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' Ihterpretafionhof'thenho]uhine5cence-patterns around a Wyoming
| | ‘relT-type.uranium deposit
by Charles S. Spirakis
Abstract |

Thermo]uminescence“from‘quartz and feldspar grains in samples co]lected
from the vicinity of avaoming‘roij-type uranium deposit show an increase in
the importancevof high-temperature thermoluminescence relative to low-
temperature thermo1uminescence of samples which are believed to be former
- positions of the migrating mineralized front. This effect is believed to be
due to the increased radiation in-the;ore tqupfed with the faster rate of
fading of 1ow-temperature thennoTuminescence compared to high-temperature
thermoluminescence. Both the ratios of thermoluminescent responses from any
of a variety of temperature ranges and glow curves (plots of intensity of
thermoluminescence versus temperatﬁre) can be used to detect the increased
fmportance.of high-temperature thennoluhineScence'relative to 1ow-temperature
thermoluminescence of previously mineralized samples. Both ratios and glow
CUrQes'presentwa systematic pattern arohhd«this deposft; theée patterns may
' have.appliCatioh in uranium prospecting. "

| ~ Introduction »

It hasuTong been,known thetvthermoluminescenCe (theAemissionhof Tight

frdn a crystal on.heating)_of,mineral samples is~he1ated to the radiation

histbry of the sample. This knowledge 1nsp1red Sharp and others (1964), and

' -i';Haysl1p and Renau]t (1976) to app]y thenno]um1nescence ‘to uranium

‘,prospect1ng. The1r efforts were thwarted however, by the 1nab111ty to

'"”7separate the variation in thermoTumi nescence related to d1fferences in the

rad1at1on doses among the:samples from thekvar1at1on in thermoluminescence -

'-re1ated‘tq'differencesvineothef“factofs‘that[effect thermoluminescence. In a



previous study, Spirakis; GOldhaber,}and Reynolds (1977) conc]uded that the
| ratio of\the-thermd]uminescent‘response in the temperature range of 1005C>to}
322°C to the themno]uminescent response. in the temperature range of 315°C to
400°C was an effective means of subdutng,the effects;of-the variation in
factors other than radiation dose onnthe-thenno]uminescence of the sample.
When the ratioing‘technique was applied to samples of quartz and feldspar
grains around a roll-type uranium deposit in south Tekas; a systematic pattern
.of thermoluminescent ratios was observed. The purposes of this study are to
test the:technique.of ratioing thermoluminescent responses on another roll-
~type deposit, to seek’the optimum temperature ranges of thermoluminescence to
be used.in ratioing, and to determine if glow curves (plots of
thermoluminescence versus temperature) reveal a systematic pattern :around the
ore.
Theory

" The reader interested in a detailed discussion of thermoluminescence and
the ratioing'technique-is referred to Spirakis, Goldhaber,'and.Reynolds,
- (1977) and the references 1nc1uded in that work. ‘Very briefly,
thermo]um1nescence ar1ses from the escape of electrons trapped in crystal
defects. As the e1eCtrons'escape_from»their‘metastable positions in the
crystal defects-and'return to more stable positionS‘in‘the crystal lattice,
'-,theymemit energy in the torm of .1ight. fHeating theicrysta1 increases‘the
energy"of'the‘electrons-and-their7escape rate increases.: Free electrons which-.

. may become trapped in the defects are generated by ionizing radiation, as from

"grad1oact1ve decay, pass1ng through the crysta]. Thus -thermo]um1nescence is

"7‘dependent on both the- dose of' rad1at1on and the number of defect traps.

o Thenno1um1nescence observed at’ 1ower temperatures (about 100°C) arises. from

the escape of e]ectrons from traps w1th a 1esser escape energy than is typ1ca1



of the traps which emit e]éétrons at high temperatures (as much as 400°C -in
this experiment). Even at ambientvtémperatures, electrons eventually escépe
from the traps; electrons in traps with a low-escape ehergy, escape faster

~ than electfons in high-escape energy traps. Consequently, low-temperature
thermo1uminescencé fades or decays faster than high-temperature
thermoluminescence. Thus after a sample has received a dose of anomalous
radiation as from thevpaséage of a uranium-mineralized solution front, low-
temperature thermoluminescence will fade to a background level, dependent on
the focal concentration of Eadioactive elements,kfaster than high-temperature
thermoluminescence. The number of 10Q-temperatureltraps is not necessarily.
the same as the number of high-temperature traps, but the factors that
increase crystal defects (that is traps) such as strain and impurities, are
1ikely to affect the number of both low- and high-temperature traps in the
same manner. Thus a sample with a hfgh number of traps is likely to dTSplay a
high thermoluminescence in any temperature range. Once enough time sincé
irrédiation has passed to allow Iow-température thermo]uminescenée to approach
4 a background level, the 1ow-temperature‘tﬁénnoluminescence is dependent on the
‘background radiation and the number of low-temperature traps; at the same
time,.high-temperatufe.thermolumineSCence‘is'dependeht‘On the background '
radiatibn plus the previdus radiation and the number of.high-temperature
traps. Aésuming that the number of high-temperature and low-temperature traps
increases or decreases tbgether,~£ﬁe ratio reduces the effects 6f the
variation in_the_nﬁmber of trap5~on'the thermoluminescent response of the
.'sample.f"Thus rafiofng may revea1~differences”in-thermo1umine§cence which
otherwise wbu]d;havé'beeh'masked By the effécts of-the.vafiat1on in the number

- of traps on therho]uminescence.



Methods

Samples used in this study were collected from the vicinity of a roll-
typeturanium.deposit in the southeru part of the Powder River Basin,
Wyoming., Six sahp1es (0s. 1, 2, 3, 7, 9, and 12) were from the oxidized
tongue updip of the ofe; these'samples probably experienced anomalous
irradiation from the migration-of.the mineralized front. ?ive minefa]ized
samples (O0S. 16;‘21, 35, 42, and 47) and two samples from reduced ground (OS.
46 and 48), which probab]y never were ore grade, were also used in. this
study. A]l of the samples consisted of poorly consolidated sandstone which
disaggregated eesily with little grinding; The samples were sieved to a size
range of 100 to 115 mesh (125 to 149 microns) and HC1 was added to remove
carbonates.: C]ays‘were'washed.out and the samples were dried at room
temperature. Exposure to light, which:may drain thermoluminescence, was
avoided. A Harshaw 20001 thermoluminescence system was used to measure the
thermoluminescence of two or three splits of each sample. (Fur a desctiption
of the instrument, see Renault and Hayslip, 1976.) The resu]te were recorded
as glow curves (plots of temperature versus thelintensity of
thermo1uminescence) forvtemperatunes as much as 400°C.

'TheAtemperature-range from 160°C to 400°C was broken'into 20°C inerements
and the‘thermelumineeeence of each increment was calculated from the area
tunder.the quw cufve. For the purpose of ratioing, low-temperature
4‘thermo1uminescence was calculated by. summing the thermoluminescence of the
205C increments from'1605c to some selected temperature; high-temperature
thermo]um1nescence was computed as the sum of the. thermo]um1nescence of all

the 1ncrements between that selected temperature and 400°C.. For example, the

‘ v 1Brand names ‘are used for descr1pt1ve purposes only and do not
--necessar11y imply endorsement by the U.S. Geological Survey.
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thermoluminescence ratio at 240°C,equals fhe sum of the thermoluminescence

from 160°C to 240°C divided by the thermoluminescence from 240°C to 400°C.
| Results and discussion

Ratios of the sum of the thermo]uminescencerbe]ow-a certain temperature

to the sum of the thermoluminescence above that same temperature for each
sample are plotted according to the postions of the samples relative to each
other in figures 1, 2, and 3. These:b]ots-inc]ude ratios from. 180°C to
380°C. All of the samples which were irradiated by the passage of the
uranium-mineralized front (0S. 1, 2, 3,.7, 9, and 12) display a 16wer ratio of
llow-temperature to1high-temperatdre thermoluminescence than do the samples
from the ore (0S. 16, 21, 35, 42,"and 47) or from the reduced ground downdip
of the mineralization (0S. 46 and 48). This difference in the ratios is
preseht 1n.a11 temperature ranges from 180°C to 380°C. Although the scale at
| which fhe data are plotted make the higher temperature ratios appear to be
more useful in differentiating the samples affécted by the migration of the
ore than the samples not affected byvthe-migration of the ore, fhe percent

- difference between the ratios at any one temperature is nearly the same in all
e temperatUres7and no clear optimum temperature is defined.

| The pattern.of'ratids in this“deposit is in close accord'with the pattern
obsérved*aroﬁnd'a-south'Texas roll-type deposit (Spirakis, Go1dhéber, and
'Reyno1ds, 1977);.'Both‘depoéits are chafacterized‘by lTower ratios in the
- oxidized tongue and both studies suggest that the ratios increase slightly as
B the orevié approachéd from'the'ox1dized side.  The ]owérAratiosvfn the
okidizéd tbngue indicate*an increase in'thefimportAnce'of high-femperature

thefmolumineSCence relative to low-temperature thermoluminescence.
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 Figure 1,--Ratlos of thermoluminescence (TL) below specified temperétures (180°, 200°, 220°, 240°, and 260°) to TL above the same -
temperatures plotted according to the relative positions of the samples from the Powder River Basin, Wyo.



IA
L
Ratios.

3

: — . —— .
2 5] sample numbery 7 4 e

16 21 R A ]

S0 feet,

Figure 2.--Ratios of thermolumiqescence (TL) below specified temperatures (280°, 300°, 320°, and 340°) to TL above the same
temperatures plotted according to the relative positions of the samples from the Powder River Basin, Wyo.
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Figure 3.--Ratios of thermoluminescence (TL) below specified temperatures (360" and 380°) to TL above the same temperature
plotted according to the relative positions of the samples from the Powder River Basin, Nyo '



G]ow curves afso show the increased tmportance of hfgh-temperature :
_thermo]umineseence where the ore has passed. Fjgures;4;8 present a |
progressidn~of glow curves across the deposit. Figure 4 is a combination of
several g}ow-cnrves,from samples'(OS. 1, 2, 3, and 7)'on'the exidized side of
the ore. Figures 5 and 6 are frcm samples which are progressively closer to
the ore (0S.. 9 and 12); Figure 7 is a composite of glow curves from several
mineratized samples (0S. 16, 21, 35, 42, and 47), and figure 8 presents the
glow curves from the two reduced samples downdip from the mineralization (OS.
i 46 and,48)._ A contrast between the glow curves of the unmineralized samples
updip of therere (figt 4) and the unmineralized samples downdip of the ore
(fig. 8) reveals the increase in the importance of high-temperathre
thermoluminescence relative to low-temperature therhd?umfnescence where the
ore has passed. This,difference is most apparent in the‘highestdportion of
temperature rangeQ Wfthfn.the'mineralized.samples, summarized on figure 7,.a
high intensity of thermoluminescence is observed in at] temperature ranges;
'10w4temperature thermoluminescence is particu1arty intense. Glow curves of
~ those samples near the mineralization on. the oxidized side (figs.‘S and 6)
represent a,transitfon'from the mineralized samples-(fig;.7) and the samples
from the~oxidfzed tongue (fig. 4). The.bosftibn of sample 12 (fig. 6),
adJacent to the ore, way -account for the s1m11ar1ty of the glow curve of this
sample and ‘the glow curves of the m1nera11zed samples (f1g. 7). The-pos1t1on'_

of the m1grat1ng ro]1 was . probany located at. samp]e 12 more recently than the

. samples farther upd1p Thus samp]e 12 has had less time to- equ111brate w1th

;‘1ts 1ower level of rad1at1on than the samp]es farther upd1p . The g]ow curve
S of sample g (f1g.- ) may represent a cIoser approach to equ111brat1on w1th the
' 1ower 1eve]s of rad1at1on after ]each1ng of the ore than samp]e 12, Figure 5

~f shows an 1ntens1ty of thermo]um1nescence greater than that of f1gure 4 but
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1ess'fhan that of figures 6 and 7.. The relative importance of 1ow-temperature
thermoluminescence to high-tempefature thermoluminescence of figure 5 also
lies between that of figure 4 and figures 6 or 7. Peaks in the intensity of
thermolﬂminescencevdn the glow curves of mineralized samp]gs.(fig. 7) occur at
~ Tower temperatures than on the glow curves of unmineralized éamples.

| These.observatibns of the characteriéti; shapes of glow curves around the
orebody, and the knowledge that uranium roll-type deposits migrate, that
radiation from uranium mineralization increasés thermoluminescence in all
temperature ranges;(at least up to 400°C), and that 10W-temperature
thermoluminescence fades faster than high-temperature thermoluminescence, may
be used to predict the changes over time in the thennoiuminescent glow curves
of a sample exposed to radiation related to the migrafion of a uranium roll.
(It is assumed here that the multiple accretion model of Gruner (1956) is
cprrect and these data support Gruner's conc1usfon.) Figure 9A presents an
idealized g]qw-curve of a sample of quartz and fe]dspaf grains-undisturbed by
mineralization; around an ore deposit, SUcH a sample_may be found in the
reduced fock on the dowhdip side of the ore. In figure 9B, a uranium roll has
migrated to the point of our sample. Radiatioq fromvthé ore has'incfeased the
'inténsity of thermoluminescence in all temperature Eanges; After the
| mineralized front has migrated farther downdip, the.gwa'éurvevof'pur sample
will look 1like figure 9C, which represehtsla sémp]e that has been leached of
mineka]fzatibh but has not had suffiéieht time:sihce leaching for the low-
temperature the}mo1uminescence to fade completely to é.backgroﬁnd-leve1.' Such
- a sample;}s equiva1entxto‘tHersamp1eS:near the;oré on'the’Oxidized side.

Because 10wer?temperaturé‘thenMOluminéscenﬁe'fades faster than;higher-

. temperature thermoTuminéscéncé,'the lower-temperature portion of ‘each peak

1decays.fastérfthaﬁ“the hﬁghergtémpefature portion“ofieachfpeak;*so as time'

]
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passes, the peak in the intensity of thermoluminescence progressively shifts
to higher temperatures. This effect can be observed by comparing figures 9B,
9C, and Qg.‘ In figure 9D, the 1ow-temperature thermoluminescence has faded to
near background levels thus causing the peak in the intensity of thermo-
lumihescence to shift to higher temperatures and- lowering the ratio of low-
temperature to high-temperature thermoluminescence. On this glow curve (fig.
90), only the high-temperature thermoluminescence records the previous
radiation dose related to mineralization. Samples exhibiting this type'of
-glow cprve,are expected to be'found.ip the oxidized tongue updip from the
mineralizatipn and may be used as an indicator of mineralization downdip.
Thus the observed glow curves and what is known about thermoluminescence may
be reconciled to produce an idealized pattern of glow curves around a roll-
type uranium depo;it. Changes in the speed of migration of the mineralized
front or in the intensityhof mineralization along the front_wiT] cause
" deviations in the predicted pattern of glow curves but, at least for this
deposit, such deviations are not so great as to obscure the effects of
-mineralization on the glow curves.
| ~Conclusion

Ratios of thermpluminescent‘responses from different temperature ranges
' produced-a pattern around this roll-type deposit similar to‘the pattern of
‘ratfos around a south-Texas roll-type deposit. Thus the contention that
thermoluminescence may have app]1cat1on 1n uran1um prospect1ng is supported.
- For- the purpose - of form1ng rat1os wh1ch successfu]ly 1dent1fy rock affected

hy the rad1atlon assoc1ated with a m1grat1ng rol] type dep051t the division

R _betwveen: 1ow-temperature and. h1gh-temperature thermoluminescence may be

. anywhere from 180°C to 380°C' Rat1os from a]] temperature ranges were
successfu] and no c]ear optxmum temperature ranges for rat101ng were def1ned

--in this study.
17 .



Glow curves from samﬁles on the updip side of thé deposit which had been
' éffected by the pasSage of the migrating roll front showed an.increase in the
importance of high-temperature thermoluminescence relative to low-temperature
thermoluminescence. This fncrease in the importange of hfghptemperature
thehnoluminescence, which may be detected with ratioing.dr with glow curves,
appears to be characteristic of former areas of mineralization associated with
“the migratfng uranium roli'front. Although some special care must be taken.in
handl{ng,thermo]uminescence samples, and despite the lack of a detailed
understanding of the causes of thermoluminescence, the easé of obtaining
suitable ‘samples (from cores, drilling chips, or outcrops), the virtual
freedom from contamination by drilling muds, the Tow cost of the equipment,
.and the épeed at which the thermoluminescence of a sample may be measured,
suggest that thermoluminescence méy have practical application in prospecting
by ideﬁtifying previously mineralized areas aséociafed-with various types of
uranium déposits.

| | References cited
Gruner, J. W., 1956, Concentration of uranium in.sediments by multiple

_ migration-accretioﬁ: " Economic Geology, v. 51, no.N6, p. 495-520.
Hayslip, D. L., and Renault, J. R., 1976, Potential of quartz thermo-

1umines¢ence in uranium.exp1ofation [abs.]: 29th Annual Meéting Rocky

- Mountain Section Geological Sdciety 6f America; A]buquerque,'N.M.,

p. 590. -
1 Renault, J;'R;;fand»Hays]ip;'D; L., 1976,.Thermoluminescence_of quartz'ih
sandétoné ufaniumvdeposffs; methods‘and:fnitial‘teStS:’ANew Mexico Bureau
‘ of.Mines and'Mineral'Résourtes 0pen-Fi1évRepoht 68; 19 P. |
i'SHérp, We No, McKay,»E. J., McKeown, F.‘A;; gnd'White,,A; M., 1964; Géology |
‘ and'uranfum”depbsitS'of the Pumpkin Buttes'areafof.the Powder:River‘Basin
of-Wydming:f u.s. Geo]ogica1>5ufygz Bu]]etin:11074H, p- 541-638.

18



Spirakis, C. S., Goldhaber, M. B., and Reynolds, R. L., 1977,
Thermb1Uminescence of sand grains around a south Texas roll-type

deposit: U.S. Geological Survey Open-Fi1e Report 77-640, 13 p.

19





