
TABLE 1. PRINCIPAL ENVIRONMENTAL AND PEDOLOGICAL FEATURES OF THE SOILS OF THE REEFTON CHRONOSEQUENCE. 

Name and 
Abbreviation Landform Estimated Altitude Relief Estimated Vegetation Soil Type Classification 

Age(yr) a.s.l. (deg) Annual at Site (N.Z. Soil Bureau, 
(m) Rainfall 1968b) 

{mm} 
Hokitika Ho River c 1000 190 0 1920 Red' beech, Hokitika Recent soil from 

floodplain grasses, sandy loam alluvium 
buttercup 

Ikamatua I{y) Post-glacial c 14,000 194 0 1920 Red beech, Ikamatua Lowland yellow-
(Younger degradat:ional .pepper tree, silt loam brown earth 

Variant) terrace coprosma 

Ikamatua I{o) Post-glacial c 16,000 198 0 1920 Red and silver Ikamatua Lowland yel1.ow-
(OldeT -degradational beech, pepper fine sandy brown earth 

Variant) terrace tree loam 

Ikamatua I{w) Post-glacial c 16,000 197 0 1920 Manuka scrub, Ikamatua fine Lowland yellow-
(Wetter . degradati1lnal grasses sandy loam brown earth 

Variant) terrace (Weakly 
podzolised, 
weakly gleyed 

variant) 

Low glacial c18,000 210 0 1920 Red and Silver Ahaura ·~owland yellow-
Ahaura Ah outwash beech, grasses silt l.oam brown earth 

terrace 

Kumara 'Ku Intermediate Manuka scrub, Kumara Lowland podzol; 
glaCial ~70,OOO 2.50 0 ·1920 ·mos ses, sedges, silt loam hydrous. (gleyed 

outwash terrace grasses podzOl) 

Okarito Ok High glacial ">'30,000 390 .5 1920 Manuka. sc%'Ub, Okarito Lowland podzol; 
1lutwash terrace bracken fern, loamy sand hydrous. (strongly) 

umbre1.la fern, gleyed podzol) 
.grasses, 

oCCasi9na1 orchids I\J 
0\ 
I\J 
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TABLE 3. HORIZON DEPTHS. pH. % MOISTURE AND LOSS-ON-

IGNITION-Chronosequence. 

Soil and Horizon Depth pH M{%) LOI{%) 
(m) (H2O) (KCl) 

Ho 1 A11 0.18 4.2 3.8 3.1 11 .0 

A12 0.20 4.5 4.1 2.0 6.0 
C n.d. 5.4 4.5 0.3 1.2 

I{Y) 1 0 0.03 n.d. n.d. 14.1 76.5 
A 0.07 4.5 3.7 4.8 15.4 
AB 0.'09 4.9 4.1 3.2 9.0 

B2 0.13 5.1 4.2 2.4 5.7 

B3 0.12 5.1 4.3 1.8 3.5 
C n.d. 5.2 4.7 0.1 1.0 

I{o) 1 OA 0.03 4.5 3.8 6.9 49.8 
A 0.07 4.7 4 •. 0 6.2 21.3 

, 
B21 0.15 4.9 4.3 5.6 13.2 

B22 0.17 5.3 4.5 3.7 6.6 

C11 0.13 5.2 4.7 1.4 2.7 
C12 n.d. 5.2 4.6 0.4 1 .2 

, , 

I{o) 2 A2 ",,0.09* 3.7 3 .1 5.8 31.2 

I{w) 1 OA 0.13 4.2. 3.4 8.4 36.3 
A 0.17 4.7 3.8 3.9 18.3 
A2g 0.08 4.9 4.1 6.1 13.9 

; 

B21 0.23 5.4 4.4 2.5 5.2 

B22 0.15 5.4 4.4 2.0 4.2 

C11 0.05 5.4 4.5 0.7 2.0 

C12 n.d. 5.2 4.4 1.1 2.7 

,_';.i' 



TABLE 3. cont. 

Soil and Horizon Depth pH M(%) LOI(%) 
(m) (H2O) (KC1) 

Ah 1 A O.OB 4.6 4.0 7.3 27.6 
AB 0.10 4.7 4.2 6.4 17.6 

B21 0.14 4.9 4.5 8.2 10.1 

B22 0.19 5.2 4.8 6.0 6.0 

B3 0.15 5.1 4.7 4.4 5.5 
C11 0.15 5.1 4.6 3.4 4.4 
C12 n.d. 5.0 4.B 1.5 2.3 

Ku 1 A 0.15 4.4 3.5 2.3 12.8 
A2G 0.10 4.5 3.5 1.4 6.5 
G 0.21 4.7 3.4 1.8 4.7 

BhG 0.11 4.3 3.6 3.1 B.7 
B2G 0.04 4.7 3.B 1.4 3.6 

B3G 0.15 4.8 4.1 1 .4 2.5 
C n.d. 4.7 4.1 2.3 5.3 

Ok 1 A 0.14 4.1 3.2 1.9 12.6 
AG 0.06 4.3 3.4 1.0 6.5 
G 0.12 4.4 3.6 0.7 2.0 
B2G 0.19 4.6 4.1 1.3 2.7 

B3G 0.11 4.6 4.1 O.B 1.5 
C n.d. 4.7 4.3 O.B 1.6 

* Depth from surface 0.07 m. 
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TABLE 4. HORIZON DEPTHS. pH. % MOISTURE AND LOSS-ON-

IGNITION -Transect 1. 

Soil Distance Horizon Depth pH 
from Stump (in) H2O KCl M{'-') LOI{'-') 

(m) 

Ah 1 7.25 A 0.08 4.6 4.0 7.'J 27.6 
AB 0.10 4.7 4.2 6.4 17.6 

B21 0.14 4.9 4.5 8.2 10.1 

Ah2 5.25 A 0.06 4.4 3.5 6.0 28.4 
AB 0.12 4.5 'J.8 5.7 21 .4 

B21 0.14 5.0 4.5 5.'J 8.7 

Ah3 'J.25 A 0507 4.4 'J.8 6.4 32.2 
AB 0.11 4.6 'J.7 6.5 27.8 

B21 0.14 5.0 4.4 7.6 13.-8 

Ah4 2.10 OA 0.06 3.9 'J.2 11 .0 54.1 

A2 0.14 4.6 3.7 7.4 22.8 

B21 0.15 4.9 4.4 6.5 12.8 

* Ah5 0 A21 0.08 3.6 2.9 2.8 13.7 

A22 0.04 3.8 3.2 6.6 23.'J 

B21 0.16 4.7 4.'J 7.5 13.8 

* Depth from surface 0.20 m. 
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TABLE 5. HORIZON DEPTH, pH, % MOISTURE AND LOSS-ON-IGNITION -

Transect 2. 

Distance from Trees 
(m) 

Soil From From Horizon Depth pH 
Beech Beech (m) H2O KCl M(%) LOI(%) 
1.11 m 0068 m 
(dbh) (dbh) 

Ah 6 1.75 13070 0 0.09 3.2 n.d. 28.7 89.9 

A2 0006 3.4 2.8 7.9 40.2 

B21 0014 407 402 5.9 15.8 

Ah 7 4000 11045 0 0.05 3.6 2.7 11.9 81.4 

A 0.10 4.0 3.4 900 34.0' 

B21 0015 4.7 404 5.1 12.5 

Ah 1 7070 7075 A 0008 4.6 400 703 27.6 

AB 0010 4.7 402 604 17.6 

B21 0.14 4 .. 9 4.5 8.2 10.1 

Ah 8 11.95 3050 A 0.12 4.6 3.7 5.8 25.8 

B1 0018 5.0 4.2 7.3 17.4 

B2 0.15 5.1 4.5 5.5 10.0 

Ah 9 14040 1005 OA 0.09 4.3 3.5 9.7 46.7 

AB 0.17 4.7 3.9 6.3 23.5 

B21 0.16 5.1 4.5 5.1 10.2 



TABLE 6. WEIGHTS OF SIZE SEPARATES AND OF ORGANIC AND INORGANIC 

FRACTIONS ~ Chronosequence. 

Size 
, 

Soi1 and Horizon 
>2 mml <2 nun I Tota1 Inorganic** I 

( -1 4) kg ha x 10 

Ho 1 An 0 1 :38 138 123 

A12 0 221 221 208 

C* 537 293 830 289 

Total to: 0.38 m 0 '59 359 331 
0.76 m 
(actual) 537 652 1189 1157 
0.76 m 
(est.) 0 955 955 920 

I(Y) 1 0 0 n.d. - -
A 0 51 51 ·43 
AB 0 89 89 81 

.. B2 0 140 140 132 

B3 0 148 148 143 

C* 67 495 562 490 

Total to:- 0.38 m 0 354 354 328 

0.76 m 
(actual) 67 923 990 956 
0.76 m 
(est.) .0 958 958 925 

I(c;) 1 0A. 0 10 10 5 
A 0 39 39 31 
B 21 0 122 122 106 ; 

B22 0 191 191 178 
C11 23 159 182 155 
C12 * 243 200 443 198 

Total to: 0.38 m 0 318 318 279 

0.76 111 
(actual) 266 721 987 939 
0.76 m 
(est. ) 0 874 874 824 

268. 

Organic** 
. 

15.2 

13.3 

3.5 

28.5 

32.0 

35.6 

-
7.8 
8.0 
8.0 

5.2 
5.0 

26.4 

:33.9 

34.3 

5.C> 

~.4 

16.1 

1;2.6 

4.3 
2.:4 

39.1 

48.7 

'0.6 
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TABLE 6. cont. 

Soil and Horizon Size 
:>2mm 1<2 mm J Total Inor~anic** I Organic** 

( -1 kg ha x 104 ) 

I(w) 1 OA 0 59 59 38 21.6 
A 0 129 129 105 23.7 
A2g 0 72 72 62 10.0 

: 

B21 0 247, 247 234 12., 

B22 0 171 171 164 7;2 
C11 76 31 107 30 0.6 

C12 n.d. n.d. - - -
Total to: 0.38 m 0 260 260 205 ~$.3 

0.76 m 
(actual) o· 678 678 603 .75.4 
0.76 in 
(est.) 0 678 678 ,603 75.4 

'. 

Ab 1 A 0 40 40 29 11.0 

AD 0 64 64 53 11. :) 

B21 0 100 100 90 10.1 

B22 0 180 180 169 10.7 

B3 0 205 205 194 11. 3 

C11 0 207 207 198 9.1 
C12 n.d. n.d. - - -

Total to! 0.38 iii 0 261 261 225 35.8 
0 • ..,6 Di 
(actual) 0 727 727 666 '60;5 

0.76'm 
(est.) 0 727 727 666 60.5 

, . 

.&,.,-
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TABLE 6. cont. 

Soil and Horizon .' Size 
; :> 2, mm 1< 2 mm L Total . , Inorganic** I Or~a.nic** 

(kg h~~l x 10~) 

Ku 1 A 0 70 70 61 9.0 
A2G 0 103 103 96 6.7 

G 0 : 
;.!93 293 279 13.7 

IbG 0 129 129 118 io.8 

B2G 0 48 48 46 1.7 
B3G 0 209 209 204 5.2 
C n.d. - .- - -

Total to: 0.38 m 0 3.54 3.54 330 24.1 

0.76 m· 
(actual) 0 8.52 8.52 804 47.1 

0.76 m 

'. (est.) 0 8.52 852 804 47.1 

Ok 1 A 0 113 .113 99 14.4 
AG 0 83 83 78 5.4 
G 0 18.5 185 181 3.7 

. B2G 0 340 340 331 9.2 

B3G 0 189 189 186 2.8 

C* 0 208 208 20.5 3.3 

Total to: 0.38 m 0 488 488 462 26.4 , 
0.76 iii 
(actual) 0 1118 1118 1080 38;9 
0,.76 m 
(est • .) 0 111 a 1118 1080 38.9 

* To a depth of 0.76 m. 

** Calculated from Los8-on~Ignition data. 
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TABLE 7. MECHANICAL ANALYSrS- Chronosequence. 

Pipf>tte Fractionation 
Soil and Horizon c.s f·. s si c1 C.I!I f.1!I si c1 Total s si c.c1 f.cl 

(%) (leg ha- 1 x 104) (~~) 

Ito 1 All 14 49 26 11 19 67 ~6 15 137 70 23 4.9 2.1 

A12 19 50 23 8 42 111 51 18 222 77 18 :). 5 1.5 
C* 86 '10 1 3 251 29 3 9 292 95 4 0:4 0.3 

Total to 0.38 m 61 178 87 33 359 
% of T~ta1 17 ·50 24 9 -

Total to 0.76 m 312 207 90 42 651 
. % of Total 48 32 14 6 -

I(Y).l 0 n.d. n.d. n.d. n.d. , n.d. n.d. n.d. n.d, - D.d; n.d'. n.d. n.d. 

A 9 42 31 1·8 5 21 16 9 .51 58 26 10.0 4.1 
AB 9 43 30.5 17.5 8 38 27 16 89 59.5 29 7.8 3.8 

B2 11 47 30 12 15 66 42 17 140 66 25.5 5.9 2.7 
'9

3 
18 51.5 21 • .5 9 27 76 32 13 148 75 19.5 4.0 1.7 , 

C* 26 65.,5 5.5 3 129 325 27 15 496 90 8 1.4 0.6 .. 
'total to 0.38 m 42 163 101 49 355 , 

% ot' Total 12 46 28 14 -
Total to 0.76 m 184 526 144 70 924 

% of Total 20 57 16 8 -'. 

1(0) 1 OA n.d. D.d. n.d. D.d. 4 2 2 2 10 63.5 20 7.6 8.8 
, .A 21 39 19 21 8 15 7 8 38 65.5 21 7.9 5.6 

_'921 20.5 41.5 26 12 25 51 32 15 1.23 67.5 20 7·7 4.8 

822 31.5 41 22.5 5 60 78 43 10 191 73 17 5.7 4.1 
C11 54 31. 5 11 3 86 50 17 5 158 87.5 9 2,1 1.5 
C12 * .51. 5 43, 2.,5 3 103 86 5 6 200 , 92 5 1.2 2.2 

Total to 0.38 m 8~ 128 74 33 318 

% Of Total 26 40 23 10 -
Total to 0.76 m 286 282 106 46 720 

% of Total 40 39 15 6 -
:t(o) 2 A " n.d. - - - - - 63 25 7.8 4.3 2 

I(w) 1 OA n.d. n.d. n.d. D.d. 7 29 16 7 59 60 27.5 7.0 5.6 

A 12 50 20 18 15 65 26 23 129 66 22 7.7 4.5 

A2g 12 ·51 23 14 8 37 17 10 72 69 18.5 7.8 4.8 

B21 16 53.5 23 7.5 39 132 57 18 246 75.5 15.5 5.8 3.2 

B22 26 49.5 18.5 6 44 84 32 10 170 77.5 15 4.9, 2.4 

C11 74.5 18 4.S 3 23 6 1 1 31 93 5 • .5 1.1 0.6 

C1,2 38' 50 8 4 - ... - - - 88.5 8.5 2.0 0·9 

Total to 0.38 m 30 131 59 40 260 

% of Total 12 50 23 15 -
Total to 0.76 m 113' 347 148 68 676 

% ot Total 17 51 22 10 --
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TABLE 7. cont. 

Pipette ~ Fractionation 

Soil and Horizon c.s f.s si cl c.s f.s si cl Total s 

Ah 1 

Ku 1 

'. 

O~ 1 

(~) ( -1 kg ha ~1 04) 

A 15.5 .38.5 22.5 2}.5 6 15 9 9 39 57·5 
AB 11.5 46 31 11 .5 7 30 20 7 64 59.5 

B21 12 52 29 7 12 51 29 7 99 61 

B22 15 43.5 27.5 14 27 78 49 25 179 63.5 

B3 18 43 23 16 37 88 47 33 205 69 
Cll 26.5 . 54 15 4:5 55 112 31 9 207 76 
C12 50 .41.5 5.5 3 - - - - - 93 

Total to 0.38 m 34 121 7J 31 259 
% of Total 13 47 28 12 -

Total to 0.76 m 126 337 175 87 725 
% of Tot~l 17 46 24 12 -

A 3.5 44.5 37 15 2 31 26 11 70 52.5 
A2G 3 42.5 42 12.5 3 44 43 13 103 52·5 
G 2.5 43.5 36.5 17.5 7 127 10'7 51 292 52.5 

~G 6.5 37.5 30 26 8 48 39 34 129 51 
B2G 9.5 43.5 35 12 5 21 17 6 49 57 

B3G 9 42 29 20 19 88 60 42 209 .56.5 
C 39.5 29 15 16 - - - - . - 72.5 

Total to 0.38 m 9 154 135 56 354 
% of Total 3 44 38 16 . -

Total to 0.76 m 44 359 292 157 852 

% of Total 5 42 34 18 -
A 3 60 31 5 3 68 35 6 112 55 
AG 3 43 45 9 2 36 37 7 82 53.5 
G 1 51 40 8 2 94 74 15 185 55.5 
B2G 3 49 38 10 10 166 129 34 339 55.6 

B3G 10 42 36.5 11.5 19 79 69 22 189 54.5 
C* 34 34 24 8 71 71 50 17 209 69.5 

Total to 0.38 m 10 250 187 39 4~6 

% Qi' Total 2 51 38 8 -
Total to 0.76 m 107 514 394 101 1116 

% of Total 10 46 35 9 -

* to a depth of 0.76 m. 

Note: Volume-we!ghts'for I(o) 1, OA and I{w) 1, OA calculated from 
fractionation data; as no pipette values available, and for 
Ah 1, AB and B l' where incomplete dispersion occurred with 
pipette method~ In these instances the ratio c.s I f.B was 
assumed to be that observed for the underlying horizon. 

si c.cl 

25 9.8 
23.5 9.8 
23.5 B.8 
21 8.4 
lB 7 .. 2 
15 4.7 

4.5 1.3 

36 7.7 
35 8.0 
27.5 11.4 
2B 11.1 

31 6.7 
31. 5 7.1 
17 5.9 

40.5 4.1 
40.5 4.9' 
36 5.6 
36.5 5.4 
34 6.8 
20.5 5.8 

Lci 

7.5 
7.2 
6.9 
7.2 
5.8 
4.4 

1.3 

3.7 
4.3 
B.5 
9.6 
5.0 
5.0 
4.5 

0'.3 

0.9 
2.7 
2.5 
4.6 
4.2 
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TABLE 8. MECHANICAL ANALYSIS - Transect 1. 
",,'t.."'-'iiL' 

,' .... c 

Fractionation 

Soil and Horizon Sand Silt Coarse Clay Fine Clay 
, I ,'-, 

(%) 

Ah 1 A 57.5 25 9.8 7.5 
AB 59.5 23.5 9.8 7.2 

B21 61 23.5 8.8 6.9 

Ah2 A 58.5 26.5 8.6 6.3 
AB 59.5 25 9.3 6.3 

B21 59.5 19.5 8.0 13.3 

Ah3 A 59 25.5 7.6 8.0 
AD 58 25.5 8.1 8.4 

B21 54 22.5 8.7 14.9 

Ah4 OA 58 26 8.0 8.2 

A2 55.5 27 9.0 7.7 

B21 53.5 23.5 9.5 13.5 

Ah5 A21 61.5 25 7.1 6.3 

A22 54.5 26.5 9.0 9.8 

B21 56 24.5 9.6 9.8 
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TABLE 9. MECHANICAL ANALYSIS - Transect 2. 

Fractionation 

Soil and Horizon Sand Silt Coarse Clay Fine Clay 

i\i(~) 

Ah6 0 '9 ,4 27 

A2 55.5 25.5 9.1 10.1 

B21 57.5 24.5 7.7 10. , 

Ah7 0 5' 29 18 
A 57.5 2.6.5 9.' 7.0 

<~~-. . 1 72 20.5 8.0 9.5 

Ah 1 A 57.5 25 9.B 7.5 
AB 59.5 2'.5 9.B 7.2 

B21 61 2'.5 B.B 6.9 

AhB A 56.5 26.5 B., B.9 

B1 53.5 24 10.7 11.7 

B21 54.5 22 9.7 13. B 

Ah9 OA 55 2B.5 B.B 7.5 
AB 53 26 10.0 11.0 

B21 55.5 23 9.6 12.0 
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TABlE 10. CATION EXCIltWGE ANALYSES ... Chronosequ~nce. 

E~changeabie Cations 
SoH'apd Horhon CEC TEB BS Na Mg Ai K Ca Fe " 

(me/100 g) I (~) (m~/100 g) 

110 1 A11 18. , 10.6 58 0.45 2.60 2.76 1.06 6.46 0.10 

AU 11., 4.68 41 0.37 1.09 1. 9.5 0.,8 2.84 0.00 
" C '.41 1.0' 30 0.14 0.16 0.43 0.16 0.57 0.00 

. I(y,) 1 0 n.d. n.d. n.d. n.d. n.d. 1. 51 n.d. n.d. 0.07 
A 2'.6 5.34 23 0.46 2.06 6.35 0.82 2.00 0.16 
AD 13.9 2.92 21 0.30 0.69 3.85 0.81 1.12 0.12 

B2 9.6, 1.78 18 0.24 0.28 2.49 .0. ,58 0.68 0.05 

B3 . 7.,,/4 1.11 14 0.24 0.10 1.39 0.31 .0.46 0.0, 
(l 1.00 0.85 8.5 0.21 0.18 0.06 0.21 0.2.5 0.03 

1(0) 1 OA 51.2 n.d. n.d. n.d. n.d. 2.55' n.d. n.d. 0.31 
A 23.1 '.18 14 0.41 1.07 5.18 a.59 1.11 0.34 
821 14.$ 1.40 10 0.32' 0.36 3.22 0.,0 0.42 ,0.10 

-B22 7.38 0.65 9 0.26 0.11 1.35 0'.20 0.08 0.10 
C11 4.26 0.5.5 13 0.29 0.0.5 0.53 0.07 0; 14· 0.04 

·C12 1.71 0.5) 31 0.15 0.12 0.18 0.12 0.14 .0.04 

t(o) 2 A2 40.0 2.'9 6 0.42 1.09 10.2 0.49 .0.'9 0.64 

:t(w) 1 OA 49.6 20.5 42 1.19 3.66 6.73 2.77 12·9 0.60 
A 2"/.6 3.30 12 0.27 .0.74 6.72 0.24 2.05 0.12 

A2 ' 8.'1 1.95, 24 0.35 0.34 5.44 .0.14 1.12 0.01 
g 

1.42 821 8.62 0.82 10 0.24 0.10 0.13 0.35 0.00 
'822 7.24 0.59 8 0.2.0 0.10 1.52 .0.11 0.18, 0.04 

C11 '.02 0.98 3j 0.26 0.13 0.91 0.17 .0.42 0 . .01 
C12 4.85 0.82 17 0.19 0.10 1.20 . 0.16 .0.37 0 .. 05 

'. -'~ ." ' 



. TABLE 10. cont. 

Exchangeable Cations 

SOil and Horizon CEC TEB BS Na Mg Al K 

(me/100 g) ('}&) (me/100 g) 

Ah ·1 A 31.4 4.77 15 0.43 1.28 6.07 0.1.1 
; 

AB 19.e 1.20 .6 O~ 22 : 0.28 4.56 0.40 

B21 9.04 0.49 ,5 0.21 0.09 1.66 0.10 

B22 5.21 0.46 9 0.19 0.06 0.34 0.11 

B3 5.86 0.50 8 0.18 0.06 0.50 0.13 

C11 5.18 0.50 10 0.21 0.06 0.33 0.11 

C12 2.84 0.47 17 0.15 0.04 0.22 0.07 

Ku 1 A 14.2 3.92 28 0.38 1.00 3.85 .0.44 

A2G 9.23 2.08 23 0.19 0.43 4.85 0.11 

G 12.2 2.33 19 .. 0.33 0.38 8.89 0.09 

BhG 22.4 2.83 13 0.j1 0.40 10.8 0.12 

~2G 9.84 1.40 14 0.31 0.17 4.46 0.20 

~3G 5.S8 0.64 12 0.28 0.06 2.47 0.14 

C 12.0 1.11 9 0.40 0.14 3.98 0.36 

Ok 1 A 14.0 4.77 34 0.48 0.89 0.67 0.44 

AG 7.23 1.98 28 0.34 0.22 1. 31 0.11 

G 4.23 0.86 21 0.23 0.10 2.61 0,0.5 

B2G 6.08 0.59 10 0.19 0.0.5 2.79 0.04 

B3G 3.22 0.46 14 0.20 0.06 1.83 0.0.5 

C 3.6j 0.53 15 0.29 0.0.5 1.59 0.07 
.. 

Not~: Exchangeable Ai and Fe are assumed to be present 

as trivalent ions. 
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Ca Fe 

2.95 0.27 

0.30 0.11 

0.09 0.11 

0.10 0.06 

0.13 0.06 

0.12 0.13 

0.21 0.06 

2.10 0.23 

1 .35 0.18 

1.53 0.10 

2.00 0.03 

0.72 0.07 

0.16 0.03 

0.21. 0.07 

2.96 0.00 

1 .31 0.00 

0.48 0.02 

0.31 0.02 

0.1.5 0.03 

0.12 0.00 



TABLE 11 • CATION EXcHANGE ANALYSES - Transect 1. 

, Exchangeable Cations 
Soil and Horizon CEO TEB BS' Na Mg Al K ea Fe 

, 

, (me/ioa g) I (1)) , . (me/100 g) 

,Ail 1 A 31.4 4.77 15 ' 0.43 ,1.28 6.07 0.11 2.95 0;27 
AS ,19.8 1,,20 6 0.22 0.28 4.56 0.40 0.30 0.11 
B 9.04 0.49 

, 
5 0.21 0.b9 1.66 0.10 0.09 0.11 

"~ , 

',Ab 2 A" ))., 4.06 12 0.44 1.14 11.5 0.62 1. 86 0.76 
I 

AB 27.8 1. 81 7 0.41 0.47 9.24 0.39 0.54 0.44 

B21 8.24 0.67 8 0.35 0.06 1.47 0.11 0.15 0.02 
, \ 

.. 

~j A 39.2 14., 37 0.40 ,.45 6.80 ' 1.03 9.58 0.56 
All 34.2 7.65 .. 22 0.44, 1.80 8.8~ 0.87 4.54 0.58 

, ,B:n 18·5 1.32 ' 7 0.37 0.13 3.13 0.54 0.28 0.09 

Ah'4 OA ' 65.1 n.d. n.d. n. d • n.d. 9.'62 n.d. n.d. 0.98' 

A2 41.4 1.97 \ 5 0.40 0.65 12.2 0.46 0;46 0.57 " 

821 1'.7 " 
0.71 5 0,'31 , 0.10 2.95 0.22 0.14 0.05 

~ i " ' 

All, A21 I 22.9 1.25 '$ 0.26 0;38 4.51 0.19 0.42 0.11 

A2~ 46.1 1.54 3 0.28 0 • .58 18.3 0.35 0'.3) 0.9,5 

B21 15.7 0.69 4 0.34 0.12 ' ' 3.48 0.08 0.15 0.00 
i 

Nota:,ExChangeable Ai and Fe a~e assUrneCi to be present as trivaient io;rw. 

,I 

, ' 

,., 
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TABLE 12. C.t\.TIQN EXCHANGE ANALYSES - Transect 2. 

Exch~geable Cations 
Soil and Horizon CEC TEB BS Na Mg Al K G<l Fe 

(me/100 g) I (%) (me/i00 g) 

Ah6 0 113.9 15.5 14 1.78 7.65 11.0 1. 30 4.76 0.90 

72.4 
: 

A2 7.35 10 0.98 2.91 10.8 1.24 2.22' 1.74 

B21 19.4 1.19 6 0.30 0.20 5.31 Q.51 0.18 0.12 

Ah7 0 94.6 19.6 21 2.42 5.26 4.25 0.48 11.4 0.42 

A 43.1 4.00 9 0.43 1.20 12.7 1.01 1.36 1.06 

B21 13.9 0,81 6 0.31 0.16 3.44 0.21 0.13 0.05 

Ah 1 A 31.4 4.77 15 0.43 1.28 6.07 0.,11 2.95 0.27 
AD 19.8 1.20 6 0.22 0.28 4.56 . 0.40 0.30 0.11 

" Ba1 9.04 0.49 5 0.21 0.09 1.66 , 0.10 0.09 0.11 

.\.ll8 A 30.2 7·84 26 0.33 1.52 6.45 0.73 5.26 0.28 

B" 20.8 1.04 5 0.28 0,19 4.83 0.41 0.16 0.01 

B21 7.62 0.80 11 0.28 0.08 1. 51 0.26 0.18 0.00 

Ah9 OA 60.9 17.8 29 0.71 4.96 4.86 3.11 9.02 0.72 

AD 26.8 2.37 9 0.34 0.60 8.49 1.05 0,38 0.28 

B21 9.17 1.30 14 0.50 0.14 1. 81 0.54 0.12 0.00 

Notel Exchangeable Al and Fe are assumed to be present as trivalent ions. 



TABLE 13. CATION EXCHANGE ANALYSES - Chronosequence. 
(Volumf;l-weight data l calculated from Ta,bles 6 and 10). 

Exchangeable·Cations 
Soil and Horizon CEC TEB Na Mg Al K 

(me ha-1 x 10°). (kg ha-1
) 

Ho 1 A11 252 146 144 437 342 571 
.A12 250 103 187 293 387 326 
C* 100 30 94 57 113 183 

Total to: 0.38 m 502 249 334 730 729 897 
0.76 m 602 279 425 787 842 1080 

I(Y} 1 0 n.d. n.d. n.d. n.eL. n.d. n.d. 
A 120 27 54 126 289 162 

: 
AS 124 26 61 75 309 280 

B2 134 25 76 47 313 319 

B3 114 16 83 18 184 176 
C* 49 42 240 109 26 407 

Total tOI 0.38 m 435 86 232. 257 1003 849 
0.76 m 541 128 514 375 1121 1344 

l(o) 1 OA 50 n.d. n.d. n.d. 23 n.d. 
A 91 12 37 51 184 90 
821 177 17 89 53 353 141 

B22 141 13 115 27 232 148 
C11 68 9 108 10 76 45 
C12* 34 10 69 29 33 95 

Total, to: 0.:)8 m 426 39 214 125 737 344 
0.76 m 561 61 418 170 901 519 

l(w} 1 OA 295 122 163 265 360 645 
A 356 43 81 116 781 121 
A2g 60 13 41 30 354 39 

B21 229 20 134 31 314 129 

Bi2 124 10 80 21 234 75 
C11 9 3 18 5 25 21 
C12 .. - - - - -

T9tal tol 0.38 m 711 178 285 411 1495 80.5 
0.76 m 1052 211 517 468 2068 1030 

279. 

Ca Fe 

1784 26 

1257 0 

338 0 

3041 26 

3379 26 

n.d. n.d. 
202 16 
198 21 
189 13 

135 8 
248 30 

657 54 
972 88 

n.d. 6 

87 27 
103 24 

32 37 
46 12 

56 26 

214 85 

324 132 

1539 67 
531 29 
162 1 
172 0 

63 12 

26 1 
.. -

2232 97 
2493 110 

.. 
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TABLE 13.cont. 

Exchangeable cations 
SoU and Horizon CEC TEB Na Mg Al K Ca Fe 

(me ha-1x10b) (kg ha 1 ) 

All 1 A 1-26 19 40 62 219 17 236 20 
AB 128 8 33 22 265 10P 39 13 

B21 90 5 47 11 148 38 17 20 

B22 93 8 79 -14 55 74 34 21 

B3 120 10 84 16 93 101 52 24 
C11 * 71 7 66 10 41 62 34 35 
C12 - : - - - - - - -

Total to: 0.38 m 372 35 145 99 649 178 J03 60 

0.76 m 1528 57 349 135 821 392 412 133 

Ku 1 A 100 28 61 86 244 121 294 30 
A2G 95 21 46 53 448 45 276 34 
G 358 68 220 134 2342 105 890 55 

BhG 289 37 92 63 1256 63 517 7 
B2G 47 7 35 10 192 38 69 6 

BJG 116 14 136 15 465 115 68 12 

C - - - - - - - -

Total to: 0.38 m 416 91 24J 222 2142 231 1121 98 

0.76 m 1005 175 590 361 4947 487 2114 144 

Ok 1 A 160 54 126 123 69 195 675 0 

AG 60 16 64 23 98 36 218 0 

G 78 16 98 23 434 36 179 7 
B2G 206 20 150 21 823 54 212 13 

B3G 60 9 88 14 311 37 57 11 

C* 76 11 140 13 299 58 50 0 

Total to: 0.J8 m J68 92 JJ5 176 861 284 1139 11 

0.76 m 640 126 666 217 2034 416 1391 31 

* To a depth o~ 0.76 m. 



TABLE 14. CEC AS A FUNCTION OF ORGANIC MATTER, CLAY AND SILT. 

'I. Characteristics of selected ,groupings Chronosequence.** 

Number CEC 

Grouping of Range Mean 
Samples (me/100 g) 

All Soils: 29 1.00-31.4 11 .01 

Upper Horizons 11 '7.23-31.4, 16.91 

Lower Horizons 18 1 .00-22.4 7.40 

Yellow-brown Earths: 18 1 .00-31 .4 11 .73 

Upper Horizons 7 11.3-31.4 20.20 

Lower Horizons 11 1 .,00-14.5 6;33 

Gle:;l Podzols: 11 3.~2-22.4 9.83 

* Data taken from Tan (1971). 

** I(w) 1 excluded. 

Oxidisable Carbon* Clay 

Range Mean Range Mean 
'(~ ). , (~) 

0'.12-11 .0 2.71 3.0-26.0 12.4 

1.76-11.0 5.23 5.0-23.5 14.4 

0.12-4.40 1 .17 3.0-26.0 11 .1 

0.12-11.0 2.90 3.0-23.5 11 .8 

1.76-11.0 5·52 8.0-23.5 16.6 

0.12-4.40 1 .23 3.0-16.0 8.7 

'0.15-6.50 2.40 5.0-26.0 13.3 

Silt 

Range 
, (%) 

1 .0,-45.0 

19.0-45.0 

1.0-40.0 

1.0-31.0 

19.0-31.0 

1 .0-30.0 

29.0-,45.0 

Mean 

26.6 

30.1 

24.4 

20.6 

25.1 

17.7 

36~4 

I'V 
()') .... 



TABLE 15. CEC AS A FUNCTION OF ORGANIC -MATTER t CLAY AND -SILT. 

II. Characteristics of selected groupings - Transects. 

Number CEC Ignition- Loss Clay 

Grouping of Range - Mean Range Mean Range 

Samples (me/100 g) (%) (%) 

; 

All Soils 27 7.62-113.9 33.38 8.7-89.9 26.4 13.4-27.0 

Transect 1 15 8.24- 65.1 28.57 8.7-54.1 21.9 13.4-23.6 
. .. 

Transect 2 15 7.62-113.9 38.20 _ 10.0-89.9 30.8 15.7-27.0 

-- "------- - ------ --- ~---------

Mean 

18.4 

17.7 

19.2 

- --

Silt 

Range 

(%) 

19.5-34.0 

19.5-27.0 

20.5-34.0 

Mean 

2.?O 

24.6 

25.5 

!'V 
(Xl 
!'V 



TABLE 16. CEC AS A FUNCTION OF ORGANIC MATTER. CLAY AND SILT. 

III. Simple correlation coefficients· between % oxide C and CEC, 
and their respective regression equations Chronosequence. 

Grouping 

All Soils: 

Upper Horizons 

Lower Horizons 

Yellow-brown Earths: 

Upper Horizons 

Lower Horizons 

Gley Podzols: 

Simple Correlation 
Coefficient (r) 

0.878*** 

** 0.832 

0.788*** 

0.962*** 

0.967*** 

0.888*** 

0.582 

y 

(3.65) 

Y 
(4.18) 

Y 
(3.26) 

Y 
(2.41 ) 

Y 
(.1 .87) 

Y 
(1 .88) 

Y 
(4.80) 

• Regression Equation 

= 4.33 + 2.46 X 
(0.26) 

= 4.94 + 2.29 X 
(0.51) 

= 3.15 + 3.62 X 
(0.70) 

= 3.75 + 2.74 X 
(0.19) 

= 8.65 + 2.09 X 
(0.25) 

= 3.00 + 2.70 X 
(0.46) 

= 6.23 + 1.50 X 
(0.70 ) 

Proportion of 
Variability in Y 
Attributed to X 
. (%) 

61 

71 

57 

68. 

57 

52 

37 

* Significant at 5% level; ** Signif.icant at 1%. level; *** Significant at 0.1 % level. 
• Y = a + bX, where Y represents the estimated CEe, .and b is the regression coefficient 

for the variable, % oxide C (X). Values in brackets represent standard arrors. 

l\) 
()') 
w 



TABLE' 17. 

Grouping 

All Soils 

Transect 1 

Transect 2 

CEC AS A FUNCTION OF ORGANIC MATTER. CLAY AND SILT. 

IV. Simple correlation coefficients between % LOI and CEC, 

and their respective regression equations- Transects. 

Simple C~rrelation 

Coefficient (r) 

0.969 *** 

0.919~** 

*** 0.979-

Y 

• Regression Equation 

= -0.02 + 1.27 
(6.44) (0.06) 

Y = 1 .77 + 1.23 
(6.30) (0.15) 

Y = -1.58 + 1.29 
(6.87) (0~07) 

X' 

X 

X 

Proportion of 
Variability in Y 
Attributed to X 

(%) 

100 

94 

104 

* Significant at 5% level; ** Significant at 1% level; *** Significant at 0.1% level. 

e· Y = a + bX, where Y represents the es·timated CEC. and b is the regression coefficient 
for the variable, % LOr (X). 

Values in brackets represents standard errors. 

N 
00 
+=-



TABLE 18. CEe AS A FUNCTION OF ORGANIC MATTER. CLAY AND SILT~ 

V. Simple correlation coe~ficients between % clay aridCEC, 

and their respective regress·ion equations ChronosequEmce. 

Grouping 

All Soils: 
i 

Simple Correlation 

Coefficient (r) 

0.702 *** 

Upper Horizons 0.768 ** 

Lower Horizons 0.717 *** 

Yellow-brown Earths: 0.806 *** 

Upper Horizons ·0.795* 

Lower Horizons 0.609 * 

Gley Podzols: 0.534 

• Regression Equation 

Y = 0.67 + 0.84 X 
(.5. 44 ) (0.16) 

Y = 3.23 + 0.95 X 
(4.83) (0.26) 

y = 1.04 + 0.57 X 
(3.70) (0.14) 

y =-0.57 + 1.05 X 
(5.21) (0.19) 

y = 3.87 + 0.98 X 
(4.44) (0.33) 

Y . 
(3 26) = 2.53 + 0.44 X 

. (0.19) 

Y 
(4 99) = 3.17 + 0.50 X 
'(0.26) 

Proportion of' 
Variability in Y 
Attributed to X 

(%) . 

94 

81 

86 

105 

81 

60 

68 

* Significant at 5% level; ** Significant at 1% level; *** Significant at 0.1 % level. 

• Y = a + b X, where Y represents the estimatedCEG, and b is the regression. coefficient 
for the variable, % clay (X). 

Values in brackets represent standard errors. 

l\) 

00 
\.Jl 



TABLE 19. CEC AS A FUNCTION OF ORGANIC MATTER. CLAY AND' SILT_ 

VI. Mnl.tiple regression equations relating CEO with % oxid.C and'$- clay 

Chronosequ~nce'. 

'.' 
Grouping •• Regression, Equation R2 

All Soils: Y = 0.47 + 1.·97 ~ + 0.42X2 0.865** 
(2.85) (0.23) (0.10) 

Upper' Horizons Y =1.07 + 1.60 X1 + 0.52 X2 0.808** 
(3.52) (0.53) (0.24) 

Lower Horizons Y = 0~27 + 2.67 X1 + 0.36 X2 0.781** 
(2.56) (0.62) . (0 •. 11) 

Yellow-brown Earths: Y = 2.69 + 2.47 Xl +: 0,.16 X2 0.929** 
(2.,39) (0.32) (0.14) 

Upper Horizons 

Lower Horizons 

Gley Podzols: 

y = 8.66 
(2.09) 

Y = 2.19 
(1 .87) 

+2.09 Xl 
(0.49) 

+ 2.39 Xl 
(0.54) 

- 0.002 X2 (0.28) 

+ 0.14 X2 .( 0.13) 

0.935** 

0.815** 

Y=-2.87 + 1.82 Xl + 0.63· x2 0.769** 
(3.01) ( 0.44) ( 0.1.6) 

Test of' Significance 
for Partial Regression 
Coefficient - ' 

tl 

8.,50*** 

3.00* 

4.29*** 

7.81*** 

4.32* 

4.40** 

4.10** 

't 
2 

4.27*** 

2.17* 

3.32** 

1 .10 

-0.01 

1.06 

3.86** 

Proportion o:f 
Variability in Y 
Attributed t.o X1. 
and X2 : (%) 

Xl Xz 

48 47 

49 44 

42 54 

61 16 

57 o 

46 19 

44 85 

* Significant at 5% level; ** Significant at 1% level; *** Significant at 0.1% level (t-test only) . 

•. y = a + b
1 

Xl + b2 ~, where·Y represents the estimated CEC, and b1 and b 2 the partial 
. regression coeffl.cients for the variables, ~ (% oxid.C) and X2 (% clay), respectively. 

-, tl and t2 are t-test values for b 1 and b 2"respectively . 

Values in brackets represent standard errors. 
I\) 

00 
0\ 



TABLE 20. CEC AS A FUNCTION OF ORGANIC MATTER, CLAY AND SILT. 

VII. Multiple regression equations relating CEC with % oxide C, % clay 

and % silt - Chronosequence. 

Test of Significance Proportion of' 

• Regression Equation R2 
for Partial _ Variability in 

Grouping Regression Coefft Y Attributed 
to X1 ,X2 & X

J
:(%) 

t1 t2 t· 
'J X1 X2 

0.870** 8.49*** 4.40*** -1 .11 48 52 
'. 

All Soils: Y = 1.54 + 1.96X1 + 0.46X2 - 0.06X
3 (2.84) (0.23) (0.10) (0~05) 

0.903** 3.26* 2.18 -2.65 42 35 Upper Horizons Y =13.08 + 1. 35X1 + 0.41 X2 -0. 30X3 
(2.66) (0.41 ) (0.19) ( 0.11 ) 

0.781** 4.15*** 2.78* -0.21 42 59 Lower Horizons Y = 0.43 + 2.67X1 + 0.37X2 - 0.01X
3 (2.65) (0.64) (0.13) (0.07) 

Yellow-brown Earths: Y = 1. 12 + 2. 71 ~ - 0.13& + 0.20X
3 

0.955** 9.71*** -0.79 2.72* 67 -13 
(2.00) (0.28) (0.16) (0.08) 

Upper Horizons Y = 0.46 + 2. 58~ - O. 20X2 + O. 35X3 0.968** 5.57* -0.82 1.87 70 -16 
(1 .64) . (0.46) (0.24) ( 0.1 9) 

Lower Horizons Y = 1.59 + 2.03X1 - 0.11X2 + 0.18X
3 

0.880** 4.05** -0.64 1.96 39 -15 
(1 .61 ) ( 0.50) ( O. 1 7) . ( 0.09 ) 

0.780** 3.82** 2.88* -0.59 43 Gley Podzols: Y = 2.94 + 1.78X1 + 0.57X2 - 0.14X
3 (3.14) (0.47) (0.20) (0.23) 

* Significant at 5% level; ** Significant at 1% level; *** Significant at 0.1% level (t-test only) . 

• Y = a + b 1X1 + b 2X2 + b
3

X
3

, where.Y represents the estimated CEC, and b 1 , b 2 and b
3 

the 

partial regreSSion coefficients for the variables, X1 (%oxid.C), X2 (% clay) and X3 (% silt), 

respectively. 

- t 1 , t2 and t
J 

are t-test values for b1 , b2 and b 3,respectively . Values in brackets represent 
standard errors. 
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X3 

-14 

-53 

- J 

35 

44 

50 

-52 

I\) 

00 
'.1 



TABLE 21 .. CEC AS A FUNCTION OF ORGANIC MATTER. CLAY AND SILT., 

VIII. Mu1tiple regression equations relating CEC with LOI and % cla.y- Transec:ts. 

Grouping Regression EqUation· R2 . 

A11 Soils Y = 1 ~38 + 1 •. 27 X. - 0.08 X2 0.939** 
(6.55) (0.06) (0'.39) 

Transect 1 Y = 3.58 + 1,.22 X. ~: 0.09 X2 0.845** 
(6.55) (0.16) (0.64) 

Transect 2 . Y. = -0.55 + 1.29' x,. - 0.06 X2 - 0.958** 
(7.15) (0.08) (0~62) 

Test o~ Significance 
for Partial a 
Regression Coefft 

t1 t2 

20.31*** -0.20 

7.37*** "';0.14 

16·.17*** -0.09 

Proportion of 
.. Variabili ty in Y 
Attribu~ed to X1 and X2 : (%) 

X 1 X2 

100 4 

93 - 6 

104 "':" 3 

* Significant at 5% 1eve1; ** Significant at" 1% leve1;. *** Significant at 0.1% leve1 (t-test on1y) • 

• Y = a + b 1X1 + b 2X2 , where Y represents the estimated CEC, and b 1 and b 2 the partia1 regression 

coefficients for the' variab1es, X, (LOI) and X2 (% c1ay) , respectively • 

• t1 and t2 are t-t~st va1ues :for b 1 and b 2 , respective1y. 

Va1ues in brackets represent standard errors. 

I\J 
00 
00 

.~ 



TABLE 22. TOTAL Mg, Al, Si, KI Cal Til AND Fe - Chronosequellce. 

(.( 2 nun material). 

Total Elements 
Soil and Horizon 

Mg Al Si K Ca 

(%) 

Ho 1 A11 0.85 8.17 :):}. 3 1. 81 0.96 

A~2 0.82 8.28 32.6 1.74 1.04 
C . 0.81 6.80 32.6 1.95 0.92 

I(Y) 1 0 .n.c;l. n.d. n.d. n.d. n.d. 
A 0.85 8.61 32.7 1.64 0.81 
AB 0.83 8.69 33. 4 1.78 0.82 

B2 0.85 8.38 32.5 1.72 0.83 

B3 0.86 7.70 33.1 1.79 0.89 
c 0.94 : 

7~16 33.7 1.69 1.14 

1(0).1 OA 0.55 7.73 34.8 1.44 1.30 
A 0.46 7.75 35.0 1.40 0.81 

B21 0.46 7.80 34.5 1. 53 0.75 

B22 0.63 7.98 33.4 1. 54 0.78 
C11 0.83 7.90 33.6 1.74 0.88 
C12 0.90 7.01 33.1 1. 83 0.91 

1(0) 2 A2 0.38 6.70 36.2 1.34 0.78 

I(w) 1 OA 0.48 6.96 36.9 1.24 0.87 
A 0.33 6.99 37.2 1. 32 0.69 
A2g 0.50 8.14 35.3 1. 55 0.69 

821 0.85 7.83 32:6 1. 62 0.72. 
822 0.82 8.25 32.1 1.67 0.69 
C11 0.72 7.26 34.3 1.63 0.83 
C12 0.82 7.16 33.1 1.67 0.87 

Ah 1 A 0.34 7.06 35·3 1. 39 0.13 
A.B 0.34 7.02 35.5 1.29 0.76 

B21 0.46 8.08 34.3 1. 52 0.66 

B22 0.63 8.11 34.6 1:79 0.65 

B3 0.72 8.20 32.7 1.91 0.72 
.C11 0.81 7.85 32.5 1. 91 0.76 
C12 0.73 7.32 32.5 2.08 0.93 

.KU 1 A 0.11 j.03 43.0 0.,56 0.13 
A2G 0.10 3.13 42.2 0.53 0.12 

G 0.17 4.41 40.8 0.65 0.17 

~G 0.1'7 4.13 41.2 0.69 0.19 

BilG 0.14 3.63 42.1 0.59 0.20 

B3G 0.13 3.51 42.2 0.61 0.17 

C 0.28 4.20 38.8 1.06 0.27 

o)t 1 A 0.07 0.71 45.0 0.06 0.13 

AG 0.03 1.18 45.1 0.10 0.09 
G 0.06 1.86 44.2 . ." 0.22 0.09 
B2G 0.05 1.70 44.0 0.18 0.07 

B3G 0.10 2.57 43.6 0.30 0.06 . 
C . 0.13 3.18 42.2 0.68 0.07 

Ti Fe 

0.36 3.16 
0.36 3.22 
0.28 2.93 

n.d. n.d. 
0.37 4.01 
0.40 3.49 
0.36 3.55 
0.40 3.43 
0.33 3.20 

0.41 3.52 
0.44 3.51 
0.41 j.52 
0.40 3.53 
0.35 3.38 
0.36 3.33 

0.55 2.89 

0.48 1.43 
0.51 1 .14 

0.49 1. 88 
0.45 3.56 
0.46 3.,50 
0.33 2.31 
0.46 2.97 

0.52 4.09 
0.52 3.83 
0.49 3.85 
0.45 3.70 
0.43 3.60 
0.42 3.35 
0.42 3.32 

0.48 0.62 
0.lf8· 0.47 
0.52 0.59 
0.54 0 • .59 
0.44 0 . .55 
0.46 0.65 
0.41 1.65 

0.37 0.24 
0.37 0.24 
0.42 0.29 
0.43 0.56 
0.49 0.43 
0.40 0.48 



.-' 

TAllIE 2;r.,TOTAL Mg, ·u, Si. t K t · C&,.T:i ~ It&-- Cltronosequence .. : 

(>'2 mmmateriai)'" 

I , 
Soi:1" and. Horizon- '-.- .-. Total E1ements· 

.. .Mg~ A1 Si X· 

(%l . - -

Ho,.l,· C 1-.0:): 6.72 ·30-.8 2'.02 

I{Y)' 1. C l.04: 5:.97- '30~9' 1 .7-6 

I(o): l' C1,1' ·t.28· 4-. •. 97 .- 28 .. .7 1.7.0· 

C12 - 1.13 '6·.85 30.·3 2.14 

I(w) 1 C11· 0.62 6.15 ~1 .•. 4 1 .91 

C12 n.d. n.d. n.d. n.d. 

Ah 1 c· n.d .• n.d. n.d. I n.d. 12 
_ . 

Ku 1 c 
. ~ 

0.67 5.41 .30.6 2.18 
.--.. -.' , :'.' 

-

Ca 
-

1.49 

1,.38. 

1~50 

1.50· 

0.83 

n.d. 

n.d. 

0.80 

Ti 

0.45 

0.46 

0.55 

0.44 

0.39 

n.d. 

n.d. 

0.28 

. Fe· 

2.94 

2.·51 

2.87' 

2.94 

2.19 

n.d. 

n.d. 

2.53 

I\:i 
\0 
o 



291. 

TABLE 24. TOTAL Ms. A1. Sit K. Ca. Ti AND Fe - Transect 1. 

Soil and Horizon Total Elements 
Mg A1 Si K Ca Ti Fe 

T .-
(%) 

Ah 1 A 0.:34 7.06 :35.:3 1. :39 0.7:3 0.52 4.09 

AB 0.:34 7.02 :35.5 1 .. 29 0.76 0.52 :3.8:3 

B21 0.46 B.08 :34.:3 1.52 0.66 0.52 :3.85 

Ah2 A 0.:30 6.'37 :37.:3 1 .. 48 0.72 0.59 :3.06 

.AB O. :31 7.26 :36.:3 1.32 0.67 0.58 :3.20 

B21 0.54 8.64 :32.:3 1.71 0.70 0.47 :3.80 

Ah:3 A 0.27 5.55 :37.1 1.08 0.75 0.61 2.78 

AB 0.26 5.84 :36.7 1.00 0.67 0.56 :3.48 

B21 0.44 8.90 32.6 1.:39 0.69 0.46 :3.75 

Ah4 OA 0.:37 6.28 '36.0 1.14 1.07 0.60 :3. :31 

A2 0.28 6.78 :35.7 1.09 0.64 0.57 :3.76 

B21 0.44 8.50 :3'3.1 1.62 0.68 0.5:3 :3.86 

Ah5 A21 0.18 5.11 :38.0 1.17 0.51 0.58 0.80 

A22 0.26 6.00 :37.6 1.08 0.57 0.64 2.25 

B21 0.46 8.62 :3:3.9 1.42 0.62 0.56 4.20 
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TABLE 2.5. TOTAL Mg. A1. Sit K. Ca. Ti AND Fe - Transect 2. 

Soil and Horizon Total Elements 
Mg A1 Si K Ca Ti Fe 

(~) 

Ah6 0 n.d. n.d. n.d~ n.d. n.d. n.d. n.d. 

A2 0.30 6.04 36.0 1.30 0.71 0 • .56 2.78 

B21 0.36 7.02 34.8 1.23 0.70 0.49 3.84 

Ah7 0 0 • .51 .5.41 36.2 1.1.5 1.23 0.36 2.16 

A 0.38 7.67 3.5.2 1.29 0.74 0 • .53 3 • .52 

B21 0 • .54 8.67 33.1 1 • .57 0.73 0.46 3.27 

Ah 1 A 0.34 7.06 3.5.3 1.39 0.73 0 • .52 4.09 

AD 0.34 7.02 3.5, • .5 1.29 0.76 0 • .52 3.83 

B21 0.46 8.08 34.3 1 • .52 0.66 0.49 3.8.5 
i 

Ah8 A 0.26 .5.47 36.8 1.1.5 0.70 0 • .53 3.12 

B1 0.38 8.46 33.8 1.32 0 • .59 0.44 4.3.5 

B2 0.49 8 • .50 32.0 1 • .53 0.73 0 • .50 3.79 

Ah9 OA 0.28 .5.81 ".7 1.11 1.17 0.49 3.03 

AB 0.31 6.28 3.5.9 1.1.5 0.72 0 • .54 4.09 

B21 0 • .54 8.0.5 32 • .5 1.62 0.67 .0 • .50 3.82 
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TABLE) 26. TOTAL Neil' Al.Si a K. Ca. Ti AND Fe - Chronoseguence. , 
(Volume~weight data, <2 mm material: calcula,~ed 

from Tables, 6 and 22). 
, 

" 

, Soil and Horizon Total Elements 1 (kg ha- ) 

Mg Al si K Ca Ti Fe 

(:lt1 0:3) (x104) (x105), (X104) (x10:3) (x103) (x104) 

no 1 A11 10.4 ,10.0 4.09 2.22 11.8 4.42 3.88 

A12 17.1 . '7.2 6.79 :3.62 '21.6 7.49 6.70 
c* 2:3.4 ' 19.7 9.42 5.64 26.6 8.09 8.47 

~ ~.~ ,,,- "-.,. 

I(Y) 1 0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

A 3.65 '.70 1.40 0.70 :3.48 1.59 1.72 
, AB 6.72 7.04 2.71 1.44 6.63 3.24 2.83 

B2 11 .,2 11.0 4.28 ' 2.27 10.9 4.74 4.68 

B :3 12.2 11.0 4.71 2.55 12.7 5.70 4.57 

C* 46.1 ........ -~ .... - ,',-.- .~- .... 
:35.1 16,. ,5 8.28 . 55.9 16.2 15.7 

I(o) -1 OA 0.27 0.39 ' 0.17 0.07 0 .. 65 0.20 0.18 

A 1.4,3 2.41 1.09 0.44 2.52 1.37 1.09, 

B21 4.88 8.27 3.66 1.62 7.95 4.35 3.13 

B22 11.:3 14.3 5.99 2.76 14.0 7.17 5.90 

C11 11.8 11 .2, 4.77 2.47 ,12.5 4.97 4.80 
"If 

C12 * 17.8 1:3.9 6.55 3.62 18.0 7.13 6.59 

I(w) 1 OA 1.83 2.66 1.41 0.47 3.32 1.83 0.55 

A 3.49 7 •. 38 3.93 1.39 7.29 5.39 1.20 

A ,2g 3.12 5.08 2.,20 0.97 4.30 3.06 1.17 

B21 19.9 18.3 7.62 3.79 16.9 10.5 8.33 

B22 13.4 13.5 5.26 2.13 11 .3 7." 5.13 

c11 2.16 2.18 1.03 0.49 2.49 0.99 0.69 

C12 
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TABLE 26.cont. 

Soil and Horizon Total Elements (kg ha-1 ) 

Mg Al Si K Ca Ti Fe 

(x1Q3) 4 (x10) (x105) (x104) (x103) (x103) (x104) 

Ah 1 A 0.99 2.06 1.03 0.41 2.13 1..52 1.19 

AB 1.82 ",75 1.90 0.69 ' 4.06 2.78 2.05 

B21 4.12 7.24 3.07 1.36 5.91 4.39 3.45 

B22 10.6 13.7 5.84 3.02 11.0 7.58 6.23 

B, 14.0 15.9 6.35 3.71 14.0 8.35 6.99 

C11 16.1 15.6 6.45 3.79 15.1 8.33 6.65 

C12 

Ku 1 A 0.68 1.86 2.64 0.34 0.80 2.94 0.38 

A2G 0.96 3.00 4.05 0.51 1.15 4.60 0.4.5 . 
G 4.75 12.3 11.4 1.82 4.75 14:5 1. 6.5 .,' 

BhG 2.01 4.89 4.88 0.82 2.24 6.39 0;70 

B2G 0.64 1.67 1.94 0.27 0.92 2.03 0.25 

B,G 2.65 7.14 8.59 1.24 3.46 9.3(i 1.32 

C .. .. 
Ok 1 A 0.70 0.71 4.48 0.06 1.30 3.69 0.24 

AG 0.24 0.93 3.54 0.08 0.71 2.90 0.19 

G 1.09 , 3.37 8.01 0.40 1.63 7.61 0.53 

B2G .:t. 6.5 5.62 14.5 0.60 2.31 14.2 1'.85 

B3G 1.86 4.78 8.10 0 • .56 ' 1.12 9.11 0.58 

C* 2.67 6.52 8.65 1.39 1.44 8.20 0.98 

* To a depth of 0.76 m. 
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TOTAL Mg, Al, Si, K, Ca, Ti and Fe ~ Chronosequence. 

(Volwne-we:1.gb.t data; >2 nun ma.terial: 

calc~lated from Tables 6 and 23). 

Total Elements (kg ha-1 ) 

Soil and Horizon Mg: Al Si K Ca 

(x103 ) (~104) (x105 ) (x104) (x103) 

Ho 1 C* 55.3 36.1 16.5 10.8 80.0 

1(Y) 1 C* 6.97 4.00 2.07 1.18 9.25 

1(0) 1 C11 2.94 1.14 0.66 0.39 .3.45 

C12 * 27.5 16.6 7.)6 5.20 36.5 

1(w) 1 C11 4.71 4.67 2.39 1.45 6.31 

* To a depth of 0.76 m. 

Ti 

(~103) 

24.2 

3.08 

1.27 

10.7 

2.96 

Fe 

(x104) 

15.8 

1.68 

0.66 

7.14 

1.66 



TABLE 28. 5UMMARY. OF TOTAL Mg. Al.. 5i. K. Ca •. Ti AND Fe - Chronoseguence.- (To a depth of' 0.38 m) •. 

Total. Weight (kg ha-') % of' Total. Weight 

~oil. Mg 'Al. 5i K Ca Ti Fe Mg Al. 5i K Ca 

(X103 ) (x104) (x10.5) (x104) (x103) (x103) (:X1~4) 

Ho 1 27 • .5 27.3 10.9 .5.84 33.4 11.9 10.6 1.72 17.1 68.1 3.6.5 2.09 

. ICy) 1 27.7 27.2 10.7 .5.69 27.4 12.4 11..5 1. 7.5 17.2 67.7 3.60 1.73 

I(o) 1 1.5.2 22.0 9 • .50 4.24 21.8 11.4 9 • .51 1.12 16.2 70.1 3.13 1. 61 

I(w) 1 8.44 1.5.1 7 • .54 2.83 14.9 10.3 2.92 0.8.5 1.5.2 7.5.7 2.8.5 1. .50 

Ah 1 7.26 17.4 7.84 3.41 1.5.6 11 .1 . . -8.66 0.66 15.6 . 70.5 3.,)6 1.40 

Ku 1 4.57 12.5 13.8 1.97 4.89 16.5 1.85 0.29 7.97 88.0 1.26 0.31 

Ok 1 2.54 6.77 20.6 0.7~ 4.37 18.7 1.54 0.17 3.11 94.7 0.33 0.20 

Ti 

0.74 

0.78 

0.84 

1.03 

1.00· 

1.05 

0.86 

Fe 

6.62 

7.27 

7.01 

2.93 

7.78 

1.18 

0.71 

N 
\0 
0' 



TABLE 29. SUMMARY OF TOTAL Mg, Al. Si, K. Ca, Ti AND Fe - Chronosequence (To a de.,th of 0.76 m). 

'Total Weight (kg ha-1 ) % of Total Weight 

Soil Mg .Al Si K Ca Ti Fe Mg Al Si K Ca 

(xl 03 ) (Xl04) (xl 05 ) (xl04) (xl 03 ) (%103 ) (%104 ) 

Ho 1 of'<2 mm 50.9 46.9 20.3 11.5 60.0 20.0 19.1 1.73 16.0 69.1· 3~92 ·2.04 

of'>2 mm 55.3 36.1 16.5 10.8 80.0 24.2 1.5_.8 

X<+>2 mm 106.2 83.0 36.8 22.3 140.0 44.2 34.9 1.98 1-5.4 68.5 4.15 2.60 

Adjusted 
Total-' .75.0 67.3 30.0 17.3 87.5 28.4 27.8 1.74 .15.6 69.5 4.01 2.03 

;r(y) 1 of' <2 nun 79.9 67.8 29.6 15.2 89.6 31.5 29.5 1.86 15.8 69.1 3.55 2.09 

of' >2 nun 7.0 4.0 2.1 1.2 9.3 3.08 .1.7 

, ~<+>2 nun 86.9 71.8 31.7 16.4 98.9 34.6 31.2 1.90 15.7 69.1 3.58 2.16 

Adjusted 
Total - 83.2 70.3 30.8 15.8 93.8 32.6 30.6 1.87 15.8 69.1 3.54 2.10 

I(o) 1 of'< 2 mm 47.5 50.5 22.2 11.0 55.6 25.2 22.3 1.49 15.8 69.7 3.45 1.74 

of'~2 mm 30.4 l7.7 8.0 5.6 40.0 12.0 7_.8 

~<+>2 nun 77.9 68.2 30.2 16.6 95.6 37.2 30.1 1.78 15.6 69.0 3.79 2.18 

Adjusted . 
Total • 61.7 61.7 27.4 1-:3.9 69.7 30 •. 9 27.5 1.57 15·7 69.7 3.53 1.77 

I ( w) 1 * of' < 2 mm 41.7 46.9 20.4 9.35 43.1 28.3 17.0 1.44 16.3 70.7 3.24 1.49 

Ah 1* of' < 2 mm 42.,2 53.1 22.5 11.7 47.2 30.2 24.3 1.29 16.3 69.0 3.59 1.45 

Ku 1* of' <2 mm 11.7 30.9 33.5 5.00 13.3 39.8 4.75 0.31 8.08 87.6 1 .31 0.35 

Ok 1* of'< 2 mm 8.21 21.9 47.3 3.08 8.51 45.7 4.36 0.16 4.31 93.0 0.61 0.17 
" 

- Assumes < 2 nun material fills volume actually occupied' by >2 mm~ 

-)(- Only < 2 nun materi;:ll present to 0.76 m. 

Ti 

0.68 

0.82 

0.66 

0.73 

0.75 

0.73 

0.79 

0.85 

0.79 

0.98 

0.93 

1.04 

0.90 

Fe 

6.51 

6.50 

6.44 

6.88 

6.81 

6.86 

7.00 

6.87 

6.99 

5.89 

7.45 

1.24 

0.8G 

N 
\0 
..... / 



TABLE 30. ANNUAL LOSSES OF TOTAL ELEMENTS DURING VARIOUS PERIODS OF SOIL· DEVELOPMENT - Chronosequence. 

(TO. cl constant depth of' o. 38 m)~ 

Annual Losses 
Period Mg Al Si K Ca Ti Fe 

( -1 -1 ) kgha x10 

I(Y) 1 to I(o) 1 63 260 600 73 28 5 100 

I( 0) 1 to Ah 1 40 230 600 42 31 1 .5 43 

·Ah·1 to Ku 1 0.52 9.4 -115* 2.8 2.1 -1 .0 13 

Ku 1 to Ok 1 0.34 9.6 -113 2.1 0.09 -0.37 0.52 

I(y)1 to Ok 1 2.2 18 -85 4.3 2.0 -0.54 8.6 

I(y}1 to' I(w} 1 96 600 1580 140 63 11 430 

* Negative sign indicates a gain. 

Mg Al Si . K Ca Ti 

(As % of' ~ount remaining at 
beginning of' period x 10~3) 

.. 

23 9.6 5.6 13 10 3.9 

26 11 5.6 9.8 14 1.3 

0.72 0.54 -1 .5 0.81 1.3 -0.94 

0.74 0.77 -0.82 1 • 1 O. 1 8 -0. 22 

0.78 0.65 -0.80 0.75 0.73 -0~44 

35 22 15 25 23· 8.5 

Fe 

8.7 

4.5 

1.5 

0.28 

0.75 

37 

N. 
\0 
00 



TABLE J1. MOLAR ELEMENTAL RATIOS ~ Chronosequence. 
(Calcu1ated from the data in Table 28). 

Soil 
Ratio 

Ho 1 I(Y) 1 I(o) 1 I(w) 1 Ah 1 

Si/Mg 35 34 54 77 93 
Si/Al 3.8 3.7 4.1 4.8 4.3 
SilK 26 26 31 37 32 
Si/Ca 47 56 .63 73 71 
Si/Ti 157 147 142 124 121 
Si/Fe 21 19 20 51 18 

Al/Kg 9.0 8.9 13 16 22 
Al/K 6.8 6.9 7.5 7.7 7.4' 
Al/Ca 12 15 15 15 17 
Al/Ti 41 42 34 26 28 
AI/Fe 5.3 4.9 4.8 11 4.2 

.ft/'Mg 1.7 1.8 2.7 1.5 5.2 
Fe/K 1.3 1.4 1.6 0·72 1.8 
Fe/Ca 2.3 3.0 3.1 1.4 4.0 
Fe/Ti 7.6 8.0 7.2 2.4 6.7' 

K/Kg 1.3 1.3 1.7 2.1 2.9 
K/Ca 1.8 2.1 2.0 2.0 2.2 
K/Ti 6.0 5.6 4.6 3.4 3.8 

Ca/Mg 0.73 0.60 0.87 1.1 1.3 
Ca/Ti '.8 2.6 2.3 1.7 1.7 

Kg/Ti 4.6 4.4 2.6 1.6 1.3 

299. 

Ku 1 Ok 1 

261 701 
11 29 
97 393 

402 672 
143 188 
149 264 

25 24 
9.2 13 
'38 23 
14· 6.4 
14 9.1 

1.8 2.6 
0.66 1.5 
2.7 2.5 
0.96 0.70 

2.7 1.8 
4.1 1.7 
1.5 0.48. 

0.65 1.0 . 
0.36 0.28 

0.55 0.28 



TABLE 32. 

Soi1 

-

I CORRECTED I VALUES FOR' TOTAL Mg, A1. S i. K. Ca, Tiz AND Fe - Chronosequence. 

(Ca1cu1ated from data in Tabies 6~ 22 and 28). 

(A) Assumed: (B) Assumed: 

( . ~ Si constant Ah , to Ok , (i) Constant annua1 toss Ti' 
(i~ Ti const.ant PM to- Ah , (0.038 kg ha- ) 

(ii) Parent materia1'va1ue~ from 
Section (A) 

Tota1 Weight ~kg ha-1 ) 

Mg A1 Si K Ca Ti Fe Mg A1 Si K Ca Ti 

(X'03) (X104) (x105 ) (x104) (X'03) (X103) (x104) (X'03) (X104) '(x105 ) (x104) (X103) (x103) 

Parent Materia1 
-<Ho 1, C) 34.3 28.8 13.8 8.31 39.0 11.9 12.4 34.4 28.9 13.8 8.34 39.1 '11 .9 

Ho 1 27.' 27.2 10.9 5.84 33.4 11..9 10.6 27.5 27.2 10.9 5.84 33.4 11 .9 

I(Y) 1 26.6 26.1 10.3 5.46 26.3 11 .9 10.9 25.5 25.0 9.87 5.23 25.2 '11.4 
, 

I(o) 1 15.8 22.9 9.90 4.44 22.7 11.9 9.94 15.0 21.8 9.42 4.23 21.6 :'1 .3 
. ,. 

I( ,\,.) 1 9.74 17.4 8.72 3.27 17.2 '1 .9 3.37 9.27 16.6 8.:30 3.11 16.4 11 .:3 

Ah 1 7.78 18.6 8.39 3.65 16.7 11.9 9.29 7.:36 17.6 7.93 3~45 15.8 11 .2 

I 

Ku 1 2.78 7.62 8.39 1.20 2.97 10.0 1 .12 2.57 7.06 7.77 1 .11 2.75 9.26 

Ok 1 1.03 2.76 8.39 0.30 1.78 7.62 . 0.63 0.94 2.52 7.67 0.27 1.63 ;6.97 . 
- --- - -- --- - -- - -

Fe 

(x104) 

12.4 

10.6 

10.4 

9.46 

3.21 

8.78 

1 .04 

0.58 . 

VI 
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TABLE ;p. 'CORRECTED' ANNUAL LOSSES OF TOTAL ELEMENTS DURING VARIOUS PERIODS 'OF SOIL DEVELOPMENT -

Chronosequence. 

(Ca1cu1ated f'rom data in Section (B) ·of' Tab1e 32). 

Annua1 Losses 

Period Mg A1 Si K Ca Ti Fe Mg . A1 Si K Ca Ti .. . . 
( -1 -1 ) kg ha x 10 (As % of' amount remaining ·at 

. beginning of' period x 10-3 ) 

T(Y) 1 to I(o) 1 52 160 225 50 18 ·0.38 ,47 21 6.4 2.3 9.6 7 .. 1 o. "33 

1:(0) 1 to Ah1 38 210 745 39 29 ·0.38 '34 26 9.6 7 .. 9 9.2 13.4 0.34 

Ah 1 toKu 1 ' 0~:92 20 3 .. 1 4'-5 2.5 ·0'-38 15 1-•. 3 1 .• 2 ~0.04 ,1. :3 1.6 0.34 .. 

,Ku 1 to'Ok 1 ·0.59~ 7.6 1.7 -1.4 '0.19 0.38 '0.77 2.3 1 .1 '0.,02' 1.3 ;0.·68 0~41 . 

I.(Y) 1 to Ok 1 2 .. 1 19 1'9 4.3 2.0 0."38 '8 .. 5 '() .. 8:3 0 .. 78 -0.19 0.82 0.81 O~34 

I{Y) 1 . to I{w) 1 81 420 785 106 4:4 0.:38 360 32 17 8 .. 0 20 17 0.33 

Fe 

4.5 

3.-6 

'1.7 
.. 

0.74 

0.81 

35 

~ 
0, -



TABLE 34. QUANTITATIvE EVALUATION OF CHANGES OCCURRING DURING SOIL DEVELOPMENT - Chronosequence~ 

'(Foilowing Ba~shad. 1964). 

, -"r- ; -'DO'] J .J -' J-, 

SQil and,Horizon :ao 1 I(y) 1 I(o) 1 

A12 • • .' A1t C A AB B2 , B3 C OA A B21 BZ2: C"l C12 

Present volum& (cm3 )* 18.0 20.0 1.0 7.0 9.0 13.0 12.0 1.0 3.0 7.0 15.0 17.0 13.0 1.0 

Bulk density (g/em3 )* 0.79 1.1) 1.57 0.76 1.02 1.10 1.25 1.66 0.36 0.60 0.86 1".17 1..28' 1.66 

Weight Ti (gxl0-Z)* 4.42 7.49 0.43j L59, 3.24 4.74 5.10< o.54z 0.204 1.37 4.35 7.17 5.59 0.588 I 

Present weight soH (g)* 14.22 22.60, 1.57 5.32 9.18 14.30 15.00 1.66 1.08 4.20 12.90 19.89 16.64 1.66 

Present weight >2 pm (g)* 12.64 20.79 1.52 4.36 7.53 12.58 13.65 1.61 0.90 3.32 11.35 18.90 16.14 1.61 

Present weight <2 »>11' (g)* .1.56 ,1.81 0.047 0.96 1.65 1.72 1.35 0.050 0.18 0.88 1.55 1.00 0.50 0.050 

Original weight >2»>11 (g)*15.55 26.35 1.52 5.59 11.40 16.68 20.04 .1.91 0·72 4.82 15.31 25.22 19.66 2.07 

Original weight <2 pm (g)* 0.48' 0.82' 0.047 0.17 0.35 0.52 0.62 0.059 0.02 0.15 0.47 0.78 0.61 0.064 

Loss of>2 pm fraction 
due to soi'l formation 

(g)* 2.91 5.56 0 1 .• 23 3.87 4.10 6.39 0·30 -0.19 1.50. 3.96 6.32 3.52 0.46 

Clay formed (g)* 0.71 1.36 . 0 (L 31 0.98 1.03 1.61 0.075 - 0.18 0.48 0.76 0.42 0.055 

Total clay in absence of 
migration or destruction 

(g)* 1.19 2.18 0.047 0.48 1.33 1.55 2.23 0.134 0·.02 0.33 0.95 1.54 1.03 0.119 

Loss or gain of clay due to 
migration or destruction 

. (g)* +0·37 -0.37 0 +0.48 +0.32. +0.17 -0.88 -0.075 +0.16 +0.55 +0.60 -0.55 -0.53-0.069 .. 
Weight parent material 

(PM) (g)* 16.03 27.17 1.57 5.76 11.75 17.20 20.66 1.97 0.74 4.97 15.78 26.00 20.27 2.13 

Original volume PM (cm3 )* 10.2 17.3 1.00 3.7 7.5 11.0 13.2 1.25 0.5 3.2 10.1 16.6 12.9 1.36 

Change in volume PM (cm3 )*+ 7.8 + 2.7 0 +3.3 +1.5 +2.1 -1.2 -0·3 +2.5 +3.8 +5.0 +0.4 +0.1' -0.4 

Relative clay formation 
(g/100 g >2»>11 PM) 4.6 5.2 0 5.6 8.6 6.2 8.0 3.9 - 3.8 3.1 3.0 2.2 2.7 

Relative c1ay loss or gain 
-2.1 +12.9 +4.3 -6.7 -6.0 + 17 +6.0 -3·3 ~4. 1 -4.0 (g/100 ,m PM) I +3.6 0 +1.5 + 33 

Re1a;ive vo1~e change 
+ 16 0 + 91 + 20 + 19 -8.8 - 20 +538 +120 + 49 +"2.7. +0.7 - 27 (cm /100 cm PM) + 76 

-- - - ---- - -----

\J.I 
o 
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Soil: and Horizon 
I·(w) 1 

OA A A2g B21 B22 ·C
l1 Ct2-

Present volume (cmJ )* 
, 
13.0 17.0 8.0 23.0 15.0 5.0 1.0 

BuLk dens1ty (g/cmJ )* 0.50 0.79 0.96 1.10 1.16 1.37 1.25 

Yeight Ti (gxl0-2 J* 1.83 5·39 J.0.6 10.5 7.53 2.20 0.55 

Present weight soil 
(g)* 6.50 13.43 7.68 25.30 17.40 6.85 1.25 

Present weight >2 pm 
6.60 23.40 16;36 ·6.64 (g)* 5.69 11.01 1.20 , 

Present· weight <2 )J111 
(g)* 0.81 2.42 1.b8 1.90 1.04 0.21 0.050 

Original weight >2 pm 
(g)* 6.44 18.96 10.76 37.04 26.48 7."74 1.95 

Original weight < 2 pm 
(g)* 0.20 0.59 0.33 1.15 0.82 0.24 0.060 

Loss of' >2 pm f'raction 
due to soil f'ormation 

(g)* 0.75 7.95 4.16 13.64 10.12 1.10 0.75 

Clay f'ormed (g)* 0.08 0.85 0.45 1.46 1,09 0.12 0.081 

Total clay in absence 
of' migration or 
destruction (g)* 0.28 1.44 0.78 2.61 1.91 0.36 0.141 

Loss or gain of' clay 
due to migration or 
destruction (g)* +0.53 +0.98 +0.30 -0.71 -0.86 -0.15 -0.091 

Weight parent material 
(g)* 6.64 19.55 11.09 38.19 27.30 7.98 2.01 

* 
Original volume PM(cm3 ) 4.2 12.5 7.1 24.3 17.4 5.1 1.28 

Change in volume PM 
(cm3 )* . +8.8 +4.6 +0.9 -1.3 -2.4 -0.1 -0.3 

Relative clay f'ormation 
(g/lOO g >2 pm PM) 1.3 4~5 4.1 4.0 4.1 1.5 4.1 

Relative clay 105S or 
gain (g/100 cm3 PM) +12.6 +7.9 +4.2 -2.9 -5.0 -3.0 -7.1 

Re1ajive vol~e change I 
(cm /100 cm PM) +207 +36 +13 -5 .. 4 -13.7 -1.6 -22 

I 

. I".?:--::: ~ 

Ah 1 

A AB B21 B22 B
J 

Cl1 C12 -
8.0 10.0 14.0 19.0 15.0 15.0 1 .• 0 

0.54 0.69 0.77 1.00 1.43 1.43 1.56 

4 1.52 2.78 4.39 7.58 8.35 8.33 0.631 

4.32 6.90 10.78 19.0021.45 21.45 1.56 

3.,0 5.73 9.09 16.34 18.02 20.48 1.51 

. 1.02 1.17 1.69 2.66 3.43 0.97 0.047 

5.35 9.78 15.44 26.67 29.36 29.30 2.22 

0.17 0.30 0.48 0.82 0.91 0.91 0.067 

2.05 4.05 6.35 10.33 11.34 8.82 0.71 

0.34 0.68 1.07 1.73 1.90 1.48 0.119 

0.51 0.98 1.54 2.56 2.81 2.39 0.188 

+0.51 +0.19 +0.15 +0.10 +0.62 -1.42-0.141 

5.52 10.08 15.92 27.49 30.27 30.2 2.29 

3.5 6.4 10.1 17.5 19.3 19.2 1.46 

+4.5 +3.6 +3.9 +1·5 -4.3 -4.2 -0.5 

6.4 7.0 6.9 6.5 6.5 5.1 5.4 

+14.4 +3.0 +1.5 +0.6 +3.2 -7.4 -9.7 

+ 127 + 56 + 38 +8.5 - 22 - 22 - 32 

\J.I 
o 
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TABLE 34.cont. 

/" -:'-C: :.':::: - - , 

I Soil and Horizon Ku 1 Ok 1 

• • 
I A A2G G BhG B2G B3G C A AG G B2G B3G C 

Present volume (cm 3 )* 15.0 10.0 21.0 11.0 4.0 15.0 1.0 14.0 6.0 12.0 19.0 11.0 1.0 

Bulk density (g/cm3 )* 0.48 1.04 1.42 1.21 1.21 1 .41 1.32 0.8j 1.41 1.55 1 .81 1.73 1.50 

'Weight Ti (gxl0-2 )* 2.94 4.60 14.5 6.39 2.03 9. 36 O. 5G2 . _ 3.69 2.90 7.61 14.2' 9.11 0.586 

Present weight soil (g)* 7.20 10.40 29.82 13.31 4.84 21.15 1.32 11.62 8.46 18.60 34.39 19.03 1.50 

Present weight >2 pm 
(g)* 6.12 9.10 24.60 9.85 4.26 16.92 1 .11 11.04 7.70 17.11 30.95 16.84 1. 38 

Present weight <2 pm 
(g)* 1.08 1.30 5.22 3.46 0.58 4.23 0.21 0·58 0.76 1.49 3.44 2.19 0.12 

Original weight>2 pm 
(g)* 10.34 16.17 51.01 22.48 7.14 32.18 1.77 ~2.98 10.20 26.77 49.94 32.04 2.06 

Original weight <2 ;un 
(g)* 0.32 0.50 1.58 0.70 0.22 1.00 0.055 0.40 0.32 0.83 1.54 0.99 0.064 

Loss of >2 ;un fraction 
due to soil formation 

(g)* 4.22 7.07 26.41 12.63 2.88 15.26 0.66 1.94 2.50 9.66 18.99 15.20 0.68 

Clay formed (g)* 0.72 1.20 4.48 2.14 0.49 2.59 G.l11 0.18 0.23 0.88 1.72 1.38 0. 062
1 

Total clay in absence 
of 'migration or 

0.125 I destruction (g)* 1.04 1.70 6.05 2.84 0.71 3.58 0.166 0.58 0.54 1.70 3.27 2.37 

Loss or gain of clay due 
to ~igration or 

,destruction (g)*, +0.05 -0.40 -0.83 +0.63 -0.13 +0.65 +0..045 +0.004+0.22 -0.22 +0.17 -0.18 -0.005 

Weight parent material 
(g)* 10.66 16.67 52.59 23.18 7.36 33.18 1.82 13.38 10.52 27.60 51.48 33.03 2.12 

Original volume PM 
(em3 )* 6.8 10.6 33.5 14.8 4.7 21.1 1.2 8.5 6.7 17.6 32.8 21.0 1.4 ' 

Change in volume PM 
(em3 )* +8.2 -0.6 -12.5 -3.8 -0.7 -6.1 -0.2 +5.5 -0.7 -5.6 -13.8 -10.0, -0.4 

Relative clay formation 
(g/100 g>2;un PM) 6.9 7.4 8.8 ,9.5 6.8 8.0 6.3 1.4 2.2 3·3 3.5 4.3 3.0 

Relative clay loss or 
gain (g/100 em3 PM) +0.7 -3.8 -2.5 +4.2 -2.7 +3.1 +0.4, +0.05 +3.3 -1.2 +0.5 -0.9 -0.4 

Rela;ive vOl~ change 
(em /100 cm PM) + 121 -5.8 -37 - 26 - 15 - 29 - 14 .. 64 - 10 - 32- - 42 - 48 - 26 

-- - - - - -

PM of all soils assumed to be < 2 mm fraction from C horizon of' Ho 1. 
* per horizon/cm2 of surface. • values expressed/cm of horizon. 

\.N 
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TABLE 35. 

. Soi1 

PERCENTAGE OF ELEMENTS INITIALLY PRESENT IN A WEIGHT OF PARENT MATERIAL (EQUAL TO THAT . 

FROM WHICH uNIT SOIL VOLUME TO 0.38 m AT Ho1 HAS FORMED) REMAINING AT VARIOUS STAGES 

OF SOIL DEVELOPMENT. 

(Ca1cu1atedfrom data in Tab1es 22 and 34). 

E1ement DepthOontaining 
Mg A1 Si K Ca Ti Fe Simi1ar !eight 

(% remaining) of'PM/cm of 
Surface (m) 

PM (Ho1, C) too 100 100 100 .100. 100 '100 0.275 
.. 

Ho1 SO -94 79 

r(y) 1 . 77 91 75 

I(o) 1 47 
-.-

80 72 
.-

Ah 1 33 65 62 

KU'1 9 30 74 

Ok 1 5 14 '99 -

I (w.) 1 '34 62 63 

- -' 

70 86 

66 67 

5.3 58 

45 43 

17 9 

- - 5 8 

41 45 

·100 87 

-100 89 

100 80 

100 77 

100 11 

,1·00 7 

100 . 35 

Q·.380 

0~369 

0.392 

0.401 

0.313 

0.284 

-0.416 

:\.) 

o 
"" 



306. 

TABLE 36. OXALATE - EXTRACTABLE Al AND Fe - Chronoseg,uence. 

Soil and Horizon Al Fe Al Fe 

(%) ( -1 kg ha x 103 ) 

Ho 1 All 0.25 0.50 3.11 ' 6.13 

A12 . 0.24 0.45 5.00 9.38 
C* 0.11 0.28 3.18 8.09 

Total to: 0.38 m 8.11 15.5 
0.76 m 11.3 23.6 

I(Y) 1 0 0.99 0.91 - c· ? . " 

A 0.63 0.89 2.70 3.82 
AB 0.62 0.80 5.01 6.48 

B2 0.54 0.71 7.07 9.36 

B3 0.48 0.48 6.80 6.40 

C* 0.17 0.29 8.33 14.2 

Total to: 0.38 m 18.2 22.9 

0.76 m 29.9 40.3 

I(o) 1 OA 1.22 1 .15 0.61 0.57 
A 1.05 1.20 3.25 3 .• 7'3 

B21 1.21 1.23 12.8 13.0 

B22 1.24 0.99 22.2 16.5 
Cll 0.64 0.38 9.92 5.89 
C12 * 0.25 0.29 4.95 5.74 

Total to: 0.38 m 33.6 30.0 

0.76 an 53.7 45.4 

I(o) 2 A2 0.76 1.26 - -



TABLE 36. cont. 

Soi1 and Horizon A1 Fe A1 Fe 

(%) ( -1 kg ha x 103) 

:r(w) 1 OA 0.41 0.58 1.57 2.22 
A 0.55 0.14 5.83 1.48 
A2g 1.01 0.29 6.29 1.80 

B21 1.07 0.88 2.5 .1 20.6 

B22 0.76 0.73 13.1 11.7 
C11 0.35 0.22 1.0.5 0.66 
C12 

, 0.52 0.3.5 - -
, 

Tota1 W.o: 0.38 m 13.7 5.50 
', .. 

0.76 m 52.9 38.5 

Ah 1 A 0.76 1.81 2.22 .5.27 
AB 0.99 1.96 S.29 10.5 

B21 1.51 1.69 1'.5 15.2 

B22 1.50 1.54 25.4 25.9 

B3 1.19 0.80 23.1 1.5.5 
C11 0.69 0 • .54 13.7 10.7 
C12 0.44 0.50 - -

Tota1 to: 0.38 m 29.1 39.1 
0.76 m 78.6 79.5 . 

, 



308. 

TABLE J6. cont. 

Soil and Horizon A1 Fe A1 Fe 

(%) ( -1 kg ha x 103 ) 

Ku 1 A 0.13 0.10 0.80 0.61 

A2G 0.12 0.04 1.14 0.38 

G 0.21 0.02 5.90 0.56 

~G 0.37 0.0:3 4.40 0.36 
B2G 0.25 0.03 1.15 0.14 

B3G 0.33 0.02 6.71 0.41 

C 0~39 0.11 - -
Total to: 0.38 m 5.59 1.34 

0.76 m 20.1 2.46 

Ok 1 A 0.02 0.00 0.18 0.00 

AG 0.03 0.00 0.20 0.00 

G 0.03 0.00 0.51 0.00 

B2G 0.07 0.05 2.31 1.65 

B3G 0.09 0.05 1.72 0.67 

C* 0.10 0.08 2.05 1.64 

Total to: 0.38 m 2.66 0.52 

0.76 m 6.97 3.96 

*To a depth of 0.76 m. 



-TABLE 37. OXALATE - ErrRACTABLE Al AND Fe - Transect 1. 

Extracted Proportion o~ Total 

Soil and Horizon Elements Extracted 

Al Fe Al Fe 

(%) (%) 

Ah 1 A 0.76 1.81 11 44 

AB 0.99 1.96 14 51 

B21 1 .51 1.69 19 44 

Ah2 A 0.82 1.66 13 54 

AB 1.17 2.00 16 63 

B21 2.42 1 .. 82 28 48 

Ah3 A 0.66 1.46 12 53 

AB 0.86 2.49 15 72 

B21 2.73 2.06 31 55 

Ah4 • OA 0.62 1.62 10 49 
-

A2 1.20 2.29 18 61 

B21 2.50 2.12 29 55 

-

Ah5 A21 0.15 0.06 ~, 8 

A 
0.85 0.88 9 39 22 - . 

B21 3.00 2.16 35 51 
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TABLE ,8. OXALATE - EXTRACTABLE Al AND Fe - Transect 20 

Soil and Horizon Extracted Proportion of Total 
Elements Extracted 

Al Fe Al Fe 
(%) (%) 

Ah6 0 1.10 1.22 - -
A2 0.62 1.48 10 51 

B21 1.38 2.10 20 55 

Ah7 0 1 • .52 0.99 28 29 

A 1.18 1.82 15 49 

B21 1.92 1.43 22 41 

Ah 1 A, -- 0.76 1.81 11 44 

AB 0.99 1.96 14 51 

B21 1.51 1.69 19 44 

Ah8 A 0.99 2.02 18 64 

B1 2.22 2.64 26 58 

B21 2.15 1.62 25 44 

Ah9 OA 0.84 1.79 15 57 

AB 1.26 2.46 20 60 

B21 1.78 1.68 22 45 



TABLE 39. PYROPHOSPHATE - EXTRACTABLE Al AND Fe -
Chronosequence. 

Soil and Horizon Al Fe Al Fe 

(%) (kg ha-1 x 103 ) 

Ho 1 All 0.30 0.73 3.61 9.00 

~2 0.22 0.62 4.65 11.9 
C* 0 .. 11 0.08 ).18 2.31 

Total to: 0.38 m 8.26 20.9 

O~76 m 11.4 2).2 

I(Y) 1 0 0.44 0.68 n.d. n.d. 
A 0.58 1.15 2.52 4.94 
AB 0.60 0.95 4.93 7.73 

B2 0.49 0.73 6.40 9.59 

B3 0.36 0 .. 48 5.04 6.44 

c* 0.06 0 .. 08 2.94 3.92 

Total to: 0.38 m 16.4 25.5 
0.76 m 21.8 32.6 

I(o) 1 OA 1.09 1.46 0.54 0.73 
A 1.20 2.01 3.74 6.23 

B21 1.11 1.33 11.8 14.1 

B22 0.83 0.86 14.9 14.) 
C11 0.32 0.20 4.96 ).10 

C12 * 0.11 0.07 2.18 1.39 

Total to: 0.38 m 27.5 32.0 
0.76 m 38.1 39.9 

I(o) 2 A2 0.67 0.62 - -

311 • 
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TABLE 39. cont. 

Soil and Horizon A1 Fe A1 Fe 

('%) (kg ha-1 x 103) 

I{w) 1 OA 0.67 0.62 2.58 2.35 

A 0.72 0.18 7.60 1.89 

A2g 1.09 0.35 6.80 2.19 

B21 0.66 0.63 15.4 14.8 

B22 0 .. 46 0 .. 73 7.56 11.9 

C11 0.19 0.45 , 0.57 1.35 

C12 0.25 0.39 - -

Total to: 0 .. 38 m 17.0 6.43 

0.76 m 39.9 33.1 

Ah 1 A 1.51 1.91 4.41 8.23 

AB 1.95 2.73 10.4 14.6 

B21 1.78 1.67 16.0 15.0 

B22 0.88· 0.56 14.8 9.47 

B3 0.85 0.47 16.4 9.09 

C11 0.81 0.45 16.2 8.98 

C12 0.42 0.10 - -

Total to: 0.38 m 35.5 40.8 

0.76 m 72.8 62.4 



TABLE 39. cont. 

Soil and Horizon Al Fe Al 1 Fe 
(%) (kg ha- x 103 ) 

Ku 1 A 0.13 0.12 O~82 0.74 

A2G 0 .. 10 0.06 0.99 0.55 

G 0 .. 18 0.03 5.17 0.76 

lbG 0.54 0.07 6.41 0.81 

B2G 0.,51 0.00 2.34 0.00 

B,G 0.49 0.29 10.0 5.86 

C 0.64 0 .. 36 - -

Total to: 0.38 m ,.01 1.76 

0.76 m 25.7 8.72 

Ok 1 A 0.05 0.18 0.47 2.14 

AG 0.08 0.08 0.63 0.67 

G 0.11 0.13 1.92 2.44 

B2G 0.29 0.27 9.61 8.97 

B3G 0.26 0.12 4.78 1.66 

C* 0.41 0.15 8.41 3.08 

Total to: 0.38 m 6.05 8.08 

0.76 m 25.8 19.0 

* To a depth of 0.76 m. 
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TABLE 40. PYROPHOSPHATE - EXTRACTABLE Al AND Fe - Transect 1. 

Soil and Horizon Extracted Proportion of Total 
Elements Extracted 

Al Fe Al Fe 
(%) (%) 

Ah 1 A 1 .51 1.91 21 69 

AB 1 .9.5 2.73 28 71 

~21 1~78 1.67 22. 43 

Ah2 A 0.82 2.15 13 70 

AB 1.23 2.27 16 71 

B21 1.23 1 .31 14 35 

Ah3 A 0.65 1.72 12 62 

AB 1 .13 2.56 19 74 

B21 2.0, 1.91 23 51 

Ah4 OA 1.17 1.81 19 55 

A2 1.46 2.76 22 73 

B21 1.84 1.72 22 45 

Ah5 A21 0.17 0.08 3 10 

A22 0.73 1.15 12 51 

B21 2.33 1.94 27 46 



TABLE 41. PYROPHOSPHATE - EXTRACTABLE Al.,AND Fe - Transect 2 • 

. 

Soil and Horizon Extracted Proportion of Total 
Elements Extracted 

Al Fe Al Fe 
(%) (%) 

Ah6 0 1.46 0.16 - -
A2 0.57 1.87 10 64 

B21 2.09 2.22 30 58 

Ah7 0 1.26 1 ~03 23 30 

A 1 .. 17 2.18 15 59 

B21 1.83 1.68 21 48 

Ah1 A 1.51 1.91 21 69 

AB 1.95 2.73 28 71 

B21 1.78 1.67 22 43 

Ali 8 A 1.10 2.31 20 42 

B1 2.88 3.38 34 74 

B21 1.32 1.50 16 41 

Ah9 OA 1.01 2.26 17 72 

AB 1.66 3.13 26 76 

B21 1.44 1.42 18 38 



TABLE 42. FIELDES AND PERROTT TEST 'j AND PHOSPHATE 

RETENTION - Transect 1. 

Soil and Horizon Fieldes and Perrott Test Phosphate 
<2 mm <2JllC' Retention 
(pH developed after (%) 

30 minutes) 

Ah 1 A 7.7 10.5 98 

, AB 9.7 11 .4 94 

B21 11 .1 11.5 98 

Ah2 A 7.3 8.1 70 

AB 8.3 9.0 85 

B21 11.2 11.5 97 

Ah3 A 7.2 7.5 68 

AB 7.8 8.0 79 

B21 11.2 11.5 97 

Ah4 OA 6.8 6.8 43 

A2 8.1 8.7 87 

B21 11.2 11 .5 98 

Ah5 A21 7.0 6.9 12 

A22 7.2 7.4 58 

B21 11.3 11 .5 98 
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TABLE 42- FIELDES AND PERROTT TEST AND PHOS~TE 

RETE~ION - Transect 2. 

Soil and Horizon Fieldes and Perrott Test Phosphate 

317. 

<2 DUD <: 2 pm Retention 

(PH developed after 
30 minutes) 

(%) 

Ah6 0 5.6 5.8 0 

A2 6.3 6.6 12 

B21 10.9 11.5 93 

Ah7 0 6.0 6.0 0 

A' 7.2 7.7 69 

B21 11 .1 11.5 95 

Ah 1 A 7.7 10.5 98 

AB 9.7 11.4 94 

B21 11 .1 ' 11.5 98 

Ah8 A 7.6 8.1 76 

B1 11.0 11.4 97 

B21 11 .2 11.5 98 

Ah9 OA 6.9 7.4 49 

AB 8.6 9.7 86 

B21 11 .1 11 .5 97 
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TABLE 44. CHEMICAL. PROPERTIES OF VARIOUS WATER-DISPERSED SIZE SEPARATES 

FROM THE B HORIZON OF A TAUPO SANDY SILT. 

Property 
Soii, Horizon 
and Particle 

size 

Moisture 10$s (%) 

Loss on Ignition (%) 

Total Al (%) 
Tot.ai Si (%) 
Total K (%) 

·Total Fe (%) 

(molar) 

Oxalate~extractable Al 

Oxalate-extractable Fe 

Pyrophosphate-extractable Al 

Py~opho8phate-extractable Fe 

(%) 
(%) 

(%) 

(%) 

Oxalate-Al as % of Total Al 

Oxal.ate-Fe fie % of Total Fe 

Pyrophosphate-Al as % of Total Al 

Pyrophosphate-Fe as % of Total Fe 

Phosphate Retention (%) 
2 min. Fieldes and Perrott Test (pH) 

30 min. Fieldes and Perrott Test (pH) 

25.4 
17.5 
0.14 

7.9:3 

1. :32 

56.2 

24.7 
4.09 
4.05 
:3.60 

97 
52 
16 

45 

100 
11 .2 

11 .5 

Taupo Sandy Silt 

B Horizon 

14.7 
26.4 
0.78 
5.80 

:3 .·46 

:32.9 

12.0 

:3.15 
2.08 
1.76 

82 

54 
14 

:30 

99 
11.2 
11 .4 

6.4:3 
29.8 
1.87 
2.17 

8.91 

16.0 

0.16. 
0.10 
0.09 
0.15 

2.5 
4.6 
1.4 
6.9 

10 

7.4 
7.4 

Whole 
Soil 

2.16 

6.40 

7.84 
29.7 
1.75 
:3.44 

7.28 

18.9 

1.50 
0.78 
0.44 
0.28 

19 
2:3 
5.6 
8.1 

56 
10.4 
10.5 



319. 

TABLE 45. CHEMICAL. PROPERTIES OF VARIOUS WATER-DISPERSED SIZE SEPARATES 

FROM THE C HORIZON OF A TAUPO SANDY SILT. 

Property 

Moisture loss (%) 
Loss on Ignition (%) 

Total A1 (%) 
Total s::l (%) 
Total K (%) 

'Tota1 Fe (%) 

Si02/Al20
3 

(molar) 

Soil, Horizon 

. and Particle 

Size 

.A12 0
3

/A120
3 

+ Si02 (%) 

Oxalate-extractable A1 (%) 
Oxalate-extractable Fe (%) 
Pyrophosphate - extractable A1 (%) 
Pyrophosphate-extractable Fe (%) 

Oxa1ate-Al as % of Total Al 

Oxalate-Fe as % of Total Fe 

Pyrophosphate-A1 as % of Total A1 

Pyrophosphate-Fe as % of Total Fe 

Phosphate Retention (%) 
2 min. F::le1des and Perrott Test (pH) 

30 min. Fie1des and Perrott Test (pH) 

Taupo Sandy Silt 

C Horizon Whole 
<0.2;un 0.2-2 pm 2-53 pm Soil 

17.5 3.50 n.d. 0.96 

27.7 5.51 n.d.' 3.01 

21.7 

21.6 

0.41 

5.96 

1.92 

47.0 

19.6 

5.21 

1.38 

0.41 

90 

87 

6.4 

6.9 

99 

10.9 

11 .2 

7.65 

31.8 

1.70 

2.28 

1.43 

0.86 

0.31 

0.08 

19 

38 

4.1 

3.5 

68 

10.1 

10.5 

6.7.5 

. 34.7 

1.89 

2.15 

9.89 

14.6 

7.13 

34.3 

1.63 

2.63 

0.18 0.48 

0.11 0.57 

0.09 0.15 

0.00 0.08 

2.7 6.7 

5.1 22 

1.3 2.1 

0.0 3.0 

9 25 

7.4 9.0 

7.4 9.2 
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TABLE 46. CHEMICAL PROPERTIES OF WATER-DISPERSED <2 pm FRACTION OF • 
THREE SELECTED HORIZONS FROM CHRONOSEQUENCE. 

Property 

Total Al (%) 

Total Si (%) 
Total K (%) 
Total Fe (%) 

Si02/A120
3 

A120/A1203 + Si02 

SOil, Horizon 

and Particle 

Size 

(molar) 

(%) 

Oxalate-extractable Al (%) 
Oxalate-extractable Fe (%) 
Pyrophosphate-extractable Al (%) 
Pyrophosphate-extractable Fe (%) 

Oxalate-Al as % of Total Al 

Oxalate-Fe as % of Total Fe 

Pyrophosphate-Al as % of Total Al 

Pyrophosphate-Fe as % of Total Fe 

Phosphate Retention (%) 
2 min.Fieldes and Perrott Test (pH) 

30 min~Fieldes and Perrott Test (pH) 

'- .' 

19.4 

17.1 

0.97 
14.5 

1.70 

50.0 

9.68 

8.51 

4.33 
5.11 

50 

59 
22 

35 

100 

11. 3 
11.5 

Ah 

20.5 

17.5 
1 .12 

14.5 

1.65 

50.8 

11.7 
6.22 

2.65 

1.36 

57 
43 

13 
9.4 

100 
11 .4 

11 .6 

Ok 

G 

9.82 

30.6 
1.88 

0.22 

5.99 

22.1 

0.14 

0.13 

L63 
0.18 

1.4 

59 

17 
82 

29 

7.3 

7.3 
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TABLE 47. RATIOS OF % OXALATE- AND % PYROPHOSPHATE-EXTRACTABLE Al AND Fe 

TO % CLAY, AND INDEX OF ACCUMULATION OF PRECIPITATED 

AMORPHOUS MATERIAL - Chronosequence. 

Oxalate-extractable Pyrophosphate-extractable 
Soil and Horizon 

~ ~ LA! ~ %!Al+Fe) 
Index* 

% Clay % Clay %·Clay % Clay % Clay 

Ho 1 A11 0.0)6 0.071 0.04) 0.104 0.15 

A12 0.048 0.090 0.044 0.124 0.16 

C 0.026 0.065 0.026 0.019 b.05 

I(y) 1 0 

A 0.045 0.063 0.054 0.082 0.14 

AB 0.053 0.069 0.052 0.082 0.1) 

B2 0.063 0.08) 0.057 0.085 0.14 

B) 0.084 0.084 0.06) 0.084 0.1·5 

C 0.085 0.145 0.0)0 0.040 0.07 

1(0 ). 1 OA 0.074 0.070 0.066 0.089 0.16 

A 0.078 0.089 0.089 0.149 0.24 114 

B21 0.097 0.098 0.089 0.106 0.20 124 

B22 0.127 0.101 0.085 0.088 0.17 

C11 ·0.178 0.106 0.089 0.056 0.15 

C12 0.074 0.085 0.032 0.021 0.05 

i(w) 1 OA 0.0)) .0.046 0.05) 0.049 0.10 

A 0.045 0.011 0.059 0.015 .0.07 

A2g 0.080 0.02) 0.087 0.028 0.12 

B21 · 0.119 0.098 0.073 0.070 0.14 

B22 0.104 0.100 0.06) 0.100 0.16 

C11 0.206 0.129 0.112 0.265 0.38 11 

C12 0.179 0.121 ·0.086 0.134 0.22 "'-

* As de:fined by United States Department o:f Agriculture (1970) . In 

this study CEC was measured at pH 7.0, not at 8.2. Index calculated 

oniy:for tho$e horizons where ratio o:f pyrophosphate-extractable 

Ai + Fe to clay content meets requirements :for apodic horizons. 
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TABLE 47. cont. 

. soil and Horizon Oxalate-extractable Pyrophosphate-extractable 

~ ~ 1M ~ ~{Al+Fe} Index* 

% Clay % clay % Clay % Clay % Clay 

Ah 1 A 0.044 0.105 0.087 0.110 0.20 182 

AB 0.0.58 0.115 0.115 0.161 0.28 11 ) 

B21 0.096 0.108 0.11 ) 0.106 0.22 17 

B22 0.096 0.099 0.056 0.0)6 0.09 

B) .0.092 0.062 0.065 0.0)6 0.10 

C11 0.076 0.059 0.089 0.049 0.14 

C 12 0.169 0.192 0.162 0.0)8 0.20 

Ku 1 A 0.011 0.009 0.011 0.011 0.02 

A
2

G 0.010 0.003 0.008 0.005 '0.01 

G 0.011 0.001 0.009 0.002 0.01 

~G 0.018 0.001 0.026 0.00) 0.0) 

B2G 0.021 0.00) 0.044 0.000 0.04 

B,G 0.027 0.002 0.040 0.024 0.06 

.C 0.0,8 0.011 0.062 0.0)5 0.10 

Ok 1 A 0.005 0.000 0.011 0.041 0.05 

AG 0.005 0.000 0.014 0.014 0.0) 

G 0.004 0.000 0.01 ). 0.016 0.03 

B2G 0.009 0.006 0.0)7 0.034. ·0.07 

B,G 0.008 0.004 0.023 0.011 0.0, 

C 0.010 0.008 0.041 0.015 0.05 
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TABLE 48. RATIOS OF % OXALATE - AND % PYROPHOSPHATE - EXTRACTABLE 

Al AND Fe TO % CLAY! AND INDEX OF ACCUMULATION OF 

PRECtPITATED AMORPHOUS MATERIAL - Transect 1. 

Oxalate-extractable Soil and Horizon .1..& ~ 
Pyrophosphate-~xtractable 

:L!! ~ %(Al+Fe) Index* 

Ah 1 

Ah 2 

Ah3 

Ah4 

Ah 5. 

% Clay % Clay 

0.044 

0.058 

0.096 

0.0.55 

0.075 

O •. 114 

0.044 

0.052 

0.116 

0.·038 

0.072 

0.109 

0.011 

0.045 

0.155 

0.105 

0.115 

0.108 

0.111 

0.128 

0.085 

0.097 

0.151 

0.087 

0.100 

0.137 

0.092 

0.004 

0.047 

0.111 

% Clay % Clay % Clay 

0.087 

0.115 

0.113 

0.055 

0.079 

0.058 

0.043 

0,068 

0.086 

0.072 

0.087 

0.080 

0.013· 

0.039 

0.120 

0.110 

0.161 

0.106 

O. t44 
0.146 

0.062 

0,115 

0.155 

0.08·1 

0.112 

0.165 

0;075 

0.006 

0.061 

0.100 

0.20 

0.28 

0.22 

0.20 

0.23 

0.12 

0.16 

0.22 

0.17 

0.18 

0.25 

0.16 

0.02 

0.10 

0.22 

* As def'ined by United States Department of' Agriculture (1970). 

In this study CEC-was measured at pH 7.0, not at 8.2. Index 

calculated onlyf'or those horizons where ratio of' pyrophosphate­

extractable Al + Fe to clay content meets requirements f'or 

spodic horizons. 

182 

113 

17 

156 

240 

285 

94 

342 
463 

63 

130 

147 

96 
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TABLE 49. RATIOS OF ;~ OXALATE - AND 1~ PYROPHOSPHATE - I~XTR,\CTABU: 

A1 AND Fe TO % CLAY, AND I~DEX OF ACC~IDLATIOX OF 

PRECIPITATED AMORPHOUS MATERIAL - Transect ~. 

Soil and Horizon Oxalate-extractable Pyrophosphate-extractablp Inc!px' 

Ah 6 

Ah 7 

Ah 1 

Ah 8 

Ah 9 OA 

AB 

B21 

'foAl ~ 
% Clay .'fa C.1ay 

0.041 

0.032 

0.077 

0.084 

0.072 

0.11 b 

0.044 

0.058 

0.096 

0.058 

0.099 

0.091 

0.052 

0.060 

0.082 

0.045 

0.077 

0.117 

0.055 

0.117 

0.082 

0.105 

0.115 

0.108 

0.117 

0.118 

0.069 

0.110 

0.117 

0.078 

~ ~ 7b(A1+Fe) 

% Clay 

0.054 

0.030 

0.116 

0.070 

0.072 

0.105 

0.087 

0.115 

0.113 

0.064 

0.129 

0.056 

0.062 

0.079 

0.067 

'?~ Clay % Clay 

0.00(, 

0.097 

0.123 

0.057 

0.134 

u.096 

o. i 10 

0.106 

0.134 

0.151 

0.064 

O. 1 39 

0.149 

o.oM, 

0.0(, 

0.1 J 

0.24 

O. 1 '3 

0.21 

0.20 

0.20 

0.21:\ 

0.22 

0.2U 

0.28 

0.12 

0.20 

0.2) 

0.1 J 

* As defined by United States Department of Agriculture (1 ()70) . 

In this study CEC was measured at pH 7.0, not at 8.2. Index 

calculated only for those horizons where ratio of pyrophosphate­

extractable A1 + Fe to clay content meets requirements for spodic 

horizons. 

35() 

11 'J 

17 

'175 

277 
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TABLE 50. RATIO OF OXALATE- TO PYROPHOSPHATE.= 

EXTRACTABLE A1 AND Fe - Chronosequence. 

A1 Fe 

Soil To 0.38 m To 0~76~m ' To 0.38 m To 0.76 m 

Ho 1 0.98 0.99 0.74 1.02 

I(Y) 1 1 .11 1.37 0.90 1.24 

I(o) 1 1.22 1 .41 0.94 1 .14 

I(w) 1 0.81 1.33 0.86 1.16 

Ah 1 0.82 1.08 0.96 1.27 

Ku 1 1.i2 0.78 0.76 0.28 

Ok 1 0.81 0.27 0.06 0.21 



-TABLE51. MINERALOGY OF THE SAND FRACTION (177 - '125 J,UIl). ., 

Proportion Proportion 
of Sand of Magnetic .. ".-

SAMPLE Fraction ,in Minerals in Quartz:Fe'J.dspar Mica 'Chlori:t,e -Garnet-Ilmeni te Horn-
177-125_)1D1 :I 77-1'25,psn blende 

,Ral.ge' -F,ract1:on 

(%) ,(<;(.) !(<;(.) 

Ho _, ,:C j '38 -2:2 ·34 8 6 ·,-.c,1 2 1 

':r{y) 1 , 'C 24 25 26 :40 8 :3 '<1 .* ><1 

-I(0)1, C 12 35 34 "27 13 4 '<'1 -><1 n.'O. 

:I(w) ", 'c 21 '33 '27 ' j2 ,'9 5 1 ,it- -n.o. 

Ah ,1, C~h1 - -20 .·28 28 ~5 "-2 :3 '<1 -ct _1 

,Ku1,A '20 5 :60 ·5 -<1 :<1 -~1 <1 ·<1 

Xu 1, C- . '2-1 , -3 56 27 -<1 1<1 -"'1:1 ,<1 .c1 

Ok 1, A 17 1.7 30 j '<'1 n.;() .• «i'I n.-·o. n •. o. 
-

Ok ~, C :.32 - 3 58 13 <1 n-'O. c1 ,<1 n.o. 
- -

- - - -- - - -- - -- ---------~ .. ----

n.o. not -observed.; it- .observed .only as ;biclus~ns:. 

Unidentit"iable 
Strongly 

Rutile Zircon Weathered 
'Grains (Includes 
Sericit·ic 

",Residue'S ) 

41.-.0. '<:1 24 

'-«:1 '_c1 22 

·n .. ..o .• n.o. - 22 

n.o. n.1l. -26 

n.--o-. ·n.o. "22 

n.-o .• -n.o~ 33 

,no o. n.o. 16 

·n • .o. n.o. 66 

n.).£) • n.·o. 2'9 

-

Quart~ 

iFeldspax ,par 

,Ratllo 

0.6 ' 

-..().7· 

1.'J . 

"0.8 -

,'0.8 

1.2 

2.~ 

1-0 

·4.5 

w 
t\). 

0\ 

. 

. 



TABLE .52. ,qUARTZ (100) / PLAGIOCLASE (;:;o.Z.LINTENSITY 

RATIO FOR THE SILT l"RACTION (20 - 2 wn) -• 
ChronOeequence. 

Soil and Horizon Ratio 

Ho 1 A11 1.21 

A12 1.22 

c 1. 3.5 

I(Y) 1 A 1.42 

AD 1.24 

B2 1.21 

B3 1-.2.5 

C ·0.98 

I(o) 1 A ·1.42 

B21 1.40 .. 

B22 1.39 

C11 1.07 

C12 1.05 

Ah 1 A 1.81 

AD 1.38 

B21 1.30 

. B22 1.18 

B3 1.14 

C11 1. 0.5 

C12 0.84 

Xu 1 . A 11.3 

A2G 10.0 

G :10.5 

~G 11.5 

:B2G ~1.1 

B,G 11.S 
C B.O 

Ok 1 A 117 

Ad 110 

G 67 

B2G .85 

B3G 82 

C 51 
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MINERALOGY oF" THE FINE « 0.2 ).UI1) CLAY FRACTION -
; 

Chronosequence; 

-
SoH arid Phyllosilicates Other Minerals 

Horizon *Int.Mo I Ch !-Ch I-V 'V P-Ch Mo K G Q F A 

(%t 
iii 

(Weighted peak-~rea "percentages") I/IM P=present 

Ho 1 A11 .... 47 1:3 - - 22 2 2 14 1.5 - - -
A12 ;.. 48 11 ... - 17 7 1 16 1.9 - P -
C - 63 13 - ;.; 8 8 - 8 n.d. 8 P -

:1:(,.)1 0 n.d. n.d.n.d. n.d. n.d. n.d. n.d.n.d.n.d. n.d. n.d. n.d. n.d. 
A ... 5 16 3 - 63 - - 11 1.0 - - ... 
AB ... 7 10 - - 34 33 - 17 1.4 - - -
a 2 

... 11 10 - - 32 31 - 16 1.9 - - -
B3 .- 17 10 - - 26 27 ;.;. 21 2.3 - - -
C - 36 '14 - - 15 19 - 17 3.3 - - -

.. ; . -'. - -~. , 

1(0) 1 OA ej ;.. 5 - - - - - ',13 0.1 - P -
A - ... 7 - .;. 49 30 .;. 14 0.3 - - .. 
B1n 

... ,.. 4 - - 37 45' - 14. 0.8 - - ... 
B22 '" - 3 ... ... 17 57 - 22 1.5 - - .. 

,., C11 '- 20 16 - - 15 31 - 18 1.9 - - -
C12 ... 38 12 - - 22 20 - 8 2.2 - P -

.< "."" .. ' 

t(o) 2 A2 .. - ..;. - ... - - 85 15 0.1 - - -
'''-_ ... _" . , ' .. 

t(w) 1 oA 85 - ;.. :... - - - - 15 0 - - -
A - - .... .... ... 57 31 - 12 .0.5 - - -.' 

A~g ... ... 6 - - 39 42 -. 13 1.0 .. - -
B21 · .. .5 14 - ... 18 44 - 19 3.2 - ... -
1322 

.;. 6 1.5 - - 17 44 - 18 4.8 - - -
C11 

.. 25 13 - - 8 38 - 16 3.8 -. - -
C
12

, - 25- 23 - - 4 30 - 18 5.1 ... - ... 
. , 
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, 
TABtE, ". cOntI 

', .. ',' ' '. " ~. 

Soil An.d Phyllosilicates Other Minerals 

lIot'izOrt *Int.Mo I Ch I-Ch I-V 'V P-Ch Mo K G Q F A 

(Weighted peak-areallpercentage~lI) • • , (%) 111M P~present 
. ~'. .' ' , 

Ah 1 A - - 4 ' - - 80 - - 16 0.4 - ... 
AB ... - 4 '- ... 47 39 - 10 0.7 ; - -
1321 

... - 13 - - 22 51 - 14 1.3 - ... 
B22 ... - 23 11 - 6 47 - 13 2.5 - -
aj 

.- - 27 25 - - 24 ... 12 2.9 - ' -
~ 

Cn ... - 26 26 - - 36 - 12 2.2 ... -
C12 - 37 11 .. - - 39 - 13 2.2 - -

" 

K~ 1 A 88 ... ... - - - - - 12 0 - -
A2G 87 - - - - - - - ' 13 0 - - , 

G 82 - - - - - - - . 18 0.1 - .:. 

~G 82 - - - - - - - ' 18 0.3 - -
B2G ... 9 - - 7 48 4 - 32 0.6 - -
B3G - - - , 24 - 32 12 - 32 0.6 - -
C - .. ,- 35 . - ' 23 15 - 27 0.5 - -

Ok 1 A 93 - - - - - - - 7 0 6 -, 
AG 88 .:. - - - - - - 12 0 6 -, 
G 74 - -, - - ... - - 26 0.2 6 -
B G - 34 - - 31 8 1 ... 25 0.1 ' 4 -

" 
2 , 

B3G .:. 17 .:. ... 38 1) 2 - )0 0.3 - .. 
C - 11' .. - 39 9 13 - 28 0.4 - -

". 
, * I, ~ica,(illit~); Qh, chlorite; V, vermic~lite; P.Ch, pedogenio 

6hiot'i te I Mo, mOntm'orilloni te ; K, kaolinite i G, gibbsite; 

Q, quartz; F, feldspar; A, amphibole, Int., interstratified . 

.. Of a:ir""dried weight, of peroxidi~ed and deferrated samples~ 
iii lritensity is given ~s a percentage of the maximwn quartz intensity 

obt~ined - that from the 0.2 - 2 pm fraction from the A horizon 
of' :Ok 1. ,',' 
Iii ,¥he abOve table a dash indicat~'s that the mineral was not 
iden.tified by X-raY·diffraction . 

. , 

-
.... 

-
-
-
-
-

-.. 
... 
... 
-
,... 

-

-
-
-
-
-
-



. 1'AaLE 54. 

.. '-''',' 

SoH and 

HoriZon 

Ito 1 A11 

A12 
C 

i{y) 1 0 

A 
AB 

B2 

B) 
C 

. " . 

I(o) ·1 OA 

A 

B21 

B22 
C11 
C12 

1(0) 2A2 

t{w) 1 OA 

A 

A ' 
2g 

B21 

B22 
C11 
C12 

~ , 
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MINERALOGY OF THE COARSE (0.2 - 2,wn) CLAY' FRACTION -

Chronosequence . 

Phyllosilicates Other Minerals 

*Int.Mo I Ch I-Ch I-V 'V P-Ch Mo K G Q F A 

(Weighted peak-area IIpercentages ll ) 
(% • • ) I/IM P=present 

- 54 16 5 - 8 2 1 14 0.7 12 - p 

..;. 47 14 3 5 11 ) - 16 0.8 12 p P 

- 56 17 - 4 7 4 - 12 0.3 19 p p 

n.d. n.d.n.d. n.d. n.d. n.d. n.d.n.d.n.d. n.d. n.d. n.d.n.d. 

- 1-6 28 5 13 19 5 - 15 0.) 7 p p 

- 15 28 6 - 16 22 - 13 0.4 6 p p. 

- 13 i) - - 27 40 - 8 0.6 6 p P 

- 29. 22 - - 15 20 - 14 0.7 9 p p 

.. 34 15 12 - 18 9 - 12 0.7 ·8 p p 

75 - 17 - - - - - 8 0.1 10 P P 

.- - 19 4 - 46 1!+ - 18 0.1 6 P P 

- - 29 - - 24 35 - 12 0.) 7 p P 

-' 6 24 - - 17 39 - 14 0.7 8 p P .. 40 ·22 - - 8 16 - 14 1.5 7 p p 

- 49 20 - - 9 11 - 11 1.2 9 P p 

- - 12 - - - - 67 ,21 0.1 8 P P 

79 - 2 - - - - - 19' 0 10 P P 

- 16 12 - - 51 7 - 14 0.1 10 p P 

- 7 20 - - 38 ' 25 - 10 0.3 8 p p 

- 18 )3 - - 8 28 - 13 1.8 8 P p 

... 22 26 - - 16 24 - 1) 2.2 11 P P 

- 50', 18 - - 12 12 - 9 1 • .5 14 p p 

- 45 22 - - 10 11 - 12 1 .2 11 P P 
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TABLE ,4. cant. 

SoH and Phyllosilicates Other Minerals 

Horbon *Int.Mo 
I 

V I Ch I-Ch I-V P-Ch Mo K .G Q F A 

(%)- • (Weighted peak-area II percentages II ) I/IM P=present 
.. 

Ah 1 A ... ... 1:5 - - 61 11 - 12 0.3 10 P P 

AB ... - 5 - - 51 35 - 10 0.4· 13 P p 

1321 
.- ... 17 .- ... 19 50 - 14 1.2 10 P P 

B22 - - 36 9 - 16 23 - 16 4.4 10 p P 

B) - 12 29 10 - 11 22 - 17 5.5 9 p P 

C1i 
... 14 ).:3 1) - '7 18 - 16 4.2 8 P p 

CH - )8 17 8 - 12 9 - 16 3.7 7 p r 
'.', 

Ku 1 A 82 - ... - - - - - 17 0.1 33 p -
kG 

2 77 12 . - - - - - - 13 0.1 38 P ... 
G 9d .. - - - ..;, ... - 10 0., ·32 P -
Bha. 87 .. - - - ... _. - 13 0.5 33 p -
B2G - . 12 - 18 10 "i? 10 - 2) 0.8 44 p ... 

'·1 -

B,G '7 - - 19 - 21 25 ... 28 0.7 50 P -
C - 27 - 17 8 19 14 - 16 0.8 41 p ... 

. '. 

Ok 1 A 56 - - - ... - - - 44 0 100 P -
AG 1:) 48 - - ... 7 - 7 26 0 71 - -
d 78 .- - - - - - ... 22 0.2 ,8 P .... 
B2G - 37 - 16 20 4 J - 20 0 67 P .-
~jG .- 24 - 19 12 16 9 - 26 0.2 48 P -
C, - ~9 4 17 :3 7 12 ~ 28 0.2 40 P -. 

'. '. 

*. •• and iii t r~fer' to key at foot of Table 53. 

) .~. 

. , 



'fABLE 55. 

332. 

"WEIGHT" .OF cLAy -SIZED « 2 \.UIl) PHYLLOSILICATE MINERALS PER 
1 

KILOGRAM OF INORGANIC MATERIAL < 2 mm - Chronosequence. 

Soil and Horizon Mineral 

*Int.Mo I Ch I-Ch I-V V P-Ch Mo K 

(g) 

Ho 1 A11 36 10 2 ~ 1 1 10 

A12 24 7 1 2 6 2 0.2 8 
C 4 1 0.2 0.5 0.4 0.7 

I(Y) 1 0 ·n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
A 18 35 6 13 45 5 20 
AB 14 26 5 25 30 17 
B2 11 10 25 32 9 
B3 ,14 11 10 13 10 
C 7 3 2 .;.. '3 2 3 

I(o)-1 OA 130 17 18 
A .. 19 j 64 28 22 
B21 "'" 24 .- 36 49 16 
:822 3 15 17 46 17 
C11 11 7 4 8 6 
C12 14 5 6 6 3 

I(W) .1 OA 103 1 22 
A 12 9 65 19 16 
A~ .- 5 18 48 40 14 ,g 
1321 12 24 10 30 14 
1322 .- 12 16 12 22 11 
,C11 7 3 2 4 2 
C12 11 6 2 5 4 



TABLE 52. cont. 

Soil and Horizort Mineral 

*Int.Mo I Ch I-Ch I-V V P-Ch Mo K 

(g) 
~i .. j " 

Ah 1 A 18 120 11 24 

AB 8 .. 84 32 17 

B21 24 32 79 22 

B22 47 15 18 53 .- 23 

B) 9 37 15 8 30 19 

CH 5 24 16 3 23 11 

C12 10 4 1 2 6 4 

: ,,' "-..". • ' .... 'l- -" 

Ku 1, A 96 18 

A2G 99 10 16 

G '112 .- 27 

BhG ,165 42 

B2G .- 13 16 31 20 7 31 

B3G - 5 25 - 31 24 36 

C 16 26 16 22 15 22 

Ok 1 A 26 ... 18 

Ad 14 23 .,.. :3 3 14 

G 64 19 

B2G 28 ... 9 19 4 2 18 

B·3G 24 13 26 13 7 31 

C 21 2 10 18 8 12 28 

*; refer to key at foot of Table 53. 



TABLE 56. 

Soil and 

334. 

MINERALOGY OF THE FINE « 0.2 urn) CLAY FRACTION - Transect 1. , 

Phyllosilicates Other Minerals 

Horizon i*Int.Mo I Ch I-Ch I-V V P-Ch Mo K G Q F A 

(Weighted "percEmtages" ) ('1». • peak-area I/IM P=present 

Ah 1 A - - 4 - - 80 - - 16 0.4 -. - -
: 

4 47 AB - - - - 39 - 10 0.7 - . - -
B21 - - 1.3 - - 22 51 - 14 1.3 - - -, 

Al;1 2 A 82 - - - - - - - 18 n.d. - - -
AB - - - - - 84 - - 16 n.d. - - -
B21 - - 14 - - 21 49 - 16 n.d. - - -

Ah :3 A 81 - - - - - - - 19 n.d. - - -
AB - - - - - 85 - - 15 n.d. - - -

.' 
B21 - - 16 - - 24 45 '- 14 n.d. - - -

Ah 4 OA - - - - - - - 91 9 .n.d. - - -
A2 - - - - - 84 - - 16 n.d. - - -
B21 - - - - - 16 74 - . 10 n.d. - - -

Ah 5 A21 - - - - - - - 88 12 0 - - -
A22 - - - - - - .. 82 18 0 - - -
B21 - - 2 - - ... 80 .... 18 1 i 3 - - -

*, ., and.; refer to key at foot of Table 53. 



TABLE 57. 

Soil and 

335. 

MINERALOGY OF THE COARSE (0.2-2 urn) cLAy FRACTION ""Transect 1. , 
., 

Phyllosil:i.cates other Minerais 

Hor:i.zon *Int.Mo ·I Ch I-Ch I-V V P-Ch Mo K G • Q ., F A 
•• (We:i.ghted peak-area "percentages 1i ) (%) , I/IM P=present 

Ah 1 A - - 15 - -: 
61 11 - 12 0.3 10 P P 

A13 .. - 5 .- - 51 35 - 10 0.4 . 13 P P 

B21 - .. 17 - - 19 50 - 14 1.2 .10 P P 

Ah2 A 82 ..- '2 - - - .' - - 16 n.d. 15 P P 

A13 - 39 9 .. 22 15 - 1 15 n.di 15 P P 

1321 
... 10 25 .. - 33 17 - 15 n.d. 12 P P 

" 

Ah l A 87 - - - - - - - 13 n.d. 21 P P 
A13 88 - - - - - - .- 12 n.d; 23 P P 

B21 - - 35 - - 33 18 ' .- 14 n.d. 12 P P 

Ah 4' ", oA ,;. - "" - - - .. 93 7 'n.d. 18 P P 

A2 - - 12 - 43 27 3 - 15 :h.d. 18 P P 

B21 .. ... 23 .. - 34 27 - 16 n.d. ,12 P p, 
.. 

Ah5 A21 - ... - - - - ... 88 11 o,Oj 22 " P P 

A22 .;. - 3 .. - - - 78 19 0 17 P P 

B21 - - 14 4 - 41 30 - 11 Oi8 14 P P 

. ~ ,',' . 

'*, .. , and .. I ref'er to' key at f'oot of Table 53. 



TABLE '8. lflNERALOGY OF THE FINE « 0.2 l1ll1) cLAy FRACTION - Transect 2. , 

Soil and Phyllosilicates Other Minerals 

Horizon i*Int.Mo I Ch I-Ch I-V V P-Ch, Mo K G Q F 
• 

A 

(Weighted peak-area IIpercentages ll ) (%)- I/IM P=present 

... 

Ah 6 0 ~ n.d. 

A2 . - - .. - - -. - 86 14 n.d •. - - .. 
n 

21 .. '"' 4 - - 21 .58 - 17 n.d. - - . -

Ah 7 0 ~ n.d. 

A 8) - - - - - - -' 17 n.d. - - -
:821 - - - - - )9 4.5 - 16 n.d. - - ... , 

.. ' .. 

All 1 A ..;. - 4 - - 80 - - 16 0.4 ..; - -
~, . As .. 

\ - 4 - - 47 39 .- 10 0.7 - .. -
, 

B21 - - 13 ... -." 
.22 .51 - 14 1. ) - - ... 

Ah 8 A - .. .- - - 8) - - 17 n.d . - - -
B1 - - - - - 28 56 - 16 n.d. - - ... 
B:;! .- - 8 - - - 78 - 14 n.d • - - -

.. 
Ali 9 oA 86 .- ... ... - - - - 14 n.d • - - -

A13 - ... j - - 70 14 -. 1:3 n.d • - - ... 
:82 - - !- .. - 26 .56 - 18 n.d. - ... ... 

.' .. . 

*, '., and -; re£er to key at £oot o£ Table .5). 

~ <2 pm fraction only determined. Data given in Table.59. 



TABLE 52. MINERALOGY OF THE COARSE ( 0 • 2 2 urn) CLAY FRACTION-Transect 2. 
} 

Soil md Phyllosilicates Other Minerals 

Horizon *Int.Mo I Ch I-Ch I-V V P-Ch Mo K G Q ~F A 
(Weighted peak-area "percentages") (%). I/IM P=present 

-

Ah6 0" - - - - - - - 74 26 n.d •. 9 - P 

A2 - ... - - - - - 72 28 n.d • 17 P P 

B21 - - 16 - - 41 33 - 10 n.d. 16 P P 

Alt'? 0" 78 - - - - - - - 22 n .• d. 12 .. P 

A 86 - 4 - - - - - 10 n.d. 14 P P 

B21 - - 15 - - 51 23 -11 n.d. 12 P P 

Ab.1 A .- - 15 - - 61 11 - 12 0.3 10 P p 

AB .- - 5 - - 51 35 ... 10 0.4 13 P P 

B21 - ... 17 - - 19 50 - 14 1 :2 10 P P 

Ah 8_ A - - - - 36 48 - - 16 n.d. 21 P P 

B1 - - 8 - - - 82 - 10 n.d. 14 P P 

B2 - - 20 - - - 71 - 9 n.d. 12 P p. 

Ah 9 oA 90 - - - - - - .., 10 n.d. 17 - P 

AS - - 11 - 28 46 - - 15 n.d. 15 P P 

B21 - - 27 - - 42 19 -.13 n.d. 13 P P 

, 

*, '., and -; refer to key at foot of Table 53 • 

.. Values refer to < 2 pm fraction. 



338. 

TABLE 60. EMPIRICAL MEASURE OF MONTMORILLONITE - ----
CRYSTALLINITY. (Arter Biscaye, 1965). 

Soil and Horizon Ratio of the 1.8 nm peak height (p) to 
the depth of the "valley" (v) on the 
low-angle side of the peak. 

(vip), <.0.2 pm (vip), 0.2-2.0 pm 
Fraction Fraction 

Ho 4, A2 0.55 
, 

O~77 

1(0) 2, A2 0.72 0.71 

1(w) 1 , OA 0.59 0.63 
-
Ah 2, A 0.58 0.69 

Ah 3, A 0.56 0.50 

Ah 4, OA 0.70 0.76 

Ah 5, A21 0.89 0.91 

A22 0.84 0.88 , 

Ah 6, OA - 0.73* 

~ 0.71 0.75 

Ah 7, A 0.54 0.60 

Ah 9, OA 0056 0.58 

Ah 10, A2 0.75 0.83 

A:.h. 11 , A2 0.81 0.85 

Ah 12, A2 0.83 0.79 

Ah 13, A2 0.80 0.80 

Ah 14, A2 0.83 0.82 

Ah 15, A2 0080 0.81 

Ah 16, A2 0.77 0.73 

Ah 17, A2 0.78 0.76 

Ah 18, A2 0.84 0.85 

Ah 19, A 0063 t 0.66 't 
Ah 20, A2 0.70 0.76 

Ku 1, A 0.47 0.48 

A2G 0.45 0.53 

G 0.43 0.63 

~G 0.38 0.29 

Ok 1 A 0.17 -
AG 0.17 0.43 

* Clay (<'2~) ~ot subdivided into fine and coarse fractions. 
t Peak at 1. 5 .:.. 1. 6 run. 



TABLE 61. MINERALOGY OF THE CLAY FRACTIONS OF SURFACE HORIZO~SCOLLECTED WITHIX FI\~ 

METRES OF LIVING BEECH TREES, OR DECAYING BEECH STu}WS AND LOGS. 

Soil and Particle Phyllosilicates Other Minerals 

Horizon Size Int.Mo* I Ch I-Ch I-V V P-Ch Mo K Q G F A 
(pn) (Weighted peak-area "percentages") I/IM 

ill 
P = present 

Ho 2, A <0.2 4) 2) 21 -" - - - - 13 - P - -
0.2-2 - 27 28 - - 29 - - 16 15 P p P 

Ho 3", A <0.2 - - 17 - 73 .,. - - 10 - - - -
0.2-2 - 34 30 - 13 12 - - 11 12 P P P 

Ho 4, A2 <0.2 82 - - - - - - - 18 - - - -
: 

65 p 0.2-2 - - 15 - - - - 20 15 -" P 

Ho 5, A2 <0.2 74 - 3 - ... - - - 23 - - - -
0.2-2 57 8 22 - - - - - 13 19 - P P 

Ah 10, A2 <0.2 - - - - - - - 89 11 - - - -
0.2-2 - - - - - - - 86 14 21 - P P 

c 

Ah 11~' A2 <0.2 - - - - - - - 92 8 - - - -
0.2-2 - - - - - - - 80 20 20 - P P 

'" 
Ah 12, A2 <0.2 - - - - - - - 86 14 - - P -

"" 

0.2-2 86 14 20 P P - - - - - - - -
Ah 1"A2" < 0.2 - - - - - " - - 90 10 - - P -

0.2-2 - - - - - - ... 76 24 18 - P P 

Ah 14, A2 <0.2 - - - - - ... - 94 6 - - - -
0.2-2 - - - - - - - 86 14 18 - P P 

Ah 15, A2 ';;0.2 - - - - - - - 86 14 - - - -
0.2-2 - - - - - - - 82 18 23 - P P 

Ah16, A2 <0.2 - ... .- - - - - 84 16 13 - - -
0.2-2 - - - - - - - 89 11 44 - P P 

Ah 17, A2 <0.2 - - - - - - .. 85 15 - - - -
0.2-2 - - - - .. - - 79 21 25 - P P 

Ah 18; A2 iCO.2 - - - - - - - 85 15 6 - - -
0.2-2 - - - - - - - 85 15 36 - " P P 

Ah 19, A <0.2 84 - - - - - - - 16 - .. - -
0.2-2 85 .. - .. - - - - 13 39 - P P 

"Ah 20, A2 "<0.2 - .. - - ... .. - 86 14 - - - -
i 0.2-2 - - - - - - - 82 18 29 .. P P 

if 
i·" " 

* 8.nd -; refer to key at foot of Table 5.3. 
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TABLE 62. WEIGHT' OF GIBBSITE AND PROPORTION OF TOTAL A1 AS GIBBSITE -
I • Chronoseguence. 

~eight Gibbsite per kg Weight of Proportion of Proportion of' 

Soil pf Inorganic Material Clay-sized Total Soil A1 Gibbsite in 
<2 nun 8 Gibbsite as Clay-sized Water-dispersed 

and 
~s fine in Soil Gibbsite <2 jllRC1ay 

-Horizon as coarse 
c1av clay 

(g x 10-1 ) { -1· (10 x 10-1 ) (10) kg ha -1 
horizln 
x 102 

,Ho 1 A11 2.9 3.2 7.6 2.6 0.4 

A12 2.9 2.7 11.6 2.3 0.6 

C n.d. 0.1 0.6 

I{y) 1 0 n.d. n.d. n.d. 

A 4.0 3.2 3.1 2.9 0.5 

AB 5.4 3.4 7.1 3.5 0.7 

B2 5.1 3.4 11.3 3.5 0·7 

B3 j.9 2.8 9.6 3.0 1 .1 

C* 0.2 0.9 6.0 0.6 ' l.Z ' 

I{o) 1 OA 0.9 0.6 0.1 0.6 0.1 

A 1.5 0.9 0.7 1.1 0.3 

BZ1 3.8 2.0 6.2 2.6 0.6 

B22 6.0 3.9 17.8 , 4.3 1.0 

C11 2.8 3.2 9.5 2.6 1.5 

C12 * 4.9 1.4 14.5 2.1 1.9 

I{w) 1 OA. 0 0 0 0 0.2 

A 
" 

2.3 0.1 3.5 1.6 0.2 
A ' 

2g 4.6 0.3 4.1 2.8 0.6 

B21 10.2 1.8 48.0 9.0 1.9 

B22 11.5 2.2 36.2 9.3 2.6 

C1l 2.3 1.5 2.6 1.9 1.8 

C12 4.6 -1.2 3.4 2.2 



341. 

TABLE €2i ' cont. 
I 

.~ 

Weight Gibbsite per kg Weight o~ Proportion of Proportion of 
SoH ot Inorganic ,~terial Clay-sized Total Soil Al Gibbsite in 

and <2 mm- Gibbsite as Clay-sized Water-dispersed 
Horizon as tirie as coarse in Soil Gibbsite <2 r Clay 

clay c1ay 

(g It 10-1) (kg ha-1_
1 (% x 10-1 ) (%) 

hori~)n x 10 
Ah 1 A 3.1 3.1 1.8 3.0 0.4 

AB 4.8 4.2 4.8 4.5 0.7 

B21 8.9 10.8 17.7 8.4 1.1 
:822 18.3 36.9 92.9 23.4 2.8 

B3 16.7 39.9 109.8 23.8 3.4 
c 11 9.6 19.5 57.8 8.5 2.4 

912 2.9 4,.8 3.6 2.5 

Ku 1 'A 0 0.9 0.6 1.0 0.1 
A2G 0 1 .1 1.1 ' 1.2 0.1 
G 1.0 3.0 11.1 - 3.1 0.2 

~G 2.5 .5.1 9.(} 6.4 0.3 
B2G 3.0 5~2 3.7 7.7 0.6 

B3G 3.1 4.8 16.0 7.8 0.6 
C 2.1 4.5 5.4 0.5 

Ok 1 A n.d. (} 0 -0 0 
,AG 0 0 0 0 0 

G- 0 • .5 0.9 2 • .5 2.5 0.1 
. B

2
0- o.~ 0 0.5 0.3 0.3 

B3G 1.2 1.2 4.5. 3.2 0.3 

c* 1.5 1.3 ' 5.7 3.0 0.4 

* 1'0 0.76 m. 

_ calculllted ~rom dat~ in Tabies 7, 53 and 54. 



342. 

TABLE 6;)., X-RAY,DIFFRACTIO'N DATA FO'R RESIDUES FROM SO'iL, RO'CK AND 

MUSCO'VITE SAMPLES FO'LLOWrNd' 24 HO'UR DIGESTIO'N laTa 48% liF. 
" : 

Clay ( <'2 JUD) Granite O'bsidian' Basalt Muscovite 
tram O'k 1, B;)G ! 

d(iult}* I/I1 d(nril} I/I1 d(nm} III 1 d(nin} I/I1 
, 

0 • .582 10'0 0' • .584 10'0' 0' • .584 10'0' 0' • .584 10'0' 

0'.)0';) 41 0'.;)0';) 52 0'.)0'3 58 0.)0'4 55 

0.29,0' 65 0'.291 77 0'.291 10'0' 0'.292 10'0' 
, 

0'.249 7 0'.2.52 8 0'.252 4 0'.251 'S 
,.',1 

0',.231 15 0'.2)1 19 0'.231 28 " ' 25 0.232 , 

0'.20'.5 17 0'.20''; 17 0'.20'5 20' 0'.20'6 15 

0'.19:3 20' 0'.193 2~ 0'.193 35 0'.194 
'.' 28 

0'.1"17 33 0'.177 45 0.177 54 0'.178 50' 

0'.169 1) 0'.169 4 0'.17'0' 4 0'.170' 5 

,0'.159 6 0'.159 6 0'.160' 4 
! 

0".151 17 : 0'.151 16 0'.151 21 0'.152 16 
, , , 

\ 

.. ,' .,", .. 
. i. 

* Valtie~ tor anatase, rUti1~, zircon, Na2SiF6 and K2SiF6'ha~e 
been omitted. 

d(nm} I/I1 

0'.581 10'0' 

0.30'2 74 

O';~89 10'0' ' 

0'.250' ,5 

0'.2)0' 22 

(j.2O'4 30' 

0'.193 35 

0'.177 50', 

0'.169 9 

, 0' .1,59 6 

0'.151 15 



343. 

TABLE 64. X-RAY DIFFRACTION DATA FOR SOME PLUMBOGUMMITE MINERALS 

AND COMPLEX FLUORIDES. 

Crandallite Gorceixite 
NaMgA1F6 caO.

5
MgA1F6 KMgA1F6 (16-162)* (19-535)* 

d{nm) I/I1 d(mn) I/I1 d(nm} I/I1 d(nm) I/I~ d(nm)" I/I1 

0.,584 ·1,00 0.582 100 0.576 79 0.575 35 0.573 90 

0.353 35 0.352 80 

0.,)03 53 0.30') 54 0.300 100 0.297 100 0.2978 100 

0.291 79 0.291 86 0.288 31 0.288 10 

0.273 14 

,,().251 3 0.251 7 9.249 13 0.2475 ,20 

0.2449 30 

0.231 25 0.231 29 0.228 15 0.221 25 0.2271 50 
-

0.218 45 0.2215 60 

0.205 19 0.205 24 0.203 8 0.215 10 0.2021, 30 

0.201,) 30 

0.19'3 ')0 0.193 30 0.191 25 0.1917 12 0.1905 70 

0.1900 ')0 ' 

0.177 51. 0.178 63 0.176 ')0 0.1756 60 

0.170 .5 0.170 5 0.168 5 0.1675 20 

0.159 7 0.159 6 0.157 5 

0.151 17 0.151 21 ' 0.151 8 

-

*Card reference to the Powder Diffraction File, published by the 

Joint Committee on Powder Diffraction Standards. 
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TABLE 65. CONCENTRATION OF P IN RESIDUES FROM <: 2 llID 
I 

FRACTION OF A KAITERITERI HILL SOIL 

FOLLOWING VARIOUS HF TREATMENTS. 

HF Concentration (%) 20 20 20 20 

Duration of digestion 2 min 2 hr 15 hr 24 hr 

Weight of residue (mg) 51 24 22 20 

Percentage of P in res;due 0.82 1.54 0.35 0.16 

Percentage of: total P in residue 98 86 18 7 

(Total P in this clay fraction was 0.043%). 

344. 

48 

24 hr 

11 

0.11 

.3 
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'TABLE 66. X-RAY DIFFRACTION DATA FOR RESIDUES FROM < 2 JU!I FRACTION OF A-
I 

KAITERITERI HILL SOIL FOLLOWING VARIOUS HF TREATMENtS. 

20% IIF, 2 min ',2<>% IIF, 2 hr 20'% HF, 24 hr 48%HF, 24 hr Minerai 

d(nm) 1/11 d(nm) ~/11 d{nm) 1/11 d(nm) 1/11 Species* 

0.582 100 ,0.582 100 F 

0.57:) 41 0.573 75 0.573 • jig 

0.497 10 
, 

G() 

0.451 44 Clay (110) 

0,,436 23 ' ? 

0.426 20 I Q 

.0.418 63 Go 
, , , 

0.3.52 80 0.351 92 0.351 36 0.351 ' 3.5 Pg, Ali 

0.325 20 0.325 20 Ru 

0.3:)6 100 ,Q 

0.303 56 0 .. ,)03 66 F' 

0.296 62 0.296 100 0.296 28 Pg 

,; 0.290 ,88 0.-290 78 F 

0.280 17 ? 

0.270 22 0.270 ,2 Pg,Go 

0.258 " 33 GO 

0.2.52 29 Pg 

0.249 13 FI, Ru 
0.244 ' 40 Go 

0.230 24 0.230. 22 F 
I 

0.221 2:) Pg 

, 0.219 11 0.218 ,2 Pg 

0.205 24 0.205 28 F 

0.190 21 0.190 46 Pg 

0.19:) 36 0.193 28 F 

0.177 48 0.177 56 F-

0.175 14 0.17.5 2.5 jig 
I 

.'~-' ." " ,,' ". " 

, "" 

* F, fluoride' Pg, plumbogubunite,mineraij GO, goethite I Q, qua'i-UI 

An, anatase~ Ru, rutile.' 

, 

'e 
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APPENDIX I 

LIST OF PLANT NAMES 

COMMON NAME 

American beech 

Blackberry 

Bog pine 

Bracken fern 

Buttercup 

Cocksfoot 

Coprosma 

Gorse 

Hall's totara 

Hard. beech. 

Kahikatea' 

Kamahi 

Manuka 

Matai 

Miro 

Mountain beech 

Pepper tree 

Pi~ pine 

Quintinia 

Red beech 

Rimu 

Rush 

Sedge 

Silver beech 

Silver pine 

Sphagnum moss 

Toa toa 

Totara 

Tussock 

Umbrella fern 

Yellow-silver pine 

SCIENTIFIC NAME 

Fagus 6randifolia 

Rubus !ruticosus 

Dacrydium bidwillii 

Pteridium aquilinum var. 
esculentum 

Ranunculus sp. 

Dacty!is glomerata 

Coprosma crassif'olia 

!!!.2lf. europaeus 

Podocarpus hallii 

Nothof'agus truncata 

Podocarpus dacrydioides 

Weinmannia racemosa 

Leptospermum scoparium 

Podocarp:t1s sl?icatus 

Podocarpus f'errugineus 

Nothofagus solandri var. 
clif':fortioides 

Pseudowintera colorata 

Dacrydium biforme 

Quintinia acutifolia 

Nothofagus fusca 

Dac£Ydium cupress;inum 

Juncus sppo 

Carex sppo 

Nothofagus menziesii 

Dacrydium colensoi 

Sphagnum fulcatum 

Phyllocladus alpinus 

Podocarpus totara 

Chionochloa spp. 

Gleichenia circinata 

Dacrydium intermedium 

429. 
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APPENDIX II 

PROFILE DESCRIPTIONS OF SOILS OF THE REEFTON CHRONOSEQUENCE 

Note: Soil profiles are described using terms defined in 

"Soil Survey Method" (Taylor and Pohlen, 1962). Soil 

colour notation is that of "Munsell Soil Colour Charts" 

(1954). All grid references refer to N.Z.M.S. Sheet S. 38. 

Profile: Ho 1 (Hokitika sandy loam, site 1). 

Location: 100 m south of Waitahu River, 10.5 km 

east of main Reef ton - Inangahua road. 

Topography: 

Site Vegetation: 

Altitude: 190 m 

Profile: 

A11 18 cm 

20 cm 

C on 

(S.38/344337). 

Flat. Highest part of floodplain. 

Grass and buttercup. 8 m from edge of 

red beech dominated fo~est remnant. 

Estimated annual rainfall: 1920 Mm. 

dark brown (1 OYR j/4) sandy l.08Ul; 

friable; weakly developed fine granular 

and crumb structure, grading downwards 

to fine and medium nutty; no stones; 

abundant grass and numerous tree roots; 

diffuse smooth boundary, 

dark brown (7.5YR 4/3) loamy sand; 

friable; moderately developed fine and 

medium nutty structure; few grass or 

tree roots; distinct, slightly wavy 

boundary, 

white (7.5Y 8/1) to grey (5Y 6/1) sandy 

gravel; loose; structureless; no roots. 



Parent Material: 

Native Vegetation: 

Profile: 

Location: 

TopographY: 

Site Vegetation: 

Altitude: 194 m 

Profile: 

o 

A 7 cm 

AB 9 cm 

Silty alluvium over gravels from granite 

(dominant) and indurated sandstone. 

Red and silver beech, totara, matai, 

and kahikitea. 

I{y) 1 (Ikamatua silt 1~am9 younger 

variant, site 1). 

250 m north of road to Dauntless mine, 

3.4 km east of its intersection with 

main Ree~ton-Inangahua road. 

(S. 38/351332). 

FI~t river; terrace, 4 m above floodplain. 

Site located 8 m from terrace edge. 

Forest remnant~ red beech (0.5 - 0.6 m, 

d.,b .h. ), coprosma and pepper tree. 

Many fallen logs. 

Estimated annual rainfall: 1920 mm. 

very dark brown (5YR 4/3) partly decom­

, posed litter of red beech leaves and 

twigs; distinct boundary, 

dark brown (10YR 4/3) to very dark 

brown (10YR 2/3) silt loam; very 

friable, weakly developed medium and 

fine nutty structure; many roots; 

indistinct boundary, 

dark yellowish brown (10YR 4/4) silt 

loam; friable; moderately developed 

medium nutty structure; few roots; 

indistinct botindary, 



13 cm 

12 cm 

c on 

Parent Material: 

Native Vegetation: 

Profil.e: 

Location: 

Toposrapl;!.y: 

Site Vegetation:" 
f;· 

Altitude: 198 m 

432. 

yellowish brown (10YR 5/4) fine sandy 

loam; friable; weakly developed 

medium and fine nutty structure; very 

few roots; diffuse boundary, 

yellowish brown (10YR 5/5) loamy sand; 

friable; very weakly developed medium. 

nutty structure; few mica flakes; 

very few roots; distinct to sharp 

boundary, 

dark yellowish brown (10YR 4/4) sandy 

gravel; loose; structureless; 

abundant mica, quartz and rock fragments; 

many medium stones, dominantly granite 

with some indurated sandstone; no roots. 

Silty i a lluvium over gravels from granite 

(dominant) and indurated sandstone. 

Red beech (dominant), kamahi, quintinia, 

rimu, matai and kahikitea. 

I( 0) 1 (Ikamatua fine sandy loam, older 

variant, site 1). 

140 m north of road to Dauntless mine, 

3.1 km east of its intersection with 

main Reefton-Inangahua road. 

(S. 38/355334). 

Flat river terrace. Separated from site 

I(y) 1 by minor terrace scarp. 

Forest xoemnant:, dominant red beech 

(0.5-0.7 m, d.b.h.), some silver beech, 

pepper tree. Many fallen logs. 

Estimated annual rainfall: 1920 Mm. 



Profile: 

OA 3 cm 

A 7 cm 

13 cm 

on 

Parent Material: 

Native Vegetation: 

dark reddish brown (5YR 3/2) peaty loam 

with much decompQsed litter of beech 

leaves and twigs; distinct boundary, 

dark brown (8 • .5YR 3/4) fine sandy loam; 

very friable; modera~~ly developed medium 

and fine granular and fine and very :fine 

crumb structures; many roots; distinct 

boundary, 

strong brown (7~5YR 5/6) sandy loam; 

very :friable; moderately developed 

coarse and ~edium granular and :fine and 

very :fine crumb structures, with patches 

o:f medium nutty structure surrounding 

roots; few roots; indistinct boundary, 

yellowish brown (10YR 5/7) loamy sand; 

very :friable; weakly developed medium 

and :fine nutty structure; :few root.; 

distinct boundary, 
;') 

olive brown (ty 4/4) gravelly sand; 

loose; structureless; :few medium and 
. -~, 

small stone',s"o:f granite and indurated 

sandstone~ no roots; distinct boundary, 

white (NS) to very dark greyish brown 

(2.5Y 3/2) sandy gravel; loose; 

structurele~s; :few small stones o:f 

granite and indurated sandstone; no 

roots. 

Silty allUVium over gravels from granite 

(dominant) and 'indurated sandstone. ' 

Red beech (dominant). kamahi. quintinia, 

rimu.p matai and kahikitea. 



Pro:fi1e: 

Location: 

Topography: 

Site Vegetation: 

Altitude: 197 m 

Pro:fi1e: 

OA 1, cm 

A 17 cm 

8 cm 

0.2 cm 

4'4. 

I(w) 1 (Ikamatua fine sandy loam, wetter 

variant, site 1). 

50 m south of road to Dauntless mine, 

'~9 km east of its intersection with 

main Reefton-Inangahua road. 

(S. ,8/,61',,). 
Flat. Lower-lying area of river terrace. 

Manuka scrub. grass. 

Estimated annual rainfall: 1920 Mm. 
i;. 

dark ~eddish brown (5YR 2/') humose 

s~dy loam; very friable; weakly 

developed fine nutty structure t breaking 

into moderately developed medium and 

fine granular and fine and very :fine 

crumb; many roots; distinct, wavy 

bowuiary .. 

dark reddish brown (5YR 2/4) fine sandy 

loam; friable; weakly developed 

coarse to :fine nutty structure grading 

to fine and very fine granular and 

crumb; few roots; indistinct boundary, 

dark brown (705YR 4/2) to dark yellowish 

brown (10YR 4/4) and dark reddish brown 

(SYR 2/4) sandy loam; friable; 

moderately developed coarse to very 

fine nutty structure; few roots and 

worm casts; sharp wavy boundary, 

iron pan; dark reddish brown (SYR 2/2); 
hard: sharp wavy boundary, 



23 cm 

15 cm 

5 cm 

on 

Parent Material: 

Native Vegetation: 

Profile: 

Location: 

Topography: 

light yellowish brown (10YR 6/4) loamy 

sand; some iron and humus staining 

in root channels; very friable; 

moderately developed coarse and medium 

granular and fine and very fine crumb 

structures; few roots; indistinct 

boundary, 

brownish yellow (10YR 6/6) loamy sand; 

friable; weakly developed coarse to ,: 

very fine nutty, and fine and very fine 

crumb and granular structures; rare 

roots; distinct boundary, 

light yellowish grey (7.5Y.8) to dark 

brown (10YR )/3) stony, sandy gravel; 

loose; structureless; no roots; 

distinct boundary, 

light olive brown (2.5Y 5/4) gravelly 

sand; loose; structureless; few small 

stones of granite and indurated 

sandstone; no roots. 

Silty alluvium over gravels from 

g:r~nit(Lld6m:tnant'· and indurated 

sandstone. 

Red beech (dominant), matai, kahikitea, 

kamahi, quintinia, rimu. 

Ah 1 (Ahaura silt loam, site 1). 

480 m south of road to Dauntless 

mine, 3.5 km east of its intersection 

with main Reefton-Inangahua road. 

(S. 38/355326). 

Flat glacial outwash terrace. Free-

draining site in slightly lower part 

of terraceo 



Site Vegetation: 

Altitude: 210 m 

Profile.: 

A 8 om 

10 om 

14 om 

19 om 

Forest re~t: dominant red beech 

(0.6-1.1 m, d.b.h.) with some silver 

beech. Many stumps, fallen logs and 

litter mounds. Some grass. 

opened to stock. 

Recently 

Estimated annual rainfall: 1920 mm. 

brown to dark brown (7.5YR 4/4) silt 

loam: very friable; moderately 

developed medium and fine nutty 

structure (surface) grading downwards 

to moderately developed medium and 

:tine granular and crumb; many roots 
I 

at surface, few fragments of beech 

litter on surfaoe; indistinct boundary, 

brown to dark brown (7.5YR 4/4) and 

yellowish brow~ (10YR 5/8) sandy loam: 

very friable; moderately developed 

medium and fine granular, and fine 

and very fine crumb struoture,fS; few 

roots; distinct boundary, 

brownish yellow (10YR6/8) sandy loam; 

very friable; moderately developed 

coarse to fine granular and fine and 

very fine crumb structures; few roots; 

diffuse boundary, 

brownish yellow (10YR 7/8) sandy loam: 

, very friable ; ultimate structure is 

fine and very fine crumb; some tendency 

tot'orm coarser aggregates that are 

either nuts or blocks; very few roots; 

"indistinct boundary. 



15 cm 

15 cm 

on 

brownish yellow (9YR 6/6) sandy loam; 

very friable; massive; breaks to 

indefinite crumb-like structures; 

very few roots; distinct boundary, 

yellowish brown (9YR 5/6) loamy sand; 

massive; slightly ooherent, breaking 

to indefinite crumb-like structures; 

very few roots; sharp boundary, 

light olive brown (3.5Y 5/6) sandy 

gravel; loose; structureless; 

few small to large stones of granite 

(dominant) and indurated sandstone. 

Parent Material: . Silty alluvium over gravels from granite 

(domin~nt) and indurated sandstone. 

Native Vesetatiop.:.Red beech (dominant), rimu, kamahi, 

'quintinia, matai and kahiki tea. 

Profile: 

Location: 

Toposraphx: 

Site Vegetation: 

Altitude: 250 m 

Profile: 

A 15 cm 

Ku1 (Kumara silt loam, site 1). 

300 m north-east of Reef ton railway 

station. (S. 38/322306). 

Flat, intermediate level, glaoial 

outwash terrac~., 

Manuka scrub, moss, sedges, grass. 

Estimated annual rainfall: 1920 Mm. 

brown to dark brown (7.5YR 4/2) silt loam; 

slightly pl.astic; non sticky; structu%\e'­

less; many roots; distinct boundary, 



10 cm 

G 21 cm 

~G 11 cm 

4 cm 

15 cm 

c on 

Parent Material: 

438. 

light brownish grey (10YR 6/2) heavy 

silt loam; slightly plastic; moderately 

sticky; massive; moderately coherent; 

few roots; indistinct boundary, 

light grey (7.5Y 7/1) and dark greyish 

brown (10YR 4/2) silt loam; plastic; 

moderately sticky; mas~ive; coherent; 

few roots; distinct boundary, 

dark brown (7.5YR 3/4) and light grey 

(7.5Y 7/1 ) heavy silt loam; slightly 

plastic; moderately sticky; weakly 

developed very fine nutty structure; 

many roots; distinct boundary, 

light grey (7.5Y 7/2) silt loam with 

dark-reddish brown (5YR 2/2) stains 

along cracks and root channels; slightly 

plastic; slightly sticky; very weakly 

developed coarse blocky structure with 

nutty structure near cracks and some 

thin platy structure at bottom of horizon; 

many roots (in patches); distinct 

boundary, 

light grey (7. 5Y 7/1,)' silt! loam; 
", . 

'non plastic; non sticky; massive; 

moderately coherent; few roots; 

distinct boundary, 
. '-~:"{ 

dark yellowish brown (1.0t,a 3/4) gritty 
. ~'. 

silt among weathering granite stones 

up to 20 cm in di~ter ; massive; very 

hard; few roots. 

Silty alluviUm (or loess?) over gravels 

from granite (dominant) and indurated 

sandstone 0 



Native Vegetation: 

Profile: 

Location: 

Topography: 

Si te Vegetatioll: 

Altitude: 390 m 

Profile: 

A 14 em 

AG 6 cm 

G 12 cm 

19 cm; 

Silver pine and mountain beech (dominant), 

stunted rimu, kamahi and quintinia, and 

some toa toa, pink pine and ye11ow­

silver pine. 

Ok 1 (Okarito loamy sand site 1). 

600 m north-west of Wait~lu Dam. 

($,; 38/364340). 

Slightly undulating high level glacial 

outwash terrace. Site is 40 m from 

edge of terrace, and is slightly higher, 

than the main terrace surfaceo 

Manuka scrub, bracken fern, umbrella 

fern, grass, occasional orchids. 

Estimated annual rainfall: 1920 Mm. 

dark reddish brown (6YR 3/3) loamy s~d; 

non plastic; non sticky; weakly 

developed medium and fine nutty structure; 

few roots; distinct boundary, 

dark greyish brown (10YR 4/2) spotted 

with light grey (7.5Y 6/1) silt loam; 

firm; massive; moderately coherent; 

very few roots; distinct b,oundary, 

grey (5Y 6/1) silt loam; extreme:lyy 

firm; massive; very coherent; very 

few roots; patchy boundary, 

light grey (6Y 7/1), orange (10YR 6/6) 
and brown (10YR 3/3) silt loam; very 

d~rk brown (705YR 2/3) stains on faces 

of ~Jor vertical cracks and of some 

prisms; very few roots; distinct boundary, 



11 cm 

c on 

Parent Material: 

Native Vegetation: 

. \-
'" ',~'. 

light grey (B.5Y 7/1) silt loam; few 

strong brown (7.5YR SIB) mottles; 

very firm; massive; moderately 

coherent; no~.' roots; distinct 

boundary, 

grey (7.5Y 6/1) gritty silt loam; 

very firm; massive; moderately 

coherent; many weathered granite 

stones; no roots. 

440. 

Silty alluvium (or loess?) over gravels 

from granite (dominant) and indurated 

s8.J1dstone. 

Stunted forest or scrub of manuka, 
i 

bog pine, pink pine, yellow-silver pine 

and mountain beech • 

. : .... ';i 
I.' ~ (;'::' 
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APPENDIX III 

PROFILE DESCRIPTIONS OF UPPER HORIZONS OF TRANSECT SOILS, 

AND OF THE A2 HORIZON OF I(o) 2. 

Note: Site characters for profiles Ah 2 - Ah 9, and for 

I(o) 2 are similar to those listed in Appendix I for 

profile Ah 1 and I(o) 1, respectively. 

Profile: 

A 6 em 

AB 12 em 

~21 14 eQl 

Ah 2 (Ahaura fine sandy loam, site 2). 

dark brown (7 • .5YR 3/4) fine sandy loam; 

very friable: moderately developed 

medium and fine nutty structure (surface) 

gradin~ downward to moderately developed 

medium and fine granular and fine and 

very fine crumb; root mat at surface; 

indistinct boundary, 

dark brown (7 • .5YR 3/4) with a few 

patches of reddish yellow (1OYR 6/8) 
fine s~dy loam; very friable; strong 

to moderately developed medium to very 

fine nutty, and moderately developed 

medium and fine granular, ~d fine 

and very fine crumb structures; few 

roots; distinct boundary, 

strong brown (7 • .5YR .5/8) fine sandy 

loam; very :friable; moderately '" 

developed coarse to fine granular, and 

fine and very fine crumb structures; 

some deposition of iron oxides on faces 

of peds; no roots; diffuse boundary, 



Profile: 

A 7 cm 

AB 11 cm 

Profile: 

OA 6 cm 

14 cm 

442. 

Ah 3 (Ahaura fine sandy loam, site 3). 

dark reddish brown (5YR 3/2) fine sandy 

loam; very friable; moderately 

developed fine nutty structure grading 

downwards to moderately developed medium 

and fine granular and fine and very fine 

crumb; many roots; indistinct boundary, 

dark reddish brown (5YR 3/2) fine sandy 

loam; very friable; moderately 

developed medium and fine nutty structure 

and moderately developed medium and fine 

granular, and fine and very fine crumb; 

many roots; distinct boundary, 

strong brown (7.5YR 5/8) silt loam; 

very friable; moderately developed 

medium and fine nutty structure, and 

moderately developed coarse to fine 

granular and fine and very fine crumb: 

very 'few roots; diffuse boundary, 

Ah 4 (Ahaura fine sandy loam, site 4). 

dark reddish brown (SYR 3/3) peaty fine 

sandy loam; very friable; weakly 

developed fine nutty structure breaking 

to moderately developed medium and fine 

granular, and :fine and very fine crumb; 

abundant decomposing beech leaves: 

many rQots; distinct boundary, 

strong brown (7.5YR 4/6) and dark 

reddish brown (5YR 2/3) silt loam; 

very friable; moderately to strongly 

dveloped medium and fine nutty structure, 

and medium and fine granular and fine 

and very fine crumb; many roots; 

distinct boundary, 



15 cm 

Profile: 

B h,fe 

Profile: 

8 em 

4 em 

0.4 em 

16 em 

o 9 em 

strong brown (10YR 5/6) silt loam; 

i~on oxide staining on the faces of 

many peds; very friable; strongly 

developed medium and fine nutty 

structure, breaking to fine and very 

fine granular and crumb; few roots; 

diffuse boundary, 

Ah 5 (Ahaura fine sany loam, site 5). 

443. 

dark reddish brown (5YR 2/4) peaty 

fine sandy loam; friable; moderately 

developed medium and fine nutty, 

granular and crumb structures; few 

roots; distinct wavy boundary, 

, L 
dark reddish brown (SYR 2/3) silt loam; 

friable; moderately developed medium 

and fine nutty and fine and very fine 

crumb structures; few roots; sharp 

wavy boundary, 

humus/iron pan: dark reddish brown 

(SYR 2/2); hard; sharp wavy boundary, 

yellowish brown (10YR 5/6) silt loam; 

very friable; weakly developed medium 

and fine nutty structure breaking to 

fine and very fine granular; rare 

roots; diffuse boundary, 

Ah 6 (Ahaura silt loam, site 6). 

dark red (2.5YR 3/6) partly decomposed 

moroid litter of red beech leaves 

and twigs; many roots; distinct 

boundaryp 



6 cm 

14 cm 

,Erofile: 

o 5 cm 

A 10 cm 

15 em 

444. 

dark reddish brown (2.5 YR 2/4) peaty 

silt loam; very friable; moderately 

developed medium and fine nutty 

structure breaking to moderately 

developed medium and fine granular, and 

fine and very fine crumb; many roots; 

distinct boundary, 

strong brown (7.5YR 5/6) fine sandy 

loam, very :friable; weakly developed 

medium and fine nutty structure 

breaking to moderately developed coarse 

to fine granular, and fine and very 

fine crumb; few roots; diffuse 

boundary, 

Ah 7 (Ahaura fine sandy loam, site 7). 

dark reddish brOWll (5YR 3/3) partly 

decomposed moroid litter of red beech 

leaves and twigs; many roots; distinct 

boundary, 

very dark brown (7.5YR 2/3) to str~ng 

brown (7.5YR 4/6) slightly peaty fine 

sandy loam; very friable; moderately 

to strongly developed medium and fine 

nutty structure breaking to moderately 

developed fine and very fine granular, 

and medium to very fine crumb; many 

roots; distinct boundary, 

yellowish brown (10YR 5/6) fine sandy 

loam; very friable; moderately 

developed medium and fine nutty 

structure breaking to coarse to fine 

.. gr~nular, €l.11d fine and very fine crumb; 
,t<': 

few roots; diffuse boundary, 



Profile~ 

A 12 cm 

18 em 

15 em 

Profile: 

OA 9 cm 

AB 17 em 

445. 

Ah 8 (Ahaura silt loam, site 8). 

dark brown (7.5YR 3/4) silt loam; 

very friable; moderately to strongly 

developed medium and fine nutty 

structure (surface) grading downward 

to moderately developed medium to very 

fine granular, and fine and very fine 

crumb; many roots; distinct boundary, 

strong brown (7.5YR 4/6) silt loam; 

very friable, moderately developed 

medium and fine nutty structure breaking 

into medium and fine granular, and fine 

and very fine crumb; few roots; distinct 

boundary, 

brownish yellow (10YR 6/6) silt loam; 

very friable; breaks ultimately into 

fine and ~ery fine crumb structures; 

some tendency to form coarser aggregates 

that are either nuts or blocks; very 

few roots; diffuse boundaryp 

Ah 9 (Ahaura silt loam, site 9). 

dark reddish brown (5YR 2/3) slightly 

peaty silt loam; very :friable; weakly 

developed fine nutty structure breaking 

to moderately developed medium and fine 

granular and fine and very fine crumb; 

many decomposing red beech leaves and 

twigs; many roots; distinot boundary, 

dark brown (705YR 4/4) silt loam; very 

friable; moderately to strongly 

developed medium and fine nutty structure 

breaking to medium and fine granular 

and fine and very fine crumb; few roots; 

distinct boundary, 



16 cm 

Profi1e: 

9 cm 

brownish ye110w (10YR 6/6) si1t 1oam; 

very friab1e; breaks u1timate1y into 

fine and very fine crumb structure; 

446. 

some tendency to form coarser aggregates 

that are either nuts or b1ocks; very few 

roots; diffuse boundary, 

I(o) 2 (Ikamatua fine sandy 1oam, o1de~ 

variant, site 2). 

dark brown (7.5YR 3/4) peaty fine sandy 

1oam; very friable; weak1y deve10ped 

medium to vert fine nutty structure 

breaking to fine and very fine granular 

and crumb; few roots; distinct boundary. 



ADDENDUM 

Since this thesis was completed, further work including 

'. ' 1 
the application of the test devised by Greene-Kelly(19S3) has 

confirmed that the smectite group mineral that dominates the 

clay fractions of the A2 horizons at Ah 5, ar~ referred to as 

montmorillonite in the text, belongs to the beidellite-
I 

nontronite series. It is, likely that the smectite minerals 

identified at other sites also belong to this series. The 

products formed-from muscovite, the dominant mineral present 

in the parent material o~,th~ soils, .re more likely to 

approach the beidellite end ,of the series. , 
- '---- '-2 

Sokolova, Targu1 'yan and Shos't,ak (1971) and Belousova, 

Sokolova and Tyapk1rii$ (1 97'3) '3 have :roUnd h'~ghlY alum~nous . 

minerals of the montmorillonite (smectite) group, in which 

the layer charge arose in the tetrahedral positions, in the 

A2 horizons of Al~Fe-humic' ,~'pOdzolic soils. They have 
. :,' "-.. ~.o/'Y " , 

identified these minel-als as beidellites. It is considered 

that more detailed examination of the smectite minerals 

found in the A2 horizons of podzols from other areas will 

lead to further reports of the presence of minerals of the 

beide11ite~nontronite series. Such studies may help to 

elucidate the conditions of formation of the minerals 

concerned. 
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