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The main goal of lhe experimental procedure
presented herc is to break up , very selcctivcly, the iron
oxides and hydroxides of natural samplcs in order 10

localize and determine the quantities of inc1uded tr ace­
elements.

It combinesthe result s of (1) chernical extra tions by
citrate-bica rbo na tc (CB) and dithionitc-citrate-bicar­
bonate reagcnts associated with a kineti c co ntro l of the
rea ctions, (2) X-ray diffract ion (DXR) and differential
X-ray diffr action (DXRD) which euablc the determina­
tion of the substituted rat ios in hem atit cs and gocthitcs,
and (3) physico-chemical analysis which ena ble charac­
terization of the textures as well as the so lid- reagent
contacts.

Th e dcferrification obtai ncd with this new procedure
is as cfficicnt as the c1assical hot DCB and is more
specifi c, es pecia lly in the presc ncc o f aluminous
oxides/hydroxidcs, Fur the rmore , because of the longer
reaction time, thc kinetic study can bc achieved more
eas ily.

Sam pies were ob tai ned fro m a lateritic co re, which
had bcen extrac tcd for evaluating thc potential of a

Burundian nickeliferous deposito Th ey belong to the
fol1owing units : yellow laterite, red saprolite, dismantled
duricrust and red soi!.

ln thi s way, differential behaviour of some iron
oxides/hydroxides ha s been shown by measuring
together the evolution of the residue and the associated
amounts ofother c1ements such as a1uminum, chromium,
manganese ... ali throughout the reduetion. The exist­
ence of chrornium substitution ratios in goethites, which
perverts signifiea ntly the DXR interpretation, the
preferen cial association of titane phases with hematites,
and the non-correlative relationships between extracted
iron with coppe r and manganese have been pointed out,
Th e absen ce of correlation in the case of copper can be
explained by inc1usions of this c1ement in a residual
mineral having a spinc1 structure. ln the case of man­
ganese, which can be partially reduced by dithionite, no
c1ear conc1usion can be yc1ded. Tbis shows one limit of
the methodology present ed in tbis communication.

Based on these few cxamples, it may be conc1uded
that despite the complex nature os lateritic environments
it is possible to carry out metal-bearing phase identifica­
tion in the case of ferruginous minerais.
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Among the many raw materiais that are being used in
modem industry, rare earth elements are playing an
increasingly important role. Since their early commercial
exploration, great changes have taken place in lhe type of
deposits explored, as well as their industrial application.

New advanccs in lhe development of anaIyticaltechni­
ques, established by geochemists, are helping in lhe
characterization and quality control in lhe fields of rare
earth element application, permitting lhe precise and
accurate determination of these e1ements, even at very



PROGRESS lN DESIGN AND APPLICATION OF
EDXRF-FIELDL ABORATORIES

NOVEL PROCEDURES FOR DECOMPOSING SELECTED
REFRACTORY ORES FROM GHANA

DETERMINATION OFURANIUM AT THE PPT LEVEL BYTIME­
RESOLVED LASER-INDUCED SPECTROFLUOROMETRY:
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curacy) ia lhe ana1ytica1 data, e o l . .

1ish th ass speetrometnc ISOtOpe
study was to estab em. f lhe rare earth
dilution techoique for lhe analyslS o. iti ity

. echoi ue possesses high seDSI VI ,
elements, as this t )qW.tbio thisgeneral objective,
precision (and aceuracy. 1 • eh.
ehemical separation melhods iav01viog ron ex :ge
chromatography were estab1ished for lhe group an in­

dividualseparation of lhe rare earth elements.

The methodwas estab1ished for lhe iatemational rock
standards AGV-l, GSP-l, G-2 and :CC-1 and the

u1ts obtained compared wilh lhe líterature values.
~e aoa1ytical procedure established inv01v~d the
preparation and ca\Jbration of lhe tracers by lSot?pe
dilutioo mass spectrometry, samp1e digestion, chemical
separation and isotopeanalyses using a fully aut?mated
thermoionic mass speetrometer mícromass YG ísotope
model 354. The samp1e dissolution wascamed out in a
teflon vesse1 under pressure. The material (samples +
tracer) was digested usiog a mixture of concentrated
HNÜ3 and 40%HF ia lhe pressure vesse1 at 160°C for a
period of 18 hours. The sample solution was evaporated
and, !ater, a mixture of concentrated HCI04 and ~03
was added and evaporated again, Finally, lhe residue
was dissolved ia 2N HCI and taken for chemical separa-
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Analytica1 control of uranium at a very low levei re­
quired in severa1 fi~lds, such as, nuclear geology
mewcmeand prospectíon. Due to its highsensitivity and
selectivity, time-Resolved Laser-Induced Spec­
trofluorometry (TRLIS) is tbe metbod chosen for such
applications.The principie ofTRLIS is based on tbe fact
that uranium is known to exlubit visible f1uorescerice in
solution when excited by a UVpuIsed source ln hh' . . P os-
p ?nc medium, tbe uranium f1uorescence is charac-
terized bya longlifetime( > 10005). Measurement of lhe
f1uorescence a few microseconds after tbe laser uIs

rmits tb limina' • p e
pe e e .tionof tbe short lifetimef1uorescence
~~ 05) of or~c matter, This temporal resolution

t? very~Iective and sensitivemeasurements.

the
Besides a.mtrogen laser used as lhe excitation source
new apparatus "FLUO 2()()1" speciall desí . '
h li . ,y esígned for

sue app catíons, consísts of a cell-holder for receiving

tion.The elaborate dissolution procedure was necessary
as lhe rare earth elements are generally present in the

aceessory, resistant min~rals. . .
The chemical separauon was carned out in two steps

in cationic resin columns. ln lhe first co1umn, the total
rare earth elements were separated from other elements
using 2N HCI and 8N HN03 as eluiting agents. ln lhe
second colurnn, using O,25N a-HIBA (pH=4.6) as an
eluiting agent, rare earth elements were separated into
individual fractions (La, Ce and Nd) and sub groups
(Sm-Eu-Gd and Yb-Er-Dy). Nine elements (La, Ce, Nd,
Sm Eu, Gd, Dy, Er and Yb), with concentrations in the
ran~e O.5ppm to 4OOppm, were determined with a total
precision of 1 to 2% and an accuracy of 5%. The rare
earth element concentrations, determined in the rock
standard PCC-1, demonstrated the low blank leveIs in

our analysis.
The results obtained in the present study have shown

that the analytical procedures deveIoped and employed
are satisfactory, as indicated by the high precision and
accuracy obtained for the eIemental concentrations
values. Further, the great advantage of the technique, as
shown by the present study, is the non-dependence of the
precision and accuracy on the concentration leveIs of the
elements in the samples. The study has also shown that
a -HmA is an efficient eIuiting agent for the separation
of individual rare earth eIements.

tbe solution to be analysed, a monochromator, a multi­
channel detection (intensified photodiodes array), a
control unit that assures both the puIsed funcioning of
tbe intensifier and the photodiodes array and, fmally, an
mM-AT computer that plots the whole system with
specially adapted hardware. Analytical software is used
for both concentration determinations and Iifetime
measurements. For the moment, the most interesting
results have been obtained for uranium, with a limit of
detection of 1 ppt 5 x lO-12M) in a phosphoric medium.
Some lanthanides and actinides have also been deter­
mined by TRLIS with good sensitivity (ppb levei and
lower). Furthermore, remote sensing measurements can
be carried out with fiber optics and optrodes. This ada~­

tation has the advantage of alIowing measurements in
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difficult access environments at several tens of meters at
severallocations, with only one central monitor. '

TRLIS was used for uranium determination in
alka1ine water with high chloride and su1fide contents in
order to have a better understanding of uranium
mobilization in natural reducing conditions. Results ob­
tained on several waters from different areas in France

Conventional methods for sampie decomposition
could not be successfu1ly applied to complete1y decom­
posed chromite and certain sulfur-bearing ores. How­
ever, in a series of experiments, detaiIs of which are tbe
subject matter of this paper, acid-salt mixtures of dif­
ferent acid/salt ratios were tried and their efficiency of

Minimum delay between sampling and receiving
results is often essential in geochemica1 exploration (e.g.
in anomaly follow-up or overburden drilling programes).
ln this case, field laboratories are able to save time and
costs. Field laboratories aIso avoid the need to disrupt
normal laboratory operations in centrallaboratories with
requests for HIGH PRIORITY - RUSH analyses
(Fletcher, 1981).

RadionucIede-excited, as well as low-power, air ­
cooled tube excited EDXRF systems have been used by
our research group in mobile laboratories for several
years in multi-element prospecting (Kramar & Puchelt,
1981; Kramar, 1982; Kramar & Puchet, 1983; Kramar,
1984).

The fast development in electronics and computer
technology now enables a more compact desing of tbe
EDXRF field-Iaboratories including sophisticated inter­
pretation aids as an integrated part of the analytical
system.

Uritil now, the interpretaion aids include basic statis­
tics (frequency-distributions, cumulative frequencies, 5
number sumary, and scatter - plots) as well as colour and
black and white mapping facilities. For the mapping
facilities, moving averages (point Kriging)usingdifferent
filter functions is available. Multivariate-techniques
(cluster and factorial analysis) are in preparation).
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(Corsica, Pyrenees), at different chloride concentra­
tions, are presented. These data seem to confirm that,
even at very low uranium concentrations «50 ppt),
thermodynamical control by a mineral phase, tak:es
place. Results obtained on the analysis of uranium in
soils at several locations show that TRLIS is a fast and
reliable method for such determinations.
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decomposition (EOD) values have been tabulated.
Analysis of principal constituent elements following
solubilization was made by atomic absorption
spectrophotometry and standard colorimetric proce­
dures. 100 samples of chromite, gypsum, analcite from
field prospecting teams were treated and evaluated.
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A radíonuclide-excited systems has been installed at
the Mineralogical Department of the Universidad
Autonoma de Nuevo Leon (UA.N.L.) in Linares! Me­
xico. A tube-excited system is used by tbe Institute of
Petrography & Geochemistry of the University
KarIsruhe in Germany.

Two case histories of stream and soil surveys
demonstrate the possibilities of tbese integrated systems.

ln co-operation witb Sachtleben Bergbau A.G. and
Cominco a geochemical soil survey has been carried out
in tbe vicinity of tbe Meggen pyrite - sphalerite - barite
deposito

The survey area is located in the Sauerland - moun­
tains about 100km east of Cologne/West Germany. From
an area of 10 km2

, about 700 soil samples have been
taken from tbe A/B Horizon along 9 traverses with a
sampling distance of25 m.

The underlying rocks in this area are middle and
lower Devonian schists .

The middle Devonian schists consist of pelites with
calcitic and bituminous components. The lower
Devonian schists are represented by pelites with more
silty and sandy intercalations.

From the, -80 mesh (-l7714s) fraction of the soil
samples 10 elements (T~ Fe, Cu,Zn, As, Rb, Sr, Y, 'h,
Mo, Ba and Pb) have been determined simultaneously in




