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MAGNETITE TEXTURES & ANALYTICAL TECHNIQUES

(i) fine-scale blebs in (ii) coarse-grained,

(iii) coarse-grained,

(iv) altered magnetite with IImenite and pleonaste exsolution
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clinopyroxenite and hornblendite, having crystallized primarily as an interstitial phase which was subsequently vein-hosted mzﬁg'r?ffﬁ;mfg o e sy g el ééﬂﬁﬂgﬁé | w" s o
modified by variable subsolidus oxidation (e.g., pleonaste and ilmenite exsolutions) and fluid interaction. mag — d(64 um) SRR ool o PR s, OULIEOW S
Iameter Ni/Cr Ni/Cr Ni/Cr Ni/Cr

Compatible elements (e.g., Cr-Ni) trace magmatic evolution, where less-evolved magnetite in wehrlite and
clinopyroxenite contains higher concentrations of these elements compared to more evolved magnetite in
hornblendite. Segregation of an immiscible sulfide liquid in Turnagain, host to a large undeveloped Ni-sulfide
deposit and Cu-PGE mineralization, is recorded by strongly Ni-depleted magnetite. Vanadium concentrations, a
redox-sensitive element, vary little across the studied Alaskan-type intrusions, reflecting the relatively oxidized

Fig. 4. Grain-scale sketches of textures highlighting key petrographic and geochemical variations of magnetite from Alaskan-type intrusions. Mineral abbreviations:
cpx (clinopyroxene), hem (hematite), hbl (hornblende), ilm (ilmenite), mag (magnetite), ol (olivine), pn (pentlandite), pyh (pyrrhotite), spl (spinel), ttn (titanite).
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PROCESSES RECORDED BY MAGNETITE PETROCHEMISTRY

Fig. 8. Plots of Ti vs. Ni/Cr (in ppm) determined by LA-ICP-MS used to distinguish between magmatic and hydrothermal magnetite (fields as defined by Dare et al., 2014a) in the studied Alaskan-type
intrusions. Secondary hydrothermal magnetite is present in Hickman (magnetite veins) and Turnagain (magnetite rims around sulfide minerals). Altered magnetite grains (e.g., martitized, disaggregated rim
textures with secondary titanite (ttn), lack of exsolutions), unaltered magnetite grains, and hydrothermal magnetite are indicated by different symbols. Photomicrographs and labels are used to highlight
magnetite samples with anomalous geochemistry. Compositions from Turnagain sample 05ES-02-02-02 (yellow circles) are EPMA analyses.
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Fig. 5. Summary of processes highlighting key petrographic and geochemical variations of magnetite from Alaskan-type intrusions. The three colors represent high-temperature processes (red, magmatic

VBf: Voisey’s Bay Ni-Cu-PGE — fertile (Dare et al., 2014b)

crystallization ~990°C) to near- to subsolidus re-equilibration (yellow, ~700°C) and hydrothermal overprinting (blue, <700°C). Roman numerals are associated with the sketches of magnetite textures in Fig. 4. Fig. 10. Magnetite discrimination diagrams compared to 10*
i Alaskan-type intrusions and other trace element datasets [
10%| for magmatic magnetite determined by LA-ICP-MS. (a) olivine-rich |
MAGNETITE CHEMISTRY -
Dupuis & Beaudoin (2011) to assess magnetite of various
(?a \I( S|i P|b V|V er Tla I-Ilf N|b C.“ S|C Gle Sln I\/!g A." I\/!n I\/Ilo Zln Gla 'Il'i C|O Y l\lli (‘Tr Fle c 3 mineralization styles. (b) Plot of Ni+t3r (ppm) vs. Ti+V.
: t 2| : o 107 (ppm) from Méric (2011) for magnetite from the Sept lles s =
(b) Polaris (TiO) o 107 (a) Hickman = (SI) intrusion, Québec used to discriminate magnetite from = oxidized
O : Q Fe-Ti-V deposits from magnetite in Fe-Ti-P deposits. (c) > 5 (low Dv)
o ’ > 5 Bivariate plot of Ni (ppm) vs. Cr/V from Ward et al. (2018) 107 F R ]
2 10 F used to discriminate between mineralized (Ni > 300 ppm) [ Sl 29DSP-13-4 2
° and barren magnetite-hosted rocks in the Munali O -
o 2 e—ed &%~ T = n ! 1 : Ni-Cu-PGE deposits, Zambia, and proposed to be broadly L 1
— 0 e 7 SN4* =+ 10"k l hornblendites i applicable to other Ni-Cu-PGE mineralized systems. In all 102 Alaskan-types Other Intrusions
detection I|m|t—> : hydrothermal  magmatic : panels, the dashed black lines and associated italic labels ] (O Hickman Y Lac a I'Orignal (Miloski et al., 2023)
v — indicate the compositional fields defined by the original 10 SK V O Polaris @ Lac Doré (Mokchah & Mathieu, 2022)
10 10 10 authors of these studies. Note that error bars (2SE) do not 1 © Tulameen [A> Sept lles (Méric, 2011)
8 Ti+V (ppm) extend beyond the symbol size for the majority of 107! O Turnagaln Skaergaard (Goan, 2025)
} m - — analyses. Note also that analyses identified as L . R
(FeO) Phag (Fe0a) (Fe,03) o ollv/lne\-rlch “hlyidrotjn,e_rmFal are8not m_cluldgdabut analyses identified as 1 10 10 10 10 10
(Mo1%) (mo1%) 402 altered” in Figure 8 are included. Cr (ppm)
(@) i -
rt : rt © 'KU2
(c) Tulameen (Ti0,) (d) Turnagain (Ti0,) = |
_________ mineralized: SUMMARY
—~ barren . . . .. . . . .
£ () Magnetite petrochemistry is investigated in Alaskan-type intrusions
@) - 0 . B T .
O = (ii) Magnetite records evolution from primitive to fractionated magmas
P (iii) Compatible element (Ni-Cr) systematics are sensitive to fractionation and sulfide
(Feu;?(lm *ﬂé ~——mineralized (DJ/DB Zone) saturation
<§%’ (iv) Subsolidus modification significantly impacts magnetite chemistry and textures
u,tramaf,c, mafic= ] (v) Magnetite textures and vanadium systematics are consistent with relatively oxidized
wiis hem bl P YN RSO B maamas
(FeO) mag (Fes0z)  (Fes03) (FeO) mag (Fes0s)  (Fes03) o 1073 10 107 1 10 102 9
(mol%) (mol%) 8 Cr/V
. . . . ° REFERENCES
Analysis type Hickman Polaris Tulameen Turnagain 2 ACKNOWLEDGEMENTS : Canil, D., Grondahl, C., L T. & Pisiak, L. K. (2016). Ore Geology Reviews 72, 1116—1128. Col M. & Nelson, J. L. (2011a). British Columbia Ministry of E d Mines, BCGS GeoFile 2011-11. D
O points @ ZE15-DM4-01C @ JN22-01-17 @ 21DSP-5-2 @ 04ES-07-02-04 "GC_J' \[/)Vit?frg]c‘:a"tir:)knﬂlggc:i(t}i?ye ?IE(I:\SI]XSIJ[DaI% ?atntg ZtEtlheeC tlgarg:i'ti/gc(rloe?tet}raento% Y ga é‘«l ,Sé., éac;rr?gs,ZS,lﬁ/_l ) ’Beaazjocll%?f’G. (ZEtz)a.PéeochliD(mica et groezrg%h?%a%?v 28,[)2’7—50. Ialagre% Sss.opggrsg.?l,ln?;arnes, eg.s-;;".r,;Beau‘;i(oin, 23?)(%((){;1 ;28). ﬁgo%nr:ém?ca Qté%s?gfgrnirfg:% Rcta Igfzsé}—go. Da?g,sé;AM S, Barnggf,
L maps L) ZE15-DM4-038  (J JN22-01-18B (] 22DSP-13-4  (J 05ES-02-02-02 2 D e e o O B oy Dare, S A S.. Bedard. L. P. 4 Suzhanikin, S. . (2020). Esoromic Geology 115(5), 12461266, Goan, 1. 2025). M.Se. Theals. The University of Briish Golumbia, 545 p. Himmelberg, G. K. & Loney, R. A, (1665).
. ZE15-DM4-03C . JN22-01-22 . 22IRG-1-1 . DDH05-88-1 = (PCIGR Director), and Dr. Marghaleray Amini (PCIGR U.S. Geological Survey Professional Paper, 1564, 1-47. Hohl, M., Steadman, J. A., Cloutier, J., Barker, S. L. L., Belousoyv, I., Goemann, K. & Cooke, D. R. (2024). Chemical Geology 648, 23 p. Huang, X.-W., Gao,
@ ZE15-DM4-04A @ JN22-01-34B @ 22IRG-3-1 @ DDHO05-88-104 . ' ¢ ol Research Associate).This work was supported by Natural J.-F., Qi, L., Meng, Y.-M., Wang, Y.-C. & Dai, Z.-H. (2016). Ore Geology Reviews 72, 746-759. Jackson-Brown, S. (2017). M.Sc. Thesis, The University of British Columbia, 290 p. Méric, J., 2011. Internship Report,
B 7Ei5se53A @ NTIo0.10.1 (@ 22RG-11-2 [ DDHOS.89- A S U U N S A0/ S S N S B Y s e R o e e Dot T8 B o e b P O oo, P Dare,
() ZE15-SB-54A () UNT19-20-8B-2 () TUL18-01A (C) DDH06-161-2 CayY Si Pb W Zr Ta Hf Nb Cu Sc Ge Sn Mg Al Mn Mo Zn Ga Ti Co V Ni Cr Fe (Geosciegce'?ﬁﬁﬁir\ye (%aé‘._%)°gr§,2??ﬁmﬁgﬁ ﬁf“eaé‘sé‘ tf Bgee,-:n S., Morisset, C.-E., Davles, J. H. F. L., Perrot, M. G. & Savard, D. (2024). Mineralium Deposita 59, 519—556. Mokchah, N. &yMathleu L. (2022). Journal of Petrology 53(3), %-23 Nixon, G. T. (2018). In: British

Milidragovic, including salary support to the lead author through Cqumbla Mlnlstry of Energy Mines, and Petroleum Resources British Columbia Geological Open File 2018-2, scale 1:20,000. leon G. T., Hammack, J. L., Ash, C. H., Cabri, L. J., Case G., Connelly, J. N., Heaman,

Fig. 3. Representatlve ﬂeld photographs of magnetlte bearing rocks and thln sectlon scans (46 mm x 27 mm) in transmltted light hlghllghtlng the mlneralogy and abundance of magnetlte (dark) from the studled
Alaskan-type intrusions. Scales: yellow rock hammer handle (~50 cm), fingernail (~1 cm), scratcher pen (~14 cm), brown rock hammer handle (~1 m). Turnagain photographs from Jackson-Brown (2017).

Fig. 6. Ternary FeO-Fe,O;—TiO, diagrams showing magnetite compositions analyzed by EPMA
from the studied Alaskan-type intrusions. The ulvospinel-magnetite tie line is expanded in the
upper portion of each panel. Mineral abbreviations: hem (hematite), ilm (ilmenite), mag
(magnetite), rt (rutile), uspl (ulvospinel), wus (wustite).

Fig. 7. Multi-element variation diagrams (modified from Dare et al., 2014a) for LA-ICP-MS major to trace
element concentrations in magnetite from the studied Alaskan-type intrusions. Analyses are normalized to the
bulk continental crust (BCC) using values of Rudnick & Gao (2003). Elements are ordered by magnetite/melt
partition coefficient (D) values (Dare et al., 2012; Sievwright et al., 2017, 2020; Shepherd et al., 2022).
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