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Abstract-Clay fractions in soils from a transect of the Mazama ash deposit (6600-yr-old) contained 
more than 80% amorphous material. Instrumental neutron activation analysis was used to compare the 
trace element composition of the soil clay with the unweathered volcanic glass. The clay fractions had 
only 10% as much Na as the volcanic glass. Conversely, the rare earth element concentrations were 
about three times greater and the transition metal concentrations were up to nine times greater in 
the clay than in the glass. The < 2/z size fraction therefore contained mostly weathering products 
rather than fine glass. 

The abundances of Cr, Co, Sc, and Fe in the clay fraction decreased with depth. The Sc/Fe ratio 
was approximately 4 x 10 -4 for both clay and the unweathered glass. The relationship between ele- 
mental concentration in clay and fine sand size separates from the same soil horizons indicated that 
the clay exists in association with the larger size particles, probably as coatings. 

Dilute nitric acid removed about 80% of the rare earth elements La, Nd, Sm, Eu, Tb, Yb, and Lu 
from the clay. Deferration was necessary to remove Ce, a rare earth element that forms insoluble 
oxides upon oxidation to the Ce 4+ state. The residue of the KOH dissolution treatment contained 
2 : 1 layer silicates that may be derived from primary biotite. 

INTRODUCTION 

C L A Y  ( <  2/~ fraction) found in soils developed 
from Mazama pumiceous lapilli in Oregon contains 
about 80% amorphous material soluble in boiling 
NaOH (Chichester, Youngberg, and Harward, 
1969). X-ray patterns of residues after treatment 
with boiling NaOH confirmed the presence of small 
amounts of a mixed suite of 2:1 layer type clay 
minerals in addition to amorphous clay. The clay 
exhibited moderate pH dependent charge, peculiar 
dispersive properties, a low temperature endo- 
therm, and was largely amorphous to X-rays. 
However, the identification of the amorphous 
material as allophane could not be made due to the 
confounding effects of 2: I phyllosilicates. There- 
fore, the nature of the amorphous component 
remains to be elucidated. 

*Technical Paper No. 3044, Oregon Agricultural 
Experiment Station. The investigation was supported in 
part by the National Science Foundation Grant No. GA 
1355. The encouragement and advice of R. A. Schmitt 
of the Oregon State University Radiation Center is 
gratefully acknowledged. 

tFormer Graduate Research Assistant, now NRC 
Postdoctoral Research Associate, U.S. Geological 
Survey, Denver Federal Center, Denver, Colorado; and 
Professors of Soils, respectively. 

The possibility exists that the amorphous mater- 
ial is simply fine volcanic glass. This problem is 
amenable to solution with the techniques of instru- 
mental neutron activation analysis (INAA). If the 
amorphous clay (< 2/z) is fine glass produced by 
physical breakdown of larger particles, the trace 
element composition should be the same as that of 
the volcanic glass in larger size fractions. On the 
other hand, if the clay was produced by chemical 
weathering or alteration, a composition different 
from volcanic glass would be expected. 

The trace element composition of the clay frac- 
tion is of interest from the standpoint of geochemis- 
try and pedogenesis. Jenne (1968) has suggested 
that the hydrous oxides of iron and manganese 
may control the occurrence of heavy metals in 
natural waters, soils, and sediments. Free iron 
oxides can be intimately mixed with layer silicates 
(Roth et al., 1966). The concentrations of the rare 
earth element, La, and the transition element, Sc, 
in soils (Kline et al., 1969) and Fe, Mn, and Co in 
sediments (Moore, 1963) have been related to the 
clay content. 

The objectives of this investigation were: (1) 
To determine if amorphous clays from soils in 
Mazama volcanic ejecta were either fine glass or a 
new phase; and (2) Ifanewphaseexists,  to evaluate 
the occurrence of trace elements in this phase. 
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MATERIALS 

Volcanic ash* soils were sampled at intervals 
along a transect extending for 450 km northeast of 
Crater Lake, Oregon, the source of Mazama ash 
(Fig. 1). The sample sites (described by Doakt and 
Chichester, 1967) were located on broad forested 
ridge tops or plateaus having less than 5% slope. 
The sites have been correlated with the Mazama 
volcanic ash deposit (Borchardt and Harward, 
1971). Thickness of the Mazama ejecta was 135, 
69, 85, 72, and 68 cm at the five sites, in order of 
increasing distance from the source. At the first 
two sites, the Mazama deposit consisted largely 
of pumiceous lapilli; at the other three sites it was 
fine sandy loam to silt loam pumiceous ash. At the 
five sites, weathering was little advanced and 
horizons were only weakly differentiated. The 
coarser soils are Orthents (too coarse for a cambic 
horizon) and the finer soils are Vitrandepts or 
Cryandepts (Soil Survey Staff, 1967). 

I ~ , ~  * Dick 

Spring 

S. Ochoco B. " * Day Creek 

Crater 0 
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Fig. 1. Locations of the five transect soils derived from 
Mazama ash. 

METHODS 
Soil samples were treated with H20~ acidified 

with dilute HNOa for removal of organic matter. 
Nitric acid was used to avoid the trace element 
contamination that might have occurred with other 
reagents. The soil was dispersed with I% NH,OH 
(Borchardt, 1970) and the clay (2-5% of the soil) 
was separated by centrifugation (Jackson, 1956). 
Certain clays received additional pretreatments to 

*The term "volcanic ash" is used loosely in reference 
to lapilli (> 4 mm) as well as ash (< 4 mm). 

tDoak, W. H. (1969). A qualitative and quantitative 
characterization of porosity in volcanic ash. M.S. Thesis. 
Oregon State University, Corvallis. 

remove exchangeable cations (1N NH4NO3), 
hydroxylated cations (0.05N HNO3), free iron 
oxides (sodium dithionite-citrate-bicarbonate 
method given by Jackson, 1956), and amorphous 
material (boiling 0-5NKOH). Reagent grade 
NH4OH, HNO3, and Specpure grade NH4NO3 
were used to minimize trace element contamina- 
tion. The treatments for removal of free iron and 
amorphous material were followed by 0.05N HNO3 
washing and high speed centfifugation. 

Clay samples were washed free of excess salts, 
dried from acetone at 49~ and weighed after 
oven drying at l l0~ l g clay samples were 
irradiated and analyzed for y-ray activity (Bor- 
chardt, Harward, and Schmitt, 1971; Gordon 
et al., 1968). 

RESULTS AND DISCUSSION 
Less than 21x glass 

The hypothesis that the < 2/~ clay of the vol- 
canic soils is fine grained volcanic glass was 
tested. Average trace element compositions, 
standard deviations, and coefficients of variation of 
clay from AC horizons and of unweathered glass 
samples separated from Mazama pumiceous lapilli 
(Borchardt, Harward and Schmitt, 1971) are com- 
pared in Table 1. Concentration ratios of clay to 
glass are shown in Table 2. The variation in the 
elemental concentrations within the five soil clays 
was less than expected in view of the large dis- 
tances between sampling sites (up to 450 km). 
This suggests remarkably uniform weathering 
conditions throughout the transect. 

In relation to Mazama volcanic glass, the soil 
clays had a much higher content of transition 
metals, particularly chromium and cobalt, and a 
much lower sodium content. The small amount of 
sodium remaining in the clay could be accounted 
for by traces of plagioclase found in clay fractions 
rather thanby unleached volcanic glass (Chichester, 
1967). The amorphous component of the Antelope 
AC horizon contained about 35% SiO~, whereas 
volcanic glass from Mt. Mazama has about 70% 
SiO, (Chichester, 1967). Available data, therefore, 
indicate the presence of phases other than volcanic 
glass in the clay fractions of soils from Mazama 
ash. The hypothesis that the clays consist of < 2/~ 
volcanic glass is rejected. 

Trace element concentration as a function of  depth 
Four soil horizons were observed at the Day 

Creek site. Compositions of clay fractions from 
this soil vary significantly with depth (Fig. 2). 
The rare earth element (REE) content remains 
relatively uniform for all horizons with only a slight 
tendency to decrease near the soil surface. The 
transition metals were one and a half to three times 
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Table 1. Average analyses and coefficients of variation for volcanic glass and for 
untreated clays separated from AC horizons of the five Mazama transect soils 

377 

- -  Glass* - -  - -  C l a y -  _Clay 
Element Conc.t -+ s CV Conc. -+ s CV Glass 

Na% 3.44 0.17 5 0.31 0.08 25 0.1 
Rb 50 9 18 40 11 28 0.8 
Cs 3.9 0.8 20 5 1 29 1.3 
Ba 660 80 12 690 260 38 1.0 
La 21.5 2'2 10 60 23 37 2"9 
Ce 44 3 6 140 32 23 3'3 
Nd 29 5 18 99 50 51 3-4 
Sm 5"0 0.4 9 15 3 21 3.0 
Eu 0.89 0.09 10 2"5 0"6 26 2.8 
Tb 0.83 0.15 18 2.5 0.7 28 3.0 
Yb 3"5 0"7 21 9.3 1.5 17 2"6 
Lu 0.56 0-08 14 1'3 0.4 28 2.3 
Th 6.5 0.4 6 13.8 1.5 11 2-1 
Hf 6-4 0.4 6 10.8 0'6 6 1.7 
Ta 0.23 0.09 37 0-51 0.09 18 2.2 
Co 2.6 0.4 14 18 2 10 6.7 
Fe% 1'48 0.09 6 5.4 0.6 11 3.6 
Sc 6-4 0.4 7 21"5 0.6 3 3.3 
Cr 1.6 0.6 38 15 3 22 9'4 

tConc. = concentration, in ppm except for Na and Fe which are in %; - s  = 
standard deviation; CV = coefficient of variation, in %; Clay/Glass = concentration 
in clay divided by concentration in glass. 

*Average composition of eight unweathered Mazama volcanic glass samples from 
Borchardt, Harward and Schmitt (1971). 
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Fig. 2. Relationship between soil depth and elemental composition of soil 
clays separated from Mazama ash. Data normalized to reference Mazama 

samples. The factor for unweathered Mazama glass equals 1.0. 

https://doi.org/10.1346/CCMN.1971.0190605 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1971.0190605


378 G . A .  B O R C H A R D T ,  M. E. H A R W A R D  and E. G. K N O X  

0 

0 
N 

0 

< 

0 

g, 

x 

0 

g 

N 

r 

0 

0 
o 

o o ~ o  o 

e,n I e q ~ e q , , ~ . ~  

0 m. 

= .~ ~ ~ ._ 

E 

m r r,~ 

t~ - ~  eq  ~ ,  0o 

0 
o t ~  

0 

e~ 

ell 

0 

.o 

H ~ 

t ~  

0 

i 
o 

0 

0 

o 
< 

g 
• 

0 

0 

0 

r ~  

m 

0 

[ -  

z 

z 

Cq 

cq  

I ~ ~ ~'~ o~ 

:Z ~ ~ - ~ ~  - 

Z ~ ,~ ~ I~ 

Z ~ Z 

i - ~  ~ 0  ~ ~ 

0 

0 

0 

0 

0 

t2 

0 

~o 
e~ 
o 

e~ 

t~ . 

""' -..J 0
0

 

T
ab

le
 2

. R
at

io
s 

to
 M

az
am

a 
vo

lc
an

ic
 g

la
ss

 c
om

po
si

ti
on

 (X
 1

00
) f

or
 c

la
y 

fr
ac

ti
on

s 
fr

om
 A

C
 h

or
iz

on
s 

o
ft

h
e 

tr
an

se
ct

 s
oi

ls
 

N
a 

R
b 

C
s 

B
a 

L
a 

C
e 

N
d

 
S

m
 

E
u 

T
b

 
Y

b
 

L
u 

T
h

 
H

f 
T

a 
C

o
 

F
e 

S
c 

C
r 

A
nt

el
op

e 
U

ni
t (

5
-2

8
 c

m
) 

12
 

70
 

18
0 

60
 

47
4 

45
5 

64
0 

41
0 

40
0 

30
0 

33
0 

34
0 

22
2 

15
6 

22
0 

59
1 

31
2 

30
2 

73
0 

S
ou

th
 l

ee
 C

av
e 

(5
-3

1 
cm

) 
10

 
70

 
80

 
10

0 
26

2 
30

8 
25

0 
29

4 
27

0 
27

0 
26

0 
21

0 
20

4 
17

7 
27

0 
68

6 
33

9 
34

2 
10

30
 

S
ou

th
 O

ch
oc

o 
B

ut
te

 (
18

-4
5 

cm
) 

a 
7 

80
 

13
0 

11
0 

21
9 

26
2 

26
0 

26
8 

24
0 

23
0 

23
0 

19
0 

18
5 

16
4 

17
0 

64
8 

36
1 

34
2 

96
0 

D
ay

 C
re

ek
 (

25
-4

5 
cm

) 
;>

 
7 

10
0 

12
0 

90
 

20
8 

29
9 

23
0 

24
3 

21
0 

26
0 

22
0 

18
0 

24
7 

17
5 

21
0 

77
7 

37
8 

36
9 

12
10

 
1:

0 
D

ic
k 

S
pr

in
g 

(2
2

-5
0

 c
m

) 
0 

7 
12

0 
14

0 
17

0 
30

3 
32

4 
33

0 
31

6 
29

0 
45

0 
27

0 
23

0 
20

7 
16

9 
23

0 
66

5 
42

5 
31

6 
78

0 
~ 

±
*

1
 

35
 

25
 

25
 

6 
5 

40
 

2 
20

 
60

 
20

 
20

 
7 

5 
40

 
17

 
5 

5 
16

0 
::c :>

 
:;0

 

*
±

 =
 o

ne
 a

ve
ra

ge
 s

ta
nd

ar
d 

de
vi

at
io

n 
fo

r 
co

un
ti

ng
 s

ta
ti

st
ic

s 
o

f 
cl

ay
 o

nl
y 

(w
it

ho
ut

 c
on

si
de

ri
ng

 t
he

 s
ta

nd
ar

d 
de

vi
at

io
ns

 o
f 

th
e 

I:
) .:-l
 

gl
as

s 
an

al
ys

is
).

 
a:: tT1

 ::c :>
 

:;0
 

T
ab

le
 3

. 
R

at
io

s 
to

 M
az

am
a 

vo
lc

an
ic

 g
la

ss
 c

om
po

si
ti

on
 (X

 1
00

) f
or

 D
ay

 C
re

ek
 A

C
 h

or
iz

on
 c

la
y 

re
ce

iv
in

g 
va

ri
ou

s 
pr

et
re

at
m

en
ts

 
~
 

:>
 

C
r 

:;0
 

N
a 

R
b 

C
s 

B
a 

L
a 

C
e 

N
d

 
S

m
 

E
u 

T
b

 
Y

b 
L

u 
T

h
 

H
f 

T
a 

C
o

 
F

e 
S

c 
I:

) 

~
 

C
on

tr
ol

, d
is

pe
rs

ed
 w

it
h 

1 %
 N

H
4
0

H
 

:s
 

Q
. 

7 
10

0 
12

0 
90

 
20

8 
29

9 
23

0 
24

3 
21

0 
26

0 
22

0 
18

0 
24

7 
17

5 
21

0 
78

0 
37

8 
36

9 
12

10
 

tT1
 

IN
 N

H
4
N

 0
3 

ex
tr

ac
te

d 
p 

8 
10

0 
15

0 
60

 
22

8 
31

5 
15

0 
28

0 
25

0 
27

0 
18

0 
16

0 
26

2 
17

7 
31

0 
88

0 
41

6 
40

9 
11

20
 

0·
05

N
 H

N
0

3 
ex

tr
ac

te
d 

to
 r

em
ov

e 
hy

dr
ox

yl
at

ed
 c

at
io

ns
 

~
 

11
 

16
0 

19
0 

70
 

68
 

24
4 

60
 

85
 

70
 

0 
10

 
50

 
28

1 
20

2 
40

0 
92

0 
47

0 
29

7 
13

40
 

Z
 

D
it

hi
on

it
e-

ci
tr

at
e-

bi
ca

rb
on

at
e 

ir
on

 r
em

ov
al

 (
D

C
B

) 
0 >< 

14
 

20
0 

18
0 

80
 

48
 

70
 

70
 

53
 

11
0 

80
 

0 
10

0 
14

0 
15

9 
39

0 
99

0 
27

2 
23

2 
13

40
 

0·
5N

 K
O

H
 +

 D
C

B
 f

or
 a

m
or

ph
ou

s 
m

at
er

ia
l r

em
ov

al
 

28
 

16
0 

38
0 

70
 

10
0 

10
2 

0 
93

 
80

 
21

0 
40

 
11

0 
26

5 
89

 
10

10
 

10
00

 
27

5 
42

5 
24

10
 

±
* 

I 
45

 
35

 
25

 
5 

6 
40

 
2 

30
 

60
 

15
 

30
 

11
 

6 
50

 
30

 
6 

5 
14

0 

*
±

 =
 a

ve
ra

ge
 s

ta
nd

ar
d 

de
vi

at
io

n 
fo

r 
co

un
ti

ng
 s

ta
ti

st
ic

s 
o

f 
cl

ay
 o

nl
y 

(w
it

ho
ut

 c
on

si
de

ri
ng

 t
he

 s
ta

nd
ar

d 
de

vi
at

io
ns

 o
ft

h
e 

gl
as

s 
an

al
ys

is
).

 

https://doi.org/10.1346/CCMN.1971.0190605 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1971.0190605


AMORPHOUS CLAYS 379 

more abundant in clay from upper horizons than in 
clay from the C horizons. Chromium enrichment in 
upper horizons was greater than that of cobalt. 

Iron and scandium increased in conjunction 
with one another, reflecting their similar chemistry 
in this system. The Sc/Fe ratio for the clay and 
glassy fine sand (Borchardt and Harward, 1971) 
from each horizon was 4 • 10 -4. The depth relation- 
ships for the glassy fine sand fractions (Borchardt 
and Harward, 1971) were very similar to those for 
the clay fractions in Day Creek soil (Fig. 2). The 
untreated sand fractions in the upper soil horizons 
apparently were coated with clay containing 
relatively high amounts of Cr and Co and moderate 
amounts of Sc and Fe. 

The significance of enrichment of transition 
metals in upper horizons can be explained by a 
theory proposed by Jenne (1968). He suggested 
that the transition metals are associated with and 
controlled by iron and manganese hydrous oxides 
in natural waters, soils and sediments. In these 
soils the < 2t~ material may exist as coatings, 
probably as hydroxy compounds, on larger 
particles. The tendency for an element to accu- 
mulate in upper horizons of soils may be partly 
related to the solubility product of the hydroxide. 
For example, the mobility of chromium is so low 
that its migration is dependent upon the high 
oxidation states observed only in desert soils 
(Vinogradov, 1959). 

Effects o f  chemical pretreatments 
A sequence of chemical treatments was used to 

investigate the relative strengths of retention of 
trace elements within the clay fraction. The four 
classifications: hydroxylated cations, free iron 
oxides, amorphous material, and crystalline miner- 
als are used largely as a matter of convenience. 
Saturation and exchange with 1N NH4NO3 
showed that the elements analyzed either were not 
exchangeable or had already been removed during 
the prior dispersion and clay separation with 1% 
NH4OH (Table 3). Analyses of the control sample 
and the NH4NO3 treated sample were thus 
considered as duplicates for comparison with other 
treatments. 

With the exception of Ce, washing the Mazama 
soil clay samples with 0.05 N HNO~ greatly re- 
duced the amounts of the rare earth elements, La 
through Lu (Table 3). Significant amounts of 
HNO3 insoluble Ce were removed by the reducing 
agent (dithionite) in the free iron oxide removal 
treatment (DCB) confirming the results of Robin- 
son et al. (1958). Ce 3+ is one of the few rare earth 
elements (REE) capable of attaining a higher 
oxidation state and forming very insoluble com- 

pounds (Robinson et al., 1958; Haskin et al., 
1966). 

Boiling 0.5N KOH followed by deferation dis- 
solved 82% of the clay from the Day Creek 
AC horizon. The abundances of Na, Cs, Ta, Sc, 
and Cr were highest in crystalline minerals 
surviving the treatment (Table 3). The amount of 
sodium in the residue indicated the treatment was 
probably concentrating plagioclase. 

The changes in chemical composition were 
partitioned to reflect the weight loss undergone by 
the clay sample during dissolution treatments 
(Table 4). For example, the Day Creek KOH 
treated sample residue had 100 units of La (Table 
3) but the residue weight was only 18% of the ori- 
ginal clay weight. Thus, only 18 units of La oc- 
curred in crystalline minerals, while 218 units 
(average of NH4OH and NH4NO3 treated sam- 
ples) were present in the original sample. The 
crystalline minerals had 8% of the total La, the 
remainder being removed by HNO~, DCB, or 
KOH. Negative values obtained as a result of large 
analytical error due to counting statistics were 
set equal to zero. 

The alkali elements tended to remain with the 
more resistant fractions, while the rare earth 
elements were removed more easily (Table 4). 
The table clearly shows the insolubility of cerium 
compared to the other REE which were easily 
removed with dilute nitric acid. The REE are 
probably not included in the structures of the amor- 
phous or crystalline silicates of Day Creek soil 
clay. 

The relationship between Sc and Fe was of theo- 
retical interest because these elements have 
similar chemical properties and Sc/Fe ratios seem 
to be constant throughout the volcanic ash profile 
(Borchardt and Harward, 1971). HNO3 removed 
Sc but not Fe (Table 4). Half of the Fe and Sc 
was removed from clay after the iron removal 
treatment. The amorphous material (KOH + DCB 
soluble fraction) had a Sc/Fe ratio of 2-8 • 10 -4. 
On the other hand, the crystalline minerals in the 
residue had a Sc/Fe ratio of 6-7• 10 -4. Sc 3+ 
(radius=0.81 A) should enter Fe ~+ (gdius= 
0.74 A) rather than Fe 3§ (radius = 0.64 A) posi- 
tions. Since Sc-O bonds are more ionic than Fe-O 
bonds, this may also aid in capture of Sc in Fe 2+ 
positions (Taylor, t965). Fe associated with the 
amorphous fraction is probably in the 3 + oxidation 
state, since these are all well drained soils. Thus, 
the low Sc/Fe ratios for the fraction associated with 
amorphous Si and A1 would be consistent with 
pedogenic formation of this amorphous component. 

Origin o f  2 : t layer silicates 
The synthesis of 2:1 layer silicates from soil 
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solution has been proposed for soils developed 
from coarse Mazama pumice (Chichester et  al., 
1969). Perhaps an origin from primary mica should 
also be considered. Minute amounts of biotite in 
silt fractions of Mazama pumice were observed 
with the aid of a light microscope. This biotite must 
be considered part of the soil parent material. Other 
sources of primary biotite must not be overlooked. 
The relatively high Sc/Fe ratios in the crystalline 
residue would be predicted for biotite containing 
considerable Fez+. Biotite may be the precursor of 
the 14 A 2:1 layer silicate found in the residue of 
the K O H  boiling treatment. 

Only 2% clay was found in the Day  Creek AC 
horizon (Borchardt, 1970, p. 115) and since only 
20% of this survived the K O H  boiling treatment, 
the content of 2:1 layer silicates was less than 
0.5% of the Day  Creek soil sample. This was 
representative of the quantity of layer silicates 
found for other soils derived from Mazama ash. 
Certainly, the synthesis of 2: 1 layer silicates from 
solution has not been a major reaction in Mazama 
volcanic ash during the past 6600 yr of soil 
formation. The transformation of primary biotite 
to vermiculite and chlorite intergrades remains a 
possibility for the origin of 2 : 1 layer silicate clays 
developed in Mazama ash. 

CONCLUSIONS 
(1) Clay fractions of soils developed from 

Mazama ash were not < 2/z volcanic glass. The 
amorphous clays were weathering products contain- 
ing large amounts of hydrous silica, aluminum, and 
iron oxides occurring as colloidal coatings on larger 
particles of volcanic glass. 

(2) Rare earth element (REE) abundances in the 
clay fractions were about three times the amounts 
in unweathered volcanic glass. Sodium in clays 
was only 10% of the value for glass while the 
transition metals were as much as nine times 
higher in clay than in glass. These elemental 
accumulations were remarkably similar for clays 
from five soils along a 450 km transect of the 
Mazama fallout area. 

(3) Abundances of  Cr  and Co, as well as Fe  and 
Sc in the clay fractions decreased with depth in a 
typical soil developed in Mazama ash. 

(4) The amorphous material removed by boiling 
KOH was low in many trace elements, particularly 
the REE. 
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R~sumt-Les fractions argileuses des sols provenant d'un transect du dtpft  de cendres de Mazama 
(~tge: 6600 ans) contiennent plus de 80% de matdriau amorphe. L'analyse par activation neutronique a 
dt6 utilisde pour comparer les compositions en dltments traces de l'argile de sol et du verre volcani- 
que non alttrt. La teneur en Na des fractions argileuses n'atteint seulement que 10% de celle du verre 
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volcanique. Par  contre, dans I'argile, les concentrat ions en 616ments de la srr ie des terres rares sont  
environ trois fois plus grandes  que darts le verre, et les concentra t ions  en mr t aux  de transition, jusqu'b. 
neuf  fois plus grandes  que darts le verre. Ainsi,  la fraction infrrieure b, 2/z contient  essent ie l lement  des 
produits  d 'a l t r rat ion plut6t que du verre f inement  divis6. 

Les  teneurs  de la fraction argileuse en Cr, Co, Sc et Fe  diminuent  avec la profondeur.  Le rapport  
Sc /Fe  est environ 4 • 10 -4, ~t la fois pour  l'argile et le verre non altrrr .  La  compara ison  entre les 
concentrat ions  en 616ments chimiques  darts les fractions argile et dans  les fractions sable fin provenant  
des m~mes  horizons de sol mont re  qne rargile existe en associat ion avec des  particules de plus 
grande taille, probablement  sous  forme de rev&ement .  

L 'ac ide  nitrique dilu6 fait disparMtre de l'argile environ 80% des 616ments de la s6rie des  terres 
rares, La, Nd,  Sin, Eu, Tb,  Yb et Lu. La  drferrification est  n rcessa i re  pour  enlever  Ce, un lanthanide 
qui forme des  oxydes  insolubles par oxydat ion h. l ' r ta t  Ce 4+. Le r rs idu du t ra i tement  de dissolution 
par K O H  contient  des phyllosilicates 2 : 1 qui peuvent  6ventuel lement  provenir  de la biotite primaire. 

K u r z r e f e r a t - T o n f r a k t i o n e n  in BSden aus  einer Durchschne idung  des Mazama-Asche lage r  (6600 
Jahre  alt) enthiel ten mehr  als 80% amorphes  Material. Es  wurde Neut ronenakt iv ie rungsana lyse  
verwendet  zum Vergleich der Spurene lemen tzusammense tzung  des  Bodentones  mit unverwit ter tem,  
vulkanischem Glas.  Die Tonfrakt ionen  wiesen nu t  10% des  Na-Geha l t e s  des  vulkanischen Glases  
auf. U m g e k e h r t  waren die Konzentra t ionen an sel tenen Erden etwa dreimal so hoch und die Konzen-  
trat ionen an UbergangsmetaUen waren  bis zu neunmal  g r r s s e r  im Ton  als im Glas.  Die  Frakt ion 
< 2/x GriSsse enthielt daher  in erster  Linie Verwi t te rungsprodukte  eher  als feines Glas.  

Die grossen  Mengen  von Cr,  Co,  S c u n d  Fe  in den Tonfrakt ion nahmen  mit der Tiefe ab. Des  
Sc /Fe  Verh~ltnis war  ungefiihr 4 • 10 -4 sowohl  fiir Ton  als auch fiir unverwit ter tes  Glas .  D a s  Ver- 
hS.ltnis zwischen Elementkonzent ra t ionen in Ton-  und Fe insandabsche idungen  aus  den gleichen 
Bodenniveaus  zeigt an, dass  der  Ton  in Verbindung mit  Tei lchen hSherer  Gr t i s senordnung  vorhanden  
ist, vermutl ich als Belag. 

Verdiinnte SalpetersS.ure entfernte etwa 80% der sel tenen Erden La,  Nd,  Sin, Eu, Tb,  Yb  und Lu 
aus  dem Ton.  Ente i senung  war erforderlich zur  Ent fernung des  Ce,  e ines  Elements  aus  den sel tenen 

4+ Erden,  das  bei der Oxydat ion  uni6sl iche Oxyde  zur  Ce  Stufe bildet. De r  l~lberrest nach der  L r s u n g s -  
behandlung mit K O H  enthielt 2 : 1 Schichtsilikate, die aus  prim~irem Biotit en ts tanden  sein k rnn ten .  

P e a t o M e -  FJIrlHriCTble ~paKItnH no 'm rt3 pa3pe3a nertSlOBO~ 3anemri Ma3aMa (Bo3pacT 6600 :leT) 
co~epxaT 6o~lee 80 ~ aMop~Horo BemecTBa. ~Ji~ cpaBHeH~I~ co~ep~KaHnfl pacce~HHblX 3.rleMeHTOB 
n rJmHnCTl, lX noqaax a a neBbmeTpenoi  aynKaart~ecKoM CTeKJIe ncnonb3oBa~Icz nHCTpyMeHTa~bHblfi 
He~Tponao-arTnaalmonabt~ anana3.  FaannCTble qbpaKtmH c o a e p x a a n  a n m b  10~o Na  OT ero 
KOYIH~IeCTBa B By.rlKaHHqeCKOM cTeKne. HalIpOTriB, KOHLIeHTpaI~H~I pe~KO3eMeJlbHblX 3neMeHTOB B 
F.rIHHHCTbIX r npnMepHo B 3 pa3a, a KOHILeHTpaLII4~I rlepexojIHblX MeTaJ]JIOB aO 9 pa3 6oabme,  
qeM B ByYIKaHI, IqeCKOM CTeKSle. qbpaKunn < 2 MR c o ~ e p x a n a  6onbme F/po~yKTOB BblBeTpHBaHH~I, tleM 
TOHKO~HCIIepcHoe CTeK~IO. 

C o ~ e p x a m i e  Cr, Co, Sc ~ F e n  rnrtHnCTO~ qbpaKttaH yMeHbmaeTca c r n y r r m o ~ ;  Sc/Fe cocTaBn~ei 
IIpHMepHo 4 • 10-*  KaK n FYIHHe, TaK H n HeBMBeTpeJIOM CTeKYle. COOTHOUIeHIte MeXg~ly KOHtlen- 
Tpattne~ 3YleMeHTOB B rnriHe ~i pa3MepaMrI tlacTril~ TOHKOFO necKa, BbIlleJleHHOrO H3 Tex x e  HOqBeH- 
HbIX FOpH3OHTOB~ yra3blBaeT Ha TO, qTO F~IHHa acco!2nRpyeTc~ c qaCTHIL~MH ~OYlbllIerO pa3Mepa, 
BepO~ITHO, B BH~e IIYIeHOK. 

FIprI 06paroTKe pa36aBneHHO~ a3oTno~ KHCnO~O~ H3 rnrInbl y~a~a~oc~ OKO~O 80% penro-  
3eMe.qbHblX 3.rleMeHTOB (La, Nd, Sin, Eu, Tb,  Yb, n Lu). ~ a  y~aneHn~ Ce, o6paByromero HepacT- 
BOpUMble OKHC.rlbI ffpI4 oKnc.rleH1414 ~o Ce 4 +, Heorxo2114MO OCBOrOX2IeHI4e OT xene3a.  OCTaTOK IlOC.Te 
o6pa6orKr~ K O H  c o ~ e p x a n  cnoHcTb~e canaKaT~,l Tuna 2 : 1, roTop~,ie MOryT 6blTb IIpOH3BO~HblMIel 
nepBHqHOrO 6HOrnTa. 
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