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CHAPTER 1

INTRODUCTION

In recent years the studies of using remote sensing technique
to detect the geobotanical anomaly for mineral expleraticn have caused
considerable interest. These techniques are based on the assumption that the
root‘systems of vegetation act as a poverful sampiing mechanism which may
penctrate heavy overburden to bedrock and meet geochemical anomalous zones.
If the metal ion in the soil solution is in an available form it may enter the
plant's circulatory system through root tips by cation exchange reaction
{(Fig. 1). Howevert for plant nutrition, a minor amount of all the metal ions
m;y be necessary for piants’ normal growth. &n excess amount in nutritional
supply may be subtle and cause physiclogical or morphological changes of the
plants (Table 1). The toxic effect of the metals accumulated in the surface
soil through biogeochemical cycle (Fig.2) may disturbing the normal dis}rib-
ution pattern in the region of mineralization. This is because metal toxicity
tolerance for each plant variates. Plants which can tolerate high metal
concentration in the supporting soil may grouped into three categories:

1. Plants which grow on any soil and absorb a large amount of metallic ions
when rooted 15 mineralized zone are called accumulator plants; an ideal
accumulator plant is one that is widely distributed and in which the plant
tissue contains the characteristic element proportional to the amount of
minerals in the soil and in quantities easily determined analytically. 2.An
indicator plant is one that grows only on soil directly over deposits; it

may or may nict have any of the characteristic elemenis in its tissue.
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3. Convertor plants are those not only capable of converting insoluable
metal compounds into an available form but also of returning them to the
surface soil. Pients of these three categories are useful for mineral

exploration.

With increasing world population, new mineral rescurces
are badly needed. Remote Sensing of "metal styessed plants" or the pattern
of vegetation distribution provides geochemical information concerning
the location of the buried ore without actually visiting the area on the
ground; this is an important consideration for areas of difficult access
such as Amzzon and rest of the prospecting area of the world. The geobotan-
jcal methods have grezt_advantages over other geochemical methods of
prospecting in which the results of the survey are immediately availabie
without further treatment of the samples. The toxic effects of metals on
vegetation, have long been known, the earliest practical observation being
in the fifteenth century (NASA). The systematic use of botanical methods of
prospecting began in the fifties in U.S5.5.R., French and U.S.A,. More
recently experiments investigating the changes in reflectance of metal
stressed vegetation have been contributed te the series of international
symposiums on remote sensing of the environment. Howard et al. carried
out measurements of the visible and near infrared spectra of foliage taken

from Pinus ponderosa growing in a copper-rich area. They observed an

approximately 25% greater vreflectance at 800 ym from foliage of trees
from anomalous sites, than from the foliage of trees from back-

ground sites. However, these results were not observed in the laboratory.



This seems to suggest that the mineral uptake by the foliage primarily
ipfluences the foliage density and foliage pattern on the trees and does not
affect the internal structure of the needles sufficiently to change their
spectral reflectance characteristic. Yost and YWenderoth made a two-year

experiment on a group of red spruce (Picea rubens) and balsm fir (Abies

balsamea) which graw upon and adjacent to a copper molybdenum anomaly at
Catheart Mountain, Maine, U.S.A.. They analyzed the reflectance spectra at

26 wavelengths between 380 and 1250 uh, and found a high degree of correlatio
between soil gecchemistry and the percent of directional reflectance of the
trees. These results confirmed that significant spectral differences existed
between mineralized and non-mineralized tree groups. Until now, there are
several discoveries as a direct result of remote sensing and gecchemical
investigation of vegetation conditions; the most interesttgg one is the

Kalengwa copper deposit in Zambia (E11is and McGregor)f

The objective of this project is to evaluate the remote
sensing techniques in the recognition of plant communities and of physio-

graphic and geological features to assist mineral exploration.

For data interpretation we have to bear in mind that the
minerals in the soil and £hose in the plant present a very complicate
problem, because the zinc available to the plant is dependent upon the
following soil factors: PH, phosphorous level, organic matter and clay
contents. Numerous studies have shown that the zinc availability to the plants

decreases as zinc forms precipitates(presumab1y of Zn(OH)z and CaZn{(0H)s)of



Tow solubility with increased scil PH {Clark and Graham), . Shaw and Dean
observed at soil PH €.5 or leﬁs, there were few occurrences of zinc
deficiency if the soil had 0.5 ppm zinc or more; at soil PH above 6.5 zinc
deficiency occured even with 2.7 ppm zinc. Zinc also has an antagonistic

effect on phosphor and is tenaciously absorbed by organic matter and clays.

In the case of zinc toxicity, the symptoms of chlorosis or
stunting occur. Zinc is not a component ¢f chlorophyll but it has antagonistic
effects with Fe ion which is an important co-enzyme for chlorophyll synthesis.
The chlorotic leaves combine with the zinc-induced damaged rcot system
causing stunting of the plant. For the above reasons, the soil analysis has
to include PH and organic matter determination. Fer plants, in addition to
observation in the field, the anaumicai anaiysis has to be carried out to

see if zinc caused anatomical deformation cof the plant.

A Kodak 2443 infrared serofilin will be used for photographing
the Vazante and Morro Agudo areas. This infrared film is superior to color
and panchromatic film because 750900 um is an accurate guide fto plant vigor;
The thicker and heavier the vegetation canopy (higher leaf area index; LAT)
the greater the infrared reflectance. So, even through a plant may still have
enough leaves on it to appear green on a color aerial photograph, an infrared
aerial photograph might show a Tower tone than usual because of a reduction
in the number of leaves on the metal stressed plant. A flight over the areas
is planned to be carried out in Oct. 1875, Here, the preliminary repovt is

emphasized on geedbotanical and geochemical investigations from Nov. 1974 to

Juna 1475,



CHAPTER I1

SAMPLE PREPARATION

2.1 - FOR ANATGUCAL ANALYSIS

Leaves which were fixed in FAA (formalin-acid-alcchol)
solution were cut in small pieces appfoximate]y one centimeter on either
side of the mig-rib, dehydrated with a tertiary butanol series, embedded
in paraffin, stained with Delafield's Haematoxylin, and transversally
microtomed at 10y thickness. Photographs were obtained with an American

Optics Photomicroscope.

2.2 - FOR ATOMIC ABSORPTION SPECTROPHOTOMETER

The 50 mg soil samples were oven-dried, sieved to -80 mesh
and digested with acid solutions (1 ml aqua regia and 3 ml HF) and then

made up to 100 ml with distilled water for element determination.

For plant samples 1 g, oven-dried leaf samples were dissolved
in 50 m1 of a mixture of sulfuric, nitric and hydrochloric acids (2:2:1).
This mixed solution was warmed on a 8°C hot plate for 1 hour and then
added up to 100 ml with distilled water. This 100 mi solution was further

diluted (1:10) for eiement determination.



2.3 - SOIL PH MEASUREMENT IN WATER

A weight of 20 g of soil was added to a 50 ml beaker with
20 ml distilled water, stirring the suspensicn several times during the
next 10 mins. Let the suspension stood for 30 mins. to settle down. PH was
measured by a Hath model 2075 PH meter with the eletrode immersed intc the

semi-clear supernatant solution.
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CHAPTER JI1
RESULTS
Owing to the limited time and personnel, only one or two
soil or plant samples were collected from each area. Nevertheless, these

results gave us good indications for future field work.

3.1 - DF ANATOMICAL ANALYSIS

Plant's scientific names could not be identified because
they were in vegetative state Tast Nov. when collected. A numeric number
was assigned to esach different plant for distinguishment (see photos). The

location map of the areas which have been visited is annexed to this report,

Plant 1 {Gomphrena sp.). Owing to the pubescent leaf of this
plant, Ehe microtome sectioning was not successful, but the free-hand
sectioning gave good cuts for microphotographs (Fig.4). This plant hes
dorsiventral leaf with heavy multicellular hairs which were branched in
dendroid manner on both sides of the leaf surface. Extraordinary Yarge
calcium oxalate druses were found in the mesophyll. No comparison could be
made on Gomphrena from mineralized and unmineralized area, because arsga 1
was the only area covered by this plant. Some limited studies have been done
on Gomphrena sp. . Handro showed that the number of druses were increased

when Gomphrena prostrate Mart, was treated with additional amount of CaCl.,
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ahd this plant was very tolerant to the concentration of mineral nutrients,

Plant 2. This is a typical cerrado plant with multiseriate
paiisade tissue and no cleariy defined sponge cells. The outermost 1ayef Was
the longest while the innermost (closer to the abaxial side) was the shortest,
and also the less palisade-~like. The upper leaf surface {Adaxial side) with
hypodermis had no c<tomata anrd covered only by ordinary hairs. However on the
lower side (abaxial side) stoma were casily located between panillze. Both
ordinary and gradular hairs were found. The plant hair types and the mesophyll

structure make us beiieve that plant 2 is a species of the genus Bauhinia.

Plants which were collected from mineralized (area 1, 3, 5,
7, 10 anc¢ 11) end unmineraiized (area 8) area were compared amatomically. Thz

differences that were noted are:

1. The mesophyll structure of the leaves from mineralized areas was
more loosely arranged, and had more inter-cellular spaces than the
leaves from unmineralized area. Whether this will cause any
difference on relfectance in situ has to be checked by future
field work.

2. The leaves from mineralized areas had more fibers in their bundie
sheaths and were more fragile after alcohol dehydration than the
leaves from unmineralized area. Thus, after microtoming the outer-
most cells were not kept intact. This is probably because minerzlized
plants are physiclogically "under stress™ thus making the leaves

more sensitive to chemical process.
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3. The plants from mineralized areas seemed to have smaller leaves.
Galls were also found on the twigs of these plants. Whether these
were sampling errors, or an effect of the high mineral content of
the soil (which made the plant less resistant to insect attacking?)
have to be further studied.

4. The palisade perenchyma of the leaf from unmineralized area had more
chloreoplasts than that of the anamolous areas by microscope
observation. To verify this, a chlorophyll determination and the
refliectance measurement at the chlorophyll absorption bands (0.4%

to 0.65 my) have to be done.

Ap assumption of the above ¢bservation is that the comparison
is made on the leaves of the same age and under same environmental conditions.
Thus, different development and solar radiation received will not affect the

mescophyll structure, the fiber, and the chlorophyll content in the leaves.

Plant 3. This plant had very compact mesophyll with one layer
of palisade cells and 2 or 3 layers of short, round, and palisade-like cells.

Little intercellular space was observed.

Plant 4. This plant had one layer palisade cells and several

layers of sponge cells. Intercellular spaces could be easily seen.

Plant 5. A typical dorsiventral leaf with clearly different-
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iated palisade and sponge cells. The chlorosis of this plant had been
noted in the field, but whether this was caused by anomalous zinc content

in the soil has to be proved.

3.2 - OF CHEMICAL ANALYSIS

As the normal soil centains zinc from 10 to 300 ppm, we put
the threshold at 300 ppm. Areas with zinc content above 300 ppm is called a
mineralized &area, and below 300 ppm is called a unmineralized area. The
results of soil and plant chemical analysis are listed in table 1. Un-
fortunately the complete soil analysis from ESALQ (Escola Superior de Agri-
cultura Luiz de Queiroz) is not terminated, otherwise more information
would be avaiiable for data interpretation. Table 2 shows that all the areas
except area 8 have extraordinary high zinc content in the soil. Area 1 with
5.4% zinc in the soil is definitely an outcrop. The only vegetation that had
been found in this area wes Gomphrena which not only survived but also grew
vigorously. No Gomphrena sp. was found out of this area. It is interesting
to do a green house work to see what is the tolerant range of this plant to

zinc.

Cannon reported that the average zinc content of grasses
{above ground), herbs (above ground}, and shrubs (Teaves) growing in
unmineralized ground were 850, G666, and 1585 ppm vespectively, but these ppm
were based on ash weight of the plants. Comparing Cannon's data with table 1

which was obtained using wet digestion method we may still see that the zinc
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content of those plants from anomalous areas are unusually high. The only
plant which we might compare the mineralized with the unmineralized
situation is Bauhinia sp. The data show that this plant did not absorb zinc
proportionally to the amount in the supporting soil. Area 10 and 17 had less
zinc in the soil and were less acidic cempared to areas 1, 3 and 5, but more
than two times the amount of zinc was detected in the leaves. This suggests
that more samples are needed for statistical amalysis. Also, the twigs and

stems probably zre better parts for sampling than the leaves.
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Fig. 3 - Plant 1 (Gomphrena sp.).
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ptant 1 leaf.

~

a. palisade parenchyma,

b. spongy parenchyma.

. 4 - Free-hand transection of
c. druse.

Fig

‘d. vascular bundie.
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—

PLANT 2

Fig. 5 - Plant 2 (Bauhinia sp.).
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Fig. 6 - Transection of plant 2 leaf from area 8
(background area)

a. mesophyll.

b. gradular hair.

c. papilla hair.

d. vascular bundle of lateral vein.



Fig. 7 - Mesophyll of plant 2 from area 1 (mineralized)
showing hypodermis, first layer of palisade

= parenchyma, and the less palisade-like cells

toward the abaxial side of the leaf.

Fig. 8 - A close-up of Fig.7 showing intercellular space.
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PLANT 3

Fig. 11 - Plant 3.
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Fig. 12 - Transection of plant 3 leaf.

H

a. Mesophyll.

b. Vascular bundle.
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Fig. 13 - Plant 4.
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Fig. 14 - Transection of plant 4 leaf.

a. palisade parenchyma.
b. spongy parenchyma.
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plant 4, note fibers (f)

Fig. 15 - Vascular bundle of

around it.
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Fig. 16 - Plant 5.
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LOCATION MAP OF VAZANTE AREA
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LOCATION MAP OF MORRO AGUDO

455"50'

LEGEND

@ CITY
dm]]) LAKE

4 702 ou

"Ia,., DRAINAGE
L]

* .. FEDERAL
HIGHWAY

e STATE ROAD




- 35 -

REFERENCES

AMARAL, G. - Geologia e depdsitos de minério da regiae de Vazante, Estado
de Minas Gerais - PhD Thesis - Universidade de Sao Paulo, {1968).

CANNON, H.L. -~ "Botanical prospecting for ore deposits”. Seience., vol.132.

no 3427, p. 591-598. (1960).

CLARK, A.C. and E.R. GRAHAM - "Zinc diffusion and distribution coefficient
in soil as affected by soil texture, zinc concentration and PH". Sotl

Sei, 105: 409-418. (1968).

ELLIS and MCGREGOR - "The Kalengwa coppey deposit". Eecon. Geol., vol. 62
ne 6, p. 781 - 797 (1967).

HANDRO, W. - “Esclercmorfismo foliar e nutricaze mineral em Gomphrena
prostrate Mart.", Anats da Academia Brasileira de Ciéncias, vol. 38,

p. 225-242. Suplemento sobre o cerrado. (1966).

HOWARD, J.A., WATSON R.D. and HESSIN T.D, - “Espectral reflectance properties

of Pinus ponderosa in relation to copper content of the soil - #alachite

mine, Jefferscn country, Coloradc", Proe. 7th Symp. Rem. Sens. Environ.

vol.l, p.285-297.

NASA - "The application of biogeochemistry to mineral exploration”, N4S4,

sp 5056.

YOST E. and WENDEROTH S, - "The reflectance spectra of mineralized trees”.

Proe. 7th Symp. Remn. Sens. Environ. — Vol. 1 - p. 269-284.



jn
DESIGNED AND PRINTED N
INSTITUTE FOR SPACE RESEARCH (INPE)}

N
BRAZIL *



	CAPA
	I INTRODUCTION
	II SAMPLE PREPARATION
	2.1 - FOR ANATOMICAL ANALYSIS
	2.2 - FOR ATOMIC ABSORPTION SPECTROPHOTOMETER
	2.3 - SOIL PH MEASUREMENT IN WATER

	III RESULTS
	3.1 - OF ANATOMICAL ANALYSIS
	3.2 - OF CHEMICAL AULYSIS

	ACKNOWLEDGEMENT
	REFERENCES

