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abstraCt

The Neoproterozoic (840 Ma) Sin Quyen deposit in northwestern Vietnam contains replacement 
Cu-LREE-Au orebodies in Proterozoic metasedimentary rocks. In this deposit, LREE-bearing minerals 
include allanite-(Ce), monazite-(Ce), chevkinite-(Ce), and fluorapatite. Fluorapatite from orebodies 
has undergone variable degrees of metasomatic alteration. Samarium-neodymium isotopic analyses 
were conducted on altered fluorapatite, and also on allanite-(Ce) and monazite-(Ce), to investigate 
whether such metasomatism can affect the Sm-Nd isotope system.

Allanite-(Ce) and monazite-(Ce) have 147Sm/144Nd ratios ranging from 0.0359 to 0.0549, and 
143Nd/144Nd ratios from 0.51147 to 0.51172. Their initial 143Nd/144Nd values at the time of mineral-
ization range from 0.51126 to 0.51148, but mostly cluster between 0.51135 and 0.51145. Thus, the 
primary ore-forming fluids were relatively homogeneous in their Sm-Nd isotopic compositions. In the 
147Sm/144Nd vs. 143Nd/144Nd diagram, the compositions of allanite-(Ce) and monazite-(Ce) generally 
plot along a Sm-Nd isochron of 840 Ma, implying that the Sm-Nd isotopic systems of these minerals 
were either closed or only slightly modified. In contrast, altered fluorapatite crystals have 147Sm/144Nd 
ratios varying from 0.0667 to 0.1348, and 143Nd/144Nd ratios from 0.51160 to 0.51199. The calculated 
initial 143Nd/144Nd ratios range widely from 0.51114 to 0.51141, with most values lower than those of 
the allanite-(Ce) and monazite-(Ce). In the 147Sm/144Nd vs. 143Nd/144Nd diagram, their compositions 
mostly plot below the 840-Ma Sm-Nd isochron. Petrographic observations and trace elemental analy-
ses show that metasomatic modification of fluorapatite grains led to increases of their Sm/Nd ratios. 
The unaltered domains in the grains have Sm/Nd ratios varying from 0.114 to 0.200, with an average 
value of 0.161; whereas the altered domains have Sm/Nd ratios varying from 0.111 to 0.254, with an 
average value of 0.183. The increased Sm/Nd ratios can cause the calculated initial 143Nd/144Nd ratios 
to be lower than actual initial isotopic ratios, and can also result in compositional deviations from the 
reference Sm-Nd isochron.

This study demonstrates that the traditionally assumed inert Sm-Nd isotopic system can be metaso-
matically disturbed due to changes in the Sm/Nd ratio. Therefore, care must be taken when interpreting 
the Sm-Nd isotopic data from apatite/apatite-rich rocks that have undergone metasomatic alteration.
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introduCtion

Apatite is a common accessory mineral in igneous, metamor-
phic, and sedimentary rocks, and hydrothermal ore deposits. Its 
mineral structure can accommodate a range of trace elements, 
such as halogens, S, V, As, Sr, and rare earth elements (REE) 
(Hughes and Rakovan 2015), which are sensitive to diverse geo-
logical processes. Thus, apatite has gained considerable attention 
as a mineral with many uses within the Earth sciences. However, 
this mineral is susceptible to fluid-induced alteration over a wide 
range of pressures and temperatures (Harlov 2015 and references 
therein), raising questions about the interpretation of its elemental 

and isotopic composition.
Apatite commonly contains moderate to high concentrations 

of Sm and Nd. Advances in analytical techniques make it possible 
to determine the Sm-Nd isotopes of apatite, on a sub-grain scale, 
by laser ablation multi-collector inductively coupled plasma-mass 
spectrometry (e.g., Fisher et al. 2011; Yang et al. 2014). This 
approach can provide rapid, texturally sensitive isotopic data, 
which has many advantages over previous bulk-rock analyses. For 
example, it allows assessment of Nd isotope equilibrium/disequi-
librium among minerals of high-grade metamorphic rocks. Such 
data are important for understanding Nd isotope exchange during 
both metamorphism and crustal anatexis processes (Hammerli et 
al. 2014). Moreover, in situ Sm-Nd isotopic analysis of apatite is 
important to determine the primary isotopic signature of mantle-
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