
American Mineralogist, Volume 93, pages 373–383, 2008

0003-004X/08/0203–373$05.00/DOI: 10.2138/am.2008.2600	      373

Monazite occurrence, chemistry, and chronology in the granitoid rocks of the Lachlan 
Fold Belt, Australia: An electron microprobe study

Aaron B. Kelts, Minghua Ren,* and Elizabeth Y. Anthony

Department of Geological Sciences, The University of Texas at El Paso, El Paso, Texas 79902, U.S.A.

Abstract

In-situ electron-microprobe dating of monazite holds the promise of being an effective technique 
for obtaining chronologic data. Our research focuses on I- and S-type granitoids of the Lachlan Fold 
Belt, Australia, whose petrology and zircon chronology have been thoroughly characterized. This 
study documents the textural relationships, morphology, zoning, and ages of monazite in these grani-
toid rocks. The I-type granitoids that lack monazite usually contain other mineral phases enriched in 
rare earth elements, such as allanite, titanite, and bastnasite. Only silica-rich, highly evolved I-type 
granitoids contain monazite. This preference in I-type rocks for phases other than monazite to host the 
REE and Th limit the applicability of monazite dating for this group of igneous rocks. On the other 
hand, monazite is ubiquitous in S-type rocks, both as interstitial and included grains. High-resolution 
X-ray maps of individual monazites reveal complex patterns of chemical zoning. Weighted averages 
of multiple analyses for individual chemical domains show small but systematic differences in age. 
These weighted averages of the chemical domains are considered the best estimate of the age of the 
monazite. Monazites from 8 different S-type samples range in age from 405 to 759 Ma, with the majority 
being 490 Ma and older. These are premagmatic ages for these granitoids, which have crystallization 
ages of 400 to 430 Ma. These premagmatic ages are similar to Cambro-Ordovician ages obtained 
from inherited zircon cores in the same granitoids, indicating that monazite can survive anatexis in 
peraluminous rocks. Thus, monazite dating in peraluminous rocks may illuminate characteristics 
(composition and age) of source rocks and anatectic processes.
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Introduction

Monazite [(Ce, La, Nd, Th, Y)PO4] is an accessory mineral 
common to many igneous and metamorphic rocks. Because 
monazite contains significant amounts of Th and U, yet incor-
porates little common Pb during crystallization (Parrish 1990; 
Suzuki et al. 1994), the measurement of these elements with the 
electron microprobe can be used to obtain chronologic informa-
tion (Montel et al. 1996; Williams et al. 1999; Williams and 
Jercinovic 2002). Advantages in electron-microprobe dating 
include (1) the non-destructive nature of the technique preserving 
important textural information; (2) high spatial resolution (≤5 
µm) allowing evaluation of different chemical zones within an 
individual monazite crystal (e.g., Mahan et al. 2006); and (3) 
the general availability of electron microprobes with their lower 
operating costs relative to in-situ analytical instruments such as 
ion-probe or LA-ICP-MS. Because the diffusion of major and 
trace elements from monazite is slow (Parrish 1990; Cherniak et 
al. 2004), enabling the mineral to record several periods of crystal 
growth, monazite has been utilized to date metamorphic rocks 

(e.g., Braun et al. 1998; Rubatto et al. 2001; Catlos et al. 2002; 
Schmitz and Bowring 2003). Studies of monazite occurrence and 
behavior in igneous systems are less common, despite several 
reports of an inherited monazite component within igneous rocks 
(Copeland et al. 1988; Harrison et al. 1995; Kalt et al. 2000). 

This study focuses on monazite in the I- and S-type granitoid 
rocks of the Lachlan Fold Belt (LFB), southeastern Australia. 
These rocks were chosen because they have been thoroughly 
studied in terms of chemical composition and petrography. In 
addition, many of these granitoids have been dated using ion-mi-
croprobe (SHRIMP) and other conventional techniques, allowing 
for direct comparison of the EMP monazite ages obtained from 
this study (Williams 1992, 2001; Foster et al. 1999, 2000).

Geological background

The Lachlan Fold Belt (LFB) is part of a Paleozoic orogenic 
system that extended approximately 20 000 km along the margin 
of Gondwana. The LFB differs from classical orogenic belts 
(such as the Alps, Appalachians, and North American Cordil-
lera) in several ways. First, the same lithotectonic assemblages, 
general structural style, and level of exposure are found across 
the entire exposed length (>1000 km) and across the approxi-
mate 700 km exposed width of the LFB. Second, basement * E-mail: ren@geo.utep.edu


