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Hematite is an ubiquitous mineral, especially occurring as an Specifically, metamorphic hematite is, compared with (equilibrated)
alteration/weathering/metamorphic product in primarily magnetite- magnetite, depleted in low- and enriched in high-valent elements.
a bearing rocks and ores. Its chemical complexity is poorly understood, @ Metal mobility during magnetite breakdown (martitization) is divers. It
©. but might be a proxy, like magnetite, to characterize either rock/ore allows discrimination of hydrothermal from supergene conditions, a very
O forming or alteration conditions. We used in-situ LA-ICPMS data from  useful criteria for metallogenesis and exploration.
g. hematite and precursor (or coeval) magnetite to investigate metal Elements commonly used in magnetite discrimination diagrams may be
U)  mobility and partitioning during natural iron oxide transformation. modified by up to several orders of magnitudes during hematite
\ Hematitization modifies the oxides trace metal budget systematically. formation, and are thus impractical for ore discrimination. ’
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Mechanisms Textures
Magnetite-hematite transformation take place by redox Various ore settings (iron
and non-redox coupled dissolution-(mobility)-reprecipi- oxide apatite I0A, Fe
tation, C(M)DR, both in static or dynamic structural state skarns, BIF and associated
(Lagoeiro 1998, Ohmoto 2003, Miicke and Cabral 2005). hematite ore, and meta-
oxidation: 2 Fe?*Fe3t0, + 0,50, = 3 Fe;" 05 morphogenic specularite
non-oxidation: =~ Fe?tFe3*0,+ 2H* = Fe3T0; + H,0 + Fe?* ore) are investigated.

Martites show internal
“crisscross” or “patchy”
textures and replacement
is variably complete (a-c).
N 3+ ioh in Io\ol (?Q?rdination s 2+ and .3+ ion in VI coordination I\/Ietamorphic hematite

Metals can substitute for Fe in the oxide structures
according to charge and radius, and by coupling, and thus
transformations should impact oxide elemental budgets.
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depleted in low-valent (Mg, Mn, Zn,
Co, Ni) metals. This points towards

(data: Huang et al. 2015 (data: Hensler et al. 2011

100 100 @ 100 100 100

| g /\<
& [ B
f 10 ‘ y 10 W/ 10 ﬁ 10 f
_ k : APV A A z-
| | f_ _A\ Y 7 | 1 ‘ N S X T\ 2N ] ! |
J & 7 1%’;7 ¥ 7 ¥ v
b

oxide / Dales Gorge BIF magnetite™
oxide / Dales Gorge BIF magnetite®

contrasts in metal availability in fluids N /| e o] H
ain d StrU CtU I'a I com pati bi | ity i N OXi d es. ﬁuger?hene V?I"SUS.t - - —o— m:gﬂgtlte (crystal rims) i P m:gﬂgtite (crystal cores) i P mgg;’;gtite s P m:gﬂztite N e mggngtite
. . y rotnermail marite in RO PRI VRO @RS FRE PR O IGE V(P PR RP S SR PP CVIGE VNP @RI R P FROPTPCIGE VD P ERRS FRO PP CIGE VNP @RIt
2nd and 3rd rOWS. Supergene martltes diverse Feoresystems 22 022 R0B OB ARJ OO R 2P FBBIO0COO0ORRORBOOT 08 0000000 ©oo0000 O 008000000 00000008 O o308 BBOBE OB BOBOOO
. . . supergene martitization <supergene/hydrothermal juxtaposmon> hydrothermal martitization B
are chemical Iy Inert, but de P letion of 10004 Eastern Ridge BIF, 76.6m drill depth | | Eastern Ridge BIF (95,5 + 150.7m depth) "] Eastem Ridge BIF (321.6m depth) %1 {ashimoto + Mt. Helen BIF-hosted ore | "% Mt. Whaleback BIF-hosted ore
:g (Hamersleth:roy.) " —o— ma?tqetite in martite | —e— magnetite in martite (Hamersle;;_rrov.) (Hamersley Prov.) (Angerer et al. 2022)
. . . @ 1004 —e— magnetite in martite 100 martite 1003 martite 100§ —e— magnetite 100
metals increases with overprint = mantte | martie
. . % 10 f‘: ) 10 o 10 a 10 o A 10
intensity. Hydrothermal and ore form- 5 LA A M RN 7.\ Wa 2 WA \V.VAY @ 7 WA/ 1
. . . .. 8 &, N\ A 4 \/ ’ N i AN S\ i
ing martites show diverse addition of | . RV \ vV v “‘T“f/
. . . - Balit'::ph::e L c;t:rial:z:tu . P;:;;:ec“ it % 0.01 ) 0.01 0.015 0.01 ’ “ : 0011 —& cogenetic microplaty hematite
,mobile* ,immobile* mafic to felsic affinity felsic to mafic affinity . ' rtit
metals, most likely defined by fluid - | | | mante
. . . :&g;z;eggiggrg!?f:f:ggigazynzzzrZ?ZOIP;ggt;nhfe S RO PP O VGG VX P PP P S SRO PP VGE VPP PP S S RO PP VGG VR P RS P RO VPO VGG VX P R PP S SRP PR VIGE OV E @R PFS
ChemIStry and OXIdatlon State. 00 3000000 0000000 E O T2 2R 000 AR R RO RO +4 A A HHOCT AR HO0 OO 242 AT AT RO0OO0 AR RROB OO /
~N
D | SC r| m | n at | O n magnetite and hematite data in the fields and chemical ,vectors” Th id | bili duri
hem  mag Al-Mn-Ti-V discrimination diagram of hematitization e evident metal mobility uring
10 1 10 1 . .
2353 | | transformation in  hydrothermally,
£ c T £ o .
E58% 5 8 metamorphic and strongly supergene
oO0d= 0 ¢ .« o
L] [J  Ramhall & Uto Fe-Skarn, metamorphosed (Bergslagen) " ' modified ore Sam pleS, seve rEIy
O ] Bayan Obo Fe skarn (Inner Mongolia) ' ] - .
) O\O O\O ] . ° ° .
o [ ¢ Capo Calamita Fe skarn (Elba) = s popular magnetite  discrimination
O Morro do Ferro Fe skarn (Minas Gerais) = = . . .
* * D B 2011
O O] Per Geijer IOA ore, metamorphosed (Kiruna) < < dlagrams ( upuis and eaUdOIn 0 or
O (1 Bldtberget IOA ore, metamorphosed (Bergslagen) Nadoll et al. 20 14, showhn in the f|gu re) .
=[] Eisenkopf IOA ore, metamorphosed (Eastern Alps) . ]
0.01 1 0.01 3
o Waldenstein specular hematite ore (Eastern Alps) H em atlte d ata S h ou Id th us be avol d ed
o [] Brockman Fm. BIF-hosted hematite ore (Hamersley Prv.) When usl ng mi neral Chem |Ca|
® L] Mt. Sylvia Fm. py-mag-hem breccia ore (Hamersley Prv.) d . IS .
i . | ) | ISCrimination.
¢ Caue Fm. BIF-hosted hematite ore (Minas Gerais) o001 0001 001002 0102 1 2345 10 T St ooionz o1 oz 7 2 345 70
Ti +V [%] Ti+V [%] J
Literature deposit, North China. Ore Geology Reviews, 65, 884-899.
* Angerer, T, Thorne, W., Hagemann, S. G., Tribus, M., Evans, N. J., & Savard, D. (2022). Iron oxide chemistry supports a multistage * Lagoeiro, L. E (1998). Transformation of magnetite to hematite and its influence on the dissolution of iron oxide minerals. Journal of
hydrothermal genesis of BIF-hosted hematite ore in the Mt. Tom Price and Mt. Whaleback deposits. Ore Geology Reviews, 144, 104840. M(ftamorphlc Geology, 16(3), 415-423. . . o -
Dupuis, C., & Beaudoin, G. (2011). Discriminant diagrams for iron oxide trace element fingerprinting of mineral deposit types. Mineralium * Miucke, A, & Cabral, A. R. (2005). Redox and nonredox reactions of magnetite and hematite in rocks. Geochemistry, 65(3), 271-278.
Deposita, 46(4), 319-335. * Nadoll, P, Angerer, T., Mauk, J. L., French, D., & Walshe, J. (2014). The chemistry of hydrothermal magnetite: A review. Ore Geology
Hensler, A. S., Neri, M. E. N. V., Hagemann, S. G., & Rosiere, C. A. (2011). The BIF-hosted, high-grade Fe-ore deposit of Passa Tempo: Reviews, 61, 1-32.

evidence for “Fe-skarn”-type mineralisation. In 11th Biennial Meeting SGA (pp. 1-3). Ohmoto, H. (2003). Nonredox transformations of magnetite-hematite in hydrothermal systems. Economic Geology, 98(1), 157-161.

Huang, X. W., Zhou, M. F,, Qiu, Y. Z., & Qj, L. (2015). In-situ LA-ICP-MS trace elemental analyses of magnetite: the Bayan Obo Fe-REE-Nb Acknowledgement: sample donation by Patrick Krolop (Per Geijer) und Marius Kern (Hémmerlein)



	Foliennummer 1

