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Abstract

Individual dating of detrital apatite and zircon crystals in arenitic sediments by the fission track method is a useful,
promising technique for provenance analysis. The ages form clusters which are characteristic for the main source areas
of siliciclastic sediments. The identification of age groups and the comparison of “‘age patterns’’ of sedimentary samples
require graphical presentation of the data sets. A Visual Basic program is presented for calculating the main statistical
values and plotting the single grain ages. TRACKKEY provides a complete system for data processing for the external
detector method using both zeta and activation calibration systems. The plots are linked to each other and they are
presented in one window for better overview. The program allows fast and easy selection and grouping of individual

data. © 2001 Published by Elsevier Science Ltd.

Keywords: Geochronology; Single-grain dating; Provenance analysis; Arenites; Statistics

1. Introduction

Fission track (FT) geochronology is usually applied to
reveal the low temperature part of the thermal history of
rocks. The apatite FT system resets at ~130°C, the
annealing takes place practically in the temperature
range of the “oil window”—between 60 and 120°C.
Besides thermochronology, a new branch of application
has gained popularity: FT chronology used for prove-
nance studies because it is possible to date individual
detrital apatite and/or zircon crystals in arenitic rocks
(McGoldrick and Gleadow, 1978; Hurford et al., 1984;
Cerveny et al., 1988; Hurford and Carter, 1991;
Brandon, 1992; Brandon and Vance, 1992). If no post-
depositional heating affected the sediment, the single-

#*Code available from server at http://www.iamg.org/
CGEditor/index.htm.
*Corresponding author. Institute of Geology, University of
Tibingen, Sigwartstrasse 10, D-72076 Tibingen, Germany.
E-mail address: istvan.dunkl@uni-tuebingen.de (I. Dunkl).

grain ages preserve the FT ages of source regions of the
sediment. In case of dating sedimentary samples, the
result is not a single number, but an age distribution
carrying information about the provenance of the
sediments and thus, about the tectonic and palacogeo-
graphic situation at the time of sedimentation. The
evaluation of a complex age pattern is not always
obvious, as the single grain data have relative high
uncertainty—usually between 15 and 40% relative error.
The uncertainty depends on the number of tracks
counted in one crystal (generally between <10 and
~300 nuclear events), which is controlled by grain
characteristics, like uranium content, age, size (Fig. 1).
Several models have been published for the numerical
treatment and separation of the components of a mixed
sample (e.g. Seward and Rhoades, 1986; Dodson et al.,
1988; Galbraith and Green, 1990; Brandon, 1992;
Galbraith and Laslett, 1993; Sambridge and Compston,
1994; Garver and Brandon, 1994). However, graphical
presentation is indispensable for the proper evaluation
of a sample and also for the visualization of the age
clusters defined by above cited numerical procedures.

0098-3004/00/$ - see front matter © 2001 Published by Elsevier Science Ltd.
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Fig. 1. Effect of properties of counted crystal on precision of
fission track dating. Ideal is when crystal contains many tracks
(dark gray field), but in many instances number of tracks are
limited due to small size and/or young age and/or low uranium
content (light gray field). These crystals are datable, but
individual ages carry relatively high error. Some processed
crystals may be undatable when no induced tracks are detected,
or they give zero FT age due to lack of spontaneous tracks
(white field).

The groups of the data can be marked according to
different plots of the age, precision and uranium content
of the individual grains.

The properties of the dated grains in sedimentary
rocks carry additional important information about the
source of the siliciclastic material. Thus, the registration
of the shape, morphometry (in case of euhedral zircon
crystals, see Pupin, 1980; Dunkl, 1992), color, type of
inclusions, zoning, overgrowth, etc. is crucial and allows
creation of phenotypes for an independent clustering of
the single-grain age data.

Comparison of the age-distributions of different
sedimentary samples and sedimentary versus crystalline
samples from the proposed source areas of the sediments
are the most obvious ways of interpreting single-grain
age distributions. The primary measurements (namely
the number of tracks) are not always suitable for the
direct comparison, because of the unequal parameters of
the different irradiations. The raw data sets require a
conversion to a common base and only single-grain-age,
age error, uranium content should be compared.

The aim of TRACKKEY is to provide a complete
system for fission trackkers that processes measured
data made by the external detector method using zeta
and activation calibration systems. It calculates the main
statistical parameters and tests and presents the single-
grain-data on different plots according to published
algorithms. The most important plots are presented in
one window for the better and quicker overview. It
allows comparison of different data sets, amalgamation

of data sets, and provides facilities to portion a data set
into subsets. Its main field of usage is the evaluation of
FT data measured in sedimentary rocks.

2. Installation, start, files and dimensions

The program is written in Visual Basic 4.0-16 bit
system; it runs under W3.x, W95-98, W2000, NT4.0 and
MAC SoftWindows. Minimum system required: 486
processor, VGA graphics of 640 x 480 pixels. The
decimal separator of Windows has to be set as dot
(UK/US system). The EXE file is not able to run alone,
each computer needs an installation procedure once.
New versions of the program can be run without
reinstallation, only the old version of the executable
should be replaced by the new one. Prints can be made
using black and white or color printers; the black and
white prints carry all information by symbol shape.

The program asks which setting file to load at the
start. The default is TK-BASE.SET. In case of a single
user it can be the only one and it always can be updated.
If the computer is used by more than one user and/or a
single user has different default values e.g. using more
reactors or more microscopes the various default
configurations and values can be saved to different
personal setting files.

2.1. Content of files

All data, setting and export files of the system are
ASCII files, the records are always separated by
commas. The users can check their content and further
process the export files (see later) by any spread-sheet
software able to open comma-delimited format.

The setting files contain personal default values:

® path of the working directory, where the data files
are stored,

® microscopic grid size, (for the
microscope),

® table of zeta
combination,

® [ist of codes of irradiations and the Ny values,

® constants for the calculation of U content,

® preferred fission decay constant of ***U (in case of
activation method),

® customized setup options for the graphical display of
data.

recently used

values for any mineral/glass

The data of the setting file(s) are used during the input
of new data files; the users do not need to type the above
listed default values in case of each sample, they appear
automatically.

In the fission track dating routine the samples are
always irradiated with age standards. In this way the
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average of the continuously increasing number of zeta
measurements become more and more precise and may
change slightly. There are two possibilities for the age
calculation of a sample: (a) to use the zeta at the time of
the measurement—this zeta is stored in the data file;
(b) to use the actual, latest zeta—this value is in the
setting file. In this case the ages will be recalculated
automatically without the modification of the data file.
This option can also be specified in the setting file.
The data files contain counting results:

number of grains, N, N; and the measured area of
the grains,

zeta, zeta error (used at the time of counting)
neutron fluence (in case of activation method)

code of irradiation, RhoD,

microscopic grid size (used during counting),

type of the mineral and monitor glass.

The user can place comments in four text fields about
the locality, sample code, stratigraphic age, petrography,
but these records are optional, they may contain any
type of information e.g. project name, geographical co-
ordinates, observer. The default extension of the data
files are: .APA, .ZIR, .TIT and .MIN for apatite, zircon,
sphene and for other types of minerals, respectively. It is

S TRACKKEY : C:ATK-DATA\Z-207 ZIR

Help
Austria

File Edit Calculations Settings FPlots
Haag

possible to relate different icons to the different mineral
files. The start directory contains an icon set for this
purpose: [FAPA.ICO, I-ZIR.ICO and I-TIT.ICO.

The age standard files have the same format as the
other data files. The zeta can be determined in the
Calculations/Zeta/ menu item.

2.2. Dimensions used

All track densities are in 10° track/cmz, neutron
fluence is in 10'°n/cm? and the microscope grid area in
square micrometer. The ages on the main window are in
Ma; single error is presented.

3. Main window

After starting and opening a data file the main
window shows the statistical results and the main plots
(Fig. 2). Where the mouse pointer becomes cross, a click
on right mouse button shows the option window of the
given plot or the “Data Edit” window when the user
clicks on the statistical results.

The frame of statistical results show the main
measured and calculated values such as number of
crystals, area and tracks counted, track densities,

Mia sandstone T&Now 597

Zircon 00
Cryst: Area:
100 o964
Ns: Rho§8:
6634 7811
NE: Rirol:
5230 £1.579

RhoS

Ages [Ma]

.11 erystal outside the plat |

Fixed spectrum:
Z-291.21R
St dev.: 1
Crystals: 50

Peaks:

Poofed: 1268| s05+14 | |-
Mean: 1493 s86+27 =
Contrad: 1.299] 51.7+31 T

Rhol (1075

Central value:
50.0

Chi-sg. P %k

91224 oo

a b: b5
4612 0676 D042
hrad. code, giass: | 2
RISO-H43 NBS_962 0 {=z
Nd: Rholx: -2

4798 22
Zeta: 3635 B

U ppm): V.G
37279 [+ 50%)

20

Rel. error [%]

[Ma]
N 120

- 80

T 185
200 B3.0

0 100 200

Fig. 2. Main window of TRACKKEY. Area at top right is reserved for warning messages, comments for second file loaded or for plot

of length distribution.
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calculated ages, the result of the chi-square test,
parameters of the linear regression, irradiation con-
stants, zeta, the uranium content of the dated mineral
and the variation coefficient of the U content. The
calculations are based on methods described by
Fleischer et al. (1964, 1965); Wagner and Reimer
(1972); Hurford and Green (1983); Green (1981);
Galbraith (1988, 1990) and Galbraith and Laslett
(1993). For the original sources of recommended ages
of the age standards see compilation of Hurford (1998).
The raw data can be modified in the “Edit Data”
window (Fig. 3).

XY-plot shows the spontaneous/induced track density
ratios, the Ny/N; ratios and measured area vs. Ny/N;
ratios. Burchart (1981) and Green (1981) used such
(isochron-plot-like) presentation of data. This plot
shows the raw data, the age of the crystals expressed
by the tangent of the lines between the origin and the
data point. The Rhol is proportional to the uranium
content of the individual crystals, thus, the distribution
along the horizontal axis on the RhoS/Rhol plot shows
the U distribution. In case of crystalline samples the U-
content has some petrogenetic meaning (Kral’ and
Burchart, 1983) and in case of sedimentary samples,
the U distribution can be an additional tool for the
clustering of the grains. The maximum values of the
scales can be set by mouse click and retyping (I-shape of
the mouse pointer locates the area). If the re-scaling

causes grains to fall outside the plot area a warning
message in red appears. A left mouse click on the data
points shows the raw data of the depicted single crystal.
A right mouse click shows the options for this plot,
allowing the user to reject grains.

The age-spectrum (probability density diagram, see
Fig. 2) is calculated according to Hurford et al. (1984).
A left mouse click marks a given age both on the age-
spectrum plot and on the radial plot; the cumulative
percentage at that marked age is also shown. In this way
the lag time (Garver and Brandon, 1994) of the age
groups can be visualized easily. Two of such age markers
can be present in the same time. The difference of the
cumulative values between two time markers gives a
percentage of the age distribution of the given time
interval. Such probabilities of the main age clusters can
be used to characterize the age-pattern of the catchment
area of a (paleo) river. This kind of analysis is a careful
step towards the more quantitative evaluation of single-
grain FT data from sediments. It is also biased by many
random factors (mainly by the low number of grains and
unequal quality), but it is more realistic than to consider
only the number of grains in time intervals. The option
window of the age-spectrum plot (available via right
mouse click on the plot) contains graphical options to
customize the graphs and allows to fix the actual age-
spectrum as a background plot for comparisons with
other data sets (Fig. 4). When opening other data files,

T Edit Data - Sample Description Ed

~U-glass type—  File Name:  A-104.APA Sumbe  Sumhi  Caysins
[ 1158 [ 1769 15
OMT | | scaly —
OCN 2
Save As
® Sample code |big quarry N: Wi [ A =
OXK-KX 1 60 71 25
Stratigraphy  |Variscan 2| 50 87 25 0K
CINBS 352 3 65 113 25
(MBS 963 - 4 133 213 25
Petrography 5 15 11 50 Cancel
O Activation 6 92 171 25
Irradiation code Inlsu-u.u j 7| 101 146 25
r Mineral 8 106 167 25
. 9 9% 113 25
Apatit |
Bae ?EE?“ o) AL 0] 47 98 25
O Zircon 11 92 152 25
12 35 60 25
OSphene Zeta 33 = [333 13| 59 92 25
O Other 14| 121 156 25| .,
Grid Size (pm™2) 98.3
Delete a crystal |
{ Yellow boxes must be filled )

Fig. 3. Window for processing of data files.
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w AGE-SPECTRUM OPTIONS th?n the appearance of the oldest group can be
misleadingly flat on the age-spectrum.
St dev: [4 The radial plot is calculated following Galbraith
] DK (1988, 1990). Fig.5 shows the possibilities of the
Width of graphical layout.
bars: 5
Cancel
@ old ---> right 4. File operations
left <--- old
gl ° Export Spectrum 4.1. Import—export

() Plot age spectrum
[Jweighted

{ Plot cummulative

O Plot spect. + cumm.

Clear Spectrum of Chi-5quare Age

& Linear
O Logarithmic -

éFia Actual Spectium

i

r Fixed spectrum [gray line)

File: Z-291.21R

Sk. dev.:
Crystals: |50

Clear Fixed Sp.

Fig. 4. Options of age-spectrum plot.

this fixed wall-paper-like background plot will remain
(see gray line in age spectrum of Fig. 2) but, can also be
switched off.

The age-spectrum method was explained in details by
Brandon (1996) and it was criticised by Galbraith
(1998), but since it is a useful visualization that already
was introduced and accepted by users the main window
contains this plot. One of the problematic points with
this kind of presentation is that the different Ny and N;
numbers of the young and old crystals result in different
standard deviations at the younger and older part of the
range of ages. This has an effect on the shape of age-
spectrum. If the age of a crystal is close to the “one-to-
one-age” of the irradiation (when Ns/N; = 1) the bias is
minor. However, when a cluster of old ages lies far from
the one-to-one-age of the irradiation, the older part of
the age-spectrum tends to be flat. This is why
TRACKKEY shows the one-to-one-age of the actual
irradiation (by a small brown bar at the top) and this
mark can help to judge how proportional this kind of
bias is along the range of ages. If the one-to-one-age of

the irradiation is {— as old as the oldest age cluster,

TRACKKEY can import data files of some fission
track laboratories and the grain-age files created from
the data files. The data can be exported in the format of
Mark Brandon’s BINOMFIT programs (extension:
.FTZ; see Brandon, 1992; Garver and Brandon,
1994)—see File/Export/Yale format data file/ menu
item. These files can be used for Brandon’s peak-fitting
algorithm. Another export possibility is the grain-age file
(extension: .AGE). It contains the calculated values for
the grains and makes it possible to compare data sets
produced under different irradiation conditions. From
these files, the single grain-ages can be extracted to make
input files for other programs, e.g. for AFTSOLVE
(Ketcham et al., 2000). The age-spectrum files (exten-
sion: .SPE) save the age probability density plot
according to the latest formatting step. The scale is
subdivided for 400 intervals, allowing high-quality
graphics for publications to be made with any spread-
sheet program. These files record the “‘absolute”, the
“corrected” and the ‘“‘cumulative’” age-spectra. In the
case of ‘“‘absolute” calculation, the area below the curve
is identical with the number of grains with age >0 Ma.
Using this column for comparison of different files the
age spectrum lines will be proportional to the dated
grains of the samples. The maximum of the “corrected”
age-spectrum is normalized to 100. Using these records
different files will give spectra with uniform heights. The
Help/File Formats/ menu item shows the structure of
this kind of export files.

The menu item Export/DXF file (vector graphics)
creates files in AutoCAD compatible format, which
contain the three graphics of the Main Window. These
files can be imported and edited by drawing programs
(e.g. AutoCAD, CorelDraw, Micrografx, Canvas,
Surfer, Adobe Illustrator, ArcView, ERMapper).

4.2. Comparison and addition of files

In the analysis of sedimentary samples, the graphical
comparison of the samples is an important aspect of the
evaluation. If different crystal mounts have been
irradiated in the same package, the experimenter can
simply compare the data files (Fig. 6) with the File/
Compare Files/Load another Data file/ menu item. Such
files can be amalgamated and saved. It can provide help
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w RADIAL PLOT OPTIONS | X]

rAge Labels — Vertical Scale —
(2 Automatic () Automatic
O Manual
212 | S.E.

{2 Automatic
O Manual

— Horizontal Scale

III.12 z

Central Val e
entral Yalue i
(®Mean Age i
O A Given Age Cancel

5435 'Ma | Hpig plot
Data Points
{® Cross Size:
Ox (0.5 - 4)
|2
O Square

Show labels

—Age Lines

ONone

(®Dashed line (O Solid

Font size:

e

Fig. 5. Options of radial plot.

o (A) (B)

4

? J

2

8
L.

0 100 200 0 100 200
Age [Ma] Age [Ma]

Fig. 6. Part of main window, showing age spectra and column diagrams of samples composed of two differently etched mounts. (A)
Two age distributions are rather similar, both mounts contain principal age clusters in similar proportions. (B) Mounts yield different
age clusters. Group of ages around 60 Ma is completely missing from short-etched sample. Interpretation needs care; additional

counting (and maybe etching) is necessary.

in the evaluation of two or more differently etched
zircon mounts produced from the same sample (see e.g.
Naeser et al., 1987). If the irradiations of the samples
were performed in different conditions the comparison
of the raw data is not possible. In this case the results
have to be exported first as grain-age files (File/Export/
menu item) and the grain-age files are suitable for
comparison. It is possible to create a composite file,
which will automatically record the file names and the
number of grains of the added files (detailed explanation
in Help/File Formats/ menu items). The frame of the
statistical results and the X-Y plot are not presented

when an age file is loaded, because the values are not
comparable in different files.

4.3. Summarizing table from more files

The File/Table from More Files/ menu item creates a
compilation table from selected data files. Before this
action the user must produce a simple text file that
contains the list of data files to be combined. The
resulting file will contain all the data, roughly in the
sequence of the recommendation of I.U.G.S. (Hurford,
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1990). The user can delete the unnecessary columns
when a report is compiled from the table file.

5. Other important menu items
5.1. Chi-square Age

The youngest age group in a sample usually has a
specific meaning in the evaluation of the source area. It
can be volcanogenic or may indicate the exhumation of
a rapidly cooled metamorphic core complex. That is why
the test of the “youngest part” of the single-grain age
distribution is important. Brandon (1992) and Brandon
Vance (1992) proposed decomposing of the grain ages
into populations according to the chi-square test of the
sub populations. Fig. 7 shows the “Chi-square Age”
window, where the crystals are ordered according to
increasing age and the Sum N, Sum N;, probability and
age of the cumulating sub-populations are presented.
The user can mark the first n grains to be plotted on the
age-spectrum and also can reject them to see and test the
older age-cluster. This method is especially useful when
a sandstone contains a syn-sedimentary volcanic con-
tribution. By filtering out this population, the older,

& Chi-Square Age B3

erosion-related detrital apatite or zircon crystals will be
clearly observable.

5.2. Accumulation Plot

There are several algorithms published on the
calculation of the error of the FT age (see e.g. Johnson
et al., 1979; Green, 1981). Most authors agree that the
error is mainly controlled by the number of tracks
counted when the sample passes the chi-square test. In
case of external detector method and using a zeta
calibration, the following equation is used to express the
error:

1 1 1 Ja©

oT)=T —+—+—+[—}2 (1)

Ny Ni Ny ¢

where T = age; N, N; and Ng= Numbers of sponta-
neous, induced and dosimeter tracks; { and a({)=zeta
and error of zeta determined using age standards.

However, Green (1981) recalled the dangers of the
mechanical application of this equation. He pointed out
that the bias due to uncontrollable geometric problems
during the microscopic observation (due to mainly the
heterogeneous distribution of uranium) can be reduced
only by the increasing of the number of grains. A

Chi-square age, according to Brandon (1992). The crystals are listed with
increasing ages. YWhen the test passed at p=5% the Sum age is LEFT
justified and calculated as pooled age; when ittails RIGHT justified and
calculated as mean age.

Flot age spectrum of the first I crystals Plat |

Close |

Reject the first [_ crystals Reject the Young Group | Copy to Clipboard
Keep the first I_ crystals Reject the Old Group | Festore Al Dzta
n_ [Ns [Ni [SumNs[SumNi[Granage] +1s [PI%] [Sumage [+1s g
l 56 50 83 734 1898 224 40 916 |[183 03 |
| 18 3 53 &7 78 16885 243 4.3 83.8 188 09
| 19 5 33 B2 820 737 283 6.7 78.3 188 03
| 200 7 EB7 92 )|y 182 2 47 399 194 09
| 21 30 24 32 911 1861 29¢ a1 N7 195 039
| 22 41 28 35 935 1836 313 81 2003 1588 09
| 23[ 31 44 54 983 1950 325 66 80 201 (IR]
| 24 45 B4 53 1047 2009 432 79 01 2200 1.0
ﬁ 71 57 49 1104 2058 463 91 00 > 230> 1.0
| 26 10 53 43 1162 2107 472 42 oo 239> 1.0
| 27 27 22/ 18 1184 2125 487 155 0o > 248 1.1
| 28] 98 B3 56 1253 2181 491 89 AT 20.7]> 1.1
290 34 41 2 294, 2213 510 121 00 |» 266> 11| =

Fig. 7. Window of chi-square age calculation. First 23 crystals form young, ‘“‘chi-square age” population, gap in single grain ages and
drop in chi-square value indicate that this subdivision is reliable.
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minimum of 25 grains were suggested to be counted to
achieve a high-precision analysis. The intra-grain
heterogeneity causes extra-poissonal error, but the
inter-grain heterogeneity carries another danger. If the
sample contains apatite grains of very low and very high
U content, it is typical that only a few grains carries the
majority of the counted tracks. They may strongly bias
the age, however the whole sample has acceptable track
numbers and acceptable-looking bulk statistical results.
This problem occurs also when the U content is not very
scattered, but the average counts are low and a part of
the dated grains contain zero spontaneous tracks. The
grain accumulation plot (Fig. 8) presents the mean ages
calculated from the first 1,2, 3,...,n grains. Such a plot
(Seward and Kohn, 1997 called it running means plot)
could show clearly the bias caused by individual grains
and helps to judge the crucial question: is the number of
dated grains enough? (see Copeland and Peters, 1997). A
considerable shift at the end of the plot indicates the
necessity of the continuation of track counting. If the
enlargement of the data set is not possible, an
unbalanced grain accumulation plot (see Fig. 8) warns
the user that the real uncertainty of the FT age may
exceed the numerically calculated error and such a result
needs careful interpretation.

5.3. Help

The help items contain the most essential information
about the methods and options of the software. The

format and content of data and export files are
presented with some explanation. The equations and
constants used for the calculations as well as their
references are also listed.

6. Conclusions and recommendations

Sneyd (1984), Tagami et al. (1988), Mark Brandon
and Rod Brown already published or distributed
programs for managing FT data. James Talbot’s
program for Macintosh draws radial plots. The main
advantages of TRACKKEY over the former ones are
the more flexible import—export facilities, the easy
grouping of the single-grain data, the presentation of
more types of graphics, and the link of the plots in one
window. It calculates the latest published statistical
parameters, such as central age (Galbraith and Laslett,
1993). It is recommended for provenance studies and to
reveal the meaning of age distributions of complex
samples (partly reset hard rock and sediment samples).

6.1. Software availability

The program as described in this paper, a short
READ.ME for the installation and several example files
are available on the iamg server. Later versions will be
placed on the web site of University of Tiibingen. On
request the author can write additional import filters to

w Grain Accumulation Plot m

Pooled age calculated step by step for all the grains of the file
[no rejection is considered)

18.59

1

- Poigson enor (1x)

Standard deviation [1x]

I Zero age grain
M / O Chisg. test passes / fails at 5%
X Chi-sg. test not calculated

39

Fig. 8. Grain-accumulation plot presents running mean, Poisson error of first n crystals and standard deviation of individual grain
data. This sample contains significant number of zero-track grains and some grains of high track number. These grains are strongly
biasing bulk age. Thus, 39 crystals are insufficient to give reliable age. Note that “Poisson” error is much smaller than standard
deviation of grain ages and how misleading passes of chi-square test are.
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read other types of data files. The program is freeware,
but the author kindly asks the users to cite this paper.
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