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Abstract. Halite is a ubiquitous mineral in the Saint-Honoré 
carbonatite (Saguenay, Québec, Canada). It has remained 
present within the deposit as the deeper carbonatite has 
not been weathered. Halite is either disseminated or occurs 
as veinlets throughout the dolomitic unit associated with Nb 
mineralization. It is also found in pores of weakly to 
moderately altered pyrochlore crystals. The two main Nb-
bearing minerals, fluorcalciopyrochlore and columbite-(Fe), 
are related through hydrothermal alteration 
(columbitization). Sodium is from pyrochlore (magmatic) 
whereas Cl is from hydrothermal fluid as there is no 
significant Cl in any mineral, except columbite-(Fe), which 
is hydrothermal. These interpretations suggest that halite 
has a hybrid magmatohydrothermal origin. The role of Cl to 
the transport of REEs and the contribution of 
columbitization in the fenitization of the host rocks are 
investigated.  

1 Introduction 

Oldoinyo Lengai has been intensely studied as it is the 

only known active carbonatite volcano having sodium 

carbonate lavas (Mangler et al. 2014). Studies of this 

volcano have raised numerous questions about the 

presence of sodium in carbonatites and the implication for 

its genesis, one question in particular being the origin of 

halite in carbonatites. Halite is observed in the 

groundmass of Oldoinyo Lengai lavas (Zaitsev and Keller 

2006) but its origin and, more precisely, the reason for the 

presence of chlorine remains unclear.  

The Saint-Honoré carbonatite offers an ideal location to 

study the presence of halite in carbonatites. Halite is a 

ubiquitous mineral in the carbonatite. Moreover, the 

carbonatite has not been affected by metamorphism, nor it 

is deformed, and it is accessible to roughly 800 metres in 

depth, thereby preserving it from weathering.  

This communication focuses on the presence of halite 

in the Saint-Honoré carbonatite, its petrographic 

distribution as well as its origin.  

2 Geology 

2.1 Regional geology 

The Saint-Honoré carbonatite is part of an alkaline 

complex of 10 km², located near the city of Saguenay, 

Québec, Canada. The complex is surrounded by 

Mesoproterozoic Grenvillian fenitized gneiss and diorite 

with an upper amphibolite and lower granulite 

metamorphic facies (Dimroth et al. 1981; Higgins and van 

Breemen 1996). The alkaline magmatism is referred to as 

the Iapetan rift and is related to the St-Lawrence River rift 

activity (Kumarapeli and Saul 1966).  

Alkaline silicate rocks associated with the carbonatite 

are characterized by nepheline-bearing syenites and 

foidolites. Baddeleyeite from a lamprophyre dyke related 

to the alkaline complex yielded a U-Pb age of 582.1±1.8 

Ma (Michael Higgins, personal communication, 2015).  

2.2 Carbonatite 

The Saint-Honoré carbonatite is composed of concentric 

subvertical layers of carbonates with variable 

compositions (Fortin-Bélanger 1977; Thivierge et al. 

1983). The outer part of the carbonatite is a sövite (calcio-

carbonatite) that is barren of any mineralization and has 

been only poorly documented. The core of the carbonatite 

displays ankeritic breccias and is enriched in LREEs 

(Fournier 1993; Grenier et al. 2013; Néron 2015). A 

dolomitic unit (magnesio-carbonatite) lies between the 

calcio- and ferro-carbonatite and hosts the Nb 

mineralization. 

The dolomitic rocks have been the best studied portion 

of the carbonatite as they have been drilled for exploration 

and exploitation. The dolomitic rocks are characterized by 

medium-grained hypidiomorphic dolomite grains with no 

apparent cleavage. Accessory minerals are columbite-(Fe), 

fluorcalciopyrochlore, phlogopite, magnetite, pyrite, and 

various types of apatite. There are also minor traces of 

ilmenite, hematite, sphalerite, chlorite, quartz, zircon, 

baddeleyite, barite, and REE minerals throughout the unit. 

Accessory and trace minerals are generally disseminated, 

but may occur as lenses. There is a pervasive alteration 

affecting dolomite and accessory minerals, leaving a grey 

aspect to carbonates and alter phlogopite into chlorite.  

3 Halite 

Halite concentrations in the Saint-Honoré carbonatite are 

surprisingly high. Halite is observed as veins, varying 

from a few millimetres to a decimetre in width (Fig. 1). It 

is mainly observed in the dolomitic rocks where the Nb 

mineralization is economically viable. In the dolomitic 

unit of the carbonatite, except for halite and pyrochlore, no 

other mineral has a significant Na content. Thin sections 

were prepared using a water-free lubricant to preserve 

chlorides. Halite was not observed as inclusions in apatite 

or phlogopite. It was observed in pores of weakly to 
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moderately altered pyrochlore (Fig. 2), but never in fresh 

pyrochlore.  

 

 
Figure 1. Halite (Hl) crystallized as veinlets and observed in core 

samples. In some cases it is conserved during drilling, but most 

halite is usually dissolved during drilling and logging. The core 

diametre is 3.65 cm. 

 

 
Figure 2. Halite (Hl) grains crystallized in pores of a moderately 

altered pyrochlore (Pcl). Grains of halite are roughly less than 10 

μm. This backscattered electron (BSE) image was obtained by 

SEM analysis.  

 

4 Pyrochlore, a source of sodium 
 

To better understand the presence of halite in the 

carbonatite, we studied the mineral assemblages of the 

carbonatite (Tremblay et al., in preparation). Pyrochlore 

and columbite-(Fe) of the dolomitic unit are interpreted to 

be related by columbitization, an alteration process first 

described by James and McKie (1958) in the Tanganyika 

carbonatite. The alteration process releases Na, a major 

cation in pyrochlore (Lumpkin and Ewing 1995). 

Considering that the proportion of columbite-(Fe) slowly 

increases with depth, the quantity of leached Na is also 

expected to increase. Microprobe analyses of pyrochlore 

and columbite-(Fe) grains show that Cl is higher in 

columbite-(Fe) compared to fresh (unaltered) pyrochlore. 

Apatite and phlogopite associated with mineralization 

have Cl concentrations below detection limits.  

 

5 Columbitization by hydrothermalism 
 

The origin of pyrochlore alteration can be determined 

using a ternary diagram of the relative proportions of 

monovalent (Na), divalent cations (Ca, Sr, Fe2+ and Mn), 

and vacancies in pyrochlore (Lumpkin and Ewing 1995; 

Nasraoui and Bilal 2000; Zurevinski and Mitchell 2004). 

Based on microprobe results from this study and historical 

values (Tremblay et al., in preparation), the alteration trend 

is clearly hydrothermal (Fig. 3).  

 

 
Figure 3. Ternary diagram of monovalent and divalent cations 

and vacancy of pyrochlore (based on Lumpkin and Ewing 1995) 

from the Saint-Honoré carbonatite. Although the diagram is not 

designed to plot columbite-(Fe), its position fits well with the 

hydrothermal field.  

 

6 Discussion 

 

The presence of halite, and therefore Na and Cl, raises 

questions regarding its contribution to the transport of 

economic elements and the origin of Na and Cl in 

carbonatites. Na is without doubt magmatic in the Saint-

Honoré carbonatite, as it is a major constituent of 

fluorcalciopyrochlore (up to 8% Na2O), one of the first 

minerals along with apatite to crystallize in a carbonatitic 

magma (Hogarth et al. 2000; Knudsen 1989). The strong 

relationship of pyrochlore to apatite and textural evidence 

argue for its magmatic origin.  

The origin of Cl is, however, enigmatic. Based on the 

spatial distribution of halite in and around magmatic 

minerals from the Saint-Honoré carbonatite, Kamenetsky 

et al. (2015) proposed halite, and therefore Cl, to be 

mantle-derived. However, the study of the Nb-bearing 

minerals of the carbonatite suggests a slightly different 

interpretation of the petrogenesis of halite.  

Petrographic observations and geochemical analysis of 

pyrochlore and columbite-(Fe) have shown that Na was 

leached during alteration, whereas Cl was related to 
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hydrothermal fluids. Thus, the Na is considered as 

magmatic in origin and Cl as being hydrothermal 

(Tremblay et al., in preparation). Our results show that the 

halite is not entirely magmatic, as argued by Kamenetsky 

et al. (2015), but rather magmatohydrothermal. The 

absence of Cl in other magmatic minerals (e.g., apatite and 

phlogopite) reinforces this idea of a non-igneous origin. 

A mass balance exercise was applied to determine if the 

alteration of pyrochlore was an important source of Na. 

Pyrochlore accounted for only approximately 15% of total 

halite. However, the proportion of halite is uncertain due to 

its high solubility, and pyrochlore is mostly distributed as 

lenses and, therefore, its realistic proportion becomes 

difficult to estimate. Moreover, the deposit is open at depth 

and the proportion of pyrochlore might be higher at greater 

depths, suggesting that the input of Na from pyrochlore 

could have been even more substantial. Nevertheless, the 

alteration of pyrochlore contributed significantly to the 

formation of halite. It might be possible that this Na also 

contributed to the fenitization of the host rocks. This 

alteration is characteristic of alkaline rocks and more 

specifically to carbonatites. Silicate rocks are not in 

equilibrium with a carbonatitic magma and are probably 

less resilient to a salt-bearing hydrothermal fluid.  

 

7 Conclusion 

 

Halite, an enigmatic mineral in carbonatites, has one clear 

source: pyrochlore. Although alteration of pyrochlore is 

not the sole source, it contributes significantly to the total 

amount of halite. Furthermore, the presence of halite, and 

thus Cl, could have significantly increased the solubility of 

light rare earth elements (Migdisov and Williams-Jones 

2014) and even Nb during magmatism and 

hydrothermalism. Halite would then be only a remnant of 

the transportation and/or concentration processes of Nb 

and REE mineralization in carbonatites.  
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