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Accessory minerals in rocks are the principal hosts of many trace elements (e.g. Y, REE, U and Th)
in the continental crust. REE patterns of crustal rocks are widely used to unravel the evolution of
the Earth’s crust, the decay of U and Th to Pb is used for age dating of metamorphic and igneous
processes. Thus, a wealth of geoscientific information can be derived from studying accessory
minerals. Monazite (LREE, Ca,Th,U)PO4 is an accessory mineral which is stable over a wide P-T
(pressure-temperature) range up to ultra-high temperature conditions (T>900◦C) and widespread
in different bulk rock compositions. It incorporates U and Th during growth and accumulates ra-
diogenic Pb with time. While the classical age dating of monazite relies on isotopic compositions
of radioactive and their daughter isotopes, methods based on U-Th-total Pb contents i.e. chemical
age dating [1] can be applied to minerals which do not incorporate Pb during their initial crystalli-
sation. While having higher errors, when compared to radiogenic ages, chemical age dating has
the advantage of a higher spatial resolution and enables theidentification of growth domains with
distinct ages within a grain. Chemical age dating using confocal micro-XRF has been pioneered by
[2] for single point measurements. In this study, we attemptto extend this approach to 3D chemical
age imaging and to combine this information on age with traceelemental data.
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Figure 1: Single point spectrum of monazite in the confocal mode.

Measurements were performed at the micro-fluorescence beamline L at DORIS III, HASYLAB.
The Ni/C multilayer monochromator was set to 21 keV so that U could be detected by L-lines. A 2
mm Al absorber was introduced to reduce the background in thelow energy region. The incoming
beam was focused with the high-energy polycapillary to achieve the smallest possible spot size at
beamline L of 5µm. A second polycapillary half-lens was used on the detection side. Fluorescence
spectra were recorded in a Vortex SDD. The confocal geometryresulted in a detector acceptance
of less than 10µm in the energy range with the emission lines of interest (Pb-L, Th-L and U-L). A
depth scan of a reference sample shows good correlation of measured with actual thickness. Detec-
tion limits, at the position of maximum fluorescence intensity, showed to be below 3 ppm for most
elements at a live time of 1000 sec. 2D elemental maps on monazite were performed in five layers



with 5 µm step sizes in either direction and a sample time of 10 sec perpoint (Figure 1). Peak areas
were fitted using PyMCA [3].
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Figure 2: Elemental distribution map of the top layer of a polymetamorphic monazite grain (Uganda) in a
matrix of minerals. The core of the monazite shows an age of 2.6 Ga and the rim an age of 0.6 Ga. The
size of the image is 305 (h) x 200 (v)µm2. The number indicates the maximum intensity of the respective
element.

[2] showed that chemical ages using confocal micro-fluorescence can be calculated from fluores-
cence intensities of Pb, Th and U using the Ranchin formula:

Ageref =
kPb · IPb

kU · IU + 0.36 · kTh · ITh

The parameters kx can be retrieved iteratively by measurements of a referencesample. In this study,
we used the reference sample F6, a monazite from Madagaskar with homogeneous age of 560 Ma.
The result ages varied from 557 ±40 Ma. The method was appliedto a sample from Uganda with a
polymetamorphic history. The monazite shows a pronounced chemical zoneation from rim to core
(Figure 2). Lead is high in the inner part and Th contents are highest in the rims. The large differ-
ence in age from core to rim of 2.6 and 0.6 Ga enables a clear differentiation of the growth regions.
From the trace element distribution, it may be concluded that the composition of the monazite is
linked to the metamorphic events. The achieved precision inchemical age dating is sufficient to
distinguish between mineral zones with clearly different and old ages but needs to be enhanced for
younger samples.
Reproducibility can be improved by the use of a minimum of three different age reference mon-
azites which will allow an explicit determination of the parameters. Another approach is to cal-
culate the ages using concentrations of Pb, Th and U instead of peak areas. Besides precision of
age determination, improvements are expected from higher resolution in the sub-micrometer range.
This will be tested in an upcoming experiment at ID22NI.
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