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RESUMO

o presente trabalho estuda a var iaejio cia relacao Hf/Zr e a variacao da concentracfio
de Hf02, Y20;1 e Th02 em varias amostras de zirciio, a maioria deIas provenientes de
pegrnatitos.

Na primeira parte descreve-se 0 metodo espectroquimico usado para todas as deter
minacfies e na segunda parte sao apresen tados os resultados obtidos para 27 amostras
de pegmatite e 4 de aluviiio. Forarn estudadas tambem 7 arnostras de zircfio e de outros
silicatos de zircdnio provenientes de rochas alcalinas.

° pegmatito de Rio Piracicaba e os da regiao de Sao loao del Rei, Minas Gerais,
revelaram possuir relacfies Hf /Zr anfimalas, variando de 0,130 a 0,290, C01~1 0 conteiido de
Hf02 alcancando um maximo de 1l ,O%. Os resultados analiticos obtidos em partes mais
frescas e em partes mais alteradas de dois agregados cristalinos e tamhern em amostras
individuais de um mesmo pegmatito sugerem haver nma perda de hafnio em relacao ao
zirconio devido a alteracjio do mineral.

INTRODUCTION

In view of the need for information on the hafnium/zirconium ratio
in minerals, considering its geochemical features and significance as a
source of primary materials for nucl ear reactors, th e Institute de Pesqui
sas Radicativas resolved to undertake a research program in this particular
field.

This paper discusses the spectrochemical method followed along
with the results obtained so far in the study of specimens from the State
of Minas Gerais and elsewhere in Brazil.

Zirconium and hafnium possess similar chemical properties and
invariably occur together. Methods for the recovery of hafnium-free
zirconium have only recently been developed. Zirconium is of great
significance in nuclear technology due to high resistance to corrosion and
low thermal neutron cross-section, (0,178 barns ). Contrariwise; hafnium
has an extremely high cross section, (120 barns ), that makes it unfit for
zirconium alloys required in nuclear reactors. This very feature, however,
added to high mechanical resistance and resistance to corrosion at high
temperatures, renders hafnium an efficient control element in nuclear
reactors, when high thermal neutron cross-section is required.
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'I'he Hf/Zr ratio plays a decisive part when nuclearly pure zirconium
is needed. Hence there is a necessity to know more about it, with work
starting- preferably from minerals which have the lowest hafnium percent
age compared with zirconium. Inversely, minerals of high Hf/Zr ratio
are preferred for the production of hafnium.

From the geochemical standpoint, the study of the HfjZr ratio and
absolute Hf02content in some zirconium bearing minerals is of great
interest. Rankama and Sahama, (1950, page 567), assert that there is
no independent hafnium-bearing mineral, zircon beeing the chief source
of the element. Zirconium and hafnium constitute the most perfect
"geochemically coherent pair" of the whole periodic table.

Thanks are due to Clecio Campi Murta for X-ray determinations of
some minerals species and to Milton Campos for the preparation of a
synthetic sample that was used to check the accuracy of the method
described in this paper. Thanks are also due to C. Bruno Conti for this
English translation and to Norman Herz, U. S. Geological Survey, for his
critical reading of the manuscript.

Some of the work was carried out in the Laboratory of Spectrochemis
try of the Instituto de 'I'ecnologia Industrial de Minas Gerais, using equip
ment of the Conselho Nacional de Pesquisas.

METHOD OF ANALYSIS

The inadequacy of chemical procedure pOI' Hf!Zr determination has
led to the use of X-ray fluorescence, and emission spectroscopy. All data
available on hafnium geochemistry has resulted from these two techniques.
In ordinary chemical determination of rocks and minerals, what is reported
as "Zr02" is, in effect, the sum of two oxides: Zr02 + HfO:!.

The main papers on hafnium and zirconium spectrochemistry were
reviewed by Ahrens (1950) and recently by Waring and Worthing (1956).

'I'lie spectrochemical method for determination of the Hf/Zr ratio
in minerals, described in this paper is aimed chiefly at the following
points:

1. The great variation of this ratio 11l the minerals under study,
(0.005 to 0.30) ;

2. The variety of minerals to be analysed. (Matrix composition in
rare earths, thorium, iron, silicon, zirconium and sodium can
vary considerably, as in cyrtolite, baddeleyite, eudyalite, etc.);

3. The possibility of obtaining a maximum of information from
each spectrogram (as the absolute percentage of Hf02, Zr02,

Th02 and Rare Earths).
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High sensitivity was attained in a D. C. arc of 17 amperes. Zircon
ium and hafnium being highly refractory, volatilization in the D. C. arc
is erratic and there is a tendency to form Zr and Hf hard-burning car
bides. The main consequence of this is low reproductibility.

To obviate this drawback, several tests were made with mixtures of
sample and pegmatite-graphite base. This diluent has been employed in
this Laboratory for several years as a spectrographic buffer. Pegmatite
base as spectrographic diluent was first used by K. J. Murata of the U. S.
Geological Survey and subsequently described in several publications.
(Gordon and Murata 1952, Dutra and Murata 1954, Bastron and others
1960)

The mixture of 1 part sample plus 7 parts pegmatite base and 8
parts graphite powder, burns smoothly in 17 Amperes DC arc current
giving' neither refractory beads nor flashes characteristic of zirconium
burning completely in 80 to 90 seconds. Observations made by menas of
cases, clue to its good reproductibility of exposures.

Using 20 mgs of this mixture in the crater of an undercut electrode
only 1,25 mgs of zirconium mineral is introduced in the arc column,
burning completely in 80 to 90 seconds. Observations made by means of
moving plate technique showed that an exposure made over 90 seconds
emits no Zr and Hf line whatsoever.

The pegmatite diluent proved efficient in eliminating the influence
of matrix on the IHf/IZr ratio. This matter was studied taking into
account the Y, U, 'I'h, Fe added in certain quantities to a zircon from
Guarapari (State of Espirito Santo) of known Hf/Zr ratio, diluting the
mixture in 1:7 pegmatite base, plus 8 parts graphite. The small diserep
ancy reported in Table No. 1 cannot be considered derived from matrix
influence, since the values recorded lie within the limits of experimental
error. The influence ascribed a larger or smaller amount of Si02, AbOg,
Na20 in zirconium-bearing minerals was neglected here, for, as major
components of the pegmatite base, they cannot be attributed any variation
of matrix.

TABLE N°]

I
Zircon I Dilutions I IHf 3012902 I Hf/Zr
Sample IZr 3013321

I I+7pb+8g(*) I J Average of 5

I0,480 0,0278Guarapari
l determinations

Guarapari
+

J2% Fe20g I+7pb+8g 0,468
Average of 5

0,0271
5% Y203 l determinations

3% Th02
1% UgOg

(*) ph - Pegmatite base Deviation in percent: - 2,5%
I g - Graphite powder
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STANDARDS

To synthetize all standards, zirconium and hafnium oxides were
obtained from Chemical Commerce, Newark, N. J., believed to be the
purest available. Zirconium oxide was certified to contain 44 ppm Hf,
and hafnium oxide, 0.15% Zr only. A spectrogram revealed no hafnium
line in zirconium oxide, while spectrochemical quantitative analysis of
the Zr content in hafnium oxide, using zirconium standards in pegmatite
base containing Th as internal standard verified 0.15% Zr as correct.

From these two oxides, two primary standards were synthetized, one
of which contained known quantities of Y20 3 and Th02.

Standard NY 1:
Standard N.o 2:

60% Zr02 + 40% Si02 (clear quartz crystal)
60% Hf02 + 15% Y20 3 + 8% rno, + 17% SiOz

Synthetic standards no. 1 and 2 were mixed in different proportions
in order to obtain 9 intermediate standars with Hf/Zr ratios and elements
content varying in the following range:

Hf/Zr ratio . .. . . . . . . ... . . 0,68 to 0,0044 %
Y Z03 . . . .. . . . . . . .. . . . .. . . 7,5 to 0,058 %
'1'h0 2 . . . . . . . . . ... .. ... . . . 4,0 to 0,031 %
Hf02 . . . . . . . . . . . . .. . . . . . . 30,0 to 0,23 %

In computing the Hf/Zr ratio of each standard, the correction of
residual Hf and Zr from original oxides was duly taken into account.
The sum of the two, Hf02 + Zr02, is constant and equals 60% in all
standards which is the average concentration found in all minerals studied.

Each and all of the 9 resulting standards was then mixed with the
diluent, always in the given proportion of 1 part standard, 7 parts peg
matite base, 8 parts graphite powder.

LINES USED AND PHOTOMETRY

Lines selected were among those least subject to interference and
most likely to meet, as far as possible, the requirements already establish
ed for a good internal standard: nearness of wave-length and similar
excitation conditions. To cover the whole Hf/Zr ratio range, two pairs
of lines were used, all of them belonging to singly ionized atoms.

Absolute Hf02, Y203, Th02 concentrations were determined without
internal standard, plotting the intensity of each line against concentration.
Analytical lines are shown in Table N.? 2, which gives the concentration
interval for which they were used and analytical curves are shown in
Figures 1 and 2.
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TABLE N.o 2 - LINES USED

Wavelength (A) Ratio Concentration
Range Range

Hf II 3 012 902
Hf/Zr ratio 0,0044 - 0,08

Zr II 3 013 321

Hf II 3 101 397
-- 0,08 - 0,68

Zr II 3 013 321

% H£02
Hf 3 012 902 0,23 - 7.0%

Hf 3 101 397 4,0 - 20,0%

% Y203 Y 319 562 7,5 - 0,0580/0

% Th02 Th 2 870 413 4,0 - 0,25%

OPERATING CONDITIONS

Spectrograph:

Cathode:

Anode:

Analytical
Gap:

Excitation
Source:

Length of
Exposure:

Photoqra.phic
Emulsion."
Microphotometer:
Emulsion
Calibration:

Three meter grating spectrograph, Eagle mount,
2.5 A/mm, second order, wave-length range
2720-3400A. Slit 0.025 mm.

Graphite electrode, 1/8" diameter.

Preformed 1/4" Graphite electrode, with crater
3/12 inch deep, undercut. (United Carbon
Products Co. Inc. type 101-L) Weight of charge
- 20 mg.

4mm maintained throughout the excitation pe
riod.

Manufactured by Baird Associates, adjusted to
furnish 17 Amperes - 250 volt direct-current.

'I'otal consumption of the sample in the arc
(± 80 seconds).

Kodak plate SA-1
Jarrell-Ash comparator-projector (Model 200)

Iron line group method of Dieke and Cross
white, (1943)
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Accuracy of the procedure was ascertained by samples analysed by
another method, and by an unknown synthetic sample.

Dr. Isidore Adler, U.S. Geological Survey, kindly supplied two zircon
specimens analysed by X-Ray fluorescence, while Dr. Milton Campos,
Instituto de Pesquisas Radioativas, Belo Horizonte, gave invaluable assist
ance by synthetizing a sample from pure oxides.

Results are given in Table No.3.

TABLE N.o 3 - DATA ON ACCURACY

I Hf/Zr ratio

Samples X·Ray Fluorecence

\
Expected

I
This spectro-

(Adler, USGS) value chemical method

Zircon '"

I 0,026 I - 0,027 - 0,Q28
z·5510

Zircon '"

I 0,012
\

0,012 - 0,013
z·554

\
-

Synthetic -
I

0,119 0,113 - 0,110
Sample

• Standard samples supplyed by the USGS.

Maximum probable error of each determination has been ascertained
to be of the order of 8%. The validity of the working curves was proved
in scores of plates, with but a slight eventual modification in slope; a
careful calibration of photographic emulsion brings such modification
down to the minimum possible , so that the same curve can be used a
considerable number of times, pending a mere occasional check by stand
ards. .

Photographing the spectrum in the second order, the separation
between Hf II 3012902 and Zr II 3013321 A lines becomes greater, while
line/background ratio and sensitivity increase.

ANALYTICAL RESULTS

Results presented in this paper were obtained .from 38 zircon analyses
of samples mostly from the State of Minas Gerais. Hafnium/zirconium
ratios, as well as contents in Hf02 , Y20a, Th02 , are recorded.
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Zr02 percentage was calculated considering both Hf02 cont ent and
Hf/Zr ratio. Some water determinations were also made to assess the
degree of weathering of minerals.

Pegmatite zircons are d-escribed in Table N.? 4; oth er varieties are
given in Table N.? 5; alluvial zircons are shown in Table N.C' 6.

Zirconium minerals from alkalic rocks are shown in Table N.C' 7.

All samples were pure, mostly hand-picked under a binocular lens
from concent r ates of heavy minerals. In cer tain cases, zircons were care
fully separated in groups of diff er ent color; in ot hers, according to ap-
paren t degree of alterati on. .

Michael Fleischer compiled in 1955 a list of all works on the di strib
ution of hafnium in rocks and min erals, published up to that elate, comput
ing th e Hf/Zr r atio found in 113 zircons, . iJL32 .varieties of zircon, in
37 oth er silicates and in 24 samples of oxid-es.- 'I'he maximum, minimum,
and average, Hf/Zr ratios, in zircons, given in .t liis work, are 0.100,
0 .0024, 0 .027 , r espectively. Maximum and minimum Hf02 content in
zircons is given as 6 .0 % and 0.2% , while the avera ge in 91 specimens
is 1.44%. "

In a recent paper, J ohn B. lVJ:prtie Jr. (1958) , besides r eporting Hf/Zr
ratio found in 33 zircons from granites and alluvium in the Un it ed States,
makes reference to four Russian publications on this subject.

In zircons from North-Ameri can granites and alluvium, and also in
6 oth er specimens from other count r ies, Mertie found non e possessing
either a very high or a very low ratio, and stated the average as 0.0242
in all gr anites st udied. The four .Russian publicat ions mentioned above
gav e th e results of 94 zir cons from various rocks, giving' the maximum
and minimum Hf/Zr ratios as 0.082 and 0.005, respectively. The gen eral
average is 0.0242 for all 94 sp ecimens.

Most zircons described in th e present paper are from pegrnatites some
of them revealing anom alous Hf/Zr ratio. The pegmatite from Rio Pira
cicaba, and those from Sa o J oao del Rei , provided the most samples, the
reason for such preference bein g that the first samples sent to the Labor
atory revealed an exceptionally high Hf/Zr ratio and Hf02 content so
that further study of additional material from the same source seemed
desirable. The first 8 samples of Rio Piracicaba pegmatite gave 0 .22,
0.14,0.172 as maximum , minimum, and average I-If/Zr ratio , and 10.5,
4.2, 7 .6 maximurn min imum and average Hf02 percentage.

Th e highest HfjZr values wer e found in material that was eithe r
fresh or slightly alter ed. Small fresh crys tals from a large (9 cm)
crysta lline aggregate, (Sample no. 5 ) , contained the least amount of
H20 , Th02 and Y203 along with the highest Hf/Zr ratio, (0.22) . The
more hydrated portions of the same aggregate, which contained higher
y 20 3, Th02 conten ts, possessed lower ratios: 0.165 and 0,180. Hafnium
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los. due to minera l alte ration was also noted in another ervsta lline
l\ ggr g'ate (minerals N.D 7 and NY 1 'rable N,D 4 ). The lowes't ITf/Zr
value obtained for this pegmatite, (0. 13 ) was from a thoroughly altered
zir con (malncon ), 'ample no. 6, containing 9.47% H :!O, 2.1 % 'l hO:!,
and 0.365" Y:!O:I. X-Ray observation of thi. zircon showed no diffraction
line, further evidence of complete structural disorder.

The Sao -Ioiio del Rei area pegmatite. furnished 11 samples, 3 of
which were from saprolite. These pegmatite are mined for cassiterite,
tantalite, and djalmaite, but also yield It remarkable amount of spodumene.
Guimaraes and Belezkij (1956) made a detailed geologic survey of the
region,

The maximum, minimum and average I-If/ Zr f igure found in .
samples collected directly from these pegmatit e. were 0 290, 0.190, 0 .242,
th e hafnium conte nt being 11.0% , 3. 570, A jL Analytical r esults f'rom
t he 3 sap ro lite. were not entered in these calculation' beeans thes
sourc es generally y ield granite zircons, known to possess a lower H f/ Zr
ratio.

Since the zircons f rom th e Sao .Joao del Rei area were found to vary
in hue, though homogeneou: in ize and crystalline form, a preliminary
classification WHo att mpted, (Sample N,D 10), according to color. Five
different types were hand-selected and analysed. Each fraction revealed
unlike Hf/Zr ratios, ranging 0 .26 to 0.225, while ThO:! attained 10,0
to 0.270, and Y203 ranged 0.30 to 1.03'/0.

Th e Hf/Zr ratio in these Sao J ofio del Rei samples diminishes together
with a decrease of Hf02 + ZrO:! totals, which drop from 59 .7 to 38.0% .
Loss of hafnium in relation to zirconium, due to mineral alteration, is
thus suggested once more .

Most samples from the Sao Joao del Rei area were obtained through
the courtesy of th e D.N-P. l\T. plant for th e recovery of cassiter ite . TIm:,
it was impossible to correlate the sam ple with it s pare nt pegmatite which
would have provid d 11 eful data in checking the possible fractionat ion
of hafnium compared with zir conium during' cooling of th e pegmati ti c
liqu or. An inve tigat iou of thi kind, however , i. under way for th e Ri o
Piraeicaba pegmatite.

As pointed out, zircons from the Piracicaba River and Sao Joan del
Rei pegmatites reveal, as a whole, an unusual hafnium content . Not e
worthy is the fa ct that only one zircon ha been reported up to date
with a HfO:! content over 11. 0% 01' a Hf/ Zr ratio above 0.29, as described
in this 'paper. This is th e elise of the zircon recently studied by Levinson
and Borup (1960), stated to cont ain 2470 HfO:! and a HfjZr ratio
equalling 0.65. This zircon was found included in a sample of th e cxtre
mely rare mineral thortveitite from Iveland, Norway.

Table 5 refers to two varieties of zircons. The cyrtolite from C6rrego
Tatu displayed zones of distinct colors suggesting varying alteration



TABLE 5 VARIETIES OF ZIRCON

Sample /' \'0 2 % Other RareN'r. DESCRIPTION HfjZr Hf02 % (c.ilculu- Y20 3% Th02 % H2O% E lement!'
Icd)

26 Yttrian-Zircon (Ribeirite), Maoarani peg-
matite, Bahia, as described by Florencio Total Raret")
(1952): sample supplied by W. Floreneio 0,0735 3, I ·18,.'i 2,2 8 2,05 8,40 Earth: 7,30%

- - -
27 Altered-Zircon (Cyrtolite), C6rrego do Tatu

pegmatite, Serro, M.G., sample collected Total Rare(*)
by Luciano Jacques de Moraes. 0,078 3,.J uO,O 1,0:) ·1,30 7,05 Earth: 12,250/;

28 Altered-Zircon (Cyrtolite), from the same Yb, Gd, Ce
locality 0,079 a,u 52 ,7 1,0,,) .J,OO 7,00 La, Er, P

-
20 Altered-Zircon (Cyrtolite); red oxidation

outer part of sample Nr. 28 0,080 3,.5 50,3 1,30 .J,OO do

30 Altered-Zircon (Cyrtolite): non oxidized
light-gray core of sample Nr. 28 0,080 3,5 50,3 1,05 3,.JO riC)

- -- - --- -
31 Altered-Zircon (Cyrtolite); intergrown

yellow spots extracted from sample Nr, 30 O,OSO 3, .5 50,3 0,82 3,IJO rio

(*)Chemical determination by Fernando Peixoto.
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TABLE 4 - ZIRCON FROM PEGMATITE

Sample Zr02 % Oth er rare
r. DESCRIPTION HIIZr Hf02% (calcula- Y2Oa% Th02% H2O% Elements

ted)

1 Pale brown crystal, 1 ern . long, collected in a
tantalite bearing pegmatite, Morro Agudo, Rio
Piracicaba district, M.G. 0,148 7,2 55,5 0,34 1,40 Yb, Bi

2 Crystalline aggregate, cauliflower in shape, con-
sisting mostly of fresh material, Morro Agudo,
Rio Piracicaba district., M.G. 0,210 10,5 57,4 0,30 1,-15 1,55 Yb

3 Central part of a large brownish gray crystalline
aggregate, cauliflower like in shape, (radiat-
ing prisms), Rio Piracicaba district, M.G . 0,180 9,0 57,2 0,22 2,10 0,80 Yb

4 Tapered altered portion from sample Nr. 3 0,165 6,6 46,0 0,27 1,40

5 Small clear crystals, almost transparent, from
sample Nr. 3, (diagonally opposit the sample

Tr . .1) . 0 •• • • • • • • •• •••• • • • • •• ••• • • • 0 • • • 0 ' 0,~20 10,3 54,0 0,16 0,.10 0,50

6 Amorphous pale brown material (rnalacon) giving
no X-ray pattern, Morro Agudo, Rio Piraci-
eaba district, M.G. 0,138 6,0 49,8 0,56 2,10 9,47 Yb, Gd, P .

7 Brownish gray least altered portion of a large
crystalline aggregate giving good X-ray pattern'
Morro Agudo, Rio Piracicaba district, M.G. 0,173 7,0 46,5 0,26 1,30 Yb

8 Light brownish gray, most altered portion of
sample Nr. 7 0,140 4,2 33,4 0,28 2,00 Yb

9 Small euhedral crystals white to purple in culor,
from a ta nta lite and cass'teri te bear ing pegrna- Sn, Nb, Ta,
tite , Nazarene district, M.G. O,2nO 10,5 41,7 0,46 0,46 Yb, Bi.

10 Small euhcdral crystals of unlike colors from
DNPM cassi teri te concentration plant of
Nazarene, M.G. (Original ore from Volta Sn, Nb, Ta,
Grande pegmatite, S. Joiio Del Rei, M. G. 0,250 U,8 45,0 o.si 1,32 Bi, Yb

11 Euhedral crystals, moderate mange pink only,
picked from sample N r. 10, (Volta Grande, Ta, Nb, Bi,
S. .Iofio Del Rd, M.G.) 0,260 11,0 48,7 0,56 0,21 Yb

12 Ditto pal e red purple only. (This fraction more
abundant) 0,250 10,8 4!l,7 0,60 0,39 Ta, Yb,

13 Ditto yellowish gray only 0,~40 9,4 45,0 1,03 6,80 Yb, Bi
-

14 Ditto grayish black only 0,230 6,4 32,0 0,57 0,23 Ta, Nb, Yb,
Bi

IS Di tto pale red only 0,225 6,0 30,7 0,76 10,00

16 Small euhedral crystals of diff erent colors, sepa-
rated from quartz tailing of DNPM electros-
tatic concentration plant, Nazarene, M.G. 0,190 3,5 21. 4 0,30 1,15 Yb, Tn

17 Pink and transparent crystals separated from a
pegmatite saprolite, Fazenda Coqu eiros, S. Joao
Del Rei, M. G. (Beleskije and Guirnaraes, 1956). 0,021 1,21 65,0 0,13 0,20 Yb, Til.

IS Concentrated of zircons, heterogeneous in size,
shape and color, from a pegmatit e saprolite ,

Yb,Fazenda Coqueiros, Silo Joao Del Rei, 1\1. G. 0,02!l 1,62 64,2 0,31 no" Tn

19 Heterogeneous zircon concen tr ate from a pegrna-
_ti te saprolite, Paiol M~_ Santa R~ M.G. 9.&!L 1,35 34,5 w..05 200 Yb Sn

20 H omogeneous crystals collected in a beryl-cas-
siterite bearing pegmatite, Fazenda das Por-
teiras, Salinas, M.G. 0,076 3,5 53,0 0,75 0,61 Yb, Sn

21 From the same locality 0,075 3,8 58,0 0,40 0,27 Yb, Sn

22 Sm all homogeneous light gray, euhedral crystals,
collected from a monazite-tantalite bearing Yb, Go, La
pegmatite, Fazenda Julio Drumond, Ferros,
M.G. 0,082 3,5 49,0 5,50 0,62 Ce

23 Crystals associated with bismutite, "Alto Onca",
Paraiba, as described by Rolff (1946) 0,080 4,0 57,5 Bi, Cu, Yb

24 Crystals associated with bismutite, " Alt o Feio",
Paraiba, as described by Rolff (1946) 0,065 3,5 62,0 O,W nd. Ri, Cu, Yb

25 Large zircon crystal from Barbacena, M.G.,
kindness of the Mineral Display, Secretaria
da Agrieultura, M.G. 0,032 IS 65,0 0,41 nd. Yb
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stages, but revealed no additional significant feature. The Hf/Zr ratios
in these two specimens are somewhat lower than usually found in cyrtolite
and other varieties of zircons.

Table 6 refers to alluvial zircon, with one specimen from Guarapari
Beach (State of Espirito Santo) added as reference. The Guarapari
deposit is being mined and has been studied by others.

The Hf/Zr ratio was found to average 0.028 in 12 determinations
of a 5 gram, thoroughly homogenized sample which agrees with Mertie's
(1958) 0.027 value for a sample from the same sourc e. '

Table 7 records several mineral species from alkaline rocks, with
four zircons also added. Two of them are related to the pre-Cambrian?
alkaline Matola (Sao Joao del Rei area) massif of syenitic gneiss,
described by Ebert (1956).

The Hf/Zr ratio of 0 018 - 0.017 for these samples agrees with
I

the general tendency for the hafnium content of minerals associated with
alkaline rocks (as are those of Pecos de Caldas ) to be a little lower than
those from calc-alkaline rocks and appreciably lower than :those from
granitic rocks. (Rankama and Sahama, 1950). .

The results shown here for the Hf/Zr ratio by the samples from the
POl;OS de Caldas plateau and by the samples from the beach of the State
of Espir:ito Santo are slightly higher than those recently found by
Bergstron Lourenco (1960 ) who gave 0.0076 as an average fof 20 samples
from Pecos de Caldas and 0 .0221 and 0 .0234 for two samples from the
beach of Espirito Santo.



TABLE Nr. 6 - ALUVIAL ZIRCON

Sa mple Zr02%
l': r, DES CRIPTION lIf/Zr HfOz% (ealcu la- YZ03 % Th02%

ted)

32 Guarapari Beach, Espirito Santo; obtained in the Orquima coneen-
tration plant: Average of 12 determinations 0,028 1,55 _ 63,8 nd .

33 Marataise Beach, Southern Espirito Santo 0,0 27 1,50 64,0 0,13 nd.

3-1 Crucil .lndia, Minas Gera is 0,036 1,95 f '62,5 0,55 0,21

35 Zircon from Rio das Mortcs , S . .Ioao Del Rei, M.G. 0,024 1,.10 66,0 0. 1:l lie!.
~

TABLE N,·, 7 - ZIRCONIUM MINERALS }'R OM ALKALIC R OCKS

Sample ZrOz%
Nl'. DESCRIPTION HfjZr HfO z% (calcula- Y z03 % Th02 %

ted)

36 Large baddcleyite rad ial-fibrous crystal, from Poeos de Caldas, M.O. 0,009 0,77 99,0

37 Caldasite - (Zirconium are) Poeos de Caldas, M.G. 0,011

38 Eudialyte - Extracted from Foyaite, Pedra Balao, Pecos de Caldas,
M.G. Sample supplied by Norman Herz, U.S .G.S. 0,010

-
39 Zircon - Perfect bipyramidal crystal, Taquarl, Pecos de Caldas, M.G . 0,013 0,77 66,0 0,12

40 Zircon - Perfect bipyramidal crystal, Caldas, (Parreiras.), 1\1.G. 0,0165 0,95 65,5 0,24 0,21

41 Zircon - Prismatic bipyramidal crystal, Matola, South of S. .Ioao
Del Rei (Alka line pre-Cambrian, massif, Ebert 1956) ; Sample
supplied by C. M. Mendes 0,018 1,0 63,6 0,]7 nd.

42 Zircon - Prismatic binvramidal crystal, from the same localitv 0,017 0,91 65.3 0,15 nd.

C;;)
0'>

to
o
!="'

U2
o
r
to
;0
;.>
fI'
Q
l'j
o
!="'

~
f-'
o

Z
.:-'
f-'
<:.0
0'>
f-'



DUTRA - SPECTROCHEMICAL STUDIES ZIRCONS

BIBLIOGRAPHY

37

AHRENS, 1., (1950) Spectrochemical analysis, Addison-Wesley Press, Inc., l'P
191 - 193.

BASTRON, H., BARNETT, PAUL, and MURATA, K. J. (1960) Method for the quanti.
tatiue spectrochemical analysis of rocks, Mineral Ores and other materials by
the Powder D-C arc Technique, U. S. Geological Survey, Bull. 1084-G.

BELEZKIJ, G. H., and GUIMARAES D., (1956) Mineralizaciio tdntalo-estaniiera e urani
fera do Municipio de S. 1050 del Rei, Minas Gerais, Boletim n." 99, D. F. P. M.,
D. N. P. M., Rio de Janeiro, Brasil.

DIEKE, G. H. and GROSSWHITE H. M. - (1943) Use of iron lines as intensity Stan
dards, J oumal of Optical Soc. Am., v. 33, p 425---434.

DUTRA, C. V., and MURATA K. J. (1954) Spectrochemical determination of thorium in
monazite by the powder - D. C. arc technique, Spectrochimica: Acta, 6, 373 
382.

EBERT, HEINZ (1956) Mapa geologico Preliminar do Sui de Minas Gerais e Adja
cencias, in Relatorio da Diretoria, de 1956, Divisfio do Fomento da Producfio
Mineral, D. N. P. M., Brasil.

FLEISCHER, MICHAEL, (1955) Hafnium content and hafnium-zirconium ratio in
minerals and rocks, U. S. Geological Survey Bull. 1021-A.

FLORENCIO, WILLER (1952) Nova variedade de zirconita, Academia Brasileira de
Ciencias, Vol. 24·, n." 3.

GORDON, MACKENZIE, JR., and MURATA, K. J. (1952) Minor elements in Arkansas
Bauxite, Econ. Geology, V. 47, p 169.

LEVISON, A. A., and BORUP R. A. (1%0) High hafnium zircon Norway, The Am.
Mineral., vol. 45 - 562 - 565.

BERGSTRON LOURENCO, OSCAR, (1960) A relaciio Hf/Zr em minerais zirconijeros
brasileiros - An. Academia Brasileira de Ciencias, Vol. 31, N.? 4, p 535.

MERTlE, JOHN B. (1958) Zirconium and hafnium in Southeastern Atlantic States,
U. S. Geological Survey, Bull. 1082-A.

RANKAIVIA, K. and SAHAMA, T. G. (1950) Geochemistry, University of Chicago Press,
Chicago, l'l' 567 - 568.

ROLFF, PAULO DE ALMEIDA (1946) Reservas Minerais do Municipio de Picui;
Bol. 80 do D. F. P. M.. D. N. P. M., Rco de Janeiro, Brasil - pp 41-42.

WARING, C. L., and WORTHING, H. W. (1956) A Spectrographic Method for Deter
mining the Hafnium-Zirconium Ratio in Zircon, U. S. Geological Survey, Bull.
1021-A.


