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ZONE 

Lowland 

Montane 

Subalpine 

Alpine 

~- ~ - --- - -'_. '. 

TABLE 1. 

ALTITUDE (M) 

Sea level 450 

450 900 

900 1,400 

,>1,400 

Altitudinal Zonation (according 

to Wardle, 1963) 
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ALTITUDE 

FT (M) 

6000 (1828) 

5000 (1524) 

WARDLE'S 
FLORISTIC 

ZONES· 

i 
Alpine 

1 

, '~ 

,. 
!:' 

MORRIS,{l) 
TEt1P. 
ZONES 

°c 

TAYLOR THORNTHWAITE(2) MILLER(3) 
POHLEN ZONES ACCL. 
ZONES ZONES 

Alpine 1 
°c 

15 

----------------------
3.8 

5.0 16 ---------- 10 --------- TIMBERLINE (430 LATS.) 

4000 (1219) 

3000 (914) 

2000 (609) 

1000 (304) 

0 

TABLE 2. 

T 
Subalpine Subalpine 32 

! 1 
r 

Montane 63 

1 
T 

Lowland 763 

. ! 
Concepts of Altitudinal Zonation, as compared with those expressed by Taylor and Pohlen (1962). 

(i) Refers to mean annual air temperature °c determined at these altitudes. 

(2) Thornthwaite's temperature efficiency index i = T-32 
4 

(3) Accumulated temperature for the three warmest months calculated from a threshhold 
temperature of 43 0 F. 

I'\) 
I'\) 

'" 



SOIL N.~ME GROUP 

:arrick 
(1) 

Y.B.E. 

Kaikoura Y.B.E. 

Kirkliston Y.B.E. 

Hohonu 
(2 ) 

Pod Y.B.E. 

McKerrow Pod Y.B.E. 

Moonlight Y.B.E. 

Obelisk Y.B.E. 
Puketeraki Y.B.E. 

Resolution Pod Y.B.E. 

Spenser Y.B.E. 

TEXTURE 

Fine 
Sandy 

Loam 

Sandy loam 

Sandy loam 

Silt loam 

Sandy loam 

Sandy loam 

Silt loam 

Sandy loam 

Sandy loam 

PARENT 
!-'lA TERIAL 

Solifluct 
Schist 

Greywacke 

Greywacke 

Granite 

Schist 

Schist 

Schist 

Greywacke 

Gneiss 

Greywacke 

' .. 
C.' 

VEGETATION 

Poa colensoi 
F.N.Z. 

Snow tussock 
Alpine herbs 

Carpet grass 

Carpet grass 

Red tussock 

Snow tu s sock 

Snow tussock 

Carpet grass 

TABLE 3. Characteristics and Al~itudinal Range of some Mountain Soil Sets 

(l)Yellow-brown earths 
( 2 ) 

Podzolised yellow-brown earths 

ALTI. RANGE 

(ft) 

3000 - 4500 

up to 6000 

3000 - 5000 

3000 - 5500 

3000 - 5000 

1000 - 5500 

4200 - 5400 

3500 - 5500 

3000 - 5000 

3500 - 6500 

I\.) 

w 
o 



SOIL 

Kaikoura (1) 
steepland 

Subalpine(2) 

Alpine(3) 

TABLE 4a. 

HORIZON MECHANICAL ANALYSIS 
% 

2 - 0.2 0.2 - .02 .02 - .002 <.002 
mm mm mm mm 

A 11 - 44 27 - 44 18 - 27 11 - 22 

B 11 - 42 29 - 36 18 - 30 11 - 24 

A 13 38 27 22 

B 11 35 30 24 

A 44 27 18 11 

B 42 29 18 11 

Physical Analyses taken from a Range of Mountain Soils. 

(1) McDonald, 1960. 

(2) Molloy, 1964. 

(3) Molloy, 1964. 

BULK TOTAL 
DENSITY POROSITY 

g/cm3 01 
/0 

.62 - .78 69 - 74 

.87 - .97 62 - 66 

.58 75 

.76 70 

.78 69 

.97 62 

)'.' , 
~. . 

" 

MACRO 
POROSITY 

% 

26 - 30 

18 - 22 

29 

24 

30 

18 

I'V 
W 
..... 



SOIL 

Kaikour-a(l) 

S bl 
. (2 ) 

u aplne 

Alpine(3) 

Alpine (4) 
(Yellow brown earth) 

HORIZON 

A 

B 

A 

B 

A 

B 

A 

B 

Field Capacity 
% by Vol. 

21 - 40 

27 - 36 

32 

36 

21 

27 

77 

66 

, : 
:.; 

MOISTURE CONSTANTS 
Wilting Point 

% by Vol. 

9 - 17 

13 - 16 

14 

16 

9 

14 

42 

33 

TABLE 4b. Moisture Storage Capacity from a Range of Mountain Soils. 

(1) McDonald, 1960. 

(2) Molloy, 1964. 

(3) Molloy, 1964. 

(4) Archer, 1971. 

Available Moisture 
% by Vol. 

12 - 23 

14 - 20 

18 

20 

12 

13 

35 

33 

.,. 
I\J 
W 
I\) 



~. --. ,-.'-_. ---, 

233 

LANDFORM ASSOCIATION 
OR FORMATION 

CORRELATION 
WAIMAKARIRI WESTLAND 

SPEIGHT 
GEOL. SURVEY 

MAP 
GAGE 1958 GAGE & SUGGATE 1958 

Pukaki 

Maryburn 

TABLE 5. 

MORAINE 
SET 

Dun Fiunary 

Jacks Stream 

Ferintosh 

Birch Hill 

TABLE 6. 

Tekapo Poulter Kumara -3 

Mt John Blackwater Kumara -2 

Chronolbgy of late Otiran Glaciation. 

AGE DESCRIPTION 

1930-1750 Largely 
AD unvegetated 

1300 BP Partially 
vegetated 

2000-4000 Vegetated 
BP partly 

breached by 
stream 

9000 BP Vegetated 
breached and 
eroded by 
stream 

CORRELATION 

WAIMAK. 

CAHILL1 

WHITE,?1 

CROW7 1 

CAMERON 
VALLEY 

ARROWSMITH
2 

MARQUEE2 

WILD MAN2 
I & II 

Aranuian and late Otiran Moraine Sets 

(1) Burrows unpublished 

(2) Burrows (1973) 
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PERENNIAL SNOW SOUTH AND EAST NORTH AND WEST 

AND ICE ASPECTS ASPECTS 

(Hectare) (Hectare) (Hectare) 

·120 2713 1417 

TABLE 7. Summary of the Areas related to Aspect 

in the Twin Stream Catchment. 

MEAN ANNUAL THORNTHWAITE 

ALTITUDE ASPECT TEMPERATURE T - E ZONE 
(M) oC INDEX 

1400 E.S.E. 3.6 12.53 

1250 South 4.4 13.29 Alpine 

_. -- - ---- ~--, --- 1250 North 6.0 18.87 

Subalpine 
_. - - -- - ~ _."-

1200 East 6.3 21.12 
- - -:---- -- ---~:.--

850 E.S.E 8.1 27.89 Montane 

TABLE 8. The Relationship between T~ornthwaite's 

T - E Index and Mean Annual Temperature °c 

and the Altitudinal Zones in the Twin 

Stream Catchment. 
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DATE 
1968-1969 

June 

September 

December 

March 

Mean 

TABLE 9. 

DATE 
1970-1971 

December 

January 

February 

March 

April 

May 

Total 

Mean 

TABLE 10. 

235 

1200m (S) 1200m ~N ) + DIFF. (- S.E.) 
J 

°c °c °c 

3.8 8.2 4.4 1.61 

1.7 7.3 5.5 1.90 

8.1 11.2 3.1 1.92 

6.5 10.7 4.2 1.84 

5.0 9.3 4.3 1.82 

Mean Diurnal Temperature Range (oC) 

during the Soltices of 1968 and the 

Equinoxes of 1968 and 1969 on the 

North and South Aspects. 

FIELD STATION PYRAMID BASIN DIFF. 850 (M) 1480 (M) 

mm mm mm 

64.5 116.8 52.3 

40.4 85.8 45.4 

32.3 52.3 20.0 

35.3 41.9 6.6 

50.0 192.0 142.0 

134.6 200.7 66.1 

357.1 689.5 

59.52 114.92 55.4 
Ratio 1.93 

Altitudinal Comparison of Monthly Rainfall 

between Field Station (850 m) and Pyramid 

Basin (1480 m) in 1970 - 1971. 



SNOW COURSE 
(~) 

1,371 

1,524 

1,645 

1,371 

1,524 

1,645 

1,371 

1,524 

1,645 

TABLE 11. 

"I, 
, ',~ 

PERIOD 

1969 

15 June - 3 July 

15 June - 5 Sept. 

15 June - 5 Sept. 

1970 

30 June - 6 Oct. 

30 June - 6 Oct. 

30 June - 6 Oct. 

1971 

7 July - 1 Aug. 

1 June - 14 Oct. 

1 June - 14 Oct. 

NO. OF DAYS 

19 

83 

83 

99 

99 

99 

26 

136 

136 

, 
I", ' 

TOTAL WATER 
EQUIVALENTS (cm) 

4.80 

17.30 

22.60 

19.50 

36.80 

43.30 

3.30 

33.00 

43.60 

Net Accu~ulationof Snowpack, 1969 - 1971, in Pyramid Basin Snow Courses 

(Altitudinal Range: 1,371m - 1,645 m) 

RATE 
PER DAY 

.252 

.207 

.207 

.197 

.372 

.437 

.125 

.242 

.320 

I\) 

W 
0"1 



SNOW COURSE 
(m) 
-

~~. 

1,524 

1,645 

1,524 

1,645 

1,524 

1,645 

TABLE 12. 

TOTAL T/JATER PERIOD NO. OF DAYS EQUIVALENT S (cm ) 

1969 

6 Sept. - 3 Oct. 28 17.30 

6 Sept. - 3 Oct. 28 11.90 

1970 

7 Oct. - 24 Oct. 18 23.80 

7 Oct. - 24 Oct. 18 11.51 

1971 

15 Oct. - 4 Nov. 19 33.00 

15 Oct. - 4 Nov. 19 30.00 

Net Ablation of Snowpack, 1969 - 1971, in Pyramid Basin Snow Courses 

(Altitudinal Range: 1,524m - 1,645m) 

RATE 
PER DAY 

.616 

.425 

1.320 

.640 

1.730 

1.570 

I\J 
W 
.....:J 



',' 

ALT. ASPECT CYCLES JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 
(%) per c e n t, o f m 0 nth % 

850. E.S.E. Ice days 
(1 ) 

3 1 

Frost free 
(2) 

100 100 100 87 45 46 42 55 56 74 96 100 75 
(3) 

Frost altern. 13 55 53 55 45 44 26 4 24 
------------------------------------------------------------------------------------------------------
1460 E.S.E. Ice days 13 19 3 

Frost free 100 96 100 66 29 30 26 35 44 52 93 97 64 

Frost altern. 4 34 71 70 61 45 56 48 7 3 33 
------------------------------------------------------------------------------------------------------
1550 S.E. Ice days 4 10 37 61 22 N 0 

NO 
Frost free 90 96 71 16 D A T A 

DATA 
Frost altern. 6 2 29 74 63 39 71 100 100 20 

TABLE 13. Freeze-thaw cycles ranging in altitude (850 m - 1,550 m) - 1968-1972. 

(Temperatures recorded above snow surface from thermograph probes) 

(1) Ice Days 

(2 ) Frost free 

(3) Frost alternate 

0 
Temp.' C 

0 
Temp. C 

0 
Temp. e 

o o C and below during 24 hr period. 

Above freezing during 24 hr period. 

Alternate, freezing and above during 
24 hr period. 

15 

24 

60 

" 
I'V 
W 
OJ 
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..... -'_.-'_.--'-' ...... -:...-:.._-- :..-. 1968/ NORTH N~E. EAST S.E. SOUTH S. ltJ. WEST N.W • 
1970 % % % % % % % % 

. - .".".".".-. 
--- - - --. -- --- ---

JAN 9 8 15. 6 NIL 12 19 24 

FEB 6 5 10 10 It 15 21 33 

MAR 4 10 5 7 " 10 23 41 
-----_. ---- -----

...... __ .... ---', _.-. -.".",. APR 2 4 5 4 " 10 35 42 

MAY 4 9 5 5 It 7 22 46 

JUNE 5 4 1 7 " 10 25 48 

JULY 15 8 7 5 " 15 15 35 

AUG 10 7 7 5 " 7 20 35 

SEP 6 10 7 4 " 20 13 37 

OCT 4 10 13 11 " 13 15 34 -. -. -- '.- ~ . "'-~.-.--. 

NOV 7 6 7 5 It 18 15 40 

DEC 8 4 20 5 " 15 18 32 
. -_ .. "'------- -_. 

TABLE 14. Percent of Wind Direction, 1968 - 1970, 

from Field Station (850 m). (Height 

of Instrument 2 m above ground.) 



DEPTH 

(em) 

SEP.-OCT.-NOV. 

ALTITUDE: 850m 

-30 

SPRING 
(OC) 

ASPECT: S.E. 

7.0 

'.'.' .. , 
.,. 

DEC.-JAN.-FEB. 
SUMMER 

(OC) 

ELDEFULVIC SOILS 

13.8 

l'-lAR. -APR. -HAY 
AUTUMN 

(OC) 

9.3 

JUN.-JUL.-AUG. 
WINTER 

COC) 

1.1 

MEAN 

COC) 

7.8 

-----------------------------------------------~---------------------------------------------------------

ALTITUDE: 1250m ASPECT: S. 

- 5 

-10 

2.1 

1.8 

ALTITUDE: 1250m ASPECT: N. 

- 5 

-10 

4.3 

4.0 . 

ELDEFULVIC-ELEFULVIC SOIL 

9.6 

9.3 

CLINI-ELDEFULVIC SOIL 

9.6 

10.3 

ALTITUDE: 1480m ASPE:CT: E.S.E. ELEFULVIC SOIL 

- 5 

-10 

1.6 

0.1 

11.0 

9.3 

3.7 

4.1 

8.0 

6.0 

4.0 

3.4 

-2.3 

-2.0 

0.8 

0.5 

-1.6 

-2.0 

3.2 

3.3 

5.6 

5.2 

3.8 

2.7 
---------------------------------------------------------------------------------------------------------
ALTITUDE: 1550m ASPECT: S.E. FULVI-ELEGELIC SOIL 

- 5 -3.0 -3.5 0.52 
I\J 
,&::. 

-10 -2.6 

6.6 

4.5 

2.0 

2.5 -2.6 1.7 0 

TABLE 15. Seasonal Variation of Mean Soil Temperature (oC), Scm depth, throughout a Number of 
Soilso (Altitude: 850m - 1550m) (Data compiled over a 4 year period - 1968-1972) 



nperature 

infall 

Heat Index 

A.DJ P-E 

J PE 

orage change 

orage 

tual 
vaporation 

ter deficit 

rplus water 

n off 

OF 

°C 
in 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

P.E. mm 

idity Index mm 

JAN 

58.2 

14.4 

3.6 

91.4 

5.04 

1.0 

98 

-7 

95 

98 

o 
o 

56 

= 599 

o = 

FEB 

57.8 

14.0 

4.7 

119.3 

4.92 

1.0 

82 

+7 

102 

82 

o 
37 

46 

MAR 

53.8 

12.0 

6.8 

172.7 

3.81 

0.9 

73 

o 
102 

73 

o 
99. 

73 

APR 

46.3 

7.8 

6.8 

172.7 

2.02 

0.6 

42 

o 
102 

42 

o 
131. 

102 

MAY 

40.9 

4.4 

3.8 

96.5 

0.98 

0.4 

25 

o 
102 

25 

o 
71 

86 

JUN 

37.3 

2.8 

3.4 

86.3 

0.44 

0.2 

11 

o 
102 

11 

o 
75 

106 

Humidity Index = 

Moisture Index = 

JUL 

34.5 

1.5 

5.8 

147.3 

0.14 

0.1 

6 

o 
102 

6 

o 
141 

124 

1219_ 
599 
100% 

, ,. 

AUG 

38.7 

3.5 

7.9 

200.6 

0.63 

0.3 

21 

o 
102 

21 

o 
180 

152 

SEP 

41.5 

5.0 

6.0 

152.4 

1.08 

0.4 

30 

o 
102 

30 

o 
122 

137 

100% 

OCT 

46.5 

7.8 

7.9 

200.6 

2.06 

0.6 

53 

o 
102 

53 

o 
148 

142 

NOV 

50.5 

10.0 

7.5 

190.5 

2.98 

0.7 

65 

o 
102 

65 

o 
125 

134 

DEC 

53.7 

12.0 

6.1 

154.9 

3.79 

0.9 

90 

o 
102 

90 

o 
90 

112 

YEAR 

46.6 

8.1 

74.80 

1785 

27.89=I 

599 

1219 

Summer conc. of thermal efficiency = 45% 

TABLE 16. Water Budget of the Cass Soil at 850m (after Thornthwaite). Data compiled during the period 

1967 - 1970. 

I\) 
,j:::. 

~ 



Precipitation 

P (mm) 

t
" (1) Evapora loon 

(mm) 

TABLE 17. 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

442 124 97 64 24 119 171 88 118 32 103 371 114 27 261 

71 114 109 122 117 90 62 55 11 24 27 157 149 

Monthly Precipitation and Evaporation. Lower Field Station (8S0 m) 

October 1968 - December 1969 (Archer & Collett, 1971). 

(1) Evaporation recorded from a raised pan evaporimeter. 

TOTAL 

2155 

1107 

I'V 
~ 
I'V 
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ALTITUDE (M) 

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

ASPECT 
o"."°'_.". ___ "-'" ____ " __ 

Ht above GD 

PRECIP/PE 

TABLE 18. 

,,". '_~._"1.-::"""'_"'.-,-__ , 

1470 1470 1470 

E.S.E. NORTH NORTH 

1m 1m GD surface GD 

1.8 0.6 1.4 

Ratio of Precipitation and Potential 

Evapotranspiration, during January -

February, 1971. 

243 

1560 

S.E. 

surface 

3.1 
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~ 
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JAN FEB MAR APR }II'~y JUN JUL AUG' SEP OCT NOV 

'recipi tation (mm)162 140 266 75 203 120 253 304 200 442 124 
'. 

iaturation Def. (mm) 3.73 4.59 4.20 2.41 2.90 1.59 0.97 2.05 2.80 2.80 3.70 

Tater Need (mm) 87.60 98.40 84.00 '48.00 58.00 31.80 19.40 41.00 56.00 56.00 74.00 

[urn. Coeff. 1.84 1.42 3.16 1.55 3.50 3.77 13.04 7.40 3.57 7.89 1.67 

:ain Need (mm) 75 43 182 28 146 89 234 2.64 144 386 SO 

rater Stored (mm) 75 100 100 100 100 100 100 100 100 100 100 

leaching 
(mm) Rainfall 75 43 182 28 146 89 234 264 144 386' SO 

vailable H
2

O 162 140 266 75 203 120 253 , 304 200 442 124 

'FABLE 19. Humidity Coefficients calculated for 850 m Altitude Zone on the S~E. Aspect. 

'" 

DEC 

96 

3.27 

65.40 

1.46 

31 

100 

31 

96 

2385 

35.99 

50.27 

1672 

N 
~ 
J::> 



/ 

,: 

Precipitation 

Saturation Def. 

Water Need 

Hum. Coeff. 

Rain Need 

'Nater Stored 

Leaching 
Rainfall 

Available H
2

O 

TABLE 20. 

, .,~ 

,,' 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT' NOV DEC 

(mm)162 1.40 266 75 203 120 253 304 200 442 1.24 ~ 96 2385 

(mm) 3.73 4.59 . 3.26 2.12 1..84 1.56 0.75 1.32 1..1.3 1..91. 2.78 2.25 27.2' 

(mm) 74.60 90.60 65.20 42.40 36.80 31..20 15.00 26.40 22 •. 60 38.20 55.60 45.00 

2.17 1..55 4.08 1..77 5.52 3.85 16.87 11..52 8.85 11..57 2.23 2.1.3 72.1.' 

(mm) 87.40 49.40 200.80 32.60 166.20 88.80 238.00 277.60 177.40 403.80 68.40 51..00 

(mm) 87.40 100 1.00 100 100 1.00 100 1.00 1.00 1.00 1.00 100 

(mm)87.40 49.40 200.80 32.60 166.20 88.80 238.00 277.60 177.40 403.80 68.40 51..00 1841..4 

1.62 1.40 266 75 203 120 , 253 304 200 442 124 96 

Humidity Coefficients calculated for the 1,200 m Altitude Zone on the North Aspect 

'4 

N 
~ 
U1 



/ 
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

?recipitation (mm)162 140 266 75 203 120 253 304 200 442 124 96 

Saturation Def.(mm) 3.60 4.54 3.06 1.44 1.55 1.22 0.20 0.51 0.52 0.79 2.83 1.53 

Nater Need, (mm) 72.00 90.80 61.20 28.80 31.00 24.40 4.00 10.20 10.40 15.80 56.60 30.60 

-Ium. Coeff. 2.25 . 1.54 4.40 2.60 6.50 4.90 63.20 29.80 19;20 27.90 ' 2.19 3.20 

~ain Need (mm) 90.00 49.20 204.80 72.40 172.00 95.50 249.00 293.80 189.60 426.20 67.40 65.40 .-

'Jater Stored (mm) 90.00 100 100 100 100 100 100 100 100 100 100 100 

~eaching 

Rainfall (mm) 90.00 49.20 204.80 72.40 -172.00 95~60 249.00 293.80 189.60 426.20 67.40 65.40 

\vailable H 0 
2 

(mm)162 140 266 75 203 120 253 304 200 442 124 96 

TABLE 21. Humidity Coefficients calculated for the 1,200 m Altitude Zone on the South Aspect 

" 

2385 

21., 7~ 

167. 6~ 

1975.4( 

N 
,j:::. 

0'1 



/ 

recipitation 

a tura tion Def. 

ater Need 

um. Coeff. 

ain Need 

ater Stored 

eaching 
Rainfall 

vailable H
2

O 

TABLE 22. 

JAN FEB M.l\.R APR MAY JUN JUL AUG SEP OCT NOV DEC 

(mm)242 210 396 110 302 180 373 454 300 662" 244 136 

(mm) 2.82 4.16 1.92 0.47 0.20 0.20 0.10 0.10 0.25 0.45 1.75 1.50 

(mm) 56.40 83.20 38.40 9.40 4.00 4.00 2.00 2.00 5.00 9.00 35.00 30.00 

4.29 2.52 10.31 11.70 75.50 45.00 186.50 227.00 60.00 73.50 6.97 4.50 

(mm)181.00 126.80 357.60 100.60 298.00 176.00 371.00 452.00 295.00 653.00 209.00 106.00 

(mm)181 100 100 100 100 ..100 100 100 100 100 100 100 

(mm)181.00 126.80 357.60 100.60 298.00 176.00 371.00 452.00 295.00 653.00 209.00 106.00 

242 210 396 110 302 180 373 454 300 662 244 136 

Humidity Coefficients calculated for the 1,550 m Altitude Zone on the S.E. Aspect 

'\j 

3609 

13.8 

707.7 

3326 

!\J 
,I::> 
...J 



/ . JAN FEB MAR APR MAY JUN JUL AUG SEP 

TOC 13.3 14.4 14.4 7.8 7.8 2.2 -0.0' 3.3 5.6 

Hum. Coeff. 1.84 1.42 3.16 1.55 3.50 3.77 13.04 7.4 3.57 

A (prqvisory) 0.58 0.60 0.67 0.22 0.25 0.03 0.,00 0.06 0.14 

h/12 1.28 1.17 1.05 0.91 0.86 0.81 0.76 0.86 0.99 

A 0.74 0.70 0.70 0.20 0.21 0.02 0.00 0.05 0.14 

TABLE 23. Calculation of Growth Index (S.E. Aspect, 850 m site) 

JAN FEB MAR APR MAY JUN JUL AUG SEP 

TOC 10.7 12.3 12.3 5.3 4.8 0.78 0.00 0.00 1.0 

Hum. Coeff. 2.17 1.55 4.08 1.77 5.52 3.85 16.87 11.52 8.85 

A (provisory) 0.41 0.48 0.51 0.11 0.09 0.00 0 .• 00 0.00 0.01 

h/12 1.28 1.17 1.05 0.91 0.86 0.81 0.76 0.86 0.99 

A 0.52 0.56 0.53 0.10 0.07 0.00 0.00 0.00 0.01 

TABLE 24. Calculation of Growth Index (North Aspect, 1,200 m site) 
'~ 

OCT NOV 

6.1 9.4 ,. 

7.89 1.67 

0.17 0.34 

1.13 1.20 

0.19 0.40 

OCT NOV 

2.5 6.4 

11.57 2.23 

0.03 0.18 

1.13 1.20 

0.0.3 0.21 

DEC X 

11.1 7.9 

1.46 

0.42 

1.30 

0.54 0.34 G.I. 

-. DEC X 

10.3 5.5 

2.13 

OQ41 

1.30 

0.52 0.22 G.I. 

N 
,j:>. 

en 



I 

JAN 

TOC 10.3 

Hum. Coeff. 2.25 

A (provisory) 0.38 

h/12 1.28 

A 0.48 

TABLE 25. 

JAN 
-

TOC 8.9 

Hum. Coeff. 4.29 

A (provisory) 0.30 

h/12 1.28 

A 0.38 

TABLE 26. 

FEB MAR 

11.6 11.5 

1.56 4.4 

0.45 0.49 

1.17 1.05 

0.52 0.51 

, , 
, .. 1 

APR 

4.4 

2.6 

0.10 

0.91 

0.09 

MAY 

4.5 

6.5 

0.09 

0.84 

0.07 

J 

JUN JUL-,' AUG SEP 

-0.56 -2.0 -0.44 0.00 

4.9 63.2 29.8 19.2 

0.00' 0.00 0.00 0.00 

0.81 0.76 0.86 0.99 

0.00 0.00 0.00 0.00 

Calculation of Growth Index (South Aspect, 1,200 m Site) 

FEB MAR APR MAY JUN JUL AUG SEP 

10.2 10.1 3.0 3.1 -2.0 -3.4 -2.0 -1.4 

2.52 10.31 11.7 75.5 45.0 186.5 227.0, 60.0 

0.38 0.39 0.04 0.04 0.00 0.00 0.00 0.00 

1.17 1.05 0.91 0.84 0.81 0.76 0.86 0.99 

0.44 0.40 0.03 0.03 0.00 0.00 0.00 0.00 

Calculation of Growth Index (S.E. Aspect, 1,550 m Site) ~ 

OCT NOV DEC X 

1.50 5.9 8.4 4.6 

27.9 .2.19 3.2 

0.02 0.13 0.30 

1.13 1.20 1.30 

0.02 0.15 0.39 0.18 G.I. 

OCT NOV DEC X 

0.00 4.5 7.0 3.1 

73.5 6.97 4.5 

0.00 0.09 0.21 

1.13 1.20 1.30 

0.00 0.10 0.27 0.14 G.I. 

!\) 

~ 

"" 



CAT. I 

BASAL FORM 
'. 

.) SKELIFORM 

~ ) ORGANIFORM 

~ ) FULVIFORM 

CAT. II CATo III CAT. IV CAT. V CAT. VI 

MAIN ENERGY CL.~SS ILL UVIAL PANS 
GLEY 

ORGANIC 
ENLSACHING PARENT rJl.ATERIAL AND MATTER 

STATUS HORIZONS MOTTLES RANGE 
C/ 
/0 

ELESKELOUS ELEGELIC Few - Weak - 7 - 34 Very strong Weak comminuted 
distinct Moderate - Moderate chlorite schist and 

greywacke solifluct 

ELELITHIC Nil o - ~ Very strong Weak comminuted 
schist and grey-
wacke 

ELECLINIC Nil Nil - 7 - 20 'Moderate - Weak comminuted 
Weak Strong schist and grey-

wacke 

ELELUVIC Nil Weak o - 5 Moderate - Weak comminuted 
Strong glacio-fluvial 

outwash 
ELEORGANOUS ELEPLATIC Few - 'ftleak - 16 - 20 Moderate - Weak comminuted 

distinct Moderate Strong schist and grey-
wacke 

ELEFULVO'US ELEFULVIC Clay, Nil - Nil - 4 - 15 Strong - Weak argillised 
iron Few Moderate Very strong schist and grey-

wacke 

ELDEFULVOUS ELDEFULVIC Clay, Nil - Nil - 4 - 15 Strong - Weak argillised 
iron Many Moderate Very strong schist and grey-

wacke 

TABLE 27. Technical Classification of the Main Basal Groups 0' S~ls 
.,. 

F\J 
U1 
o 



BA~E 

STATUS 
OF A ORGAI'IC GLEY.XOT'!'~ES :LLU-

CU.SS INTERGRADE: PARENT MATERIAL PHYSIOGRAPHY DRAINAGE HOnIZON HORI.:" f'.ATTER O.f'..'l: E:TC VIA'!'!CS R::~:~:£ 

Elegel1c Lodi- Greywacke.schlst, Solifluction lobe Impeded \\"ell deve- 2 - 4 Platy 20 Diffused gley Weak FlushIng, 
sol1fluct loped 0, humlr.:ol, few di stinct strong 

sha llow In- humiskel mottles organiC 
c1pient B 

PUlvi- -do- -do- ,frost humm- Well 'Nell deve- 4 - B Lithiskel, 20 Weak gley Weak -do-
oclc:.s drained loped humic humiskel 

A,iucipip.nt 
B 

Elecl1nic Greywacke,schlst, Moraine "outwash Excess Raw mineral 4 -12 Lithiskel 0-5 Nil Weak Flushing 
solifluct,moraine fans drain soil 

Humi- -do- -do- Well Sha llow 0, 3 -10 Hurr.iskel 5-20 Nil Weak Flus!iln~ • 
drained well deve- l1thiskel strong 

loped humic complex orga.nic 
A if B inci-
pient 

Elel1thic RIdge detritus, Ridge crest erod- Exce55 Raw mineral 1 - 3 Lithlskel Q-s Nil Weak" wasting 
unstable colluvium ed steepland drain soLI 

Eleluvic Glacio-fluvial outwash Basins or de- Imperfect Thin A forming ~eak-moderate Weak Flushing, 
pressions In poorly on frr.sh fine 4 -12 Humiskel 0-5 gley,mottling mixing of 
terrain drained textured sedi- 11 thi skel fresh 

mpnt,pos5ible sedir."er:t 
buried Inci-
plp.nt B 

EleplaUc Outwash Basins Poorly O,overlylng C1 30 Humicol, 15 Humic gley :leak Flushing, 
drained of silt,sand humlskel mixing 

Luvi- -do- -do- -do- -do- o -15 Humlskel 15 Strong-Plod. "Afeak Topoqenou5 
eleplatic platy gley,mottling bog 

humlcol 

Elefulvic Greywacke,sch1st Steepland,toe Well A,B,C 5 - 7 Humicol 15 Nil Clay, Leaching, 
colluvium,moraine of slopes drained l1lhiskel Iron strong C'r"q. 

complex 

Madent1- -do- DepreSSions, toe High A,B,C 7 -17 ~do- 5 Humic gley -do- Gleying, 
of slopes seasonal mot tl1ng streng org_ 

wat"",c-
table 

Clini- -do- Stee"pland Excess A,B,C 4 -10 -do- 5-15 Nil Weak ·.:asting 
surface 
drainage 

Enleached -do- -do- to undulat- W"l1 O,A,8,e 4 -13 Liqno- 5-15 .. :odecate- Clay, Strongly 
phase 1ng ter~aln drained parenchymal strong iron enleach~d 

humiskel mottling 

Eldefulv1c -do- -do- -do- A,B,C , 5 -11 Humicol 5-15 Weak Clay, ~achlng 
lIthlskel mottl1ng iron streno; org. 
complex, 
mullicol 

ClinI- -do- Steepland Excess A,B,C 5 -11 Ilumicol 5-15 Nil tl:eak lOasting 
sur face lithlskel 
drainage complex 

Madenti- -do- -do- to undulat- High ",B,C 6 -13 Llgno- 5-15 Moderate- Clay, Gleying 
podi- 1ng terrain se.asonal parenchymal strong iron strong crg. 

water- humlskel mottling 
table N 

Ul 
P 

TABLE: 2B. Technical Classification of Category III with Intergrades 



,'. 

HORI. DEPTH ORG.C N C/N K+ Na+ Mg++ Ca++ C.E.C. T.E.B. BS pH 
(cm) % 0/ M.e/l00gm % 10 

°1 0-5 

°2 
5-14 17.50 0.75 23 0.17 0.13 0.16 0.11 21.02 0.57 2.7 3.95 

Og 14-31 8.79 0.50 17 0.05 0.10 0.07 0.06 14.66 0.28 1.9 4.05 

(u)O 31-34 

(u)G 34-41 

(u )B 41-51 3.61 0.25 14 0.08 0.12 0.07 0.09 17.48 0.34 1.9 4.50 

--------------------------------------------------------------------------------------------------------
HORI. DEPTH Ca-P Alfe-P Occ-P 

Total Inorg. Org. Total 
Allophane P P P 

(em) Phosphorus Fraction p.p.m. 

°1 0-5 

°2 
5-14 trace 59 313 372 1003 1375 Weak 

Og 14-31 3 513 516 684 1200 Moderate 

(u)O 31-34 

(u)G 34-41 

(u)B 41-51 10 95 197 302 618 910 Strong 

"" TABLE 29. Chemical Analysis - Lodi-elegelic Soil -.. U1 

"" 



ALTITUDE: 1,500 - 1,800 m 

ASPEC,T: South 

SLOPE: Undulating 

HORI. DEPTH CLP.Y 
(cm) < .002mm 

0 1 0-5 

O2 5-14 6 

Og 14-31 9 

(u)O 31-34 

(u)G 34-41 

(u)B 41-51 7 

TABLE 30. 

MEAN TEMPERATURE - AIR 1 - 2°C 

- SOIL: o - 1°C 

PRECIPITATION: 3,000 - 3,500 mm Hg/Hl : 0.9 1 / 

SILT FINE SAND COARSE SAND TEXTURAL CLASS 
.002-0.02mm 0.02-0.2mm 0.2-2.0mm 

46 40 8 Silt loam 

44 40 7 Silt loam 

50 36 7 Silt loam 

Physical Analysis (% Fine Earth) - Lodi-Elegelic Soil 

'-. 

I'\) 

lJ1 
W 



HORT. 

Al 

(u)A 

(u)B 

HORI. 

Al 

(u)A 

(u)B 

DEPTH 
(crn) 

0- 8 

8-25 

25-28 

DSPTH 
(crn ) 

0- 8 

8-25 

25-28 

Org.C 
0 1 
70 

11.8 

4.07 

1.61 

Ca-P 

77 

N C/N K+ Na+ Mg++ Ca++ C.E.C. T.E.B. 
% M.e/l00gm 

0.51 23.0 0.24 0.14 0.33' 0.54 14.97 1.25 

0 .. 25 16.3 0.08 0.09 0.09 0.09 11.47 0.35 

0.12 13.4 0.04 0.08 0.05 0.06 11.99 0.23 

Alfe-P Occ-P 
Total Inorg. Org. Total Allophane 

P P P 
Phosphorus Fraction p.p.m. 

193 23 293 587 860 

120 150 270 280 550 Noderate 

80 163 243 132 375 Moderate 

TABLE: 31. Chemical Analysis - Pulvi-elegelic Soil 

BS 
% 

8.5 

3.1 

1.9 

pH 

4.20 

4.35 

4.35 

C\) 

U1 
~ 



AL~ITUD2: 

ASPECT: 

SLOPE: : 

HORI. 

Al 

(u)A 

(u)B 

1,500 

South 

...;.. 1,300 m 

Undulating 

DEPTH 
(cm) 

0-8 

8-25 

25-28 

CLAY 
<.002mm 

1 

.., 
..I. 

TABL.e: 320 

M2AN T2MPERA~UR~ - AI:t : 1 2C~ .... - t_ 

SOIL: O - 1°C 

PRE=IPITATICN: 3,OCO - 3,500 mm 

SILT 
.002-0.02mm 

21 

16 

FINE SAND 
O.02-0.2mm 

65 

74 

COARSE SAND 
O.2-2.0mm 

13 

9 

Hg/Hl 0.75 - C • .90 

TEXTURAL CLASS 

Loamy sand 

Sand 

Physical Analysis (~ fine earth) - Fulvi-Elegelic Soil 

I\J 
V1 
V1 



HORI. 

A 

C 

Mg Fe D--
- ----- -

Total-- Org. Total P-Ret. Org. Ca 
~DEPTH C N % Total 2 3 pH Ca-P Al,Fe-P Occ-P Inorg-P P P P 

(cm) % % elements Phosphorus Fractions p.p.m. 

0-1 

1-6 0.30 0.01 0.35 0.42 10.44 5.6 600 110 325 1034 165 1200 0.00 

TABLE 33. Chemical Analysis - Eleclinic Soil. 

ALTITUDE: 1,800 - 1,900 m 

ASPECT: East 

SLOPE: 20° 

Hg/Hl 

MEAN TEMPERATURE: 

SOIL TEMPERATURE: 

PRECIPITATION: 

0.78 - 0.90 

1 - 2°c 

o _ 1°C 

3,000 - 3,500 mm 

Allophane 

Weak 

N 
U1 
(j\ 



ORG. N C/N K+ + ++ Ca++ ,... -=' ,. T.E.B. Ca Mg Fe
2

0
3 

BS pH HORI. _DEPTH Na Mg ......... ~."-'. 
(cm) C 01 01 r'l. e/l00gm % Total elements % je ,'0 

° 0-12 11.79 0.82 14.4 0.11 0.25 4.30 

A 12-25 3.57 0.23 16.0 0.67 0.22 0.09 1.04 29.52 2.83 0.08 0.27 11.44 9.6 4.05 
-----------------------------------------------------------------------------------------------------------
HORI. DEPTH Ca-P 

(cm) 

o 0-12 32 

A 12-25 3 

Total 
Al,Fe-P Occ-P Inorg.-P Org-P Total-P P-ReL 

Phosphorus Fractions p.p.m. e/ 
/0 

81 413 526 924 1450 2 

92 125 220 455 675 2 

TABLE 34. Chemical Analysis - Humi-Zleclinic Soil 

Allophane 

itJeak 

Moderate 

N 
Vl 
-..J 



ALTITUDE: 

ASPECT: 

HORIo 

o 

A 

1,SOC - 1,800 :n 

East 

DEPTP. CLAY 
(em) -(. CC2mrn 

0-12 3 

12-25 10 

'I'ABLS 350 

r. 
SLOP::: 30~ 

M-'aT ~~MP~R'~UO~ AT-' n 3°C ... J.t...J-:.. .. ~ ..:.. ....... .1. -~ .. n..:. ~ ... _ - ..... :'\.. v-

SILT FINE: SAND 
.002-0.02rnm 0.02-0.2mm 

12 81 

7 79 

: ' 

PRECIPITATIO~: 3,000 - 3,500 mm 

Hg/Hl : 0.76 - 0.97 

COARSE SAND TEXTUR.';L CLASS 
0.2-2.0mm 

4 Sand 

4 Sandy loam 

Physical Analysis (%Fine Sarth) - Humi-Eleelinic Soil 

N 
lT1 
co 



HORI. 

A/C 

HORI. 

Ale 

DEPTH 
. (cm) 

0-10 

DEPTH 
(cm) 

0-10 

ALTI.: 1,500 m 

HORIZON 

A/C 

DEPTH 
(cm) 

0-10 

Org.C 
% 

1.43 

Ca-P 

8 

N 

% 

0.08 

C/N 

17.9 

Alfe-P 

K+ 

0.03 

Occ-P 

Na+ Mg++ Ca++ C.E.C. T.E.B. 
M.e/100gm -------------------

0.10 0.03 0.08 

Total Inorg. Org. 
P P 

6.60 

Total 
p 

0.24 

Allophane 

Phosphorus Fraction p.p.m. 

126 88 222 355 575 

TABLE 36. Chemical Analysis - Elelithic Soil 

BS 
% 

3.6 

pH 

4.70 

ASPECT: N.E. o 0 
SLOPE: 0 -5 o MEAN TEMP.: 3 C PRECIP.: 3,000-3,500 mm 

CLAY 
< .002mm 

o 

SILT 
.002-.02mm 

6 

TABLE 37. 

FINE SAND 
.02-.2 mm 

91 

COARSE SAND 
.2-2 mm 

3 

Physical Analys~s(%Fine earth) 

Hg/H1: 0.78 

TEXTURAL CLASS 

SAND 

.~ 

I\) 

(Jl 

~ 



DEPTH Org. N C/N K+ + ++ ++ Fe 20
3 

A1
2

0
3 

Si02 
BS HORI. Na Mg Ca C.E.C. T.E.B. Ca Mg pH 

" (cm) C % % % M.e/l00gm % Total Elements ---

A ,: 0-5 2.50 0.21 11.9 0.12 0.11 0.12 0.41 12.24 0.76 0.18 0.32 9.24 14.07 47.0 6.2 4.40 

A 20-25 1.21 0.10 12.1 0.01 0.09 0.04 0.11 11.46 0.25 0.23 0.33 1~21 12.24 51.0 2.2 4.50 

GC 20-100 1.65 0.14 11.8 0.03 0.10 0.05 0.18 14.46 0.36 0.20 0.19 7.12 12.24 51.0 2.5 4.40 

uB 100-120 1.86 0.13 14.3 0.04 0.10 0.05 0.19 15.14 0.38 0.160.1910.5220.8647.9 2.5 4.40 

------------------------------------------------------------------------------------------------------------
HORI. DEPTH Ca-P AI, Fe-P 

(cm) 

A 0-5 60 105 

A 20-25 50 150 

GC 20-100 10 53 

uB 100-120 1.5 110 

TABLE 38. 

Total 
Occ-P Inorg-P 

Phosphorus Fractions p.p.m. 

475 640 

262 462 

118 181 

188 313 

Chemical Analysis 

Org-P Total .... P 

360 990 

213 675 

492 675 

437 750 

Eleluvic Soil 

P-Ret 
% 

30.0 

29.5 

44.5 

59.5 

Allophane 

taJeak 

Strong 

Strong 

Strong 

f\.J 
Q"I 
o 



ALTITUDE: 
.~:. 

ASPECT: 

HORI. 

A 

A 

GC 

uB 

1,700 - 1,800 m 

South 

CLAY 

SLOPE: 50 

MEAN TEMPERATURE - AIR: laC 

SILT FINE SAND DEPTH 
(cm) < .002mm .002-0.02mm 0.02-0.2mm 

0-20 3 26 55 

20-25 3 11 76 

25-100 8 19 72 

100-120 4 11 78 

PRECIPITATION: 3,500 mm 

Hg/Hl: 0.78-0"90 

COARSE SAND TEXTURAL CLASS 
O.2-2.0mm 

16 Loamy Sand 

10 Sand 

2 Loamy Sand 

7 Sand 

TABLE 39. Physical Analysis (% Fine Earth) - Eleluvic Soil 

f\.l 
Cl'I 
~ 



+ + ++ ++ Fe
2

0
3 

A1
2

0
3 

Si0
3 

BS HORI. DEPTH Org. N C/N K Na Mg Ca C.E.C. T.E.B. Ca Mg pH 
(cm) C % 0/ % /C M.e/l00gm --- % Total Elements ---

1...~: 

°1 0-3 16.4 0.90 18.2 0.22 0.15 0.24 0.38 24.43 0.99 0.12 0.19 3.56 17.79 28.73 4.1 4.15 

Cz 7-10 5.25 0.41 12.8 0.14 0.14 0.19 0.20 20.10 0.67 0.15 0.30 4.29 27.14 40.47 3.3 4.20 

°3 10-12 5.95 0.46 12.9 0.14 0.28 4.43 26.69 40.47 4.95 

C3 
12-17 5.00 0.41 12.2 0.14 0.28 4.43 28.50 40.47 

°4 
17-19 6.05 0.44 13.7 0.14 0.19 3.43 21.71 41.53 

------------------------------------------------------------------------------------------------------------
HORI. 

°1 
C

2 

DEPTH 
(cm) 

0-3 

7-10 

N ° 

Ca-P Al,Fe-P 

80 

. 70 

D A T A FOR 

TABLE 40. 

Occ-P Total Inorg-P Org-.P 
Phosphorus Fractions p.p.m. 

153 233 932 

253 308 692 

LO~oJER H ° R I Z ° N S 

Chemical Analysis Plati-eleluvic Soil 

Total-P 

1165 

1000 

P-Ret. 
% 

54.5 

rv 
en 
rv 



ALTITUDE: 1,500 - 1,600 m 

ASPECT: South 

.,. 

HORI. DEPTH CLAY 
(cm) < .002mm 

0
1 

0-3 12 

C
2 

7-10 8 

TABLE 41. 

SLOPE: Flat PRECIPITATION: 3,500 mm 

MEAN TEMPERATURE - AIR: 1°C Hg/HI: 0.78 - O.~ 

SILT FINE SAND COARSE SAND TEXTURAL CLASS 
.002-0.02mm 0.02-0.2mm 0.2-2.0mm 

58 29 1 Silt Loam 

28 60 6 Loamy Sand 

Physical Analysis (% Fine Earth) - Plati-Eleluvic Soil 

I\J 
0'1 
w 



ALTITUDE: 1,200 - 1,800 m 

ASPEtT: N.E. 

HORI. DEPTH CLAY 
(cm) -( .002mm 

0 0-15 10 

G 15-30 4 

TABLE 42. 

SLOPE: 25° PRECIPITATION: 3,500 m 

MEAN TEMPERATURE - AIR: 2 - 3°C Hg/Hl: 0.72 - 0.9! 

SILT FINE SAND COARSE SAND TEXTURAL CLASS 
.002-0.02mm 0.02-0.2mm 0.2-2.0mm 

11 73 6 Sandy loam 

11 62 22 Sand 

Physical Analysis (% Fine Earth) - Eleplatic (Eutric Phase) Soil 

, 
rv 
(j\ 

~ 



HORI. 

.~ 

0 

,.. 
IJ 

uO 

uG 

HORI. 

0 

G 

uO 

uG 

DEPTH 
<em} 

0-15 

15-30 

30,..35 

35-54 

DEPTH 
(cm) 

0-15 

15-30 

30-35 

35-54 

Org.C 
% 

8.20 

2.57 

Ca-P 

230 . 

N 
% 

0.50 

0.17 

Alfe-P 

C/N 

16.4 

15.1 

K+ Na+ Mg++ Ca++ 
-------------------- M.e/100gm 

0.27 0.18 0.92 5.76 

0.15 0.14 0 .. 32 2.86 

0.11 0.13 0.24 1.61 

Occ-P 
Total Inorg. 

P 
Org. 

P 
Phosphorus Fraction p.p.m. 

120 115 465 450 

. , 

C.E.C. 

19.61 

13.34 

9.24 

Total 
P 

915 

T.E.B. 

7.13 

3.53 

2.09 

Allophane 

Weak 

TABLE 43. Chemical Analysis - Eleplatic (Eutric Phase) Soil 

BS 
% 

36.4 

26.5 

22.5 

'" 

pH 

4.85 

4.85 

5.00 

J\.) 

(J'l 

U1 



;', 
.. 

HORI. DEPTH Org. N C/N K+ Na+ Mg++ Ca++ C.E.C. T.E.B. Ca Mg Fe 20 3 A1 20 3 Si02 BS pH 
(em) C % 0/ % 

/0 M.e/l00gm % Total Elements 

A 
'.~~~ 

0-15 6.29 0.45 13.97 0.33 0.16 0.52 0.66 14.52 1.67 0.09 D.06 4.06 18.14 43.6 7.4 4.05 

Bl 15-22 5.57 0.37 15.05 0.10 0.11 0.11 0.14 6.81 0.46 0.12 0.08 5.26 19.50 52.6 3.8 4.60 

B2 22-37 3.29 0.19 17.31 0.04 0.07 0.03 0.11 8.42 0.25 0.11 0.11 11.98 13.60 47.0 2.5 4.60 

Cl 
37+ 2.75 0.15 18.33 0.13 0.22 10.29 12.69 47.0 

------------------------------------------------------------------------------------------------------------
HORI. DEPTH Ca-P Al,Fe-P Oee-P Total Inorg-P Org-P 

(em) Phosphorus Fractions p.p.m. 

A 0-15 25 45 125 195 765 

Bl 15-22 13 37 275 325 450 

B2 22-37 30 50 80 445 

Cl 
37+ 17 38 55 545 

TABLE 44. Chemical Analysis 

Total-P P-Ret 
% 

1000 43.0 
775 57.5 

525 70.0 

600 67.5 

Eleful vie Soi 1 

Allophane 

Weak 
Moderate 

Strong 

Strong 

N 
(j) 
(j) 



ALTITUD,E: 1,400 - 1,700 m 

ASPECT: 
'.-t,.: 

E.S.E. 

HORI. DEPTH CLAY 
(cm) <.002mm 

0 0-15 8 

B 15-22 7 
1 

TABLE 45. 

SLOPE: 25 0 

MEAN TEMPERATURE - AIR: 0 3.5 - 4.0 C 

SILT FINE SAND COARSE SAND 
.002-0.02mm 0.02-0.2mm 0.2-2.0mm 

25 63 4 

29 68 6 

Physical Analysis (% Fine Earth) - Elefulvic Soil 

PRECIPITATION: 3,500 mrr 

Hg/Hl: 0.75-0.76 

TEXTURAL CLASS 

Loamy Sand 

Loamy S2-nd 

" 
I\.) 

0"1 
-...J 



HORI. DEPTH Org. N C/N Ca Mg Fe
2

0
3 

Si0
2 

A1
2

0
3 pH 

(cm) C % 0/ 
/0 % Total Elements 

° 0-4 6.79 0.44 15.2 0.09 0.09 3.57 46.0 2.29 4.14 

A 4-11 3.93 0.26 14.8 0.12 0.09 7.81 45.0 9.00 4.35 

B 11-31 2.86 0.18 15.8 0.12 0.10 10.61 47.0 14.98 4.55 

-----------------------------------------------------------------------------------------------------------
HORI. DEPTH Ca-P 

(cm) 

° 0-4 

A 4-11 

B 11-31 

TABLE 46. 

Al,Fe-P Occ-P Total Inorg-P Org-P Total-P P-Ret Allophane 
Phosphorus Fractions p.p.m. % 

110 163 273 727 1000 46.0 Weak 

72 25 97 578 675 66.5 Moderate 

31 75 106 519 675 69.5 Strong 

Chemical Analysis Elefulvic Soil (Strongly enleached Phase) 

I\) 
(j) 

co 



ALTITUDE: 1,500 - 1,600 m 

ASPECT: South 

HORl. 

A 

B 

DEPTH 
(em) 

4-11 

11-31 

C.,.'V 
.L....n.~ 

-( .002mm 

8 

5 

TABLS 47. 

MEAN TEEPER'::" TURE 

SILT 
.002-0.02mm 

37 

14 

SLOPE: 5° 

- AIR: .., 
.L - 3°C 

FINE SAND 
0.02-0.2mm 

42 

69 

PRECIPITATION: 3,500 mm 

Hg/Hl: 0.78 

COARSE: SAND 
O.2-2.0mm 

13 

12 

TEXTURAL CLASS 

Silt Loam 

Sandy Loam 

Physical Analysis (% Fine Earth)- Elefulvic Soil (Strongly enleached 
phase) 

rv 
m 
\0 



HOrtI. "DEPTH Org N C/N K+ + M ++ ,-.~++ Co=:.C. T.E.B. Ca r-1g Fe
2

0
3 

BS pH Na '9 '-0 

(em) r of % 01 
'- 10 M.e/100gm % Total Elements 

10 

A 0-10 3.93 0.25 15.7 0.36 0.16 0.25 0.69 11.56 1.46 0.91 0.24 11.15 12.6 4.70 

uA/B 10-20 1.29 0.07 18.4 0.03 0.10 0.06 0.06 7.22 0.25 0.93 0.26 12.07 3.5 4.60 

uB/C 20-35 0.88 0.28 11.29 4.69 

----------------------------------------------------------------------------~-------------------------------

HORT. DEPTH Ca-P AI, Fe-P Occ-P Total Inorg-P 
(cm) Phosphorus Fractions p.p.m. 

A 0-10 0 96 95 191 

uA/B 10-20 0 72 238 310 

uB/C 20-35 

TABLE 48. Chemical A~alysis 

Org-P Total-P 

484 675 

490 800 

Clini-Elefulvic Soil 

Allophane 

Strong 

Strong 

~ 

-.J 
o 



ALTITUDE: 1,400 - 1,700 m SLOPE: 30° PRECIPITATION: 3,000 mm 

ASPEqr: North MEAN TEMPERATURE - AIR: 3.50 C Hg/Hl: 0.75 

HORI. DEPTH CLAY SILT FINE SAND COARSE SAND TEXTURA.L CLASS 
(cm) <.002mm .002-0.02mm 0.02-0.2mm 0.2-2.0mm 

A 0-10 6 10 60 24 Sand 

uA/B 10-20 7 12 55 26 Sand 

uB/C 20-35 7 4 71 18 Sand 

TABLE 49. Physical Analysis (% Fine Earth)- Clini-Elefulvic Soil 

r\J 
-...J 
...... 



HORI. DEPTH Org N C/N K+ Na+ 'J! ++ 
! .g Ca 

++ 

- (cm) C 01 /0 
=>I 
/0 M.e/l00gm 

.'-

A 0-4 14.00 0.72 19.5 0.04 0.13 0.05 0.11 

G 4-39 2.15 0.17 12.6 0.04 0.12 0.05 0.11 

B 39-64 1.86 0.15 12.4 0.05 0.11 0.05 0.11 

HORI. DEPTH Ca-P Al,Fe-P Occ-P Total Inorg-P 
(cm) Phosphorus Fractions p.p.m. 

A 0-4 73 100 173 

G 4-39 85 60 145 

B 39-64 60 297 357 

T.~BLE 50. Chemical Analysis 

C.E.C. T.S.B. Ca t'lg Fe 2
0

3 
% Total Elements 

15.00 0.33 

15.92 0.32 0.20 0.30 10.39 

13.26 0.32 0.15 0.12 5.03 

Org-P Total-P P-Ret 
01 
JO 

1027 1300 44.0 

415 560 56.5 

503 860 56.5 

Madenti-Elefulvic Soil 

BS 
<>1 
/0 

2.2 

2.0 

2.4 

Allophane 

Moderate 

Strong 

Strong 

t..r p .. 

4.50 

4.55 

4.55 

r\) 
-.] 

r\J 



ALTITUDS-:1,600 - 1,700 m 

ASPE:CT: South 

HORI. 

A 

G 

B 

DSPTH 
(cm) 

0-4 

4-39 

39-64 

C:'AY 
<.002mm 

11 

13 

TABLS 51. 

" " 

SLOPE: 0 0 

~EAN TEMPERATURE - AIR: 

SILT 
.002-0.02mm 

60 

9 

1 0 ,.. 
~ '-

FINE: SAT';D 
0.02-0.2mm 

19 

74 

PRECIPIT.~.TION : 3,500 mm 

Hg/~l: 0.75 - 0.80 

COARSE: S.!..J~D TEXTURAL CL.';'SS 
0.2-2.0mm 

10 Silt Loam 

4 Sand 

Physical Analysis (%Fine Earth) - ~adenti- Elefulvic Soil 

N 
-...J 
W 



HORl. DC:PTH Org. N C/r~ Co. Mg Fe 20 3 Si0 2 A1 20 3 pH 
(cm) C ;~ 01 

10 % Total Elements 

0 0-6 

A 6-16 5.14 0.28 18.16 0.87 0.11 6.83 46.2 5.00 4.00 

Bl 16-31 3.43 0.20 17.15 0.92 0.17 11.67 45.0 10.88 4.35 

B2 31-91 1.86 0.10 17.71 0.12 0.20 10.81 52.6 19.50 4.50 

B3 91-101 1. 29 0.06 19.84 0.13 0.22 9.58 49.9 9.07 4.70 

-------------------------------------------------------------------~--------------------------------------

HOrn. DEPTH Ca-P 
(cm) 

° 0-6 

A 6-16 , -
B.., 16-31 

.J.. 

B2 31-91 

B3 91-101 

TABLE 52. 

Al,Fe-P Occ-P Total lnorg-P Org-P 
Phosphorus Fractions p.p.m. 

13 88 101 524 
20 50 70 455 

2 110 112 348 

30 123 153 282 

Chemical ~nalysis Eldefulvic Soil 

Total-P P-Ret Allophane 
cl 
10 

625 49.0 i,-;eak 

525 92.0 r-lodera te 

450 58.5 Strong 

435 50.5 Strong 

(Strongly enleached phase) 

I\.) 

....,J 
~ 



ALTITUDE: 1,402 m 

ASPSG.':': S.E. 

~ORIo DEPTH CLAY 
(cm) < .OC2mm 

b 0-5 

A 6-16 13 

B1 16-31 

B2 31-91 19 

B3 91-101 15 

TABLE 53. 

SLOPE: 25
0 

PRECIPITATICN: 3,500 m 
0 

MEAN TEI"~PERA TURE - AIR: 4 C Hg/Hl: 0.60 - 0.65 

SILT FIr--~E SANe CO.';RSS SAND TEXTURAL CLASS 
.002-0.02mm O.02-0.2mm 0.2-2.0mm 

30 29 23 Silt Loam 

43 29 9 Silt Loam 

34 40 11 Silt Loam 

Physical Analysis (% Fine Earth) - Eldefulvic Soil (strongly enleached 
, ~ pnase, 

f\.) 
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HORIo DEPTH Org. N C/N K+ N a + ~'1 + + ,... + + C E" T E B Ca J'v1g Fe203 Al 20 3 Si02 ¥ pH ... i~ ... g \..-a 0 0'- 0 ••• 

(em) C c~ <>.' 
fv1. e/100gm __ '/6 Total Elements _ I~ 

10 

A . 2-15 5.21 0.25 20.0 0.30 0.13 0.46 0.61 12072 1.50 0.12 0.15 8.49 13.30 4405 11.8 4.40 
UA

1 
.~. 15-19 2.93 0.15 19:.0 0.18 0.28 11.69 18.56 46.2 

UA
3 19-41 1.86 0.07 25.0 0.07 0.10 0.C8 0.09 8.66 0.34 0.~3 0.32 12.41 18.14 46.6 3.9 4.90 

uB 41-71 1.64 0.06 25.0 0.10 0.11 0.09 0.10 9.04 0.40 0.11 0.34 13.18 19.50 47.4 4.4 5.00 

------------------------------------------------------------------------------------------------------------
HORI. DEPTH Ca-P Al,Fe-P 

(em) 

A 8-15 7 128 
uA1 15-19 30 240 

uA
3 

19-41 4 91 

uB 41-71 18 92 

TABLE 54. 

Oce-P Total Inorg-P Org-P Total-P 
Phosphorus Fractions p.p.m. 

325 460 465 925 

88 358 392 750 

388 483 492 975 

325 435 490 925 

Chemical Analysis Clini-eldefulvic 

P-Ret 
01 
10 

40.0 

54.0 

58.0 

77.5 

Allophane 

Moderate 

Strong 

Strong 

f\.) 
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()\ 



ALTITUDE: 1,250 m 
-. 

ASPECT: North 

HORI. DEPTH 
(cm) 

A 8-15 

uA
1 

15-19 

uA
3 19-41 

uB 41-71 

SLOPE: 25 - 30
0 

PRECIPITATION: 3,500 mm 

MEAN TEMPERATURE - AIR: 0 
5.5 - 6.0 C Hg/Hl: 0.50 

CLAY SILT FINE SAND COARSE SAI\D TEXTURAL CLASS 
.002mm .002-0.02mm 0.02-0.2mm 0.2-2.0mm 

13 35 48 4 Silt Loam 

3 20 42 35 Leamy Sand 

5 15 58 22 Loamy Sand 

TABLE: 55. Physical Analysis (% Fine Earth) - Clini-eldefulvic 

I\J 
.....:J 
.....:J 



HORI. DEPTH erg. N C/N K+ Na+ Mg++ Ca++ C~E.C. T.E.B. Ca Mg Fe 20 3 Al 03 Si02 
BS pH 

(em) C % % M.e/l00gm 2 % % Total Elements ___ 

A 0-20 5.71 0.34 16.89 0.42 0.12 0.69 0.74 14.26 1.97 0.06 0.05 2.26 2.88 45.0 13.8 4.50 

G 20-32 3.43 0.21 16.10 0.20 0.12 0.22 0.29 14.14 0.83 0.03 0.04 2.14 2.88 48.0 5.9 4.24 

Bl 32-38 4.93 0.24 20.54 0.08 0.10 0.08 0.15 15.34 0.41 0.04 0.05 10.32 12.92 46.6 2.7 4.45 

B2 38-58 4.43 0.19 22.71 0.05 0.12 0.05 0.16 16.32 0.38 0.08 0.11 15.35 10.89 43.6 2.3 4.60 

N 0 D A T A FOR LO~vER H 0 R I Z 0 N S 
------------------------------------------------------------------------------------------------------------
HORI. 

A 

G 

B" 
J. 

B2 

DEPTH Ca-P 
(em) 

0-20 7 

20-32 

32-38 10 

38-58 

Al,Fe-P Occ-P Total Inorg-P Org-P Total-P P-Ret Allophane 
Phosphorus Fractions p.p.m. % 

43 135 185 550 735 23.5 Nil 

25 200 225 275 500 28.0 Weak 

35 215 260 405 665 66.5 Weak 

20 500 320 450 974 90.0 Strong 
N 0 D A T A FOR LO~vER H 0 R I Z 0 N S 

TABLE 56. Chemical Analysis Madenti-Podi-Eldefulvic Soil 
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ALTlTUD~: 

ASPECT: 
~ ..... ~ . 

HORI. 

A 

G 

B1 

B2 

1,097 m SLOPE: 30° PRECIPITATION: 3,000 mm 

S.E. MEAN TEMPERATURE - AIR: 4.5
0

C Hg/Hl: 0.55 - 0.60 

DEPTH CLAY SILT FINE -SAND COARSE SAND TEXTURAL CLASS 
(cm) <.002mm .002-O.02mm 0.02-0.2mm 0.2-2.0mm 

0-20 10 34 50 6 Silt Loam 

20-32 12 36 46 6 Silt Loam 

32-38 17 34 44 5 Silt Loam 

38-58 22 21 53 4 Sandy Loam 

TABLE 57. Physical Analysis (% Fine Earth) - Madenti-Podi-Eldefulvic Soil 

ru 
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REF. SOIL CLASS ALTITUDE A/B 
---~----;~- --.~.-- ..... -----.--- ..... NO. (m) RATIO 
__ '.' •• _. ___ L"-_._ 

TW2 Podi-Madenti-Eldefulvic 1,097 0.80 

TW3 Podi-Madenti-Eldefulvic 1,286 1.25 

PBl Clini-Eldefulvic 1,330 0.35 

_ • ___ , __ ._.L __ ~ • _ _ TW8 Eldefulvic (strongly en leached phase) 1,450 0.65 
• __ ''-_'_"o"-,_'C-.I 

TW9 Eldefulvic (strongly en leached phase) 1,402 0.25 

TWll Eldefulvic (strongly enleached phase) 1,460 0.35 

PB4 Elefulvic 1,475 0.60 

PB5 Elefulvic 1,478 0.75 

TW10 Elefulvic (strongly enleached phase) 1,606 1.00 

TW14 Elefulvic (strongly enleached phase) 1,676 0.85 
~ _. - - - - - -.. ~ ..... 

PB6 Elefulvic 1,828 1.50 

TW18 Lodi-Elegelic 1,834 5.80 

~-- "---- .-~ -.. -,.- TW19 Lodi-Elegelic 1,859 3.60 

TW22 Eleluvic 1,850 2.50 

TABLE 58. Development of A and B Horizons 



I 

PROF. SOIL CLASS DEPTH Ca-P AI, Fe-P ., Oee-P Org-P 
REF. (em) kg/hal kg/hal kg/hal :kg/ha/ 

em p.p.m. em p.p.m. em p.p.m. em p.p.m. 

!'-1B18 Humi-Eleelinie 0-12 19 32 51 81 272 413 584 924 
12-25 2 3 76 92 104 125 376 455 

Profile 21 127 376 960 

MB5 Clini-Elefulvie 0-10 59 96 59 95 300 484 
10-20 82 72 273 238 563 490 

Profile 141 332 863 

MB6 Madenti-Elefulvie 0-10 61 85 171 238 414 57'7 
10-18 18 30 159 '263 230 382 
18-38 18 10 581 323 524 292 
38-53 74 '70 14 13 629 592 

Profile 171- 92,S 1797 

MB10 Clini-Eldefulvie 8-15 4 7 67 128 172' 325 246 465 
15-19 8 30 66 240 24 88 108 392 
19-41 8 4 178 91 664 388 966 492 
41-71 46 18 237 92 840 325 1266 490 

Profile 66 548 1700 2586 
. 

MB14 'Clini-Eldefulvie 0-20 46 30 316 210 172 115 954 635 
20-70 65 16 325 79 1220 325 1660 405 

Profile 111 641 1392 2614 

TABLE 59. Phosphorus Fractions of the Soils forming the Alto-Sequence in Mary Basin 

Total-P 
kg/hal 

em 

927 
558 

1485 

418 
918 

1336 

646 
407 

1123 
71] 

2893 

489 
206 

1816 
2389 
4900 

1488 
3270 
4758 

p.p.m. 

1450 
675 

675 
800 

900 
675 
625 
675 

925 
750 
975 
925 

990 
825 

r\) 

CP 
P 



PROF. 
REF. 

TW24 

TW22 

TW16 

TW14 

TW2 

·r .• 
. ~ ~ 

. , 

SOIL CLASS 
DEPTH Ca-P A1,Fe-P. Oee-P Org-P Tota1-P 
(ern) kg/ha/ kg/ha/ kg/hal kg/hal kg/hal 

ern p.p.m. ern p.p.m. ern p.p.m. , .. ern p.p.m. ern p.p.m. 

E1ee1inie . 0-5 415 600 76 110 226 325 115 165 832 1200 
.~ •. Profile 415 76 226 115 832 

E1e1uvie 0-5 13 60. 23 105 81 360 106 475 223 990 
5-25 69 50 208 150 364 262 296 213 937 675 

25-100 50 10 267 52 596 118 2487 492 3400 675 
100-140 49 15 367 110 620 188 1444 437 2480 750 

Profile 181 865 1661 4334 7040 

Madenti-E1efu1vie 0-4 14 73 20 100 201 1027 235 1300 
4-19 88 85 62 60 433 415 580 560 

19-39 163 60 810 297 826 303 1790 660 
Profile 265 892 14.60 2624 

E1efu1vie 0-7 570 °110 85 163 377 727 1032 1000 
(en1eaehed) 7-15 424; 72 147· 25 340 578 911 675 

15-22 169 31 412 72 283 519 864 675 
22-30 54 10 616 113 219 402 889 525 

Profile 1217 ·1260 1219 3696 

Madenti-Podi- ,5-20 7 7 44 43 138 135 562 550 744 735 
E1defu1vie 20-32 20 ' 25 161 200 222 275 403 500 

32-38 5 10 7 35 103 215 194 405 304 665 
38-58 34 20 848 500 761 450 1651 974 

Profile 12 105 1250 1739 3102 

TABLE 60. Phosphorus Fractions at the Soils forming the A1to-Sequ~~ee in the Twin Basin 
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MICA CHLORITE FELDSPAR QUARTZ 

17.6 9.5 33.5 39.2 

TABLE 61. Mineralogy of the silt fraction 

(percent) (5 pm - 50 ~m) 



SOIL AND REF. NO. ° HORI o · 1 CHLORITE MICA VERfvIIC 
MICA 

1
0

CHLORITE VERMIC 
PEDOGENIC 
CHLORITE FELDSPAR MICA 

Madenti-
Elefulvic TirJ2 A 1 2 1 1 1 3 

B 1 2 1 1 1 1 1 

Clini-
Eldefulvic MB10 A 1 1 2 1 1 2 

uA 1 2 2 1 2 1 2 

B 1 2 1 1 1 

Clini-
Eldefulvic PB1 A 1 1 2 1 

B 1 1 4 1 1 

Elefulvic PBS A 1 3 1 2 1 1 

B 1 1 1 1 1 1 

Eldefulvic A 1 1 1 2 1 1 
(strongly B 1 1 1 1 enleached) TW9 

Note: o = oct 
10 3 = 40 60% 

... 0 20% 4 = 60 80% J.. = 
2 = 20 - 40% S = 80 - 1007~ 

TABLE 62 • Mineralogy of the Clay Fraction (0.2 pm - 2 J-lm) . 
I\.) 
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SOIL .. HORI. 

Clini-
Eldefulvic A 

B 

Eldefulvic 0 

Elefulvic A 

B 

Lodi-Elegelic ° 
Fulvi-Elegelic O/A 

'. 

", 

B.D. AVAIL. H20 F.C.'%H
2

O 
3 (g/g soil) 

glm (F.C.) (pF 2.52) 

.800 .425 53.2 

.919 .419 45.6 

.758 .579 76.5 

.850 .475 55.8 

0791 .516 65.3 

.775 .596 77.0 

.800 .490 60.0 

TABLE 63. Moisture Storage Values 

,. , 

~'i. P. %H 2O 

(pF 4.2) 

32.5 

16.0 

25.5 

23.0 

13.0 

40.0 

29.5 

gig refers to moisture retained on a volume basis 

FoC. and 
w.P. refers to the percentage of moisture in the 

soil at field capacity, and wilting point. 

AVAIL. H20 

F.C.-WAP • 

20.7 

29.6· 

51.0 

32.8 

52.3 

37.0 

40.5 

AVAIL. H20 
(gig soil) 

( F 0 C 0 - iN • P • ) 

.170 

.272 

.386 

.177 

.413 

.286 

.324 

N 
<Xl 
lJ1 



DATE 

JAN. 6-15 
JAN~· 16-21 
FEB. 2-20 

TABLE 64A. 

DATE 

NOV. 25-30 
DEC. 1-15 

DEC. 16-21 
JAN. 6-15 

JAN. 16-21 
FEB. 2-20 

TABLE 64B. 

DATE 

JAN. 6-15 
JAN. 16-21 
FEB. 2-20 

---
PRECIP. P.E. LOSS GAIN AVAIL. H2 0 (pF 2.52) 

mm mm mm mm mm 

68.10 5.10 63.00 49.00 (63.0 surplus) 
17.40 13.70 3.70 ( 3.7 surplus) 
1.50 9.49 8.99 40.00 (No surplus) 

Available Moisture, Fulvi-Elegelie Soil from January - February 1971 (10em Soil Depth) 

PRECIP. P.E. LOSS GAIN AVAIL. H20 (pF 2.52 
mm mm mm mm mm 

19.60 8.97 10.63 48.00 (10.63 surplus) 
92.10 5.27 86.81 48.00 (86.81 surplus) 

7.80 8.80 1.00 47.00 (No surplus) 
68.10 7.39 60.71 48.00 (59.71 surplus) 

17.40 29.10 11.70 36.30 (No surplus) 
1.50 15.27 13.77 22.53 (No surplus) 

Available Moisture, Elefulvie Soil from November 1970 - February 1971 (10 em Soil Depth) 

PRECIP. P.E. LOSS GAIN AVAIL. H20 (pF 2.52) 
mm mm mm mm mm 

68.10 12.40 55.70 43.00 (55.7 surplus) 
17.40 36.20 16.80 26.20 (No surplus) 
1.50 29.70 28.20 0 (Defiei t) 

TABLE 64C. Available Moisture, Clini-Elefulvie Soil from January - February 1971 (10 em Soil Depth) 
ru 
00 
~ 



TABLE 65. 

" 

: ~ , 

. ~ . 

Results of Mineral Analysis (from 2 Samples) of Snow and Meltwater - Twin Basin -

January 1971. 
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:,,~ 
PERIODICITY 
SOIL FORMING 

PROCESS 

SOIL GROUP 

MOISTURE REGIME 

GEOMORPHIC 
REGIME 

TABLE 66. 

SEDIMENTATION 
FLUSHING 

Y.B.E. 

HYDROUS 

GLACIAL 

POD. Y.B.E. 

EROSION/DEPOSITION 
COLLUVIATION 

Y.B.E. 

HYGROUS 

PERIGLACIAL 

Contrast between Regimes influencing the Hydrous and Hygrous Soils 

l\J 
CD 
CD 
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Ki K2 K3 

• • • • • 
uO Ai iuO 3uo uO 

1 2 3 4 S 
SPECIES 33cm 9cm 36cm 84cm S6cm 

% % % % % 

Podocarpus to tara type 1 

P. spicatus 3 + 

P. ferrugineus + 

Podocarpus 2 1 4 2 

D. cupressinum 1 1 tr tr 

Phyllocladus 84 94 30 68 32 

Nothofaaus fusca type 1 1 1 2 6 

N. menziesii 2 tr 4 2 

DracoDhyllum 1 2 tr 3 

Gramineae 5 1 34 19 24 

TABLE 67. Percent Pollen Count taken from Horizons of the Periodic Sequence (1971) 

• Refers to horizons at the depths stated below the various ground 
surfaces. E.G. uO,33 cm below K1 surface. (See Figure 44) 

,.. 

, 
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- .. _- "---"'-~-' --' SPECIES 

Podocarpus spicatus 

P. totara type 

Podocarpus 

Dacrydium cupressinum 

Phyllocladus 

Pinus 

Nothofagus fusca type 

N. menziesii 

Coprosma 

Plagianthus type 

Tetrad (not Dracophyllum) 

Gramineae 

Cyperaceae 

Gaimardia 

Hypolaena 

Compositae 

Caryophyllaceae 

Gentiana 

Lycopodium australianum type 

Lycopodium 

Cyathea colensoi type 

Monolete 

Trees and Shrubs 

Herbs 

% Count 

1 

8 

2 

tr 

61 

+ 

tr 

8 

2 

+ 

+ 

14 

tr 

tr 

tr 

2 

+ 

tr 

1 

4 

tr 

3 

84 
16 

TABLE 68. Percent Pollen Count taken from Surface 

Sample (Soi1) 
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NEW ZEALAND SYSTS~ 

CLASS INTSRGRADE 

.eli thic 

~eclinic 

Legelic 

Leluvic 

leplatic 
(eutri) 

lefulvic 

:,~ . 

Humi­
eleclinic 

Lodi-elegelic 

Fulvi­
elegelic 

Plati­
eleluvic 

Madenti-

Clini­

lefulvic (strongly en­
leached phase) and 
podic intergrades 

KUBIENA'S SYSTEM 

Alpine,hamada, rawmark 

Snow basin, rutmark 

Protoranker, moder ranker, 
dystrophic ranker 

Dystrophic peat ranker 

Moder ranker 

Moder gley, dystrophic 
anmoor, mull-gley (semi­
terrestrial) 

Hanging anmoor, basin 
anmoor 

Alpine, braunerde 

Moder gley soil, podsolic­
gley 

Difficult to correlate 

Degraded braunerde, alpine 
sod pod sol 
Alpine humus soil (Jenny) 

ORDER 

Entisol 
It" 

It 

Histosol 

Entisol 

It 

Histosol 

Inceptisol 

It 

tt 

Spodosols 

: , 

7TH APPROXI~~TION 
SUB-ORDER GREAT SOIL GROUP 

Psamments 

Aquents 

" 
Folist 

Aquents 

It 

Fibrist 

Umbrept 

Aquept 

Ochrepts 

Orthod 

Cryopsamments) 
Cryaquents )Psammaquents 

) 

" 
Boro-folist 

Cryoaquents 

It 

Boro-fibrist 

? 

Hoplaquepts 

Dystrochrepts 

Li thic cryorthod 

TABLE 69. Comparative Classification of Alpine Soils 
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FIGURE 1. Location of the Study Area. 



Leg~nd: 

FIGURE 2. 

---.-'----- ~ .. ---:--.- --~" ---

53H 
55bH 
55b 
57 
65 

100 

Cass Hill Soil 
Puketeraki Hill ~oil 
Puketeraki Soil 
'Kaikoura Soi 1 
Lewis Steepland Soil 
A\pine Soils , 

Soils of the BenOhau Range outlined in black. 

Taken fro~ the ~oil map, sheet A, scale 1:253,440. 

'Compiled by Soil Bureau St~ff, 1968. 
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FIGURE 3. 

w 

Tekoa 

Toposequence of soils throughth~ North-East part of the Ben Ohau Range. 
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Cass Hill 
• . ·Cass 

Craigieburn ~--....... 

FIGURE 4. Extended legend to the soil map (from a survey by Soil Bureau Staff, 
1973), unpublished. . 
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ToS. 
FoS. 
B. S. 
SU 

su 

Toe Slope 
Foot Slope 
Back Slope 
Summit 

FIGURE 5. Cross Section through slope of low relief 
(after Ruhe, 1969). 

1. 
2. 
3. 
4. 
5. 

. 6. 
7. 

7 

Summi t 
Seepage Slope 
Convex 
Fall Face 
r1id ·Slope 
Colluvial Foot Slope 
Toe Slope 

1 

FIGURE 6. Cross Section through slope (after 
Dalrymple et aI, 1968). 
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FIGURE 7. Altimetric frequency graph which records the Altitudinal Range of the Twin stream 

Catchment. (C~mpiled from mean contour height from a 1 cm2 grid.) ~ 
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FIGUR E 8 GEOMORPHOLOGICAL 
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MAP 
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MARY BASIN 

LEGEND 
ICE ADVANCES 

Dun' Fiunary 

Jacks Stf'eam 

Ferintom 

Birch Hill 

Moraine 
Spot Ht 

Scale 1 
72,360 
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Altitude 1371 m 

Braided 

outwash 

deposits 

, ~ 

il 
, 

Colluvial deposits 

1585 m 1737 m 

UNDIFFERENTIATED I GRAYWACKE 

Ice eroded outcrop 

w~h capping of 

stone p.:lVemcnls 

outwash apron I Undifferentiated 

High water table I moraine resorted 

by coliuvi;1tion 

Recent 

moraine 

fIGURE 'J. N.S.-S.~. Transect through the ~outh Side of the Upper Pdrt of the Twin Strcam 
HClldwrlters (not to scale). 
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Altitude 1219 m 

Moraine lobe on 

Ferintosh surface 
Moraine resorted by colluviat~ol"l 

1580 m 

ice . I Block­
eroded field 

surface 

1730 m 

LOW GRADE:i SCHIST 

Jacks surfa~ 

moraine 

Tarn Glacio- fluvial I ice 

ou~ash ~roded 
apron pavement 

Solifluction 

lobes 

1950 m 

Glaci,Q -fluvial 

outwash 

Dun Fiunary 

moraine 

FIGURE 10. N.N.Eo - S.S.W. Transect through the Twin Basin (not to scale). 
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Altitude 1310 

Morainelcbe 

Ferintosh surface 

FIGURE 11. 

Colluvial debris 

1524 

ice 

truncated 
rock wall 

1767 

Glacio-fluvial out washl Moraine lobe I Block-field 

.Jacks Stream 

Surface 

N.N.E. - 5.S.W. T~ansect through the Mary Easin (not to scale) l.J 
o .... 
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FIGURE 12. 

SOLUM 

Cross Section through colluvial deposits showin~ 
the diverse origin of material ranging from top 
soil, A, subsoil, B, and parent material, C and 
D. 
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FIGURE 13. 

1 2· 3 4 

" 

r3=·934 

T=14·42-·00728H::b·0016 

5 
TEMP °c 

6 7 8 9 
" 

Linear Regression showing the relationship between altitude and ~ ann~QI 
temperatureS. (Temperature taken over period 1968-1972) 
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FIGURE 14. Mean daily temperature above freezing in 

relation to precipitation.(Te~perature 

taken over snow period 1969-1971} 
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FIGURE 15. 
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Altitudinal Distribution of Snow in the Twin Stream Catchment 
during three year period, 1969-1971. 

w 
o 
U1 



'- ~ ~. - - - - - . - .'.'. - ~ 

I--z 
W 
-1 « 
> 
::> 
a 
w 
0::: 
W 
I--« 
$ 

50 

40 

30 

20 

10 

1969 y= -84-44+ '0656X ±'0108 

1970 y= -104·5+·0896x±·0108 

1971 y=-198'88+'149X ±'021 
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10 11 12 13 14 15 16 17 
ALTITUDE (100S OF METRES) 

FIGURE 16. Water Equivalent of Snow (cm) in relation to 
altitude, from 1969-1971 - Twin Stream Catchment 
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FIGURE 39. Phosphorus fractions in the A 
horizon of the Mary Basin soils. 
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FIGUHE 48. Vertical temperature (oe) through the 
snowpack and below ground surface from 
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Pyramid Basin. 
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Epilobium porphyrium 
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1. Celrnisia hectori nodurn o Eleclinic soil. Alt.: 1,BOO rn. 

2. Marsippospermurn gracile, 
soil. Alt.: 1,767 mo 

Celmisia haastii nodum. Eleluvic 

J 
3. Poa colensoi, degraded grassland. Clini-elefulvic sbil. 
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5. Poa colensoi, grassland (eutric type). 
Alt.:1,720 rn. 

Alt.: 1,767 rno 

4. Chionochloa oreorhila nodum. 
Alt.: 1,737 m. 

4 
A 

Elefulvic soil. 

6. Poa colensoi, Celmisia lyallii, grassland (dystric type). 
Elefulvic soil (strong enleached phase). Alt.: 1,606 m. 

7. Chionochloa rioida, Poa colensoi, degraded grassland. 
Clini-eldefulvic soil. Alt.: 1,330 m. . 

B. Chionochloa rigida, Poa colensoi, grassland (dystric type). 
Madenti-Podi-Eldefulvic soil. Alt.: 1,097 rn. 

Madenti-elefulvic soil. 
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PLANT TREAD 
UPPER RISER 

Drapetes Iyallii 4 

Anisotome imbncata 3 4 
~rachycome sinclairi; 1 
Calthaobtusa 2 
Celmisia angustifo(ia 2 
Celmisia haastii 5 3 
Celmisia hectori 4 
Celmisia laricifolia 2 
Celmisia sessmrlot"a 4 6 
Cotula pectinata 1 
Ourisia caespitosa 
Phyllachne colensoi 4 
Pygmea pulvinaris 1 
Ranunculus gracilipes 2 
Raoulia grandiflora 2 

Agrostis subulata 2 
Carex pyrenaica var:- c~phalotes 2 
Chionochloa oreophila 5 
Luzula pumi/o 3 2 
Marsippospermum gracile 2 6 
Poa colensoi 2 

3 2 
FIGURf. 51. Zonation of plants in relation to a solifluction 

lobe. (Numbers refer to a visual ratinq of the 
DomJn Scale, Appendix VII.) 
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PLANT COMMUNITY (See Figure 52) 

The relationship of organic phosphorus and 

organic carbon to developing plant communities • 
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PLATE 12. 

A 

B 

c 

Thin sections of organic material, 
A, Band C. 
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PLATE 14. Lodi-Elegelic Soil - Organic Soil 
developing upon a turf-bank, soli­
fluction lobe. 

PLATE 15. Fulvi-Elegelic Soil - Soil has 
develope d upon stabilized solifluct. 
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PLATE 16. Eleclinic Soil - Initiation of 
Soil on unweathered detritus 
close to the perennial snowline. 
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PLATE 17. 

PLATE 18. 

Humi-Eleclinic Soil - Organic material 
accumulated on a rock pavement. 

Humi-Eleclinic Soil - This Humic Soil 
is developed in a strong rejuvenating 
r~gime on steepland terrain. 
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PLATE 19. Elelithic Soil - Skeletal Soil 
developed on an exposed ridge in 
a strong wasting regime. 
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PLATE 20. 

PLATE 21. 

Eleluvic Soil - Over a metre of fine 
textured material at the toe of a 
glacio-fluvial fan. 

Plati-Eleluvic Soil - Thin organic soils 
developed on lake bed sediment. 
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PLATE 22. 

PLATE 23. 

Eleplatic Soil (Eutric Phase) -
Gleyed soils developed along a 
springline. 

Elefulvic Soil - Steepland soil 
developed in a mid-slope locationo 
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PLATE 24. 

PLATE 25. 

Elefulvic Soil (Strongly Enleached 
Phase) - Steepland soil under a 
high moisture regimeo 

Clini-Elefulvic Soil - Steepland 
soil developed on a warm aspect. 
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PLATE 26. Madenti-Elefulvic Soil - Developed 
in a depression on glacio-fluvial 
outwash. 
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PLATE 27. Eldefulvic Soil (Strongly Enleached 
Phase) - Steepland soil developed 
in a high moisture regime. 
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PLATE 2B. Clini-~ldefulvic Soil -
Composite soil developed 
on colluvium. 

PLATE 29. Clini-Eldefulvic Soil -
Thin soil developed on a 
morainic ridge. 
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PLATE 30. Monolith of the Lodi­
Elegelic Soil. 
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PLATE 31. Monolith of the Fulvi­
Elegelic Soil. 
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PLATE 32. Monolith of the Eleluvic Soil. PLATE 33. 
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Monolith of the Madenti-Elefulvic 

Soil. 
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PLATE 34. Periodic Soil indicating three former 
surfaces (Arrows indicate buried ground 
surfaces) 0 
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APPENDIX I 

SLOPE ANALYSIS 

NAME SLOPE 

1. Flat 

2. Flat to gently undulating: 

3. Easy rolling Slopes under 5° 

4. Rolling .: Slopes under 12° 

5. Moderately steep 

6. Moderately steep to steep: 

7. Steep 

8. Very steep 

9. Precipitous 

Sl d 23° I opes un er _ may s ope 

between 12 0 and 23° 

° Most slopes under 30 , may 

slope between 18° - 20° 

Slopes between 30° - 38° 

Slopes of 40° - 45° 

45° (rockwalls, etc.) 
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APPENDIX II 

DRAINAGE 

Drainage classes were also adapted from Taylor and 

Pohlen, with some slight modification to class conce~t. 

These classes referred to soil drainage classes according 

to the rate from which water is removed from the soil. 

They can be summarised as follows: 

o. Very poorly drained 

1. Poorly drained 

2. Imperfectly drained 

3. Moderately well 

drained 

4. Well drained 

5. Somewhat excessively 

drained 

6. Excessively drained 

Frequent ponding, peaty 

surface, layers gleying. 

Similar to above but with 

more fluctuation in the 

water tables. 

Slow removal of water. 

Active flushing f~om seep­

age. Some form of perennial 

gleying. 

Differs from above in that 

there is a distinct seasonal 

wetting and drying cycle • 

Gleying will therefore be a 

temporary seasonal feature. 

Rapid removal of water from 

soil. 

Rapi~ removal of water, 

characteristic of coarse 

textured soils. 

Very rapid removal, asso­

ciated with very shallow 

coarse textured soils. 
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APPENDIX III 

CHEMICAL ANALYSES J. 

All analyses were made,. except where stated, on air 

dried samples 2 mm in diameter. 

1. pH was determined using a glass electrode with a 1.25 

2. 

soil distilled water mixture. This was allowed to 

stand for 24 hours before readings were taken. 

Organic carbon - The chromic acid method based on 

spontaneous heating by dilution with H2 S04 (Walkley 

and Black method), see Jackson, 1960, page 219. 

3. Total nitrogen was determined by semi-micro Kyeldahl 

method using selenium dioxide as a catalyst. 

4. Cation exchange capacity - Leaching was carried out 

using ammonium acetate and washing with ethanol. 

The ammonia was then distilled in Kyeldahl and 

titrated against 0.1 NHCl (See Metson, 1956, page. 

105). 

5. Exchangeable cations - The leachate of 1 N NH4 

acetate from the previous CEC determination was 

added to strontium chloride to give a concentration 

f 200 S 2+ . C ++ + K+ d t . d o ppm r lons. a, Na were e ermlne 

by flame photometry and Mg++ by atomic adsorption. 

6. Total exchangeable bases (T.E.B.) - This was deter-

mined by summation of the exchangeable elements 

(Metson, 1956, p.105). 
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7. 

8. 

Base saturation - This was calculated using the 

TEB 
formula % Base Saturation = CEC x 100. 
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Total calcium, magnesium, potassium and iron - These 

were determined by incineration of the soil at 5000 C 

followed by the addition of a 12.5% lanthanum 

chloride solution before determination in an atomic 

absorption spectrophotometer. 

9. Total aluminium ahd silicon - Aluminium was separated 

from other ions by NH40H separation, followed by 

NaOH separation. The quantity of. aluminium was 

determined colorimetrically (Jackson, 1960, page 297). 

Silicon was fused wi th Na 2C03 , dehydra ted wi th HCI04'. 

Metallic cations were washed clear with 6N HCI. A 

solution was then Made with NaOH which was determined 

colorimetrically by the molybdosilicic yellow colour 

method (Jackson, 1960, page 294). 

10. ~sphorous fractionation can be expressed by the 

equation Pt = P - inorg + P- org + P-occluded. 

'VJhere P = Total'p extracted with Na 2Co3 fusion 

(Muir, 1952, with modification by Jackson, 

1958) • 

P-inorg = Inorganic phosphorous fractionated into 

acid extractable Ca-P, Al and Fe bound P, 

(non-occluded) (tvillJ-ams et aI, 1967, 

with modifications by Fife, unpublished). 

P-org = Organic phosphorus extracted by the "igni-

tion" method of Saunders and Williams 

(1955) as modified by Walker and Adams 

(1959). 



11. 

P-occluded = inorganic phosphorus insoluable in 

1H H2204 after ignition. Thi sis 

obtained by subtracting P-inorg + 

P-org from Pt. 

The concepts and significance of phosphorus 

fractionation are discussed by Walker (1965) and 

Williams and Walker (1969). 
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Phosphorous retention - 1 gm of air dried soil was 

dispersed in sodium dihydrogen phosphate. The 

phosphorous retained in the suspension was determined 

by the vanadate - molybdate method. 



APPENDIX IV 

TABLES FOR COMPILATION OF HUMOGENIC AND HUMOLYTIC INDICES, AFTER PAPADAKIS, 1961 

T II 

F C .0 .1 .2 .3 .4 .5 .6 .7 .R .9 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 
, 
," 

32. o. .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
33.8 1. .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .01 .01 .01 .01 .01 
35.0 2. .00 .00 .00 .00 .01 .01 .01 .01 .01 .01 .02 .02 .02 .02 .02 .C2 .02 .C2 
36.5 2.5 .00 .00 .00 .00 .01 .01 .02 .02 .02 .02 .03 .03 .03 .03 .03 .03 .03 .J) 
37.4 3. .00 .00 .00 .00 .01' .02 .03 .03 .n3 .03 .01 • 04 .04 .0,1 .O~ .04 .c( .C~ 

38.3 3.5 .00 .00 .01 .01 .02 .03 .04 .04 .04 .04 .05 .05 .05 .05 .05 .05 .OS ;cs 
39.2 4. .00 .00 .01 .02 .03 .04 .05 .05 .05 .06 .06 .06 .07 .07 .07 .07 .07 .07 
4C.l 4.5 '.00 .00 .01 .02 .03 .05 .06 .06 .06 .07 .07 .08 .09 .09 .09 .09 .09 .09 
41. 5. .00 .00 .01 .03 .04 .OG .08 .OR .OR .09 .O'! .10 .11 .11 .11 .11 .11 .11 
41.9 5.5 .00 .01 .02 .03 .05 .07 .09 .09 .10 .11 .11 .12 .13 .13 .13 .13 .13 .'13 
42.8 6. .00 .01 .02 .01 .O~ .00 .10 .11 .12 .13 .13 .11 .1S .15 .15 .15 .1~ .1'> 
43.7 ';.5 .00 .01 .02 .0,4 .07 .O? .11 .13 .14 .15 .15 .16 .17 .17 .17 .17 .1R .1S 
44.6 7. .00 .01 .03 .05 .08 .11 .13 .15 .16 .17 .17 .18 .19, .20 .20 .20 .21 .21 
45.5 7.5 .00 .01 .03 .06 .0'1 .12 .14 .17 .1~ .19 .19 .20 .21 .22 .23 .23 .24 .24 
4C.4 8. .00 .01 .04 .07 .11 .14 .16 .11'1 .20 .21 .n .2) .24 .2!; .26 .26 .27 .27 
47.3 8.5 .00 .01 .04 .07 .12 .15 .1R .70 .n .23 .24 .25 .27 .29 .28 .29 .30 .30 
4~.2 9. .00 .01 .01 .OR .14 .17 .20 .22 .74 .25 .27 .2l'! .30 .31 .31 .32 .33 .33 
~'l.1 9.5 .00 .01 .05 .• 09 .15 .1R .n .2·1 .n .27 .2'1 .31 .33 .31 .34 .35 .3G .36 
50. 1~. .00 .01 .05 .10 .1(, .70 .24 .27 • ;U) .30 .3? .34 .36 .37 .37 .39 .39 .3? 
50.9 10.5 .00 .01 .05 .11 .17 .21 .25 .2'1 .31 .32 .34 .36 .39 .40 .40 .41 .~1 .42 
51.8 11. .00 .02 .06 .12 ,.18 .n .21 .31 .33 .35 .37 .39 .42 .43 .43 .44 .44 .~5 

52.7 11.5 .00 .02 .07 .13 .19 .24 .29 .33 .35 .3E1 .39 .42 .45 ·.46 .4G .47 .47 .~s 

53.6 12. .00 .02 .07 .14 .70 .26 .31 .35 .1R .40 .42 .45 .47 .46 .49 .50 .51 .51 
54.5 12.5 .00 .02 .07 .15 .21 .27 .32 .37 .40 .43 .44 .47 .49 .51 .52 .53 .54 .54 
55.4 13. .00 .02 .OB .16 .22 .29 ; 34 .39 .12 .45 .47 .50 .52 .54 .55 .56 .57 .57 
56.3 13.5 .00 .02 .09 .17 .21 .31 .36 .41 .44 .47 .4'1 .52 .55 .57 .58 .59 .60 .GC 
57.2 11. .00 .02 .09 .17 • ;:ts .32 .38 .41 .47 .50 .52 .55 .58 .6C .Gl .62 .63 .~4 
58.1 101.5 .00 .02 .09 .18 .26 .33 .3'1 .15 .1'1 .5? • ~4 .58 .r-o .f,3 .64 .€5 .GG .E6 
53. 15. .00 .03 .09 .19 .27 .15 .41 .47 .51 .55 .57 .61 .63 .EG .67 .(8 .E9 .E? . 59.9 15.5 .00 .03 .10 .20 .~A .36 .43 .4? .53 .57 .59 .E1 .66 .6~ .70 .71 .72 .72 
6C.8 16. .CO .03 .10 .20 .30 .38 .15 .51 .55 .59 .61 .6G .69 .71 .72 .73 .74 .75 
61.7 16.5 .00 .03 .10 .20 .31 .19 .4G .52 .~7 .61 .C1 .68 .71 .71 . is .76 .77 .78 
67.5 17. .00 .03 .11 .21 .31 .40 .·17 .53 .5~ .63 .66 .70 .74 .7( .77 .78 .PO .80 
63.5 17.5 .00 .OJ .12 .21 .32 .41 .1R .55 .61 .65 .EB .72 .'76 .7R .80 .81 .82 .84 
64.4 18. .00 .C3 .12 .22 .33 .43 .50 .5G .~2 .6r. .70 .74 .78 .80 .82 .83 ' .85 .8E 
65.3 18.5 .00 .03 .12 .n .34 .43 .51 .57 .r-3 .(,~ .72 .76 .80 .8~ .P~ • P5 .S~ .8 • 
ES.2 19. .00 .03 .12 .23 .35 .44 .52 .5~ .~5 .70 .73 .78 .82 .84 .86 .e~ .90 .91 
67.1 19.5 .00 .03 . .12 .23 .35 .15 .53 .60 .(,7 .73 .75 .00 .EI'l .8C .se .90 .92 .?4 
6R. 20. .00 .03 .12 .24 .3~ .46 .55 .62 .68 .73 .76 .M .AG .Sf? .90 .92 .94 .96 
68.9 20.5 .00 .03 .12 .24 .36 .4(. .56 .63 .r.? .71 .77 .R3 .RB .90 .'12 .94 .9E .9~ 
E9.S 21. .00 .04 .12 .21 .37 .,17 .56 .r.1 .70 .75 .79 .05 .119 .92 .91 .96 .913 1.CO 
70.7 21.5 .00 .04 .13 .25 .37 .1R .57 .E5 .71 .76 .1' 1 .RG .90 .91 .?6 .98 1.CO 1.02 
71.6 22. • 00 .04 .13 .75 .37 .4B .511 .';(i .72 .77 .82 .88 • !'1 .95 .97 . .99 1.02 1.03 
72.5 22.5 .00 .04 .13 .75 .?7 .4R .5R • (,r, .73 .7" .11'- .EI'1 .93 .9f .99 1.Cl 1.0,1 1.05 
73.4 23. .00 .01 .13 .25 .38 .4A • ~t' .r.6 .71 .79 .P1 .90 .~1 .9n 1.00 1.03 1.ce 1.e7 
74.3 23.5 .00 .04 .13 .25 .18 .49 .59 .67 .75 .7') .1'·1 '. "1 .~5 .q~ 1.e? 1.0·1 1.C~ 1.C9 
7~.2 21. .00 .04 .13 .75 .30 .4~ .59 .67 .75 .00 .P4 .'12 .96 1.00 1.C3 1.05 1.09 1.10 
7C.l 24.5 .00 .04 .13 .25 .311 .1'1 .59 .67 .75 .PO .~4 .92 .'17, 1.Cl 1.01 1.0E 1.10 1.12 
77. 25. .00 .04 .13 .25 .37 .4~ .5'1 .f7 .75 .flO ."5 .93 .9A 1.02 1.05 1.07 1.11 1.~3 
77.9 25.5 .00 .04 .13 .25 .37 .49 .5'! .r,7 .75 .• 01 .O~ .~., .99 1.0? 1.CG 1.09 1.12 1.14 
7R.8 26. .co .04 .13 .25 .37 .4'l .59 .67 .75 .Al .A6 .9·1 .99 1.03 1. 06 1.0? 1.13 1.~~ 
eO.6 27. .00 .04 .13 .25 .37 .48 .5A .67 .74 .81 .1l5 .94 1.00 1.0~ 1.07 1.10 1.14 1.17 
82.4 213. .00 .03 .12 .24 .36 •. 17 .57 .6G .73 .BO .B5 .93 1.00 1.05 1.0~ • 1.11 1.16 1.19 
84.2 29. .00 .03 .12 • .23 .35 .46 .56 .65 .72 .79 .1'4 .93 .C)C) 1.05 1.08 1.11 1.17 1.20 
ee. 30. .00 .03 .11 .22 .33 .44 .54 .63 .71 .77 .03 .92 .99 1.0,' '1.09 1.12 1.18 1.21 
87.B 31. .00 .03 .11 .22 .32 .43 .52 .(,1 .G9 .75 .Rl • ~1 .98 1.03 1.07 1.17 1.19 1.n. 
89.6 37. .00 .03 .10 .21 .31 .41 .50 .59 .67 .73 .7't .90 .!'6 1.,0~ 1.07 1.11 1.18 1.23 W 
91.4 33. .00' .03 .10 .20 .30 .39 .48 .57 .(,5 .71 .77 .88 .94 1.01 1.t'6 1.10 1.17 1.23 1..0 
93.2 34. .00 .03 .o? .19 .7R .37 .46 .55 .62 .69 .7·1 .65 .92 .99 1.0'; 1.C9 1.16 1.22 ~ 
95. 35. .00 .03 .09 .1A .:>7 .35 .14 .52 .EO .65 .72 .02 .• 90 .% 1.02 1.C6 1.15 j,.2: 
9~.8 36. .00 .02 .08 .16 .75 .33 .42 .49 .57 .(03 .69 .7':1 .87 .93 .99 1.0~ 1.13 1.2G 

TA~LE 1. A (qrowth index) 1n funrtinn of T (temr~r3ture) and H (hu~1d1ty cocrflcl~nt for h • 12 (cav of 12 hours). 



c ct 
C 

ct 
C 

ct e e e 

16.5 • 1 5.5 2.1 15 • 8. 
11.5 .2 6. 2.3 15.5 8.6 

9. .3 6.5 2.5 16. 9.2 
7. .4 7. 2.6 16.5 9.8 
5. .5 7.5 2.8 17. 10.6 
3.5 :(; .6 8. 3.0 ·17.5. 11.3 
2.5 • 7 8.5 3.2 18. 12.1 
1.5 • 8 9 • 3.5 18.5 13. 
1. .9 9~5 3.7 19. 14. 
o. 1. 10. 4. 19.5 15. 
1. 1.1 10.5 4.3 20. 16. 
1.5 1.2 11. 4.6 20.5 17.1 
2. 1.3 11.5 4.9 21. 18.4 
2.5 1.4 12. 5.3 21.5 19.7 
3. 1.5 12.5 5.7 22. 21.1 
3.5 1.6 13. 6.1 22.5 22.6 
4. 1.7 13.5 6.5 23. 24.3 
4.5 1.9 14. 7. 23.5 26. 
5. 2.0 14.5 7.5 24. 27.9 

T;'.BLE 2. Table for computing the humolytic index (HI). 

C 
ct e 

24.5 29.9 
25. 32. 
25.5 34.3 
26. 36.8 
26.5 39.4 
27. 42.2 
27.5 45.2 
28. 48.5 
28.5 52. 
29. 55.7 
29.5 59.7 
30. 64. 
20.5 68.6 
31. 73.5 
31.5 78.8 
32. 84.4 
32.5 90.5 
33. 97. 
33.5 103.9 

Values of e ct (for calculating HI) 

.. w 
1.0 
U1 
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APPENDIX V 

SOIL PROFILE DESCRIPTIONS 

1. Elegelic soils 

i) Lodi-elegelic soils 

Horizon Depth (cm) 

0-5 

5 - 14 

Og 14 - 31 

(u)O 31 - 34 

(u)G 34 - 41 

uB 41 - 51 

51+ 

Undecomposed root mat, with abundant 

fine to small fibrous roots. 

Black (5yr 2/1) peaty loam; very 

friable, greasy, amorphous, 

partially decomposed organic 

material with abundant fine to small 

fibrous roots; distinct boundary. 

Dark brown (10yr 4/3); peaty loam; 

very friable; weakly developed fine 

crumb structure; spot gley; abundant 

fine to small roots; wavy distinct 

boundary. 

Black (5yr 2/1); peat loam; very 

friable, greasy, amorphous, 

partially decomposed organic 

material with abundant fine to small 

fibrous roots; distinct boundary. 

Light grey (5y 7/1); silt loam; very 

friable; weakly developed fine crumb 

structure; diffused gley; frequent 

small fibrous roots; diffuse boundary. 

Light olive brown (2.5yr 5/6); stony . 
silt loam; friable; slightly sticky; 

moderately developed fine to medium 

crumb structure; few fragments of 

small roots. 

Unweathered solifluct of angular 

schist fragmented by physical 

processes. 
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ii) Fulvi-elegelic soils 

Horizon Depth (cm) 

A1 0 - 8 (5y 5/2) Olive loamy sand, fria~le, 

weakly developed, fine crumb struc­

tu~e, abundant roots, distinct 

boundary. 

uA 8 - 25 

uB 25 - 28 

28 - 48 

5y 5/3 Olive, stony loam sand, very 

friable; weak+y developed fine crumb 

structure; abundant fibrous and semi­

woody roots; diffused boundary. 

5yr 5/8, yellowish red; stony silt 

loam, friable, weakly developed fine 

crumb structure; dispersed iron, 

with few fine mottles 2.5y 5/6 (red); 

few fine roots indistinct boundary. 

Solifluct fragments of angular 

greywacke. 

2. Eleclinic soils 

Horizon Depth (cm) 

A 1 

5 

10+ 

Moder from roots and partially decom­

posed organic material. 

Partially sorted glaciofluvial outwash 

with over 70% fine material and parti­

cles of organic debris. 

Coarse sub-angular glacio-fluvial out­

wash. 

i) Humi-eleclinic soils 

Horizon Depth (em) 

a 0 - 12 Dark grey 9rown; (10 yr 4/2) peaty 

A 12 - 25 

loam 

Dark yellow brown (10yr 4/4) fine 

sandy loam; friable; weakly 

developed fine crumb structure; 

abundant medium to small woody and 

fibrous roots; indistinct boundary. 
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i) Humi-eleclinic soils (contd) 

Horizon Depth (cm) 

C "25+ Angular to sub-angular rock 

fragments of schist and greywacke. 

3. Elelithic soils 

Horizon Depth (cm) 

A 0 - 2 Brown (7.5yr 3.2) stony sandy loam; 

C 2 - 10 

4. Eleluvic soils 

Horizon Depth (cm) 

very friable structureless; abundant 

coarse woody fragments of roots and 

plant debris, diffused boundary. 

Solifluct fragments of angular schist. 

A1 0 - 25 Greyish brown 2.5y 5/2 sand; friable, 

weakly developed fine crumb structurei 

many few small fibrous roots, indis­

tinct boundary. 

GC 25 - 100 

uB 100 - 120 

120+ 

Pale olive (5y 6/3) sand; very friable; 

weakly d~veloped fine crumb structure; 

diffused gley with reddish brown (5y 

4/4) mottles; very few oxidised root 

fragments; distinct boundary. 

Yellowish brown (10yr 5/6) sand very 

friable, slightly sticky weakly 

developed fine crumb; few stones; 

partially decomposed root fragments; 

indistinct boundary. 

Unsorted glacio-fulvial outwash. 

i) Plati-eleluvic soils 

Horizon Depth (cm) 

01 0 - 3 A closely compact mat of Oreobolus 

3 - 4 

roots. 

Yellowish brown 10 yr 5/4 loamy 

sand; very friable; structureless; 

abundant fine fibrous roots; 

distinct boundary. 
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i) Plati-eleluvic soils (contd.) 

Horizon Depth (cm) 

02 4 - 7 Very dark brown (10yr 2/2); 

7 - 10 

friable; greasy amorphous peaty 

loam with some small fibrous roots; 

distinct boundary. 

Yellowish brown (10 yr 5/4); very 

friable; structureless many small 

fibrous roots; distinct boundary. 

03 10 - 12. Very dark brown (10 yr 2/2); friable 

12 - 17 

17 - 19 

c 

5. Eleplatic soils 

amorphous peaty loam with some small 

fibrous roots; distinct boundary. 

Yellowish brown (10 yr 5/4); loamy 

sand, very friable; structureless 

many small roots. 

Very dark brown (10 yr 2/2); 

friable; amorphous greasy peaty 

loam; few small fibrous roots; 

distinct boundary. 

Water-table overlying outwash 

gravels. 

i) Eleplatic (eutric phase) 

Horizon Depth (cm) 

° o - 15 

G 15 - 30 

uO 30 - 35 

Mat of hygrophytic plant roots 

with an alternate layer of partially 

decomposed organic material; distinct 

boundary. 

Light grey to grey (5y. 6/1) sand; 

friable; w~akly developed finecrumb 

structure, partially decayed 

organic matter, abundant fibrous and 

fleshy roots; distinct boundary. 

Dark reddish brown (5 yr 3/2); 

friable, greasy; partially decom­

posed peaty material with 
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i) Eleplatic (eutric phase) (contd.) 

Horizon Depth (cm) 

uG 

C1 

Elefulvic 

Horizon 

A 

recogniseable fragments of un­

decayed Celmisia leaves and stems; 

distinct boundary. 

35 - 54 Grey (Sy 5/1); gritty silt loam; 

friable; weakly developed fine 

crumb structure; many dark 'red 

54+ 

soils 

Depth (cm) 

0 - 15 

(3.5 yr 3/6) mottles; few fragments 

of roots; indistinct boundary. 

Colluvial gravels. 

Dark yellowish brown (10 yr 4/4) loamy 

sand; friable; weakly developed; fine 

crumb structure; few angular to sub­

angular stones; abundant fibrous and 

woody roots indistinct boundary. 

B1 15 - 22 Yellowish brown (10 yr 5/p) stony 

loamy sand; friable; weak to moderately 

developed fine crumb structure; frequent 

small fibrous roots diffuse boundary. 

22 - 37 Yellowish brown (10 yr ~/8) stony sand; 

friable; moderately developed crumb 

structure; few fine root fragments; 

indistinct boundary. 

37+ Fragmented schist from undifferentiated 

moraine, with some colluvial debris. 

i) Elefulvic (strongly enleached phase) 

Horizon Depth (cm) 

01 0 - 2 Undecomposed litter of Celmisia 

2 - 4 

lyallii. 

Partially decomposed acid humus, 

(moder silicate). 
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i) Elefulvic (strongly enleached phase) (contd.) 

Horizon Depth (cm) 

A 4 - 11 Dark grey, 10 yr 4/1; silt loam 

very friable weakly developed 

crumb structure, abundant small 

fibrous roots; distinct boundary. 

11 - 16 Yellowish-brown 10 yr 5/6; silt 

loam; friable, weakly developed 

fine crumb structure, few angular 

stones; many finp. fibrous roots 

indistinct boundary. 

16 - 31 Brownish yellow, 10 yr 6/6; stony 

silt loam; friable, weakly developed 

fine crumb structure, clay coating 

on stones, several distinct brown 

mottles, 7.5 yr 5/6, few root 

fragments, diffuse boundary. 

31+ Angular unweathered fragments of 

solifluct. 

ii) Clini-elefulvic soils 

Horizon Depth (em) 
A 0 - 10 Dark greyish brown (10 yr 4/2); 

uA/B 

uB/C 

gritty sandy loam very friable; 

moderately developed fine crumh 

structure; abundant fine fibrous 

roots, a diffused boundary. 

10 - 20 Yellowish brown (10 yr 5/4); stony 

sandy loam; very friable; weakly 

developed fine crumb structure, few 

small fibrous roots, indistinct 

boundary. 

20 - 35 Yellowish brown (10 yr 5/1) stony 

sand; very friable; weakly developed 

fine crumb structure; fragments of 

small fibrous roots indistinct 

boundary. 
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iii) Madenti-elefulvic soils 402 

Horizon Depth (cm) 

A 0 - 4 Very dark brown (10 yr 2/2). Very 

G 

B 

friable partially decomposed peaty 
.( 

material. 

4 - 39 Light grey to grey (5y 6/1); silt 

loam very£riable, weakly developed 
fine crumb structure; spot gley with 

a few faint reddish brown (5yr 4/4) 

mottles; few fragments of fibrous 

roots; diffuse boundary. 

39 - 64 Brown to dark brown (7.5 yr 4/4); 

stony sand, very friable; weakly 
developed fine crumb structure; many 

64+ 

fine dark olive (5 yr 4/4); mottles; 

clay coating on sub-angular stones; 

frequent fragments of roots; in­

distinct boundary. 

Angular outwash gravels. 

7. Eldefulvic soils 

i) Eldefulvic (strongly enleached phase) 

Horizon Depth (cm) 

01 0 - 3 Dark reddish brown (5 yr 2/2), litter 

A 

fragments of Celmisia lyallii and 

Dracophyllum. 

3 - 6 Brown to dark brown (10 yr 4/3); 

very friable partially decomposed 

organic material; distinct boundary. 

6 - 16 Dark greyish brown (10 yr 4/2), 

silt loam; friable, weak to moder­

ately deve~oped fine crumb structure; 

few stones; many small fibrous roots; 

diffuse boundary. 

B1 16 - 31 Yellowish-brown (10 yr 5/8); silt 

loam; friable; moderately developed 
medium crumb structure; few small 

root fragments, diffuse boundary. 
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i) Eldefulvic (strongly enleached phase) (contd.) 

Horizon Depth (cm) 

B31 - 91 Brownish-yellow (10 yr 6/8); silt 2 ., 
loam, friable, moderately developed 

fine to medium blocky structure; 

light yellowish-brown (2.5 y 6/4) 
spot gley; with a few fine yellow-

ish red (5 yr 5,8) mottles; few 

angular stones with clay coating; 

few fine root fragments, indistinct 

boundary. 

B3 91 -101 Brown (7.5 yr 3/2), gritty stony 

101+ 

sandy loam; very friable and structure­

less. 

Angular schist from colluvial and 

solifluct material. 

ii) Clini-eldefulvic soils 

Horizon Depth (cm) 

A1 0 - 15 Dark grey (10 yr 4/1) silt loam friable 

moderately developed medium nut 

structure; few unweathered gravels, 

abundant fine fibrous roots; in­

distinct boundary. 

UA
1 

15 - 19 Dark yellow brown (10 yr 4/4); stony 

silt loam, friable, moderately 

developed fine nut structure, 

abundant fine fibrous roots. 

UA
3 

19 - 41 Yellow brown (10 yr 5/4); gritty 

loamy sand, very friable, moderately 

developed fine crumb structure; 

fragments of charcoal with a few 

small pores; few fine root fragments; 

diffuse boundary. 

uB 41 - 71 Brownish yellow (10 yr 6/6); stony 

loamy sand; very friable; weakly 

developed fine crumb structure; 
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ii) Clini-eldefulvic soils (contd.) 

Horizon Depth (cm) 

71+ 

light grey (5 yr 7/1), spot gley; 

with a few moderate red (2.5 y 4/6) 

mottles some pores, few fragments 

of fibrous roots, indistinct 

boundary. 

Schist and argillite fragments. 

iii) Madenti-p~di-eldefulvic soils 

Horizon Depth (cm) 

A 

G 

o - 20 Dark grey (10 yr 4/1); silt loam, 

very friable; slightly sticky; 

weakly developed fine crumb 

structure; abundant fine fibrous 

roots; with some small woody roots; 

indistinct boundary. 

20 - 32 Grey (N6/); silt loam, very friable, 

slightly sticky; diffuse gley; few 

fine yellowish red (5 yr 5/8), 

mottles; few small fragments of 

roots; distinct boundary. 

32 - 38 Yellowish red (5 yr 4/8) silt loam; 

very friable; moderately developed 

fine to medium crumb structure; 

abundant small fibrous roots; 

indistinct boundary. 

B2 38 - 58 Yellowish red (5 yr 5/8); stony 

sandy loam, friable; weakly 

developed fine crumb structure; few 

roots; indistinct boundary. 

B3 58 - 70 Strong brown (7.5 yr 5/6); loamy 

70+ 

sand; very friable, sticky, weakly 

developed fine crumb structure roots 

are rare; diffuse boundary. 

Angular fragmentec. colluvial debris 

of schist and greywacke. 
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APPENDIX VI 

LOCATION AND ALTITUDE (M) OF SOIL PROFILE REFERENCES 

TWIN BASIN (M) (M) 

Eleclinic T1t124 (1844) TW25 (1950) 
... -- ...... -- - -_. -_ .. 

Lodi-elegelic TW18 (1834) TW19 ( 1859 ) 
,.-.,-----,-.- .. --_. 

FUlvi-elegelic TltJ 5 (1560) TW21 (1709) 

Eleluvic TW22 (1850) 

Eleplatic TW20 (1737) 

Luvi-eleplatic TvJ17 ( 1737 ) 

Madenti-elefulvic TW15 (1853 ) T'tJ16 (1737) 

Clini-elefulvic TW12 (1737) l'W13 (1706) 

Elefulvic (strongly TW10 (1606) TVJ14 (1676) 
enleached phase) TW16 (1524) TW 7 (1524) 

Eldefulvic (strongly TV.i_9 . (1402) TW 8 (1450) 
enleached phase) TW11 (1460) 

Madenti-podi-eldefulvic TttJ 2 (1097) Tl,rJ 3 (1286) 
TW 4 (1417) 

'';.> - ...... - .-••••• -._-

T\'I1IN STREAM HEADWATERS (M) (M) 
-'- ,'- -----.---- - -- - -_. 

FUlvi-elegelic TH 3 (1966) TH11 (1844) 

Eleluvic TH 8 (1767) 

Eleplatic (eutric phase) TH 4 (1341) TH 7 (1645) 

Elefu lvic (weakly TH 5 (1478 ) TH 6 (1600) 
_ 0"0_'-,--.1-." ",-, __ ,_~~,., __ • ___ en leached phase) TH 9 ( 1737 ) TH10 (1722) 
.-.- :_'J- _ ... _. _, ___ •. 

Clini-elefulvic TH 1 (1529) TH 2 (1658) 
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- - -.~. - -- - - -- --

. ~ ~- -.-- -- -- - ... _. PYRAMID BASIN (M) (M) I 

Fulvi-elegelic PB12 (1645) PB13 (1645) 

Humi-eleclinic PB 8 (1524) 

Madenti-elefulvic PBll (1554) 
."-'-'-,".':"-:"'_-- -". :.....'- .... 

Elefulvic (weakly PB 6 ( 1828 ) PB 9 (1524) 
en leached phase) PB14 (1585) PB 3 ~1453~ PB 4 (1475 ) PB1S 1463 

--'.".".-.. --'------. -- --_. -- ---

PB 5 (1478 ) PB10 (1470) 

Clini-elefulvic PB 7 (1722) 

Clini-eldefulvic PB 1 (1330) 
,-- .---- --'--- -. --

Eldefulvic PB 2 (1335) 
.. -. -. --- -.".". ----- .-, 

MARY BASIN (M) (M) 

Fulvi-elegelic MB 2 (1706) MB 3 (1813 ) 
MB 4 (1820) 

Eleluvic MB 1 (1706) 1'1822 (1813 ) 
MB23 (1737) MB24 (1560) 

Madenti-elefulvic MB 6 (1539) 
- '.- ~-~ ..... ~-"""--------------'-. 

Elefulvic (eutric MB 9 (1545) f1B16 (1402) 
phase) MB17 (1676) 

CJ,.ini-elefulvic MB 5 (1767) rm 7 (1706) 
~ --- - .-- -- -:... --- r-m 8 (1645) 

Clini-eldefulvic MB10 (1.246) MBll (1216) 
MB12 (1280) 1'1813 (1478 ) 
1'1814 ( 13 71 ) MB15 (1371) 
fv1B25 (1371) 

Humi-eleclinic MB18 (1975) MB1.9 (1920) 
~'~"'-. ~~--- -'--'~'-~ '-- MB20 (1.966) MB21 (1874 ) 
---_ ..... '.---.--".".'. 
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APPENDIX VII 

PLANT COMMUNITIES 
(DOMIN SCALE) 

System used to enumerate species in various stands 

(releve) was the ten-point Domin Scale which measured 

their cover and abundance: 

1. One or two individuals 

2. Sparsely distributed 

3. Frequent but low cover ( ~ 1/20) 

4. Cover 1/20 1/5 

5. Cover 1/5 - 1/4 

6. Cover 1/4 - 1/3 

7. C;over 1/3 - 1/2 

8. Cover 1/2 - 3/4 

9. Cover 3/4 - 9/10 

10. Cover complete or almost so. 

(See McVean and Ratcliffe (1952), page 6~) 

407 
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-, --. --- .-- PLANTS LISTED ON PERIODIC SOIL SEQUENCE 
- ---- - _.-

r __ "0..:-_",;... ____ ~ .. ~ __ ; 

K3 K3 K2 1<1 

Plot (10 10m 
2 

( 1 ) ( 2 ) (3) ( 4 ) x ) 

SHRUBS 

Carmichaelia monroi + 
-----~-,~--'"---- .. - -"-----

. - - - - -. -. - _. - .. - Cassinia vauvilliersii 1 

-".,", Coprosma cheesemanii 1 .1 + ..... --,.-."- .. ,,- - ,'_. -,-

C. petriei 

Coriaria plumosa 4 4 

Cyathodes colensoi 2 + 
. - .". - - --'. -. -. - .-.. 

C. fraseri 2 1 + 1 

Discaria toumatou + 1 + 

Dracophyllum uniflorum 7 + + + 

Drapetes dieffenbachii 1 

Gaultheria crassa 8 6 2 

G. depressa 2 1 + 
.'-'-'. --" -_ .... 

Hebe buchananii + 

H. odora + 1 
- - .. "---- - -- -

-, .... ~-- ~--.:,-,""--.- .. -;-....... -~- Myrsine nummularia 2 

Pimelea .oreophila 1 + 

GRASSES 

Aira caryophyllea 2 
. - ~ _. -". -~-- --- --, 

- w'."_ .-."_'. ~. __ 

Agropyron scabrum 1 2 1 

Agrostis petriei 1 1 

A. tenuis 5 5 4 4 

Ant ho,xanthum odoratum 2 2 3 3 

- -~ ~ -- ---------
Chionochloa rigida 5 9 5 4 

Festuca novae-zelandiae 2 1 1 2 

F. yare rubra commutata + 
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- - ,..1----,-__ --> _____ ~ ___ .-.' .• K3 K3 K2 Kl 

- - .. -.. -"-.- - - ~ ~ -' -- - 2 
Plot (10 x 10m ) ( 1) ( 2 ) (3) (4 ) 

-'''-~----.'-'''- ..... ~+-.-~-~~' 

GRASSES (contd. ) 

Hierochloe brunonis + 

Holcus lanatus '1. + 3 2 

----....... ~-.. -~--- Notodanthonia buchananii + 1 1 
. ··-----~r __ .· __ • ____ -

setifolia N. 1 + 2 
... _ .. - ~ .. --, . - -- - . - ~ 

Poa caespi tosa + 1 

P. colensoi 2 3 1 3 

P. kirkii + 
.. --~---- .. - - - -- --
•••••••• _ ••• '_ - '"0 ___ " 

FORBS 

Acaena hirsutula 2 

A. saccaticupola + 1 

Achillea millefolium + 

Aciphylla aurea + 

.--.'---'-'-'-'"--~.---------"~ Anisotome aromatica + 3 3 2 

Blechnum penna-marina 2 

.. - -".-"-'-"-----.. ' Brachycome sinclairii + 
----- ~- --- - ~----. 

Caltha novae-zelandiae + 

Celmisia angustifolia 2 + 1 

C. coriacea + 

C. densiflora 5 3 3 3 

... --". --- .. --------' C. gracilenta 2 1 1 + 

- --- -- --, - --
C. lyallii + 

C. petiolata 2 2 1 

Cerastium arvense 2 2 

Cotula pectinata + 
~~,-----,--,----.-----------",. 

Craspedia uniflora 2 
~-~ 

Dicranoloma robustum ~ + 
~-----=-'~---~-





- ~. --- --' :.. ~ -. 

2 Plot (10 x 10m ) 

BRYOPHYTES 

Dicranoloma robustum 

Hypnum cupressiform 

Polytrichum juniperinum 

Rhacomitrium langunosum 

( 2 ) 

+ 

+ 

+ 

+ 

( 3 ) 

K 
1 

+ I 

411 
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DE:GRADED GRASSU.~IDS NO:JUM 

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

PLOT NO. 
(m 2 ) 

HB74 HBOa HBt4a H99 HB7 1'.914 
- _______ L ••• PLOT ARtA 4 4 4 4 4 4 

ALTITUDE (m) 1219 1340 1300 1767 1706 1371 
ASPECT NN'I/ NNW NNW NNE NE NNE 
SLOPE (0) 27 25 30 25 39 35 
BAR!: GROUllD (;4) 25 20 30 40 35 25 

SFECIES LIST 

Coprosma cheescma~ll 2 
C. pseudocuneata 1 
Cyathodes colen sol 5 4 

C. !raserl 4 1 
Drapete. dleffenbachll 1 

Dracophyllum unlflorum 2 4 2 
Gaultheria crdssa 3 

G. depressa 2 

Hebe odora 3 

H. subaIplna 4 

Pentachor.dra pumlla 1 

Pernettya nana '3 

P1n'.e lea oreophl1a 2 

Ac1phylla aurea 4 6 4 

A. simll1. 1 
Brachy-come sinclair!! 

Celmlsla an~ustifolla 1 

C. eorlacea 4 3 

C. densiflora 1 
C. 91'acl1enta 1 

C. lyall 11 3 5 8 7 3 
. -. --.---~ ... '-. --~. Cotula pectlnata 2 2 

Epl1oblurr. alsinoi~es 1 1 
Geranium rr.lcrcph"/11a 1 

Helichrysu~ bilido!des 2 
Hieraclum pl1os.el\ex 1 

H. prealtum. 1 

Hypochaeris radlcata 3 3 
.. ' ..... : ........ ...: .. :-.-.-., .. 

Phormium cookianum 1 

Raoul1a 5ubseric£,a 3 1 
RUIT',ex acetosclla 1 1 

Scleranthus unlfloru5 1 

Chlonochloa riglda 6 6 8 7 

Festuca novae-zellanclae 2 
Poa colensoi 2 1 6 5 

P. klrl<ll 1 
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DrSTR(lPHIC GRASSLANDS NODL"M 

- - ---- -. --~- - ~- -_. 
PLOT NO. PB1SA n<2 TW3 T~4 Tw5 T'''G T~\'7 T#!9 TW10 TWll tW12 1<86 11810 1<816 
PLOT AR!!:A ( .. 2, 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
ALTITUD~ (m) 1243 1097 1268 1417 1560 1524 1530 1402 160G 1524 1737 Is3? 1246 140;! 
ASP~CT SE SE S~ SE SE C NE SC SW ESE NE ~E So NE 
SLOPE (0, 38 38 20 40 5 3G 35 35 5 40 40 5 25 38 
BARE GROUND (,;, Nll Nll Nll Nil Nil 5 10 5 N11 10 IS Nil 10 Nll 

. SP£CIE5 LIST 

Coprosma pseudocuneata .3 
Dracophyllum kirk!! 1-
D. pronum 6 1 3 2 
D. un! flarum. 5 4 ,2 
D. unltlorum X 

pronum 4 
Drapete 5 die ([cnbachI! 
Gaultheria: crassa 4 
G. depressa 

~~be ~~~~~~:l~t dt~ 2 
'.'-.; H. odoea 1 . 

Myrsine nun;mularla 
Olearla nummularlfo~la 

2 

Pentachon<!ra ~uml1a. 
Pi .... e lea oreophlla 

Aclphylla aurea 
Ac Iphylla scctt-thompsonl1 
A. sl:nills 4 3 
Anlsotorr.e flexuosa 3 
Aslella nlviecia 1 
BrachycoJ':'e sinclairii 
Celmlsla a!'l~u5tl Eolia 
C. co["iacea 
C. denslt10ra 
C. larlclfolla 5 
C. lyallil 7 8 8 ' 8 8 8 7 8 
Cotula pectinata 1 2 
Craspedia un! flora 
Epl10blum alslnoldes, 

ssp.atclp_ 
Geum parvlf!o['um 
Hl@rac;J.u!fI rrea 1 tum 
Hypac:.l',derls radlcata. 
Lobelia llr.neolo:!es 
Plantago un!.!'lora 
Phorrr.lum cooki:a"'l.um 

.... --.............. RaoulLa grandiflora 2 
RUIf.ex acetosella 
Viola cunnlnqh,smli 

Agrosti!. petrlel 2 
A. subulata 
Chionochioa crassiuscula 
C. oreophlla 
C. rlglda 11 
C. macra 4 

• _, • _. - 0 ~. _. _ "_. 
Oeyeuxla avenoldes 
trythr-anthcra pumlla 
FestuCd ~!':e'",sii 
t<.oelerla chc-esemanU 
Notodanthonl'l setl folia 4 
Pool colen sol 6 6 7 
Tris«l\.{"younql1 2 

Luzula crlnl ta x petrlana 
L. cufa 
L. travers1 I 
Oreobolus pf.'ctlnat\A.M 
UncinLa dLvarLcata 
U. fuscovaglnata 

LycopodIum austral.1sica 
L. fastigiatum 
L. scarlosum 

0".'- ,"0 • ~ _ 0 _ 0 

Cl .... do"l ... sPfs. 

~~~ r~~!C~~~cl~~ 1 rcrlnum 

Rhacomllrlum lolnqulnosurn 

cetraria is}"ndic.1 
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EUTRorHIC GRASSU.ND NOOUM 
".>~ c·~~ _'_ ." • ..,.."_.".-_-, 

PLO~ NO. 
(m2 ) 

TH1A TH1 TII2 Til 5 TH6 'i'H9 TH10 TH) I<D2) 
PLOT AREA 4 4 4 4 4 4 4 4 4 
ALTITUDE (m) 1341 1539 165B 1473 15B6 15BO 1722 1%6 1737 

.. -. Asr':;CT NE NE N~ NE NE NE E ~E " SLorE I (0) 5 35 40 3B 30 40 3B 3B 35 
BARE GROUND I (:::) 6 5 10 5 NIL 5 NIL NIL ~IL 

Coprosma pseudocuneata 

C. puml1a 

Dracophyllum peonu," 5 
Dropetes dLe(!enbachll 1 

Gaultheria depressa 

Plmelea oreophL la 1 

P. prostrata 

"--~- Aceana caeslaglauca 

.. --- -'~'.'- - '."-- A • hlrsutula 2 

Aclphyll. aurea 

A. 5lm'111s 

Anlsotorr.e flexuosa 

Brachycorne sinclalr:l1 

Celll'll.Ia angustl!o11. 

C. ly.llll 8 B 4 6 8 

C. ses.!\i rlorOl 
c. walkeri 

Cotula pectinata 
£plloblum alslnoldes. 5sp.atr lp_ 3 

Euphrasla zelandlca 2 
Geum parvlflo["um 

Lobelia I1nneoldes 

Phyll achne co:ensoL 

Pygmaea t=ulvlnarls 

Ranunculu5 gracLl1r-es 

Aaoulia grand 1 nora 2 
._- .. - .'. _. -_. - _ .. RUI'f'ex acetosella 2 

SchizellelT'c1 haastli 

SenecIo scorzonf!rolc!f!s 

Viola cunnlr.ghamii 

Wahlenber91a albo-marqlnata 

A9rostis subulata 1 1 

_'_~-__ --'""'-_·_"0 _. ~ __ Chionochloa erassluscula 

C. ~reophl1a 
Festuca rratt-heW""\ 7 

Koele .. la ch'!esecnanli 2 

Notodanthonia setlfolla 6 3 

Poa coltmsol 6 7 6 

Cacex wakatlpu 
Luzula crlnlta var. pe~rlana 1 

L. traver .. U 

Schoenus paucl Horus 

Unclnla !uscovaf}lnata 

- -.' ~ ",. - ._- '-'"'-" U. sl"cl.,lrli 

-"'->-'-'"-' 
Dll"chnum p('nna ... l':'.lrina 

Lycopodiurr '"stiqiat.um 

Strict.,) crocat.. 
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UNCLASSIFlf:D RUPICOLOUS NODA 

PLOT NO. 
(m 2 ) 

TWt HBtl PB6A PBllA 
PLOT AREA 10 4 1 1 
ALTITUD~ I (m) 1090 1418 13J7 1400 
AsrECT S'II NNE E £ 

.----~-"-.- ..... -.~-".~-<-.- JlABITAT SHINGLE SCHIST BLUFF STONE PAVEMENT STONE PAVEM~NT 
BARE GROUND (%) NIL 20 10 15 

SPECIES LIST 
Coprosma pseudocuneata 

Dracophyllum pronum 2 6 
D. uni !lorum 5 4 
Drapetes dleffenbach1i 2 1 
Gaultheria craSS4 2 

Hebe buchananil 1 

H. cillolata 

H. epacridea 

H. odora 3 
Olecria nummularlfolia 3 
~odocarpus nlvalls 5 

Senecio cas.lnioldes 3 3 

Aciphy11a aurea 3 
AnlsotolTle flexuosa 4 3 

erachyco~e sinclairU 2 

Celm1s1a c'orlacea 2 

C. densi flora 2 

C. lya1111 2 5 3 

Colobant~us acicularis 2 

Fostera sedifol1a 
Leucogenes g~and!ceps 

Ourisla caespitosa 

Phyllachne colensol 1 

Pygmea pulvlnar15 1 2 

Ranunculus lyal111 1 
Raoulla grandlflora 1 1 

Agrostis Imbecilia 2 

A. subulata ·2 
£rythranthera pumlla 2 
poa c:olensol . -- .-- .---

Luzula pumlla 2 

Hymenophyllum villosum 1 
HYFolepls millefolium i 
rolystlchum cystosteg!a 2 

Grimmla spps. 1 1 

N'europogon spps. 2 

Farrnella spps. 1 

Polytrichum Junlpcrlnum 2 
Rh~comllrlum 1~ngulno5um 1 

Rhizocdrpon spps. 2 

Thamonoli'a spps. 2. 2 
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CHIONOCIILOA OTlEOFIIIL,\ NO:lUM 
'" X 

PLOT NO. 
(",2) 

TW16 TW17C THB PB11A PBl1B MB19 MD20 MB22 
PLOT Am':A 4 4 4 G 4 4 4 4 

-~-. - '-~---- -'.' .. _. ALTITUDE (m) 1859 1767 1767 1554 1554 lBOO 1870 lRU 
ASPECT E SE NE E E NE NE NE 
SLOP:; (0) 5 FLAT FLAT 25 . 1 15 25 FLAT 
BARE GROUND (~) NIL NIL NIL NIL NIL NIL NIL NIL 

SP!:CIES LIST 
- - - - - --,~ - _. 

Coprosma pumll. 

Drapete. ly.llii 2 2 2 

Gaultheria depre.s. 1 

Anistome imbrie. t • 1 2 3 

Celmisia • ngustifol1a 1 1 

C. h ••• tii 3 3 4 3 4 5 2 3 

C. !ariel folia 1 

C. lya 1111 1 
C. .essil1flora 2 2 

EpiJobium alsl~olde. .pp. atrip 2 

Euphr.sla zelandlca 2 2 

Fostera .ed1folla 2 1 
Phyll.chne colensol 2 2 

Plantago langler. 1 

RaouUa gra~dl flora 1 1 

Agrosti. imbecilla 1 

Chlonochloa ~acra 2 3 1 
C. oreophll. 9 9 4 7 8 6 8 B 

Hlerochloe brunonls 1 

Pea colensol 2 7 4 7 2 

Carex acIcular!! 2 

C. enys11 2 
.''--. -- --- -.- C. la!=hen.lii 2 

C. pyrenaica yare cephalotes 2 4 

~arslpposfermum gracile 2 3 1 

Uncini. divaricat. 1 4 

Polytrlchu:n COi.::-·une 2 

P. juniperinum 1 1 

PIS i IOf'il"lI1~ustr'le .1 

I 
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CELMISIA HECTOR I NODUM 

PLOT NOv 
PLOT i\RE:A 
ALTITUDE 
ASPECT 
SLOPE; 
RARE GROUND 

(0 ) 

on 
SPECIES LIST 

Celmisia haastii 

C. 

C. 

hectori 

sessiliflora 

Epilobium porphyrium 

Agrostis subulata 

Polytrichum juniperinum 

PB7A 
1 

1737 
ENE 
5 
10 

6 

1 

PB7B 
1 

1750 
ENE 
10 
5 

8 

1 

1 

.1 

417 

MB4 
1 

1800 
E 
5 

NIL 

1 

8 

2 

1 
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DR'tOFHYTE, H'toilOrHYTE NOoUM 

PLOT tlO. 
(m2 l 

TH4A TH7 TW20 T'I/17A T~; 1 7B 1".24 
PLOT A~E:'" 4 4 4 4 4 4 

~--".-----~'-'-----
ALTITUDE (ml 1341 1645 1737 1767 1767 19~O 
ASPECT 10 30 30 F1J\T F1J\T F1J\T 
BARE GROUND (7-) NIL NIL NIL 5 NIL 40 

SPECIES LIST 

Drapetes lyallU 2 
Hebe epacrldea 1. 
Pentachondra pumlla 2 

Abrotonella caespitosa 6 

Aceana saccaticupula' 
Aciphylla dobsonli 1. 
Anlsotome i",brlcata 3 

Caltha obtusa 1. 3 
Celmi.la haa.tll 3 

C. .essillf1ora 3 

Colobanthus ape talus var. alplna 6 

Gnaphallum luteu5 2 
Neopaxla australasica 3 3 
Curista caesrltos4 2 
Plantago unlflcra 2 
Ranunculus grac!l!pes 1. 
Raoul1a young l1 3 1. 

Stackhousia minima 2 

A9ros tl • in:bec1l1a 1. 
Poa co!ensol 1. 

Carex tachenalll 1. 

C. pyrenaica var. cephalote. 2 

Luzula pu",ila 2 

Hars1pposper~:.J1':'I gracile 1. 

Oreobolus pe=tbatlll$ 3 5 

Schoenus pa'.Jci!!ocus 2 3 

Scirpu. aucklandlcu. 4 

Andreaea acccuj,ir.'".inata 2 

A. austtalls 1. 2 

Bartramia papll1ata 1 
Bl1ndia robusta 2 
Brach¥thecium paradoxum 1 

B. salebrosum 1. 

Breutella afflni' 1. 

Call1e~gon sarrflentosum 

Conostomum austrdle 1. 

Drepanocladu~ unclnatus 1. 

GY"'nomitr lum styglum 

Y.acchanl1a hcrtecr:ana 

Philonotl. dustrali. 6 6 6 

rolytrichurr. CCr.'1rr.unc 

Rhacomltrlum crl"pulum 

Tortula rubra 1. 
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