
1. Classification INPE COM 3/112f: Peri:0d 	4. Distribution 
. CDU:550.77550.4 (815.1) 

3. 	

1975 	
Criterion 

Key Words (selected by the author) 

 

interna] Lj 

	N 
I 

Geobotany - Geochemistry 	 externa] [7] 
-- Vazante MG 	 4 	i 

Morro Agudo - MG 	 1 . 	
I 1,------ 	 -- 	 

/1 
--5. Report N9 	 6. Dat 	 J.  

,,- .  
INPE-765-NTE1032 	October, 1975 	 Aoprhal C. Corra 

	

, 	
d\I 

8. Titie and Subtitie 	 9. Authorized by 	1 i 
A PRELIMINARY REPORT ON THE GEOBOTANICAL• 	

_
GEO-  

'CHEMICAL SURVEY OF THE VAZANTE AREA -,MIDAS GE ,5r-,- 

	

-- 	Yemando de Mendonça I PAIS - DRAZIL. 
General Director 

l›.-. 	
. 

Sector 10. Secr cRT/RECMI 	 N9 of Copies 10 L  

;#  

 

Code 4.02.1 IL. 

, 
[12. Authorshi P Sherry Chou Chen 	 rn. N9 Of - Pages 37 	:I 

1. 
15. -rriTT--  ‘' 

	

4,4 	 . 
13. .Signature of the responsible .1(0),11.gPat, 	 

. 	6 	 . 16: Summary/Notes 

P/ant and sou l samples were collected from Vazante and Mo= Agudo, 

. MG. Chemieal and anatomical analyses were made, and the planta and soilo 

from mineralyzed and unmineralyzed arcas were compared. Differences of 

plant morphology and chemical contente of.soils and planta were noted. 

I 

1marks 

	

F» 

 	

. 	

r 

7 Re  
----7'1 

1 — 	 ......," ____ 



CHAPTER I  

INTRODUCTION 

In recent years the studies of using remate sensing technique 

to detect the geobotanical anomaly for mineral exploration have caused 

considerable interest. These techniques are based on the assumption that the 

root systems of vegetation act as a powerful sampling mechanism which may 

penetrate heavy overburden to bedrock and meet ceochemical anomalous zones. 

If the metal ion in the sou l solution is in an available form it may enter th‘ 

plant's circulatory system through root tips by cation exchange reaction 

(Fig. 1). However, for plant nutrition, a minor amount of all the metal ions 

may be necessary for plants'. normal growth. An excess amunt in nutritional 

supply may be subtle and cause physiological ar morphological changes of the 

plants (Table 1). The toxic effect of the metais accumulated in the surface 

soil through biogeochemical cycle (Fig.2) may disturbing the normal distrib-

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 sol] may grouped into three categories: 

1. Plants which grow on any soil and absorb a large amount of metallic ions 

when rooted in 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 

minerais in the soil and in quantities easily determined analytically. 2.An 

indicator plant is one that grows only on sou l directly over deposits; it 

may ar may not have any of the characteristic elements 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 sou. Plants of these three categories are useful for mineral 

exploration. 

With increasing world population, new mineral resources 

are badly needed. Remote Sensing of "metal stressed plants" or the pattern 

of vegetation distribution provides geochemical information concerning 

the location of the buried ore without actually visiting the arca ou the 

ground; this is an important consideration for areas of difficult access 

such as Amazon and rest of the prospecting arca of the world. The geobotan-

ical methods have great_advantages over other geochemical methods of 

prospecting in which the results of the survey are immediately available 

without further treatment of the samples. The toxic effects of metais on 

vegetation, have long been known, the earliest practical observation being 

in the fifteenth century (MASA). The systematic use of botanical methods of 

prospecting began in the fifties in U.S.S.R., French and U.S.A.. More 

recently experiments investigating the changes in reflectance of metal 

stressed vegetation have been contributed to the series of international 

symposiums on remate 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 reflectance at 800 um frdm foliage of trees 

from anomalous sites, than from the foliage aí trees from back-

ground sites. However, these results were not observed in the laboratory. 
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This seems to suggest that the mineral uptake by the foliage primarily 

influences the foliage density and foliage pattern on the trees and does not 

affect the interna] structure of the needles sufficiently to change their 

spectral reflectance characteristic. Yost and Wenderoth nade a two-year 

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

balsamea) which grew upon and adjacent to a copper moiybdenum anomaly at 

Catheart Mountain, Maine, U.S.A.. They analyzed the reflectance spectra at 

26 wavelengths between 380 and 1250 um, and found a high denree of correlatioi 

between sei] geochemistry and the percent of directional reflectance of the 

trees. These results confirmed that significant spectral differences existed 

between mineralized and nen-mineralized tree groups. Until now, there are 

severa .' discoveries as a direct result of remete sensing and geochemical 

investigation of vegetation conditions; the most interesting one is the 

Kalengwa 	copper deposit in Zambia (Ellis and McGregor). 

The objective of this project is to evaluate the remate. 

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 

minerais in the sai] and those in the plant present a ver)' complicate 

problem, because the zinc available to the plant is dependent upon the 

following sou l factors: PH, phosphorous leve], organic matter and clay 

contents. Numerous studies have shown that the zinc availability to the plants 

decreases as zinc forms precipitates(presumably of Zn(OH) 2  and CaZn(OH)4)of 
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low solubility with increased sou l PH (Clark and Graham), . Shaw and Dean 

observed at sou l PH 6.5 or less, there were few occurrences of zinc 

deficiency if the sou l had 0.5 ppm zinc or more; at sou l 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. 

ln the case of zinc toxicity, the symptoms of chlorosis or 

stunting occur. Zinc is not a component of 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 root system 

causing stunting of the plant. For the above reasons, the sou l analysis has 

to include PH and organic matter determination. For plants, in addition to 

observation in the field, the analnnicà analysis has to be carried out to 

see if zinc caused anatomical deformation of the plant. 

A Kodak 2443 infrared aerofilm will be used for photographing 

the Vazante and Morro Agudo amas. This infrared film is superior to color 

and panchromatic film because 750N/900 um is an accurate guide to plant vigor; 

The thicker and heavier the vegetation canopy (higher leaf area index; LAI) 

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 lower tone tilam usual because of a reduction 

in the number of leaves on the metal stressed plant. A flight over the arcas 

is planned to be carried out in Oct. 1975. Here, the preliminary report is 

emphasized on geobotanical and geochemical investigations from Nov. 1974 to 

June 1975. 
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CHAPTER II 

SAMPLE PREPARATION 

2.1 - FOR RIARTUAL ANALYSIS 

Leaves which were fixed in FAA (formalin-acid-alcohol) 

solution were cut in small pieces approximately one centimeter on either 

side of the mid-rib, dehydrated with a tertiary butanol series, embedded 

in paraffin, stained with Delafield's Haematoxylin, and transversally 

microtomed at 10p thickness. Photographs were obtained with an American 

Optics Photomicroscope. 

2.2 - FOR ATOMIC ABSORPTION SPECTROPHOTOMETER 

The 50 mg sou l samples were oven-dried, sieved to -80 mesh 

and digested with acid solutions (1 ml agua regia and 3 ml HF) and then 

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

For plant samples / g, oven-dried leal' samples were dissolved 

in 50 ml of a mixture of'sulfuric, nitric and hydrochloric acids (2:2:1). 

This mixed solution vias warmed on a 803 C hot plate for 1 hour and then 

added up to 100 ml with distilled water. This 100 ml solution was further 

diluted (1:10) for eiement determination. 
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2.3 - SOIL PH MEASUREMENT IN WATER 

A weight of 20 g of sou l vias added to a 50 ml beaker with 

20 ml distilled water, stirring the suspension severa] times during the 

next 10 mins. Let the suspension stood for 30 mins. to settle down. PH vias 

measured by a Hath model 2075 PH meter with the eletrode immersed into the 

semi-clear supernatant solution. 
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RESULTS 

Owing to the limited time and personnel, only one ar two 

sou l or plant samples were collected from each area. Nevertheless, these 

results gave us good indications for future field work. 

3.1 - OF ANATOMICAL ANALYSIS  

Plant's scientific names could not be identified because 

they were in vegetative state last Nov. when collected. A numeric number 

was assigned to each different plant for distinguishment (see photos). The 

location map of the areas which have been viáited is annexed to this report. 

Plant 1 (Gomphrena sp.). Owing to the pubescent leaf of this 

plant, the microtome sectioning was not successful, but the free-hand 

sectioning gave good cuts for microphotographs (Fig.4). This plant has 

dorsiventral leaf with heavy multicellular hairs which were branched in 

dendroid manner on both sides cif the leaf surface. Extraordinary largo 

calciumoxalate druses were found in the mesophyll. No comparison could be 

made on Gomphrena from mineralized and unmineralized area, because arca 1 

vias the only area covered by this plant. Some United studies have been done 

on Gomphrena sp. . Nandro showed that the number of druses were increased 

when Gomphrena prostrate Mart. was treated with additional amount of 



and this plant was very tolerant to the concentration of mineral nutrients. 

Plant 2. This is a typical cerrado plant with multiseriate 

palisade tissue and no clearly defined sponge cells. The outermost layer 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 stomata and covered only by ordinary hairs. However on the 

lower side (abaxial side) stoma were easily located between papillae. Both 

ordinary and gradular hairs were found. The plant hair types and the mesophyll 

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

Plants which were collected from mineralized (ama 1, 3, 5, 

7, 10 and 11) and unmineralized (ama 8) ama were compared anatomically. The 

differences that were noted are: 

1. The mesophyll structure of the leaves from mineralized arcas was 

more loosely arranged, and had more inter-cellular spaces than the 

leaves from unmineralized arca. Whether this will cause any 

difference on relfectance in situ has to be checked by future 

field work. 

2. The leaves from mineralized arcas had more fibers in their bundle 

sheaths and were more fragile after alcohol dehydration than the 

leaves from unmineralized ama. Thus, after microtoming the outer-

most cells were not kept intact. This is probably because mineralized 

plants are physiologitally "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 sou l (which nade the plant less resistant to insect attacking?) 

have to be further studied. 

4. The palisade perenchyma of the leaf from unmineralized area had more 

chloroplasts than that of the anamolous arcas by microscope 

observation. To verify this, a chlorophyll determination and the 

reflectance measurement at the chlorophyll absorption banes (0.45 

to 0.65 mu) have to be done. 

An assumption of the above observation is that the comparison 

is rade on the leaves of the same age and under same environmental conditions. 

Thus, different development and solar radiation received will not affect the 

mesophyll 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 severa] 

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

Plant 5. A typical dorsiventral leaf with clearly different- 
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ieted palisade and sponge cells. The chlorosis of this plant had been 

noted in the Field, but whether this vias caused by anomalous zinc content 

in the sou l has to be proved. 

3.2 - OF CHEMICAL AULYSIS 

As the normal sou l contains zinc from 10 to 300 ppm, we put 

the threshold at 300 ppm. Areas with zinc content above 300 ppm is called a 

mineralized arca, and below 300 ppm is called a unmineralized area. The 

results of sou l and plant chemical analysis are listed in table 1. Un-

fortunately the complete sou l analysis from ESALQ (Escola Superior de Agri-

cultura Luiz de Queiroz) is not terminated, otherwise more information 

would be available for data interpretation. Table 2 shows that all the areas 

except area 8 have extraordinary high zinc content in the sou. Area 1 with 

5.4% zinc in the soil is definitely an outcrop. The only vegetation that had 

been found in this area was Gomphrena which not only survived but also arew 

vigorously. No Gomphrena sp, vias 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 (leaves) growing in 

unmineralized ground were 850, 666, and 1585 ppm respectively, but these ppm 

were based on ash weight of the plants. Comparing Cannon's data with table 1 

which vias obtained using wet digestion nethod we may still see that the zinc 
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content of those plants from anomalous arcas 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 sou. Arca 10 and 11 had less 

zinc in the sou l and were less acidic cempared to arcas 1, 3 and 5, but more 

than two times the amount of zinc vias detected in the leaves. This suggests 

that more samples are needed for statistical analysis. Also, the twigs and 

stems probably are better parts for sampling than the leaves.. 

ACKNOWLEDGEMENT  

The author wishes to thank Prof. A. de Souza Grotta and Dr. 

Aderbal C.CorrEa for their suggestions in the preparation of this report. 

Mr. N.F. Koffler, E. Crepani and R.P. da Cunha whose help in collecting 

the samples are also gratefully appreciated. 



2 C rn 
PLANT 1 

Fig. 3 - Plant 1 (Gomphrena sp.). 



- - 	"' ia' • -9. 	‘ e._ Ni 	• ....„,-- ..fat:- ent.,-, .r..T.,../  ,.. -..e........,‘„ 14 	t' a t• 
if - ' - t 	- -.C.:4-t - '04 's.-1/4 	ItC4kriPttaliser Atn'.12,,,,4 , In, ..,a,,, ,..,,,,S --"a„;,-.--e-3/4~^11,••• 	ai-C:St 	 te,”-••••• . ii--. .2 

. `4454f,',.- . - -±—„, 	 ,,-. 'T • .m --. tAW-?tr. :-.7,"-- - - .-.)ti• 'i7a-L, ..:.i.-.-__---"--H.7...T2t.t..,._, • - 	.2i- :fl. 	-,..-.....3--:!;;,,,.  --._:..asktrzaip3s-2. 	p:49. -frtitz-..-  xï;.k.,--,:-..----.-..7-,»-.-:,- ;3/4-irkg: ne....w4,.... ,.é.4.4.H.,st,,.... r_a. li L 	.P.i.::::, 
' rt  . 	• 	, -", kn..41:0111t.j., '• ' ,W --2;17,11,  

• .-30  - n5.,..-. . r.,;_.4.0- 4  .1.,2,:..› "fit, _ ,m•Ws~1‘):,..2.7,._ 	“.-Cji.241,4 C 	1;,,„Áz. 1 0 tc...,  "--fsat■w,Seieriiçt."-4■C .. '. '""w" 1- . - ;e"-. rije  

-8~ 
-,   S\,  -;:-,7. '.-t.-..rr2 , •1/2,7.-17/1 	,1- ......„ 	,. 	.. 	_:- 	e  -_,:._,,..---s- 	-,,,-;~ ,,- .- 	-. 	- 	-,t„, i 	---%,. _ „,.-....-: ; -4 IÍZ`'  ''. - "" 	x  . ; Sio af't ..j lkil":-  - -":":":"-- : ". --..• t'"•' -'4"_ --  -.-`,..." "'• 	• 

Fig. 4 - Free-hand transection of p/ant 1 leaf. 

a. palisade parenchyma, 
b. spongy parenchyma. 
c. druse. 
d. vascular bundle. 

R 



- 18 - 

2 c rn 
..... 

PLANT 2 

Fig. 5 - Plant 2 (Bauhinia sp.). 
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2CM 

PLANT 3 

Fig. 11 - Plant 3. 
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PLANT 4 

Fig. 13 - Plant 4. 
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Fig. 15 - Vascular bundle of plant 4, note fibers (f) 
around it. 
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PLAIC 5 

Fig. 16 - Plant 5. 
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LOCATION EVIAP OF MORRO AGUDO 
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