























Formation of clays from volcanic glass 9
TABLE2: el b i mtory al watars sackmen TARLE4 h\gnn.duudﬂvmwlmmwmuhapaoWMunl
profis devploced cn taphra
‘wivarine 111 F—"-Er_ Gagerria By ;
(] UE[ 0w 08 | G| 13 [ 0F | U3 [ U5 | BF | 1oo] Soil hofizen ()
—_—— A
Wt ghinmotcy | . aw1 [asn [B/a_[Brgt [Bega [200g1]280g2 [3Cr
R R R T —
Ma® | (G| 3n 3z | 5= |3 iz an & V= [ERe® 0

GASS iqCaka |21 | 238|238 | 2ay | 247 | 253 [ s | a0 | as o 1 e e ;
Eaxy . : E RE_NE BH 665)| 610 835 | 580 | 530 | 625 | 495 | 480

I 296|298 | 2.03 | a08 | 297 [-2104 392 |
TMEr. TR 05 | saa | 899} mse | wag | 610 | 1es | so8| war | 7o ysa [an 105 2 ) g
amc) RIS |854 |27 ji2a ;543 | 103 | oo | 100 108) t3s| 206 | AW . _ 4

: log aMasion :i: 331 !.:: 321347 319 | -2.47 | Q00
WMOAOUT 1 3 -538 ) -5.18 | -582}-5.72 | 5.6 | 550 |-500
—=~—-uhe s ol o 1 o AT [ 4F TR IR IR a3 Liog dasaey - i Buined

} ouass E!'K’ P-1805-1.86 1 193 | 178 | -1.72) 174 [ 172 | 155
NasusciroNOxMsi | 808 | 822 | 790 | 740 | o0¢ [ g03 | w0 | roa| moo| mes [w0e 1
L= Ro | 450 | 60T 34z 127 | 1pa | 100 | 401 | 264|340 |ZmT el

i SMECT 3 Ta7) e8] 7.51 | 502 4.21 | 409 | 354 | 5.06
Na-swecTirz kg @Gy | 688 | 760 | 7a1 i 7o | 742 | sam | 834 | 028900 {102 lias TG 1) b
=Sy Ay |22 | 33! 320 lava ¥ 110 | yoiigas 300 Jeez Bizm |

wom Drevad, 1932, lakie 10-3 A

3}  Wilor satursted with mspec] & smorphous Béca
n ‘uwmmnmwunh OF .4 wider basic pH conciions and A
L) r ) prncipally AYOF .4 P -

@ &nmhmmumva whany Gu2.2'10°7 (8- Cake) 40 Ce. 7107150 st e 8.1

TABLE 3 Inlmd rate of ¢lay ml!!oral lermation l‘| 2ol walers i & woll drained
relila an_rhyclide

Buil banzen (1)

Awl [AW2 [B/A_JEwl [Bw3 J8w3 [3¢s  |C
Depeth belaw surface {em)

0.8 | &7 | 17-91] 31.58] 55-73 70-91] 91197 [ 07-i%%
cHaACTERETICS A1
::ER 53 | aps| 550 | sas| vos| &80 | av0 | 6%
g e 285|314 |-232 |32 | s s o (a3
log aHAS 04 386 |-a52 |-253 {374 | 388 |38 laza |0
§ E K .08 | -8 16
iog s ar7)503 |.872 | 8.2 ].888 72 |8
E 200 |29 | 223 | 22 5 (238
BLASS log (Co%ay 221 | 207 |-2.08 | 229 [-223 a |22
SMECTITE log (QgKalloF 438 |331 | 330 [5EF |6.47 |5.38 |5.50 |3.89
MOGOLITE log {QVK) 678 [550 | 541 [m70 |7.08 (738 |T.00 {&98
A4 118 [1.00 | 100 f2.8¢ | 330 |7 |222 {v03
HALLOYSITE leg{QnKi) 438 |a8s | 448 (852 |078 [628 |82 |404
102 |1.09 100 {190 | 197 |10 |ro8 1.00
Ri/R1 0.88 |101 | 102 {o.43 |35 |0.81 [049 |07
LogiQuiK K, - Jog (QuKf1 | -1.10 | -098 | 003 {118 | 1,93 §.5.12 § 118 DAL
% afophana of sl (€ 108 |10.4 | 122 (234 | 149 |28.4 |80
= haloysia of 124 (8 61 las | 24 jaz |27 |50 |18
w Horetiu silt koam is @ wel dralined yeYow loam (umbric vilrandepl} samplad at
Ruakura near Hamilon, North Istand, Now Zealand.
3] ¥om Parcival (1988)
tay a9 thass values are small relative 10 log (DK}, & = [, H, ey are not
considerad further
5 Ris the prxy for rala, caloulated as (G-CA whare G=2.2 * 16°T{1- Qp/Kg) snd
€ =67 = 10-12 {1-Cg/p) where g = H, |
5 n:}um»cwm PP bt makas no assumgtion abou ke K’ (180
"
L] fram Singleion ef afl [1962)

VIII - fold co-ordination in A® (34) and E* has units of
k} mol-!. Jambon noted, hiowever, that the activation
energy is lower where the glass contains water. On the
basis of the decreases in activation energy he noted for
Cs (209 to 84 kJ mol-t), Na (84 to 67 kJ mol-1) and Ca
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TABLE 5: Calculated activation energies for the
diffusion of selected cations in glass
Ion charge radius(!)
activation )_____’.—r
energy(®
Z rilil (A)  E* (kI mol )
Al 3 0.74(3) 220
Al{OH)* | 1.73 77
AIOH}X® © 1.97 83
Al(OH)4" 1 2.15 120
Sid+ 4 0.48(% 392
H4S8i04° 0 2.13 110

(1) from Wittaker and Muntus (34), as used by
Jambon (32)

(2) equation (18)

{3) extrapolated from radii at lower co-ordination

numbers
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FIG. 7 Relative rates of formation of halloysite to
imogolite as a function of (A) the percentage
of halloysite and '(B) the percentage of
allophane in soils derived from rhyolitic
tephra. Closed circles are horizons in a well -
drained profile, open circleS are horizons in a

oorly drained profile. Lines join similar
Eorizons. Arrows show expected trends.

(285 t0105 kJ mol-!) equation (17) can be amended so
that for hydrated media it becomes:

E*=4.184 [13+20.6 (r- 1.34)2+7.5 22/(r + 1.34)]
(18)

The most likely species to be involved in any
diffisional process leading to the formation of
halloysite or imogolite involve Al or Si. From the
calculated values of E* (equation 18), in Table 5 the
most probable species is AI(OH)+ having an activation
energy for diffusion close to that calculated on the basis
of the equilibrium constant for clay mineral dissolution.
To be consistent with the recognition (35) that the
"AlGY) jn ,.allophane corresponds to the solution form
of Al from which the allophane precipitates ", the

diffusing species must be Alrvj(OH)2(Hy0)5+.

Imogolite is the kinetically and
thermodynamically favoured weathering product from
rhyolitic volcanic glass in the soil-forming
environment. However, on thermodynamic grounds
imogolite would also appear to be the favouréd
alteration product of rhyolitic glass deposited in'the

-

nearshore marine environment. On the basis that the
rite of conversion of glass to clay minerals is a function
of the solubility of the clay mineral, smectite is
expected to be formed under mildly diagenetic
conditions, and formed more rapidly than imogolite in
soil. The derived activation energies for forrnation of
imogolite from glass in soils are appropriate for a
diffusion controlled reaction, and appear consistent with
the diffusion of the tetrahedrally co-ordinated species
Alvi{OH)(H20)*. In the marine environment,
however the mechanism for all reactions appear to be
surface reaction control.

This paper was first presented at the
International Inter INQUA Conference and Workshop
on Tephrachronology, Loess and Paleopedology held
in Hamilton, New Zealand in February 1994, The
authors are grateful for the assistance of M.A. Velbel,
H.J. Percival,'and K.L. Nagy in the preparation of later
versions of this paper. The diagrams were prepared by
Frank Bailey and the typescript prepared by Elaine
Norton, Sydney Wright and Pam Fannin.
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