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Introduction 
 
This report encompasses a recent, more definitive assessment of rare-earth element and coexisting 
mineralogy at the Pole Lake REE-Nb-Th-Ba occurrence in the northern part of the Lackner Lake alkalic 
complex, Chapleau area of north-central Ontario. This work represents a follow-up of the initial field 
investigation by the author in November of 2008 (Breaks 2009) in which very high total REE values, up 
to 7.5 wt.%, were discovered in a previous examination by Vale Exploration Canada Ltd (2008). To the 
writers’ knowledge these values (Appendix 1) are amongst the highest ever documented in Ontario. In 
addition, the author also examined core on March 20, 2012 in drilling undertaken by 6070205 and 
6378366 Canada Limited (322 total metres) that tested an EM-magnetic anomaly in the southeastern part 
of the complex (Figure 1). These holes intersected zones with elevated rare earth element values (highest 
∑REE = 5398 ppm) associated with narrow carbonatite dykes (<30 cm) hosted in ijolite. The electron 
microprobe work focused upon material from three samples, which returned the highest ∑REE values 
(369665: 7.5 wt.% and 3446-A and 3446-B: 6.07 wt.%), in order to verify the rare earth element 
mineralogy. 

The Lackner Lake alkalic complex, which consists of alkalic silicate units (nepheline syenite, ijolite and 
ijolite breccia) intruded by late carbonatite dykes and masses, has witnessed a significant history of 
mineral exploration that mainly focused upon niobium, apatite, and magnetite. Mineral exploration 
conducted to 1988 has been extensively documented by Sage (1988) and was also summarized by Vale 
Exploration Canada Limited (2008). However, little economic focus was given to the rare-earth elements 
and yttrium, prior to the present work, as the historical commodities of interest were niobium and residual 
apatite. Cerianite [(Ce4+,Th)O2] was the only rare-earth mineral documented in the historical literature 
(Sage 1988, p. 38) and to date has only been found in carbonatite within the eastern part of the complex.  

 
 

Figure 1. Outline of the Lackner Lake alkalic complex, related Portage alkalic complex, Pole Lake and Camp Lake rare-earth 
element showings, all positioned on a base-map downloaded from Google Earth Professional. 
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Analytical Procedures 
 
Mineral composition data were determined on two polished thin-sections and one epoxy plug with 
mounted grains from relatively coarse pieces sifted from the rejects of sample 369665 at the Sudbury 
preparation lab of ALS Chemex Laboratories. The three samples were analyzed by Dr. A.G.Tindle with a 
Cameca SX-100 electron microprobe at the Dept. of Earth Sciences, The Open University, Milton 
Keynes, UK. This work also produced various X-Ray maps and false colour back-scattered-electron 
images as an adjunct in mineral identification and also as illustrations in this report. Analytical conditions 
and standards used in the electron microprobe analysis (EMPA), details of the X-Ray map procedure are 
given in Appendix 2 and all EMPA data are found in Appendices 3 and 4. A total of 131 analyses were 
amassed on rare earth element and coexisting phases with the electron microprobe. It should be noted that 
the electron microprobe can only precisely analyze for La2O3, Ce2O3, Pr2O3, Nd2O3 and Y2O3. This is 
due to strong interference patterns especially with the heavy rare earths (A.G. Tindle, personal 
communication, 2009). Thus low totals between 73 and 94 wt.% could reflect the unanalyzed presence of 
the heavy rare earth elements. The shortcomings of electron microprobe analysis (EMPA) for rare earths 
beyond Sm in the periodic table can be averted by utilizing laser-ablation ICP-MS analysis that is also 
available at The Open University. 
 
Representative compositions of the various rare earth element minerals identified to date [britholite-(La), 
britholite-like, monazite-(Ce), a secondary REE mineral, and Y+LREE-bearing fluorapatite] are presented 
in Tables 2 and 3. Coexisting phases identified include phlogopite, nepheline, aegirine-augite, calcite, 
barite and K-Na feldspar. Titanite, zircon and pyrochlore were also identified during the field work but 
are not present in the samples selected for EMPA. 

General  Geology 
 
The 1138 ± 29 Ma Lackner Lake alkalic complex is situated within the Kapuskasing structural zone that 
also hosts several other alkalic rock-carbonatite intrusions such as at Seabrook Lake, Borden Lake, 
Nemegosenda Lake and Cargill Township (Bell and Blenkinsop 1980; Sage 1991). Woolley and 
Kjarsgaard (2008) assigned number 210 to the Lackner Lake complex on the world carbonatite map see 
ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/225/225115/gscof_5796_e_2008_mn01.pdf 
  
The main rock types in the Lackner Lake alkalic complex comprise foliated and massive ijolite, ijolite 
breccia, leucocratic and melanocratic nepheline syenite and sparse, late dykes of carbonatite (sövite and 
silicocarbonatite) and apatite-magnetite veins. Local fenitization of granitic gneiss host-rocks has been 
documented by Sage (1988).  
 
The intrusion is distinctively evident on regional aeromagnetic maps and, in particular, the inner ijolite 
ring of Parsons (1961) which passes through the Pole Lake rare-earth element occurrence, is quite 
discernible with magnetic intensities in the range of  61, 500 to 62, 500 gammas (ODM-GSC 1963). 
 
Areas of relatively low total field magnetic intensity such north of Pole Lake and east of Lackner Lake 
(Figure 1) may correspond to larger zones of carbonatite that typically have low amounts of magnetite. 
Sparse, late carbonatite dykes have been documented on surface and traced in a drilling program at the 
Multi-Minerals Limited No.8 zone in the Camp Lake area (Sage 1988, p. 51) for 150 m and with a 
thickness of 30 m.  
 
A second  carbonatite mass was inferred by Parson (1961) and  situated 100 m north of Pole Lake where a 
50 by 250 m zone with abundant carbonatite boulders was recognized. 

ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/225/225115/gscof_5796_e_2008_mn01.pdf


 

5 
 

Property Geology 
 
Rock types on claim 420430 comprise foliated and massive ijolite, several petrographic variants of 
nepheline syenite and rare carbonatite pods and magnetite-apatite segregations. The main exposure 
comprises a steep cliff face, about 10 m in height, abutted by an extensive talus pile of angular boulders 
that have spalled from the rock face. The cliff face and talus boulder pile is quite obscured by a pervasive 
black stain (? humic acids) coupled with various species of lichen and moss. It is conceivable that the 
mineralized zone will be more readily observed subsequent to Wajax®  power washing and bleaching of 
the lower part of the cliff face. Clean weathered surfaces of most rock types in the area can be observed 
along the shoreline of Pole Lake.  
 
The most abundant rock type at the Pole Lake rare-earth element occurrence is a dark-grey weathered, 
weakly to modestly foliated, dark, fine-to coarse-grained, porphyritic to equigranular ijolite. However, 
samples with very high Total REE content are hosted in a deep pink, altered fine-grained, barite-
phlogopite-aegirine-augite nepheline syenite (Photo 2). 
 

 
 

Photo 1. View of the Pole Lake REE-Th-Nb-Ba showing on cliff face with apron of talus composed dominantly of moss covered, 
angular boulders of ijolite that locally contain cross-cutting carbonatite veins enriched in rare earths. 
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Mineralogy of Pole Lake REE-Nb-Th-Ba showing 
 
The rare-earth element mineralization at the main Pole Lake showing is associated with a deep pink, 
strongly hematite-altered, fine-grained, barite-phlogopite-aegirine-augite nepheline syenite (Photo 2). The 
mineralization coincides with a zone of high radioactivity, estimated at 3-5 m in thickness on the cliff face 
(Vale Exploration Canada Limited). This zone generally lies essentially parallel to the subvertical 
foliation of the host ijolite and represents the source area for talus samples with highly elevated total rare-
earth contents collected by Vale Exploration Canada (369664, 369665, and 369666). The main REE 
minerals were determined to be monazite-(Ce), britholite-(La), britholite-like mineral, a secondary REE 
mineral not fully characterized and a Y2O3+LREO-bearing fluorapatite. Britholite-(La) and its altered 
equivalents occur in two textural settings: 
 

• primary grains enveloped by later phlogopite, nepheline and K,Na feldspar (sample 369665), and, 
 

• late stage micro-vein infillings (sample 3446-A). 
 

Several mineral concentrates were analyzed by Multi-Minerals Limited. Apatite from the Number 6 
magnetite-apatite zone registered 2.75 wt. % total rare-earth elements (Sage 1988, p.40). Two analyses of 
pyrochlore-group minerals from the magnetite-apatite zones 6 and 8 registered respective La+Ce+Sm 
contents of 1.7 wt. % and 0.32 wt. % (Sage 1988, p.37). However, the preceding historical data are not 
National Instrument 43-101 compliant and therefore cannot be relied upon. 

In this report, geochemical data from samples of the writer’s 2008 visitation, the work of numbered 
companies 6070205 and 6378366 Canada Ltd. (complete analyses of intervals from two 2011 drill holes 
in Corstorphine , 2012) and finally from grab samples taken by Vale Exploration Canada in 2008 are also 
examined. The important data from the Vale Exploration Canada work are given in Appendix 1, as an aid 
to the reader.  
 
Relatively high heavy rare earth element (HREE) levels were documented at the Pole Lake showing as 
summarized in Table 1 (mean ∑HREE = 1337 ppm).  Anomalously high dysprosium (mean = 264 ppm) 
and terbium (mean = 75 ppm), metals of current critical importance in the functioning of Nd-Fe-B 
permanent magnets at high temperatures (Minowa 2008), and strongly elevated europium (mean = 241 
ppm), used in phosphors (Zepf  2013), are notable features of the geochemistry at this showing and these 
metals are approximately 3 times higher than in the Camp Lake zone. Dysprosium, terbium, europium, 
neodymium and yttrium currently retail respectively at US $630, $1000, $1300, $95 and $60/kg for 
99.9% purity metal FOB China, see www.metal-pages.com It has been predicted that shortages of these 
rare earth elements could manifest in the near future (Hatch 2012; Zepf 2013) and thus it is imperative 
that deposits enriched in the HREE in particular can be developed. 
 
Bulk rock lithochemical data was processed with the Geochemical Data Toolkit (GCD kit) that is 
petrogenetic software freely available at http://www.gla.ac.uk/gcdkit/ (Janousek, Farrow and Erban 
2006). The chemical variation of the rare-earth elements was mainly assessed with chondrite-normalized 
plots calculated by the reference standard of Boynton (1984). The chondrite-normalized ratios La/YbN 
and Eu/Eu* are respectively employed to reveal the degree of the rare-earth element fractionation and the 
extent of repletion/depletion of europium. These diagrams are particularly useful in assessing genetic 
relationships between the various rare earth element-enriched alkalic rocks on the Lackner Lake property 
and comparison with rare earth element mineralized alkalic silicate rock systems elsewhere such as Thor 
Lake deposit, NWT (Taylor and Pollard 1996), and the Rodeo los Molles alkalic complex in Argentina 
(Lira and Ripley 1992). 
 

http://www.gla.ac.uk/gcdkit/
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The division into light rare and heavy rare earth element categories follows that of Castor, S.B. and 
Hedrick, J.B. 2006. Rare Earth Elements, p.769-792 in Industrial Minerals and Rocks, Society for 
Mining, Metallurgy and Exploration. The calculation of rare earth oxide values can be made using 
chemical conversion factors as available at www.metal-pages.com  
 
∑REO = total rare-earth oxides [La2O3, Ce2O3, Pr2O3, Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb2O3] 
 
∑LREO = total light rare-earth oxides [La2O3, Ce2O3, Pr2O3, Nd2O3, Sm2O3, and Eu2O3]  
 
∑HREO = total heavy rare-earth oxides [Gd2O3, Tb2O3, Dy2O3, Ho2O3, Er2O3, Tm2O3, Yb2O3 and 
Lu2O3] 

http://www.metal-pages.com/
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Table 1. Summary of means and ranges for the ∑REE, ∑LREE, ∑HREE, yttrium, tantalum and niobium in bulk rock samples of Vale Exploration Canada Limited (2008). 

 

 ∑ REE ∑LREE ∑HREE Y Ta Nb 
 Mean range mean range mean Range Mean range mean range mean range 
             
Camp 
Lake 

5676 222 ppm 
to 1.59 
wt.% 

5381 178 to 
1.51 wt.% 

294 19-815 233  12-625 61 0.8-190 1954 178-
5810 

             
Pole 
Lake 

2.97 wt.% 1529 ppm 
to 7.5 
wt.% 

2.83 wt.% 1463 ppm 
to 7.15 
wt.% 

1337 66 to 
3418 

801 44-2020 78 1.2 to 
317 

2310 29-2020 

             
LREE = La to Eu and HREE = Gd to Lu as defined by Samson and Wood (2005).  
 
Values, in ppm unless indicated as weight percent, are based upon 15 and 5 bulk rock samples respectively from the Camp Lake and Pole Lake areas 
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Photo 2. View of cut slab surfaces of samples 3446-A and 3446-B (6.07 wt.% total REE) selected for EMPA. Both samples 
consist of variably altered, fine-grained barite-phlogopite-aegerine-augite nepheline syenite from Pole Lake showing with fine 
grained, REE-bearing minerals that are virtually impossible to discern in hand specimen. 3446-A shows both sides etched with 
HF acid but left side only stained for K,Na feldspar. 3446-B slabs reveal polished side on left and HF etching and feldspar 
staining on right side etched with HF acid.Three analyses on slab surface with a Terraplus RS-125 spectrometer gave mean 
values of K (4.0 %), U (0.0 ppm) and Th (542 ppm). 
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Specimens 3446-A and 3446-B, selected for EMPA, are shown in Photo 2. 3446-B reveals several 
generations of en-echelon, sigmoidal, milky quartz-rich extension veinlets that have transected the rock 
and such veins are plausibly due to a late brittle deformation episode. The quartz veinlet system plausibly 
allowed oxidized hydrothermal fluids to permeate the rock that caused hematization and alteration of 
primary minerals such as monazite and britholite.  
 

 
 
Photo 3. Coloured back scattered electron image of part of thin section 3446-A showing abundance of disseminated monazite 
(yellow to yellow green), and barite masses (orange). Britholite in this section is restricted to two en-echelon, late-stage, thin, 
very fine-grained veinlets. Blue and purple areas consists of K,Na feldspar, phlogopite, aegerine-augite and that form the matrix 
for the rare earth element minerals and barite. Red rectangle indicates location  of monazite mineral cluster with detail view in 
Photo 4. 
 

Monazite-(Ce) 
 
Monazite-(Ce), the most abundant rare earth mineral in sample 3446 (Photos 3 and 4), is subtly evident as 
fine-grained, red brown grains on fresh rock surfaces. It was not observed in the plug-mounted fragments 
of sample 369665, however, the small pieces scavenged from the jaw crushed rejects may not be entirely 
representative of the sample analyzed by ALS Chemex. No reference hand sample could be located for 
369665. 
 
Mean compositions of monazite and its alteration areas that have variably overprinted the primary grains, 
are presented in Table 2.  Levels of La2O3+Ce2O3+Pr2O3+Nd2O3 vary from 43.2 to 52.7 wt.%      
(Appendix 3) whereas the maximum theoretical TREO of monazite is 69.73 wt.% (Mariano 1989a). 
Primary monazite from the Pole Lake showing has a relatively low amounts of ThO2  (Appendix 4; mean 
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= 4.10 wt.%;  range 2.95 to 6.15 wt.%) that approach the range found in monazite from carbonatite 
systems (typically <0.5 wt.% ThO2: Wall and Mariano 1996, p.204). In other settings, the ThO2 content 
in monazite may reach 26 wt.% (Mernagh and Miezitis, 2008).  
 
 
 
Table 2. Mean compositions of monazite-(Ce), altered monazite, a secondary REE mineral and Y2O3+LREO-bearing 
fluorapatite from the Pole Lake showing. 
 

 
Monazite Secondary REE 

mineral 
Y2O3+LREO-

bearing Apatite   primary altered 
SiO2 7.82 11.80 4.14 0.00 
TiO2 0.00 0.03 0.05 0.00 
Al2O3 0.21 1.52 0.47 0.03 
FeO 0.47 5.38 4.62 0.11 
MnO 0.04 0.14 0.06 0.13 
MgO 0.07 1.09 0.71 0.07 
CaO 4.41 6.13 12.23 46.19 
Na2O 0.07 0.10 0.05 1.86 
P2O5 17.32 10.35 1.41 39.77 
Y2O3 0.78 1.13 0.68 1.72 
La2O3 15.47 11.75 13.51 0.73 
Ce2O3 16.84 12.85 12.06 1.22 
Pr2O3 4.04 3.02 3.07 0.48 
Nd2O3 12.94 10.22 10.05 2.20 
PbO 0.04 0.33 0.23 0.04 
ThO2 4.10 5.02 3.05 0.30 
UO2 0.05 0.09 0.05 0.03 
Nb2O5 0.30 0.19 0.08 0.01 
Ta2O5 0.02 0.01 0.01 0.00 
F 1.04 1.22 3.33 6.18 
O=F 0.44 0.51 1.40 2.60 
Total 85.40 81.86 68.46 98.46 
∑LREO 49.3 37.84 38.69 4.63 

# analyses 15 18 7 3 
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Photo 4. Black and white backscattered electron image of monazite grains from 3446-A showing variable alteration to secondary 
monazite that enclose relics of primary monazite. 
 
Secondary monazite has a wider range of La2O3+Ce2O3+Pr2O3+Nd2O3 (21.7 to 53.9 wt.%) also 
evident in a lower mean value of 37.8 wt.% versus 49.3 wt.% in primary monazite. In other geological 
settings such as Australian beach sands, monazite may contain up to 60-65 wt.% ∑LREO and 26 wt.% 
ThO2 (Mernagh and Miezitis 2008). 

Britholite-group minerals 
 
Britholite-group minerals (Ce,Ca,Th,La,Nd)5(SiO4,PO4)3(OH,F) comprise hexagonal, REE-rich silico-
phosphates that belong to the apatite supergroup (Pasero et al. 2010). It is typically a dark brown to 
orange resinous mineral that is almost impossible to recognize in hand specimen. Britholite mostly occurs 
in alkalic intrusive and carbonatite complexes but only a few localities are known in Canada and the 
Lackner Lake alkalic complex represents a new occurrence. Other occurrences in Canada include the 
Kipawa syenite complex (Mariano 1989a), Kwyjibo Fe-oxide-Cu-REE-Mo-F-U-Au deposit and Oka 
carbonatite deposit in Quebec, the Red Wine alkalic complex in Labrador and the Thor Lake REE-Y-Be 
deposit in the NWT (Taylor and Pollard 1996). Photo 5 illustrates the appearance of fresh, euhedral, 
fluorbritholite from the Kola Penninsula of Russia.  
 
Only one known deposit has a substantial amount of britholite-rich REE mineralization. The Pilanesberg 
alkalic complex of the Republic of South Africa hosts a resource of 13.5 million tons that averages 0.7 
wt.% TREO+ThO2 where britholite is associated with allanite, apatite, calcite, strontianite, fluorite and 
aegirine (Lurie 1985). A higher grade part of the deposit contains 1.2 million tons at 6.54 wt.% 
TREO+ThO2. 
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Photo 5. Fresh golden-brown euhedral prismatic crystal of fluorbritholite from the Sakhariok Massif, Kola Peninsula, Northern 
Region, Russia that occurs in hydrothermally altered rock. Associated minerals include pink nepheline (var. eleolite), white 
calcite, violet fluorite and dark green black aegirine see  http://www.mindat.org/gallery.php?loc=18634 
 
Britholite from the Pole Lake showing (Photos 6 to 9) is typically enriched in the light rare earths within a 
range in ∑ La2O3+Ce2O3+Pr2O3+Nd2O3 from 32 to 57 wt.%  for examples from the literature (Table 
3). Yttrium can also achieve high values, up to 2.42 wt.% in britholite-(Y), however, this variant is 
restricted to only five localities world-wide:  http://webmineral.com/data/Fluorbritholite-(Ce).shtml 
 
Britholite is of potential economic significance if interesting concentrations of the heavy rare earths are 
present, particularly in yttrium-rich variants of the mineral. The Pole Lake britholite analyses reveal 
modest levels of Y2O3 with mean compositions between 0.65 to 1.19 wt.% (Table 3) and thus further 
examination of the HREE in birtholite is recommended via LA-ICP analysis. The low totals for the 
britholite, between 73.3 and 94.66 wt.%  suggest that some of the missing elements could be the heavy 
rare earths of which the electron microprobe cannot precisely analyze. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.mindat.org/loc-18634.html
http://www.mindat.org/loc-18634.html
http://www.mindat.org/gallery.php?loc=18634
http://webmineral.com/data/Fluorbritholite-(Ce).shtml
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Table 3. Mean electron microprobe compositions for britholite and britholite-like minerals from Pole Lake REE-Th-Nb-Ba 
showing. 

 

 
Britholite 

 

Britholite-
like 

 
Literature 

 
369665 3446-A 

 3446-B  
1 2 3 4 

 
primary altered altered altered primary 

  
        

SiO2 17.51 17.05 17.53 13.44 3.36   17.44   21.27 20.92 19.56 16.2 

TiO2 0.00 0.00 0.00 0.00 0.00 
 

0.03 
   

0.02 
 Al2O3 0.00 0.00 0.00 0.37 1.13   0.43         0.09 

FeO 0.15 0.12 0.24 1.91 1.2 
 

1.87 
     MnO 0.21 0.18 0.17 0.08 0.05   0.18           

MgO 0.00 0.00 0.00 0.00 1.75 
 

0.09 
    

0.02 

CaO 18.16 17.53 17.61 9.86 12.83   5.14   20.59 14.21 14.56 16.6 

Na2O 0.05 0.09 0.10 0.31 0.00 
 

0.09 
     SrO 1.27 1.11 1.21 0.92           0.4   0.46 

P2O5 6.78 6.61 6.52 9.79 0.11 
 

2.62 
 

4.65 2.86 2.94 7.03 

Y2O3 1.19 1.17 1.19 0.99 0.65   5.97     1.32 2.07 0.4 

La2O3 14.42 13.67 14.09 14.90 15.59 
 

0.61 
 

8.54 16.09 8.67 16.3 

Ce2O3 13.30 12.66 13.01 14.17 15.26   2.88   19.37 29.64 25.47 22.5 

Pr2O3 3.27 3.16 3.30 3.15 3.64 
 

0.77 
  

3.64 
 

2.79 

Nd2O3 11.04 10.61 11.12 10.49 12.61   3.45   4.41 6.78 13.62 6.92 

Sm2O3 
         

0.68 2.02 1.66 

PbO 0.20 0.21 0.23 0.12 0.12   0.23         0.24 

ThO2 4.24 4.14 4.28 5.93 0.85 
 

36.57 
 

20.77 1.72 1.12 
 UO2 0.04 0.03 0.04 0.10 0.02   0.37       0.78   

Nb2O5 0.02 0.02 0.01 0.01 0.01 
 

0.04 
    

0.13 

Ta2O5 0.06 0.03 0.04 0.04 0.00   0.00           

F 2.74 2.68 2.83 1.45 4.12 
 

0.59 
 

0.5 2.42 2.99 3.80 

HREE                     0.54 4.99 

Cl 0.01 0.04 0.05 0.19                 

Total 94.66 91.11 93.59 88.22 73.3   79.37   100.1 100.7 94.34 100.1 

∑LREO 42.03 40.11 41.53 42.70 47.11  7.72  32.32 56.83 26.24 50.17 

# analyses 5 5 8 7 4  3    4  

1. Britholite-(Ce) Julianehaab, Greenland: http://webmineral.com/data/Britholite-(Ce).shtml 
 2. Fluorbritholite-(Ce), Mont Saint-Hillaire, Quebec. Gold (1972) 

     3. Mean values of four unaltered britholite-(Ce), Eden Lake alkalic complex, Manitoba (Arden and Halden 1999). 

4. Fluorbritholite-(Ce): Nash (1972)   
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Photo 6. Coloured back-scattered electron photo showing a britholite-rich, late stage veinlet hosted in nepheline-phlogopite-Na-K 
feldspar syenite of sample 3446-A. 

 
 

Photo 7. Coloured back-scattered electron photo for grain #1 in sample 369656 that reveals a mosaic of disseminated unaltered 
britholite (orange-red) and altered equivalent within a mosaic of phlogopite (blue), K-Na feldspar (dark purple), nepheline (bright 
purple) and magnetite (green). The black area consists of epoxy mount material. 
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Photo 8. Coloured back-scattered electron photo for grain #2  of sample 369656 that comprises primary britholite-(Ce) and altered 
equivalents (orange) that partly contains inclusions of nepheline (purple) all of which are enveloped by phlogopite (blue). 
 

 
 

Photo 9. Coloured back-scattered electron photo showing detail of cross-hatch texture that consists of unaltered britholite (red) and a 
variably altered equivalent (green to yellow area). The black area consists of coexisting phlogopite and minor nepheline 
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REE Secondary mineral 
 
This mineral was found in one part of sample 3446 A and identification is currently not possible due to the 
low totals present in three electron microprobe analyses where a mean value of  38.7 wt.% total REE was 
determined (Table 2). 

 

 

 
Photo 10. Coloured back-scattered electron photo showing detail of a cluster of equant grains of a secondary REE mineral (green to 
yellow area)  not completely characterized, that contains disseminated finer-grained, unaltered britholite (red grains). Black areas 
consist of phlogopite and nepheline. 
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Fluorapatite 

Fluorapatite Mineral Concentrate 

Apatite can contain significant amounts of the REE that achieve maximum levels of 8.3% (Hogarth 1989). In 
the production of phosphate fertilizers, most of the REEs are likely ejected into waste tailings. A mineral 
separate of vivid green, partly translucent apatite, obtained from a silicocarbonatite vein hosted in ijolite at the 
Pole Lake showing, was submitted by the writer for analysis by the Geoscience Laboratory of the Ontario 
Geological Survey (sample 08-FWB-47 in Table 2 and Appendix 6). This work allows comparison with the 
historical rare earth element values documented at the Camp Lake zone (2.75 wt.% ∑REO: Sage et al. 1988, p. 
39). The Pole Lake apatite contains a higher level of TREO of 3.42 wt.% with significant levels of the critical 
rare earths Nd (5520 ppm), Dy (298 ppm), Eu (220 ppm), Tb (61 ppm) and Y (1119 ppm). 

Table 4. Rare earth element composition of apatite from the Pole Lake REE-Nb-Th-Ba showing. Values in ppm unless otherwise 
indicated as weight percent. 

 
La 6771.95 
Ce 13218.54 
Pr 1601.00 
Nd 5519.63 
Sm 812.50 
Eu 220.28 
Gd 501.20 
Gd 60.80 
Tb 298.81 
Dy 49.93 
Ho 119.23 
Er 14.03 
Yb 66.83 
Lu 6.77 
TREE 29261.50 
TREO (wt.%) 3.42 
TREO+Y2O3 (wt.%) 3.56 
TLREO (wt.%) 3.29 
THREO (wt.%) 0.13 
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Figure 2. Chondrite-normalized REE plot for silicocarbonatite whole rock versus apatite concentrate, locality 3429, Pole Lake showing. 

Y2O3+LREO-Bearing Fluorapatite 
 
This type of fluorapatite was found within and proximal to late stage micro-veinlets up to 50 microns in width 
(Photo 6). The apatite is characterized by high ∑LREO levels of 4.43 to 4.85 wt.% coupled with elevated 
Y2O3 contents of 1.66 to 1.83 wt.% (Appendix 4). Mineral deposits that contain apatite with elevated Y2O3 
and TREO contents up to 6 wt.% are and exemplified by the Mineville deposit, Adirondack district of New 
York State. In 1980 Molycorp Inc. assessed apatite-rich tailings that contain 8 to 9 million kgs with an average 
grade of 0.12 wt.% Y2O3 and 0.6 wt.% TREO (Mariano and Mariano 2012). It is recommended that further 
work determine the extent and modal variation of Y2O3+LREO-bearing apatite at the Lackner Lake alkalic 
complex as this mineral could contain interesting levels of the HREE such as Dy and Tb. 
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Geochemistry 
 
This section examines some of the salient geochemical attributes in the lithochemistry data-base from analyses 
of Vale Exploration Canada Inc. (2008, and 2009 and 2011 data of 6070205 and 6070205 Canada Inc., which 
contains 99 analyses as compiled in Appendix 5. 
 
 

 
Figure 3. Classification of carbonatites from Lackner Lake alkalic complex after Woolley and Kempe (1989). Green triangles represent 
analyses from Sage (1988, p. 88) and single red square denotes analysis from Pole Lake sample 3429 (Appendix 4).  

 
Only a few whole rock analyses are available of carbonatite units from the complex ([five for Unit 6 of Sage 
1988, p. 88 and one analysis in Appendix 4 (sample 3429)]. On the carbonatite classification diagram of 
Woolley and Kempe (1989) the compositions span a range from calciocarbonatite to ferrocarbonatite   (Figure 
2). In carbonatite systems, enrichment of the REEs typically occur in late stage ferrocarbonatite veins and 
dykes (Wall and Mariano 1996) that could be analogous to carbonatite veins at the Pole Lake showing (Photo 
11) where anomalous values of 7326 and 7373 ppm total REE were documented (Appendix 5). 
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Photo 11. Part of a silicocarbonatite vein (arrow) and related veins and patches in a deep green to black ijolite host-rock from locality 
3429. The deep green, medium- to coarse-grained mineral is possibly aegirine-augite (as above coin) that may have evolved via 
fenitization of the foliated ijolite host. The light pink phase is mostly calcite. 
 

 
 
Figure 4. Chondrite-normalized plot for all samples from the Pole Lake REE-Nb-Th-Ba showing that contain highest total REE values 
in Lackner Lake complex. 
 
Negative cerium anomalies are evident in six samples from the Pole Lake showing (Figure 4). Cerium may 
have been preferentially extracted, vis-a-vis the other rare earth elements during alteration by oxidized 
hydrothermal fluids as this element can achieve a valence change from Ce3+ to Ce4+ unlike any other rare earth 
element (Giere 1996). Textural evidence indicates that monazite and britholite have been altered and plausibly 
may have contributed to Ce4+ scavenged by hydrothermal fluids. It is interesting to note that cerium is normally 
dominant in britholite-(Ce) but compositions at Pole Lake almost always show a slight excess of lanthalum 
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over cerium and modifier shown as britholite-(La).  
 
The fate of the released Ce4+ into a hydrothermal fluid is uncertain, however, could represent one mineral that 
could incorporate Ce4+ (Geier 1996) . In supergene deposits formed on carbonatite in Brazil, this mineral is 
closely associated with monazite (Mariano 1989b). Cerianite has been verified in apatite-magnetite unit along 
in the eastern part of the Lackner Lake complex (Sage 1988) but thus far not recognized at the Pole Lake 
showing. 

 

 

Figure 5. Chondrite-normalized plots for nepheline syenite, ijolite and silicocarbonatite vein with elevated total REE from 2011 drill 
holes in south-central part of Lackner Lake complex. 

The ijolite and minor nepheline syenite are concentrated in a band of parallel, negatively sloping curves 
(La/YbN 11.9 to 45.3)  that reflect a strong genetic linkage with modestly elevated total REE (Appendix 4: 317 
to 1009 ppm) . Silicocarbonate veins, with total REE of 5398 ppm, has an identical pattern that lies isolated 
and above the main band of REE variation. 

Elevated thorium contents generally correlate with increased total HREE in whole rock compositions as 
revealed in the data-base (Figure 5). The high thorium contents are mainly contained in britholite- and 
britholite-like mineral and monazite-(Ce), see Appendices 3 and 4. Although barium was not analyzed in grab 
samples from the Pole Lake showing, its presence is likely significant as barite masses were identified in 
sample 3446-A (Photo 3). Elsewhere, in drill hole 66I-11-01, barium (9100 ppm) and strontium (1.65 wt.%) 
contents are considerably enriched and associated with a silicocarbonatite vein and alteration system that 
contains about 5400 ppm ∑REE (Appendix 4). 
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Figure 6. Tantalum versus niobium for Camp Lake and Pole Lake rare-earth mineralized zones. 

 
Tantalum exhibits a strong correlation with niobium that is mainly related to widespread pyrochlore 
[NaCaNb2O6(OH,F)], the main mineralogical host of Ta and Nb in the Lackner Lake complex (Figure 3). 
Approximately 30 percent of the Pole Lake samples have tantalum values that exceed 100 ppm and such values 
are of potential economic significance. No other tantalum phases have been recognized to date, however, 
columbite-group minerals can occur in alkalic silicate rock-carbonatite systems (Mariano 1989b). 

 

 
 

Figure 7. Variation of thorium versus total heavy rare-earth elements in the Lackner Lake alkalic complex. Data-base includes 
compositions from drill core in holes 66I-11-01 and 66L-11-02. 
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Thorium, barium and strontium collectively may have utility as geochemical pathfinder elements for rare-earth 
element mineralization in the Lackner Lake alkalic complex. As HREE values typically strongly correlate with 
yttrium (Castor and Hedrick 2006), it seems likely that the “missing rare earths” in the probe analysis totals for 
britholite minerals could consist of the HREE. The exploration application of the negative cerium anomaly that 
particularly characterize the high REE samples at Pole Lake is presently uncertain and worthy of research. 

Recommendations  
 
Recommendations advanced in the writer’s previous report (Breaks 2009) remain valid as a detailed 
examination is required to more completely evaluate the possibly significant rare-earth element mineralization 
present at the Camp Lake and Pole Lake mineralized zones. In addition, further recommendations are made on 
the basis of the mineralogical work. 
 

1. Wajax® power washing of lower part of cliff face and angular boulders to more clearly discern the 
zone of hematite-rich fine-grained syenite that hosts the high values of total REEs. Localized bleaching 
may be useful for areas where the organic staining cannot be removed via the initial Wajax work. 

 
2. Establishment of a grid for a combined geological-radiometric survey mapping to determine the areal 

extent of the REE-rich hydrothermally altered fine-grained syenite system at Pole Lake. It should be 
noted that a nearby exposure of carbonatite and possibly related boulders, previously documented by 
Parsons (1961), situated 100 m north of Pole Lake, is a plausible source of silicocarbonatite veins that 
intrude ijolite at the Pole Lake showing. REE mineralization strongly correlates with elevated thorium 
at the Pole Lake occurrence (see Figure 2).  

 
3. A ground magnetic survey may also be considered if the mineralization exposed by the Wajax® work 

and the geological mapping appears substantial. There may be a magnetic contrast, as suggested by 
magnetic testing of hand specimens, between the ijolite and the pink nepheline syenite dyke system 
and especially with regards to the local silicocarbonatite veins. 
 

4. More detailed mineralogical study of apatite-rich rocks at the Camp Lake and Pole Lake showings to 
determine if similar significant enrichment in critical rare earths Nd, Eu, Dy, Tb and Y is widespread 
REE and Ta content of pyrochlore can also be significant and EMP analysis combined with LA-ICP-
MS analysis should also be included in the study. 
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Appendix 1 
Compilation of  rare-earth elements, U, Th, Nb, Ta, Y and Zr  contents (ppm) in grab samples from the Camp Lake and Pole Lake areas in the 
Lackner Lake alkalic complex.         

         
Sample# La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu ∑ REE 

Camp Lake area             
                  
RX369635 40.2 128 15.55 57.6 10.4 3 7.94 1.07 5.46 1.08 3.89 0.81 7.97 1.5 284 
*RX369636 34.7 115 13.55 48.1 8.37 2.36 6.17 0.83 3.85 0.71 2.34 0.45 4.15 0.77 241 
RX369637 73.6 229 27.6 99.5 16.9 4.72 12.5 1.58 6.71 1.18 3.48 0.59 4.85 0.87 483 
RX369638 34.3 86.3 10.35 38.5 6.75 1.9 5.03 0.64 2.92 0.5 1.45 0.29 2.62 0.42 192 
RX369639 45.6 157 19.45 72 12.85 3.67 9.55 1.33 6.66 1.28 4.46 0.92 8.67 1.61 345 
RX369640 48.1 167 20.4 74.6 13.4 3.89 9.99 1.37 6.56 1.28 4.42 0.92 8.39 1.6 362 
RX369641 1935 4700 582 2210 370 96.5 283 32.7 128 19.85 48 4.59 22.2 2.22 10434 
RX369642 1825 4430 544 2060 345 89.6 265 30.7 119.5 18.6 45.3 4.42 21.8 2.22 9801 
RX369643 1580 3890 484 1840 311 80.1 239 27.4 107.5 16.5 40.1 3.9 19 1.89 8640 
RX369644 2910 7150 886 3390 568 143.5 427 49.5 193 29.7 71.9 6.94 34.1 3.35 15863 
RX369645 2880 7080 882 3390 569 143 423 49.1 192 29.2 70.7 6.67 31.6 2.98 15749 
RX369646 2850 6900 842 3230 532 135.5 399 45.9 180 27.8 68.5 6.6 31.8 3.14 15252 
RX369647 112 259 31.1 112.5 17.65 4.73 13.75 1.55 6.27 0.99 2.64 0.31 2.12 0.34 565 
RX369648 223 455 49.4 172.5 25.5 6.63 20.4 2.31 9.35 1.56 4.13 0.47 2.73 0.4 973 
RX369649 1140 2710 328 1220 200 51.9 153.5 17.6 70.3 10.85 26.7 2.57 13.7 1.38 425 

Mean 1049 2564 316 1201 200 51 152 18 69 11 27 3 14 2 5307 
                  

Pole Lake area             
                  
RX369663 1435 3190 347 1195 184.5 50.4 147.5 17.45 73.8 12.45 32.3 3.53 18.45 1.95 6709 
RX369664 13650 12700 2990 10250 1335 339 1125 105.5 365 53.8 151 13 64.9 6.22 43148 
RX369665 25300 24200 >5000 18900 2480 622 2020 193 669 98.9 279 24.1 122 11.65 74920 
RX369666 6900 6720 1525 5180 685 179.5 591 56.8 200 29.8 82.5 7.2 36.9 3.56 22197 
RX369667 472.0 455.0 111.0 364.0 48.7 12.5 36.4 3.8 13.9 2.2 5.8 0.6 3.0 0.3 1529 

Mean 9551 9453 1243 7178 947 241 784 75 264 39 110 10 49 5 29701 
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Camp Lake area       
Sample# ∑LREE ∑HREE U Th Ta Nb Y Zr 

RX369635 255 30 108 322 122.5 3670 23.9 1670 
RX369636 222 19 69.3 411 98.2 3490 15.3 1400 
RX369637 451 32 119.5 654 167 4860 24.2 1300 
RX369638 178 14 31.5 145.5 19.3 1170 11.5 732 
RX369639 311 34 80.4 580 189.5 5750 28 2120 
RX369640 327 35 78.4 557 182.5 5810 28.1 2080 
RX369641 9894 541 2.1 943 2.1 201 430 573 
RX369642 9294 508 1.71 888 7 369 404 642 
RX369643 8185 455 1.17 918 2.7 223 358 483 
RX369644 15048 815 2.29 1000 0.8 160 640 504 
RX369645 14944 805 2.44 1000 1.3 182 625 405 
RX369646 14490 763 2.13 1000 6.9 394 605 584 
RX369647 537 28 53.5 48.4 61.9 1040 21.5 382 
RX369648 932 41 63.3 34.3 15.5 552 37.3 569 
RX369649 5650 297 98.7 715 35.2 1445 245 631 

Mean 5381 294 48 614 61 1954 233 938 
           

Pole Lake area       
           
RX369663 6402 307 560 1000 317 10000 291 1050 
RX369664 41264 1884 34.2 3810 28.6 679 1070 230 
RX369665 71502 3418 23.9 5000 16.7 422 2020 580 
RX369666 21190 1008 20.8 2660 24.2 421 583 540 
RX369667 1463 66 361 144 1.2 29 43.7 121 

Mean 28364 1337 200 2523 78 2310 802 504 
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Appendix 2 
         

Operating conditions and standards used for Cameca SX-100 electron microprobe, Dept. Of Earth 
Sciences, The Open University, UK. 
 
 
General operating conditions 
 
Mineral analyses from the Department of Earth Sciences at the Open University were collected using a 
Cameca SX-100 microprobe operating in wavelength-dispersive mode and equipped with four 
wavelength dispersive spectrometers. An operating voltage of 20kV and probe current of 20nA (measured 
on a Faraday cage) were used. Count times varied from 20 to 80 seconds per element depending on the 
count rate per second per nano-amp. This ensured that those elements with a high relative count rate were 
measured to a similar precision to other elements with low relative count rates. For most minerals a beam 
diameter of 10 microns was used, but for beam sensitive minerals such as potassium feldspar a 20 micron 
beam was used instead. Data were corrected using a 'PAP' correction procedure (Pouchou & Pichoir 
1985). 
 
Calibration standards and X-ray lines measured 
 
synthetic LiF (F Kα) 
jadeite (Na Kα) 
forsterite (Mg Kα) 
feldspar (Al, Si and K Kα) 
synthetic KCl (Cl Kα) 
bustamite (Ca and Mn Kα) 
synthetic ScPO4 (Sc Kβ) 
rutile (Ti Kα) 
hematite (Fe Kα) 
willemite (Zn Kα)  
synthetic GaP (Ga Kα) 
synthetic RbBr (Rb Lα) 
synthetic SrTIO3 (Sr Lα) 
synthetic YPO4 (Y Lα) 
cassiterite (Sn Lα) 
stibnite (Sb Lα) 
synthetic zirconia (Zr Lα) 
Nb metal (Nb Lα) 
pollucite (Cs Lα) 
barite (Ba Lα) 
Ta metal (Ta Mα) 
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synthetic WO3 (W Mα) 
crocoite (Pb Mα)  
synthetic Bi2Se3 (Bi Mα) 
synthetic ThO2 (Th Mα)  
synthetic UO2 (U Mβ)  
 
 
X-Ray Maps 
 
X-Ray maps were generated for several samples to verify the presence of rare earth elements and high 
field strength elements in cases where provisional mineralogical identification required clarification. 
Elements measured involved Ce, P, and Si. These maps were produced by collecting counts for 
combinations of three elements over a 5-hour interval across the polished thin section surface in 768 
intervals with a 10 micron step between points. The vertical dimension is 576 points at 10 micron 
intervals. Colour enhancement of the various minerals was done with Adobe Photoshop 7.0® with 
addition of mineral names in the report photos undertaken via graphic manipulation with 
CorelDRAW14®. 

    

X-ray map for ample 369665, grain #1 in epoxy mount. Red =  silicon, Green =  phosphorus, Blue = cerium. 
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X-ray map for sample 369665, grain #2 in epoxy mount. Red =  silicon, Green =  phosphorus, Blue = cerium. 

Appendix 3 
 
Electron Microprobe Mineral Analyses for Pole Lake Samples 3446-A and 3446-B 

Appendix 4 
 
Electron Microprobe Mineral Analyses for Sample 369665 from Pole Lake showing 

Appendix 5  
 
Compilation of 2007-2011 Lithochemistry Data at the Lackner Lake alkalic complex 

Appendix 6 
 
Apatite Mineral Concentrate Chemistry at Pole Lake showing 
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