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Abstract

Thermoluminescence is the temperature dependence of
phosphorescence and is common to most carbonate roeclks,
Although the phenomenon has been lmown since at least 1663,
its use in geology was not investigated until 1948.

Thermoluminescence results from the release of energy
stored as displaced electrons in the crystal lattice,
Thermal agitation of the displaced electrons causes them to
glve up part of thelr energy as light as they move back to
their original positions in the lattice, The intensity of
the light emitted 1s plotted as a funetion of temperature,
resulting in a glow curve characteristic of the carbonate
sample.

To date, the most promising uses of thermoluminescence
in geology are in stratigraphic correlation and geologie
age dating. DBoth short- and long-range correlations have
been attempted. Wo figures pertaining to geologic age dat~-
ing by this method have been published,

Results of investigatlons show that, while glow curve
data may be of some value, many problems must be solved if
the data are to prove reliable. In order to realize the

possibilities of thermoluminescence as a geologlc tool,




chemical investigations, tectoniec studles, and standardized
procedures must be carried out and perfected. In the absence
of such studies, thermoluminescence must remain a pgeclogle

ald of doubtful accuracy.
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Thermoluminescence in Carbonate Rocks
and its application to Stratigraphiec Correlation
and Geologic Age Determination

Introduction

Thermoluminescence can be thought of as the ability of
a mineral to glow upon the application of heats The use of
thermoluminescence as a geologle tool has been under inves-
tigation since 19l8, and attempts have been made to apply it
to stratigraphie correlation and to geologle age determi-
nation, The subject is not adequately treated In stratig-
raphy texts because of its newness to geology and because
of the fact that the results of investigations are widely
scattered throughout the literature.

An effort has been made to present thls paper from the
viewpoint of the geologist. Therefore, the theory, equip-
ment, and procedures have been conly briefly treated, and
the problems have been presented in a broad outline. For
more detalled information, the reader is referred to the
references clted.

The writer wlshes to thank Professor F.D. Holland, Jr.
for suggesating the problem, for providing aeccess to litera~
ture ordinarily unavaillable through library sources, and for
his advice and constructive criticism in the preparation of
this paper. The help of Naney Inglerth in preparing the
illustrations is also gratefully aclmowledged.




The History of Thermoluminesgcence

Thermoluminescence has been defined as the lumines-
cence stimilated by heat. It has also been defined (Rieke,
195l, ps 1) as the temperature dependence of phosphores=
cence. The latter definitlon l1ls preferred, since the source
of excitation is high energy radiation and not temperature.

Historically, the phenomenon of thermoluminescence
appears to have been first mentioned by Boyle in 1663, fol-
lowed by Kohler and Leltmeler, Calajat y Leon, Royer, and
Saurin (Saunders, 1953). Regarded as a mineralogical curi-
osity for nearly 250 years, the first gquantitative measure-
ments of thermoluminescence were made by Plerce in 1902,
Wick in 1927 and Steinmetz in 193l carried out X-ray exci~
tatlion studles in this sountry, while spectral studies con~-
nected with quantitative measurements were carried out main-
1y by Japanese scientists (Saunders, 1953).

In connection with a U.8. Atomic Energy Commission re-
search program, studies under the direction of Professor
Parrington Daniels were begun in 1948 at the University of
Wisconsin to determine the possible uses of thermolumines-
cence in geology. The results of these studles will make
up the major portion of this paper.

The Theory of Thermoluminesgence

The current theory of thermoluminescence was formalat-
ed in 1916 by Meyer and Przibram (Saunders, 1953, pe 118)
alfter studying the decoloration and luminescence produced
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in different artifieial materials by high energy radiation.
This theory was acecepted by Lind and Bardwell in 1923 an an
explanation of the thermoluminescence and ecoloration they
had observed in minerals exposed to radium.

In view of the many explanations of the Heyer-Przibram
theory found in the literature, the writer has attempted to
ayntheslze an explanation from the literature intended pri-
marily for the geologist. In so doing, the explanations by
Daniels, et al. (1953), Saunders (1953) and Zeller (195Lb)
have been heavily drawn upon.

Thermoluninescence may be elther natural or induced.
To exhibit thermoluminescence, a substance yust have an
ordered structure such as is found in crystals, or a semi~
ordered structure such as glass, In addition, 1t must be
electrically a semiconductor or an insulator.

Thermoluminescence 1s considered to result from the
release of energy stored as displaced electrons in the
erystal lattice. All real crystals have a certain number
of imperfections such as missing ions, Interstitial ilons,
or impurities. Eleetrons knoeked out of thelr normal orbits
in the erystal lattice by high energy radiatlon such as Y=
rays or gamma rays may become trapped at these imperfections.
The forece fleld around each trap rrevents esecape of the
eleectrons under normal conditions, but thermal agltation
of the erystal lons may provide sufficient escape energy.

When the electrons return to their normal positions in the




latt%ae, gome of the energy they possessed while in the
traps may be released in the form of light. Thils light is
Jnown as themmoluminescence.

The natural thermoluminescence of minerals is due %o
electrons driven into traps by the radlation from radloac~-
tive impurities in the orystals., Many of the eleectron traps
are thought to be of the missing lon type caused by the dias=-
location of lattice ions from their normal positions due to
alpha=-particle bombardment from the impurities. Although
the natural rate of production of these dislocations 1s
very small due toc the low concentration of radicactive ma-
terial, the great lengths of time available are'suffiaient
to produce large enough numbers of imperfections to aceount
for the observed thermoluminescence.

Induced thermoluminesecence may be effected by any of
the common laboratory methods smploying high energy radiation.

General Procedure

The technigue of measuring thermoluminescence was first
developed by Urbach and later modified by Randall and Boyd
(Daniels, et al., 1953, ps 34l}). Samples of carbonate rocks
in solid or powder form are heated in an electrie furnace
at a rate of 1°C per second through a 500°C temperature
range. The light emitted is measured by a photemultiplier
tube, while the specific temperatures are obtained by a

thermocouple. The outputs of these devices are recorded by

a potentiometer recorders The Intensity of thermolumines=
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cence 1s plotted as a function of temperature and is called
& glow curve. It 1s by the use of the glow curve that stratie
graphic surface and subsurface correlation and age determi~-
nation are attempted. Tyvpiecal glow curves are shown in
Fig. 1.

Characteristices and Properties
The glow curve of any thermoluminescent material pos-
sesses certain propertles, some peculiar to the material
and others peculiar to the treatment of the material.
A partial list (Danlels, et al., 1953, ps 345) of
materials exhiblting thermoluminescence after gmmma radi-

ation include:

calelts quartz
dolomite glass
fluorite feldgpars
alumina : feldspathoids
magnesium oxide certain olays
gypsun - ceramics

Any glow curve exhibits a number of light emission
maxima, the number being dependent upon the materialland
its treatment, though in all eases the maxima or peaks are
thought to arise from the release of self-trapped electrons
in the erystal lattice. As previously stated, there are
several types of electron traps thought to exlst; and since
each type demands a characteristic activation energy, the
different peaks in a glow curve represent the different types
of traps present in the sample.

The mumber of peaks varies widely over the range of

minerals tested and even within the same mineral, X=ray
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Fig. 1. Thermoluminescence glow curves of a
limestone sample in its natural condition and after
alpha irradiation. The low temperature peak is
drained under ordinary rock temperatures.

Modified after Zeller, 19S5lc
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treatment gives the following results (Feller and Clemmons,
1955, pe 587):
Hineral Temp. Range (°C)
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Ghormley and Levy (1952, p. 550) found that exposure
to light of appropriate wave lengths caused thermolumines-
cence in some instances. B8ylvite (XCl) treated in this man~-
ner exhivited five glow peaks between =196°C and 25°C, com~
pared to one peak revealed by X-ray treatment at higher
temperatures. Irradiasbion by X-rays and exposure to ultra~-
violet light (111l and Sechwed, 1955, p. 65l) produced eight
glow peaks in sodium chloride (NaCl) erystals between 33°¢
and 625°C, compared to three peaks found by A=ray exposure
at lower temperatures.

In direct contrast, Wiek and Slattery (1928, p. L06)
coneluded that ultraviclet radiation of frequencles very
near the visible was capable of completely quenching the
ablility of a mineral to thermoluminesce.

Samples of roek exposed to gamma or X-rays before
heating (Bergstrm, 1956) exhibit greater thermoluminescence
than 1s obtained without previous laboratory radiation.

This fact is utilized in stratigraphic correlation.




Pressure 1ls found to have a decided effect upon the
thermoluminescence of limestones (Zeller, 1955, and Handin,
et 8ly; 1957). Lewls (1956) has attempted to relate thermo~
Iumineseence to chemical composition. The significance of
these studles will be dlscussed in conjunction with stratie-

graphic correlation.

Thermoluminescence in Geology

To date, the most promising use of thermoluminescence
in geology eppears to be its applieation to the stratigraph=
ie correlation of carbonate rocks, Work on correlation by
this method was begun by Saunders (1953). Obther workers are
Parks (1953), Bergstrom (1956), Lewis (1956), and Pitrat
(1956). Saunders! basis (1953, p. 118) for attempting
correlation by this method 18 as follows:

It ean be seen that the shapes of the gamma-actie
vated glow curves of several different limestones from
one outerop locality are different as are the amounts
of thermoluminescence as shown by the heights of the
maximna,

L] - - - L] - - - - - L - . -

Although the exaet nature of the particular traps
whieh form the several peakes of the ecaleite glow eurve
are not lmown, one may hypothesize that in general the
type of glow curve observed for a limeatone reflects
the composition and erystallization history of the eal-
elte contained therein, Under normal conditions of
limestone formation the conditions which control these
variables might be expected to be constant over rela=-
tively wide areas of one stratigraphie horizon and would
vary ascording to the position in the geoclogic section.
If this is true, then 1t should be possible to apply
the glow curve characteristics as a tool in 1dentifying
a certain limestone stratum or sequences of strata in
different outerop lecalities.




Stratigraphic Correlation

Surfaece Correlation

Saunders! first abtempt at correlation by use of glow
ourves was made on & large quarry of Niagaran limestone in
Wiseonsin and employed both lateral and vertical sampling
over short distances. The resulbts, based on labteral asimie-
larities of glow surve shape and intensity of thermolumines~
cence in the same formations and differences vertically in
glow curve shape between different formations, supported
his hypothesis that the method was feasible for short
distances,

In a subsequent attempt samples were talken for every
three feet of exposed section of three correlative lime-
stones, the Pahasapa, Redwall, and Madison, all of Lower
Hississippian age, in an effort to establish long range
ecorrelation, The glow curves showed similar trends in sach
case., Saunders conecluded that the results sould be taken
as a substantlation of previcus correlatlion in thielr lime-
stones where long and undisturbed veriods of deposition
were Involved and where depositional sonditions varied
widely for other limestones in the seetion, In addition, 1t
was congcluded that correlation might be possible in thin
eyelical limestones by means of the relative amounts of
thermoluminesecence of several consecutive formations in
each locallty. Saunders also found a linear relationship

between thermoluminescence and the amount of radicactivity
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present as an impurlty.

At about the time of Saunders' studles, Parks (1953)
began work on the subsurface correlation of certein lime=
stonees In the Illinois Basin, Parks, like Saunders, found
a linear relationship between thermoluminescence and radio=
activity.

Bergstrom (1956) conducted studies of twenty=-five limes
stones of Penmnsylvanian age in Iowa, Missourl, and Kansas
in an attempt to determine the relative value of natural
plus gamma-ray indueed thermoluminescence of limestones in
stratigraphic correlation., Variations in vertical sections
were examined alse to determine the possibility of estabe
lishing zones, Insoluble residue studies were run on sam=
ples of the limestones tested.

Bergstrom agreed that thermoluminescence measurements
may ald in stratigraphic correlation but that the technique
was definitely not applicable to all limestones, It was
found that some limestones could be correlated, some could
not be, and that for others the evidence was ineconclusive.

Many important conclusions were reached in Berpgstrom's
studies:

1) Glow eurves of a limestone of variable composition
are highly variable in both shape and amplitude. In such
¢lroumstances correlation based on thermoluminescence 1s
impossible even in a small area.

2) In general 1t seems that the conslstency of the
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physieal and chemical characteristics of the limestone is
parallelled by a persistence in specific thermoluminescenge
characteristics, Some limegtones apparently show no lateral
persistence of specific thermoluminescence,

3) Because many factors apparently control thermolumie
nescence; a glow curve can be thought of as representing an
algebrale total of dilverse physieal and chemleal influencess

1) An insoluble residue content in exsess of 15-207
tends to depress thermoluminescence to a point where the
glow curve is rendered useless,

5) Dolomitization and recrystallizstion probably exert
a tremendous influence on glow curve properties.

6) The fmpurities present, which sctivate or suppress
thermoluminescence, are wmore important in controlling thermo-
Iuminescence than is the level of radicactivity.

7) The greatest thermoluminescence for z given lime-
stone is generally found in samples taken from the base of
the limestone where the insoluble content (and presumably
the amount of Impurities present in the caleite lattlce) is
usually the highest.

8) The level of radicactivibty of & limestone sample as
determined by alpha-particle eount bears no constant rela-
tlonship to the amount of thermoluminescence.

9) It is possible that thermoluminescence-variation
curve anomalies, like self potentlal and resistivity anome

alies in electric logs may have some use as stratigraphie
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narlkers, provided sufficient vertical coverage is available.

10) Bome cyelical limestones give cyoclical glow ocurves,
This suggests that the glow curves are closely related to
the lithology and chemical composition of the limestone.

By thils theory, some of the limestones studied with a wide
range of radloactivity give patterms and intensities compa=-
rable in all respects because the limestones were formed
under quite similar chemical conditions,

Saunders' suggestion that eyelic limestones could be
correlated by glow curve daba was rejected, However, 1t was
felt that the apparent sensitivity of thermelumineseence to
lithologiec or chemical changes in the limestone, and the fact
that glow curves reflect changing lithologie types and en-
vironments of Pennsylvanian eyelic sedimentation suggest
that thermoluminescence might be used in yielding information
on limestone composition, depositional environments, and
crystallization historv.

The problems arising from Bergstrom's studies are very
significant and lead to the realization that,; in genseral,
the problem of thermoluminescense correlation 1s far more
complex than found in Saunders' and Parks' studies. The
faet that a linear relationship between thermoluminescence
and radiocactlvity was not found by Bergstrom emphasizes the
need for cleser studies of relationships between thermolumi~-
nescence and chemieal and mineralogical composition, as

emphasized by Lewls (1956, p. 698). Purther emphasis can
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be placed on this need by realizing that half the workers
using thermoluminescence as a stratigraphic tool (Saunders
and Parks) have found a linear relationship with radloac~
tivity, while the other half (Bergstrom and Pitrat) have
not. It 18 posseidble, however, that other impurities pre-
dominate over radiocactivity in controlling thermolumines-
cence only along the marglng of basins closest to source
areas (Bergstrom, 1056, p. 9hl).

A laterally persistent glow curve for a lithologically
uniform limestone sugpests persistence of the phvsiecal and
chemiecal Influences, but because the glow curves apparently
represent only a cumilative effect of many factors, similar
glow curves may be obtained from limestones that are litho-
logically and stratigraphically different. This difficulty
was encountered when two types of glow curves from one formae-
tion in JTowa were duplicated by a formetion in Missouri de~
spite the fact that the two formations were faunally and
lithologleally dissimilar. This means that correlation on
the basis of thermoluminescence 18 risky when isolated lime-
stone samples are being considered.

In summary, thermoluminescence studies mavy ald in
correlation when used under the following provisions (BDerge
strom, 1966):

1) They should be attempted as an aid only in sections
spaced Yo reveal all lateral variations.

2) The method of using vertieal sequences of thermo-
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luminescence variation plus persistent "marker" glow curves
whorever they oceur has some promise in correlatlon of thick
1imestones or alternating limestone-clastic sections. This
method tends to mask individual irregularities in the over=-
all glow curve pattemn.

3) Identification of a given llmestone in an alternat=-
ing limestone-¢lastic seotlion ig possible only if there are
no sudden, mavked, lateral lithologle changes in the lime-
stone, sinoe thermcluminescence characterisgtics ahahge
abruptly with such 1ithologiec shanges.

Studles wers conducted by Lewis (1956) and Pitrat (1956)
in an effort to relate the variations in thermoluminescence
to the chemical, mineralogieal, and radloactive content of
the limestone.

According to Lewis (1956, p. 698), the glow curve
structure is greatly influenced by any trace impurities and
by defect structures in the erystal., Thermolumineseense
variations In both caleite and dolomite may reflect both the
differences Iin lattice structure and the distribution of
lmpurities in the lattlce,

After evaluating the results of tests made on the
Honeéyent Bend formation, Lewls stated that the glow curve
peaks could be simply related to the mineralogleal commo-
sition. Highly dolomitized samples had only one neak, while
samples containing more than 107 caleite exhibited two glow

surve peaks. As a further checl, tests were made on samples
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of megnesite from localities in the United States and Burope.
Yo detectable luminescence was produced before irradlation.
After gamma-ray irradiation, the maximua intensity cbserved
wvas much less than 19 of any of the irvadlated calcite or
dolomite sauplean, Therefors, any contribution to the glow
curve by any free magnesite present in the limestone and
dolomite samples may be regarded as negligible.

Zeller's work (1954b) on the role of impurities as
activators of thermoluminesgence supported Lewis' impore
tant coneclusions regarding the relation of glow curve chare
acteristics to chemical and mineralogical composzition.
Zeller stated that lwmpurity lons had a marked effect cn
thermelumineseence, In artificial precipltates magnesium
tended to lncrease middle temperature themoluminescence
at the expense of low temperature thermoluminescence, Iron
tended to act as an iInhibltor; while strontium and manga«
nese acted as sctivatora.

In attempting to elarify the role of radiocactivity and
impurities as activators, Pitrat(19%6) utiliged the low
temperature peak of the glow curves obtained from samples of
the Mission Canyon and Lodgepele formations, From bthis
study, it was felt that the glow ocurve shape was more use-
ful in stratigraphle studies than the intensiiy displayed.
Unlike Parks and Saunders, Pltrat was unable to detect a
linear relationship between radiocactivity and thermolumi-~

Nnesgcenco.
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A number of samples were exemined spectrochemically
by Pitrat in an atbempt %o discover a.relatinﬁahip between
glow surve shape and coneentration of natural Impurlties,
Lewiz! conclusions were agaln supported. Only magnesinm
appeared bo bear any diréect relatlonshlp. Magnesian 1ime=
stone and dolomlite tended to have a higher second veal,
vhereas the caleltlec limestone has a higher rirst peak.

It was thought that the shape of the low temperature part
of the curve may be contreolled exelusively by magnesium,
On this basis, 1t was concluded that the magnesiwm content
bears an inverse relation to the ratio of peak 1 %o peak 2
of the glow curve,

On the basis of hls efforts at correlation, Pitrat
felt that it was possible to differentiate between the
Hission Canyon and the Todgepole forations of the Madison
group., It d4id not appear fessible te Mrther subdivide
elther formation by the use of glow curve data.

It was emphasized that extreme care be exercised in
working with dolomibes, since post-denoslitional addition or
subtractiion of magnesium by ground water or hydrothermal
activity could have serilous effects on the wvalldisy af

conelusions reachad,

Subsurface Correlation
Parks (1953) has supplied very nearly all the infor-

mation available on subsurface correlation. The Meramecian

and Chesteran series of the Illincis Basin were chosen for
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the study, as a brief survey of bthe thermoluminezeence of
the limostones indicnted that sufficient differences uxiated
In glow curve shape to permit identification and differen-
tintion of the limestones.

Becanse samples came almost entirely from cable tool
dr411ings, thelr =mall size necessitated the development of
a new sample technicue. Totary cuttings eould not be used
at all due to thelr contamination by drilling flulds.

Jable toel samples were washed, sorted, and ground to
<100 »200 mesh asize. CGelatin ecansules of the powder were
subjected to fifteen hours of five ecurie garma radiation,
then kept refrigerated until used in order to minimize the
draining of the lower termerature peaks. A thin laver of
the powder was cemented to glass and the thermolumineseence
neasurements obtalned as before. Radioactivity ef the sam~
ples was determined wlith an alpha=-particle seintillation
counter.

This method was found to be guantitatively morﬁ ascurate
than the sclid sample method and was used also br Pitrat and
Bergstrom in their work on surface correlation.

Glow curves were run on both powdered and solid samples.
8clid sawmple curves showed considersble variation in shape
and wide variation in intensity. A oﬁmpafison of s0lid sam=
ple eurves with powdered sample purwves from the same ont=
eron showed no arrreciable ehanpe in curve shape, tnt did

show considerable alteration in overall intensity relation-
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ships. The powdered samples eliminated to quite an extent
the factor of differéncea In transparency between limestones
of 4ifferent color and gvain sime.

“hen the glow ourves of the subsurface samples were
min, 1% was discovered that within any one formation the
glow eurve shapes and intensities varied through wide limits,
_ inelnding many of the varlations apparently characterizing
different formations at the outerov. After further work,
it became arparent that the pattern of varilation in glow
curve szhape vertically within a formation yauld be suffie
cient basis to sevarate that formation from other formations
and-sduld be used as a basis for correlation. Patterns in
variations were put in a form similar to that of electric
~logs to permilt eday visual commarison and correlation.

In general, the glow curves of the Meramecian formations
were found to be emaily differentiated from those of the
Chestean formations. Only one Chesteran formation curve
was found to resemble the typileal Merameclan glow curve.,
Within the Meramecian 1t was found diffleult to Aiffeven-
tiate the formations on elther the basis of glow curve
shapes or overall intensities. Since two of the Chesteran
limestones were too low in thermmolumineseence to plot, 1%
was felt that the very lack of thermoluninescenes in these
formations may be a useful correlation characteristic.

Parks! analvyais of the patterns of variation antici-

pated Pergstrom's warning on the use of isolated limestone
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samples.

A study of alpha-particle counts indicated a direct
relationship, at least in the Illinois Basin, between radlo=
activity and thermoluminescence, although this relationship
was not found elsewhere by Pitrat or Bergstrom. In effect,
since all of Parks' sampling was done in the basin and not
along the margins, Bergstrom's theory that suppression of
radicactive dominance of thermoluminescence takes place along
basin marging appears to be contradicted.

In summary, Parks (1953, p. 142) concluded that:

1) The pattern of variation in intensity of thermolumiw
nescence, coupled with typileal glow curve shapes, may serve
to identify and characterize a formation,

2) Where several limestone formations ocour in sequence
with no great lithologic breaks, the intensity and glow
curve shape variations may assist in recognizing tops and
bottoms of formations.

3) Glow curve data may assist in splitting thick car-
bonate roeck sequences into smaller units useful for corre-
lation.

1) Onee a typieal pattern of variation is recognized
for a formation, the absence of parts of that pattern at
other localitics may indieate erosion or non-deposition.

5) Within ane basin of deposition and within one short
period of geologie time, variations in radioastivity of the

limestone appear to dominate over variations in activators
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and variations in lithologie character in the cause of vapis
ations in thermoluminescence.

Pressure is found to have a decided effect upon thermo-
lumineseence. Zeller (1953) found that high pressures ap=-
plied to artificial precipitates of caleium carbonate caused
a progreasive deerease in low temperature thermoluminesece
and a simultaneous Increase in high temperature thermolumi-
nescence. Also, when no pressure was appliled the low tem~
perature thermoluminescence was four times as intense as
that at high temperatures. In a general way, natural lime~
stones sghow similar variations in glow curve characteristics
with inereasing depth of burilal,

Experiments on the Yule limestone by Handin, et al.,
1957, p. 1218) showed that the effect of compression
parallel to the optie axes (translation gliding) was to pro-
duce a new glow curve peak at about 280°C. The new peak
was found to occur whether or not the calcibte had been ir-
radiated before deformation. The 240°C peak was somewhat
reduced, but the high and low temperature peaks remained
essentially unchanged.

These results agree to some extent with those of Zeller.
It seems likely that differences in direction of compression
may have some effect upon the retention of the low temper-

ature peaks.

Summary

The feasibility of stratigraphic correlation by thermo-
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luminescence as envisioned first by Saunders is not alto-
gether certain. Subsequent work has shown that the technique
is not applicable to all limestones, including those of ex-
tremely varilable composition, and the thin cyelie limesbones.
On the other hand 1t is felt that the lack of thermolumi-
nescene¢ in some formatlions might be used as a correlation
tool. The workers in both surface and subsurface stratig-
raphy are divided as to the relation between radicactivity
and thermoluminescence. The writer feels that a teectonie
study of this aspect of the problem would be of great help.
Lewis' and Pitrat's studies have shown that the relation of

‘the chemieal composition to thermoluminescence 1ls of the ut-

most importance and must be extensively studied and well
understood before any further real progress c¢an be made, In
any case, the successful application of data to the problem
1s far more complicated than first supposed.

It 1s fairly well agreed that stratigraphic correlation
by thermoluminescence is possible; but so many limitations
have been imposed upon the method as to render it fit for
only very restricted use in assoclation with other methods

of correlation.

Age Determination
The second possible use of thermocluminescence as a
geclogic tool liee in 1ts use in age determination. Ex-
perimental work was begun chiefly by Zeller, Farrington,
Boyd, and Saunders in 1948 and is continuing at the present
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timb.

The reason for the use of thermoluminescence as an ald
in age deternination has been well stated by Zeller (195Lb,
D 181}3

44nce the discovery that carbonate sediments show

a general increase in natural thermoluminescence with

inereasing geologic age, attempta have Leen made in the

laboratories of the University of Wiseconsin te produce

& usable thermoluminescence age~determination method.

ixperiments have shown a proportional relatlonshlp be-

tween the amount of light emitted by a thermoluminescent
substance and the amount of radlation to whieh the sub=
stance has been subjected. In theory, the geclogiec age
of & sample could be determined by measuring the alpha
radloactivity of the sample and the amount of light re-
leased. It is possible to bombard samples with alpha
particles and thereby determine the amount of thermo~
lumineseence indiced in the sample for each unit of
artificial irradiation.

Before an age determination ean be attempted, it is
necessary to determine the shape of the saturation curve and
the level of ultimate saturation for each sample, since
curve shape varies with chemleal composition. The peak in
the 300°C range has proved the most reliable, since it is
the only peak that persists at ordinary rock temperatures.
Saturation 1s attained through alpha-particle bombardment
from a polonium source.

The impurity activated electron traps in any sample
can probably hold electrons any time after lithification of
the sediment; they will be characteristie of that particu-
lar sample, and theiyr number will be finite. A saturation
level will be reached eventually and further radiation will

not inerease thermcluminescence of the sample. If a lime-
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stone or dolomite sample has reasched saturation under natu=-
ral conditions (Zeller, 195Lb, p. 182) 1t is not possible
to determine its age, although a minimm age could be
established.

Pollowing a study of radiocactive decay, Zeller (195hb,
pe 181) ubneludod that the effect of natural gawmma ray bom-
bardment eould be neglecteds It was also shown that calecites
subjected to very large amounts of alpha radiation showed a
reduction in thermoluminescence intensity.

Both Zeller and Farrington and his asscciates have em-
ployed different procedures. According to Farrington, et al.
(1953, ps 34Li), alpha asctivity of the powdered samples is
obtained by the use of a scintillometer. After saturation,
the area under a selected high temperature pealk in the natu=
ral curve ig used for comparison. In another method tried,
the electron braps thought to be produced by alpha partieles
are filled by saburating them with gamma rays. The light
absorption of each sample is determined experimentally so
that corrections can be made for light losses in samples
that are not completely transparent, Limestones of lmown
age are used for a calibration scale.

A one curie polonium source of alpha bombardment san be
given to a thin surface layer in a second, which is aquivn-
lent to & million-year bombardment in a limestone eontaining
a trace of uranium, This technigue might cancel out the
effect of impurities. Ixcept for radiation damage uncer-




taintles, it was felt that the time réquired for the polo-
nium souree to mateh the natural thermoluminescence of the
roclk would give a direct measure of the alpha partieles
emitted since the rock was formed. Talklng all eorrections
into aceount and knowing the rate of alpha-particle emission
per hour and per vear in the rock, the time to produce the
observed thermoluminescence could be easlily calculated,

According to Zeller (195le), when the relationship be-
tween intensity of thermoluminescence and artifiecial radia-
tion dosage for a partioular sarple 1s Inmown by determining
the shape of the calibration curve, the amount of radiation
necessary to produce the natural thermoluminescence can be
determined as illustrated in Fig. 2. In this figure a
natural thermoluminescence of fifteen arbitrary light units
intersects the ealibration curve at an alpha=particle radia-
tion exposure of 3.30 x 166 ergs. The amount of artificial
radietion damage necessary to produce this amount of thermo=-
luminescence is assumed to be equal to the amount required
under natural conditions., Natural alpha activity is obtained
by the use of a scintillometer and with this value it is
poseible Yo caleulate the time required for the erystal
lattice to receive an equivalent natural radiation dose.

Any process (Zeller, 195.a, p. 370) which causes the
sediments to be heated to temperatures greater than 200°¢
will permit partial or complete drainage of the electron
traps. If drainage has been complete, refilling of the




n (O
Q o

Light intensity, arbitrary units
o]
=

25

e —— G — — — —— o w— — —— — —

L I I I

1 2 3 b
Total alpha-radiation dosage, ergs x 10 /gm

Fig. 2. Typical calibration curve showing the
relationship between thermoluminescence light
Intensity and the total alpha-radiation dosage
received by a sample of limestone.

Modified after Zeller, 195kec
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traps will ccour from the time that the sediments returned
to normal earth temperatures. The age obtained for such a
sample will be the age of the geologic event which caused
the heating, and not the original age of the sample.
Structural and igneous activity of sufficient intensity to
eause recrystallization of limestone or dolomite might also
be dated by this method.

In view of the earth's past dlastrophic activity, it
does not appear likely to the writer that many original
carbonate ages will be obtained outside of sedimentary basins.

It should also be realized that the factors which make
the thermoluminescence method applicable to dating perlods
of heating or reerystallization tend to overate to its dis~
advantage in ahfatigraphin work, especlally subsurface stud-
les. Well cores may be heated so high at the time of ecut-
ting as to drain the electron traps. When such recent heat-
ing has taken place it 1s easily seen in the glow curve,
since the high temperature peak cannot be drained without
draining the lower peaks. Therefore, any sample whieh pro=-
duced a natural curve with only one peak night be suspected
of recent heating, and it would not be possible to determine
whether 1t had been partially drained or not.

Surmary

Heither Zeller nor Farrington, et al, have published
conclusive age-dating results to support their theoretical
deductions. The work was done under the assumption that
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there existed a direct relationship between radicactivity
and thermoluminescence. This assumpbion was accepted also
by Parks and Saunders (1952) in determining the age of wmin-
eralization of fluorite.

In view of the division of opinion concerning this
assumed velationship and of many other complications pre~
viously noted, the reliability of geologic age determina~
tion by this method must remain in doubt pending further
study of the controlling factors of thermoluminescence.

Swumary and Conelusions

It is apparent that the application of thermolumines-
cence to stratigraphic correlation and to geclogic age
determination will meet with success only upon the reso-
lution of many major problems. The outstanding problem is
that of the nature of the chemistry involved in the megha~
nism of thermoluminescence. It seems likely thit an under-
standing of the chemical role will lead to identification
cf the controlling factors of thermoluminescence. Lewls and
Pitrat have pioneered these studies, but more work mest be
done if the phenomenon is to bé ﬁnﬁarstood, mich less applied.
The measurement of physical effects by Zeller and Handin,
et al, has ylelded information on the nature of the effeect
of forces within the earth on thermolumineseence. Thusa,
physical effects, though seemingly less important than
chemical effects, cannot be neglected.

In view of the slightly different techniques employed
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by different workers in sample preparatiocn end curve de~
termination (not fully ermumerated In the text), 1t 1s not
surprising that comparisons of results have often led to
divergences of opinion. Procedures should be refined and
made uniform 80 that the causes of differences may be nar-
rowed down as ruch as possible. Extreme care must be exer-
clsed at all tlmes,

Perhaps better results could be obtained by the use of
a uniform procedure applied to a limited tectonic area and
then to a suecesslon of similar areas, rather than corre~ ;
lation attempted on the basls of widely seattered samplon‘:
gathered without regard te the type of lithotope involved.
Therefore a tectonie study of an area should precede sampling.
8ince the lithotope is in part defined by its chemistry,
emphasis is again placed on the importance of the chemical
role involved and on a thorough understanding of this role.

Due to the many uncertainties involved, the future of
thermoluminescence as a stratigraphic tool,is; at present,
in doubt. Research leading to improvements in techniques
and interpretation may someday male thermoluminesecence
avallable as a supplementary aid to the stratigrapher and
geochronologist, though it may never become an independent
method. Because the number of stratigraphic alds available
at the present time is limited, every effort should be made
to ralse thermolumineseence from a curiosity to the status
of a member of the famlly of geologic toelu;
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