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P A L E O D O SIM E T R IC A L  P R O P E R T IE S  OF SO D IU M  
A L K A LI F E L D SP A R S A N D  P R O B L E M S OF  
L U M IN E S C E N T  D A T IN G  OF SE D IM E N T S

S u m m a ry .  Em ission sp ec tra  of n a tu ra l alkali feldspars ex trac ted  from  sedim ents 
are  stud ied  using C CD  cam era  based  high sensitiv ity  spectrom eter. Tw o dom inant 
em ission bands -  b lue  (410 nm ) and  orange (570 nm ) are revealed in  in frared  op ti
cally stim ula ted  lum inescence (IR O SL) sp ec tra  ob tained  using sem iconductor laser 
(860±1 nm ) for th e  m ost of sed im ents from  Scandinavian  profiles. Lum inescence 
and  dosim etrical p ropertie s of th e  hole trap s , induced  orange em ission band  typical 
for sodium  alkali feldspars are stud ied . H igh ligh t b leachability  b u t less stab ility  
of th e  dosim etrical inform ation  in sodium  alkali feldspars are  found. Problem s of 
lum inescence da ting  of sedim ents on th e  basis of p o tassium -sod ium  alkali feldspars 
m ix tu re  are discussed.

PALEODOZYMETRYCZNE WŁAŚCIWOŚCI SKALENI SODOWYCH A 
PROBLEM LUMINESCENCYJNEGO DATOWANIA OSADÓW

S tr e s z c z e n ie .  W idm a em isyjne natu ra lnych  skaleni alkalicznych wydzielonych z 
osadów badano za pom ocą sp ek tro m etru  o wysokiej czułości z kam erą  CCD . W  więk
szości próbek z profili skandynaw skich w ykry to  dw a dom inujące pasm a -n iebieskie 
(410 nm ) i pom arańczow e (570 nm ) -  IRO SL lum inescencji stym ulow anej prom ie
niow aniem  podczerw onym  lasera półprzewodnikowego (860±1 nm ). B adano w łasno
ści lum inescencyjne i dozym etryczne pu łapek  dziurowych i stym ulowanej em isji w 
paśm ie pom arańczow ym . S tw ierdzono dużą  podatność  na  w ybielanie św iatłem  ale 
m niejszą stabilność inform acji dozym etrycznej skaleni alkalicznych sodowych. P rze
dyskutow ano problem  datow an ia  lum inescencyjnego osadów w p rzypadku  m ieszania 
skaleni alkalicznych potasow o-sodow ych.
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1. I n tr o d u c t io n

Alkali fe ldspars K (N a)A lS i3 0 8  a re  w idely spread n a tu ra l m inerals. D uring the last 
decade th e  a tte n tio n  of sc ien tists  focused on th e  stu d y  of th e  lum inescent and  dosimetrical 
p roperties of m inera ls  in  o rder to  e labo ra te  lum inescence d a tin g  techniques for Q uaternary 

sedim ents.
T he m ain  req u irem en ts  for m inerals serving as palaeodosim eters are:

1 . h igh  s tab ility  o f s to red  age inform ation  in th e  tim e  span a c tu a l for th e  Q uaternary 
sed im en ts,

2. high b leachab ility  o f m inerals by th e  n a tu ra l light for ze ro -p o in t realization ,

3. s tab ility  of d osim etrica l and  lum inescent p roperties d u ring  hurry ing  and  all labora
to ry  tre a tm e n ts .

M inerals a re  e x tra c te d  usually  by heavy liquid w ith  density  2.58 g /c m 3, and  a m ixture 
of sodium  an d  p o tass iu m  com ponen ts is obtained  due to  th e  isom orphism  of th e  solid 
solution of K (N a)A lS i3 0 8. I t is p rac tica lly  im possible to  sep a ra te  these two com ponents. 
T he only way to  s tu d y  th e ir  characteristics independently  - o p tica l separa tion  based on 
th e  difference of th e ir  em ission spectra .

T he sp ec tra l ch a rac te ris tic s  of sodium  and po tassium  feldspars have been ra th e r  well 
stud ied  (T araschan  e t a l., 1978; D alai e t al., 1988; K irsh and  Tow nsend 1988; P rescott 
e t al. 1988; H un tley  e t  al. 1991; Ju n g n er and H untley  e t a l., 1991; Spooner, 1993). It 
is shown, th a t  p o ta ss iu m  feldspars em ission spec tra  have a  m ax im um  a t 410 nm  (blue) 
and th a t  sod ium  fe ldspars have a  very b righ t lum inescence w ith  a  m axim um  a t 570 nm  
(orange), for fine g ra in s e x tra c te d  from  sedim ents th e  o range em ission  band  is dom inant.

P o ta ss iu m -co m p o n en t o f alkali feldspars (em ission ab o u t 410 nm ) is w idely used for 
dating  of Q u a te r n a r y  even ts up to  150-^200 ka.

T he ob jec tiv e  of th e  following investigation is th e  deta iled  s tu d y  of th e  palaeodosi- 
m etrical p ro p ertie s  of sod ium  com ponent of alkali feldspars and  its  possible application 
for lum inescence d a ting .

2. E xperim ental

T he sam ples u n d e r s tu d y  were from Finnish, Swedish an d  G erm an profiles. Alkali 
feldspars ( 1 0 0  -  160 m ) w ere ex trac ted  from these sedim ents following the techniques de

scribed before (M ejdah l, 1983; I l ii t t  and Smirnov, 1983). B oth n a tu ra l and  labora to ry -irrad ia te
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samples w ere s tud ied . L aboratory  irrad ia tions were perform ed by 7 -source 60Co or X ray

at room  tem p e ra tu re .
T he follow ing characteristics of sam ples were m easured:

1. S p e c tra  of phosphorescence,

2. S p e c tra  of s tim u la tion ,

3. In fra red  s tim u la ted  (860±1 nm ) emission (1R 0SL ) sp ec tra  of n a tu ra l and laboratory  

ir ra d ia te d  sam ples,

4. B leachab ility  of lum inescence induced by blue and orange cen tra  of recom bination,

5. D ose reconstruc tion  using different em ission bands,

6 . IR O S L  sp e c tra  a t  low and elevated tem pera tu res.

T he  phosphorescence  and OSL spectral studies were perform ed using a  C C D -cam era  
based h igh  sens itiv ity  spectrom eter. T he whole sp ec tra  from 200 to  800 nm  are focused 
sim ultaneously  on a  liquid nitrogen cooled CCD-cell w ith 115x298 pixels. Because of high 
efficiency (from  16% in th e  UV to 40% in the IR) and  ex trem ely  low background noise of 
the cell, v e ry  weak lum inescence m ay be detec ted . D epending on th e  lum inous intensity , 
th e  signal can  be  accum ulated  by th e  cell for an in teg ra tion  tim e  of 30 ms up to  several 
hours (R ieser e t a l., 1994). T he procedure for m easurem ent of th e  stim ula tion  spectra  

was described  before (H iitt e t al., 1988). Sem iconductor laser w ith  pulse and perm anent 
regim e of w ork (860±1 nm ) was used as a  source of infrared  light.

B leach ing  was perform ed by natu ra l diffused light and  artificial daylight sim ulator 

w ith  or w ith o u t U V  com ponent produced by UVA lam p.

3. R e s u l t s  a n d  d iscu ssion

3.1. P h osp h o rescen ce  spectra and sp ectra  o f stim ulation

Phosphorescence spectrum  (fig. 1) reveals the  whole set of cen tra  of recom bination of 

charge ca rrie rs  released from shallow traps. It was m easured  1 m in after /3-irradiation. 
Following m easu rem en ts during one week did no t discover any changes in th e  shape of 
th e  sp ec tra .

S p e c tra  of stim u la tion  for the orange emission band  were m easured (fig. 2). I t was 

show n th a t  th e  tra p s  which induced the m axim um  a t ab o u t 900 nm  were th e  sam e th a t 
for b lue  em ission. T h e  sam e was also th e  therm ooptical m echanism  of OSL (H iitt et al., 

1988; H iitt and  Jaek , 1990).
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F ig . 1. S pec trum  of phosphorescence of alkali feldspars ex trac ted  from  sed im ents (sample 
No. 986). C C D -cam era  sp ec tru m  is uncorrected . S pectrum  is m easured  1 min 
a fte r  /?- irrad ia tion

R ys. 1. W idm o fosforescencji skaleni alkalicznych wydzielonych z osadów  (próbka No.
986). W idm o rejestrow ano po upływ ie 1 m inuty  od naprom ien iow ania prom ie
niow aniem  ¡3 za  pom ocą kam ery  CCD (w idm o nie skorygowane)

Wavelength (nm)

Fig. 2. S pec tra  of stim u la tion  (IR  p a rt)  of alkali feldspars, e x trac ted  from  sedim ents, 
for emission band 570 nm  (filters of U SSR  production  w ith FW H M  5 8 0 Î|o nrn)> 
sam ple No. 986

R ys. 2. Część podczerw ona w idm a stym ulacji pasm a emisyjnego 570 nm  (filtry  produkcji 
ZSRR , FW H M  5 8 0 ^ 0  nm ) skaleni alkalicznych wydzielonych z osadów: próbka 
No. 986
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3.2. Infrared stim u la ted  lum inescence sp ec tra
IROSL em ission sp ec tra  consist of two ra th e r well resolved bands a t 410 nm  and 

570 nm  (fig. 3).

Fig. 3. IR O SL  sp e c tra  of typical alkali feldspars ex trac ted  from  Scandinavian  profiles. 
1 -  sam ple No. 986, K,n<ermii =  10.0%. 2  -  sam ple  No. 1 0 2 2 , K internal =  1 1 .8 %. 
Sem iconductor laser 8601 nm  in pulse m ode was used

Rys. 3. W id m a  IRO SL typow ych skaleni alkalicznych w ydzielonych z profili skandynaw
skich. 1 -  p róbka No. 986, K internal — 10,0% , 2 -  p róbka  No. 1 0 2 2  K ,ntcrnai = 
11,8% . W ykorzystano  laser półprzew odnikow y 860± 1 n m , pracujący w reżimie 
im pulsow ym

U ltrav io le t (U V ) and IR p a rts  of the sp ec tra  a re  cu t off by filter B G -39 , avoiding 
background signal from  stim ula ted  IR  light. T he differences betw een IRO SL and the 
sp ec tra  of phosphorescence m ay be explained as follows. In th e  case of /? (7 ) -irrad ia tio n  all 

hole and  electron processes are involved, while IR O SL sp ec tra , as it  was shown for the blue 

cen ter of recom bination  (Jaek  e t al., in press) are caused only by electron recom bination. 
I t is w orth  no ting  th a t  th e  above m entioned sp ec tra  (fig. 1, 2, 3) are  typ ical for samples 
from all Scandinavian  and G erm an profiles: only th e  ra tio  of em ission bands differs.*
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3.3. B teachability

L ight sensitiv ity  of th e  cen tra  of recom bination  (blue and  orange) or bleachability 
was stu d ied  using different light sources such as na tu ra l sunlight, n a tu ra l diffused light, 
lab o ra to ry  n a tu ra l dayligh t sim ula to r, w ith  U V  and  w ithou t UV com ponent. The most 
p ronounced  effect was revealed using e ith e r sun ligh t or artificial light w ith  added UV 
com ponen t. T he  orange band  is m uch m ore  quickly quenchable th an  th e  b lue one, and 
th e  residual lum inescence is negligibly sm all (fig. 4). T h is fact is extrem ely  im portant 
for d a tin g  because zero-point is realized  m uch quicker for orange emission of sodium 
com ponen t then  for b lue em ission of p o tassiu m  one.

3.4. D ose  resp on se

IR O SL sp ec tra  show no changes w ith  th e  dosing up to  2 kGy. T his dose is close to  the 
level of sa tu ra tio n  for bo th  sodium  and  p o tassiu m  com ponents. T he ra tio  of yellow and 
blue bands in IR O SL sp ec tra  was s tab ilized  during  th ree  weeks after th e  irrad ia tion  and 
d id  no t change a fte r 1 - 5  years for th e  m ost of th e  sam ples stud ied . T his proves absence 
of p e rm an en t channels for anom alous fad ing  in sodium  com ponent.

3.5. S tab ility  o f op tica l in form ation

A se t of 10 sam ples from  th e  S cand inav ia  a rea  w ith geologically pred icted  ages in 
th e  span  of 30-120 ky was checked. To com pare  th e  s tab ility  of orange and blue centra, 
th e  accum ulated  dose was reco n stru c ted  using S cho tt in terference filters U V -D A D -15-3 
(391,9 nm ) and D M Z -20-2  (529,1 nm ) as well as com bination  of filters 3 m m  B G -39 with 
3 m m  O G -530  (S cho tt glass filters, FW H M  560Î2snm ). T he  use of orange em ission gave 
sy s tem atica lly  younger ages th an  th a t  of b lue  em ission (fig. 5 ).

T h e  sam e resu lts  a re  illu s tra ted  by fig. 6 . Four sam ples from G erm an profiles were 

m easured  using different in terference filters giving separation  of sodium  and potassium  

em ission. D ifferent accum ulated  doses w ere ob ta ined . T he only explanation  m ay be dif
feren t th erm al s tab ility  of holes a t th e  orange and  blue cen tra  of recom bination. By the 

way, w ell-know n underestim ation  of lum inescence ages for loesses m ay be explained by 
th e  dom inance of th e  orange em ission for fine- g rains used for th e  dating .

3.6. IRO SL sp ectra  at low  and e levated  tem p eratu res

C om plicated  IR O SL sp ec tra  consisting  of bands induced by cen tra  of recom bination 

w ith  different ha lf-life  of holes needs special p recau tion  w ith all kinds of labora to ry  pro
cedures. As one can see (fig. 7), IR O SL sp e c tra  changed a t  elevated tem p era tu re  (ab o u t 

80oC ). R ed istribu tion  of th e  in tensity  of o range and  blue emission is clearly seen in th e
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Fig. 4 . Effect of OSL bleaching of na tu ra l sam ple by daylight together w ith  UV com ponent. 
1 -  light exposure 0 m in , 2 -  light exposure 1 m in, 3 -  light exposure 2 m in , 4 -  
light exposure 3 m in, 5 -  light exposure 5 min. 6  -  light exposure 30 m in

Rys. 4. W pływ  w ybielania św iatłem  dziennym  z zaw artością u ltrafio le tu  n a  OSL n a tu ra l
nych próbek. 1 -  ekspozycja na św iatło  0 m in, 2 -  ekspozycja n a  św iatło  lm in , 3 
-  ekspozycja n a  św iatło  2 m in, 4 -  ekspozycja na  św iatło  3 m in , 5 -  ekspozycja 
n a  św iatło  5 m in, 6  -  ekspozycja na  św iatło  30 min
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Acc.dose -  245.95 + / -  10.55 Cy Y -  a + b » exp (c .  X)
c = -0.0012652393 1/Gy 
a *= 120.43; b «  -89 .91

Oose. Gy
Acc.dose *= 153.57 + /— 15.76 Gy Y  — a + b * exp (c *  X)

c = -0.0019764751 1/Gy 
a = 78.33; b = -60 .41

Fig. 5. A ccum ula ted  dose reconstruction  and age calculation  for sam ple No. 1028 using 
S cho tt in terfe rence  filters: a) UV-DAD-15-3 (391.9 n m ), b) D M Z 20-2 (529.1 nm )

R ys. 5. R ek o n stru k c ja  daw ki zakum ulowanej i obliczenie w ieku p róbk i No. 1028 przy 
użyciu  filtrów  in terferencyjnych S ch o tt’a: a )U V -D D A -1 5 -3  (391,9 n m ), b) 
D M Z -2 0 -2  (529,1 nm )

sp ec tru m . T h is  is th e  resu lt of d ram atic  change of th e  palaeodosim eter. T h o  sam e effect 
takes p lace  a fte r  th e  p reh ea tin g  a t th e  sam e tem p e ra tu re  for 1 m in. P reh ea tin g  procedure 

used in  all lum inescence d a tin g  technkpies by th e  m a jo rity  of labo ra to ries  can no t be 

recom m ended  w ith o u t special check of TL and IROSL spec tra .
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Fig. 6 . Dose reconstruction  using different em ission b an d s for four sam ples from G erm an 
profiles. M easurem ents were m ade by R ieser and  K rbetchek

R ys. 6 . R ekonstrukcja  dawki przy w ykorzystaniu różnych pasm  em isji dla czterech próbek 
z profilów niemieckich. Pom iary w ykonane przez R iesera  i k rb e tch ek a
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Fig. 7. 3-dim ensional IRO SL spec trum  of alkali feldspars a t low and  elevated  tem pera tu re . 
Sam ple No. 986

R ys. 7. tró jw ym iarow e w idm o IROSL skaleni alkalicznych w niskiej i podw yższonej tem 
p era tu rze . P róbka No. 986



Paleodosim etrical p ropertie s 131

4. S u m m a r y

1. S p ec tra l s tu d y  of alkali feldspars from  Scandinavian and  G erm an  areas was per
form ed. S odium  fe ldspar com ponents w ith th e  orange cen tra  of em ission (570 nm ) 
are  revealed  in  th e  m ost of cases in IROSL spectra.

2. S p ec tra  of s tim u la tio n  for th e  orange emission center has th e  sam e IR  m axim um  as 
for b lu e  cen te r (ab o u t 900 nm ).

3. IR O SL sp e c tra  of alkali feldspars do not change a fter lab o ra to ry  dosing up to  2  kGy.

4. O range em ission cen te r is much m ore effectively b leachable  by light w ith  UV com
po n en t th a n  th e  b lue  one.

5. Dose, reco n s tru c ted  using th e  orange emission band , is system atica lly  less (by 30 -  
50%) th a n  in  th e  even t of th e  blue emission band  (for sam ples older 50 ky).

6 . Special sp ec tra l s tu d y  is necessary w hen using elevated  tem p e ra tu re  or p reheating  

for d a tin g  on th e  basis of alkali feldspars.

It is recom m ended  to  try  to  use orange emission (570 nm ) of sodium  com ponent of 
alkali fe ldspars for d a tin g  of Holocene sedim ents. I t  is possible to  suppose th a t  therm al 
s tab ility  of holes w ould be  enough for th is tim e span, w hile b e tte r  reso lu tion  of th e  dating 

can be reached  due to  b e tte r  zero -po in t realization.
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S tr e s z c z e n ie

W y k o n an o  b adan ie  w idm a skaleni alkalicznych ze Skandynaw ii i Niemiec. W  więk
szości p rzypadków  w idm  IROSL (lum inescencji stym ulow anej św iatłem  podczerw onym ) 
stw ierdzono  kom ponen t skaleni sodowych z pom arańczow ym  cen trum  emisji (570 nm ).

W id m a  stym ulacji pom arańczow ych i niebieskich centrów  em isji m a ją  to  sam o m ak

sim u m  w podczerw ien i (900 nm).
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W idm a IRO SL skaleni alkalicznych nie zmieniają, się po naprom ieniow aniu  daw kam i 

laboratoryjnym i do 2 kGy.
Św iatło  ze składow ą ultrafio letow ą znacznie efektywniej w ybiela pom arańczow e cen tra  

emisji niż niebieskie.
W  przypadku  próbek starszych od 50 ka w artości dawki rekonstruow anej p rzy  wyko

rzystaniu pom arańczow ego pasm a em isji są  system atycznie niższe o 30-50%  od w artości 
uzyskiwanych przy w ykorzystan iu  p asm a niebieskiego.

P rzy  w ykorzystaniu  do datow an ia  skaleni alkalicznych konieczne są  dodatkow e spe
cjalne b ad an ia  w idm  w przypadku  przechow yw ania porcji ziaren w podw yższonej tem pe
raturze lub  stosow ania p rocedury  g rzan ia  w stępnego.

Zaleca się w ykorzystanie pom arańczow ej em isji (570 nm ) składow ej sodowej skaleni 
alkalicznych do datow an ia  osadów holoceńskich. M ożna założyć, że stab ilność term iczna 

dziur ja s t  w y starczająca  d la  celów datow an ia  w ty m  przedziale czasu, a  lepsze spełnienie 
warunków początkow ego zerow ania OSL zapew ni w iększą precyzję datow ania .


