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Eight rare-earth elements (REE), namely La, Ce, Nd, Sm, Eu, Tb, Yb, and Lu, as well as other 
elements (Na, K, Sc, Cr, Fe, Co, Rb, Cs, Ba, Hf, Ta, and Th), have been determined in fifteen 
cretaceous clay samples of continental facies by instrumental neutron activation analysis. It was 
found that the REE contents are variable in absolute and relative values, but the means of these 
values are similar to those of European shales. Analyses have also been made of the fractions <38 grn 
and <22 Ann (clay-sized). The mineral contents of the clay-sized fraction were determined 
semi-quantitatively by X-ray diffraction. The results suggest the preferential presence of REE, Hf, and 
Th in fractions 2 -38 /an ,  which can be explained by the presence of apatite, monazite, and zircon. A 
correlation study of chemical and mineralogical data of the clay-sized fraction showed that kaolinite 
is correlated with REE, specially the lighter ones; illite with K, Rb, and Cs; and smeetite with Na. 

In t roduc t ion  

The rare-earth element (REE) contents, as well  as the concentrations 

of other elements in sediments, depend obviously on the chemical 

composition of the i r  consti tuent minerals, i . e . ,  on the nature of the 

source rock, weathering and transport processes, and exchange reactions 

a f ter  deposition. 

The REE d is t r ibu t ions  in most shales appear to be quite s imi lar.  

, 

However, some s ign i f i can t  var iat ions have been Qbserved, and the reason 

for  them has not yet been well  explained. In many cases no corre lat ion 

has been found between the REE d i s t r i bu t i on  and clay mineral contents. 

In th is work, some cretaceous clays from the "Meso-Cenozoic western 

border of Portugal", and the Lous~ Basin, we re  analysed by neutron 

act iva t ion in order to determine the i r  REE contents, as well  as the 

contents of other trace and major elements. Analyses or the 
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fract ions <380m and <20m (clay-sized) were also carried out, with the view 

of studying how those elements are distr ibuted in the di f ferent-s ized 

grains. On the other hand, the clay-mineral contents of the clay-sized 

fractions were determined, and the results 

chemical analyses. For estimating 

relationships, numerical taxonomy methods, 

principal components analysis, were applied. 

compared with those of the 

chemical and mineralogical 

namely cluster analysis and 

Experimen~l 

F i f t e e n  c l a y  samples f r om  n i n e  d i f f e r e n t  l o c i  were  

collected from cretaceous clay deposits of continental facies 

either in the Lous~ basin or in the "Figueira da Foz- Coimbra-Pombal" 

area (Fig.l), which belong to a large coastal basin denominated "Heso- 

Cenozoic western border". It should be pointed out that these two basins 

were not separated at the time of deposition, so that both are integrated 

�9 I 

in the same model of depositlon . 

For each collected clay, three samples were prepared, representing: 

(i) the whole rock; (ii) the fraction <38pm; and (iii) the clay-sized 

fraction (<2pm). Sample preparation of whole rocks only involved grinding 

and homogenizing. For obtaining the fractions <380m, deionized water was 

added to the clay samples, and then their constituents were sorted through 

suitable sieves. The clay-sized fractions were prepared by means of 

successive centrifugations until one obtained a stable suspension, and 

then by gravity settling. 

The chemical analyses were carried out by using the 

instrumental neutron activation method developed at our laboratory 2'3. The 

clay mineral contents of the clay-sized fractions were determined semi- 
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o Sampling loci 

Fig. 1. Location of the sampling loci 

quantitatively by X-ray d i f f r a c t i o n  (o r ien ted  asgregates) .  Computations 

of c l us te r  and p r i n c i p a l  components ana lys is  were performed by 

employing the NT$YS pro9rams system ~. 
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Results and discussion 

The r e s u l t s  or t h e  c h e m i c a l  a n a l y s e s  Cot t h e  w h o l e  s e d i m e n t ,  t h e  

f r a c t i o n  <38pm, and t h e  c l a y - s i z e d  f r a c t i o n  a r e  p r e s e n t e d  i n  Tab les  I ,  I I  

and I I I ,  r e s p e c t i v e l y .  

The REE d i a g r a m s  o f  two s e l e c t e d  samples (GATOE and H I C - 2 )  or t h e  

w h o l e  r o c k s ,  and t h e  c o r r e s p o n d i n g  f r a c t i o n s  <38pm and <2pm, r e l a t i v e  t o  

c o n d r i t e s  5 and t o  European s h a l e s  (ES] 6,  a re  shown i n  F i g . 2 .  I n  t h e  b o t t o m  

o f  t h e  same F i g u r e ,  t h e  c l a y  m i n e r a l  c o n t e n t s  i n  t h e  c l a y - s i z e d  f r a c t i o n  

a re  a l s o  shown. 

As seen i n  Tab le  I ,  t h e  REE c o n t e n t s  f o r  t h e  a n a l y s e d  w h o l e  r o c k  

samples have been f o u n d  t o  be v a r i a b l e  e i t h e r  i n  a b s o l u t e  v a l u e  ( r ange  o f  

s = 107-233 ppm, t a k i n g  i n t o  a c c o u n t  o n l y  t h e  e l e m e n t s  d e t e r m i n e d }  o r  

i n  r e l a t i v e  v a l u e  ( r a n g e  o~ L a / L u = 5 7 - 1 1 0 ) .  The Eu/Sm r a t i o  was used as a 

c r i t e r i o n  f o r  t h e  anomalous b e h a v i o u r  o f  Eu ( E u / S m = O . 1 T - 0 . 2 4 ) .  The means 

o f  t h e s e  v a l u e s  a re  v e r y  s i m i l a r  to  t he  c o r r e s p o n d i n g  v a l u e s  i n  t h e  ES. 

As e x p e c t e d ,  t h e  REE c o n t e n t s  i n  t h e  f r a c t i o n s  <38pm a re  h i g h e r  t h a n  

i n  t h e  w h o l e  s e d i m e n t  ( samp le  GATOE i s  a t y p i c a l  e x a m p l e ) .  However ,  t he  

REE c o n t e n t s  i n  t h e  c l a y - s i z e d  f r a c t i o n  a r e  s m a l l e r  t h a n  i n  t h e  f r a c t i o n  

<38pm , p a r t i c u l a r l y  as Car as t h e  h e a v i e r  REE a r e  c o n c e r n e d .  Th i s  i s  

an i n d i c a t i o n  o f  t he  p r e f e r e n t i a l  p r e s e n c e  o~ t h e s e  e l e m e n t s  i n  t h e  

f r a c t i o n  2pm-38pm. However ,  some e x c e p t i o n s  were  ~ound,  as f o r  i n s t a n c e  

t h e  H IC-2  sample ,  where  t he  REE c o n t e n t s ,  p a r t i c u l a r l y  t h o s e  o~ t he  l i g h t  

and i n t e r m e d i a t e  REE, a re  h i g h e r  i n  t h e  c l a y - s i z e d  f r a c t i o n .  I t  s h o u l d  bs 

p o i n t e d  o u t  t h a t  k a o l i n i t e  i s  t h e  d o m i n a n t  c l a y  m i n e r a l  i n  t h e  o b s e r v e d  

e x c e p t i o n a l  case~.  

F i g .  3 ~nd Tab le  ZV show t h e  r e s u l t s  or p r i n c i p a l  components  

a n a l y s i s  u s i n g  t h e  c h e m i c a l  c o m p o s i t i o n  d a t a  o~ who le  r o c k  and or t h e  
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Table I 
Concentrations of elements in day  samples 

r 

ANO-1 ANO-2 AVE-I AVE-2 TAV~I TAV-2 REDIN GATOE 

Na 0 ~ 0 ,281  0 ,200  0 , 2 4 2  0 . 1 7 2  
S K~ 4,01 2 .73  5 .93  4 .35  

ppm 19 11 19 19 
Cr 102 60 .0  98 .1  98 .5  
Fe203T ~ 8 .04  5 .39  5 .66  10 .2  
Co, ppm 28 14 39 12 
Rb 217 141 220 248 
Cs 13.1 10.7  69 .4  7 4 . 6  
Ba 601 466 561 542 
La 42 .7  5 1 . 0  43 .2  27 .8  
Ce 7 1 . 8  87 .6  7 3 . 2  58.1  
Nd 3 4 . 5  4 1 . 8  35 .7  27 .2  
Sm 7 . 8  8 .5  9 .4  6 .9  
Eu 1 .7  1 .8  1 .9  1 .4  
Tb 1 .2 1 .2  1 .0 0 .92  
Yb 3 . 3 2  3 . 2 7  3 . 1 2  2 .87  
Lu 0 .53  0 .52  0 .43  0 .49  
Hf 5 .4  7 .9  3 . 8  4.4 
Ta 2 .0  1 ,7  1 ,9 2 .0  
Th 15 14 13 13 

0 .134  
2 .57  

12 
70 .4  

4 .02  
12 

139 
8 .15  

43O 
40 7 
76 3 
38 4 

9 4  
1 9  
1 3  
3 71 
0 60 
8 3  
1 8  

15 

0 .136  0 . 2 2 6  0 ,202  
2 .11  3 .07  2 .84  

10 15 14 
5 3 . 6  75 .7  80 .9  

3 .5 r  6 . 34  5 . 7 2  
10 19 17 

101 172 145 
6 . 3 2  12 .5  9 ,67  

461 814 425 
41 .4  38 .7  42 .5  
7 1 . 6  72 .3  76 .9  
34 .1  32 .6  36 .7  

7 . 8  7 . 0  7 .9  
1 .3  1 .5  1 .6  
1 ,2 0 .83  1 .0  
3 .46  2 .67  3 .45  
0 .53  0 . 4 0  0 . 5 2  

11 5.1  6 .3  
2 .0  2 .4  1 .9 

14 13 14 

Z TR 163 ,6  195 .7  188 ,0  125 .7  180 .3  161.4  156 .0  170 .6  
L a / L u  8 0 . 6  98.1  100 ,5  56 .7  8 1 . 2  78 .1  9 6 . 8  81 .7  
Eu/Sm 0 . 2 1 8  0 .212  0 , 2 0 2  0 .203  0 .202  0 .167  0 ,214  0 .203  

LAORI PAM-1 PAM-2 POM-1 POM-2 MIC-1 MIC-2  

$6 ppm 

Cr 

Fe 0 T Z 
Co 2 3 ppm 

Rb 
C s 
B a 

L a 
Ce 
Ncl 
Sm 
Eu 
Tb 
Yb 

Itf  
Ta 

0 . 1 4 2  0 ,119  0,,154 0 . 0 9 5 8  0 . 1 1 2  0 ,414  0 .060  
2 .93  2 .05  5 .24  1 .70  2 .55  3 . 3 3  0 .71 

15 10 18 11 14 15 5 .3  
97.1  63 .5  95 .6  60 .2  80 .2  9 0 . 8  34 .4  

6 .57  1 .81 7 .93  4 ;39  I .66 5 .05  1 .99  
7 .7  19 19 11 6 .2  8 .3  2 .3  

169 131 239 97 .2  127 114 27 .9  
11 .4  8 .71  15.7  13 .6  17.1 5 . 5 0  2 .38  

555 394 443 413 473 561 172 
52,.5 41 .7  41.1  5 2 . 9  4 1 . 6  32 .7  28 .3  
86 .1  8 4 . 6  72 .2  106 71 .0 6 9 . 6  46 .7  
43 .9  42 .7  35 .0  55 .2  3 6 . 7  3 4 . 6  2 3 . 0  
10 8 .5  8 .2  12 8 .4  5 .9  5 .1  

2 . 2  1 .7  1 .7  2 .0  1 .6  1 .4  0 .93  
1 .2  1 .2  1.1 1 .3  1 .3  0 .88  0 .60  
3 . 4 8  3 .64  3 .24  3 . 0 9  3 . 5 5  2 .91  1 .04  
0 . 5 2  0 .59  0 .51 0 .48  0 .61 0 , 5 2  0 .31  
7 . 4  8 . 0  5 .0  8 . 0  6 . 5  5 .1  4 .9  
1 .9  2 .1  2.1 1 .0  1 .9  1.1 1.1 

16 14 15 14 13 10 9 . 6  

Z TR 189 .9  t 8 5 . 0  163.1 233 .0  164 .8  148 .5  106 .8  
L a / L u  101 .0  70 .7  80 .6  110 .2  68 .2  62 .9  91 .3  
Eu/Sm 0 .220  0 . 2 0 0  0 . 2 0  0 .167  0 . 1 9 0  0 .237  0 . 1 8 2  
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Table II 
Concentrations of elements in the fraction <38/ma 

ANO-1 ANO-2 AVE-1 AVE-2 TAV-I TAV-2 REDIN GATOE 
< 38pm < 38pm < 38pm < 38pm < 38pm < 38pm < 38pm < 38pm 

Na 0 Z 0.309 
3 3 0  

ppm 20 
Cr 97.6 

Fe203 T Z 7.64 
Co ppm 23 
Rb 204 
Cs 12.7 
8a 498 
La 42.9 
Ce 75.2  
Nd 38.3 
Sm 7.4 

Eu 1.6 
Tb 1.1 
Yb 2.99 
Lu 0.52 
Hf 4.7 
Ta 1.7 
Th 13 

0.250 0.226 0.218 
2.40 4 .50 4.47 

16 21 19 
76.3 100 95.9 

5.78 5.90 9.93 
16 40 11 

165 216 222 
13.2 72.2 69.3 

633 454 473 
70.6 45.4 35.5 

114 83.1 60.6 
57.9 45.7 31.1 
11 11 6.1 

2.2 2.0 1.4 
1.4 1.2 1.0 
3.74 3.13 2.99 
0 .62 0.53 0.44 
9.0 4.0 3.9 
2.1 1.7 1.8 

18 12 12 

0.145 
2.43 

1$ 
76.5 

4.23 
12 

139 
8 .80 

439 
52.7 
88 6 
49 5 

9 9  
2 O  
1 4  
4 37 
O 64 
8 9  
2 O  

15 

0.175 0.263 0.230 
1.68 2.70 2.31 

12 17 17.8 
63.2 79.9 85.9 

$.42 6.71 5.81 
11 15 17 

105 185 154 
7.88 13.7 10.8 

323 44O 451 
51 ,9 42.0 47.8 
89.3 67,6 89.8 
45.1 37.9 65.4 

8.8 7 .2  0.7 
1.7 1.6 1.8 
1.3 1 .0 1.2 
4.76 2.75 4 .00 
0.67 0.47 0.60 

13 5 .6  7 .6  
2 .0  2.7 2.1 

16 13 15 

E TR 170.0 261.5 192.1 139.1 209.1 203.5 160.5 199.3 
La/Lu 82.5 113.9 85.7 80.7 82.3 77.5 89.4 79.7 
Eu/Sm 0.216 0.200 0.182 0.230 0.20 0.193 0.222 0,207 

3 t 4  

LADRI PAM-1 PAM-2 P O M - 1  POM-2 MIC-1 MIC-2 
< 38pm < 3Sum < 3Sum < 38pm < 38pm < 38pm < 38um 

O Z 0.158 
2 3 8  

Sc ppm 17 
Cr 90 .4  

Fe203T Z 6.80 
Co ppm 7.57 
Rb 156 
Cs 12.4 
Ba 600 
La 60.2 
Ce 105 
Nd 56,0 
Sm 11 
Eu 2 42 
Tb I 5 
Yb 3 21 
Lu 0 58 
Hf 7 3 
Ta 2 0 
Th 16 

0.129 
2.12 

13 
63.5 

2.26 
23 

148 
10.7 

329 
49.5 

102 
49.8 
10 

2.0 
1.5 
4.76 
0.73 

10 

2.5 

16 

0.156 
3.36 

18 
89.5 

7.12 
17 

230 
14.5 

422 
39 6 
72 7 
36 8 

7 3  
1 5  
0 99 
3 34 
0 51 
4 7  
1 9  

13 

0.148 0.131 0.512 0.0884 
1.90 2.22 3 .10 0.99 

17 18 18 12 
90.5 96.1 104 43.1 

6.76 2.01 5.20 4.87 
12 7.2 5.9 5.4 

117 128 116 60.8 
17.8 19.6 6.27 4.78 

573 $99 578 329 
76.8 49.1 42.1 45.3 

140 85.7 70.9 80.4 
80.8 48.8 35.9 42.2 
16 8.9 6.8 7.4 

3 .0  1.9 1.4 1.9 
1.3 1.4 0 .96 1.1 
4 . 4 0  4.43 3 .55 3 .26 
0.69 0.71 0.54 0 .52 
8.8 8.3 5.3 7 .0  
1 .8 2.0 1.2 1 .4 

16 15 11 12 

E TR 239.9 220.8 161.4 331.0 200.0 t 6 2 . 2  182.1 
La /Lu 103.8 67.8 75.1 111.3 69.2 78.0 87.1 
Eu/Sm 0.220 0.200 0.205 0.188 0.213 0.206 0.257 
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Table Ill 
Concentrations of elements in the clay-sized fraction 

ANO-1 ANO-2 AVE-1 AVE-2 TAV-I  TAV-2 REDIN GATOE 
< 2pm < 2pm < 2pm < 2pm < 2pm < 2pm < 2pm < 2pm 

Na 0 Z 0. 256 K~ 4.07 
ppm 23 

Cr 116 

Fe203T Z 9.31 
Co ppm 28 
Rb 247 
Cs 5.5 
8a 537 
La 34 .0  
Ce 62./` 
NOl 33 2 
Sm 6 3 
Eu 1 5 
Tb 0 91 
Yb 2 06 
Lu 0 37 
Hf 3 /̀  
Ta 1.6 
Th 13 

0.25/` 
2.82 

18 
99.2 

8.03 
23 

197 
15.8 

571 
57.1 
88.9 
/`7.7 

8 8  
2 3  
1 0  
2 12 
0 27 
2 5  
1.3 

13 

0.166 0.1/`7 0.158 0.220 0.245 0.219 
5 .40 4 .96  3 .17 2.44 3.10 3 .03 

21 17 19 18 20 20 
122 100 120 95.9 95.0  104 

6 .66 12.0 7.12 7.81 8.67 8.39 
26 11 19 17 17 20 

2/`3 250 202 163 226 180 
107 10/` 12.7 12.3 16.7 13.3 
4/`0 34/` 556 52/` 376 443 

5~.5 39.0  44.7 37.1 36.4 3/`.3 
97.2  61 .0 69./` 64.3 54.9 61.7 
39./, 24.5 /`/`./` 3/ , .0 31,9  31.8  

5 .6  4 . t  9 .0  6.6 6.4 6 .3  
1 .3 1 . 2  2 . 3  1 ./` 1 . 6  1 . 6  
0.6/` 0.64 1.1 0.77 0 .66 0.56 
2.72 1.82 3.07 2.29 2.1 1.9 
0.39 0.33 0.53 0./,1 0.31 0.32 
/,.0 3 .2  3.3 3 .8  /`.2 3.2 
I .7  1 . 7  1 . 3  1 . 8  2 . 7  I .6  

13 12 12 12 13 13 

Z TR 140.7 208.3 206.8 132.6 17/`.5 1&6.9 13/`.3 138.5 
La /Lu 91.9 211,5 152.6 118.2 8/,.3 90.5  117./, 107.2 
Eu/Sm 0.238 0.261 0.232 0.293 0.256 0.210 0.250 0.254 

Na 0 

~ ppm 
Cr 

Fe203T Z 
Co ppm 
Rb 
Cs 
Ba 
La 
Ce 
Nd 
Sm 
Eu 
Tb 
Yb 
Lu 
Hf 
Ta 
Th 

Z TR 
La/Lu  
EulSm 

LADRI P A M - I  PAMP-2 P O M - I  POM-2 MIC-I MIC-2 
< 2pm < 2pm < 2pm < 2pm < 2pm < 2pm < 2pm 

0.209 
/̀  .02 
31 

170 
14.2 
13 

304 
22.1 

1253 
69.3  

135 
75.5 
15 

/`.0 
2.1 
3 .0  
0.51 
4.1 
2 .2  

2O 

30&.1 
135.2 

0.267 

0.134 0.144 
3,01 /`.1/` 

19 20 
113 106 

/, .28 8 .82 
/,8 21 

219 270 
19.0 18.1 

512 /,32 
/*5.2 35.1 

9 .6  66.7 
55.0 36.6 
10 6.8 

2 3  1.5 
1 /, 0 .65 
2 9 2.26 
0 50 0.40 
37 3.8 
1 7  1.7 

15 13 

0 . 1 2 t  0 .156 0.222 0.148 
2.78 3.32 k .58 2 .50 

21 2& 23 31 
14& 143 149 154 

13.4 2.80 9 .20 17.5 
23 16 8.8 13 

185 192 160 161 
26.8 33.0  l k . 8  12.8 

79/, 699 791 1067 
72.3 35.9  29.2 73.1 

1&6 59.6 /,8.0 121 
83.5  3k .3  25.8 63.9 
16 6,1 5./` 12 

3.3 1 .6 1.2 3 .7  
1 .6 0.91 0.82 1 .5 
3 .20  3.37 3.19 k .75  
0.57 0.63 0.60 0.63 
4.4 5 .5  6 .3  /`.3 
1.5 1.7 1.5 2.1 

1/, 12 13 20 

216.9 150.0 326.5 142.& 11k.2 280.6 
90.& 87.8 126.8 57.0  48.7 116.0 

0.230 0.221 0.206 0.262 0.222 0.308 
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Fig. 2. REE distributions and clay mineral contents of the clay-sized fraction in the selected samples GATOE and 
MIC-2. • whole rock; o fraction < 38/am; A clay-sized fraction; [] kaolinite; [] illite, ~ smectite 

f r a c t i o n s  <38pm and <2~m. These r e s u l t s  i n d i c a t e  (1)  an i n c r e a s e  i n  REE 

lnd Th a f t e r  t he  s e p a r a t i o n  o f  t he  f r a c t i o n  >3Bpm, and (2)  an enr ichment  

i n  K, Rb, Sc, Cr ,  and Fe and a d e c r e a s e  i n  Hf a f t e r  r e m o v i n g  t he  

grains >2pm. The decrease in He, which has a strong a f f i n i t y  with Zr, 
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Table IV 
Relative contribution of attributes to first principal components 

and relative importance of these 

A t t r i b u t e s  FACT I FACT 2 FACT 3 

Ha20 .208 - . 2 8 7  

K20 .229 - . 7 3 t  

Sc - . 3 5 2  - . 8 2 0  

Cr - . 3 7 9  - . 721  

Fe203T - . 2 9 2  - . 7 6 8  

Co - . 041  - . k 1 9  

Rb .026 - . 8 5 0  

Cs .185 - . & 9 3  

Ba - . 6 0 8  - . 5 2 3  

La - . 9 0 9  - . 0 0 5  

Ce - . 9 2 9  .029 

Nd - ~  - . 0 2 8  

Sm - . 9 1 7  .069 

Eu - . 9 3 0  - . 2 2 7  

Tb - . 8 6 8  .206 

Yb - . 6 1 0  .541 

Lu - . 5 8 2  .533 

Hf - . 3 0 0  .8&9 

Ta - . 2 6 7  .097 

Th - . 8 3 9  - . 0 0 7  

Z REE - . 951  .024 

La /Lu  - . 3 0 4  , - . r  

Eu/Sm - . 0 7 4  - . 661  

2&8 

3&1 

338 

276 

009 

OO5 

162 

010 

262 

275 

2k6 

O87 

155 

121 

135 

k32 

524 

176 

.363 

.199 

- . 2 3 5  

- , 7 3 0  

- . 0 2 9  

E i g e n v a l u e  8 .30  5 .86 1.92 

X v a r i a n c e  36.1 25.5  8 .3  

Cumulative 

v a r i a n c e  61.6  69.9  

t o g e t h e r  w i t h  t he  d e c r e a s e  o f  t h e  heavy REE a f t e r  t he  s e p a r a t i o n  o f  t he  

f r a c t i o n  >38pm, sugges t  t h e  p resence  o f  z i r c o n  i n  t h e  T r a c t i o n  2pm-38pm. 

In  o r d e r  t o  i n v e s t i g a t e  any p o s s i b l e  c o r r e l a t i o n  between the  c l a y  

minerals and the elements determined in the clay-sized Traction, 

c l u s t e r  a n a l y s i s  (UPGHA), us ing  the  R t e c h n i q u e  and the  c o r r e l a t i o n  
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Fig. 3. Ordination plot of the whole sediments (X) and the fractions <38 grn (o) and <2 #m (A) from principal 
components analysis. The proportion of the variance accounted for by the two first principal components is 
61.6% 

c o e f f i c i e n t  to  e s t i m a t e  the s i m i l a r i t y  between c h a r a c t e r s ,  was 

employed.  C h l o r i t e  was not  taken i n t o  accoun t  in  t h i s  a n a l y s i s ,  s ince  i t  

i s  p r e s e n t  o n l y  i n  two samples (AVE-1 and AVE-2). The r e s u l t i n g  phenogram 

i s  p r e s e n t e d  i n  F i g . ~ .  The c o r r e s p o n d i n g  c o p b e n e t i c  correlation 

c o e f f i c i e n t  was 0 .89 .  

As seen i n  t h i s  phenogram, i t  appears  t h a t :  (1) k a o l i n i t e  i s  

c o r r e l a t e d  w i t h  the REE, p a r t i c u l a r l y  the l i g h t  and i n t e r m e d i a t e  REE; 

(2) i l l i t e  i s  c o r r e l a t e d  w i t h  K, Cs, and Rb; and (3) s m e c t i t e  i s  

c o r r e l a t e d  w i t h  Na. 
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Fig. 4. Phenogram of characters constituent elements and clay-minerals), based on UPGMA cluster analysis of 
correlation coefficients. The cophenetic correlation coefficient was 0.89 

It i s  i n t e r e s t i n g  to no te  t h a t  the Eu anomaly i s  g e n e r a l l y  s m a l l e r ,  

o r  even absen t ,  i n  the c l a y - s i z e d  f r a c t i o n  than in  the o t h e r s .  On the  

o t h e r  hand, i t  seems not  to  be c o r r e l a t e d  w i t h  any o f  the  c o n s t i t u e n t  

c l a y  ms  The heavy REE are  mos t l y  c o r r e l a t e d  w i t h  Hr. p r o b a b l y  due 

t:o t h e i r  a f f i n i t y  With z i r c o n .  

A c o r r e l a t i o n  between REE (and a l s o  [REE) and k a o l i n i t e  had a l r e a d y  

been observeO in  the c l a y - s i z e d  f r a c t i o n  o f  some American s h a l e s ,  which 

319 



M.I. PRUDENCIO, L M.P. CABRAL:RAREEARTHS AND OTHER TRACE ELEMENTS 

was explained as due to the low ion-exchange capacity of that mineral 7. 

Smectites, with a higher exchange capacity, can lose these elements more 

easily, explaining the low REE contents observed in the clay-sized 

fraction when this mineral group is the dominant mineral in that 

f ract ion.  
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