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1. Background
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 The chemical environment (valence and occupancy) of radiogenic Pb in

monazite down to nanometer and atomic scale need further investigation.

The chemical state and occupancy of radiogenic Pb

J. Kramers et al. Chemical Geology. (2009)

Tanaka K. et al. Phys Chem Minerals (2010)

(1) Pb4+ or Pb2+ ?

(2) Inconsistent ages.

Why?
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2. The chemical state of radiogenic Pb
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B.E. (eV) Chip1 Chip2 PbO Pb3O4 PbO2

Pb 4f7/2 138.16 138.04 138.0 137.4 137.3

Pb 4f5/2 143.02 142.9 142.9 142.2 142.1

Chip1

Chip2

Table 1 Binding energies (eV) of Pb 4f for RW-1 monazite, PbO, Pb3O4 and PbO2.

Fig. 1 (a) The full XPS spectra (survey). (b-c) The Pb 4f

XPS spectra and fitted peak for the natural monazite.
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The CL images show that dark–bright contrast is uniform and there is no oscillatory zoning,

suggesting that the elements in the monazite are homogeneous distribution at the

micrometer scale.

3. The Chemical, mineralogical features and structure of monazite



The EDS maps show a homogeneous distribution of elements in this monazite as well.



The Raman spectra shows a broadened Raman band with FWHM around 20.4 cm−1, which is

much wider than those (7.2 cm−1) of annealed monazite and implicating that the sample

experienced with radiation damage.



Selected area electron

diffraction (SAED) image

and HRTEM images

demonstrated that the

monazite we studied is

well crystalline.



Some distrored lattices was also observed, such as edge dislocations. The edge dislocations marked

with black ┴ sign were seen clearly, gliding on (111) planes and Burgers vectors b=[10-1]. The edge

dislocation is probably related to the radiation damage induced by alpha decay and resulted in the

broadening Roman band.
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4. The occupancy and distribution of Pb and Th
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By comparing the arrangement of bright atomic columns in HAADF images with the atomic arrangements of CePO4, there is a one-to-one

correspondence was found between bright atomic column and Ce site, suggesting the heavier species substitute the Ce site in the monazite structure.
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Fig. 8 The integral intensity mapping

and normalized intensity mapping of

STEM-HAADF image (as shown in

Fig. 7c and 7d) along [010] and [100]

direction, respectively.

(a, c) The integral intensity mapping

with color bar from blue to red and up

to yellow roughly reflect the additive

intensity of heavier elements at Ce site

or atomic column.

(b,d) The normalized intensity

mapping with different colors reflects

the relative concentration of

radiogenic Pb and Th in each columns.

The average value is set to be 1.0

(green), Blue-to-white (value is 0.85)

represents the distribution of REEs

where Pb and Th is poor, and red-

yellow (1.15) represents the

distribution of Pb-rich and Th-rich in

the column.



5. Conclusions

(1) The TEM and STEM-HAADF data demonstrated the studied natural

monazite is well crystalline in most area. Meanwhile some distorted lattices

induced from self-radiation was also observed, which resulted in

broadening band of RM analysis.

(2) The radiogenic Pb exists as Pb2+ in current state.

(3) The STEM-HAADF data revealed that Pb atom substitute for the Ce

atoms within the monazite crystal lattice. A normalized intensity mapping

was developed for the STEM-HAADF images to better visualize the

distribution of Pb and Th.
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