/decay facior: 228Th-232Th: 3/27/

230Th/228Th: 2.¢59¢ sid dev: ©-.ozre
(Th] ppm: ) g Th yield: 3+ 7
230Th/234U:  r. //¢ sid dev. ©-©2 3 Spike 228Th/232U: .92
Correct 230Th/234U: /-0 77 siddev: ¢ 22 232Th/234U. © o352
Age (kA): 29/ & (+#) 249 () 20.9
(234U238Un=0: S 3§ stddev: © < 3 234U7238U age: sid dev:

Comments:

std dev: ¢ .o v

127
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: 2 7-0/5- 34c Lab number: 26/7/9C /
Sample: ]"fé'/ ;4/4/, &adrﬁlw b

Sample weight: G4

Residue weight:  2.27¢5 oresidue:  22-7
Weight dissolved: 7-7/¢ %soluble: 777, /
Sample treatment: /:/,}\: ~ 7Y,

Date of U-Th sepn: J7/7fw Counting delay: Z& s 5 228Th decay factor: . 7745
Spike activity:  U: 7-3a& 204 Th: . 75 &; /euts Mls spike: /¢ '
Date of plating U: H/? Th: 2/

URANIUM Countiime: 7Z#4 Stan: /-5 22/F90  Swop: 3.4, 25/5RC
Channels counted: -30 »/0
Count std dev bground |tail net J%esid  dev/100
238y 14990 8 /2¢ | 351 /4613 O 008
84y (24448 2/ /7 | 1254 23/ 74 0. vCEF
232y 17402 12/ 25 BF37F | .00k
Bground : 2 7/5fe Sv4 (X 74/s1)
Tail method: 23 "“""”“’;‘;”
THORIUM Count time: 74 Stan: (- 455 2YEMS Stop: 4$p 3/2MO
Channels counted: -30,«”0
Count std dev bground |tail net Jostd  dev/100
22Th | 44154 ¢ (165 | Qa0 3744 0.CIEO
20Th | s0018 74 /543 120 38R 0.0 /10
228Th | 32526 s /32| 33T | 24379 ¢ 006 O
224Ra | 35502 104 /1474 220 35408 | o wosé
Bground: 2%2/1¢ <A ('( 24/5)

Tail method: 247, .40 £ 2277
m ey W(‘“/ﬁf e hale :)1,&‘ .
RESULTS; N ;

234U/238U: /.SESE sid dev: C-0/7.2234U/232U:D-2€ S2s1d dev: 0- 020

[U) ppm: 3.2 Uyield: 2. 2%
228Th-0.054Ra: 3.2S €/ 228Th/decay factor: 373435 228Th-232Th: 24¢ 84 (© £5)
230Th/228Th: C- 3/ SO sid dev: . co¢/42

[Th) ppm: 7.0 Th yield: 2&.9A
230Th/234U: B/ F8E sid dev. O ¢ &/  Spike 228Th/232U: .9 7
Correct 230Th/234U: //-'.;;?9 std dev:©.¢/7C 232Th234U: 0. 3929 sid dev: 0 06 3
Age (kA): =< *+) ) dpe w” Lg = 508 Set
(234U/238Un=0: std dev: 234U/238U age: sid dev:
Comments: M,,xgmém;;ﬁw\-ﬂr,_w /\ij OJ) A—fj( 2
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: F7Z-¢/S-34c Lab number: 18/3/a0 |
Sample: ‘:7‘("/",, valle Lecery bime cordinadl

Sample  weight: 10000y

Residue weight: 2. 34/ %residue: 27.4
Weight dissolved: ?e59 Josoluble: 7¢.¢
Sample treatment:

Date of U-Th sepn: 19/ 7/ Counting delay: AFdiys 228Th decay factor: (» ¥ 23C
Spike activity:  U:/ 88 carsThi s 75 13 /2005 Mls spike: /e
Date of plating U Js7pv0  Thi ag/2

URANIUM Counttime: /3 /A Stant: 630,  9/p/70  Swop: /730 sS5/E/F0
Channels counted: - so, 410 '

Count std dev bground |1ail net Tesid  dev/100
238y S5 3 Jios | 2gs” 5$3.25 CoOr4F
234y 9882 s2/122 | 452 8 745 O.co 120
232y 30229 g /217 | — S 1 0.0CTE

Bground :  Ju/¥/ve 434 [ <13%43)

Tail method: ettt o7 25T0

THORIUM Count time: 52%’»3’31‘”. San: // 4Sa  1$5/2/f0 Stop: 425> /7/8/%0
Channels counted: -3§  #/0

Count std dev bground |1ail net %s1d dev/100
2321 I283 19/ 23 BO 3B 0.017%
230Th |,3¢€r $6 /50 | 2o 13308 c.00g8
28Th  |3¢224 o0/ 12¢ | jo27 35173 £.c0SS
224Ra 33418 210/ s02| 279 32776 | c.oo5e
Bground: Ji/gho 34> _ (x S'f_/-, )
Tail method: 2¢.2, |, &/ o 22277, 43

RE j}ﬂ/\/}u/y A Taniasgn s Ay 242,

234U/238U: 7-642 ¢ sid dev: 0.031.2 234U7232U: ¢ 2491S sid dev: 0.0034

[U) ppm: 3,4  Uyield: /S &%
228Th-0.054Ra: 3334 & 228Th/decay factor: 343< 5  228Th-232Th: 31123 (v ccece )
230Th/228Th: 0. 42 25 sid dev: ©O-Q©O04-7

(Th] ppm: 5. 7 Th yield: 4. 6%

230Th/234U: /1 «4€6%5 std dev. -0/ €3 Spike 228Th/232U: ©. 97

Correct 230Th/234U: . 4225 sid dev: ¢. < 17§ 232Th/234U: - 34CC’  sid dev: ¢.c ¢ £
Age (kA): o +) )

(234U/7238U)=0: std dev: 234U/238U age: std dev:

Comments:
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URANIUM-THORIUM__SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: F7-Ci172-3I7b Lab number:  /2/¢/7¢ 3
Sample: Antuche  aobonale

Sample weight: ¥ 799 .
Residue weight: 6 831 Gresidue: & 3%
Weight dissolved: ¢ /¢ ¥ esoluble: < /1. F7%

Sample treatment: -7, Fhe Ao ‘{)L{/_/ gellns sefe o5 HJAC crle

Date of U-Th sepn: /4/¢/7C  Counting delay: 7 228Th decay factor: . 77C
Spike activity:  U: ¢ /88y/~! Th:c1#S ;- Mls spike: /0
Date of plating U:. -~/2/e Th: s4/¢

URANIUM Counttime: /%A Start:  // 9pm 2650 Siop: G 19pe 21)0 /4
Channels counted: 4 1, BO
Count sid dev bground |tail net %sid dev/100
238y 12672 & /3 14 J42 151.2.2 o cod
34y 40188 200 38 229 29261 0. o0s
232y /6 BOE 130 92 — 1€ 716 0.CO%
Bground : Isfe/i0 HHn (a3) (M)
Tail method: 2000 el
THORIUM Counttime: 7841, Start: @30~ 21/c /90 Siop: 4p- 22/ /70
Channels counted: 7 /5, - 3S
Count std dev bground |1ail nel %s1d dev/100
232T1 1§22 24 60 /s /44 7 O 028
230Th 62619 250 /7S 25 629149 0.0Gq
228Th 25927 /61 /7! 60 256906 0 006
224R a 3433 (11215) O coq

Bground:  35/e/io ok (413 (1 79%4,)

Tail method: D, ekl o PR s j"/’"“/é

RES TS;

234U7238U: 2.200 siddev: o ¢ ) 234U/232U: 2.38S sid dev: © © 23
[U] ppm: /73 Uyield: S4-5%

228Th-0.054Ra: 2§090 228Th/decay facior: 2 3€¥2 228Th-232Th: 23¢43

€ co?)
230Th/228Th: 2-6/4 sid dev: © o2 g

[Th) ppm: 2.7%2 Thyield: 90.6 %

230Th/234U: /- © F¢ sid dev. L.C.0iq Spike 228Th/232U: ¢. 9 7

Correct 230Th/234U: /- 063 std dev: ¢.¢r3 232ThR234U: €02y  siddev: ¢ coy
Age (kA): 277} ) D20 ) o

(234U7238Un=0: 3.%¢! sid dev: 0034 234U/238U age: _~  sid dev:

Comments: 2290 o Mz] D238 feoer). B

/’du /47'\ 5 Z“/ //“/ "/6; -;‘é‘j,\/ J(l""é’/ &« o.‘/ é-)/ 712/ connits }/gyy ,,//,5

N \7./-»'\ Cen Some Aok £ was, )

4
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: Z7-¢/7-3Fh Lab number:  2//c/90 3
Samp]c; ,4'\/”"4‘ ST YOt 4 C.¢ /‘v’w ,«:/ 33Z. j,?/,z(fr}u'éu!

Sample  weight: /o.0¢/

Residue weight: o ETS %oresidue: & -7
Weight dissolved: a.lle %soluble: 4. 1% _
Sample treatment: o, . oL bk afe inidl AR T oo

Slabi o el B N YOy

Date of U-Th sepn: 26-¢ /€ Counting delay: /S-Gys 228Th decay facior: ¢ 7% 5
Spike activity:  U:e 7864 ~/ Th: ¢ /#5 « < Mis spike: /0
Date of plating U: 2v-6 v« Th: p4-6-a0

URANIUM Countiime: 244 Start: /& /Sam  £/7/90  SIOP: 10 15w 5/3p00
Channels counted: - v, 4/§
Count std dev bground |tail net Jes1d  dev/100
238y 22107 149 171 384 21852 0 OO}
234y 47046 2/7 415 133 4es51C 0.0
232y 15587 140 6" - /49522 & oot
Bground : o/HIOB(/2) (< Y3y

Tail method: 230 et L

THORIUM Count time: 24 Star: /7 20 12 )50 SIOP: £S5 1275 g0
Channels counted: 40, 410
Count std dev bground |tail net %sid dev/100
232Th 1746 <2 96 /15O 1500 A,
230Th 6565/ 264 359 120 6542 oo
228Th 31093 177 G0 | 4932 29,7/ 0 0o6
2R a 2720 164 16 Y 75 2e 1S/ O 006
Bground:

Tail method:
RESULTS;
234UR38U: 2. /S & sid dev: ©-©r¢ 234UR32U: 2 332 std dev: ©.v20
(U ppm: /7 3 Uyield: S7-/%
228Th-0.054Ra: 2776 ) 228Th/decay factor: J6u6/  228Th-232Th: 2626 2
POTW228TH: 2593 sddev: 00ar )

[Th) ppm: 2 ¢ 3 Th yield: %0 ./,

230Th/234U: /- C B¢ std dev. ©.0/3 Spike 228Th/232U: ¢ 97

Correct 230Th/234U: /0S¢ stid dev: @ v:72 232ThN234U: O «“24 sid dev: @ oo
Age (kA): 267§ ) e e o

(234U238Un=0: 3 446 siddev: 0.0 3¢ 234U7238U age: — sud dev:

Comments:



URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: §7-024-4%c
Sample: pfarchi ol

Lab number: 21/6/40 2

Sample  weight: /0. 00y

Residue weight:  2-049 %eresiduc: 2/ .O
Weight dissolved: 7.9¢ / %osoluble: 76 o

Sample trcatment: S eniolee

v .x/f// 7;44/'/4‘*4/ )@’lzv .%’/ g/{u ”/’""f'/'v .

Date of U-Th scpn: 26-6- 90 Counting delay: 228Th dccay factor: ¢.9€4

Spike activity: U:0./8 35 /~/Thio 175 & s~/ Mis spike: /o

Date of plating U: 79/ Th: ey

URANIUM Counttime: JZh Start: Stop: "

Channcls counted: 4/, -45
Count std dev bground |tail net %std dev/100

38y 16219 127 /17 1130 /4972 0.009
234y 41110 203 323 395 40387 0.005
32y 187243 137 52 — 1565/ 0.00 7

Bground :

Tail method:

THORIUM Count time: 2354 Start: Stop:

Channels counted: /., -35
Count std dev bground |tail net %std dev/100

232Th Q1S 7 46 {2 4S 2026 0.024
230Th 55334 235 341 90 54903 0.004
228Th 30076 173 z( E/S 25/80 0.c0c
229R a J66 /S /63 /56 3e0 26049 | ©0.006

Bground:

Tail method:

234U/238U: 2,696  sid dev: ©0-02F 234U/232U:4.767 sid dev: 0. 0,9

[U] ppm: 4.8 U yicld: $96% jfﬂ:a«lz
228Th-0.054Ra: 27727/  228Th/decay facior: 26/63  228Th-232Th: 2S 74§
230Th/228Th: 204 3 std dev: 09/ 7 (oo

(Th) ppm: 4 /% Th yicld: 9/~3%5fv=o 22

230Th/234U: ©. 9%/ stddev. 0- O 1% Spike 228Th/232U: ©.9 7

Correct 230Th/234U: O 942 sid dev: 0.0/2 232Th234U: 9936 stddev: 0.00 i

Age (kA):  /29.56 +) Joa () S35
(234U238Un=0: 3-884 siddev: 0 040  234UN238U age: sid dev:

Commecnts:
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URANIUM-THORIUM _SAMPLES,

7014 -48

UNIVERSITY OF WAIKATO,

Sample no: Lab number. 2/ /50 2
SamplC: Aﬂﬁ’t'k g'.;/b'unl’é

Sample  weight: so.00/

Residue weight: ooz 4 Zresidue: 20 2

Weight dissolved: 7.97¢ %soluble: 79 &

Sample treatment:

Date of U-Th sepn: s4/¢/%0

Counting delay: 7.4 228Th decay factor: (o 9o

Spike activity: U:oed 4~/ Th: o35 4/~ Mls spike: 70
Date of plating [SHE S Th: ../
URANIUM Counttime: /%A Stan: Stop:
Channels counted: - - 70
Count std dev bground |1ail net Zesid dev/100
238y LO0E4 /42 422 739 /6223 PRZF-
234y 492 C 222 273 3¢2 4857 0ot
232y /4 2 82 - 228 S 0 GO ?
Bground Ispe/e0 adn (B)(N,)
Tail method: ./ o 25y
THORIUM Count time: %7 h Stan: Stop:
Channels counted: 10,-30
Count sid dev bground |1tail net %s1d  dev/100
232Th S404 73 2 e /3 0.014
230Th 144637 3JEO 5 20 /44409 O ool
228Th 77%7 22& ¢ ( %56 7€ 350 o VG4
224R 5 23304 /65 Ja44 2% 235%S PR R
Bground: 25140 4k (/1) , 70&44
Tail method: e ] P
P ikl £ 2T o 5 rghis § _
RESULTS;

234U/238U: 2.527
[U) ppm: /5.2
228Th-0.054Ra: Jsv &
230Th/228Th: J.c$)

(Th] ppm: 34¢ Th

U yield:

228Th/decay factor: 3c424

sid dev: ©-0a4 234U/232U: 2./7¢& sid dev: oor9

B gf-c 22

228Th-232Th: 64 8¢

(c oce)

std dev: ¢.vrQ

yield: 722./% ]«/»__.,)2

230Th/234U:  ».942  sddev. ocwd  Spike 228Th232U: 0 77
Correct 230Th/234U: © 9/ 4 std dev: 0 00T 232Th234U: £.0% 3

Age (kA):  /79.¢7 +) 400 () <87

(234U7238Un=0: 3.2  suddev: 0.0y 234U1238U age:_— sid dev:

Comments:

QSIM PQAIQ wnt .
50 M"ejulm fah

Prs p--”’d ,

s Hed -

sid dev: . Q0/
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URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: 7 -02§-Slc Lab number: /§/7/90 2

Sample: v ‘d . .
.‘4;7,4” Fa 4/ &(¢¢‘4//M¢ C,,';A‘;.:‘M:é

Sample  weight: 0 Cody

Residue weight: 2. 5% Doresidue: 2¢ 3

Weight dissolved: 7 c&g %esoluble: 7%

Sample 1treatment: "‘J“/ N T N~ (VA VN A

Date of U-Th sepn: //7/7¢  Counting delay: /S-é7s 228Th decay factor: . 725.2
Spike activity:  U: 204 7%5Th: /- 2575, /00ndMis spike: /0
Date of plating U: 2¢/7/70 Th g/

URANIUM Counttime: /57 San: €35 YB/10  Swop: 1. 30a S/E/4O
Channels counted: -30, +/0 [imetl Ar-res o/c:&/e,)’(;]/ ~0 %)
Count std dev bground |tail net %ostd  dev/100
238y 64618 to/ 127 | 64 6& 62842 | & 0c4
234y (08032 s¢/ 172 | o9 1024l | o cos i
232y 26837 72/ 213 — 26629 | 0. 0064
Bground : 2yz/90 434 (> 1¥74z)
Tail method: 2¢3.) ,.‘.mz.y
THORIUM Countiime: &6 74 Stan: /2. 30> ¢/840  Siop: 5.3, orzfpo
Channels counted: -30, #/0
Count std dev bground |tail net Jos1d  dev/100
232Th  [43¢8 e / 25| 340 Qx> 0. G
20Th  |2£9490 41 /64| 220 269206 | 0 004
28Th 39580 31 / /20| 3347 76123 | 0. 003E
224Ra 43570 24] /376 | 700 67394 | o0.00 3¢
Bground: /w590 434 (*e3)

Tail method: v ., ¢ 4. 277
cr,\‘ﬁ'-'m‘é J“/\L{’;,‘V,A 3 J’é }44 27,280 5
RESULTS: : ;
234U238U: /- 7/0 5 sid dev: 0- 00 FE 234U7232U: 03 24 s1d dev: ©. 0 28O
(Ul ppm: 4§.0  Uyield: ~42,.2%, 7
228Th-0.054Ra: 724483 228Th/decay factor: 73S 7%  228Th-232Th: 64570 (0. cs47)
230Th/228Th: 4772 std dev: ¢.c.2/6

(Th) ppm: 7.3 Thyield: ¢£¢.59%,

230Th/234U: /.¢: 8.2 7 std dev. c.00F7  Spike 228Th232U: ©.9 7

Correct 230Th/234U: s w7 2 sid dev: ¢ @& 7 232Th/234U: ¢ © 335 sid dev: ¢ (v
Age (kA): 2442 +) 2.4 () 7F-vU

(234U/238U)=0: .. #2¢ siddev: © <125 234U7238U age: sid dev:

Comments:

134
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: §7-0J45-§/c _ Lab number: ,26/?/:70 H2
Sample: 7 4 vully Gustin wbouls

Sample  weight: /¢ ©024

Residue weight: 21984 Jeresidue: 2.0
Weight dissolved: 5. g4 %soluble: 7.0

Sample treatment: j%//;(,‘ Ao U ‘74{‘/ O wobisamn ol A coleinn e |
/‘64 7;’,"1 /7 [P AV SSEN

Date of U-Th sepn: 27/7/90  Counting delay: 5 &ctays 228Th decay factor: +. 96§50

Spike activity: U:/-€0 8 joms Thir 7S 35y /005 Mis spike: /O

Date of plating U: 3y/#/90 Th: 1/8/a0

URANIUM Count time: 244 Star: 7:3Go 25/E/°  Siop: 438, 1€/
Channels counted: =30 , +10
Count std dev bground |tail net %std dev/100
238y 73669 8/ x5 |eese & FOrS 0 0042
24y |n3sge o/ S |2/03 15438 | ¢ woso
By  [2¢539 AR 28534 | 0 cosy
Bground : 27/£/%0 5/K {4 247, )
Tail method: <3tQ ,m;..é./&iy
THORIUM Count time: /634 Stan: /2785 3/9/50  Siop: 9O pfiaf0
Channels counted: = 30, +10
Count std dev bgrdund tail net %std dev/100
22Th |00/ no_/3356| 240 40§ o OYE
20Th |/944 93 (7 /00 | 3373 C COE |
28Th 3357 153 /495| 7CO & 163 0 OISO
224Ra | 8597 %49 [sor]| 290 S15 7 0 ¢ A0E
Bground: 27/%/50 S/4 (,. /aS/S/)

Tail method: 2¢2 _ 4t & 2357¢
\/4}044}4/ ,f. J“;“"’/Z/‘gﬂ»ué? 12Y&a

RESULTS;
;7232 G-0qF0 A
234U/238U: #3895/ sid dev: © €D 234UNR32U: 442 sid dev: 0-OL 73
(U] ppm: 440 Uyield: #3. 4%
228Th-0.054Ra: $ T77 228Th/decay factor: £6/622 228Th-232Th: S697 (¢ L“/i.?)
230Th/228Th: 3.//9 (G sid dev: 00622

(Th] ppm: 3. ¢ Th yield: 2. S,

230Th/234U: ¢ 79 @8  sid dev. 24 s@9  Spike 228Th/232U: ©- 7 7

Correct 230Th/234U: ¢ 7433 sid devi v or§4- 232Th/234U: © ©re 7 sid dev: © (06
Age kA): /30 4 @ 49 ¢ 47

(234U7238UN=0: 2.04 / siddev:ip .,  234UN238U age: sid dev:

Comments: ﬂ el Ahle - oo eu,,m,y
© sl 5'/7‘4 ,‘;-.‘/ J’/V)&_j



Sample no:
Sample:

Sample

Weight dissolv
Sample

Date of U-Th sepn: 2€/€/90

Spike activity

Date of plating

weight:
Residue weight:

red:
lreatment:

URANIUM-THORIUM SAMPLES,

n7-03/-6656

9 ‘/'75/4}
O . 128"
g o 7/

UNIVERSITY OF WAIKATO.

U: n¥/6/90

%eresidue; 7S

%soluble:

G 7

Lab number: )I/L/f[ o

&/ 7:(?6/ Vu/% d«:lccuo/"*.\-f’- WAU‘;‘._é.

136

Counting delay: A<’ cde 228Th decay factor: ¢ 950
: Uir- 50 i85y /10Th: 1- 75 8, /resads Mls spike: /O
Th: e fa

URANIUM Countiime: 774 Stan: & /0, 2wfe/50  SI0p: § Ty w/Pfic
Channels counted: -¢ S, e
Count std dev bground |tail net Jestd dev/100
238y 1976.2 /41 495 o [92EF o OCF
234y ?q/6 7 198 | 1[44- o 179723 o.0aS
232y 19621 /4-0 /¢4 3 Q (G428 c.co?
Bground : E/7/90  73nq (= ”'/;;)
Tail method: ’“‘"‘é‘/‘(“j o 27 i
THORIUM Count time: ¢ 74 Start: 5T #¢0 /7/90810p: & 4O YRk
Channels counted: - .?5‘/ 270
Count std dev bground |1ail net %s1d dev/100
232Th 12286 es 75 151 o.vss
230Th 42732 252 90 42040 o ocs
228Th 23620 co | g 4o J2I20C 0 oy
224R 4 2/6 €3 /16 00 2126 7 O oo 2
Bground: e/7/50 7tk (i2) NELT;
Tail method: 287 4 a0, Lat.d

vtAUs j/‘?"'/" u//7
RESULTS; V

234U/238U: /-9 7! siddev: 0 or7 234U2320: 79455 sid dev: &0/ P

[U) ppm: /7¢-0© Uyield: 77.2%

¢"~ 4
228Th-0.054Ra: 209 72 228Th/decay Tacior: 26 22 ¢ ) 28TSE230Th: /a8,
(l"- G f

230Th/228Th: 2. 0¥ ( siddev: O©.c¢:/ &

(Th] ppm: 2.¢¥ Th yield: & ¢ &%

230Th/234U: /- ©t49.  sddev. ©-<'35 Spike 228Th/232U: & 27

Cormrect 230Th/234U: , 033

Age (kA):  JNT. 4 O AN O VIR &

(234U7238UN=0: 2.9 siddev: ¢ ©2¢ 234U/7238U age:

Comments:

std dev: © O3 232Th234U: & .S2E gddev: . wo 7

sid dev:
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URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: $F-©3/-646 Lab number; s2/6/90 ¢
Sample: pw s cnbonte (e c,ds-//{/“/(:/é

Sample weight: /0 .00/

Residue weight: 0.9453 Goresidue: 7 S0
Weight dissolved: «.045 %soluble: <C- 3%

Sample treatment: U Ored 5 Fyes K Hher.

Date of U-Th sepn: /#/6/%0 Counting delay: & avs 2287y, decay factor: ©- 792
Spike activity: U: 618 &/~ Th: 0./75 &y~ Mls spike: /0

Date of plating U: s 7 Th: 2,/ 7
URANIUM Counttime: S04 A Star: 4 05> /E/70 Stop: ¢ 350 I//VC
Channels counted: /v - 70
Count sid dev bground |tail net Zestd  dev/100
238y 45456 220 35 1336 47082 0. 005
234y 93267 305 97 | $7¢ 425 96 0.003
232y 4815/ 219 217 - 47974 0. 005

Bground : 2s/e/70 Ata (#2) (« V/0y)
Tail method: N{é . 238,

1

THORIUM Counttime: 729 h  San: 4 $p  2Welr0 s0p: 5 4440
Channels counted: /0 -3¢

Count std dev bground |tail net %es1d  dev/100
232Th 4523 67 /ZS 280 4098 0.0/?
230T /S£923 396 61/ /80 156/57 .00 3
228Th 52/ 88 251 546 156/ B00 8 / D.004
224R 3 288/5 (70 425/ 100 235¢4 Q.00

Bground:  487/es/90 sah (212) 4 Fup,)
Tail method:  Jiyz L war 42 27tn, Ls 7,.,44.”4\’!/ )

RESULTS;
234U238U: /.96 7 siddev: oox  234UN232U: /-73% sid dev: 0.0/
(U] ppm: /5.9 U yield: 66.6% j/‘.-u 22 !
228Th-0.054Ra: ?‘Z‘KO‘] 228Th/decay factor: (’7531’? 228Th-232Th: 74 71/
o veg

230Th/228Th: 2.073% sid dev: . 0/

[Th) ppm: 2.5 7 Th yield: 77./¢ 57 o a2

230Th/234U: /. 073 sid dev. © 0<% Spike 228Th/232U: O -9 7
Correct 230Th/234U: /. C 4O sid dev: 0.00%  232Th/234U: 0 - ©2 & std dev: © OU/
Age (kA): 2¢4 0F +) 725 () ¢-¥8

(234U238UN=0: J.023  siddev: 0-O/7  234U238U age: _— sid dev:

Comments: )74-«/"" e Ae o/%,‘.,,wu;”
fom big BT EEETT



URANIUM-THORIUM__SAMPLES,

UNIVERSITY OF WAIKATO,

Sample no: B7-67a Lab number: /9/9/90 4
Sample: & brevobine wlond

Sample  weight: 10.0004

Residue weight: 0.60F% %residue: 6./

Weight dissolved: 9-3%2 Y%soluble: ¢5.9

Sample treatment: . T aAh £ péufv/ﬁ/«j /A

Date of U-Th sepn: 2¢/4/20
Spike activity:
Date of plating U: 289

URANIUM Count time:

464>

*
Counting dclay:” EFdes 228Th decay facior: 0.9338

U: 180 & /0~5Th: 175 & fro.44 Mls spike: (015
Th: as/9

Stan: 4 0p J?/ll/fv Stop: 2.10p )4/11/40

Channels counted: - 50 /5
Count std dev bground |tail net %s1d  dev/100
28y [2/7/50 Dot 209 | 43274 J23¢eE | 0-0029
234y 20988/ 482 >493| 10354 199002 0.0024
232y 423%7 > 43 | — 42294 o V044
WBground :  /4/12/90 45T (x*%457)
Tail method: meatd ., Py
THORIUM Counttime: 4647 Sun: 419 33)j4e Stop: 2.1, 29/njac
Channels counted: -39 , 410
Count std dev bground |tail net %sid  dev/100
22Th | /942 14—> 7¢ | 34O 1526 00304
230Th | ,0925% 153 160 | Zo 04018 0.c030
28Th | 20619 545 o553 | 107/ (394 1 0.00%§
224Ra | /9172 3353 3425| MezzP 10| 1S ST 0.0097
Bground: /9/12/50 4SA (x*%s)
Tail method: 44 bl L P4/8

¥
RESULTS:

234U/238U: 11459

A-

[U) ppm: 640
228Th-0.054Ra: /8/49
230Th/228Th: 6-0870

(Th) ppm: 3.9

230Th/234U; /1.293 F
Correct 230Th/234U: /-2544
va)

Age (kA): (+)

(234U/7238UN=0: Ead

Comments:

U yield:

228Th/decay factor: /9436

std dev. 09141

std dev:

252,230 ; s24 eshnatl

std dev: 0.004 3 234U/232U: 4 1oSA sid dev: 0.0 257

645S%

228Th-232Th: /749/0 ,0.0089

std dev: ©. 05722

Thyield: 2%./%

Spike 228Th/232U: ©.97
std dev: 0. 0136 232Th/234U: 0-CIE!  ad dev: 0.00G6
)

234U/238U age: sid dev:

138



URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATO,

Sample no: §1-61a Lab number: 24/9/40 4
Sample: 7"7/‘} ;c./e7 haciGhing cathonale

Sample weight: /¢ 0ody

Residue weight: ¢ sur %residue: 5 -9

Weight dissolved: ¢ ¢ ¢« Josoluble: 54 ./

Sample treatment:

Date of U-Th sepn: 25/-/10
Spike activity:

Counting delay: 3y
U: s B¢ dyfoshs The /S 4 fomb Mis spike: 70

228Th decay factor: 0 Y209

139

Date of plating U: 29/ Th: ,%/9
URANIUM Countiime: S$SA Starti: w0 $Sa /72 Stop: 7.5, Vi 2
Channels counted: - <So, /75
Count std dev bground |1ail net %sid  dev/100
238y /6 YCrE 41/ (cd) 47| ¢534 (60935 o ov2E
234y 123194 408 S0 ¢4 e | 730494 0 00 4
232y 39S 147 g0) o | — 357499 o-ous/
Bground IYi2)I)0 4Shrs “ %

Tail method: M‘é@ o 2

THORIUM Count time: 554 Stan: w $Sa /12 Stop: 75%p /2
Channels counted:  -20 + /0
Count std dev bground |tail net %ostd  dev/100

232Th 5140 72 ey 7t | o 45¢2 0. osed
230T 323231 S4Y N 186|240 325005 o ocr¥
228T h b4 254 on) 62| 1594 62102 004D
224R a vdhre 233 37) #52] soco $E76,4 O OCgs

Bground: 1902/ 45k %

Tail method: L &llng on "R £r "W wstes V7R

gk B cor
RESULTS:
234U238U: /1] sd dev: €004 234U232U: 4440 sid dev: ©-€20
@ (Ul ppm: 649 Uyield: 49-5%

228Th-0.054Ra: $7929
sid dev: 0 OL73

77.94

230Th/228Th: S .43 7

[Th) ppm: ¢ 50O Th yield:

230Th/234U: 7 /&) std dev. ¢ ©O%¥F

Correct 230Th/234U: 7 (34
Age (kA): e (+) )
(234U238UN=0: sid dev:

Comments:

228Th/decay factor: ¢s49¢

jf, - o.-4A2

std dev: 0 ¢v€S 232Th234U: 0 010

234U/7238U age:

228Th-232Th: sg4¢®

Spike 228Th/232U: o .77

std dev:

std dev: v 0503
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RANIUM-THORIUM _SAMPLES
UNIVERSITY OF WAIKATO,

Sample no: S7-74a Lab number: 24/9/90 |
Sample: 74714/ V4/¢ Lecwohine bonal

Sample  weight: /0.000

Residue weight: o 767 %residue: 7.7

Weight dissolved: 9.233 %soluble: 92.3
Sample treatment:

%" .
Date of U-Th sepn: 25/4/90  Counting delay:  éWaays 228Th decay factor: 0- 9356
Spike activity:  U: /808 /os Th: 1.75 5 //0md Mis spike: /O

Date of plating U: 27/4 Th: ag/q
URANIUM Countiime: //gArs San: 2% 2Yi/20 Stop: 10-/Sa 4/12 /50
Channels counted: - $p +/0
/
Count std dev bground [tail net %std dev/100
238y $2 746 J04 =526 | 435 S1785 0.004§
234y 105322 427 el | 303 103918 0.003/
232y s5487 94— 42| — $5245 0.0043
Bground : /4/12/a0 #£54 (<%
Tai! method: ocll on P%
THORIUM Countiime: /bhss Stan: 2./5p 29/ Stop: ©/Sx #/12[7¢
Channels counted: - 39, 410
Count std dev bground |tail net %es1d  dev/100
2327} 4708 &> 172§ | 400 4130 0.0176
230th | /572442 156402 | 240 IS6B0O | 0.00a8
28Th | 21658 $25—=>/%3 2236 77469 0.003§g
224R a 76609 3325>8%0| 40O 67309 09044
Bground:  sf2/10 sk (%)
Tail method: 47, (&l A 224/22%
o jrﬂ/écdﬁ ;224 eshmated

234UNR38U: 2.00€7 sid dev: o-cno 234U7232U:/.88/0 sid dev: 0.0/00

(U} ppm: /4.9 Uyield: 3349
228Th-0.054Ra: 73834 228Th/decay factor: 389/ 7  228Th-232Th: 7478 7 | 0.004+
230Th/228Th: 2.09¢¢ sid dev: 0.0106

[Th] ppm: 2.6 Thyield: 46.S%

230Th/234U: 2/ 46 std dev. 0. €035 Spike 228Th/232U: ©.97
Correct 230Th/234U: /. 0€/2 sid dev: 0 0034 232Th234U: 0.0299  sid dev: 0.0006
Age (kA):  JG9.0 ) 4.4 ) +2

@(234U238Un=0: 3322 siddev: 0 075  234U238U age: std dev:

Comments:



URANIUM-THORIUM_ SAMPLES,

UNIVERSITY OF WAIKATO,

Sample no: F7- 74« Lab number: j4)q,0 |
am b le: o Ny
Sample: Zo ke tillyy  lrisohid bl

Sample weight: ¢ ‘/’"‘? '

Residue weight: o 738. Tresidue: 7-THL

Weight dissolved: ¢ 2/7 %soluble: ¢.2. 2,

Sample treatment: 3 hewss /6/7 L7

Date of U-Th sepn: 2440 Counting delay: S 4 éys 228Th decay factor: ©.G4- &

Spike activity: U:sBo 4 0ufs Th: 775 & /omsMls spike: /o

Daie of plating U: 23/4 Th: 2504

URANIUM Counttime: 49745 Stan: 7 O c2/uf7e Siop: 2:3Gp il

Channels counted: - $Q ¢)O
Count std dev bground |1ail net %es1d  dev/100

238y SAILC 25— 255 | sa$ 57405 0-0c43
234y 117417 4 5% | 228 16 53 L. coso
232y LB0 S = 102 | — 6.20SY O . o040

Bground (8910 244 x40

Tail method: <&l o B20 24

THORIUM Counttime: 4954 Stani; 7 ©6p  12/4fio Stop: 236, (4/1fio

Channels counted: =30 , 0
Count sid dev bground |tail net %sid dev/100

232Th 24¢2 14 > 5O | 3¢ 205 2 o .ILG [
230Th | 4734 al—= &5 | 24cC BE 41+ 0. 00X
28Th  |45262 246 = 57| 2102 426 73 | o 005/
224Ra | 44497 217|200 di 43/ 0.00S3

Bground: (8 /uf0 244 <« 49

Tail method: 292 .aa&/ &- 7877 ')1

yaghaied h 32,23

RESULTS: e (3 334rta

234U/238U: 2.0432 sid dev: 0-0 102 234U232U: ¢- 578/ sid dev: 0. 0u5 4

(U] ppm: /4.6 Uyield: 37-9%

228Th-0.054Ra: 404-3¢

230Th/228Th: 2.2 73€  sid dev: O-O/4/

(Th) ppm: 2.3 Thyield: 592 %

230Th/234U: /. /06 & sid dev. 0.009 3
Correct 230Th/234U: /-0 7 3¢
2%9.0 ) 5.9

234U7238U age:

Age (kA): +) 9.6

(234U238Un=0: 2 {40 std dev: ¢ /7

Comments:

std dev: €:00 40 232Th/234U: 0. 0261

Spike 228Th232U: é ¢ 7

228Th/decay factor: 42€¢3  228Th-232Th: 40€/ 0-OCSE

std dev: o0 vwvo ¢

sid dev:
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URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO,

Sample no: FF-0%6- 16 b

Sample: 4 b lmcnbing ool

Lab number:  22/6/9¢0 3

Sample weight: 10 0004

Residue weight: o 2496 Joresidue: 9-C°
Weight dissolved: <1- 104 esoluble: <(1.O
Sample treatment: . . o L f e

Sh// o gl colem .‘/é/r; g crkas

P i ket a Gl K gadl ¢! ol

Date of U-Th sepn: 4/7/%°  Counting delay: | olovs 228Th decay factor: ¢ <16

Spike activity:  U:o-18 Byjek Th: o 175 @y/m! Mis spike: 10

Date of plating U.  s377/92 Th: sv/4e

URANIUM Counttime: 23h Stan: ¢ 45p—  21/7/4 Stop: § #5pe- 2?10
Channels counted: )g -4§

Count std dev bground |1ail net %estd  dev/100
238y 22838 13y | 2307 149493 O.0CE
234y 426006 344 W3S 41 0% 7 0 o0s
232y 2268 S6 - 21212 0 007}

Bground : #sw~D e/3/40 42 334 [(xV33)

Tail method: ol on I3

THORIUM Counttime:  43h Stan: § #v, 15/7/90 Stop:  72-#<pm 3/7/90
Channels counted:  y10,-3%

Count std dev bground |tail net %s1d dev/100
232Th 1546 160 a0 12490 ey
230Th Seo4 62§ 135 SCIR2 noo 4
228Th 22618 151 64D 27834 t- 06
224R 4 72806 )5S 4S0 D206 | 00071

Bground: swavwn~d grpf50 42 23 (4%54)

Tail method: Gy il o) PR, oty y-ylé""‘é
RES S:
234U/238U: 2.0%§
/5.2
228Th-0.054Ra: 26643

sid dev: 0-0/9 234U/232U:1.93%
cH+ 7%

228Th/decay facior: 25726
0.007F)

std dev: 0.0/7F
[U] ppm: U yield:

230Th/228Th: 2.6 1 siddev: 0.0/ 3

[Th] ppm: 2.30 Thyield: 43%.1%
230Th/234U; /. /o0 std dev. ¢ 24 Spike 228Th/232U: ¢ 47
Correct 230Th/234U: 1 077 std dev: .43  232Th234U: o.0.¢
Age (kA):  29/-S ) /46 () /3.7
(234U7238Un=0: sy, std dev: ¢ . ¢S/

234U/7238U age: _—— std dev:

Comments:

std dev: ¢ . C <

228Th-232Th: 25 347

142
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URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO,

Sample no: T 7 -0 3¢ 764 Lab number: ,¢o/7/70 3
Sample: : . -
P Tyl Volliy uveshrre coronis -
Sample weight: /¢ «v/g
Residue weight: 9 22> Yoresidue: 7-6
Weight dissolved: . 7 74 Zosoluble: 4 ).
Sample treatment:
Date of U-Th sepn: //-7-70  Counting delay: Z/c4ty5 228Th decay factor: ¢ 9249

Spike activity: U /-BO&;/m-dfh: /. 75 4 /x5 Mis spike: 1O
Th:

Date of plating U:
URANIUM Counttime: 25 %X Start: Stop:
Channels counted: ~ &, /O
Count sid dev bground |tail net Tsid dev/100
238y 20547 /61 25 | 2c0%e | o oy
234y 44 EGF 419 Se 443 0F | o cos
232y S48 7 7/ A247¢é G-
Bground : £ 25/
Tail method: -37C ,H,b./éz’él% ¢ 4
(&
THORIUM Counttime: S04 Stan: Stop:
Channels counted: T AO ¢ IO
Count std dev bground |tail net %std  dev/100
232Th 428 < 120 b0 O /5“,/2 < o .28
230Th SH91E qeX 200 Sy AT o . G
228Th JSé%0 " 7(82| 2¢537 oo 7
224R a 1282 209 | 2400 | 2 ecr3
Bground:
Tail method: 27622, pei /ol for 2472
0/e)S o Lradd, -
RESULTS: Fyady
234U/238U: Z.c0 £ siddev: 0 -eug 234U/232U:/ 777 sid dev: o.cz<f
(U} ppm: /§. ¢ Uyield: 62.5%
228Th-0.054Ra: 228Th/decay facior: 228Th-232Th: 2 #05 4
230Th/228Th: 2. 2090  sid dev: o o2 fo
[Th] ppm: ¢. o Thyield: "2, ey
230Th/234U: ,.// 7 stddev. o 4G Spike 228Th/232U: ©.9 2
Correct 230Th/234U: / 0740  siddev: 0 025 232Th2234U: 0.0 sse siddev: o oo o
Age (kA): Sert ) &) 317 () 25y
(234U238Un=0: ¢. 84 siddev: o O 234U/238U age: sid dev:

Comments:



Sample no:

Sample

Residue weight:

URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATO,

87—356& Lab number: j4fqfic 2
Sample: 7@74)/ vally Lacwohie Gobonnil
weight: q“quj
2. 713 %residue: 97/
7.286 %soluble: 72.9

Weight dissolved:

Sample

treatment:

Date of U-Th sepn: /519 fgo Counting delay: 47 oy 2287T) decay faclor: 0.7544

Spike activity:

U: 180 &) fomtsTh: 1. 7S By//0~Ls Mls spike: /0

Date of plating  U: p0/4 Th: 24/9
URANIUM Countiime: 934 San: /S2p 140 Stop: z? s/
Channels counted: - 5o 4+1Q /05 2a
Count std dev bground |tail net %std  dev/100
B8y | 23132 126 =428 | 266 2 29982 ©.003%
24y 207132 26x— e | 1117 214394 0.0923
232y 1e3ad St-1 | — 7€17¢ 0-093¢
Bground : /8/9/9c J4A - ﬂgj
Tail method: 0l d o 2320
THORIUM Countiime:  43A Stan: /52 Jufao Stop:  se.59a S/l
Channels counted: -z 4+ ¢
Count sid dev bground |tail net %sid  dev/100
232Th | pon 27— 10§ | Boo 10/0 6 0-0108
230Th  [13g131 42—> 143 | 480 /285488 | p.0024
28Th |y vol 220 %53 | 4900 104048 | 0.003%3
224Ra  |joe%23 [418 5445 | 2000 99328 | 0.0034
Bground: r8fi/10 244 (;"5}
Tail method: 92 ol for P72 .
eshinaty 2342 Y Ko 3/9%-;‘/4/

RESULTS;
234UNR38U: 2.6868 qd dev: o. ©1/6 234U232U: 2.8211 wd dev: ©.019

[U) ppm:

21/

Uyield: §7-5%

228Th-0.054Ra: 9 F6B4 228Th/decay factor: /© 3399 228Th-232Th: 43.295,0.0040

230Th/228Th

[Th] ppm:

230Th/234U:

Corrcct 230Th/234U: 0.6 578

Age (kA):

.32

6-3

0.67%2

101. S

(234U238Un=0: 5 2 40

Comments:

std dev. 0-0©00L43

(+)

std dev:

a

sid dev: ©0.00%9

Th yield: 72. 4%

() 9

o 04

std dev: 00042 232Th/234U: 0.0372

234U/238U age:

Spike 228Th/232U: 0.47

std dev:

sid dev: 0. 000S
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: 37—5’9 Lab number: 1f4[40 2
Sample: Tog o Vitly bwotrne cmbornie

Sample weight: /0-00!

Residue weight:  2.746 %oresidue: 27-§

Weight dissolved: 3.255 %soluble: 75.¢ )

Sample treatment: ;4/3/ one weed nﬁ(; HE prentmerXt ‘ )
B Yollry solulbrm r\,oa.éj Ww'....n,,;-A_jC 74 ,z;li{\:; _’.‘;\7-)

Date of U-Th sepn: 10/4/4©  Counting delay: +9 s 228T) decay factor: 9. 96//

Spike activity:  U:/-80 §3/10-HTh:1.7§ & /1045 Mis spike: 10

Date of plating U: 1#/9 Th: ;579
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URANIUM Count time: /66745 Start: 432 20[10]90 Siop: 3 02 9H10[T0
Channels counted: -0 ,+10
Count std dev bground |1ail net %std  dev/100
238y 19381 129 1= 2294 /6678 C 00
234y 4'}51’ e] 1892 33( 44-E&4 6 I
232y 13004 3 a3 | — 165G 7 0 0 ED
Bground : /8/9/10 444 (* '("(":/7).\)

Tail method: _ _ 4/ o 2%

THORIUM Counttime: /66 Ass  San:432p 20[10/10  gop: 3.025 2H10/4°

Channels counted: - 30, +10

Count sid dev bground |tail net %sid dev/100
232Th 22233 25 /133 |ees A5 GO P
20Th {32030 40 335 |50+ 361392 | nooit
28T h 120610 8 - HEG | FIKS 272261 PSPE
224Ra | lobob 4 b /4824 2gl0 193840 | e couq
Bground: I1D1T/T0 (» '““""64)

Tail method: 2764, ,wustl fG- 204/02%
29 fmadd /6’, TR Lt f A3L07
) 7-.;,’ LR RS - .

RESULTS;
2340/238U: ... 566 sid dev: o-iug 7 234U7232U: 2. 702 s1d dev: ©-00u 55

[U] ppm: 2D-§ Uyield: 7 O%.
228Th-0.054Ra: ) 744 228Th/decay factor: Qcjei¢. | 228Th-232Th: |2 4C 1 , w8
230Th/228Th: | 11} std dev: € © 530

[Th] ppm: & 7 Thyield: &7- /5,

230Th/234U: ¢. TO¥E | std dev. 0 v 11 Spike 228Th232U: © .1

Correct 230Th/234U: ¢ .¢fefl sid devi e cop) 232Th234U: © g0 ¢ siddev: o oy

Age (kA): /08 # +) 1 F 7’17
(234U238UN=0: §. 283  siddev: 0-05f 234U/238U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.,

Sample no: g7 '75-4 Lab number: //5/4¢ v,
Sample: /:7/)" /41/47 brewsbie cobunkl

Sample weight: o o0/

Residue weight: 0 ¢4/ Tresidue: & 4

Weight dissolved: ¢ Jco esoluble: 97 &

Sample treatment:

Date of U-Th sepn: 2/8/90  Counting delay: #0ckys 228Th decay facior: O 767/
Spike activity:  U:/-B0 §)/0/5Th: 1. 75 & o~y Mis spike: /o
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Date of plating U: s/% Th: ¢/5
URANIUM Counttime: 27A Swan:  22.35, #/9/70 Swop: 335 2/
Channels counted: - 45,415
Count std dev bground |tail net Jestd  dev/100
238y 41559 i7¢ /93 L2089 .| 99877 0.0083
234y S€227 390 /206 | yEs S4L3C 00044
232y 2664/ 24/ 66 26575 C.006)
Bground : x27/8/9¢ $/4 (v 27/51)
Tail method: 235 "wé/{"j
THORIUM Counttime: /384 Swar: 45> 12/9k© Sop: 7454 18/9
Channels counted: - 30,4 /0
Count std dev bground |1ail net %std dev/100
232Th 1794 2 /32 o /76 0.0243
2301 1 64205 1t/ 3% o ¢4/67 | obo40
28T 74336 23/ 2 {ane 32/58 | ocos
224R a 35.2C€ 6/43 6O 34565 0. 605§
Bground: 23/8/c s/A4 (u/ffi’/s./)

Tail method: %22, .. &l £ 27272

Jhnl o TR bl T Y

RESULTS:
234U/238U: /-392¢

(U) ppm: 3.2
228Th-0.054Ra: 5292

Uyield: 69

230Th/228Th: .2 /565

(Th) ppm: 2. % Th yield:

230Th/234U: /.C 45/
Correct 230Th/234U: 7/ 0/3 8
Age (kA):

2G4L. 7 (+)

(234U238Un=0: /- €93  sid dev: 0

Comments:

std dev. ¢ ¢/ 3

/5.4

O%

228Th/decay factor: 3/$/%
std dev: 0. 0/¢ 8

/S 6%

(-) 7#.C

0s9

std dev: 0. 0?9 234U/232U: 2 ©634-s1d dev: O-O /5SS

228Th-232Th: 2775€ (0. 0c6?)

sid dev: ©.©//¢> 232Th/234U: v 02358

234U/238U age:

Spike 228Th/232U: © 7 7

sid dev: - 000 3

sid dev:
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URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO.

Sample no: Z7-95a Lab number: €/8/4¢? 2
Samplc: 7‘;7/0’ &/éj éam u\/éﬂd—(é

Sample  weight: /0-00:17
Residue weight:  ¢.¢44 %eresidue: 65
Weight dissolved: ¢.3573 %soluble: 43S
Sample 1reatment:

Date of U-Th sepn: 7/8/9c  Counling delay: 76 «by> 228Th decay faclor: 0.4 SS#
Spike activity: U:.808 /ot Th: /. 25 8, Jro./4 Mls spike: (O

Date of plating U: q5 Th: Y 1
URANIUM Counttime: 26X Stan: /0 2efmk0 Stop: 5./0 29
Channels counted: -40, 4 S
Count std dev bground |1tail net %si\d dev/100
238y 30 328 39 /42 | 672 29614 ©.0S9
234y 40B0 3 s/ 63| 293 o447 | 0004/
232y 315%% 132 /i43 3/394 0.005F
Bground : /8/9/90 44 (*2%%4)
Tail method: 23% wfétzly
THORIUM Count time: /44 Stan: 5-305 21 Siop: 5300 22/ /00
Channels counted: - 30,#/0
Count std dev bground |tail net %sid dev/100
232Th /1370 23 148) /2¢ 7 0.030%
20Th 3265 43 20 s3/00 . 0044
228T 1 28691 206 179 26%Cé 0.0068
22Ra 20769 /433 400 2493¢ 0.0008
Bground: /8r9/90 244 (<2%14)

Tail method: mebl or 262
jyé‘u//é’ 11’221072 e,,(wé £ 212,
RE TS:

234U/238U: 2.04/2  sid dev: 0-0 (47 234U/232U: 1.9284 sid dev: ©.0/3%

[U) ppm: /4.&  Uyield: B4 7%
228Th-0.054Ra: 25455 228Th/decay faclor: 2¢e48  228Th-232Th: 2532/ (0. 00 ?.2)
230Th/228Th: 2. 0421 sid dev: ©.01 727

(Th) ppm: 2.3 Thyield: 76.5%

230Th/234U: /.0 3449 std dev. ¢. ©//4 Spike 228Th/232U: £.9 7

Correct 230Th/234U: r©$23%  siddev:p.one  232Th234U: 0.0259  sid dev: 0.0003
Age (kA): J270.2 +) 70.9 () ro O

(234UR238UN=0: 5 2/6 sid dev: ©. 023 234U/238U age: sid dev:

Comments:
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URANIUM-THORIUM PLE
UNIVERSITY OF WAIKATO,

Sample no: Z7-9¢a Lab number: (3/2‘/‘70 |
Sample: 7;7[)’ I/if(éf bicos Flw  covborudl

Sample weight: /¢ ey

Residue weight: o zezy Joresidue: . /
Weight dissolved: 7 /7, %soluble:  7/. ¢}
Sample treatment:

Date of U-Th sepn: ?/2 Jio Counting delay: #Cc#y> 228Th decay factor: ¢ 9S54
Spike activity: U: @8y A Thy s 75 & /%~y Mls spike: /i /s
Date of plating Us 4/ jg0 Th: oo/

URANIUM Counttime: J6A Start: 3.0 23/¢i (99 Swop: 5.0 J1l9
Channels counted: - 4% 4,5
Count std dev bground |1ail net %std dev/100
238y 31356 18 /128 ] 332 2024 0.00$7
234y 1844 212 /245 3¢ 34520 0.00 37
232y 258679 49/53] — 286206 | wveosq
Bground : 1T/l[q0 L4 (,u/)q)
Tail method: ot e~ 25U '
THORIUM Counttime: A 44 Start: ¥ 3¢5 AY7 Stop: 7« 3¢ 2/
Channels counted: -3¢ 41O
?
Count std dev bground |1ail net %std  dev/100
232Th /oS X 77 #HO 3% 0357
230Th 35106 25% 40 222/ 0.00S2
28T h 20 2C 727 364 f 374 0. 7S
224R a IECOS /98 /o 1224 F 0. 0U RS
Bground: [ErfG0 244 (*2t24)

Tail method: ;;24}‘0/;?’,130/5; 72”22\,6 v,
RESULTS:
234U238U: 2. 913 & sid dev: 0.0 164 234U/232U: 2. £052 sid dev: 0./ 51
(U] ppm: (7.2 Uyield: 77 .2
228Th-0.054Ra: 1E3E9  228Th/decay factor: /<7247  228Th-232Th: /8340 (v-wog3)
230Th/228Th: 2. C€&/C sid dev: 0 OO 2

[Th) ppm: 2.3 Th yield: §5-29%

230Th/234U: ¢ 777  sddev. &-CUvs™  Spike 228Th/232U: €. 7

Correct 230Th/234U: ©. FE€¥O  sid dev: o.co?2  232Th234U: €183 sid dev: ¢ ¢ 7
Age kA): /30 € ) 2.3 ()27

(234UN238UN=0: 7 ¢35 std dev: o .2/ 234U/238U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES
UNIVERSITY OF WAIKATO,

Sample no: & F~Pa Lab number: //5/40 /
Sample: T o Vally  bewHoi nboant

Sample  weight: /00029 -

Residue weigh: ¢ 777 %residue: 7 B

Weight dissolved: ¢.229 Zesoluble: 47 2

Sample treatment: Soe 5”4 r %/MAM“‘

Daie of U-Th sepn: 2/£/70  Counting delay: J2éy> 228Th decay facior: € 7€& 7
Spike activity:  U: /80 S04 Thi/-75 3 sirts Ml spike: /0
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Date of plating U: g4 Th: s/7
URANIUM Counttime: £ 74 Stan: 425« /992 Stop: 72-25> i
Channels counted: - 3¢, #/S
Count std dev bground |1ail net %sid dev/100
238y sosos - 76/ 13| S54 49856 0.0045
234y So6ES J4S /20| /77 50437 0 ©O4S
232y (9241 /40 [ 4 19 /67 ooz
Bground : 2%/5/90 /A (" 2‘7/5/)
Tail method: 23%) A‘O'é'/d"f
THORIUM Count time:  /65¢ Stan:  /2:/62 3/9/%¢  Swop: 4,04 s0/9
Channels counted: ;4o -30
Count std dev bground |tail net %os1d  dev/100
232Th IR/ "/ 36 | 120 /0 EO 0.034-9
2301 5725S 4/ 45 | 0 57550 | 0.00 42
28T, 3/532 23 /74| 1210 3com | woveo
224R 5 24300 18/ 55| 400 D F34R_| 00060
Bground: 27/5/¢ SK (x 1£54)

Tail method: 48 moned L~ 72277 .
Gyl L PTG (Ao 22,
RE TS;

234U/238U: /.©€0 34 sid dev: 0.0 0€e.4 234U/232U: 2.€23/ std dev: ©.022¢5

(U] ppm: 4/.% Uyield: 49. 8%
228Th-0.054Ra: 284ES 228Th/decay factor: 29405 228Th-232Th: 28345 (e coke )
230Th/228Th: 2. 0303 sid dev: O.0/5%

(Th) ppm: /. 7 Thyield: /2.4%,

230Th/234U: 0. 7740  sid dev.0.00G0  Spike 228Th/232U: ©. 97

Correct 230Th/234U: 0. 7SO ¢ sid dev:¢.0OEF 232ThR234U: 0. ¢1 32 sid dev: . 0O S
Age (kA):  /S50.3% ) 4.2 () 40

(234U238Un=0: 7 ¢'7/ sid dev: @ ¢¢6 234U7238U age: std dev:

Comments:



URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: ¥7-6/-13¢H Lab number: 14[40 1) Tk
Sample: 7—A7/u-' M«/(fj Ocbie Abointe

Sample weight: 7o - @0y

Residue weight:  ~.c43 Fresidue: 2o 7

Weight dissolved: 7 -1¢i# %soluble: 77- /

Sample treatment: —

Date of U-Th sepn: /e/%/4C  Counting delay: 5/ ““ys228Th decay factor: & e
Spike activity: U 5@ sy /ra~aThe 1 25 & s00~4 Mls spike: 10
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Date of plating U: 13/ Th: 1474
URANIUM Counttime: /#7473 Stan: 1243, /1030 gi0p: 5 4 1 Pfofr0
Channels counted: -6 10
Count std dev bground |tail net Jes1d  dev/100
238y 52707 44 /Bt |43F 54326 C oots
B4y 106323 vt /127t Bo@ (0452 F 0.0 42
232y 595 t6 /4o | — % 5S4 O X)) S
Bground : /Epr10 244 49/,
Tail method:  _ o/ g 250
THORIUM Counttime: /4945 Stan: 124Jp  ufiefac  Swop: SH#p (31070
Channels counted: .. ;
30, 410
Count sid dev bground |tail net %s1d  dev/100
232Th 4248 26 yrec | 52< KL/ 2 0wl
230Th {67744 41, 256 | 400 HFIEBE o 0usY
228Th  [£45E7 35 / 144 7| 3804 78336 0 003N
224Ra  |2¢03¢ HS /995 | 1aee) €605/ 0 COd4
Bground: /i 244 (= 47(04)

Tail method: s« .an&? £° 72577,
bl ”‘h/.-j.«ylz'u/ £ AL

RESULTS:;

234U/238U: 2 -0346 sid dev:0.0/72 234UNR32U: 1 22/9 sid dev: 00057

(U) ppm: //-/ Uyield: 40.3%
228Th-0.054Ra: 75 769 228Th/decay factor: 7 §/ 37 228Th-232Th: ¢ 732 S‘/ c vog 7
230Th/228Th: 0 7692 sid dev: 0O 0ST

(Th) ppm: 4. 9 Thyield: 33.6%,

230Th/234U: ©- 7932 sddev. O coor  Spike 228Th232U: /- 77

Comrect 230Th/234U: ¢ 7¢14-  sid dev: ¢ o5 232Th/234U: O 1 007 std dev: 00013
Age (kA): /33 9 +) 14 ) 7.9

(234U7238UN=0: J.S04  siddev: O 074 234UN238U age: sid dev:

Comments:



URANIUM-THORI

AMPLES

UNIVERSITY OF WAIKATO,

Sample no: 37-€/-13Job Lab number: H—{‘Y’QO
S Tyl pulley tusnitic cakbeni

Sample weight: /o.0c/g

Residue weight: o.707 Dresidue: 27 /

Weight dissolved: 7.%94 %soluble: 75 ¢

Sample treatment:

v Agl 2y /’@N“*""&‘/ A
U ebchoplbd £ /245

Date of U-Th sepn: /§4/40
Spike activity: U: /808, yo~sTh: ¢.75

A 02

& jro~4 Mis spike: /o

Counting delay: 44 o&ys 228Th decay factor: 0. 9573

Date of plating U Do/q Th: 2//9
URANIUM Counttime: Fovabs Swan: 24S, siofe S0P 143 il
Channels counted: - 50 4 /0
/
Count sid dev bground |tail net Zestd  dev/100
238y 35 4¢E| 29 = 3# | 196 34-906 0.005S 4
234y 32286 175 —D8eE| i49 7329 |o. 0035
232y 56056 S —=173 — {7883 |o 0942
Bground : /8/4/90 a4a ~‘1‘;‘.’>)
Tail method: il on 27Ty 2
THORIUM Counttime: #0% s San: 35, atfolro Stop: /45 it
Channels counted: -3 4 1)
/
Count std dev bground |tail net %sid  dev/100
232Th |48 24— 21 | 320 E7S4 0.0//2
20Th  |£8034 42 —123| 240 62271 0.0033
28Th €427 1) —>623] 3716 797885 0. 0037
224pa  |€1 04 IHE—>41¢8| jo00 725936 | .0039
Bground: /sm/a0 jea ,jglz)
Tail method: 242, wtl 4 2?%77; al

eshima Lo R oiln Jr./«'
.RES JLTS; J%

234U/238U: 2.04335 qid dev: 0-0/35 234U/232U: /-2323 g1d dey: 0 007

[U] ppm: //- 2 Uyield: $7-6%

228Th-0.054Ra: 7S€87F 228Th/decay factor: 7 90¢ 3

230Th/228Th: 0.97 10

(Th) ppm: 6. 7

sid dev: 0- 0059

Th yield: 72.0%

230Th/234U; ©-7 ¥2O  qd dev. 0 -© 065

Correct 230Th/234U:0 - 2643

Age (kA):  /32.3 (+) 2.0 () 20O

(234U238UN=0: 2. S/0 stddev: @ O/F  234UN38U age:

Comments:

Spike 228Th/232U: 0- ¢ 7

std dev: 00063 232Th/234U: 0.0 980

228Th-232Th: #0309 o. cosP

sid dev:o 0013

sid dev:
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: Z'} -7 1400 Lab number: ll‘”"‘"’.5
Sample: 7,74,, ,_4./(:7 lwabing  carksnadl

Sample  weight: /0-¢-4,

Residue weight: .2/ Gresidue; 1+ 2

Weight dissolved: «._ ¥ %soluble: <te.. ¢ .

Sample 1realment: o, ¢ joe added fo 7A Fo biscdod cleewdilss
/m/{{’k’ (""f« ‘/—/\ (,uﬁ.'. d/ Ced cg mA

Daie of U-Th éépn: G0 Counting delay: 5 7cdeys 228Th decay factor: @ /€SY
Spike activity:  U:/.B0 48, /i ATh: /- 75 47 /344 Mls spike: 1O
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Date of plating U: sgfafao  Th /8/5/00
URANIUM Counttime: 7C%A Stan: ¥ 55 (P/19/70  Siop: 425, 2ftof70
Channels counted: - 3¢5 4r¢r
Count std dev bground [tail net %std  dev/100
238y 35225 w2 320 | sy 24500 Loosy
234y Y55Y¢ 2o/ 493 |33 146 14 0.005¢
232y SO >/ 1331~ $E27S GG
Bground : /‘A’/‘//Qp 7 Rz
Tail method: , . ¢l on *¥U
THORIUM Counttime:  7O%2hos Swan: V.53, (70 Siop: 428 Lefe/70
Channels counted: - 7. /0
Count std dev bground [1ail net %s1d dev/100
232Th 719 K/ 106 | ZO 633 a9 S
20Th | J5vy4 42/ 123 | 7) 25346 ¢ 0O6S
28Th |,590% 27 oct | 724 [<H5 14 co 09
224Ra | 17683 15/ 445 3| 240 132%e AT
Bground: /(3/4/1¢ A4f¢A (-3l

Tail method: 243 pwde-

RESULTS:

(R PR elte L
J”'V‘A"l‘/ A )32ﬂ/1:...7z

234U7238U: 2 7424 sid dev: 2 0776 234UN232U: 2-412¢sud dev: & 01§O

@ (U ppm: /4.5 Uyield: 3Z.1°/%
228Th-0.054Ra: /379 7 228Th/decay factor: /4 3/3 228Th-232Th: 13680 , ¢ . 3122
230Th/228Th: j ¥5RO  sid dev: ©.0222

(Th] ppm: .2 Thyield: /4. 0,

230Th/234U; 2 2492 std dev. 0 @10y

Correct 230Th/234U: o - 204

Age (kA): 8.7 #) 2.¢ () 20

(234U238UN=0; J. #44 sid dev: €-022

Comments:

sid dev: o ©OQGA 232Th234U: ¢ 0167

234U/238U age:

Spike 228Th/232U: 07 f

std dev: ¢ v

sid dev:



Sample no:

Sample

Sample

weight:
Residue weight:
Weight dissolved:
treatment:

URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATO,

$7-¢a- 1406
Sample: 7;\75/ Vﬁ@ wmf‘;'f.e bl

1900/
C-7F/ j
4.230

Date of U-Th sepn: /§/9/99

Spike activity:
Date of plating

Lab number: l4—,(1/((0 3

Tresidue: F 7
%soluble: 22,7

Counting delay: 52obys 228Th decay factor: ©.74-97

Th: 21/q

URANIUM Count time: J34

Stan: (¢-S€n SHfFO

U: /- 80G /A Th: /.75 & /7645 Mls spike: /0.nq
uU: 204

Stop: ¢.5& A/
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Channels counted:  -So +1O
Count std dev bground |tail net %std  dev/100
238y 43540 =21 | 2998 44327 0.c0s/
234y 1241332 s 564911234 123¢049 0. V028
232y $ 33 ¢ =130 | — $3181 0 0043
Bground : /§/9/40 244 (1}’1)
Tail method: __ 4¢ on 23%U .
THORIUM Count time: S34 Swn: /0.58. $/Hf20 Stop: ¥.565 72/l
Channels counted: . 3¢. 40
Count sid dev bground f1ail net %std dev/100
232Th | 3345 272> 60 | 320 29¢s 0. 9406
20Th | 11496$ N> 4101480 119394 0.0029
228Th | 34830 220-=>486| 3534 79760 06040
224R g T 544 141§ =>315| 600 67124 0.004(
Bground: /8//90 J44

Tail method: oitg _ _ 4¢

£ 237

642(%3)

griphunk oo 333,230 ; chrnle £ 2244,

RESULTS;

234U/238U: 0 .8766

[U] ppm:

/3.2

228Th-0.054Ra: 4 7135

230Th/228Th; /- 7629

[Th) ppm: 2.0

230Th/234U: 0. 73§3

Correct 230Th/234U: 0-F/3 2

Age (kA):

(234U/238Un=0:

Comments:

/143
7.583

+)

std dev: 0.0.2 /

std dev. 0 0054

sid dev: 0-005 [ 232Th234U: 0.0/ 70

3

Uyield: 70.4%
228Th/decay facior: 7069/
std dev: 0.0093

Th yicld: 92.2%

() 73

std dev: 0.047 234UNR32U: 23976 sid dev: 0.0123

228Th-232Th: 6 772 6,0 .0°44

234U/238U age:

Spike 228Th/232U: ©.47

sid dev:

std dev: 0.0004
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: A7-32-/53h Lab number: 15)ZJ90 2
Sample: 7;-7/0" V-‘/Z‘7 lninrtring  wobonala .

Sample weight: /o co
Residue weight: & ¢ S¢ %oresidue:  €-¢ %
Weight dissolved: ¢ 34¢ %soluble: ¢ 3 a7,

Sample treaiment: o ., .
P L G SV RS - 4 3 AA /1/”17

Date of U-Th sepn: /¢/¢/+w  Counting delay: £ 7.<.,, 228Th decay facior: & / S4¢4
Spike activity: U: 7 20 syfendIhir s o5, 7044 Mls spike: 705

Date of plating U L.y, Th: 55/y
URANIUM Countiime: <497 4 Stan: G 35, 3fiol1e Swop: 10 4. o
Channels counted: -4‘0/ e,

Count std dev bground [1ail net %sid dev/100
238y 10174 o4 /23| 211 34244 U v sE
234y d6ICE : 26/ 5957 204! GSES Y
232y 404 o [ g | — 46454 | O o ac

WBground : /5/af40 L (‘44'/%.9
Tail method: .. &¢ o ?30
THORIUM Counttime: 49 % w5 Stan: 9-3bn sfiefao Stop: /¢4 Sfwfio
Channels counted: -30) 4,0

Count std dev bground {1ail net Jestd  dev/100
22Th  |ic44 24 / 44 | 320 675 o DSy 7y
20Th  [%i75 ud 7/ 144|240 3028 4 R
228Th | 12325 22/7454) 2243 | 1498 T
24Ra | m3s 432/234] o0 13441 o.ciof

Bground:  jg/u/m0 244 A#/M’.b)

Tail method: i, ., ¢.? £

RESULTS: ’
234U7238U: 2 7925 sid dev:e. o186 234U/232U: 2 cswestd dev: © - <@ i1 7

387 S orhende B Mg,
cyhiead g 10,08

(U] ppm: /.S Uyield: 6¢.39%
228Th-0.054Ra: /3 ¥72 228Th/decay factor: /4§35  228Th-232Th: /3TE€C , 0 ¢ 1/G
230Th/228Th: 2 /Z54-sid dev: ¢ ©¥3

(Th] ppm: 2.2 Thyield: 20. ¢ %,

230Th/234U: 4.084€6 sddev. ¢ o ¢50 Spike 228Th232U: 0 <77

Corrcct 230Th/234U: 7-+"298  qd dev: © © #48 232Th234U: 0 0224 siddev: v &Sy 3
Age (kA 232./ + 92/ )85

(234U238UN=0: « 424 siddev: 0.030  234Uf238U age: sid dev:

Comments:



155

URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: €7-55-/57b Lab number: 24/4/90 2
Sample: Tasy for ;/:J/?« Iaceshne  auborad.

Sample weight: /0.00/g

Residue weight: 2.82% Toresidue: 2%-3

Weight dissolved: 7.173 %soluble: 7/(.7F
Sample treatment: Aih o $O

& A /;-J:jns‘-‘oj R w” U whumn
Date of U-Th sepn: 2£/9/90  Counting dclay:‘”}m Fboly228TY decay factor: 0-F273
Spike activity: U: /80 By [to~Th: 1-75 & )0~%5  Mils spike: 10,4
Date of plating U: 97/9 Th: 28/9

URANIUM Counttime: 4Sh Stan: #/l1ajae +3Ss  Siop: ufirfa0 249
Channels counted:  -So, »/0
Count sid dev bground |1ail net %std  dev/100
238y €25/3 02 —>426 | 1006 6608/ 0.0040
234y /70599 1382925 | 457/ 169223 0.0025
232y 63231 95 =201 | — £.3030 0.0040
Bground : /49//2/40 4SA (x4%a5)
Tail method: rwoltl on zn'U
THORIUM Counttime: 95k Sun: ?/13/a0 /355 Siop: wfrfao 1549
Channels counted: - 30 +/0
Count std dev bground |tail nel Jesid  dev/100
232Th | Yo/ 8> 144 | /S0 sH4 p-o/il
B0rh /36760 /539323 | Joo 136243 0.0027
28Th | #3p4F8 521 /100 2508 foc40 0.003F
224R 2 | 74535 23BS>IMG| 400 2/98% 0.004|
Bground: /9/712/40 4s5A (+1%¢)
Tail method: %z, | ¢l & 224/22%
eAes ffyoéédé

234U238U: 2.S608  s1d dev: 0.0121 234U/232U: 2.6780 sid dev: 0.0/27

(U] ppm: 2/. 4 U yield: 46.5%
228Th-0.054Ra: 76/ 3 228Th/decay factor: $2/23  228Th-232Th: 73409 0.0042
230Th/228Th: /.85S9  sid dev: 0.00¢3

(Th] ppm: 7./ Thyicld: 5§. 8%

230Th/234U: 0.6879  sid dev. 0.0046  Spike 228Th/232U: ©-97

Correct 230Th/234U: 0. 6672  sid dev: ©0.004 & 232Th/234U: 0.043F  sid dev: 0.000 S
Age (kA): /O£ .0 @ /) S

(234U238UN=0: 087 sid dev: - J7H€  234U0238U age: std dev:

Comments:
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RANIUM-THORIUM SAMPLES
UNIVERSITY OF WAIKATO,

Sample no: Z7-BS5-/S?5H Lab number: 149[4[20 &
Samplt:I 27/;/ /{% &“wgp‘\e oqffu,‘g,é

Sample weight: s0-0e

Residue weight: . 794 %residue: 27 CH

Weight dissolved: 7,_;:)) %soluble: 72.0%%

Sample treatment: ockage o~ © A sgon ol - puibebly 510, Ot es e

Hi K e i (//)/,;[\j wd /‘;ncz;/-/ﬂf/’“‘ /v—jj ,))

J
Date of U-Th sepn: A<//4¢  Counting delay: S€ dys 228Th decay facior: O 4449
Spike activity: U:r 30 6, /w5 Th: /. B'/;z/zu../) Mis spike: ;0

Date of plating U: 22/9 Th: 25/

URANIUM Counttime: //772/8 Stan: 2 #S  /4/nH© Stop: 72700 19/4/40
Channels counted: - 50, 410
Count std dev bground |ail nelt %sitd dev/100
238y o435 129-2¢32 | 352 485 0.004 2
234y 172362 28435 | w7 /8993 0 008
232y csc4] &0 > 294 | — C47Z4T 00039
Bground : /B/a/40 2éa (‘.'154_5"*)
Tail method: sl on S
WTHORIUM Counttime: #7724 Sun: 2.400 M7 g 12405 19/u/90
P 7
Channels counted: -3, 4)0
Count sid dev bground |1ail net %std  dev/100
232Th  |<2239 25122 | e 75/ 7 0.0,26
230Th {12165 2> 20¢ | 40 121246 o.ec29
228Th | P€e\8 24)-= j16C| 4457 72981 0.0040
224R 2 |Ze63 1374 >(A7 1200 722 3¢ . 0O 41
Bground: /&i/io o244 (<_’1_1'/-’)

Tail method: 242 . dd L 2287
PN B 232, 50 ashmnl B - 24
RESULTS;
234U/238U: 2.€26/ sid dev:0-0228 234U/232U: 2.6223 std dev: 0.6/
(U] ppm: 20-3 Uyield: 3T 7%
228Th-0.054Ra: 67050 228Th/decay factor: 7303/ 228Th-232Th: 65’5’/4/ .00 47
230Th/228Th: (.8S0 7 sid dev: 0.0/04

[Th] ppm: ¢.¢& Th yield: 40.- 2%

230Th/234U: 0. 7057 sid dev. 0. 00¢7/ Spike 228Th/232U: ©.9 F

Comrect 230Th/234U: 0- €34€  sid dev: 0.004Q  232THh/234U: 00433 sid dev: 0 v &g
Age (kA):  103.0 ) 2 ()12

(234U238Un=0: 7./99 stddev: 0 ¢s¢  234UNR38U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATO.

Sample no: S7-G6-/60c
Sample: 71.7/0/ VfJéy busthe suieni

Sample

Residue weight:
Weight dissolved:
treatment:

Sample

Date of U-Th sepn: 2/ 9/40>

Spike activity

Date of plating

weight: q-{)_f?‘??
20907
7.409

Y%residue: 25 9
Yesoluble: 4./

Th:

Lab number: 14/4[90 3
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Counting dclay:”/” é04ys 228Th decay factor: 0.94/2
U: / 20 dy/104 Th: 1. 75 8] /105 Mis spike: /0

u: Ju?/'/ Jj/(/
URANIUM Counttime: 3524 Start; /2285 14/ulre Stop: 28, a4/ uf40
Channels counted: -5O 4§
Count std dev bground |1ail net Jestd  dev/100
238y 36246 137 2207 |Sb/ §§383 0.004-3
234y 04162 303 =g 57| Jos~ 103200 0.003/
232y ¢/53/ 63 —=/37| — 61394 0.0040
Bground : sefifvo 44 (,‘ 2_})
Tail method: mood o~ 235 24

THORIUM Counttime: 524 Stan: 12285 s4/uf40 Stop: 4-28,5 2//ulro

Channels counted: - 30O L Ho
Count std dev bground |1ail net %s1d  dev/100

22Th | 2098 2§—=54 | /60 1381 0.025¢

230Th | 43814 4 —> 89 | 120 470$ 0.00%

228Th  |25637 pH—> $22 | ) s00 26815 0.0066

224Ra  |27837 1374 =297 489 25420 0.003 (
Bground: w140 24 xS2
Tail method: 444 wetel - ***N M)

I R 177,23"/1/“7{1-\»(6 for 4242,

RESULTS:
234U7238U: 1-8632  qid dev: 00099 234UN232U: /- 6804 g1d dev: 0.00FS
(U] ppm: 21.9 Uyield: 22.8%

228Th-0.054Ra: 25442  228Th/decay factor: 2703 |

230Th/228Th: /-£928
43

sid dev: 0.0/73

(Th] ppm: Thyield: 54 @

230Th/234U: 1126/ sid dev. p.01/8
Correct 230Th/234U: /40923

JAs.0 (+)

std dev: 0.0/ 5

Age (kA): 720 () /S

(234UP238UN=0: 5. 4/  sddev: © ©/F  234U/238U age:

Comments:

Spike 228Th232U: 0.97

232Th/234U: 0.0 94&

228Th-232Th: 2§10 , 0. 007 9

sid dev: 0. 00/
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URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: 7 -86/6Cc Lab number: J4/4/50
Sample: oyl é{/éj lic - sl

Sample  weight: /o o0y

Residue weight: 2.€350 %residue: €Y
Weight dissolved: 7.350 %esoluble: 77 5

Sample treaiment: Ajl e 5.0,

Date of U-Th sepn: 2<//40 Counting delay: #0<«ys228Th decay factor: © 9237
Spike activity:  U:/-8¢ & /0mdTh: /- 7§ 3, /104 Mis spike: 7O
Date of plating U: o/ Th: 274

URANIUM Counttime: /424 Stari: 2.2-52 11240 Swop: 10 Téa 17)i12/30
Channels counted: - Se 0
Count sid dev bground |tail net Zstd dev/100

238y 67282 |- 209/c4 235 62135 ¢ Voo

234y H42¢s 4273/13#7 203 /12 #13 6 voso

232U 2 ;74% 43’/ Rexo - 6 P146E O . wosGg
Bground : r9/0a ke «SA #142/45)
Tail method: 23¢) ’ﬂ,‘é(‘,j

THORIUM Counttime:  /4.2/4sy Stan: /2-5Bp /17240 Stop: vo -7 & +7/712/410
Channels counted: -3 /o

Count sid dev bground |1ail net %s1d  dev/100
232Th 01 7o/221] 320 75E0 < o on
230Th 27/ 532 1ISS/485| 400 232G+ PENREY
228Th 1 35383 csefled) 4354 12 135% O e
224R a 12645€ s375/00st| 200 | 7 et | o o5z

Bground: s9frase #5L (~ "7 %5)

Tail method:  77€4p, Wé/,éd Y
RE g ey
234U/238U: /-3/39  sid dev: ¢ ©0°,234U/232U: /6 7t€sid dev: o coov3
[U) ppm: /34 U yield: 33 2%
228Th-0.054Ra: /2¢ 725 228Th/decay factor: /F¢% #9 228Th-232Th: /27 #/ 7 (& 032
230Th/228Th: ¢ 2¢2& gid dev: © 7 p

[Th) ppm: 4 6 Thyield: &/ 7%

230Th/234U: 7753/ siddev. ¢ «'<*¥/ Spike 228Th/232U: ¢ ¢ 2

Correct 230Th/234U: 7 <9< sid dev: ¢ ¢¢<232Th/234U: ¢ ¢< S sid dev:
Age (kA): 3g0 5 ) /07 ) oy

(234U238Un=0: 3./ € siddev: . c.rs 6 234UN38U age: sid dev:

Comments:
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URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO,

f? G-/ EFH

Sample no:

Sample: -~

P /“7 ol/@ éw/m Wé"ft«d
Sample weight: /© ccOg
Residue weight: 67‘53/ %residue: &£.8
Weight dissolved: 4. 3/ 7 soluble: 93 .2
Sample treatment:

Date of U-Th sepn: 2/8/7c
Spike activity:

Counting delay: 37447)’
U: /- 208) f1ai Th: . 25 8y f0nvs Mls spike: /0

Lab number: //5/90

228Th decay factor: ©.9¢ 20

Date of plating U: #z Th: /5
URANIUM Counttime: 274 Start: Stop:
Channels counted:  _ 40 410
Count std dev bground |1ail net Z%sid  dev/100
238y OB/ /s 15 s/2 20351 0. COF2
234y 7?96 35S 24 //3 3/6 $930¢ C oS/
232y 2/0 BO 3/ 2 2/0%3 | 00069
Bground : 27/8/%¢ 5/A (»2%51)
Tail method: 233y .., 4/,
THORIUM Count time: 2 74 Start: Stop:
Channels counted: - 30 /0
Count std dev bground |1ail net %s1d dev/100
2327 /SCE 2/ 6| %0 /520 0.0LEq-
230Th 61524 13 /7] ¢o 61457 | 0.00 40
228Th 22927 2 /12l w3 3/324 | 0.0059
22%R B 544 12 /9 | #%0 3vosS | o oosg
Bground: 2%/8/c s (r‘/”',f/)

Tail method: ?%/4 ,wm‘{/,( 4287 .

syl £ M7 [ihinnl 4,

RESULTS:;
234U/238U /. (/‘5/4' sitd dev: 0 0/ FO 234U/232U /. fb)';) sid dev: ©.0/60
(U) ppm: /S.2 Uyield: 54 7%

228Th-0.054Ra: 2970

228Th/decay factor: 30C 7 4

230Th/228Th: 2.09 36 sid dev: 0.0/6.2

[Th) ppm: 2.4 Th yield:

230Th/234U: /./1225

sid dev. 0.0 /30

72.4%

228Th-232Th: 29354 (0.006€)

Spike 228Th/232U: 0.9 7

Correct 230Th/234U: 1-OZFE  sid dev:o ¢rR¢ 232Th234U: ©.0¢27C  sid dev: ¢.¢.00 3
Age (kKA 375 ¢ ) 774 ) /5.3
(234U238UN=0: 5 25&  siddev: O 029  234UN238U age: sid dev:

Comments:
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: 37-9/-1876 Lab number: G/8/M0O 3
Sample: z;yér /Q/éﬂ bcahone wibont
Sample  weight: /0. 00C%h
Residue weight: o.ca4 Gresidue: €/
Weight dissolved: g.306 %esoluble: 4.,
Sample treatment:
U wopl WA MG e 47'7771-‘/) (/.'./A//'?« uézé/ﬂ?

Date of U-Th sepn: 7/t 90 Counting delay: #8ctiys 228Th decay factor: ¢ 953 S
Spike activity:  U:r €055 /70=6 Th: 7. 75 5 /#0/s  Mls spike: 7o

Date of plaiing ~ U: 4/7 Th: yo/s
URANIUM Counttime: o274 Stan: /0.s5% /Y9GC Siop: se . Sa  ASE/70
Channels counted:  -40 2/0
Count sid dev bground |tail net %s1d dev/100
238y /7260 3/ 224 1 P4~ 00078
234y 343949 §2 369 33973 0eo5s
232y 1804/ /0¢, — /7935 0 007S
Bground : /B/9/70 2« (**4/4.)
Tail method: ol on 27U
THORIUM Counttime: 404 Stan:  $- 380 2AO gop: G.3Sa /40
Channels counted: - 3(,7/ 470
Count std dev bground |tail net %sid dev/100
232Th 2759 41 /128 2% 245/ 00224
230Th /04949 2602 /437 | 240 JO£-2 7.0 0. 003/
28Th | s#Seo 77 /8 | 1656 | S2776 | c.cogs
224R a SONER 57 /328 | 600 99354 | v.o0046
Bground: 1577/ v .-t-;‘\ e [#%24)
Tail ‘method: 9/6/{:&2’, gﬁznﬂ/,-zz-xﬁ-wé 2247,

RESULTS:
234U7238U: /-7 sid dev: 0 0/94 234U/232U: /-6942 sid dev: 0-© /76
(U) ppm: 7+ 9 Uyield: $2. #-%
228Th-0.054Ra: §C///  228Th/decay factor: $255S  228Th-232Th: so/04 (0.00Sc)
230Th/228Th: .2 ©0F// sid dev: €-© 112

(Th) ppm: 2-2 Th yield: 0. 4%,

230Th/234U: 7/ 09Z7Z siddev. © «:/23  Spike 228Th/232U: © 9 7

Correct 230Th/234U: /. ©€$F  sid dev: ©-01/4 232Th/234U: ¢ @258 qd dev: o 0oCe
Age (kA): 2BF.S ) 29 )7

(234U238UN=0: 3.2/0 siddev: 0 o3/ 234UN238U age: sid dev:

Comments:
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URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO,

Sample no: F7-/05-2c4b6 Lab number: |4—[4/40 4
Sample: 7o, b vntly sotie nbou
Sample weight: 3.9339

Residue weight: /- 347 %residue: 34-4%
Weight dissolved: 2. 586 %soluble: 6$.5%

Sample treatment: U piahit /a,a./JA,s

Date of U-Th sepn: /§/4/90 Counting delay: §8 days 228Th decay factor: 0.9459
Spike activity:  U:/-80 & /iavATh: /.25 &y /1944 Mis spike: /0
Date of plating Us Le/9 Th: 2,9

URANIUM Counttime: 69A Stan: 3:53, a/u/fo Stop: 12555 124
Channels counted: -0 410
Count std dev bground |tail nel Jes1td  dev/100
238y 19¢s 126222304 19044 0.0O0FS
234y 223 & WTF->7681354 - | ss1/6 0. 00485
232y Z¢a04 SE—>f| — FSo42 0 .00 34
Bground : /8/9/90 QA g‘%‘(
Tail method: .4l o~ 20
THORIUM Countiime: &94 Stan: 3 $3p Yuldo Stop: 1253 13/
Channels counted: -3~ 4O
v Count sid dev bground |tail net Posid  dev/100
22Th  |j9e0 441|120 1771 0. 0262
20Th | 34054 41— 1B _[200 3374/ 0.0055
228Th | £4133 246—>707 3131 go43S 0-00%F
29Ra  |glowd 1313=>397] 1000 7612 ( 0 cO?9
Bground: /8/9/50 .44 €9
Tail method: %% ,.o&{ /, 23T a4
gryial o DTG bt 92

RESULTS:
234U/238U: 2 .6 77  sid dev: ©.0434 234U/232U:0 €©// sid dev: 0.0 0 34
(U] ppm: /2.7 Uyield: 96.5%
228Th-0.054Ra: #6824 228Th/decay facior: ¥/121¥ 228Th-232Th: 7444 F 0-0039
230Th/228Th: 0- 4247 sid dev: 0.0029

[Th) ppm: 3 7 Th yield: 83.1%

230Th234U: 0. 7065  sid dev. 0 006 Spike 228Th2320: ©-97

Corrcct 230Th/234U: D.63S3 std dev: 0-0ee 232Th/234U: 0. 0 360 sid dev: 0. 00097
Age (kA): /8.0 (I O RV

(234U238UN=0: 7. 265 siddev: 0 029  234U238U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATOQ,

Sample no: F2-/05 -2cfbh Lab number:

Sample: 7a7/’" /,./Va/ Lewdrie  carbonnde.
Sample  weight: /0.000,
Residue weight: ¢ &2,
Weight dissolved: 6- 340
Sample 1reatment:

%residue: 3¢,y
%soluble: ¢ .4

Date of U-Th sepn: /o/4/4©
Spike activity:

Hafuo

Lo )/.v/'-.f uu/o\—[ ,{,} 7Z. cé.l;u“,/.u/;‘é.\
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Counting delay: ¢ Zkys  228Th decay factor: 05544
U:1-80 & protsTh: 175 3, sr00s - Mls spike: /o

Date of plating U: y3/9 Th: 17/
URANIUM Counttime: 48h San: 3 05, 2#po  Swop: Fesp 2wfke
Channels counted: _ v 40
/

Count std dev bground |tail net %sid dev/100
238y [BU43 29— 158 141 17644 ©.c077
B4y 43830 170 = 40| [£6 47104 0.00¢7
232y 51439 SE =] — 3132% d.0057

Bground : /3/4/fi0 444 (* 4:/‘\4)

Tail method: 27 ,.. 237y

THORIUM Counttime: 48h Sn: 3.05, a/iv/do Stop: 7-0Sp 24/10/90

Channels counted: =3¢, 110
Count std dev bground |1tail net %s1d dev/100
22Th | 2364 21— g9 |eoo 214 D.2276
20Th | 35¢29 42 _, #4 | 480 3506% 0.0054
228Th | 443¢3 226->451| 1ES 36726 0.0062
224Rra | Av40H 1416 = 283 2000 35577 0.0060
Bground: /¥/4/a0 244 (%)

Tail method: */“£ ..ocld 42 **°7C
PRy e°S :ao,@/,j,./vuzdj A- 252230

RESULTS:
234U/238U: 2.6697 std dev:o.024( 234U/232U:/-5038 sid dev: 0-0/11

(U] ppm:
228Th-0.054Ra: 34805

12.9

Uyield: 45.¥%

228Th/decay factor: 3446 8

230Th/228Th: 0- 9797 sid dev: 0.008 7

[Th] ppm: 4./4g

230Th/234U: 0-65/5

Correct 230TW/234U: ©-63/9

Age (kA):

95. 7

(234UP238UN=0: S5./ &2

Comments:

Th yield:

std dev. 0 007§

+) 7.7

std dev: ¢ 927

51.6%

() 706

228Th-232Th: 343S4- 0.0070

sid dev: 0 0073 232Th/234U: 0 03Q%

234U/238U age:

Spike 228Th/232U: 0.9 7

sid dev:

std dev: 0. ¢/



URANIUM-THORIUM _SAMPLES,

UNIVERSITY OF WAIKATO,

Sample no: ¥7-252% -
Sample: Fonnplo” ,/.,,/[.7 Lacos P coibiaa-(2

Sample  weight: /¢ 00/q
Residue weight:  s./2% Yoresidue: S ¢
Weight dissolved: &£#3 %soluble: ,~ /
Sample treatment: .

P A A S S L';L

N /JA‘J.'/ a;'«..u-j"(l /ey
Date of U-Th sepn: /¢/6/7©
Spike activity:

Date of plating U oz)ssi0 Th: Leesie

Lab number: 15/5/90 3
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Counting delay: § ».¢..,5s 228Th decay facior: 0.%€50
U:r#0g, ywomdTh: /75 .8, froa-4Mls spike: 7o

URANIUM Countiime: /€83 &s Stan; /& ‘Ca dffie Sop: 10 50a  Jrofeo
Channels counted: - 40 41O
Count std dev bground {1ail net %std dev/100
238y 4945 i/ 320|129 $236 0.0 196
By 1438y ¥ /1534 |22 12805 Ry
232y |40 s (383 | — q022 60 00
Bground 1573/ 24h ("1 /oj)::/s}

Tail method: . , ,, 3%
THORIUM Counttime: /48243 4s Stan: /07O e

Channels counted: -3¢ +\O

24/a(T0 Swop: 0. 5. e

Count std dev bground |tail net %s1d  dev/100
22Th g7 4 ) 14 | ypo s 77 o5 72
20Th  {qsie o /24> | aoo 46 ¢ 0 iy
28Th  |pors 2o / 14411 2124 65SO 0. 01¥C
229Ra  |u7ey 423 Jiooot | poo $76 1 . g%
Bground: /8/9/40 a4k (¥ lb?’é[”)

Tail method: 42 wubel &% 21270 wop b 2

RESULTS: j.-a/uf wl - Jr’,zjr-// e

1/1/‘)"

.

234U/238U: 3. 20%¢6 sid dev: © © 01 234U/232U:/ Jeq 2 sid dev: © @ L

Ll( ,
228Th-0.054Ra: 66 3 6

[U] ppm: Uyield: 3. &%
228Th/decay facior: 4 54 /
230Th/228Th: 0 £ sid dev: U Clo

[Th] ppm: §. 7 Thyield: J 7%

230Th/234U: © 5130 std dev. 0. O/ 4+
Correct 230Th/234U: © 4177
Age (kA):  465. ¢
L J

(234U238Un=0: % €7S

) 2.6 ) 2.5
stddev: @ 0&/

Jete  dwhle /;.a.:./zﬂ, O gt L ey
‘Q,\/ fors ‘.4{.4.4.'/’(/ s, /(} PR 1'¢L’(’.

Comments:

std dev: @140 232Th/234U:

234U/238U age:

Spike 228Th/232U: ~ .4 #

O. vCtsa

std dev:

228Th-232Th: 6 $/4,0. 041/

sid dev: @ g/



URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: 87-25%a Lab number: /2/3/99 /4
Sample: L fo e pvbout

Sample weight: 4.99¢ o
Residue weight: /- 33/ %residue: /33 %
Weight dissolved: ¥ ¢é& ¢ Jesoluble:  g¢ . 7%

Sample treatment:

7
._p/g /(.7(..5 ‘_./’ &> é/’(’uLﬁt‘t/ an

LS L) parbiamns. SfUE

Date of U-Th sepn: /3/3/%C  Counting delay: /2«4y 228Th decay facior: ©-7 &8
Spike activity: U0 7€3y/~/ Th: © 175 <3/~/ Mls spike: /¢

Date of plating U: /s5/3 Th: rer3
URANIUM Counttime:  4%h Stan: Gpn /e/3/70 Siop: &om ‘E/3/50
Channels counted: w22, 95
Count std dev bground |tail net Jesid dev/100
238y £039 75 /1 /7S $9/0 0.0/3
234y 14523 12/ 30 34 14459 008
232y +S22 7 J8 - 2424 0.0
Bground : AUB/h0 < (< Ps)
Tail method: /ncw’«//:ij i HE
THORIUM Count time: 244 Stan: s /Cun 25840 SI0p: /s Cpn 26/3/90
Channels counted: , /5 - 7O
7
Count sid dev bground |1ail net %sid dev/100
232Th 405 2/ s /35 23S 0. 0f3
230Th YA /93 /s 50 10464 0 0/0
228Th Y 72 29 166 $75¢ o0/4
224R a S46% 74 20¢ O s/65 o olf
Bground: 2//3/90 244 («344,)

Tail method: /Mﬁt/ly oy 2% K D2
gkl Lo OV 277
RE TS:

234U238U: 2.44 7 suddev: 0.037 234U7232U: 3.2¢ 3 s1d dev: < (?Sé
[U] ppm: 2. 54 Uyield: 77 6%

228Th-0.054Ra: s#77  228Th/decay factor: S$S2SS  228Th-232Th: $/92

230Th/228Th: 4. 99/ siddev: v .03F

[Th) ppm: 2. &7 Th yield: 27-3%

230Th/234U: 0 (09 std dev. ©.0/3  Spike 228Th/232U: © -9 7

Correct 230Th/234U: 0- S 4/ std dev: © ©/4 232Th/234U: ©-0/7  sid dev: & ©os
Age (kA): 87 47 (+) 309 ()97

(234U7238UN=0: . 5§ std dev: -6 4 234U/238U age: _— sid dev:

Comments:

164



165

URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no: 37-25 3 Lab number: /2/3/0 2
Sample: P,

Sample weight: .77

Residue weight: , 203 Yeresidue: /5.

Weight dissolved: 5 £9¢ %esoluble: #F ©

Sample treatment:

Date of U-Th sepn: 13/3/40  Counting delay: // #=y3 228Th decay factor: 0.9 89
Spike activity:  U:© /B4y/~! Th:o 175 4 /~/ Mis spike: /0

Date of plating U /s Th: ¢/
URANIUM Counttime: 274 Stan: §-#Sp~ 1S/350 Siop: S-45pn 1e/HT0
Channels counted: » 30/ 1003
Count std dev bground |tail net Zstd  dev/100
238y 5313 94 7 52/ G/8S 9.0
234y 22273 (44 19 15O 22/0% 0. 007
By 477 g0 y7 - £420 | 0 013

Bground : 2¢3/90 J4n («2%4)
Tail method: mirliling wn L

THORIUM Counttime: €A Start: e I4/3/70 Stop: 4 2$/3/70
Channels counted: ., 20 -20

Count std dev bground |tail net Jestd  dev/100
2321 429 2/ & Y B0 J4 4 0.0 f
230Th 1S 16 j0f B8 g 113 11335 0 00Y
228Th &/ £0 79 swo 1c0 /3/ Si4.4 0.0/ 3
224R a +7€E7 ¢ 2228 A2E | 740 4399 0 046

Bground: 2Y3[I0 gk [<2%% ) ]
Tail method: 412 e/ K. 2777, j"‘/"(“""/j L BRI g g 22612,

RESULTS:
234U/238U: 2.407 siddev: 0.03| 234U/232U: 3448 sid dev: 0.05 )
[U) ppm: 24.038 Uyield: /%.8%
228Th-0.054Ra: 57//  228Th/decay facior: .>:4 .2?) 228Th-232Th: §3¢7
P

230Th/228Th: 2. O%78 sid dev: ©.037

[Th) ppm: 3 j/ Thyield: /S./ %

230Th/234U: 0. ¢0G  siddev. 0.014  Spike 228Th/232U: O0- 77

Correct 230Th/234U: © S 9/ sddev: 0.0/4 232Th234U: 0 918 sid dev: @0
Age kA): 47 5S¢ ) 304 O 746

(234U238Un=0: ) .§0 std dev: ¢).04 234U/238U age: _— sud dev:

Comments:
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URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO.

Sample no: §7-25 S Lab number: s2/%/90 3
Sample: /‘,'/A'c’f{'c wborate

Sample  weight: /o </ .

Residue weight: 7. 052 Fresidue: O SO

Weight dissolved: & 747 Zsoluble: 89.S%

Sample treatment: (w/,,/lje ol 1ahs, ~ IS JnfF -

Date of U-Th sepn: /3/¥/70 Counting delay: /Y +%vy) 228Th decay factor: 0.440
Spike activity:  U:0.18 3/~/ Th:o1?s 83/~/ Mis spike: /0
Date of plating U ,s/3 Th: re/3
URANIUM Counttime: 394 Star: ¢./S, /¥/3/%¢ Stop: /@-18, 2/3/%<
: Al L 5
Channels coumed."ﬂ‘/’/oo (3%, §§ )

Count std dev bground |tail net %sid dev/100
238y 1S40 * 125 /1 7 14829 o 0V
234y 3¢43/ /92 28 196 3¢ 70 7 p.00y
232y 11133 75 - 11055 0.010

Bground 24550 A4 (o 3y
Tail method: okl on 2384
THORIUM Count time: 234 Stan: /059« 23/3/70  Siop: G.5O~ 2#/HC

Channels counted: 5 - 60

Count std dev bground |tail net %std dev/100
232Th $2) 23 4 St 4¢ 2 0. 0s2
230T 13591 117 /] 2C /1355S ©.004G
228Th 6924 3 2/ 132 & 7 0. 913
2R a 4750 £9 129 /1S 2444 0 Crg

Bground: J2/3/0 444 (*He)

Tail method: ¢ ) ) 27 / e
VLo ockel B TR Ay gmplincntly

RESULTS:

234U238U: 2.467 siddev: 0.0/0 234U7232U: 3.320 sid dev: ©.01/

(U] ppm: 220 Uyield: /9.9% (7/1, ©.22)

228Th-0.054Ra: £4 7/ 228Th/decay factor: &0 70 228Th-232Th: £00¢G
(0.4 %)
230Th/228Th: 2.233 sid dev: 0 ¢3%
(Th) ppm: 3] Thyield: 3.0

230Th/234U: 0-675% sid dev. ©-C14  Spike 228Th232U: 0.9 7

Correct 230Th/234U: ¢ €S sid dev: 0-¢/3  232Th/234U: 0-02% siddev: 9001

Age (KA):  /pf o/ ) 30e () 299

(234U238Un=0: 7.¢5 std dev: Y74 234U/238U age: _ sid dev:

Comments: ¢ ., .¢5n.

TR A/(

Les Fesibas Han ol 253n samples
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URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: g7-253a Lab number: 12/3/90 4
Sample: 4 4 .4t wwbiasfe

Sample weight: /2 0¢S$ .
Residue weight: /343 Foresidue: /355 A
Weight dissolved: §.6$S soluble: ¢ €<%
Sample treatment:

Date of U-Th sepn: 3/3/%0 Counting delay: 7%y  228Th decay factor: O 99/
Spike activity:  U:e8 %/~ Th: 0 1?5 %5/~/ Mis spike: /0O

Date of plating U: /s/3 Th: ,e/3
URANIUM Count time: Z4A Stan: 10 0. 240 Stop: ot m 34/3/5
Channels counted: ;25 - /70
Count std dev bground |tail net %s1id dev/100
238y Y, A< 7 93 $312 0.014
234y 13/¢ ) I15) L0 35 15104 o0.veY
232y 4090 64 ol - 4029 v. 0/
Bground :  243fe0 a4n (= 2P24)
Tail method: odelsing 21184
THORIUM Counttime: 24 724 Stan: re-de. 227390 Stop: /o-#5. 23/3/50
Channels counted: 420, -¢0
Count std dev bground |1ail net %ostd  dev/100
232Th /910 32 ¢ 120 X56 0038
2307 h 26 594 162 i 1w 26283 0.00¢,
228Th 14478 (20 89 2¢ 1 141 2% 0004
224R a 372¢ 93 207 200 3149 ool
Bground: 2ifspr0 Jth (< H )

2

Tail method: st/ o A £ R | gopecdd @ ttons,
RESULTS;
234U/238U: 2. 422  sid dev: 0.040 234Uf232U: 3-254 sid dev: 0.0&0
(W
[U) ppm: 22.7 Uyield: 11.8%4
228Th-0.054Ra: /3¢-7#9 228Th/decay factor: s24922 228Th-232Th: /12793
((: wvat)
230Th/228Th: 2.054  sid dev: 0-04 4

(Th) ppm: 3.7  Thyield: 3€. 44

230Th/234U: 0.¢u § sid dev. 0-O/4 Spike 228Th/232U: © 4 7

Comrect 230Th/234U: © €C6  siddev: p.0s3  232Th/234U: ©-02/ sid dev: 000/
Age (kA): 90- 70 (+) £-72 () 2.5¢4

(234U/238Un=0: J ¥’y std dev: o oS 234U/238U agc(:/-/ sid dev:

Comments:



Sample no:

$7-2544

URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATO,

Lab number:

Sample: 7',,.,7/// L"“/éf Aucerhins c;véwué

Sample

Residue weight:

weight: /o0-<0d,
o el

Weight dissolved: « 240

Sample treatment: 1/&&/’ cienidhl /,'5,4)/ "y

Date of U-Th sepn: /¢ /% /fic!
Spike activity:
Date of plating

Yresidue: 7-6%
Yesoluble: 2. 4 %,

3] A»ze'fl/ LJA’ 7/)1,/4.7?7

U oy

URANIUM Count time:

Channels counted: - #5 +/¢

Th:

FAYIR

2575

San: /2.2 7p  potre

5fefic 4

X nhlfiss wdp

Stop: 72 7

Counting delay: #5 céiyy 228Th decay factor: 0.952
U:s-gossy/rn8 Thir 75 3y 26 Mls spike: /¢

/20

Count std dev bground |tail net %sid dev/100
238y 44427 1 f223 | jee€ 4305% 0.COSO
234y yosi7 Jat/sst | 6¢d 10435+ cuo 3y
232y S/430 52 /10t — S8R9 0S5

Bground :  /BMACU JfA (“#5/4 )

Tail method: motel on 282

THORIUM Count time: 4503 Stan: /20 7, Sl Stop: 9 2 7« ko
Channels counted: - 4 5, o5

Count std dev bground |tail nelt %s1d dev/100
22Th | s#¢0 J£/45 | reo 1360 0.cl9¢
230Th S&24 42/74 | #¢ STros 0042
28Th | g2 199/373 | 124/ 2395 | oo0es
224Ra | S69479 (#23/067| #50 JPR2/ 0-0CF3

Bground: /80 124 Ke554 )

Tail method: v/sp .00 4 ),73/1/ oA PP

RESULTS: juf,éu/ £ 1820y

234U7238U: 2§49 07
[U] ppm: 2/ 4
228Th-0.054Ra: 2 /72
230Th/228Th: 2.3536

[Th) ppm: 2-€&

230Th/234U; €€ 742

Correct 230Th/234U: @. 6588

Age (kA):

102./

(234U7238UN=0: J. 0S5O

Comments:

U yield:

Th yiceld:

std dev. 0.0 7§

) 7

std dev:

47 6%
228Th/decay factor: 2¢€2¢c¢
sid dev: &cae 7

5. 7%

7 ORVA

0.8

sid dev: ¢~ C/4£¢ 234U/232U: 3 #35 &s1d dev: 0 .¢ w2 C

228Th-232Th: ‘,.7,1 (fc)()/(;) 2§

std dev: 20273 232TW/234U: 0.0/ 2y

234U/238U age:

Spike 228Th/232U: ©-9 7

sid dev:

std dev: @ ooy

168
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: E7-256% Lab number: ¢/5/9¢0 4
Sample: 7,.7& //4/@ hubod pobonatt.

Sample weight: /0. 000y

Residue weight:  7:23y Teresidue: /7.2
Weight dissolved: 7.577 %soluble: FF. 5
Sample treatment:

Date of U-Th sepn: 7/2/90  Counting delay: 48 oy 228Th decay factor: ¢ 9§35
Spike activity:  U:/.2¢8y/0~h Th:+.35 8, /€5  Mis spike: /0

Date of plating U:.  9/8 Th: /8
URANIUM Counttime: A4A Stan: /0./S« 7i/4/9¢  Siop: s0Sn 29/9
Channels counted: 40,415
Count std dev bground |tail nelt %std  dev/100
238y 9416 # /00 205S 726/ c.0/tB
234y L FP2EE 238 /Jo S /6250 | 0. 056
232y /0063 49 /00 [ 4 0.0 10O
Bground : /8/9/40 244 (%2444 )
Tail method: 233 M‘-.éAd;/,
THORIUM Counttime: 404 Swan: 5.3, 22/9/60  Siop: 435 A4/7/90
Channels counted: - 30, 4 10
Count std dev bground |tail net %sid  dev/100
232Th 339 24 ) 40 | wo 3074 06194
230Th 2¢O F #2 / de | 2o 2611 | apo3e
228Th 495¢% 206 /343 | A4 431276 0. 0045
224R a £66HE nin/ 2323 oo 43479 0.005/
Bground:  /8/4/9¢ 244 (**4)
Tail method: 2%2 . ./ £ +25;
grapteal 4 Bl honte
RESULTS; ’
234U/238U: 22380  sid dev: 00303 234U/232U: /- €227 gid dev: -« A/+
(U] ppm: /2. O Uyield: 29.3%
228Th-0.054Ra: 4492F 228Th/decay factor: £7/%  228Th-232Th: 440+0 [¢-00$S)

230Th/228Th: / 7442 sid dev: ©.0//5

[Th) ppm: j‘ -

230Th/234U: /€ 747

Correct 230Th/234U: /- 0426

Age (kA):

(234U7238Un=0):

Comments:

A5t/

$.5/4

Th yield:

sid dev:

sid dev. 0.2 /S F

o oo

?99%

() 18

sid dev: 0.0/54 232Th/234U:0 L4/ &
+) /2 /

234U/7238U age:

Spike 228Th/232U: €©.9 7

std dev:

sid dev: 0. o O
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

gamplle no:dt-2/ 403 Lab number:  //ief50 4
ampie. J:]/C’ m/(y Ku“;vbw ‘,'.\b/.,'uvdzl P Cvft‘)..'( _\'((/1,;;.-

Sample  weight: /¢ cevy

Residue weight:  2.,z¢ %residue: 2/.2
Weight dissolved: 78215 %esoluble: #7. 2

Sample treatment:

7 -

CalRs J?iij Seomw Jilly

Daie of U-Th sepn: 2/72/c Counting delay: /¢ /etays 228Th decay factor: o Go4e
Spike activity: U:s tw 8 JedThir 75 % /%0aéy Mis spike: o

Date of plating U: 4o Th: 6/
URANIUM Countiime: Z€¢€4 Stan: /¢ 5Ca  if1/7 Siop: 2R-5€,5 23/
Channels counted:  -p 12 - SO
Count std dev bground |1ail net %std  dev/100

238y LO8SE 146/ 1159 | 6LY) $90p0 0. 004
234y [43298” A4S /2es0 | 2425 136240 0 ©u2F
232y 353028 95 /sez | — 393063 | o oure

Bground : 1Y2fin0 FEA (7 2¢%s)

Tail method: 238, mwéldj
THORIUM Counttime: 2664 Stan: /¢ SOa  si/dr Stop: /2 5T 43//%1
Channels counted: ./ /¢; -0

Count std dev bground |tail net Zestd  dev/100
232Th /2552 ¢F Jacd| 3sco BeBS V.o a g
2301 h 200/4 KC /87| 6,00 3017 | 0 voad
228Th 2282232 £374) 944 /2920 | S2362 /23072 | o000y
224R a 139423 337 2 /nox] j3200 record3 | o oo st
Bground: /72240 4ca (,} Je%s-)
Tail method: 247, ... &¢ 4 32277

W2NR o hiborlly e bl P
RESULTS. Fkeals;

234U0238U: 2.34¢ $ sid dev: 0.0 1§ 234U/232U:0.3517 sid dev: 0.cw i

[U] ppm: 2. 5§ Uyield: /93.72% (f/ ~0.22 only)
228Th-0.054Ra: 7€43¢4 228Th/decay factor: /E€/¢ 9& 228Th-232Th: / 23¢/3 (0. 0w 33)
230Th/228Th: ©- 5643 sid dev: 0. 0020

[Th) ppm: 2.3 Th yield: ¢ - 7%

230Th234U: /- ©35%  gddev. 0.c-0¢C  Spike 228Th232U: ©.9 7

Correct 230Th/234U: /- ©v'4-8  sid dev: ¢-.00¢q 232Th/234U: 0. /3 &+  sid dev: 0. 002
Age (kA): 2267 ) 4. 39

(234U7238Un=0: 3 5]() stddev: o ¢px  234U/238U age: std dev:

Comments:
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URANIUM-THORIUM _SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: ZFZ-4/603% Lab number: 27/ /00

S amplc: Jy/a‘ /ﬁ"_/é] breewoion L""'f{“'l‘é-/' halou J(";‘é'ﬂ' .

Sample weight: /o .cowy
Residue weight:  .2.2239 Zresidue: 2.2 .2
Weight dissolved: 7 7277 %soluble: 7z 7. &
Sample treatment: J
=

Date of U-Th sepn: 22/ Counting delay: 7745 228Th decay factor: & 7 5C
Spike activity: U:r.308 /&~ATh: 1 75 %) /1ct<sy Mls spike: +&
Date of plating Ui 2popme Thi ze /¢

URANIUM Counttime: A4 Stant: 7,00 21/ 2 /00 Stop: /., 29/s2/0
Channels counted: ‘o, - so
Count std dev bground |tail net Z%std dev/100
238y /7627 je0l/249| 332 //05€ O w0
234y 27678 4+35/6%1 | 95€ 25938 ©. 0066
232y 9L 73¢ 9¢ /144 GI5EF PEYE
Bground : rafa/ve #5% ¢ P<tey)

Tail method: m;\—é‘d’n? 01 2740

THORIUM Counttime: 704 Sar: /s 243740 SOP 4y st 26/02 foo
Channels counted: ;. 3
) 30
Count std dev bground |tail net %std dev/100
232Th 438 o8/ 106 Ters) 3729 0.7
230Th L4596 /$3 /238 205¢ 24158 O Oo6S
28Th | €5e73 297 /773 1262 | 33043 | ¢ 0056
224R a 51634 3397 fsaea |  ivo0 725350 O oo sy
Bground: Ar/mfbie 454 6_7%‘.}

Tail method: =742 »«-wélff— 27
138239 j‘f%‘u/éj, e.\"’ e 72N
RE S:
234U/238U: 2. 3958 std dev: 0.0 2%( 234U/232U:0 2&</sid dev: 0-<OA ¢
[U) ppm: 2.2 Uyield: 2.5,
228Th-0.054Ra: 75974 228Th/decay factor: 864435  228Th-232Th: £27/4 (e <o 3t )
230Th/228Th: ©.29.2/ sid dev: ©.c©22

(Th] ppm: 2.§ Th yield: £5.3Y%

230Th/234U: /.C42 7  siddev.6-C1/¢  Spike 228Th232U: ©:% 7

Correct 230Th/234U: /.<vig- sid dev: 20/0 7 232Th/234U: ©./8€/  sid dev: ¢ 09 So
Age (kA): J30 ¢ GO S O W

(234U7238Un=0: ¢.5(S sddev: 0 043 234UN38U age: sid dev:

Comments:
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: & -2 (Lo Lab number: //1e/10 2
SamPIC: :]17[:‘/ 1/4/(((7 {'f_.“‘_7 {/L.‘\M L.’Jé’s’:u'é'l /J« L"‘J S ¢ ‘i-'\
Sample weight: /¢ U
Residue weight: /4 S} %residue: /- ¢
Weight dissolved: Z Y+t Z%soluble: Z§. 4
Sample treatment: ., ¢ - _‘,‘4.@,«//1" sl oleamend (217
/ e /e R
Date of U-Th sepn: J/e/7o  Counting delay: //2 s 228Th decay factor: o.¥9 48
Spike activity:  U: 7/ -ZC 5 /0+5Th:s /s %, /b Mls spike: 7o
Date of plating U: 4/ Th: 7/

URANIUM Counttime: 224 Star:  wnm 2 2/ Siop: Sy 30
Channels counted:  , /¢, - VO
Count std dev bground |tail net %estd dev/100
238y 41 ESE y92 (937 574 5655 0 0C6/
234y G742 ' #4051 | /+OF 7 52407 o 009/
232y Q/NEEL 21/ 935 21544 F € LoD
Bground : ra/i2fpe 454 (« 22544
Tail method: 2 ’““4%7
THORIUM Count time: A20< Stan: gu. 2/ Stop: S S/
Channels counted: w0
Count std dev bground |1ail net %s1id dev/100
232Th FE44 (7 /32 | s6¢0 1260 o 0/SE
230Th 29755 SYFAE | 1230 72250 coes?
228Th QoS SA725PY 23316 | ird9e04 ¢ ot 7
224R 4 /£ 3143 ssespe%i| gieo | s pBa4- | o ceaq

Bground: r9/2fe 404 _
Tail method: %A wwwolel fr *R
el “/J.’ w2300 ]-z-yl/vu/{

RE S:
234U/238U: 2.2900  qid dev: @t €} 234U/232U: ©. 3805 qid dev: .06/ &

(U} ppm: .Y Uyield: 658.7°%
228Th-0.054Ra: /7,325 228Th/decay factor: /9/% 37 228Th-232Th: /Z427L [0 . coiT)
230Th/228Th: ¢ $22/ sid dev: O.cOa T

(Th) ppm: .. ¢ Th yield: €¢. 4%

230Th/234U: /.10 3 std dev. ¢ @73 Spike 228Th/232U: 0.7 7

Correct 230Th/234U: /¢ jog  sid dev: o .o ¢ 232Th/234U: o 0949 sid dev: & cor S
Age kA: 274 4 ® &6 ¢ e

(234U7238Un=0: ¢ 17¢ std dev: (w27 234U/238U age: std dev:

Comments: V foo o8 Unme o 66
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: BP-L /a4 Lab number: ‘,27/(,/40 2
Sample: jé/ M%j 6&444/44/\0 C.L/ﬁ‘mzé/lﬂabu Jéc/&"
Sample w ghl YRT

Residue weight: /‘46(-,' Fresidue: /4-- 7

Weight dissolved: 3.533 osoluble: 5. %
Sample treatment:

Date of U-Th sepn: o%si/o  Counting delay: & Pdags 2287y decay factor: 0.9/73%
Spike activity: Uir &%) frudsTh 1,78 5 S Cncds Mils spike: /¢
Date of plating U: )/,‘,/.,c Th: 3/,‘//0

URANIUM Counttime: 2654 Stan: - 20~ 24B/9L  Siop: 0. 206 4fi/41
Channels counted: /0 -S0
Count sid dev bground |1ail net %std dev/100
238y #2955 1we/ust| ses 4.221C 0. 005/
234y /06226 #38/awwol 1334 | 102262 | 0.0c 3
B2y | 23476/ g7/sr| — 274(9¢ | 0.2t

Bground : s2fuc 4SA
Tail method: <7, ,M,,é//v-y
C

THORIUM Counttime: 2€5A Swan: /r20a 24/124,  Siop: /0-2c 4/ifis
Channels counted: r/c P
Count std dev bground |1ail net %s1d  dev/100
232Th | se027 e/ 62| T30 4q2a | 6. 0cEE
230Th | /52085 51/ g5 | Jooc /sc291 | o wo2e
28Th | 34¢$75 sig/wrr| e252 | 33704l | © ociE
224Ra | 3276%9 3908/ 1998 220 30%05| | 0. 009

Bground: rafrafac 4<A

Tail method: ”° 2, P,
ﬁ‘ o
RESULTS:;

234U/238U: .2, 4 234 sid dev: 0. 014G 234U/232U:0. 932 51d dev: ©. 0w/ 7

[U) ppm: 3./ U yield: €2.5%
228Th-0.054Ra: $204<¢ 228Th/decay factor: 3441347 228Th-232Th: 3 344 (& (¢ 001a)
230Th/228Th: ©.4494- sid dev: 0. 0w/4.

(Th) ppm: 2.2 Thyield: 97. 7%,

230Th/234U: /.0ldpE sid dev. ©. ¢S [ Spike 228Th/232U: © .77

Correct 230Th/234U: ©. 2479 sid dev: 0. 004G 232Th/234U: 0.9QQ1  sid dev: 0. OO
Age (kA): 221 O +) yv./ ) 2.

(234U7238UN=0: $.€40 siddev: .02 234U238U age: sid dev:

Comments:
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: F7-22¢€ Lab number: ‘///(;/‘IO 4+
Sample: Jydr /ﬁ/%] bR <>u4c»u'é'/ LaCoie e Ein

Sample weight: .99,
Residue weight: /. 7449 %residue: / 7- ¥
Weight dissolved: zi.zzs'j Zsoluble: 272 ..2

Sample treatment: PV SN 2

Date of U-Th sepn: /c/ictse Counting delay: /396y s 228Th decay facior: ¢. 2€7
Spike activity: U:/ 8 & fr2vh This. A5 sy /70.~6 Mis spike: o
Date of plating Ut ywyo Th: ;5/.p90

URANIUM Counttime: 694 Stan: S-S0 774/ Stop: 2455 2e/#fal
Channels counted: ire, - SO
Count std dev bground |1ail net %sid dev/100
238y 9527 i3 / s0x| 31 89 14 . 0703
234y 2392 298 /653 | /048 21391 0 COF4
232y B0¢OS 80 [i 75 BC 430 0. 00sY
Bground : /7P4/7/ 317740 (‘6"/51’4)
Tail method: 25 ) ,-w'é/zi‘y
THORIUM Countiime: £94 Stan:  §-4S5  s74/0 Siop: 2-45> 2./4/7
Channels counted: t20, 20 (v los enn u&.éué;’lr-v)
Count std dev bground |1ail net Jes1d  dev/100
22Th | 33¢¥ 4§ /99 | g0 2764 0.041 F
20Th | 22333 77 /169 | go0 2/964 00069
228Th 69103 353 /773| 3peo 65130 0. 0042
224Ra | ¢35/ 2329 [sro2| g0 s94449 | v.oore
Bground: s#/efar 5754y, (< cfl/gf,&)

Tail method: 242 &l & 2222,
22,2% 7 gyt j',/ ehrad (370 uler) 22
RE TS;
234U238U: 2-3997 sid dev: 00324 234U/232U: 0.<2¢6¢Cgid dev: 0. 0622
[U) ppm: 2.0 Uvyield: %/ 5%,
228Th-0.054Ra: ¢/%.20 228Th/decay factor: 74 70/  228Th-232Th: 7/ 532 (o cuo)
230Th/228Th: ¢- s0$5  sid dev: @ <044

[Th) ppm: 2./ Th yield: 75./¢;

230Th/234U: /7 /44¢ sid dev. ©. ¢ 8/ Spike 228Th/232U: 0.9 2

Correct 230Th/234U: 7 /75 std dev: . ©127 232Th/234U: ©. /4 5¢  sid dev: ©. 03 E
Age kA)X 5049 € ) 159 ()rs+2

(234U/238Un=0: 4324  siddev: o.0Sg  234UN38U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO.

Sample no:F7.2¢ Lab number: J?/f//-’/u' 3

Samp]C: 7‘74',' /f’:/éy éh‘uj?‘u.-k (,‘»vf;""" é”/ 4(4,‘; Seefsb
Sample weight: /o0 oy _

Residue weight: /.23 %eresidue: /5.7

Weight dissolved: 2 /74 %soluble: 82.¢2
Sample treatment:

Date of U-Th sepn: 2Z/7/#¢*  Counting delay: ¥Zys> 228Th decay factor: © ~90 23
Spike activity:  U: s 3¢5 78~5Th: » 75 & //a4 Mls spike: ¢ o
Date of plating U: zpiofqe Th spicjac
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URANIUM Count time: /6TA Starl: /0-$Ca  G/ifee  Siop: /G- Sla  frfAl
Channels counted: - /0 - SO
Count std dev bground [1tail net %std dev/100
238y 23994 19/ /23] 223 2305F @ o0es
234y S/ S< g4 [1661| 109 7 $54 5 0.0 44
232y 20/05¢ 98 /35| — 26020/ 0.00 22
Bground 12/ 0 45 (< 6%%s)
Tail method: 237 M.é{[,f
THORIUM Count time: /é6%FA Stan: on SCe  #/17%1 Stop: ¢<1. 38 c1fifor
Channels counted: 710, ~3c
Count std dev bground |1ail net Jestd  dev/100
2321 (0420 ¢4 /234 | 49¢ @EZ . <08
230Th €B19Z $2lse? | seo proFl | 6.0
228Th 22555/ iz /193a| 4¥Ge | w72 | v.oo22
224R a 207421 3397 /raeed  31ecr | 2e/534 ¢ oo2q-
Bground: 4i/72/92 45 (% €¥/)

Tail method: #Z .4l £ 7297C.
a2, 21‘:/2 J:"’f LI/y/'(JéHA /Nﬁzu

RES

TS:

234U238U: L. 9C48 sid dev:o.¢r9§ 234U/232U:C 2765 51d dev: ©. ('S

(U) ppm:

228Th-0.054Ra: 20632 ZZSTh/dccay faclor: 224 ¢ 7 3

R

Uyield: 23.2%

230Th/228Th: © . 3087 sid dev: 0. w©/ 4

[Th] ppm:

230Th/234U:

Correct 230Th/234U: 7. o 739

Age (kA):

2.3

1. 107/

27/ F

(234U/238UN=0: 4 oo 2

Comments:

std dev:

std dev. ¢ -G 74
sid dev: ¢-0aZR2 232Th/234U: ¢ /5€6

+) 6 6

OO 5'2

Th yield: 44. 2%

() 6-8

228Th-232Th: 2/9292 (0-wwl3)

234U/238U age:

Spike 228Th/232U: © -9 #

std dev:

std dev: O cor &




URANIUM-THORIUM SAMPLES

UNIVERSITY OF WAIKATO.

Sample no: & 7-2.278

Sample:

Sample  weight: & .c.cvyy
Residue weight: 185114
Weight dissolved: B4

Sample treatment:

Lab number: ~{//d/tlu 4

. - Ne)
Gresidue: /S /7

%esoluble: 54.9 v,

Lalrow e cfron jy/c' ’ /‘.’l/é&] Lo i wa*‘"u-é

j‘t"( 7( o biconn r(/o«uéa'(,J.«z. J/'.C_’) PRx) %/\.‘uk-.aw\.

Date of U-Th sepn: ¢/rc/9c
Spike activity:

Date of plating U:

Vi

Counting delay: / Slfays 228Th decay factor: ©-% 28/
U, goé,;/mu(l‘h: /RS By wea—4 Mls spike: /0.4
Th: 2 /fwtee
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URANIUM Countiime: 238 % A > Swart: //-3Can /Sfa/40 S0P /On 25/27%
Channels counted: - SO, 10
Couni std dev {bground |tail net %sid dev/100
238y 34/29% 125 1 ag| 28002 362205 0.00/&
234y 9 S22 426 [533] 11350 4951973 | 0.00/0
232y 330229 6 [ase 326373 | o coi7
Bground rp2/s0 43K («232%4s)
Tail method: ;77 S
THORIUM Count time: 238 7% Ars Start: //-3Ca~  1$/2/9¢  Swop: /Ca 25/2/4¢
Channels counted: ‘—SO,r 1O
Count std dev bground |tail net Jos1d  dev/100
22T h /6123 ‘ ¢s /345 | 3340 12488 O on3
230T 935¢ 4-3 is3 /&1l | (zco 934732 0. 0010
228Th /47240 55 [29a5| 21687 295308 | p.0 0
24ra | 30/36% 3372 (7] gooo 277385 | c.002!

Bground: /9/:2/7o 454~

~23272)

vy, (2553
Tail method: #%4 2772 .,7‘744&-5' W it

"/‘/é. —~~e

RESULTS;

/{ JJ?Z

234U/238U: 2.282 sid dev:o-ocSqg 234U7232U: 2.28€% sid dev: . 057

[U) ppm: /5.9

U yield: 97 o,

228Th-0.054Ra: 2 30529 228Th/decay factor: 31424

230Th/228Th: 5.0452

{Th] ppm: 2 O

230Th/234U: 7.0549
Correct 230Th/234U: s cu 3%
Age (kA): 25/.3

(234U7238UN=0: 4./05  sud dev:

Comments:

std dev. 0. ¢c. w5y

+) 7

sid dev: ©0.00eG

Th yield: 72.5%.

9 () 1.9

0.008

228Th-232Th: 30 7 8% (0 ooae)

sid dev: ¢ cc s, 232Th/234U: © 013 2

234U/238U age:

Spike 228Th/232U: 0.9 7

sid dev:

std dev: 0. oo
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: Z7-5/3 Lab number:  9//0/50 §
Sample: L]'-7,4/ /{;/‘(y bgtove c.zf&"rdé/ ‘ﬁucu ;u.rlt‘i”

Sample  weight: re-cvey

Residue weight: 2 7/04 Yoresidue: J 7./
Weight dissolved: 7-290, Josoluble: 7.9

Sample treatment: 72\ﬁ4</cL'" {‘jl"{/f‘“" Gz s

Date of U-Th sepn: /e/f7c Counting delay: /886y 228Th decay factor: 0. 5364
Spike activity: Ui/ 1305;//1-‘"*4 Th: /- 75 b sr5~4  Mls spike: /o
Date of plating Ul sfgge Thi 22/0m90

URANIUM Counttime: /0245 Stan: /7254 B/4/5/ Stop: § 28 12/t
Channels counted: » 10, S0
Count std dev bground |1ail net Zestd  dev/100
238y 1775¢0 139/ 450 | jieBa4 | 15 7e2c e
234y 49516 ¥ s#9/130 | se79 | 443359 | 0. o004
B2y 109939 70 /227 | — (09762 0. O30
Bground : /%/¢/«r S/ HK v
Tail method: 25%,) ,-wré‘*gf-y (<)
THORIUM Counttime: /024 Stan: /.25 8/4/1/  Siop: $25o  12/4/2f

Channels counted: 20 -20

//w,.e_gn )(;,4,,4,,.:—‘,.@ s)

Count std dev bground |1ail net %sid  dev/100
22T h 4541 48 /55 | 40 37¢¢ ooz oq
230Th 5327271 73 /aze | 200 | s394 0. 004
228Th 52517 35¢ Jreya | 0453 FO4TO 0. cotd
224R a Yot 3 2768/ 7 824 794967 | o-0040

Bground: /#4/97 3/L4, Cale2/ry)  gi2e

Tail method: 242 el Jor 22870 R0 L alvaity
eshina e R‘/’.-.‘/;A:/ S Gedy) J/)/ 7

RESULTS;

234U7238U: 3./2949 sid dev: 0.0 ¥ 234U/232U: 4- 4743 s1d dev: 0. ©/49

(U} ppm: 25.5 Uyield: 75.59%

228Th-0.054Ra: £ 6/S2 228Th/decay factor: 74w/ 228Th-232Th: 78325 (0 coe4)

230Th/228Th: 7 0¢$3% sid dev: 0.032¢

[Th) ppm: 2. 9 Th yield: 537 3%

230Th/234U: /-5€¢72  siddev. 0-<*¢ &9 Spike 228Th/232U: 0.9 7

Correct 230Th/234U: ,.$2.27 suddev: . 008¢ 232Th/234U: 0. « /0 &  sid dev: . 00O

Age (kA): oo (+) )

(234U/238UNn=0: std dev: 234U7238U age: sid dev:

Comments:



Sample no: 57-5/3

Sample:

Sample

Residue weight: 2 ¢+#4y
Weight dissolved: 7- 1’3‘67
Sample 1reatment: ’

Daie of U-Th sepn: &/r/9¢
Spike activity:

URANIUM-THORIUM_ SAMPLES,

UNIVERSITY OF WAIKATO.

Lab number:

%residue: € - F

%soluble: 73 ¢

Counting delay: by
U:/ 808y /e Th: 1 75763, /w4 Mls spike: vo

Sfre/90
Jj// /4'44'] Gueslor< “a/.(aué, Sowss ,fz" A,

weight: /0. wevyg

/
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228Th decay factor: ©. 9/ &2

Date of plating U 9s040 Th: ) ) foo
URANIUM Countiime: 674 Stan: §./Sp  Fiffas Stop: #2735, 5/,
Channels counted: - j}y/ 7 10
Count std dev bground |1ail net %sid  dev/100
238y 141743 /Z‘?/)Z’ 14 FO /25 522 o . vola
234y 39//¢ Z Ho/C| 34E5 | 35¢ev4 |0 vose
232y S 4007 9 [143 | o8B ~ B3ce4 0. 00sS
Bground rifizfao  #Sh (> 7%s)
Tail method: , 4.0 2%y
THORIUM Count time: 694 Stan: 5./% 2 far Swp: 125, af2/7/
Channels counted: -- '50/ 410
Count std dev bground |tail net %std  dev/100
82rh | 4594 &9 /45| 30 4/1E4 6 viea
20Th | SX35%% 153 /228 | /80 SS3/78 ¢.0o.3
228Th 6S9¢4 w5/549| /540 G638 0. coqq
224R a g 3493 3392 /sese] €00 74743 ©-00 59
Bground: /q/2/50 as4 (,b%s.)

Tail method: 2%4.3 & Z.

RESUI

S.

22% .
eshaaly 22 ‘%1/-/{1, -’*','z};’;,g - j,’

234U38U: 3.085¢ siddevie.crno 234UR32U:4€!1S sid dev: ©-O/7 %

[U] ppm: 29. 7
228Th-0.054Ra: 6/492 &

230Th/228Th: Z.8c/4

[Th} ppm: 3.9

230Th/234U:

Correct 230Th/234U: /- 8S1§

Age (kA):

/- 9cge

[l

(234U/238Un=0:

Comments:

std dev. © O 114

(+)

sid dev:

std dev: o.c 11/

Uyield: 5 Z.F%
228Th/decay factor: & 744S
sid dev: O. ¢ 904

Th yield: £6-8%

)

234U/238U age:

228Th-232Th: 6285/ ('dl.o(“fi-)

232Th/234U: 0. 074.0

Spike 228Th/232U: 0 7

sid

dev: o©. vuG 3

sid dev:
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URANIUM-THORIUM SAMPLES,
UNIVERSITY OF WAIKATO,

Sample no: ZF7-S30 Lab number:  §/,0/90 A
Sample: ) . .

P '.Z:yd” Hibly bLecwbie wé‘,.,u.é/ Sty Joo b~
Sample  weight: ‘/~‘/9’¢7y
Residue weight: _)“zc,ﬁ eresidue: 20 &%
Weight dissolved: 7 .7¢¢ Jesoluble: 4 4.0

Sample 1reatment: Ao AR ot ,z/,,é(

Date of U-Th sepn: &//€/90  Counting delay: /20:Gys 228Th decay factor: ©. 8577
Spike activity: U: 1.80& fonsts Th: 4 7548, f0(s Mls spike: /0
Date of plating U Yotho Th: /31090

URANIUM Countiime: /244 Swn: ,2:305  3/3/9/ S0P £ 30, B/2/4)
Channels counted:  _ ¢y 470
/

Count sid dev bground |tail net Jos1d  dev/100
238y 207567 (B9 /51 | 477 198564 o veax
234y Lo 4C0/1 223 | 2416 <9507 | 0.vors
232y [447€S Be /257 | — (445258 | 00026

Bground : /7/2m0 454 (x12745)

Tail method: 25%) 24

THORIUM Counttime: /244 Swan: /2.3¢> %/2/9¢ Swop: 430> B/Aa/a¢
Channels counted: -3¢ (O

Count sid dev bground |tail net %os1d  dev/100
232Th Bl e [ 2e5 | sto 7345 650028
20Th | 972691 /53 [/ 422| ssc 9€1949 0. 0o
228Th | ($2044 52/ 1 430] 3461 142197 | © ooz
2249Ra | 146407 3392 /9u7] Zcoc 135080 | _o.cond

Bground: /g9/72/%0 45« (= 12%45)

Tail melhod:'a"f/a ,M,-é//-f— 2287
RES ]LTS.@‘/M U4%/j/7045’§/2 3227
234U/238U: S.0030 sid dev: 0. 79 234U/232U:4./259 sid dev: 0. 0120
[U) ppm: 290 Uyield: ¥/ %
228Th-0.054Ra:/ 394 c 2 228Th/decay facior: /S7&¢ + 228Th-232Th: 1sc2¢¢ (p.0028)
230Th/228Th: 6. 5372 siddev: ©0.0/194

[Th) ppm: 2.  Thyield: §2.4%

230Th/234U: /- 5844  siddev. 0. coee Spike 228Th/232U: o. 97

Correct 230Th/234U: /. 5369 sid dev: ¢ coq 232Th/234U: 0.0 /16 sid dev: © coe
Age (kA): =< (+) )

(234U7238Un=0: sid dev: 234U/7238U age: sid dev:

Comments:



URANIUM-THORIUM SAMPLES,

UNIVERSITY OF WAIKATO,

Sample no: Z7-550 Lab number: J//0/10 &
SamPIC: Z ér Z:l(éj /Au%‘v# uvé:‘l.-uvé, kf_w Je({&* A
Sample wc;ghl: /0.02703

Residue weight: /744 eresidue: .27 § %,
Weight dissolved: 7. 5664 Jesoluble: 7&. 7%
Sample treatment:

/j‘l/t(Jw(a?-x ¢../m~’ S /‘7: /4'L Ao

vy DV A
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Date of U-Th sepn: /0/r¢/q0  Counting delay: ///’a{-y; 228Th decay factor: ) 538
Spike activity: U:/ 5¢ 8 /n. “(Th: 7. 7§ &G /0.~ 4 Mls spike: /0
Date of plating U s3/crip  Th /)//u"’kl
URANIUM Counttime: 74 "% hos Star: Siop:
Channels counted: 4 /0, - >
Count std dev bground |tail net %sid  dev/100
238y 6141 135/ %8 | v 728 S99 ¥ 000 42
234y (31158 30//726 | seq /79890 0.002g
232U 42‘/05 70 //OC - 427FCA O U('}q,h'
Bground : /7/4/&/ 3/mAS (x T/ )
Tail method: .., 47 ..., 2320 31
THORIUM Counttime: 74 fos Star: 4S50 S/ Swop: 11-20e 84/
Channels counted: S, 720 ([fevs seri - cifecks 3-%)
Count std dev bground [1ail net Jos1d  dev/100
22Th | 3//7 40 /95 | 3w asc 2672 | 00223
230Th 407579 64 [is1 | 56 407216 0 ooie
228Th 60L¥ 3 3 7'7?(: 294 SeneW Scevcl o0 0049y
224R a S Y44 26 7 (4536|2000 1m0 0. 004
Bground: /74/¢1 315/, (< %)
Tail method: J%2 md//(, 22557,
us/m\a.»é 242 (6 . 6,,} 72102 pz ,/‘“/47
RESULTS;
234U/238U: 3.0278 sid dev:e.Cr46 234U7232U: 4-2/67 sid dev: 0. c230
(U} ppm: 25.& Uyield: 40.5%

228Th-0.054Ra: $3252  228Th/decay facior: ¢ 4172

230Th/228Th: ¢ e¢.2/3 sid dev: .- O30&

[Th) ppm: 2. 4 Thyield: 5% (%

230Th234U: /. §703 sid dev. ¢. o3 Spike 2

Correct 230Th/234U: (523,  sid dev: o 110
Age (kA): - +) )
(234U/238Un=0: std dev: 234U7238U age:

Comments:

232Th/234U: v. /€0

28Th/232U: © - 77

sid dev:

228Th-232Th: ¢/ SO0 (o Vo4 )

std dev: 0. 000 2



181

URANIUM-THORIUM SAMPLES.
UNIVERSITY OF WAIKATO.

Sample no: 7’77’537 Lab number: ‘)//O/qo 3
Sample: Jyé/ m‘/éj QW&W cw«{tvu/é,.fﬁa‘u vecdon

Sample  weight: /2. 0w/g
Residue weight: 2. /7% Yresidue: 2/
Weight dissolved: FEFD e %soluble: 7 7.

Sample treatment: .
p /"ﬁ/( o /6//“(;\.,

-7
3

Date of U-Th sepn: +¢//¢fac  Counting delay: 1 S¥-4ys 228Th decay facior: ¢.5 220
Spike activity: U: 1 80&; /e~ Th: /. 75 & /0L Mis spike: 10
Date of plating U: /3ic /10 Th: 12/s0f¢0

URANIUM Countiime: $49.54 Star: /0. 15~ 2S/2/5/  Siop: 4. £ 112/
Channels counted:  -$o 4 /O

Count std dev bground |tail net %sid dev/100
238y 294613 95 %/ 507 | zsz7as | 257312 0.0022
234y 2979323 bt (182 np7as | 37775t | cooia
232y 228181 9< a5 /323 227457 0.002 (
Bground : /v/12/0 454 (ﬂ 30%y5)

Tail method: -2z o ”“‘“4’/47

THORIUM Count time: 342-5A/s.  Swan: r0./5a 25/2/i¢  Siop: £.45,5 1))7/0@
Channels counted: - 35/~
e

Count sid dev bground |tail net %sid dev/100
232Th 23670 4 /481 | 1500 27383 0.00 73
20Th | /5€/(203 /so Jug2| 1svO )$SBSE) | o ooy
28Th | 395/ 7S sor /361 7337 | 363¢35 | 0. 007
24Ra | 37409 3397/1s33] 400 344234 | 0.00(F

Bground: /97240 454 3429,
Tail method: -6 ,“é// ,_néme(z’ﬁ’ /f)

1?1 230
RESULTS: n »/7'““'/‘

234U238U: 3 022¢ sid dev: 0.cc2¢ 234U/232U: 3.4-193 sid dev: 3:—4;7)6;——39
G
(U) ppm:  2/./ U yield: 46.6%
228Th-0.054Ra: 3¢ 539 228Th/decay factor: 4-/d033 228Th-232Th: 57650 (o 00 /7 )
230Th/228Th: # 9/94 sid dev: O.co 6 8

(Th) ppm: 2. 9 Th yield: £3.59%

230Th/234U: /. /4¢€§ std dev. 0. cogq Spike 228Thf232U: ©. 92 7

Correct 230Th/234U:  7./119 sid dev: 0.00 s¢ 232Th/234U: .0/ 53 sid dev: 0. v ouy
Age kA): D53 ¥ @ 27 2.9

(234U7238Un=0: 5. 44 ( std dev: 0.0 14 234U/238U age: sid dev:

Comments:



URANIUM-THORIUM _SAMPLES,

UNIVERSITY OF WAIKATO,

Lab number: {//o/‘ic‘/ 2

%residue: 2/ 6

%soluble:

Sample no: 57-537
Sample

Sample weight: /o<c.5¢_»]
Residue weight: 0., 5¢.
Weight dissolved: 7. ‘Z-?»r./*
Sample treaiment:

Date of U-Th sepn: ¢//¢/40
Spike activity:

——

754

: Jijzé«‘ //4147 Greceg binw cnrborull ) Sicers secbion
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Counting delay: /2545 228Th decay factor: ©.5Z3 73
U:s 2o 4 w6 Th / 7)’/fi//.9,15Mls spike: /0O

Datc of plating Ut gre/o  Thi 4 /s0/40
URANIUM Counttime: /6 37% A3 Stan: 4 335, B/2/4/ Stop: //.20a 1S/2 /41
Channels counted: ~50,+10
Count std dev bground |tail net Jestd  dev/100

238y 44T s lop | 229ed | 200845 | 5 .0028
234y $9776 5 498/1gop| ee2 | 59496 | o.0ci3
232y 1240/S 77 _[274] — 173236 | <.ovug

Bground : /4//2/4c «S54 (= /o.s"/%sj

Tail method: 258 5/43}
THORIUM Count time: /63 %hrs

Channels counted: — 2, .,
/

Stan: 4 33’,‘-; 5/2/9'

Stop: /7.2¢.. 1S/2/9

Count sitd dev bground {1ail net %sid dev/100
22th | o734 ¢2 [225| z40 10171 0.0,05
80th | 72/352 152 [s51| 240 720568 | p.00id
228Th 1264-23 so; (1565 | 34467 IS 1OF 0. 0024-
224R a [BRG0e 3397 (1334 rewo [6Z6B2 | o pno26
Bground: </nfio 45« (* /o3/4/”)
Tail method: 2%, ’Mé(ﬂi' 22877
oS hme 22 CM, 2577 7:.}Aa/§
RE TS:

234U/238U: 2.9 450 sid dev: o ¢t 3234U/232U: 5.404¢ sid dev: 0. 009 3

(U] ppm:

2/.6

U yield: 724.7 %

228Th-0.054Ra: / 7/%44 228Th/decay factor: //#723 228Th-232Th: /54552 (0 0ovuy)

230Th/228Th: 5. 7044-

std dev: 0. 0/05

[Th) ppm: 3.0 Th yield: €/7.6%
230Th/234U: /. /464 sid dev. 0. co4q
Correct 230Th/f234U: /. /7124
Age (kA).  JX(. 3 +) 3¢

(234U238UN=0: $. 329

Comment

S:

std dev: ©O.

) 3.8

RIS

sid dev: o.ccc 43 232Th/234U. 0. ¢/ S 7

234U/238U age:

Spike 228Th/232U: ©.9 7

sid dev:

sid dev: © w2
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