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ABSTRACT

In biogeochemical studies initiated for the first time in New
Zealand, some trace elements in indigenous plants and in the soils
supporting these plants, were determined by emission svectrography
and atomic absorption spectrophotometry.

A test of the biogeochemical method of prospecting was made by
studying elemental concentrations in leaves of three tree species
and in the corresponding soils from mineralised and non-mineralised
ground at Copper-stain Creek, North-West Nelson. All sanmples were

analysed for copper and molybcenum. QOlearia rani was also analysed

for zinc.

Elemental contents in plants and scils were compared by correla-
tion calculations on a computer. The molybdenum content of the ash
of O. reni leaves showed a highly-significant correlation with the
content of the same element in corresponding soil samples. ° This
indicated that O. rani could be used azs a biogeochemical indicator
Zor molybdenum mineralisation. No other significant plant-scil
correlations were found for molybdenum, copver or zinc.

For a further set of O. rani samples, leaves, twigs, wood and
flowers were all analysed for zinc, ccover and molybdenum. This
data showed that the leaves of C. rani were better than the other
parts of the plant, and that analyses based on ash weight were
better than dry weight values for indicating molybdenum mineralisation
in the soil.

Cumulative frequency diagrams gave values for threshhold
concentrations used to delineate the anomalous areas at Copperstain

Creek.
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Molybdenum contents in the ash of plants showed wide variations,
ranging from one to 1600 parts per million. Copper and zinc contents
showed less variation but tanere were significant differences in the
mean values for each species.

A New Zdealand serventine flora and the associated soils from
near Dun Mountain on the Nelson Mineral Belt was studied. In an
initial orientation survey, it was found that seventy-one samples
of twenty-six species showed that wide variations existed in the
concentrations of the elements chromium, nickel, cobalt and copper.
Six of these species were sampled further and analysed for chromium,
nickel, copver, cobalt, calcium and magnesium.

The species Cassinia vauvilliersii, Hebe odora and Levtospermum

scoparium were sampled both randomly and from a localised area of
serpentine where soils were more uniform. Plant elemental contents
were found to vary up to several orders of magnitude in both sets of
samples. Specimens of the same species samvled from near the
boundary of serpentine with sedimentary rocks and from an andesitic
area at Mt. Egmont, contained much lower amounts of chromium, nickel,
cobalt and magnesium and higher amounts of calcium than samples from
serpentine.

Correlation coefficients were calculated for the relationships

between pairs of elements and showed that for C. vauvilliersii, there

were highly-significant correlations between plant ash and soil

contents for chromium, nickel and cobalt. H. odora and L. scoparium

showed similar but less pronounced correlations for the same three
elements. It was concluded that these svecies, especially

C. vauvilliersii would be useful for biogeochemical prospecting.

Twenty samples of each of the serpentine-endemic species,

Myosotis monroi, Notothlaspi australe and Pimelea suteri were also




collected for comparison with the other, more common species.
P. suteri, in particular, is a strong accumulator of chromium,

nickel and cobalt although L. scovarilm also accumulates chromium

to a greater degree than the other species.
The highest concentrations found included 2.6% chromium in

the ash of a P. suteri and 9% chromium in a soil in which L. scoparium

grew. These values are higher than any voreviously observed in other
parts of the world. Good correlations were found for some pairs of
elements showing that chromium, nickel and cobalt are strongly related
in soils and in most vnlant species.

The range of calcium and magnesium contents in plant ash was
from one to 30%. lthough the exchangeable-calcium content of
soils was about one twentieth of that for magnesium, the Ca/lg ratio
in plants ranged from 0.1 to 95.0.

In view of the unusual concentrations of chromium in serventine
plants, the metabolism and uptake of the radioisotope chromium-51
was studied in selected species. Translocation of 5’]Cr when applied
as cnromate to cuts in the stem or the tips of branches of seedlings

was observed to be greater in P. suteri and L. scovarium than in

C. vauvilliersii or H. odora, as indicated by radioautography.

. 1 .
In young L. scoparium (manuka) plants, K Cr supvlied as chromate

was translocated as chromate in the xylem sap as shown by high-voltage
electrophoresis.

Trifolium pratense seedlings (red clover) which were more

readily available and grown in nutrient solution for ease of

manipulation, were able to absorb and translocate 51Cr to the

leaves when the 71Cr was supplied as either sodium chromate or

chromic chloride.



In both species (T. pratense and L. scorarium), generally much

less than 5% of the 71Cr appeared to be bound to protein or nucleic

acids. In the roots of L. scoparium seedlings, %2% of the radio-

activity was soluble in boiling 80% ethanol and a further portion
was soluble in boiling water. Trnese fractions were examined by

, 1 .
high-voltage electrophoresis and a total of 18% of the 2 Cr in roots

of L. scoparium cultured in nutrient solution existed as the tri-

oxalatochromate(III) ion with lesser amounts as two other soiuble

anionic compounds. T. pratense did not show the presence of tne

trioxalatochromate(III) ion.

It was concluded that the feasibility of carrying out biogeo-
chemical prospecting in New Zealand has been demonstrated for the
first time. Further, the plant chemistry studies have contributed
not only to general plant nutrition research, but also have provided
basic information for the understanding of the trace element metazbolism

involved in biogeochemical prospecting.



ACKNOWLEDGEMENTS

Most of all, I wish to express my appreciation and thanks
to my supervisors, Drs R.R. Brooks, P.J. Peterson and G.W. Butler,
for their encouragement, assistance and discussions on all aspects
of this study.

I would also like to thank the following:

The Mineral Resources Committee and Lime and Marble Ltd,
for financial assistance. )

The Chemistry and Biochemistry Department, Massey University
and Plant Chemistry Division, D.S.I.R., Palmerston North, for
financial assistance and the use of facilities and chemicals.

Messrs. K. James, W. Bennett and I. Manning for technical
assistance.

Mrs Gail Peterson and Mrs lelen Horsfall for the tyving.

Dr. W. Ting, University of California, Los Angeles, and
Dr. M. Taylor, Cawthron Institute, Nelson, for assistance with
the geobotanical work.

Misses Doreen Scott and Margaret Soulsby for the photographic
work.,

And Mr. N.E. Cohen, Mr. L.F. Molloy, Dr. R.D. Reeves and

many others for useful discussions during the period of the work.



PART

PART

PART

TABLE OF'CONTENTS

Abstract
Acknowledgements
Table of contents
List of figures
List of tables
BL General Introduction.
II. A Biogeochemical Survey at Copperstain Creek,
North-West Nelson.
1 Introduction.
2% The geology and geochemistry of the area.
35 Climate, vegetation and topogravohy.
G Analytical methods.
(i) Plant material
(ii) Soil samples .
(iii) Analysis. a) vH
b) Emission spectrograohy
c) Atomic absorotion
spectrophotometry
(iv) Treatment of the data
5. Preliminary sampling.
. Grid survey.
(i) Sampling programme
(ii) Results and discussion a) Soils
b) Plants
c) Plant-soil
relationships
i/ d Trace elements in Olearia rani.
(i) Introduction and sampling
(ii) Results and discussion
8. Conclusions.
III. Trace Elements in a Serpentine Flora.
. Introduction.
=g Description of the area
(i) Physical features

(ii) Geology

Page No.

ii
vi
vii
xi

xiv

11

12
12
12
13
13

13
16

18

21
21
25
24

27

29
29

31

37

38
42
42
43




6.

PART IV.

(iii)

Vegetation a) Shrubland
b) Open scrubland
c) Tussock grassland

Samoling and analysis

(i)
(iiy
(iii)

(iv)

Plant material
Soil samples
Analysis a) Emission spectrography
b) Atomic absorption spectro-
photometry
Statistical treatment of data

Preliminary spectrochemical survey

(1)
(ii))
(iidi)

Soils
Plants
Discussion

A study of the elementazl content of selected
serpentine plants

(1)

(ii)

(iii)

Introduction :
Results from three common species
a) Random collection
b) Localised collection
c¢) Non-serpentine samples
d) Some geobotanical observations

Overall results
a) Soils
b) Plants

General discussion and conclusions

The Uptake and Metabolism of Chromium-51.

Introduction

Materials and methods

(1)
(ii)
(iii)
(iv)
(v)
(vi)

Chemicals

Radiochemicals 5

Measurement of Cr
Radioautogravhy

High voltage electrcpaoresis
Plant culture

Experiments with red clover, Trifolium pratense

(1)
(ii)
(iii)
(iv)
(v)

Conditions of culture
Radioautographic studies

Uptake studies

Chemical fractionation of clovers
The chemical form of 21Cr in clover

VILXE

Page No.

Ll
Ll
Gy

45
45

46

4€
47

49
49
53
54

37
27

56
65
70
73

76
80

88

100

103
103
103
103
104
104
105

106
106
106
109
112
117



4, Experiments with plants from the Mineral Belt
(i) Translocation experiments
a) Cassinia vauvilliersii
b) Kebe odora
¢) Levptospvermum scoparium (manuka)
d) Pimelea suteri
e) Discuseion
(ii) Chemical studies
a) Hebe odora
b) Levptosvermum scovarium (manuka)

Do Further experiments with manuka, Leptospermum
scoparium.
(i) Introduction
(ii) Culture and feeding
(iii) Uptake of 27Cr
(iv) Chemical fractionation
(v) The chemical form of 51Cr in manuka
(vi) The oxalic acid complex

(vii) Experiment with 21Cr and ¢
a) Uptake of 51Cr and e
b) Detection of %1cr and qu
c) Extracts

6. Chromium=-51 in xylem sap
(1) Experimental
(ii) Manuka vlants from serventine soil
(iii) Manuka plants from nutrient solution

a) Chromate fed
b) Chromium(III)-fed
c) Oxalic acid composition

7. Discussion
PART V. General Discussion
BIBLIOGRAPHY
APPENDICES

Appendix 1. Analyses of plants from Copperstain Creek
a) Grid survey
b) Olearia rani

Appendix 2. Analyses of plants from the Mineral Belt
a) Cassinia vauvilliersii var. serpentina:
random collection
b) C. vauvilliersii: localised collection
c¢) C. vauvilliersii: boundary collection .
d) C. vauvilliersii: collection for pollen analysis

ix

Page No.

120
120
122
122
123
124
124
125
125
129

134
1354
134
135
137
139
1441
142
143
143
143

146
146
147
147
147
148
148

150

158

168

181

182
184

185

186
187
188



Page No.

e) Hebe odora: random collection 189

f) H. odora: localised collection 190

g) H. odora: boundary collection 191

h) Leptospermum scoparium: random collection 192

i) L. sconarium: localised collection 193

j) L. scovarium: boundary collection 194

k) L. sceparium: collection for pollen analysis 195

1) Myosotis monroi 196

m) Notothlaspi australe 197

n) Pimeles suteri 198

Appendix 3. Analyses of some plants used for 5’]Cr studies. 199
Appendix 4., Computer programmes for the calculation of

correlation coefficients. 200

a) General log-log correlation 201

b) General log-linear correlation 202

c) Log-log correlation on Olearia rani data 203

d) Log-log correlations for chromium, nickel, copper 207
and cobalt in plants and soils.

e) Log-log correlations for chromium, nickel, copper 209
and cobalt with zinc, calcium and magnesium in
plants.

Appendix 5. Publications arising from the thesis. 211



Figure No.

II-9

II-10

III-1

III-3
III-4
III-S
I1II-6
III-7

III-8

Map of part
mentioned

The geology
area.

LIST OF FIGURES

After

Page No.

of New Zealand showing places
in this thesis.

of the Copperstain Creek mineralised

Aerial view of Conperstain Creek.

Cunmulative

Map of the

Map of the
Map of the

Map of the

ash.

Plant-soil
salicina

Plant-soil
rani.

Plant-soil
survey.

Aerial vphot

frequency diagram for grid survey data.
zinc content of soils.

copper content of Soils.

molybdenum content of soils.

molybdenum content of Olearia rani plant

relationships for molybcenum in Myrsine
and GQuintinia acutifolia.

relationship for molybdenum in Olearia

relationships for plants from grid

ograph of part of the Dun Mountain

Mineral Belt.

Map of the
sites.

Photograph
Interelemen
Plant-soil
Plant-soil
Plant-soil

Plant-soil

Dun Mountain Tramway showing sampling

of the head of the Roding River.
t relationships for soils only.

relationships for Myosotis monroi.

relationships for Notothlaspi australe.

relationships for Pimelea suteri.

relationships for Cassinia vauvilliersii.

11
23
23
23
23

23

25

38

42
43
77
82
82
82
82



Figure No.

III-9

III-10

III-11

III-12

III-13

IV=1

Iv-2

IV-3

IV-4

IvV-5

IV-6

Iv-7

Iv-8

IV-9

IV-10

IV=-11

IvV=-12

xii

Lfter Page No.

Plant-soil relationships for Hebe ocora. 82
Plant-soil relationships for Leptosvermum

scoparium. &2
Cumulative frequency diagram for Cassinia

vauvilliersii. 86
Cumulative frequency diagram for Hebe odora. 86
Cumulative frequency diagram for Lentospermum

scoparium. 86
Radioautograph of red clover seedling after

24 hours in 21Cr solution. - 107
Radioautograph of red clover seedling after

24 hours in %1Cr solution followed by 7 days in

nutrient solution. 107

" Enlarged radioautograph of red clover leaves

showing ?1Cr in veins. 109
Enlarged radioautograph of red clover leaves

showing 51Cr in senescent leaves and interveinal

areas. 109
Successive extraction sequence. 113
Pattern of 27Cr radioactivity after pH 5.3

electrovhoresis. Standards. 118
Pattern of 51Cr radioactivity after pH 5.3

electrophoresis. Ethanol extracts of roots

of red clover. 119
Pattern of ’1Cr radioactivity after pH 5.3

electrophoresis.51 Ethanol extracts of red clover

plants fed with Cr042'. 119
Radioautograph of stem-fed Cassinia vauvilliersii

from Manawatu soil. 122
Radioautograph of tip-fed Hebe odora from serpen-

tine soil. 122
Radioautograph of stem-fed Hebe odora from

Manawatu soil. 122
Radioautograph of stem-~fed Leptospermum

scoparium from serpentine soil. 123



-

Figure No. After Page No.

Iv=-13% Radioautograoh of tip-fed Leptospermum
scoparium from Manawatu soil. 123

IV-14 Leptospermum scoparium from Manawatu soil.
21Cr applied to the stem. 123

IV-15 Radioautograph of Pimelea suteri from serpentine
soil. Tip-fed with ’Cr. 124

IV-16 Radioautograph of Pimelea suteri from sernentine
soil. Scr applied to the stem. 124

Iv-17 Pattern of 51Cr radioactivity after pH 5.3 electro-
phoresis. Extracts of soil-grown Hebe odora
fed 510r042'. 128
Iv-18 Pattern of 51Cr radioactivity after pH 5.3 electro-
phoresis. Extracts of roots of soil-grown
manuka plants fed 51Cr0%2‘. 1353

IVv-19 Radioautograph of manuka from nutrient culture
solution. !

!
1

IV-20 Pattern of S1Cr radioactivity after pH 5.3 electro-
phoresis. Extracts of roots of nutrient-grown
manuka. 139

Iv-21 Pattern of 51Cr radioactivity after pH 5.3 electro-
phoresis. Mixtures of 71Cr013 with organic acids. 140
IvV-22 71Cr radioactivity of samples from a G10 Sevhadex
column. 42
51 14 . A -
IvV-23 Cr and C radioactivity patterns after pH 5.3
electrophoresis. Ethanol extracts of nutrient-
grown manuka. 144
51 14 . Co _
IV-24 Cr and C radiocactivity patterns after pH 5.3
electrophoresis. Water extracts of nutrient-
grown manuka. T4

_ 1 p)
IV-2> Patterns of radioactivity ( e + )1Cr) after pH 2.0
electrovhoresis. Hydrolysis of compound C. 145

IV-26 Apvaratus for the removal of xylem sap. - 146
Iv-27 Pattern of 51Cr radioactivity after pH 3.3

electrovhoresis. Xylem sav from soil-grown
manuka. 147

IvV-28 Leptospermum scoparium growing in nutrient solution. 148

IV-29 Pattern of 71Cr radioactivity after pH 5.3 electro-
phoresis. Xylem sap from nutrient-grown manuka. 148



Table No.

II-1
II-2
I1-3
IIl-4

II-5

II-6
II-7
II-8
III-1
III-2
III-3

III-4

I1I-5
III-6
ITI-7
III-8
III-9
III-10
III-11
III-12
III-13
III-14
II1I-15

III-16

LIST OF TABLES

Emission spectrograph operating conditions.
Atomic absorption operating conditions.
Trace elements in four plant svecies.
Molybdenum and copper in leaves and twigs.

Trace elements in soils and plants from the
grid survey.

Correlation coefficients for grid survey data.

Trace elements in soil and in Olearia rani.

Correlation coefficients for Olearia rani data.

Atomic absorption operating conditions.
Results of preliminary spectrochemical survey.
Analysis of random collection.

Plant-soil correlations for randomly collected
samples.

Interelement correlations for random collection
Ash contents of plants
Comparison of leaf and stem analyses.

Analysis of localised collection.

Interelement correlations for localised collection.

Analysis of boundary collection.
Analysis of Mt. Egmont collection.
Results of pollen analysis.

Soil analyses.

Interelement correlations for all soils.
Soil extract data.

Analysis of all samples.

xiv

Page No.

1
15
19

20

22

20
32
57

59

61
62
63
64
67
69
71
72

76
77

79
81



Table No.
II1I1-17
III-18
III-19

IV-1

Iv-2

V-3

IV-4
IV-5

Iv-6

Iv-7
Iv-8

IV-9

IV-10

IV-11

Trace element accumulation

Plant-soil correlations for all samples.

Interelement correlations

for all samples.

a) Chromium-51 radioactivity in clover.
b) Values of Student's "t" for comparisons.

Chemical fractionation of

Chromium-51 radioactivity
from clover.

Chromium-31 radioactivity
Chemical fractionation of

Chromium-51 radioactivity
from Hebe odora.

Chromium-31 radioactivity
Chemical fractionation of

Chromium-91 radioactivity
solution.

Chemical fractionation of
nutrient solution.

Chromium-51 radioactivity
manuka.

51
2 Cr in clovers.

in protein and RNA

in Hebe odora.

71Cr in Hebe odora.

in protein and RNA

in manuka from soil.

51

Cr in manuka from soil.

in manuka from nutrient

54 .
Cr in manuka from

in protein and RNA from

XV

Papge No.
83
84
86

128
130

132

136

139





