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1.0. Summary - - - - -
i The Lonnie carbonatite has been traced by trenching over an area of 650 m by 50 m. Several Nb £ REE soil anomalies were :
identified near the deposit (Fig. 2; Helmel, 2012). The deposit consists of biotite-bearing sévite, aegerine-amphibole sdvite, and a 3.3. Data Enhancement 6. Lonnie Results

Carbonatites, associated fenitization zones, and their weathered equivalents are the most important variety of quartz-free feldspathic rocks produced by fenitization. Blue-green amphiboles and aegirine decrease away from the
sources of Nb and some contain significant concentrations of Ta and rare earth elements (Simandl et al., carbonatite in fenitized metasediments (Simandl et al., 2013a). A 1955 trenching program (predating NI-43-101) reported a Representative samples spanning a wide compositional range of pathfinder elements (Table 1) from the Lonnie (4 samples), Wicheeda (6 samples), and Aley (6 samples) carbonatite areas were

2012). They contain important deposits of vermiculite, apatite (phosphate), badelleyite (zirconia), fluorite, U, mineralized zone 530 metres long and approximately 17 metres wide grading 0.21% Nb,O. (Rowe, 1958; Chisholm,1960). In this analysed by inductively coupled plasma mass spectrometry following lithium metaborate fusion (LB-ICPMS) and laboratory XRF following lithium metaborate fusion (LB-XRF). Data from all 16 samples
and magnetite (Mariano 1989a, 1989b, Birketand Simandl, 1999 ). zone, the Na-amphibole-bearing carbonatite assayed 0.16% Nb,O, over 6 metres. The feldspathic rocks averaged 0.23% Nb,O, (Universal; Tables 1 and 2), as well as separately for Lonnie, Wicheeda, and Aley (Project Specific; Table 2), was linearly regressed against corresponding pXRF results (Fig. 5). Calibration of pXRF data

over nearly 10 metres. Furthermore, the central portion of this zone averaged 0.3% Nb,O, across 8.3 metres over a length of 283 was performed using the method described in Simandl etal. (2013b).
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One of the objectives of the Specialty Metals component of the Targeted Geoscience Initiative 4 (TGI-4) is metres (Rowe, 1958). Recent analyses (Simandl et al., 2013a) failed to confirm these grades. Pyrochlore seems to be the main Nb- - o | | | - profiles of stream sediments
to_determlne if |r)d|cator mlnera_ls can g_wde explorauomsts towarc_i carbon._atlte-related _mlnerallzatlon. Heavy bearing mineral (Simandl et al., 2013a); however, columbite was also reported (Hankinson, 1958; Halleran, 1980; Pell, 1994) and Calibrations were performed by: [corrected pXRF result] = [initial pXRF result — b}/m  Where m is the slope and b is the y-intercept of the calibration line. frog1 Srﬁnge b(I:reelT: Thefs]?“d
mineral processing and analysis of indicator minerals are expensive and time consuming. \We measured the Nb-bearing rutile was reported in polished thin sections. Pell (1994) reported up to 20% apatite in the carbonatites and 3-15% zircon 2uel - eiomizg) ells Uiy Tellion
concentrations of Nb, Ta, REE, P, Sr, Ba, U, and Th in different grain size fractions of sediments sampled from in associated nepheline syenite. Accuracy was determined by: % Difference = [|pXRF value - laboratory value|/laboratory value]x100% 2500 2000 seleclz,ed sar?rﬁ)les tfrom thg
streams draining three deposits (Fig. 1). Using portable X-ray fluorescence (pXRF) minimizes the cost, | | . creek’s northwestern an
improves output, and optimizes the sampling procedure. Concentrations of these pathfinder elements are Lonnie Carbonatite Complex Precision was determined by: %RSD = [standard deviation/mean]x100% 100 northeastern tributaries (Fig. 2).
expected to correlate with the presence of indicator minerals such as pyrochlore, columbite-tantalite, fersmite, B Carbonatite, feldspar-rich rocks, fenite The samples upstream of the
apatite, REE-bearing fluorocarbonates, monazite, allanite, zircon, xenotime, and minerals of celestite- barite Nina Creck Group I prospect (LO-13-23, LO-13-25,

. . : E t. How: ion -13- -13-27" I
SOIId SOlUtIOn. UPrm Argilli?es?grel;?i)if)il; bedded;varicolou_red chert ma_ssive 2500 2000 LO 13 2t6’k LO 1’[3 27’ tF|g| 6}3
_ _ _ _ _ et T ESGRSAIORK Table 1. Summary of correlations between portable x-ray fluorescence and were taken 1o establis

Three carbonatites, Lonnie (Nb prospect), Aley (large Nb deposit), and Wicheeda (high grade REE ; Big Cresk Group laboratory techniques. Precision of samples used in the cross correlation _ o o o ) - background concentrations  of
deposit), are the subject of an indicator mineral orientation surveys to improve the efficacy of Nb, Ta, and REE B Shele, argilite, blue-grey to grey; minor quartz-chert ! analysed by pXRF was good (mean %RSD < 10%) while mean % Difference Table 2. Comparison of accuracy for "Project Specific’ and “Universal” recalibrations for Nb, Sr, Th, and U. Both carbonatite pathfinder elements.
exploration techniques (Fig. 1). This study summarizes the methodology used in the above orientation O N % LO-13-26 ~  sandstone, massively bedded ! ranged from 3.9 to 645.5% relative to laboratory methods. For Ta, Nd, and pr "ecalibrations consistently improve the accuracy initial results. In the case of U and Th the Project Specific recalibration Is Two of these (LO-13-23 and LO-
surveys; however, it focusses on the Lonnie Nb prospect. : Ingenika Grggkuﬁormaﬁon high % Difference is due to the low concentrations of these elements, which better at reducing bias. The exceptionis U at Wicheeda, where concentrations border on the limit of detection (Fig. 3). With 13-26) have higher

: iltstone: sandstone and imoure quartzi NI I N i Srthe best results are achieved with the Universal calibration factors. concentrations of Ta. La. Ce. Pr
| | | | e A ANESpRRRESs border on pXRF detection limits. Coefficients of determination (R") varied from S I T

The results for key pathfinder elements were precise (most having a mean %RSD less than 6%). In order LO-13-27 Eo5s 5 Feirsiion 0.8508 to 0.9996. Differences in mean % Difference between the pXRF initial Nb Sr Th U Nd, Y, P, U, and Th than
to aChelve. the best pOSSIbI_e aCCl-JraCy pXRF results were correlated Wlth resullts from laboratory t.ech_mqyes.for 5 . It_)iengjzsetgr:ﬁérlgﬁeally dolomitic, grey, moderately to thinly results and those obtained by the “Universal” recalibration indicate an Initial Project Initial Project Initial Project Initial Project . Sedlmer)ts sampled downstream
recalibration. Results for eight size fractions separated by laboratory sieves indicate a systematic distribution Stream Sediment X Tsaydiz Formation improvementin accuracy for all elements except . Result Universal Specific  Result Universal Specific  Result Universal Specific ~ Result Universal Specific of Lonnie (LO-13-01, LO-13-02,
of key elements, with the highest abundances found in the finer size fractions. Of these, the +125um fraction Sampie f1IS LIS N s e e e i, aniar Mean % Difference Lonnie 4.2 0.7 2.6 7.2 0.6 1.3 21.9 16.3 6.7 15.1 20.1 8.7 LO-13-04). Only Ba and Sr
was chosen for further consideration due to its suitability for continued indicator mineral studies. With the ot R and feldspathic wackes. | | — : 91 58 24 3.7 79 35 11.0 18.4 07 36.2 39 14 concentrations are consistently
exception of Ba, Sr, and possibly Nb samples upstream from the Lonnie deposit display higher concentrations I 3 | Wolverine Metamorphic Complex PXRF Initial -~ Universal ' ' ' ' ' ' ' ' ' ' ' ' higher downstream of the

. ’ ' : . Lithological ‘ Mainly high-grade metasedimentary rocks: metapelites, MAX %RSD m b n Result Recalibration 1.3 2.3 2.7 6.3 0.4 0.6 13.9 26.7 2.0 . f

of carbonatite pathfinder elements than samples downstream of the deposit. This indicates source(s) farther Contact mica schists, and quartzites; containing kyanite, deposit. Upstream sources o
. . . . . ) . & , e - 1.5 2.1 4.6 4.6 1.9 4.2 127 1479 140 26.7 16.8 14.9

upstream, probably the Vergil carbonatite and Nb and TREE + Y soil geochemical anomalies. Indicator mineral o T~ | , gamet, - Nb 9968 1.27 09648 O 16 5.2 2.8 Ta, La, Ce, Y, P, U, and Th are

studies are ongoing. B Ta 236  12.15 1.0293 36 12 645.5 220.1 Mean 4.0 2.7 3.1 6.7 1.5 2.4 14.9 52.3 5.8 26.0 13.4 8.3 most likely the Vergil carbonatite

Road T . y 170 172 09992 O° 16 3.9 39 | (4.5 km to the northwest) and/or

. Metamorphic ; L3 4778 537 (.9589 g 16 19.4 17 3 Wicheeda 10.1 6.8 4.4 11.1 2.3 9.7 34.0 9.4 2.9 141.3 66.4 116.8 a r)umber of .Nb and TREE +. Y

Isograd l ' ' ' ' 3 2.1 1.9 7.0 1.0 1.8 33.1 1.5 1.8 217.5 1185 62.3 soil geochemical anomalies (Fig.

TERRANES ~=" Minimum Extent ' f-Woivey, A L€ BRZAE N SAE0S050 8 16825 20.5 4.6 1.1 0.2 11.0 0.5 0.7 38.7 13.3 0.5 36.8 6.4 23.0 2) identified by Rara Terra

°‘,',ib°?;fm ) Scjsggfstlon -~ orm : Nd 2248 9.23 1.0049 16 137.1 135.5 45 10 13 39 13 23 38 3 73 0.1 313 24.0 6.8 Minerals Corp. Irregular sample

o6 | Chugach ’ Antiform a5 I s S _ Pr 834  11.33 1.1451 16 308.0 217.6 49 15 0.1 33 13 2.7 40 5 95 1.2 distribution downstream of the

PR Pacific Rim Fault - Ba 2002 2.88 0.7019 16 37.6 28.9 4.1 0.6 1.5 6.1 3.2 7.1 425 4.5 32 58.5 6.9 184.8 Lonnie carbonatite prevents us

2 Syeeent Normal Fault Sr 2013 0.62 0.8706 12 16 9.5 1.1 from concluding if the prospect is

s Dip Direction | | ; C051 1183 07083 c oac 0 5.6 2.2 1.6 8.6 1.6 4.0 37.8 7.6 1.6 107.1 444 788 Sgctj?;t:r?tli i (;an;[ir;tr)?u'll'ﬁe sI;rCekaLnf

= Pt I u 3 81  13.65 13861 0 14 59.6 20.8 3.2 0.4 5.2 0.3 4.0 767 9.0 4.1 373 1.8 5.1 seiliiinder clement 2ol

ntermontane Th 5 730 6.42 1.7170 -15 16 45.1 18.3 6.0 2.6 2.2 0.1 1.4 64.7 0.9 3.5 285 7.7 6.9 downstream of the Lonnie

— Toene Zr 183 1087 1.86 0.9551 21 16 4.9 2.1 2.8 6.5 5.6 0.1 5.8 57.8 5.6 5.9 24.9 10.5 6.4 carbonatite may be the result of

— e | - - - Si 29195 337981 1.45 0.8973 5123 15 13.1 6.8 7.7 4.3 2.5 0.2 0.4 80.1 8.5 5.2 43.4 3.0 3.5 dilution resulting from the gravity

o | Cadwallader B e ISR o e L . o | W Fe 5164 90027 0.79 1.0495 267 16 5.5 2.7 7.5 4.1 4.4 0.6 9.4 69.8 1.0 3.2 44.8 4.2 1.2 slide observed downstream of

LO-13-04 (Fig. 3c).
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Fig. 6. Concentrations of elements expected to coincide with the greatest concentrations of indicator mineral 2500 2000 1500 500
grains for eight size fractions. The three finest fractions contain the highest abundances of pathfinder elements.
y - 1.4035x - 0.6941 Based on cor_roborating data from th_e Aley and Wicheeda study areas (Mackay and Simand| 2014a; 2014b) the 10-13-01 LO-13-02 L0-13-23 Léolé?’zgs
R2 = 0.9928 +125um fraction was chosen for detailed study. LO-13-25
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Nb (ppm) LB-ICPMS Sr (ppm) LB-ICPMS Th (ppm) LB-ICPMS U (ppm) LB-ICPMS fractions that have the best potential to carry carbonatite indicator minerals (Fig. 6). Sample LO-13-04, not sieved uPrlE Lonnie
through an 8mm screen in the field, consists mainly of grains coarser than +250um. Sample LO-13-23 displays a ' ' ' '

) positively skewed grain-size distribution. LO-13-26 contains nearly equal mass inthe +2mm, +1mm, +500um, 2500 2000 1500 1000 500
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) Niobium, Y, La, Ce, U, and Th are relatively enriched in the +125um, +63um, -63um size fractions (Fig. 6).
y = -0.2565x + 5.0717 Barium, Sr, Pr, Nd, and Ta show less consistent patterns, nevertheless they are always detectable. Phosphorus is )
R2 = 0.0585 consistently detectable only in the +125um fraction. Based on this information, similar findings from Aley 7.Conclusions
carbonatite and Wicheeda drainages (Mackay and Simandl 2014a; 2014b), and because of other work
(McClenaghan, 2011) indicating that the +250 um, +125um, +63um fractions can be effectively used for indicator Methodology
mineral studies, the +125um fraction was chosen for systematic study.

Gean . ' NGO, Qb Fig. 3. Most of the sample sites are in the lee of large boulders or logs where the material was deposited in the final stages of
A S o= | ETh bedload transport. The fraction of sediments that passed through an 8mm sieve was kept. Samples were contained in
permeable canvas bags and stored in plastic pales. a) Common rounded granite gneiss and angular schist boulders - -
predominate. b) Sampling media typically comprise quartz, feldspar, biotite, white mica, sericite schist, and trace garnet 100 200 300 400 150 300 450 600 50 100 150 200 250

cobbles in a coarse sand matrix. c¢) A gravity slide observed directly downstream of sample LO-13-04. Nb (ppm) LB-ICPMS Sr (ppm) LB-ICPMS Th (ppm) LB-ICPMS
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1) Portable XRF is a rapid and effective tool to determine the most appropriate size fraction
Fig. 1. Geological Setting of the Lonnie, Aley, and Wicheeda carbonatites. Map modified from Colpron and ) for indicator minefal orientation surveys over specialty rrpmgtalp deposits. Data

Nelson (2011). Inset from Pell (1994). 3.1. Sample Preparatlon j g . Selez,t'eed::azc%“er?e];:‘aecﬂzzg:nzag)?r\c,);th.l.ehseer\;?]g:sm%lte)ﬁ r:; g gﬁgtee%r'?ntgj%rl‘ g)zg'eeszrree? Vgisfgg I%/f;\le,[glkfgzcr)n aéog_a;ng enhancement does not change these findings and is not required where relative values

Wt% AlLO,, 2.6-5.9wt% Fe,0,, 1.5-2.3 wt% CaO, 0.3-1.1 wt% TiO,, 0.3- 0.5 wt% MgO, and 1.1 to 1.5 wt% K,O . dresuliicient

. . . _ _ o _ _ Based on the distribution of pathfinder elements (Fig. 6) as well as similar findings from
_ 14985 - 3.8368 Sediment size fractions commonly examined and hand pl_cked fc_)rlndlca_tor mlnerals_lnclude 0.25-0.5mm, 0.3- the Aley and Wicheeda carbonatite drainages (Mackay and Simandl 2014a; 2014b) the
4= ' 0.5mm, and 0.25-0.86mm (McClenaghan, 2011). The three finest size fractions from this study, +125um, +63um, +125 um size fraction is most appropriate for consideration in carbonatite indicator

— - : s 2 _ ) ] ) . . .
Each size fraction was split to permit pXRF analyses and for magnetic separation B — . . T 02895 and -63um, have the highest abundances of all potential pathfinder elements (Fig. 6). The +125um is the only size mineral studies.

using an isodynamic separator (Frantz). Milling was carried out with Rocklabs Limited ; | 2500 5000 7500 10000 12500 1000 2000 3000 250 500 750 1000 75 50 75 100 fraction that consistently returned results above the 90 ppm detection limit for P, a constituent of apatite, monazite,
tungsten carbide mills consisting of a ring and roller bowl for three minutes. The pXRF | Nb (ppm) LB-XRF Sr (ppm) LB-ICPMS Th (ppm) LB-ICPMS U (ppm) LB-ICPMS and xenotime, which are indicator minerals in REE exploration. The +125um size fraction is also the coarsest Uncorrected pXRF data for Nb and Y have good accuracy relative to laboratory

samples were prepared according to the procedure described by Luck and Simandl fraction of those enriched in carbonatite pathfinder elements, making it potentially the most versatile from the techniques (mean % Difference < 6%; Table 1). Recalibration of these elements is not
(2014). . . . . explorationist's point of view. However, both the +125um and +63um size fractions will be the subject of necessary.

Universal quantitative evaluation of minerals by scanning electron microscopy (QEMSCAN®)-based indicator mineral _ _ _ o _
studies that we are initiating in collaboration with ACME Labs ™. Further research involving Electron microprobe (EMP) and Quantitative Evaluation of

Materials by Scanning electron microscopy (QEMSCAN) should start with the +125 ym
size fraction.

Samples were processed at the British Columbia Geologic Survey Laboratory in Victoria. Procedure included drying and seiving
2. Geology of the Lonnie carbonatite in to the following size fractions: +4mm, 2mm to 4mm, 1mm to 2mm, 500um to 1Tmm, 250um to 500um, 125um to 250um, 63pum to
125um, and -63um. : - . |

-
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" y=1.5595x + 38.5879
R2 = 0.9830

y=0.8764x + 2.1080
R*=0.9999

y = 1.0042x - 317.0645
R? = 0.9828

Nb (ppm) pXRF
Sr (ppm) pXRF
U (ppm) pXRF

Th (ppm) pXRF

1 1 | ] L |

The Lonnie carbonatite belongs to a series of metacarbonatites, syenite complexes, and other alkaline
rocks forming the British Columbia alkaline province (Fig. 1 inset; Pell, 1994; Simandl et al., 2012). ltis in the
southern Omineca Mountains, which straddle the boundary between the Intermontane and Omineca belts.
The Lonnie metacarbonatite outcrops along the projection of the Wolverine fault (Fig. 2), an extensional
structure sub-parallel to the nearby dextral, 1-5 km wide Manson Creek fault system (Simandl et al., 2013a).
The Wolverine fault is a probable metallotect connecting the Lonnie deposit to the Virgil carbonatite 4.5 km to
the northwest. This fault system, considered part of the Rocky Mountain Trench, separates the Quesnel
terrane from the Slide Mountain and Cassiar terranes (Ferriand Melville, 1994).

Universal Universal Universal

-
-
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_ y = 0.9619x _
| | | o | _, R y = 0.8706x + 12.0667
Northeast of the Wolverine fault zone the Granite Creek drainage area is underlain by amphibolite-grade Analyses were carried out using a Thermo Fisher Scientific Niton FXL-950 (Fig. 4) | | - R*=0.9966 R =0.9999

schist and quartzite of the Wolverine metamorphic complex (Neoproterozoic; Fig. 2). Bordering these rocks with factory calibrations. The instrument is equipped with an Ag anode x-ray tube | . . . . . . . L . Ack | Ref
along the hanging wall of the Wolverine fault zone is the Lonnie carbonatite. Farther southwest, siliciclastic and capable of a maximum voltage of 50kV, current of 0.2 mA, and power of 4W. Four ' 0 2500 5000 7500 10000 12500 1000 2000 3000 250 500 750 1000 75 50 75 100 cknowledgements ererences Irregular sample distribution downstream of the Lonnie carbonatite prevents us from
carbonate rocks of the Stelkuz Formation, limestone of the Epsee Formation, and metapelites of the Tsaydiz beams were used to detect elements. My Nb (ppm) LB-ICPMS and LB-XRF Sr (opm) LB-ICPMS Th (ppm) LB-ICPMS U (ppm) LB-ICPMS concluding if the prospectis detectable with bulk stream sediment chemistry.

Formation make up the Wolverine antiform (Ferriand Melville, 1994; Simandl et al., 2013a). Farther to the west o , . . . . . . . L We thank Duncan Mackay for his assistanceinthe  Listed in: Luck, P. and Simandl, G.J., 2014. Portable X-ray | | | | |
are the Nina Creek and Big Creek Groups (Paleozoic; Fig. 2). Detection limits for Nb, Ta, La, Ce, Pr, Nd, Y, Ba, Sr, and P as well as pXRF Fig. 5. Correlations between pXRF and laboratory techniques for Nb, Sr, Th, and U. Results of both analytic techniques are in close agreement for Nb, suggesting recalibration is unnecessary. field. This project received funding and support fluorescence in stream sediment chemistry and indicator Higher concentrations of pathfinder elements upstream from the Lonnie carbonatite

methodology in this study are described in Simandl et al. (2013c) and Luck and F. 4. The pXRF Thermo Fish The pXRF slighlty underestimates Sr and systematically overestimates U and Th relative to laboratory techniques. from Targeted Geoscience Initiative 4 (2010- mineral surveys, Lonnie carbonatite complex, Canada. In: complex are probably derived from the Vergil carbonatite 4.5km to the Northwest or soil
Simandl (2014). Scientific Niton EXL-950 instrument used 201_5), a Natural Resourqes Canada program Geological Fi_eldworl_< | 2013, Brit_ish Columbia Ministry of Nb and TREE +Y anomalies detected by Rara Terra Minerals Corp.
in this study. carried out under the auspices of the Geological Energy and Mines, British Columbia Geological Survey Paper
Survey of Canada. 2014-1, pp. 169-182.

3.2. Portable X-Ray Fluorescence
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