
Fig. 1. Geology of Quebec, arrow marks location of 
the LSJA is outlined in yellow.
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Anorthosites from Lac à l’Orignal are part of 
the Proterozoic Lac-Saint-Jean Anorthosite 
(LSJA) Complex (red arrow, Fig. 1).  The LSJA 
Complex is situated ~250 km N of Québec City. 
It is located in the Grenville Structural Province 
(Higgins & Breemen, 1992) of the eastern 
Canadian Shield.

Anorthosites
Anorthosites are plutonic igneous rocks, con-
taining > 90% plagioclase with the remain-
der consisting of mafic silicates (e.g., ortho/
clinopyroxene, olivine) and lesser amounts of 
Fe-Ti oxides (e.g., magnetite, ilmenite). Asso-
ciated with anorthosites are rocks containing 
<90% plagioclase; depending on the phase or 
amount of mafic silicates (minerals) present, 
these rocks are termed leucotroctolites, leu-
cogabbros or leucogabbronites (see Fig. 2)

Fig. 2. Ternary diagram of gabbroic rocks (after 
Scoates & Mitchell, 2000).
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Archean megacrystic anorthosites range from small (1 to 10 km2) to large (>500 km2) bodies. 
Within these anorthosites are roughly spherical and equidimensional plagioclase megacrysts 
ranging from ~0.5 to 30 cm in diameter, surrounded by a finer grained ground mass of 
interstitial mafic minerals. Distinctive megacrystic anorthositic textures are preserved regardless 
of metamorphic grade. Plagioclase grains are Ca-rich (An61-94). If layering is present, layers are 
defined by megacryst size differences or slight variations in colour index (vol.% mafic minerals).

Proterozoic massif-type anorthosites are the most volumetrically abundant of terrestrial 
varieties.  Sizes range from small, individual plutons (1 to 10 km2) to enormous composite 
batholiths (>18,000 km2) containing multiple (>20) anorthositic intrusive masses. Massif-
type anorthosites are composed of lath-shaped plagioclase crystals (1 to 10 cm), which 
are intermediate in composition (An30-70). Primary mafic minerals include clinopyroxene, 
orthopyroxene and/or olivine, all of which occur as intercumulate phases. Fe-Ti oxide minerals 
(magnetite, ilmenite) are ubiquitous accessory minerals and may, at times, reach significant 
proportions (Ashwal & Bybee, 2017).

Fig. 3. Global distribution of Archean megacrystic (green) anorthosites 
and Proterozoic massif-type (red) anorthosites. Cratons in pink; larger 
cratons are labelled (from Ashwal and Bybee, 2017).

There are 6 varieties of 
anorthosites (Ashwal, 1993): 
(1) Archean megacrystic 
anorthosites (~2.5-3.73 Ga; 
Fig 3); (2) Proterozoic massif-
type anorthosites (~0.54 to 
2.5 Ga; Fig. 3); (3) layered 
mafic complex anorthosites; 
(4) oceanic anorthosites; 
(5) anorthositic inclusions 
in igneous rocks; and (6) 
extraterrestrial anorthosites.  



Pufahl Research Group
Quebec Anorthosite Complex - Research Notes
August 8, 2022, revised Sept 19, 2022

The anorthositic plutons of the LSJA Complex 
(Fig. 4) are composed of plagioclase, with varying 
amounts of pyroxene and olivine, making it 
difficult to delineate individual pluton borders 
(Higgins et al., 2002).  The complex also contains 
minor amounts of leuconorite, leucotroctolite, 
norite, olivine-bearing gabbro, gabbro, pyroxenite, 
peridotite, dunite, nelsonite (typically containing 
magnetite, ilmenite, apatite), magnetite, and rare 
charnockite-mangerite units (Hébert et al., 2005; 
Grant, 2020).

Fig. 4. LSJA Complex (red arrow) and other 
anorthosite bodies. WB = White Bear Arm 
anorthosite, LF = Lac Fournier lobe, RR = 
Rivière Romaine lobe (adapted from Bédard, 
2009).

X-Ray powder diffraction (XRD) analysis 
of 35 core samples from four well 
bores (LO-14-02, LO-14-022 to 024) 
from Lac à l’Orignal indicates that these 
rocks primarily contain plagioclase, 
orthopyroxene, clinopyroxene, ilmenite, 
magnetite, apatite, and biotite (Fig. 5). 
Petrographic study of core samples 
corroborates XRD data (Fig. 6 - next 
page). Rietveld refinement techniques 
using XRD data and mineral liberation 
analysis (MLA) will be conducted to fully 
characterize host rock mineralogy and 
mineral textural relationships.

Lac-Saint-Jean Anorthosite Complex

Fig. 5. X-Ray diffractogram showing mineralogy of a 
representative sample from Lac à l’Orignal 
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Fig. 6. (right) Core photographs and photomicrographs of representative samples from Lac à l’Orignal. (A) 
Core photograph showing plagioclase and mafic + oxide mineral-rich zones. (B) Photomicrograph (plane-
polarized light) from (A) showing textural relationships of apatite, orthopyroxene, magnetite, ilmenite, 
and biotite. (C) Core photograph showing abundant plagioclase (white) and subordinate amounts 
of mafic and oxide minerals (dark). (D) Photomicrograph (crossed-polarized light) from (C) showing 
relationship of subhedral plagioclase to apatite, magnetite, ilmenite, and biotite.
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Economic phosphorites are igneous and sedimentary in origin and are found globally (Fig. 7). 

Fig. 7. Known igneous and sedimentary phosphorites with 
respective ages. Compiled from Cook & Shergold (1986); Notholt 
et al. (1989); Burnett & Riggs (1990); Glenn et al. (1994); Jasinski 
(2022). Modified from Pufahl & Groat (2017); references in Pufahl 
& Groat (2017). 

At least 85% of the world’s 
phosphate reserve base resides 
in North Africa and the Middle 
East, a geopolitically sensitive 
region. This phosphatic region is 
composed entirely of sedimentary 
phosphorite and is therefore not 
ideally suited for the LFP battery 
market. The First Phosphate 
deposit is a strategically located 
North American igneous 
occurrence that is not directly 
in competition with fertilizer 
companies for P2O5. Only ~5% of 
the global phosphate reserve base 
is hosted in igneous rocks, which 
are more desirable for the LFP 
market because they can contain 
fewer deleterious trace elements 
(Table 1).

Table 1. Comparison of sedimentary and igneous phosphate deposits.  Anorthosite-hosted deposits are 
highlighted.
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