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ELECTRON MICROPROBE MONAZITE DATING: FIRST RESULTS FOR TWO
GRANlTES FROM SOUTHEASTERN BRAZIL
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Inst ituto de Geociências, USP. CP 11348, CEP 05422-970 , São Paulo, Brasil. srfvlach@usp.br
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INTRODUCTlON

Chemical dating of Th-U minerais is and old
technique pioneered by A. Holmes. The interest on
this systematic rencwed later years as the result of
both instrumental and micro-analytical improvements.
The application ofthe electron microprobe (EPMA) to
Th(U)-Pb minerais dating specially monazites has
been explored successfully in several recent papers
and appears to be a very promising technique (e.g .,
Susuki and Adachi, 1991; Montei et ai., 1996; Rhede
et ai., 1996) . EPMA dating has the advantages of its
non-destructíve character, the high spatial resolution,
short sample preparation and -analytical times, and
also low costs . Probers are able to see exact ly what
they are analyz ing and can look for contrasting
monazite generations within a thin section or distinct
areas in a unique grain for an independent spot
anal ysis . On the other hand, the attai ned precision is
sign ificantly lower compared with the isotop ic
methods. ln this way, EPMA dating can be a great
tool for preliminary geochronological and crusta I
evolution researches, to be refined and complemented
with more elaborated isotopic wo rk, not to replace it.

We present here a brief report on the analytica l
and data treatment procedures adopted at our
microprobe laboratory at the very beginning as well as
the first results for rwo selected gran ite occurrences.

SAMPLES AND METHODOLOGY

Selected thin polished sections of the Nazaré
Paulista and Pinhal granite occurrences from São
Paulo State, Southeastem Brazil, were chosen for
testing . the monazite EMPA dating method . The
sampled granites are monazite- bearing peraluminous
types with Brasiliano ages (ea. 580-630 Ma; see
Janasi and Ulbrich, 1991, for a general review) . After
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a preliminary pctrographic study, a single section of
each granite type was chosen for 'detailed EMPA
analysis.

ANALYTICAL PROCEDURES

The analyti cal work was carried out with a
JEOL-JXA8600 microprobe equipped with tive WDS
spectrometers and an NORAN-Voyager automation
system at the Instituto de Geociênci as, Universidade
de São Paulo. A fast EDS qualitative ana lysis was
performed if needed to identi fy suspected monazites
after the petrographic work . Backscattered electron
imaging was employed to reveal compositional
contrasts within the monazite grains as well as to
locate beam spots for the quant itat ive WDS analysis.

The analytica l conditions inclu ded an acce lerating
potential of 15kV and a probe current of 300 nA. Such
a relative ly low voltage seems not to be the best
choice : for analysis if one co nsiders only
peak/background counting ratios for most monazite­
forming elements but allows a better spat ial resolution
and reduces the absorption corrections significantly,
as our JEOL machine have a take-off ang lc of 40°. By
using a defocused 5 rim beam we did not verify
damagc to a significant extent on our sam pies even for
th é long counting times used (see below).

Combining the spectrometers of our machine, one
with TAP, one with LIF and the remaining with PET
crystals we were able to perform almost complete
monazite analysis even maintaining dedi cated PET
spectrometers for both U and Pb counting. X-ray
spectral lines and total counting times were as
follows : Ka for Si (20s), Ca (205), and P (205); La
lines for Y (205), La (205), and Ce (205); q3' for Pr
(305), Nd (20s), Sm (405), Gd (405), and Dy (405);
Ma lines for Th (2005) and Pb (4005) ; and MP for U
(400s). Cou nting times were equa lly distributed
between peak and backgrou nd, an imposed constrain
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AGE CALCULATIONS

The accurnulatio n of rad iogenic Pb (Pb.cc) wi thi n
a Th-U cIosed natura l system as a funct ion of time (I)
is given by the fo llowing general equation:

where the elementa l con centration s are given in ppm,
2321.., 23&À., and 235 À. are the decay co nstants of 232Th,
23&U, and m U, respectively, and I is given in Ma. ln
such a form equation (I) gives us a mean Th-U -Pb
date for that sys tem, for instance our monazites . It can
also be rearranged as an equation of a plane within the
Th-Pb.cc-U spac e to give independe nt T h-Pb and U-Pb
dates (Rhede et aI., 1996) .

The result ing dates will have geo logical me an ing
and 50 th e status of ag es provided that the systern
remained c losed, that is to say, the Th, U and Pb
concentration changes we re du e only to rad ioactive
decay phen omen a, and tha t the non-rad iogenic Pb
co ntents ca n be considered negligible . A brief
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of our software. Careful wa velength scans ove r
mon az ite samples and .staudards allowed the best
background positioning avo idi ng the Th MÇ and La
La influen ces on Pb Ma. T he Y Ly inter fe rence on Pb
Ma was minimal for our samples w ith relatively low
Y contents and was co rrected by a sim ple out-o f-run
procedure. The ma tr ix correction and da ta reduction
were computed with the PROZA so ftware included in
the NORAN-Voyager system.

Wollastonite (Si, Ca), synthetic phosph ates (REE
and P), Y-ga rnet , Th0 2, U0 2 an d the 951RW Corni ng
glass with 0. 7 % wt . Pb we re chosen as main
standards ; calibration and sample measurernent results
were checked in-run with the REE (Drake and Weill ,
1972), and the NIST 6 10 and 612 glass es.
Identification Lirnits, as defined by Ancey et aI., 1977
(in Merl et and Bod inier , 1990) as low as 70 pprn, 100
pprn ando 150 ppm for Pb , U and Th respecti vely,
could be achieved in our mea surements . The
deviations (2cr) due to X-ray count ing stat istics were
always lowerthan I% for Th and 4% for U and Pb.

(II)
7550 *Pbocct = - - ----'=:....

U + 0.36 *Th

Representati ve an alyses fo r monazites are shown
in Table I. They are Ce-monazites, which show well
developed concentric or co mplex zo ning patterns as

di scussion of the se assumptions concerning monazites
as wcll as severa l good ar gurnents for consider them
va lid in most common geological situations are g iven
in Mo ntei et aI. (1996).

Sol ving equation ( I) is not 50 stra ight and easy.
We have developed a simple procedure with a
co mmercia l spreadshe el using the pertinent analyti ca l
data input (Th, U and Pb contents and the 95%
confidence counting de viations). An approximate age
is evaluated at a first step by applying the empirical
formula (see also Bowles, 1990):

ln the next step, the precise age is co mputed by
ite rat ing equati on (I). Our results for eac h analytical
spot include the age and its uncertainty obta ined by
two approaches. One (I ) gives the d ircct I ' solut ion;
the uncertainties be ing calculated by propagating the
e lementa l conterit de viations on equation ( I). The
other so lution (2) comes from Monte CarIo modeling,
taking into account ~n expected normal random age
dis tribution within the 95% confidence limi ts .

The sam ple age results are interpreted following
the sugges tions of Hu rford et aI. (1984, see also
MonteI et al., 1996). We plot the probability dens ity
functi on (Y) for each an alytical spot as defined by its
age and the co rresponding standard deviation. The
sum of the n probability functions of the n spo ts (th e
weighted histogram of Hurford et aI., 1984) allows a
qualitative analysis concerning the modal ch aracter of
the entire population . So one can j udge if the data
dispersion is consistent with a normal uni-modal age
distri bution (and th us one geologic event should be
inferred) or some mo re co mplex situations with 2- or
3-moda l d istribution s. The samples we study at this
stage fit we ll the un i-modal case and we did not make
any special attempt for a more rigorous quantitative
population data treatmen!. The computed final results
are a mean population age and its (95 %) uncertainty
as given by the classical modeling applied to a
population with a normal distribution (see Montei et
al., 1996 ).

RESULTS

(I)

Pb' = 208 *Th *r . ( 232, * )_11
acc tex p A I J+

, 232

0.9928 *206 *U *[ ( 23&, * ) I]+ exp 1'. I - +
238.04

0.0072 *207 *U *[ (235 '* ) I]+ exp A I -
238.04
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FINAL REMARKS

eonclusions were drawn for the Pinha l sample and
wi ll not be repealed in this report.

Naza re Paulista
granlte
(N= 20)

y

T he fina l results for the Nazaré Pau lista and
Pinhal samples after lhe procedures outlined above are
summarized and compared with independent isotopic
age resu lts in Table 2. Taking into accounl lhe
uncertainties our resu lts are very close to lhe later,
reinforcing lhe good applicability of lhe EPMA dating
techn ique for mona zites,

The granite textures suggesl that mon azit es were
a re latively early precipitating phase from granito
me lts. The expected monazite closing temperalures
are in the 600-700° C range for leucogranitic systems
so our results are excellent approx irnat ions for lhe real
granite crystallizalion ages, as justified also by lhe
independent isotopic age results.

We presented a summary of the analytical and data
treatmenl procedures for chemical monazite dating
with the elcclron microprobe at the Inst ituto de
Geociências - USP- at the vcry beginning. Th e main
difference of our systematic 'with the previous works

500 600 700
Age (Ma)

Figure 1. Representation of the probability density
functions (Y) for lhe spot ages, the mean popu lation
age (heavy centered curve), and lhe eorrcsponding
weighted histogram for the N azaré Pa ulista sample.
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%Wt. NPI NPI PH2 PH2
O xid e conter r im een ter rim
Si0 2 0.12 0.10 0.15 0.20
Th02 5.84 7.57 6.21 5.05
U0 2 0.318 0.352 0.490 0.595
Y20 3 0.32 0.35 0.54 0.60
La203 17.20 14.05 14.59 14.65
Ce203 31.45 29.50 30.08 30.35
Pr203 2.95 3.07 3.1 I 3.16
Nd203 9.54 I 1.0 I 10.74 11.54
Sm203 1.23 2.22 1.63 2.20
Gd20 3 0.40 0.65 0.56 0.60
DY20 3 nd 0.30 0.30 0.35
CaO 0.45 0.50 0.89 0.76
PbO 0.170 0.238 0.205 0. 174
P20 S 30.18 30.05 30.05 29.90
S um 99.87 100.27 99.54 99.80

The res ulting chemical monazite ages are within
the 635-580 and 630-570 Ma range. T he ages
computed for each spot by applyi ng the approaches
(I) and (2) are a lmost ident ica l and do not differ by
mo re than I Ma in ali cases . The 95 % confidence
deviation range be tween 17 and 31 Ma , the Monte
Ca rio simulation giving a somewhal more
conservative estimate 4-5 Ma higher than those
derived from model ( I).

Fig. I di splays the probability density (Y)
funct ion plots for the Nazaré Paulista sample. It
displays the Y function fo r each individual age
de termination and the we ighted histogram of the
en tire sample population. The no rma l uni -modal
eharaeter of th e data is ea si ly deduced from the almost
perfeet norma l d ist ribution of the late r. The diagram
also shows the Y fu nction for the populat ion mean
and its standard deviation result ing from the
numeriea l computing. As expected, the uncertainty for
the popu lation age mean is great ly redu ced : we obtain
avalue close to 12 Ma. S imilar diagrams and
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revealed by th e backscatt ered images ; the c learest
areas being mostly associnted with lhe highesl Th
contents . Ali monazite grains shows a slight M- and
H-REE contents increase towards the crystal rims.
Th 0 2• U0 2• and PbO % wt. val ues vary in the range
7.80-5.00. 8.00-5.00, and 1.150-0.1 10, 0.550-0.110,
and 0.285-0.185, 0.2 10-0.175, respectively for lhe
Nazaré Pa ulista and Pinhal granite sa mples.

T a ble 1. Representative monazite spot analysis for the
Nazaré Paulista (NP) and Pinhal (PH) granite samples .
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Table 2. M~nazite EPMA and isotopic ages for the
se lected granite occurrences. N is the number of
individual spot determinations. The isotopic data are
from V .A. Janasi (unpublished data),

G ranite type EPMAage Isotopie age
(Ma) (Ma)

Nazaré Pau lista 610 +1- 12 625 +1-12
(N = 20)

Pinhal 600 +1- 10 611 T/- 5
(N = 15)

(Suzuki and Adachi, 1991 ; MonteI et aI. , 1996;
Rhede et aI., 1996) is in the ca pability of our machine
that allows : almost complete in-age-run monazite
analysis and as a consequence a more prec ise mat.rix
correction. Identification Limits and countmg
deviations were also reduced to a significant extent in
our measurements.

Future work will explore the method with a more
systematic research on medium- to high-grade
metassedimentary and associated granite belts
cropping out in Southeastern Brazil. We intend als~ to
develop a more complete and cornprehensive
statistical data treatment concerning discrimination
within n-rnodal age dist ributions.
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