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ABSTRACT 

Controlled sampling techniques were applied to a 
small block of limestone from which solid samples and 
three grain-size fractions were examined. Data from 
artificial and natural glow curves were analyzed graph­
ically and statistically. 

The most satisfactory grain size for future thermo­
luminescence studies was found to range from 7 4 to 
125 microns. Significantly more thermoluminescence was 
obtained from samples heated in a nitrogen atmosphere 
because the filtering effect of oxidized iron was elimi­
nated. After elimination of the filtering effect, iron still 
inhibited thermoluminescence. The reliability of the 
nitrogen atmosphere glow curves was approximately 
equal to that of the normal atmosphere glow curves. 
Lateral and vertical variations exist in the limestone 
within short distances and are thought to be dependent 
primarily upon the trace element content of the material 
examined. 

RESUMEN 

Tecnicas controladas para obtener muestras fueron 
aplicadas a un pequefio bloque de caliza, de el cual 
meustras solidas y tres muestras de dimension de grano 
fueron examinadas. Datos obtenidos de curvas de in­
candescencia natural y artificial fueron analizados gd.fi­
camente y estadisticamente. 

La dimension de grano mas satisfactoria para futuros 
estudios en termoluminiscencia fue encontrada que yace 
entre 7 4 y 125 micrones. Significativemente mas termo­
luminiscencia fue obtenida de muestras calentadas en 
una atmosfera de nitrogeno debido a que el efecto 
filtrante de hierro oxidado fue eliminado. El hierro in­
hibio la termoluminiscencia aun despues de la elimina­
cion de! efecto filtrante. 

La veracidad des las curvas de incandescencia en la 
atmosfera de notrogeno fue aproximadamente igual a la 
de las curvas de incandescencia en la atmosfera normal. 
Variac1u11es laterales y verticales existen en la caliza er, 
breves distancias, y se cree que se deban primeramente a 
la distribucion de los elementos de trazo en el material 
examinado. 

ZUSAMMENFASSUNG 

Kontrollierte Probenmethoden wurden an einem 
kleinen Block Kalkstein angewandt, von dem feste Proben 
und drei korngrosse Fraktinen gepriift wurden. Die 
Daten von kiinstlichen und natiirlichen Glow-Kurven 
wurden graphisch und statistisch ausgewertet. 

Dabei £and man, class die beste Korngriisse fur kiin­
ftige Thermolumineszenzuntersuchungen zwischen 74 
und 125 Mikrcn liegt. Erheblich starkere Thermolumines­
zenz wurde von Proben erhalten, die in einer Stickstoff­
Atmosphare erhitzt wurden, da dadurch der Filter-Effekt 
oxidierten Eisens ausgeschaltet wurde. Eisen behinderte 
die Thermolumineszenz jedoch auch dann noch, als der 
Filter-Effekt eliminiert worden war. Die Zuverlassigkeit 
der Glow-Kurven in Stickstoff-Atmosphare entsprach un­
gefahr der von Glow-Kurven in normaler Atmosphare. 
Laterale und vertikale Variationen existieren im Kalk­
stein innerhalb kurzer Entfernungen; es wird angenom­
men, class sie erster Linie vom Spurenelement-Gehalt 
des gepriiften Materials abhangen. 

RESUME 

On a applique des techniques controlees d'echantillon­
nage a un petit bloc de pierre calcaire delaquelle on a 
examine des echantillons solides et des fractions d 'une 
grandeur de trois grains. On a analyse graphiquement 
et statistiquement !es donnees des courbes a incandescence 
artificielles et naturelles. 

On a trouve que la grandeur de grain la plus satis­
faisante pour des etudes futures de thermoluminescence 
varie de 74 a 125 microns. On a obtenu beaucoup plus 
de thermoluminescence des echantillons qui etaient 
chauffes clans une atmosphere nitrogene parceque, l'effet 
de filtrage etait elim.ine. Apres !'elimination de l'effet de 
filtrage, le fer empechait encore la thermoluminescence. 
La securite des courbes a incandescence de !'atmosphere 
nitrogene etait approximativement egale a celle des 
courbes a incandescene de I' atmosphere normale. Des 
variations laterales et verticales existant clans la pierre 
calcaire en distances brieves et on !es croit dependre 
surtout de la teneur de !'element de trace du materiaux 
examine. 

1 Based on a thesis submitted in partial fulfillment of the Masters Degree in Geology, Univenit~• of Kansas, 1959. 



INTRODUCTION 

PURPOSE OF INVESTIGATION 

Continued progress in the development of 
thermoluminescence as a practical geological 
tool requires recognition and minimization of 
sources of error. Most previous studies of ther­
moluminescence have included discussions of 
sources of error: physical, chemical, and radio­
active variations within the material of the sam­
ple, and procedural and sampling techniques. 

The purpose of this study was two-fold: to 
point out some of the variables inherent in the 
material sampled, and to determine the effects of 
solid samples, different grain-size samples, and 
nitrogen atmosphere on thermoluminescence. 
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THERMOLUMINESCENCE 

GENERAL THEORY 

Crystalline solids, including many rocks, 
minerals, and other substances, emit visible 
light when heated to temperatures below incan­
descence. This phenomenon is called thermo­
[ uminescence. 

Normal orbital electrons of crystalline solids 
possess certain potential energies, which fall 
within a band or range of energy values known 
as the ground state. If additional energy is re­
ceived by electrons in the ground state, these 
electrons may be raised to the conduction band 
at a higher energy level than the ground state. 
When electrons reach the conduction band they 
may wander through the crystal. As excess 
energy is dissipated, electrons in the conduction 
band will either return to the ground state or 
they will be trapped in areas of the crystal hav­
ing unsatisfied charges. Trapped electrons pos-

Kansas Geo/. Survey Bull. 165, Pt. 2, 1963 

sess higher potential energies than those in the 
ground state. \Vhen the crystal is heated the 
trapped electrons are liberated and return to the 
conduction band. From the conduction band 
they may return to the ground state, a process 
which involves the release of energy in the form 
of heat and light. Visible light released in this 
way is thermoluminescence. 

Energy necessary to move the electrons from 
the ground state to the conduction band may be 
supplied by radioactivity, pressure, or crystalliz­
ation. Zeller ( 1953, 1954a, 19546 ), and Zeller 
and others ( 1955) have discussed in detail these 
different activators of thermoluminescence. 

MEASUREMENT 

Quantitative measurement of the light 
emitted when a sample is heated is recorded 
in the form of a glow curve-a graph of the 
light emitted plotted against the temperatures 
applied to the sample. Glow curves normally 
show one or more peaks which are expressions 
of maximum light emission at particular tem­
peratures. Radiation-induced thermolumines­
cence, the type investigated in this study, pro­
duces "artificial" or "natural" glow curves de­
pending on whether the energy of electron dis­
placement from the ground state to a trap is 
supplied artificially or naturally. Samples that 
are artificially irradiated and are refrigerated 
until used produce the greater number of peaks. 

APPLICATION TO GEOLOGY 

The two applications of thermoluminescence 
to geology that have received the greatest atten­
tion have been correlation (Bergstrom, 1956; 
Parks, 1953; Pitrat, 1956; Saunders, 1953) and 
age determination ( Angino, 1958, 1959; Pearn, 
1959; Zeller, 1954a, 1954b; Zeller and Ronca, 
1962; Zeller and others, 1957). 

MATERIAL USED IN INVESTIGATION 

Samples used in this study were collected 
from the Farley Limestone Member of the 
Wyandotte Limestone (Pennsylvanian) at an 
abandoned quarry ¼ mile northeast of Bonner 
Springs, in the NE NE SE sec. 29, T. 11 S., 
R. 23 E., Wyandotte County, Kansas. The Far­
ley is an extremely variable sequence of lime­
stone and shale beds. At the locality sampled 
the Farley consists of limestone beds separated 
by shale partings at the base, shale with lime­
stone in the middle part, and limestone beds at 
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Bed Sampled ~,.--,._..._ __ 

Ft R 1.-0ut r p p iti n of mpl d b cl in Farley 
Lime tone. 

TIO 

ton 1 lon , 
7 inch thic a er-

aging 2 ¼ in l ngth by ½ inch in diame­
ter w r taken with a drill pre and dia ond 
cor -drill . 

Th blo k 'trarily di ided into 15 
pa· of adjacent . h or w r 
a in half . I · r th top half of 

on ore wa cru ttom hal of th 
aw d top half of th 

adjac nt aw d into di k and th b t-
om h lf r wa ru h d ( ig. 2) . The 

di k o re r ground and poli hed o a 
thi kn f 1/ 16 to 1/ 32 inch. The ru hed 
part of a h core wa pr pared u ing a t l 
mortar and p tl for pr liminary crushing and 
a porcelain mortar and p tle for final pulveriza ­
tion. The pul rized ample wa pa ed b -
tween th pole o a magnet to r mo e the iron 
particl introduced by the cru hing proce . 

ing tandard i e , each pul erized 
ample wa di id d into thre fra tion . 

coar fraction u includ d the particle that 
pa d through the 0-me h si e (177-micron 
op nin s) and r mained on the 100-me h sieve 

1 R 2.- Relati e po ition of ample prepar cl from 
each core pair. 

u ed in thi in e ti ation, h " in arran m nt of c r in pair numb ered as re-



( 149 microns). An intermediate fraction, b, in­
cluded the particles that passed through the 120-
mesh sieve ( 125 microns) and remained on the 
200-mesh sieve (74 microns). The fine fraction, 
c, included the particles that passed through the 
200-mesh sieve. 

SAMPLE IRRADIATION 

The samples were artificially irradiated to 
obtain the maximum number of glow curve 
peaks. The three crushed fractions, packaged in 
gelatin capsules, and the solid disks were irradi­
ated at the Continental Oil Company laboratory 
in Ponca City, Oklahoma. Spent fuel rods from 
an atomic pile were em ployed as the source of 
gamma radiation. 

After irradiation the samp les were kept re­
frigerated until glow curves were run. 

Unfortunately, not all samples received the 
same radiation dosage. The coarse or a fraction 
received the maximum dosage; the int ermediate 
or b fraction, part of the fine or c fraction, and 
all disks received the intermediate dosage; the 
remainder of the fine fract ion received the mini­
mum dosage. The different radiation dosages 
were not given in roentgens but in milliamperes 
as measured by an ionization chamber. The 
milliampere readings were used to equate the 
three radiation dosages (Appendix A). 
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GRAPHIC AND STATISTICAL ANALYSES 

Gww CuRvE DATA 

Art ificial glow curves were run under a nor­
mal atmosphere and under a nitrogen atmos­
phere. In addition, natural glow curves were 
run under a normal atmosphere. 

All artificia l glow curves had a low-tempera­
ture peak at approximately 110°C, a high-tem­
perature peak at approximately 300°C, and 
one or both of two peaks at approximately 
180°C and 235°C. For purposes of this dis­
cussion the normal atmosphere glow curve peaks 
are numbered 1 through 4, in the order of in­
creased temperature, and the nitrogen atmos­
phere peaks IN through 4N. The high-tempera­
ture peak at approximately 325 °C, designated 
4u, was the only significant peak in the natural 
glow curves. Typical artificial and natural glow 
curves are illustrated in Figure 3. 

Variations in the thermoluminescence of the 
samp les required use of different amplifications 
on the glow curve assembly . Measurements of 
the heights of peaks in centimeters were equated 
using the proper amplification factors. The 
equated peak heights were graphed, and these 
values were analyzed statistically. The peak 
values are listed in Appendices E (norma l at­
mosphere artificial glow curves), F ( nitrogen 
atmosphere artificial glow curves), and G ( nor­
ma l atmosphere natural glow curves). 
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l, 2, 3, and 4. D, natur al glow curve show ing high-temperature peak. 
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Normal Atmosphere Artificial Glow Curves 

PEAK 1 

The values of peak 1 for the tops and bot­
toms of cores of each fraction in each core pair 
were plotted . The resulting graphs illustrate 
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ore to he fine fra ti n produc d th lowe t 
alu of thermolumin nc . 

TABLE 1.- Re ults of tati tical analy i of peak 1 alu . 

Fraction Mean tand ard Percent T/ B• 
deviation deviation percentage 

abT 7.32 5.45 74.5 42.2 
a B 17.34 3.79 2 1.9 
b T 7.74 5.49 70.9 43.3 
b B 17. 6 4.5 25.2 
C T 2.49 2.1 7.6 36. 
C 6.76 2.55 37.7 
d 6.37 5.54 7.0 44. l 
d B 14.44 6.32 43. 

• T , core top; B, core bottom. U ed in all sub cquent rabies 
and the Appendices. 

b a, coarse fraction; b, intermediate fraction; c, fine fraction; 
d, di ks. sed in all sub cquent tables and in the Appcndicc . 

The r ult of the tati tical an ly is f p ak 
1 alue are li ted in Table 1. The mean i a 
fun ction of the total thermoluminesc nee. Th 

alue of the means of the top for all ize frac­
tions and th disks a erage 41.6 perc nt of th 

alues for th bottom . The mean of th ari­
ous fraction demon trat that the intermediate ­
size or b fraction gi e the greatest amount of 
thermolumine cenc and that the fin or c frac­
tion giv the least. The coar e and intermediate 
fraction ha ing the lowe t p rcentag of de-

ia ion are comparabl and giv th mo con­
i tent r ult . The disks have alue of hermo ­

lumine enc b tw n tho e of the coar e and 
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PEAK 2 

This peak was not present, for measurable 
purposes, in all core tops. It was present, how­
ever, in all core bottoms. Graphs for the various 
fractions and the disks were made (Fig. 7, 8). 
Vertical var iation between tops and bottoms of 
cores is illustrated ; the coarse and intermediate 
fractions have almost equal values of thermo ­
lumine scence, and the fine fractions have the 
lowest values. 

The results of the statis tical analysis are 
shown in Table 2. The tops of the cores do not 

TABL E 2.-Re sults of statistical analysis of peak 2 values. 

Fr action 

aT 
a B 
bT 
b B 
C T 
C B 
d T 
dB 

Mean 

1.27 
1.69 
1.31 
1.70 

.44 

.60 

.85 
1.39 

Standa rd 
deviat ion 

.425 

.277 

.332 

.239 

.163 

.242 

.68 1 

.501 

Percen t 
devia tion 

33.5 
16.5 
25 .4 
14.1 
37.0 
40.3 
80.1 
3 1.0 

T/ B 
percen tage 

75.1 

77.0 

73.3 

61.2 
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show as much thermoluminescence as the core 
bottoms . The intermediate fraction has the 
greatest value of thermo luminescence and the 
least percent of deviation. The fine fraction has 
the least deviation but its thermoluminescence 
values are small and its percent of deviation is 
high. The disks have values of thermolumines­
cence between those of the fine and intermediate 
fractions, and their standard deviation and per­
cent of deviation are high. 

The lateral variation for peak 2 was com­
puted and plotted as for peak 1 (Fig. 9). 
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FIGUR E 9.-Peak 2 lateral variation comparison graph. 

PEAK 3 

This peak was measµrable in most of the 
core tops but in only 3 of the core bottoms . A 
graph of peak 3 values in core top fractions was 
plotted as for peaks 1 and 2 (Fig. 10). The 
graph illustrates that the coarse and intermediate 
fractions give almost equal values of thermo­
luminescence and that the fine fraction gives 
the least. 
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FIGURE 10.-Peak 3 top comparison grapJ-1. 
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TABLE 3.-Results of statistical analysis of peak 3 values. 

Fraction Mean Standard Percent 
deviat ion deviation 

a T 1.14 .285 25.20 
b T 1.18 .223 19.0 
C T .41 .211 51.5 
dT .91 .352 38.9 

The results of the statistical analysis are 
listed in Table 3. The intermediate fraction 
gives the most thermoluminescence with the 
least percent of deviation; the coarse or a frac­
tion thermoluminescence is almost comparable. 
The fine fract10n has the lowest standard devia­
tion, lowest thermoluminescence values and the 
highest percent of deviation. Again, the disks 
gave intermediate results . 

The lateral variation was computed and 
plotted as for peaks 1 and 2 ( Fig. 11). 
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FIGURE 11.-Pe ak 3 lateral variation graph. 

PEAK 4 

5 

The peak is present in tops and bottoms of 
all cores for all fractions and disks. Graphs of 
the various peak heights were plotted (Fig . 12, 
13). Variations between tops and bottoms of 
cores are apparent. Graphs showing peak 
heights of the three size fractions show that the 
fine fraction values for both bottoms and tops of 
cores are substantially less than the values for 
the corresponding coarse and intermediate frac­
tions. 

The results of the statistical analysis are 
listed in Table 4. The core top values of ther­
moluminescence are substantially less than the 
bottom values. Except for the core bottom 
values of the coarse fraction, the intermediate 
fraction produced the maximum thermolumines-
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cence . The core top fine-fraction values have 
the least deviation and percent of deviation, but 
the thermoluminescence is quite low. The disks 
have rather high values of thermoluminescence, 
but their percent of deviation is also high. 

The lateral variation was computed and 
plotted as for peaks 1, 2, and 3 (Fig. 14 ). 

TABLE 4.-Results of stati stical analysis of peak 4 values. 

Fr ac tion 

a T 
a B 
b T 
b B 
C T 
C B 
dT 
dB 

Mean 

1.31 
2.55 
1.37 
2.38 

.46 

.87 
1.24 
2.16 

Stand ard 
devi a tion 

.586 

.395 

.521 

.30 

.161 

.182 

.932 

.831 

Perce nt 
d ev ia tion 

44.7 
15.5 
38.0 
12.6 
34 .9 
20.9 
75.2 
38.5 

T/B 
percentage 

51.3 

57.5 

52 .8 

57.4 
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FIGUR E 14.-P eak 4 lateral varia tion comparison graph. 

Nitrogen A tmosphere Ar tificial Glow Curves 

The nitrogen atmosphere glow curves were 
run two months after the normal atmosphere 
glow curves . Measurements in centimeters were 
made of the height s of peaks IN, 2N, 3N, an d 
4N. Th e stat istical analysis of the normal at­
mosphere ar tificial glow curve data indicated 
that the intermediate fraction provided the most 
thermoluminescence and the most reliabl e and 
consistent results; therefore, the intermediate 
fraction was used for the nitrogen atmosphere 
glow curves . The peak heights were graphed 
and statistically ana lyzed . The results of the 
statistical ana lyses of th e nitrogen atmosphere 
glow curves are listed with the corresponding 
results of the normal atmosphere glow cur ves 
for purposes of compar ison (Ta ble 5) . 
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TABLE 5.-Res ult s 0£ stati stical ana lyses 0£ nitro gen at­
mosphere glow cur ves, and compa rable result s of normal 
atmosphere glow curves. 

Peak Fra ction Mean Stand ard l'er cent T/ B 
deviation devi ation percent age 

1 a bN T 4.36 3.33 76 .4 37.9 
bN B 11.49 3.12 27.2 
b T 7.74 5.49 70.9 43.3 
b B 17.86 4.5 25.2 

2N bN T 1.49 .416 27.9 74.8 
bN B 1.99 .383 19.3 

2 b T 1.31 .332 25.4 77.0 
b B 1.70 .239 14. 1 

3N bN T 1.3 .242 18.6 
3 b T 1.18 .223 19.0 
4N bN T 1.41 .474 33.6 52.6 

bN B 2.68 .340 12.7 
4 b T 1.37 .521 38.0 57.5 

b B 2.38 .30 12.6 

a N indi cates nitrogen a tmo spher e; used also in th e Appendices. 

P EAK IN 

Comparison with peak 1 values demon ­
strates a decr ease in thermoluminescenc e as ex­
pressed by peak IN. The percentages of devia ­
tion for both peaks are approximately compar ­
able. The percentages of decrease in thermo -
1 umine scence from peak 1 to peak IN are: 
tops, 43.7 percent; bottoms , 35.7 percent; aver­
age, 39.7 percent. Later al variation graphs were 
derived following the procedure outlined for 
normal atmosphere glow curves ; peak 1 and 
peak IN values appear in Figure 15. 

P EA K 2N 

Examination of Table 5 demonstr ates that 
peak 2N has a greater value of thermolumines -
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FIG URE 15.- Peak 1 and peak 1 lateral var iation compariso n g rap hs. N indi cates nitro gen at mosphere; 0, normal 
atmosphere (a lso used on sub sequ ent figure s) . 
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cence than peak 2. The graph of lateral varia­
tion illustrates this increase (Fig. 16). The per­
centages of deviation are approximately equal 
for tops and bottoms in both peaks. The per­
centages of increase in thermoluminescence from 
peak 2 to peak 2N are: tops, 14.6 percent; 
bottoms, 17.1 percent; average, 15.85 percent. 

PEAK 3N 

Table 5 demonstrates that peak 3N produced 
larger values of thermoluminescence than peak 
3 and that the percent deviation is almost iden­
tical for both peaks. The increase in thermo -
1 uminescence from peak 3 to peak 3N is 10.2 
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FIGURE 16.- Peak 2N and peak 2 lateral variation com­
parison graph . 
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percent. The lateral vanat10n graph illustrates 
this increase (Fig. 17). 

PEAK 4N 

The percentages of increase in thermolumi­
nescence from peak 4 to peak 4N are: tops, 2.9 
percent; bottoms, 12.6 percent; average, 7.75 per­
cent. Peak 4N produced more thermolumines­
cence than peak 4 and the percentages of devia­
tion for the tops and bottoms of both peaks 
agree statistically (Table 5). An illustration of 
the increase in thermoluminescence is provided 
by the lateral var iation graphs (F ig. 18). 
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Normal Atmosphere Natural Glow Curves 

The series of natural glow curves was run 
after the ana lyses of the artificial glow curves 
were made. On the basis of the first analyses 
the intermediate fraction was selected for this 
series of glow curves. 

HIGH-TEMP E RATURE PEAK 

The high-temperature peak, 4u, is present in 
the glow curves of the unirradiated intermedi­
ate-fraction samples. ( An unmeasurable rem­
nant signified the presence of peak 3 in most 
of the natural runs.) A graph of the peak 
height values for tops and bottoms of cores (Fig. 
19) illustrates that greater thermoluminescen ce 
was derived from the bottoms of the cores. 
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FIGURE 19.-Natural high -temperature peak (4u) vertical 
variation comparison graph. 

Table 6 lists the results of the statistical 
analysis. The value of thermoluminescence of 
the tops is 67.1 percent of the value of the bot­
toms of the cores. Percent deviation for the 
bottoms of the cores is less than for the tops. 

TABLE 6.- Results of stati stical analysis of peak 4u values. 

Fraction Mean ~tand ard Per cent T/ B 
deviati on deviation oercent age 

buaT 5.35 2.03 37.9 67 .1 
bu B 7.97 1.94 24.3 

a u indicates natur al glow curve; used also in the Appendices. 

The lateral vanat 1on was computed and 
plotted following the procedure for peaks of the 
artificial glow curves (Fig . 20). 
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FIGURE 20.-Natural high-t emp erature peak ( 4u) lateral 
variation comparison graph. 

lRoN, INSOLUBLE R Es rnuE, AND 

TRAC E ELEMENT DATA 

In an attempt to explain the rather large 
lateral and vertica l variations in thermolumines­
cence that were found , various laboratory exam­
inations were made. Qualitative trace element 
analyses were made on samples of 16 cores with 
a 1.5-meter ARL* grating spectrograph, and an 
ARL densitometer was used to read the film 
(Appendix B). Quantitative iron analyses were 
made using wet chemical methods. Insoluble 
residues of samples from 16 cores were deter­
mined using standard procedures. 

Iron content percentages are listed in Appen­
dix C. The values of iron content for the tops 
and bottoms of cores were plotted for each core 
pair, and the resulting graph illustrates the 
variation in iron content between the tops and 
bottoms of adjacent cores (Fig. 21 ). The lateral 

" App lied Research Laboratories. 
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grap h. 
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FIG U RE 22.-Iron content lateral variation compari son 
graph. 

variation was computed and plotted as for peak 
heights (Fig. 22). 

The average iron content for samples from 
the tops of cores was .497 percent; from the 
bottoms it was .377 percent. For all samples the 
average was .437 percent . T / B ratio was 127 
percent . 

Insoluble residue content percentages of 
the 8 core pairs analyzed are listed in Appendix 
D . The values of insoluble residue content for 
the tops and bottoms of cores were plotted, and 
variation between the tops and bottoms of adja­
cent cores is illustrated by the resulting graph 
( Fig . 23). A lateral variation graph also was 
plotted (Fig. 24 ). 

The average insoluble residue content of 
samples from the tops of cores was 12.3 percent; 
from the bottoms it was 11.7 percent. All sam­
ples averaged 12 percent. T / B ratio was 105 
percent. 
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FIG UR E 24.-In soluble residu e content lateral vari ation 
compari son graph. 

Comparison with Glow Curve Data 

The lateral variation of iron content, insol­
uble residue content, and thermoluminescence 
values are presented graphica lly (Fig . 25). On 
all graphs values of all factors increase from 
right to left. The apparent effect of iron and 
insolubles on thermoluminescence values of the 
various peaks is shown. A graph of lateral vari­
ation of the T / B ratios of iron, insoluble residue 
content, and thermoluminescence values of peaks 
1, 2, 4, and 4u (Fig. 26) illustrates the system­
atic variation of iron and insolubles paralleling 
the variation of thermoluminescence. 

SUMMARY 

1. The intermediate or b fraction (74 to 125 
microns) samples had a smaller percent devia­
tion and more thermoluminescence than other 
crushed fractions. 

2. Crushed samples had a smaller percent 
deviation than solid samples. 

3. Peaks 2, 3, and 4 showed an 11 percent 
average increase in thermoluminescence when 
run under a nitrogen atmosphere. 

4. Peak IN showed a 40 percent decrease in 
thermoluminescence from peak 1, which oc­
curred over a two-month period. 

5. Large late ral and vertica l variations of 
thermo luminescence existed over extremely short 
distances in the limestone block samp led. 

6. Iron content is related to some of the 
variations in thermoluminescence . 

7. Insoluble residue content may be related 
to some of the variations in thermoluminescence. 
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THEORETICAL CONSIDERATION 
OF RESULTS 

CRUSH ED SAMPLES 

Intermediate -fraction samples provide the 
most thermoluminescence and have the lowest 

A In 

B 

C In 

CORE TOPS 

Fe Tl 

PEAK 2 ,CORE BOTTOMS 

In Fe Tl 

CORE TOPS 

Fe Tiu T l 

Kan sas Geo!. Survey Bull. 165, Pt. 2, 1963 

percent deviation. Therefore, thi s fraction is 
recommended for future thermoluminescence 
studies. 

The coarse fraction was almost as reliable as 
the intermediate fraction. It is the writer's opin­
ion that the largest particles are the inhibiting 
factor in coarse-fraction thermoluminescence. 
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F1cURE 25.-La tera l van at1on comp arison gra ph s of in solubl e residu e (In ) content and iron (Fe) content wi th 
thermo lumin escence (T l) of A, peak 1; B, pea k 2 and peak 3; and C, pea k 4 and pea k 4u (T iu ) . 
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The 80-mesh size particles are thought to be 
large enough for excessive decrepitation to occur 
during the running of a glow curve. This de­
crepitation could disarrange the sample surface 
and a subsequent decrease, or in some instances 
an increase, of thermoluminescence wou ld re­
sult. Thus, the coarse fraction would ha ve a 
slightly larger percent deviation, which is indi­
cated by the greater inconsistency in results. 

The fine fraction was consistently lower in 
total thermoluminescence and the percent devia­
tion was consistently higher than for other frac­
tions. The finer the material th e more surface 
area exposed, which should allow the fine frac­
tion to be the best fraction for thermolumines ­
cence stud ies. However , this fract ion is so fine 
that its greater number of surface areas serve to 
increase light scattering . The emitted light is 
reflected and refracted from crystal surface to 
crysta l surface. Thus, the emitted light from 
many of the crystal surfaces is effectively masked 
from measurement. It is thought that the de­
gree of light scattering must vary to an extent 
great enough to cause the genera lly large per­
cent deviation observed in the fine fraction re­
sults. The coarse and intermediate fractions also 
scatter the light emitted, but not to the extent 
that the fine fraction does. 

CRUSHED VERSUS Souo SAMPLES 

Crushed samp les show sma ller percentages 
of deviation than solid samples . Individual 
disks produced large values of thermolumines­
cence in some instances and small values in 
other instances. This is thought to be due to 
the essentially pure calcite which makes up some 
of the fossil fragments in the limestone. The 
fossil fragment particles are distributed through ­
out a crushed limestone sample; but a disk can 
present a surface that is predominantly fossil 
fragments ( essentially pure calcite), or one that 

4 u 
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is almost lacking fossil fragments. A disk of 
either character will not give an average value 
of thermoluminescence for the material being 
tested. Crushed samples, because of more ran­
dom mixing of fossil fragments, provide more 
uniform results. 

TH ERMO LUMIN ESCENCE IN 

NITROGEN ATMOSPHERE 

The observed increase m thermolumines ­
cence may be attributed to practical elimination 
of oxidation of the iron content of the samples 
through use of a nitrogen atmosphere. Iron 
oxidation can be observed in samples run under 
normal atmosphere by a darkening of the sam­
ple after temperatures of 150°C are reached. 
This discoloration decreases the transparency of 
the sample; in effect, oxidation of iron filters 
thermoluminescence. 

The 11 percent increase in thermolumines ­
cence in peaks 2N, 3N, and 4N effectively in­
creases the sensitivity of the glow curve assem­
bly by that amount. Whether an 11 percent in­
crease in sensitivity would result in all cases 
would depend on the iron content of th e ma­
terial tested. From this study it appears that an 
iron content of .377 percent of tot al sample 
would make the use of a nitrogen or another 
inert atmosphere desirable . 

The decrease in peak lN thermolumines­
cence is the result of the two-month delay in 
running the nitrogen atmosphere glow curves. 
A similar decrease in low-temperature peak 
thermoluminescence was noted by E . E. Angino 
(personal communication) . The decrease ap­
parently results from drainage of electrons in 
low-temperature traps (Zeller and Ronca, 1962) 
and is not due to the use of nitrogen. On the 
basis of the results obtained, it is recommended 
that glow curves be run as soon as possible after 
samples are irradiated. 

Fe In 

4 

< 
Percentage increase 

FIGURE 26.-Lateral vanat10n comparison graph of T/B percentages of iron (Fe), insoluble residue (In), and 
thermoluminescence values of peaks 1, 2, 4, and 4u . 
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VERTICAL AND LATERAL VARIATIONS 

Some of the results obtained cannot be ex­
plained in light of present knowledge. The 
order of magnitude of the variation found in 
this small volume of Farley Limestone is not 
thought to be the average variation to be found 
in all limestone. It does demonstrate, however, 
that high orders of variability can exist in lime­
stone, and future workers should analyze their 
data with this in mind. 

The variation found in this small piece of 
limestone demonstrates why correlation by ther­
moluminescence glow curve shape has not been 
highly successful. Correlation may still be pos­
sible if extensive lateral sampling of a horizon 
at each outcrop is followed by a thorough mix­
ing of the crushed sample. Such a random mix­
ing should give an average thermoluminescence 
for that horizon at that outcrop. This average 
thermoluminescence should be much closer to 
the average thermoluminescence of the same 
horizon at another locality. 

RELATION OF IRoN AND INSOLUBLE REsmuE 

The peaks appearing at temperatures above 
150°C produced increased values of thermo­
luminescence on nitrogen atmosphere glow 
curves. The increase in thermoluminescence 
allows one to assume that the filtering effects 
of iron oxidation are practically eliminated. 
However, the graphs of lateral variation of 
iron content and of thermoluminescence indi­
cate that iron has a definite. inhibiting effect on 
thermoluminescence after the filtering action of 
iron oxidation has been practically eliminated. 

Inhibition of thermoluminescence due to 
iron is not pronounced in the bottoms of cores 
(Fig. 25) but is apparent in the tops of cores. 
Figure 26 illustrates iron inhibition of thermo­
luminescence still more decisively for peaks 1, 
4, and 4u, but apparently not for peak 2. The 
absence of peak 3 in bottoms of cores probably 
is not due to iron inhibition. If the iron con­
tent of material used in future thermolumines­
cence studies varies, a similar variation is to be 
expected in thermoluminescence values. 

The bottoms of cores in Figure 25 illustrate 
the apparent direct relationship of insoluble 
residue content to thermoluminescence values. 
Tops of cores in the same figure show an in­
verse relationship. This points to the presence 
of some constituent( s) in core tops (but not 
bottoms) that inhibits thermoluminescence, or 
to the presence in core bottoms (but not tops) 
of a constituent( s) that enhances thermolumi-
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nescence. Future control studies must deter­
mine what makes up the insoluble residue con­
tent of samples in order to determine specific 
effects of insolubles on thermoluminescence. 

RELATION OF TRACE ELEMENTS 

The trace element analyses indicated that 
there were seven variable trace elements present 
in appreciable amounts in the limestone. The 
variable elements to be considered are Si, Al, 
Mn, Fe, Mg, V, and Sr. The effects of the iron 
content were discussed in the preceding section. 
Some of the variable elements may be part of the 
insoluble residue content. Pitrat ( 1956) demon­
strated that Mg limestone tends to have a higher 
second peak which he found at an average tem­
perature of 200° C. This peak lies between peaks 
2 and 3 as designated in this study. Medlin (1959) 
concluded that most of the important thermo­
luminescence properties of natural calcite sam­
ples were due to the presence of divalent Mn, 
and that Fe, Co, and Ni inhibited thermolumi­
nescence. He found that other impurities were 
of minor importance. 

Examination of the graphs of tops of cores 
for all peaks shows a striking similarity in their 
character. Therefore, it appears that whatever 
is affecting the tops of cores is operating for all 
peaks. The similarity of the graphs of the bot­
toms of the cores is not as apparent. Intensive 
trace element studies should eventually point 
out the elements or combinations of elements 
causing some of the variations that occur. 

CONCLUSIONS 

Future workers making attempts to apply 
thermoluminescence techniques to geologic 
problems should strongly consider the effect of 
grain size on the reproducibility of glow curves. 
This study indicates that the 74- to 125-micron 
fraction provides the most reliable and repro­
ducible results. 

An increase in thermoluminescence of 11 
percent for peaks appearing above temperatures 
of 150°C resulted from use of a nitrogen at­
mosphere. This increase is attributed to the 
practical elimination of the filtering effects of 
iron oxidation. No appreciable decrease in the 
reliability or reproducibility of results through 
use of the nitrogen atmosphere was demon­
strated. 
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Variations within a limestone can be strik­
ingly illustrated by thermoluminescence studies. 
Some variations can be attributed to the iron 
content of the material examined. In this study 
it has been observed that iron acts as an in­
hibitor of thermoluminescence, particularly for 
the high- and low-temperature peaks. Future 
investigators should assume that iron acts as 
an inhibitor, and as a filter when oxidized. 
\\Then variations due to other factors are ana­
lyzed, thermoluminescence techniques may be­
come increasingly useful in studies of the depo­
sition and sedimentation of limestone, as well as 
in studies on correlation and age determination. 

APPENDICES 

A-EQUATING RADIATION DOSAGES 

Sample Radiation dosages, Equating 
portion milliamperes factor 

a fraction 79 I 
b fraction 72 1.097 

c fraction cores 
(I, 3, 6, 8, 9, 10, 11, 12, 
13, 14, 16, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28) 72 1.097 
disks 72 1.097 
c fraction cores 
(2, 4, 5, 7, 15, 17, 29, 30) 55 1.437 

B-RESULTS OF QUALITATIVE SPECTROGRAPHIC ANALYSES 

A semiquantitative analysis was attempted using the 
results of each sample run. No standards were set up, 
however, and this analysis proved to be of little value 
except for its gross aspect. Of the elements listed, Ti, 
Ag, Cu, and Ca appeared to be constant in amount per 
sample, while the other seven elements varied from sam-
pie to sample. The following cores were analyzed. 

Core pair Core Core pair Core 

I 9 17 
2 21 

4 6 11 19 
11 23 

6 14 13 30 
9 26 

7 10 15 29 
15 25 

19 

The cores listed contained the following elements: 

Percentage of total sample 

>.OJ .01 to 1.00 1.00 to 10.00 <10.00 

Cu Cu Mg Ca 

Ag Mg Si 

Ti Si Fe 

Fe 
V 

Sr 
Al 
Mn 

C-RESULTS OF ]RON CONTENT ANALYSES 

The values listed are the average of two determina­
tions in most cases. 

Core pair Core Average percent of 
total sample 

.421 T 

2 .355 B 

2 5 .599 T 

4 .320 B 

3 3 .466 T 

7 .397 B 

4 6 .362 T 

11 .387 B 

5 8 .523 T 

13 .352 B 

6 14 .453 T 

9 .416 B 

7 10 .630 T 

15 .341 B 

8 12 .540 T 

16 .423 B 

9 17 .488 T 
21 .353 B 

10 22 .506 T 
18 .339 B 

11 19 .564 T 

23 .386 B 

12 24 .577 T 
20 .401 B 

13 30 .389 T 

26 .416 B 

14 27 .439 T 

28 .338 B 

15 29 .522 T 
25 .438 B 
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D-RESULTS OF INSOLUBLE RESIDUE ANALYSES peak 1 (continued) 

Insolubles were run on 16 of the cores or eight of the 
core pairs of the block. Approximately 1 gram samples 8 12 3.2 T 3.2 T 1.07 T 14.5 B 
of finer than 200-mesh powder were digested in com- 16 18.75 B 19.64 B 9.3 B 12.62 T 
mercial hydrochloric acid. Residues were carefully 
washed, dried, and weighed. 9 17 4.75 T 4.94T .83 T 5.6 B 

21 14.35 B 27.64 B 7.5 B 2.8 T 

Core Weight sample Weight sample Percent 10 22 1.75 T 2.58 T .96T 16.92 B pair Core before acid, mg after acid, mg insoluble 

IT 1000 135 13.5 
18 11.55 B 13.66 B 5.13 B 3.13 T 

2B 1016 134 13.2 11 19 1.7 T 2.14 T .66T 2.96 B 

3 3T 1048 88 8.3 
23 14.8 B 14.54 B 6.75 B 2.63 T 

7B 1016 115 I 1.3 12 24 2.35 T 2.19 T 1.15T 9.23 B 

6 14 T 993 136 13.7 
20 13.9 B 11.52 B 5.02 B 1.65 T 

9B 1123 153 13.6 13 30 4.25 T 7.24T .86T 7.46 B 

8 12 T 1053 122 11.5 
26 21.8 B 19.53 B 11.44 B 5.65 T 

16 B 1022 115 11.2 14 27 6.15 T 5.7 T 1.97 T 27.64 B 

11 19 T 1006 160 15.9 
28 18.4 B 15.85 B 5.27 B 3.67T 

23 B 1150 143 12.4 15 29 3.55 T 3.73 T .29T 17.69 B 

12 24 T 900 102 11.3 
25 12.7 B 16.56 B 6.3 B 2.65 T 

20 B 1079 79 7.3 

13 30T 1001 129 12.7 
26 B 1017 121 11.1 peak 2 

14 27 T 1000 112 11.2 Core Fraction Fraction Fraction 

28 B 998 131 13.3 
pair Core a b C Disks 

1.7 1 1.5 T T .56T 2.74 B 
2 2.18 B 2.32 B .47 B 2.72 T 

2 5 1.3 T 1.33 B 
4 1.69 B 1.6 B .31 B 

3 3 1.28 T 1.2 T .31 T 1.36 B 
7 2.18 B 1.48 B .27 B .33 T 

E-NORMAL ATMOSPHERE ARTIFICIAL GLOW CURVE PEAK 4 6 1.5 T 1.5 T .51 T .93 B 

HEIGHTS 11 1.85 B 1.61 B 1.01 B .23 T 

These peak heights are computed, equated values. 5 8 1.7 T 1.69 T .75 T 1.85 B 
Each original peak height (centimeters) was multiplied 13 1.65 B 1.66 B .74 B 1.29 T 
by the correct radiation dosage factor listed in Appendix 

6 14 .94 T .88T .34 T 1.48 B A. The result was multiplied by the correct amplifica-
tion factor. The final values for each peak are listed 9 1.58 B 1.51 B .66B 1.45 T 

below. 7 10 1.44 T 1.45 T .52 T 1.37 B 
15 1.36 B 1.84 B .4 B .38 T 

peak I 
8 12 1.4 B 

Core Fraction Fraction Fraction 16 1.89 B 1.85 B .77 B 1.46 T 
pair Core a b C Disks 

I 16.4 T 18.98 T 6.0 T 11.92 B 9 17 .71 B 
2 23.3 B 27.01 B 5.56 B 21 1.39 B 2.5 B .66 B .40T 

2 5 2.95 T 3.67T .57 T 17.99 B 10 22 1.63 B 
4 15.6 B 12.67 B 3.16 B 9.32 T 18 1.26 B 1.45 B .52 B .48T 

3 3 13.55 T 12.4 T 3.67T 18.82 B 11 19 .50 B 
7 25.0 B 17.33 B 3.91 B 5.4 T 23 1.53 B 1.41 B .59 B 

4 6 17.25 T 16.95 T 6.75 T 11.57 B 12 24 .86 B 
11 20.4 B 18.5 B 12.6 B 1.6 T 20 1.65 B 1.4 B .52 B .54 T 

5 8 14.75 T 14.7 T 6.15 T 21.5 B 13 30 .81 B 
13 17.8 B 19.2 B 7.6 B 16.84 T 26 2.06 B 1.77 B .92 B .83 T 

6 14 6.1 T 6.03T 2.3 T 19.86 B 14 27 .71 T .73 T .23T 2.03 B 
9 15.4 B 14.5 B 6.7 B 18.37 T 28 1.6 B 1.48 B .47 B .52 T 

7 10 11.l T 11.63 T 4.06T 17.0 B 15 29 1.85 B 
15 16.65 B 19.75 B 5.1 B 2.8 T 25 1.44 B 1.69 B .7 B .42 T 



McNellis-Sources of Error in Tlzermoluminescence Studies 21 

peak 3 peak 4 (continued) 

Core Fraction Fraction Fraction 9 17 1.04T .95 T .32 T 1.14 B 
pair Core a b C Disks 21 1.99 B 2.8 B .97 B .83 T 

I 
2 10 22 .7 T .84 T .37 T 2.32 B 

18 2.25 B 2.3 B .87 B .91 T 
2 5 I.OST 1.3 T .3 T 

4 11 19 .58 T .66T .24T .70B 
23 2.33 B 2.02 B .84 B I.BT 

3 3 1.49 T 1.43 T .42 T 
7 .81 T 12 24 .78T .75 T .37 T 1.56 B 

20 2.26 B 1.86 B .73 B .49 T 
4 6 

11 .41 T 13 30 1.0 T 1.15 T .38 T 1.89 B 
26 3.2 B 2.74 B .38 B 1.49 T 

5 8 1.76 T 1.69 T .74 T 
13 14 27 1.33 T 1.3 T .46 T 2.96 B 

28 2.93 B 2.44 B .88 B 1.44 T 
6 14 1.18T I.I T .45T 

9 15 29 1.0 T .97 T .37 T 2.03 B 
25 1.9 B 2.06 B .80 B .61 T 

7 10 1.36 T 1.37 T .51 T 
15 .61 T 

F-NITROGEN ATMOSPHERE ARTIFICIAL GLOW CURVE 
8 12 1.09 T 1.12 T .47 T PEAK HEIGHTS 

16 1.55 T 
These peak heights are computed, equated values of 

9 17 1.14T 1.04T 27T 1.0 B nitrogen atmosphere artificial glow curves using the 
21 .73 T intermediate or b fraction. Each original peak height in 

10 22 .71 T .93 T .37 T 
centimeters was multiplied by the correct radiation dos-
age factor listed in Appendix A. The resulting answer 

18 .82 T was multiplied by the correct amplification factor. The 

11 19 .71 T .88 T .30 T .70 B 
final values for each peak are listed below. 

23 .96 T Core 
pair Core Peak IN Peak 2N Peak 3N Peak 4N 

12 24 .99T .92 T .41 T I 9.98 T 1.7 T 2.33 T 
20 .54 T 2 14.8 I B 2.22 B 2.63 B 

13 30 1.0 T 1.29 T .29 T 2 5 1.76 T 1.43 T .88 T 
26 4 7.24 B 1.70 B 2.58 B 

14 27 1.09T I.II T .38 T 3 3 7.46 T 1.37 T 1.48 T 1.95 T 
28 1.06 T 7 10.75 B 1.78 B 2.72 B 

15 29 I.I T I.I T .3 T 1.14 B 4 6 I0.53 T 1.76 T 2.63 T 

25 1.6 B 1.8 B .77 B .75 T 11 11.41 B 1.84 B 2.30 B 

5 8 8.56 T 1.92 T 1.91 T 2.17 T 
13 13.27 B 2.22 B 3.46 B 

peak 4 6 14 3.29 T .93 T I.BT 1.28 T 

Core Fraction Fraction Fraction 
9 8.94 B 1.62 B 2.38 B 

nair Core a b C Disks 7 10 7.68 T 1.84 T 1.54 T 1.65 T 
I 2.2 T 2.4 T .56 T 4.53 B 15 12.83 B 2.32 B 3.1 B 
2 2.84 B 2.73 B .84 B 4.07T 

8 12 1.76 T 1.21 T 1.06T 
2 5 .76T .92T .28 T 2.24 B 16 12.83 B 2.1 B 2.66 B 

4 2.84 B 2.37 B .79 B 1.26 T 9 17 2.52 T 1.32 T 1.17T 

3 3 1.99 T 1.85 T .61 T 2.05 B 21 19.42 B 3.16 B 3.29 B 

7 3.28 B 2.36 B .78 B .83 T IO 22 1.32 T 1.04 T .93 T 

4 6 2.51 T 2.25 T .82 T 2.5 
18 8.78 B 1.7 B 2.55 B 

B 
11 2.31 B 2.04 B 1.08 B .37 T 11 19 1.097 T 1.097 T .77T 

23 9.87 B 1.78 B 2.36 B 
5 8 2.05T 1.7 T .74 T 2.29 B 

12 24 .99 T .98 T .72T 13 2.75 B 2.58 B 1.18 B 2.08 T 20 6.97 B 1.56 B 2.09 B 
6 14 1.28 T I.II T .49 T 2.26 B 13 30 3.29 T 1.37 T 1.15T 

9 2.38 B 2.19 B .96 B 2.14 T 26 12.08 B 1.98 B 2.91 B 

7 IO 1.48 T 1.44 T .50 T 1.7 B 14 27 3.4 T .92 T 1.25 T 1.42 T 
15 2.38 B 2.82 B .90 B .72 T 28 13.71 B 1.92 B 2.94 B 

8 12 .96T .95 T .35 T 2.21 B 15 29 1.76 T I.BT .99T 
16 2.59 B 2.32 B 1.11 B .25 T 25 9.38 B 1.98 B 1.98 B 2.3 B 
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G-NATURAL GLOW CURVE PEAK HEIGHTS 

These peak heights are the actual measurements of 
the high-temperature peak in centimeters. The b fraction 
was used. 

Core pair Core Peak height 

1 7.8 T 
2 6.35 B 

2 5 3.0 T 
4 7.65 B 

3 3 7.45 T 
7 10.3 B 

4 6 7.6 T 
11 5.8 B 

5 8 9.3 T 
13 11.4 B 

6 14 4.8 T 
9 7.0 B 

7 10 5.5 T 
JS 9.8 B 

8 12 4.5 T 
16 7.2 B 

9 17 
21 6.9 B 

10 22 4.1 T 
18 8.5 B 

11 19 2.5 T 
23 6.0 B 

12 24 3.05 T 
20 4.45 B 

13 30 4.4 T 
26 9.6 B 

14 27 5.6 T 
28 10.S B 

15 29 
25 8.15 B 
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