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Iron and Manganese Module 2

Fe and Mn in the context of Earth evolution
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Early Earth History in a nutshell
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(Kump & Barley, 2007; Lyons, 2007)
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Major sediment-hosted iron formations of the world, including BIF, GIF, and Rapitan-type iron formations. Also
shown are several ironstones. Iron deposits are distingnished on the basis of size and age. Key to numbered iron-rich sedi-
mentaw units and areas [ see &p}) 1 and text for information on age constraints and on f;tmﬁgmphm and crecrgmpin-: ims:—
tion): 1 = Maly Khinghan Formation, 2 = Yerbel Formation, 3 = Jac w:hgn Group, 4 = Bisokpabe Group, 5 = Holowilena Tron-
stone. G = Braemar Iron For mation, 7 = Yamata Formation, S = Lake Khanla Formation, 9 = Rapitan Formation, 10 = Chuos
Fﬂrmation, 11 = Upper Tindir Group, 12 = Fulu Formation, 13 = Kingston Peak Formation, 14 = Numees Formation, 15 =
Mugur Formation, 16 = Aok Formation, 17 = Corcoran and MeMinn Formations, 18 = Mullera Formation, 19 = Chuan-
ill‘t%ﬂil Iron Formation, 20 = Pike’s Peak Iron Formation, 21 = Frere Formation, 22 = Alwar Group, 23 = Hutchison Group,
24 = Lake Superior region (includes five large iron formations), 25 = Sokoman Iron Formation, 26 = Shoshong Formation,
27 = Rochford Formation, 28 = Liaohe Group. 29 = Estes Formation, 30 = Piiikks Iron Formation, 31 = Glen Township
Formation, 32 = Lomagundi Group, 33 = Tjil Group, 34 = Hotazel Iron Formation, 35 = Timeball Hill Formation, 36 = Kursk
Supergroup, 37 = Krivoy Rog Supergroup, 535 = Transv raal Provinee, 39 = Hamer :]ev Provinee (includes six hwge iron for-
mations), 40 = Caué Fm‘nmtmn 41 = Penge Iron Formation, 42 = Benchmark Iron Fnrmﬂtmn 43 = Nemo Irom Formation,
44 = Mulaingiri Formation, 45 = Nimba Itabirite, 46 = Atlantic City Iron Formation, 47 = Anshan, 48 = Caldeirio belt, 49
= Manjeri Trin Fermition, 50: Bababidan Group, 51 = Gimola terrane, 52 = Central Slave Cover Group, 53 = Carajis For-
mation, 54 = Olenegorsk Formation, 55 = Steep Rock Group, 56 = West Rand Group, 57 = Pongola Supergroup, 58 =
Ciem-‘enﬂle Formation, 59 = Indian Creek Metamorphic Suite. 60 = Moodies Group.
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Banded Iron Formations (very low O, in atm)
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Banding and compositional heterogeneity in BIF
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Silicate mineralogy in BIF
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Figure 5.17 {a) Eh-pH diagram showing the stabilities of common iron minerals. The conditions that apply to this
particular phase diagram are: T = 25 °C, Piowa1 = 1 bar, molarities of Fe, S, and CO, are, respectively, 10%,107%, and 1.
(b) Eh-pH diagram showing the stabilities of common manganese minerals. Identical conditions apply, but with the
molarity of Mn = 10~ {diagrams modified after Garrels and Christ, 1965; Krauskopf and Bird, 1995). Note that the
manganese oxides [MnO, and Mn, ;) are stable at higher Eh than the equivalent ferric oxide (hematite), and would

only form, therefore, under more oxidizing conditions.
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Simplified models for the depasition of Archean and P1]enpmteuuo1c iron formations. Marked gradients in iron
concentrations existed in both Archean and Proterozoic oceans in which iron-formation deposition occurred. Crvgen nases
in shallow-water environments (A), above the redoxcline, generated by oxygenic photosynthesis were ariginally held Tespon-
sible for deposition of iron formation (Cloud, 1673). Hc:weu-"r dum]g the Archean even shallow-water settings may have
been reducing with respect to iron. In this case, it is unlikely that oxidation with dissohved divalent oxygen was an impoﬂ‘aut
process: anoxygenic photosynthesis (B) was probably the dominant means of ferrous iron oxidation. Photochemical oxidation

of iron was also inferred (C) but is now considered insignificant.
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ron & Manganese Global distribution of major Mn deposits
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Green circles: BIF association; Blue circles: carbonate/black shale association
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The Transvaal Supergroup
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Stratlgraphy
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The Kalahari Mn Field
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Chemical stratigraphy of the Hotazel Formation
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Major Fe and Mn Formations

Module 2

Fe-Mn redox evolution and the GOE
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