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Research progress of Precambrian iron formations abroad and some problems
deserving further discussion
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Abstract

Iron formation (IF), formed during the early Precambrian period, is an iron-rich (TFe > 15%) and
siliceous chemical sedimentary rock. It consists chiefly of iron oxides (magnetite and hematite) and quartz. Ac-
cording to its petrographic features, IF can be classified into two types: Banded Iron Formation (BIF) and
Granular Iron Formation (GIF); BIF can also be further divided into Algoma type related to volcanic rocks and
Superior type related to fine clastic-carbonate rocks on the basis of sedimentary environment. IF began its pro-
duction at 3.8 Ga, mainly occurred from 2.8 Ga to 1.8 Ga, continuously disappeared after 1.8 Ga, and reap-

peared in small amounts at about 0.8 Ga because of the Snowball Event. Algoma type BIF was dominantly pro-
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duced in Meso-Neoarchean, whereas Superior-type BIF was much more common in Paleoproterozoic. The for-
mer, mainly formed before cratonization, was closely related to marine volcanic activity and continental accretion
while the latter, mainly formed after cratonization, was related to stable craton basins and increasing
atmospheric oxygen content. Algoma-type iron deposits are often characterized by smaller-size in terms of single
ore body, lower grade and multilayer development, whereas the Superior-type ones have features of larger-size
single ore bodies, higher grade and fairly stable layers. Due to extensive production and unrepeatable nature of
IF, the research on IF has not only economic value but also important scientific significance. The research trend
of IF seems to further focus on such problems as the relationship between IF and early tectonic (mantle plumes
and early plate tectonics) evolution, the composition and evolution of hydrosphere and atmosphere, the activity
of early organisms in the earth, the genesis of IF and the regularity of its temporal and spatial distribution.
Key words: geology, iron formation, classification of banded iron formation, Precambrian abroad, craton,
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Fig. 4 Sketch map of sedimentary environment of BIF and GIF modified after Wang et al. 2009 and Bekker et al. 2010

The interaction between the seafloor hydrothermal fluids and komatiites generated by mantle plumes released silica and iron

which precipitated alternately to form iron formation



1316 2012
IF BIF BIF
Algoma Superior Gross 1980
Algoma
3.2.1 Algoma BIF BIF Gross 1983 Veizer 1983
BIF 3.8 5 6
Ga 1.9Ga Algoma
3 >2.6 Ga 2.6~1.9 Goodwin 1973
Ga <1.9 Ga Goldich 1973 Gole et al. James 1983 Isley et al. 1999 Huston et al. 2004
1981 James 1983 BIF
BIF 90% DBoyle et al. 1973
BIF Algoma
) Vermilion Michipicoten
BIF Superior Yilgarn
Boyle et al. 1973 Gole et al. 1981 Rosing et

al. 1996 Zhang et al. 2011 2
Algoma

Manikyamba et al. 1993
Kaufman 1996 Bolhar et al. 2005 Glikson et al.

0 2007 Steinhoefel ettal. 2009  Barrett 1988
10" t James et al. 1982 Huston et Al
al. 2004 soma
Algoma
50 m 10 km 3.2.2" Superior BIF
IF Superior  BIF
Su-
perior IF 10" t James et al.
1982 Superior  BIF Algoma
Algoma  BIF
Superior BIF
2 BIF
Table 2 | Comparison of geological features between two types of BIF abroad
Algoma Superior
27~28 24~25 18~19
GIF
Vermilion Michipicoten Superior Hamersley




31 6

1317
3
MT.BRUCE
SUPERGROUP 4
1 ) = TRANSVAAL 6
TALLERING WINDARRA EEm—— SUPERGROUP EARAHEEDY
RANGE _ GROUP
AAAAAA ~N\] T/l\/‘ 0 VY 0
A AANAANA o I vVVVYy
AADAABM N VWYY 5 0
e, 2222
AANANAA A VYVvvyvy KNOB LAKE
ANAAAMA v E= =] GROUP
AA A AAA
AAAAAA
AANNAAN NENENEEEN
AAANAA AANNAANAN
R 400 3000,
P— m m
I —— 3000
AANAAANAN N m
AAAANAAN
%%m = ot |
PN —_ ]
e — L)
e E—— X X X X X
e R X X X X X
P VY VY rE XXX
L VNN v
{ 3 ; ] 4% B
i ¢ 4 ¢ 3 :ﬂ A
[ T
AAAAA N TTTTTT .
PO 3PS ::.,TTTT’; A
e . o AN Ly
Bt R BRAAE poSe i
223223 vvvvl L Lping XXX XX s
8| mon B KO AR ok ks
5 Klein 2005
1— Tallering IF 2— Windarra IF 3— Hamersley IF 4— Kuruman IF 5— Labrador
Sokoman IF  6— Naberru Frere IE 1. 2 Algoma BIF 3 4 Superior BIF 5 6 GIF

Fig. 5 Stratigraphic section of typical IFs modified after Klein 2005
I—Tallering Range IF Western Australia 2—Windarra IF Western Australia 3—Hamersley Group IF Western Australia 4—Kuruman IF

South Africa 5—Sokoman IF Labrador Trough Canada 6—Frere IF Naberru Basin ~ Western Australia. 1 and 2 belong to Algoma

type BIF 3'and 4 belong to Superior type BIF 5 and 6 belong to GIF

SuperiorIBIF AlgomaZiBIF

BeaR gk

oKD Si
Si VS . F4

4

6 BIF

Fig. 6 Sketch map of sedimentary environment of BIF

Gross 1980 1996 Beukes 1983 Simonson 1985 Simonson et al.



1318 2012
1996 - Superior IF
Hamersley Carajas Krivoy IF
Rog BIF  GIF Superior  BIF
GIF  Superior BIF Clout et al. 2005
Bekker et al. 2010 IF
IF
Superior  BIF IF
BIF
IF
BIF 4
4.1
IF IF
Algoma  BIF  Superior
BIF BIF  GIF
Algoma  BIF  GIF Morris 1993 Dauphas et
Superior  BIF GIF al. 2004 André et al. 2006 Lascelles 2007  Bar-
Superior  BIF 29 ley 1998 Algoma IF
18 BIF IF
Superior
Labrador BIF 20~18.5 Superior  IF
GIF GIF
Morey Bekker 2010
1983 Nabberu IF BIF
GIF Goode et Algoma
al. 1983 GIF
Superior  BIF Superior  IF
GIF " BIF Bekker 2010
Superior  BIF IF
IF 2.5~2.4 Ga
Rouxel 2005 Superior  BIF 1.85 Ga
7 IF
Algoma
BIF Superior 2.4 Ga GOE
BIF GIF IF Cloud 1968 1973 Catuneanu et
al. 1999 Huston et al. 2004 Zhao 2010
Algoma  BIF  Superior BIF IF
Superior  BIF  GIF Isley et al. 1999 Pirajno 2004  Isley 1999
Kaapvaal IF
IF Algoma Superior IF
IF Huston 2004 IF 27.5



1319

31

m M
: "

. i

H ¥

H i

H K

1 _ m

.
08 G805 5 NS IRGS SN &

.

3°S / %o
Farquharetal., 2007

.e
3

VMS
1.0 Cu-Zn(-Pb-Ag-Au)

K / Gt

Franklin et al., 2005

r0.8

F0.6

0.4

0.2

I

g

<
=
2
>
=
% g
O g
= G
¥
.*A
{

- 100

— 1.2

&/ km

Abbottetal., 2002

=n
=]

o 08 A

~ 0.6

IF /Gt
Bekkeretal., 2010

L 106

L 10°

- 104

103

- 102

- 10

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

B 4R/ Ga

VMS

Distribution of epochs of IF in relation to epochs of sulfur isotope variations VMS deposits

Fig. 7

atmospheric oxygen concentrations and mantle plumes

Wang et al.

BIF

~27

2009

IF

Si

Fe

Sudbury

1.85 Ga

REE
Holland 1973 Rao et al.

Eu

2009

Al

2007 Slack et al.

Glikson et al.

1995



1320 2012
IF IF
2 )
Fe?t Klein et al. 1992 Isley et al. 1999
Fe?* IF Fe?* H,
Fed* IF Clout et al. 2005 H,S
@
Fe Si VMS Barley et al. 2005
Good- IF  VMS
win 1973 Wang et al. 2009 Veizer 1976 James 1983 Meyer 1988 Isley et al.
IF 1999 Huston et al. 2004 2010 7 IF
Cloud 1979 IF Isley et al. 1999 VMS
Rona 1993 Franklin et al.
2005
IF Posth IF
2008 VMS
Wang 2009 Fe** Superior IF 18
SiO, VMS
IF VMS
IF Trendall 2002
Hamersley IF VMS IF
@) 24 ~25 VMS
@) IF
® IF VMS
Clout 2005 Superior [F 2007
3 ) IF VMS
@ ®
Fe?*
4.3
4.2 IF
James 1954 IF
4 IF
Fripp 1976 IF
Phillip 1984 Groves 1987 IF  Eu
Bekker 2010 Ce IF
Si H Fe
IF Knauth et al. 2003
IF Robert et al. 2006 Hren et al. 2009

Simonson 2003

Perry 1967 Robert et al.
2006 van den Boorn et al. 2007 Steinhoefel et al.
2009 IF Valaas Hyslop et



31 6 1321
al. 2008 IF BIF  Algoma
Cameron 1983 Grassineau et al. 2002 Zhai et al. 1990
2010  Farquhar 2007 2006 BIF
S
24.5 BIF
24.5
7 Yasuhito
2011 22~24.5 Os
23 References
IF
. 2007. BIFs
44 J. 27 2 205-210.
. 2010.
IF 25—-24 I
Cloud 1968 1973 IF 84 9 1359-1373.
. 2005.
J); 28 4 196-206.
. 2006. M . . 254

Braterman et
al. 1984 Francois 1986 Konhauser et al. 2007
IF Klein et al. 1989
1992
Brocks

Han Negaunee IF

1999 Hamersley Roy

Hill

Roy Hill Marra Mamba IF

Ohmoto et al. 1993 Ohmoto 2004 Heising
et al. 1999 Noffke et al. 2006
Planavsky et al.
2010 Liet al. 2011 IF
4.5
2
@ Franco et al.
2008 IF
IF

@ BIF

Webb
2008 Lobato et al.
TFe>45%

2008

et al.

Abbott D H and Isley A E. 2002. The intensity occurrence and dura-
tion of superplume events and eras over geological time J . Journal
of Geodynamics 34 2 265-307.

André L Cardinal D Alleman L Y and Moorbath S. 2006. Silicon iso-
topes in ~3.8Ga West Greenland rocks as clues to the Eoarchaean
supracrustal Si cycle J . Earth and Planetary Science Letters 245

2 162-173.

Barley M E  Kerrich R Krapez B and Groves D 1. 1998. The Late
Archean bonanza Metallogenic and environmental consequences of

lithospheric tectonics and
global cyclicity J . Precambrian Research 91 1-2  65-90.

Barley M E  Bekker A and Krapez B. 2005. Late Archean to early Pale-

oproterozoicglobal tectonics

the interaction between mantle plumes

environmental change and the rise of

atmospheric oxygen ] . Earth and Planetary Science Letters 238
12 156-171.

Barrett T J Fralick P W and Jarvis I. 1988. Rare-earth-element geo-
chemistry of some Archean iron formations north of Lake Superior

570-580.

Bekker A Slack ] F Planavsky N Krapez B Hofmann A Konhauser
K O and Rouxel O J. 2010. Iron formation The sedimentary prod-

Ontario J . Canadian Journal of Earth Sciences 25 4

oceanic  and

467-508.

uct of a complex interplay among mantle tectonic

105 3

Beukes N J. 1983. Palacoenvironmental setting of iron-formations in the

biospheric processes ] . Econ. Geol.

depositional basin of the Transvaal Supergroup South Africa A .
In Trendall A F and Morris R C eds. Iron-formation Facts and
problems C . Amsterdam Elsevier Press. 131-209.
Beukes N J. 1984. Sedimentology of the Kueuman and Griquatown iron-
formation Transvaal Supergroup Griqualand West South Africa
47-84.

J . Precambrian Research 24 1



1322

2012

Beukes N J. 1986. The Transvaal sequence in Griqualand West A . In
Anhaeusser C R and Maskes S eds. Mineral deposits of Southern
Africa C . Johannesburg Geological Society of South Africa 1

3 819-828.

Beukes N J and Klein C. 1992. Models for iron formation deposition
A . In Schoph J] W and Klein C eds. The Proterozoic bio-
sphere A multidisciplinary study C . Cambridge Cambridge Uni-
versity Press. 146-151.

Blake R S and Barley M E. 1992. Tectonic evolution of the late Archean
to early Proterozoic Mount Bruce megasequence set Western Aus-
tralia J . Tectonics 11 6  1415-1425.

Bolhar R Van Kranendonk M ] and Kamber B S. 2005. A trace ele-
ment study of siderite-jasper banded iron formation in the 3. 45 Ga
Warrawoona Group Pilbara Craton Formation from hydrothermal
fluids and shallow seawater ] . Precambrian Research 137 1-2
93-114.

Boyle R W and Davies ] L. 1973. Banded iron formations J . Geochim.
Cosmochim. Acta 37 3 1389-1398.

Braterman P S Cairns Smith A G Sloper RW  Truscott T G and Craw
M. 1984. Photo-oxidation of iron II in water between pH 7.5
and 4.0 ] . Journal of the Chemical Society Dalton Transaction
37 1441-1445.

Brocks] J Logan G A Buick R and Summons R E. 1999. Archean
molecular fossils and the early rise of eukaryotes J . Science 285
1033-1036.

Cameron E M. 1983. Genesis of Proterozoic iron-formation Sulphur
isotope evidence J . Geochim. Cosmochim. Acta 47 6 1069-
1074.

Canfield D E. 1998. A new model for Proterozoic ocean chemistry J .
Nature 396 3 450-453.

Catuneanu O and Eriksson P G. 1999. The sequence stratigraphic con-
cept and the Precambrian rock record An example from the 2.7-2.
1 Ga Transvaal Supergroup Kaapvaal craton J . Precambrian Re-
search 97 3-4  215-251.

Cloud P. 1968. Atmospheric and hydrospheric evolution on the primitive
earth Both secular accretion and biological and geochemical pro-
cesses have affected earth’ s volatile envelope J . Science 160

17 729-736.
Cloud P. 1973. Paleoecological significance of the banded iron-formation
J . Econ. Geol. 68 7 1135-1143.

Cloud P and Morrisson K. 1979. On microbial contaminants mi-

cropseudofossils and the oldest records of life ] Precambrian Re-

81-91.

Clout ] M F and Simonson B M. 2005. Precambrian iron formations and

search 9 1

iron formation-hosted iron ore deposits A . In Hedenquist ] W
Thompson ] F H Goldfarb R J and Richards ] P eds. Economic
Geology One Hundredth Anniversary Volume 1905-2005 C . Lit-
tleton Economic Geology. 643-679.

Dauphas N Van Zuilen M Wadhwa M Davis M Marty AM Janney
B and Philip E. 2004. Clues from Fe isotope variations on the ori-
gin of Early Archean BIFs from Greenland ] . Science 306

2077-2080.

Dimroth E and Chauvel J J. 1974. Petrography of the Sokoman iron for-
mation in part of the central Labrador Trough J . Geological Soci-
ety of America Bulletin 84 1  111-134.

Erikson K A. 1983. Siliciclastic-hosted iron-formation in the early

Archean Barberton and Pilbara sequence J . Journal of the Geologi-

cal Society of Australia 30 3-4  473-482.

Peters M Johnston D T Strauss H Masterson A

Wiechert U and Kaufman A J. 2007. Isotopic evidence for Mesoar-

Farquhar ]

chaean anoxia and changing atmospheric sulphur chemistry J . Na-
ture 449 11 706-709.

Franco P and Leon B. 2008. A review of Australia Proterozoic mineral
systems and genetic models J . Precambrian Research 166 1-4
54-80.

Francois L M. 1986. Extensive deposition of banded iron formations was
possible without photosynthesis J . Nature 320 27  352-354.

Franklin ] M Gibson H L Jonasson I R and Galley A G.. 2005. Vol-
canogenic massive sulfide deposits M . Economic Geology 100th
Anniversary Volume. 523-560.

Fripp R E P. 1976. Stratabound gold deposits in Archaean banded iron-
formation Rhodesia J . Econ. Geol. 71 1  58-75.

Garrels R M. 1987. A model for the deposition of the microbanded Pre-
cambrian iron formations ] . American Journal of Science 287

2. 81-106.

Glikson A and Vickers J. 2007. Asteroid mega-impacts and Precambrian
banded iron formations 2.63 Ga and 2. 56 Ga impact ejecta fallout
at the base of BIF argillite units Hamersley basin Pilbara craton
Western Australia ] . Earth and Planetary Science Letters 254 1-
2 214-226.

Goldich S 'S. 1973. Ages of Precambrian banded iron-formations J .
Econ. Geol. 68 7 1126-1134.

Gole M and Klein C. 1981. Banded iron-formations through much of
Precambrian time J . Journal of Geology 89 2 169-183.
Goode ADT Hall WD M and Bunting ] A. 1983. The Nabberu basin
of Western Australia A . In Trendall A F and Morris R C  eds.
Iron-formation Amsterdam  Elsevier

Press. 295-323.

Facts and problems C .

Goodwin A M. 1973. Archean iron-formations and tectonic basins of the
Canadian Shield J . Econ. Geol. 68 7  915-933.

Grassineau NV Nisbet E G Fowler C M R Bickle M ] Lowry D
Chapman H] Mattey DP Abell P Yong J and Martin A. 2002.
Stable isotopes in the Archaean Belingwe belt Zimbabwe Evidence
for a diverse microbial mat ecology J . Geological Society Special
Publication 199 1  309-328.

Gross G A. 1965. Geology of iron deposits in Canada Vol. 1. General
geology and evaluation of iron deposits M . Geological Survey of
Canada Economic Report. 22p.

Gross G A. 1972. Primary features in cherty iron formations J . Sedi-
mentary Geology 7 4  241-261.

Gross G A. 1980. A classification of iron formations based on deposition-

215-222.

al environments ] . Canadian Mineralogist 18 2



31 6

1323

Gross G A. 1983. Tectonic systems and the deposition of iron-formation
J . Precambrian Research 20 2-4 171-187.
Gross G A. 1996. Algoma-type previous termiron-formation. next term
A . In Lefebure D and Hoy T eds. Selected British Columbia
mineral deposits Profiles 2 C . Ottawa British Columbia Ministry
of Employment and Investment Open File. 25-28.

Groves D I Phillips N Ho S E  Houstoun S M and Standing C A.
1987. Craton-scale distribution of Archaean greenstone gold de-
posits Predictive capacity of the metamorphic model ] . Econ.
Geol. 82 8 2045-2058.

Han T M and Runnegar B. 1992. Megascopic eukaryotic algae from the
2.1 billion-year-old Negaunee iron-formation Michigan J . Sci-
ence 257 232-235.

Hassler S W. 1993. Depositional history of the Main tuff interval of the
Wittenoom Formation Late Archean-Early Proterozoic Hamersley
Group Western Australia J . Precambrian Research 60 1-4
337-359.

Heising S Richter L Ludwig W and Schink B. 1999. Chlorobium fer-
rooxidans sp. nov. a phototrophic green sulfur bacterium that oxi-
dizes ferrous iron in coculture with & Geospirillum” sp. strain J .
Archives of Microbiology 172 2 116-124.

Hoffman P. 1987. Early Proterozoic foreddeps foredeep magmatism
and Superior-type iron-formation of the Canadian Shield A . In
Kroner A ed. Proterozoic lithospheric evolution C . Washinton D
C Am. Geophys Union Geodyn Ser. 85-98.

Holland HD. 1973. The oceans A possible source of iron in iron-forma-
tions J . Econ. Geol. 68 7 1169-1172.

Holland H D. 1984. The chemical evolution of the atmosphete and o-
ceans M . New York Princeton University Press. 582p.

Hren M T Tice M M and Chamberlain C P. 2009. Oxygen and hydro-
gen isotope evidence for a temperate climate 3. 42 billion years ago

J . Nature 462 12 205-208.

Huston D L and Logan G A. 2004. Barite BIFs and bugs Evidence for
the evolution of the Earth’ s eatly hydrosphere J . Earth and Plan-
etary Science Letters 220 1-2 ' 41-55.

Huston D L Pehrsson S Eglington B M and Zaw K. 2010. The geolo-
gy and metallogeny of volcanic-hosted massive sulfide deposits
Variations through geologic time and with tectonic setting J .

105 3 571-591.

Isley A E. 1995. Hydrothermal plumes and the delivery of iron to band-
ed iron formation J . The Journal of Geology 103 2 169-185.

Isley A E and Abbott D H. 1999. Plume-related mafic volcanism and the

Econ. Geol.

deposition of banded iron formation J . Journal of Geophysical Re-
search 104 B7  15461-15477.

James H L. 1954. Sedimentary facies of iron-formation J . Econ.
Geol. 49 3 235.293.

James H L. 1983. Distribution of banded iron-formation in space and
time A . In Trendall A F and Morris R C eds. Iron-formation
Facts and problems C . Amsterdam Elsevier Press. 471-490.

James H L and Trendall A F. 1982. Banded iron-formation Distribution

in time and paleoenvironmental significance A . In Holland H D

and Schidlowski M eds. Mineral deposits and the evolution of the
biosphere C . New York Springer Verlag Press. 199-218.

Kaufman A J. 1996. Geochemical and mineralogic effects of contact
metamorphism on banded iron-formation An example from the
Transvaal basin  South Africa J . Precambrian Research 79 1-
2 171-194.

Klein C. 2005. Some Precambrian banded iron-formations BIFs f{rom
around the world Their age geologic setting mineralogy meta-
morphism geochemistry and origin J . American Mineralogist
90 10  1473-1499.

Klein C and Bricker O P. 1977. Some aspects of the sedimentary and di-
agenetic environment of Proterozoic banded iron-formations ] .
Econ. Geol. 72 8 457-1470.

Klein C and Beukes N J. 1989. Geochemistry and sedimentology of a fa-
cies transition from limestone to iron-formation deposition in the
Early Proterozoic Transvaal Supergroup South Africa J . Econ.
Geol. 84 7 1733-1774.

Klein C and Beukes N J. 1992. Time distribution stratigraphy sedi-
mentologic setting: and geochemistry of Precambrian iron-forma-
tions A . In~ Schopf ] W and Klein C eds. The Proterozoic bio-
sphere a multidisciplinary study C . New York Cambridge Uni-
versity Press. 139-146.

Knauth I. P and Lowe D R. 2003. High Archean climatic temperature
inferred from oxygen isotope geochemistry of cherts in the 3.5 Ga
Swaziland Supergroup South Africa J . Geological Society of
America Bulletin 115 5 566-580.

Konhauser K O Hamade T Morris R C  Ferris F G Southam G
Raiswell R and Canfield D. 2002. Could bacteria have formed the
Precambrian banded iron formations J  Geology 30 12 1079-
1082.

Konhauser K O Amskold L. Lalonde SV Posth N R Kappler A and
Anbar A. 2007. Decoupling photochemical Fe [l
shallow-water BIF deposition J . Earth and Planetary Science Let-
ters 258 12 87-100.

Krapez B and Martin D McB. 1999. Sequence stratigraphy of the Paleo-

oxidation from

proterozoic Nabberu Province of Western Australia ] . Australian
Journal of Earth Sciences 46 1  89-103.
Kump L R. 2008. The rise of atmospheric oxygen ] . Nature 451

17 277-278.

Larue D K. 1981. The early Proterozoic pre-iron-formation Menominee
Group siliciclastic sediments of the southern Lake Superior region
Evidence for sedimentation in platform and basinal settings J .

397-414.

Lascelles D F. 2007. Black smokers and density currents A uniformi-

Journal of Sedimentary Petrology 51 2

tarian model for the genesis of banded iron-formations J . Ore
Geology Reviews 32 1-2  381-411.

Li Y L Konhauser KO Cole D R and Phelps T J. 2011. Mineral eco-
physiological data provide growing evidence for microbial activity in
banded-iron formations J . Geology 39 8 707-710.

Lobato L M Figueiredo E Silva R C Hagemann S Thorne W and
Zucchetti M. 2008. Hypogene alteration associated with high-grade



1324

2012

banded iron formation-related iron ore J . Econ. Geol. 15 3
107-128.
Manikyamba C  Balaram V and Naqvi S M. 1993. Geochemical signa-
tures of polygenetic origin of a banded iron formation BIF of the
schist belt Karnataka nucleus
137-164.

Archaean Sandur greenstone belt
India J . Precambrian Research 61 1-2

Mengel ] T. 1965. Precambrian taconite iron formation A special type
of sandstone C . Geological Society of America Annual Meeting
Kansas City MO Abstracts. 106.

Mengel ] T. 1973. Physical sedimentation in Precambrian cherty iron
formations of the Lake Superior type A . In Amstutz G C and
Bernard A J
Press. 179-193.

Meyer C. 1988. Ore deposits as guides to geologic history of the Earth

J . Annual Review of Earth and Planetary Sciences 16 3  147-
171.

Morey G B. 1983. Animikie basin Lake Superior region USA A .
In Trendall A F and Morris R C eds. Iron-formation Facts and
Problems C . Amsterdam Elsevier Press. 13-68.

Morey G B and Southwick D L. 1995. Allostratigrphic relationships of
Early Proterozoic iron-formations in the Lake Superior region J .
Econ. Geol. 90 7  1983-1993.

Morris R C. 1993. Genetic modelling for banded iron-formation of the

eds. Ores in sediments C . Berlin Springer Verlag

Hamersley Group Pilbara craton Western Australia ] . Precam-
brian Research 60 1-4  243-286.

Noffke N Eriksson K A Hazen R M and Simpson E L. 2006. A new
window into Early Archean life Microbial mats in Earth’ s oldest
siliciclastic tidal deposits 3.2 Ga Moodies Group South Africa

J . Geology 34 4 253-256.

Ohmoto H. 2004. The Archaean atmosphere
sphere A . In Eriksson P G Altermann W Nelson D R
Mueller W U and Catuneanu O eds.

hydrosphere and bio-

The Precambrian earth
Tempos and events developments in Precambrian geology 12 C .
Amsterdam Elsevier Press. 361-388.

Ohmoto H Kakegawa T and Lowe D'R. 1993. 3. 4-billion-year-old bio-
genic pyrite from Barberton South Africa Sulphur isotope evi-
dence J . Science 267 555-557.

Ojakangas R W. 1983. Tidal deposits in the early Proterozoic basin of
the Lake Superior region. The Palms and Pokegama Formations
Evidence for subtidal shelf deposition of Superior-type banded iron
formation A . In Medaris L G ed. Early Proterozoic geology of
the Great Lakes region C . Boulder Mem. Geol. Soc. Am.. 49-
66.

Perry E C. 1967. The oxygen isotope chemistry of ancient cherts J .
Earth and Planetary Science Letters 3 2 62-66.

Phillips G N Groves D I and Martyn J E. 1984. An epigenetic origin
for Archaean banded iron-formation-hosted gold deposits J . Econ.
Geol. 79 1 162-171.

Pickard A L Barley M E and Krapez B. 2004. Deep-marine depositional
setting of banded iron formation Sedimentological evidence from

interbedded clastic sedimentary rocks in the early Paleoproterozoic

Dales Gorge Member of Western Australia ] . Sedimentary Geolo-
gy 170 1.2 37-62.

Pirajno F. 2004. Hotspots and mantle plumes Global intraplate tecton-

ics magmatism and ore deposits J . Mineralogy and Petrology 82
34  183-216.

Planavsky N Bekker A Rouxel O] Kamber B Hofmann A Knudsen
A and Lyons T W. 2010. Rare earth element and yttrium composi-
tions of Archean and Paleoproterozoic Fe formations revisited New
perspectives on the significance and mechanisms of deposition J .
Geochim. Cosmochim. Acta 74 22 6387-6405.

Posth N R Hegler F Konhauser K O and Kappler A. 2008. Alternat-
ing Si and Fe deposition caused by temperature fluctuations in Pre-
cambrian oceans J . Nature Geoscience 1 10 703-708.

Rao T G and Naqvi S M. 1995. Geochemistry depositional environment
and tectonic setting of the BIF' s of the Late Archaean Chitradurga
Schist Belt India J . Chemical Geology 121 1-4  217-243.

Robert F and Chaussidon M. 2006. A palaecotemperature curve for the
Precambrian oceans based on silicon isotopes in cherts J . Nature
443 3 969-972.

Rona P A and Scott: S P. 1993. A special issue on sea-floor hydrothermal
mineralization new perspectives-preface ] . Econ. Geol. 88 8
1933-1976.

Rosing M T Rose N M Bridgwater D and Thomsen HS. 1996. Earli-
est part of Earth’ s stratigraphic record A reappraisal of the >3.7
Ga Isua Greenland supracrustal sequence J . Geology 24 1
43-46.

Rouxel O ] Bekker A and Edwards K J. 2005. Iron isotope constraints
on the Archean and Paleoproterozoic ocean redox state J . Science
307 1088-1091.

Simonson B M. 1984. High energy shelf deposit Early Proterozoic
Wishart Formation northeastern Canada J . Society of Economic
Paleontologists and Mineralogists Special Publication 34 3 251-
268.

Simonson B M. 1985. Sedimentological constraints on the origins of Pre-
cambrian iron formation J . Geological Society of America Bulletin
96 2 244-252.

Simonson B M. 1987. Early silica cementation and subsequent diagnesis
in arenites from four early Proterozoic iron formations of north

494-511.

Simonson B M. 2003. Origin and evolution of large Precambrian iron

America J . Journal of Sedimentary Petrology 57 3

formations ] . Geological Society of America Special Paper 370
231-244.

Simonson B M Schubel K A and Hassler S W. 1993. Carbonate sedi-
mentology of the early Precambrian Hamersley Group of Western
Australia J . Precambrian Research 60 1-4  287-335.

Simonson B M and Hassler S. 1996. Was the deposition of large Precam-
brian iron formations linked to major marine transgressions J
Journal of Geology 104 6  665-676.

Slack J F and Cannon W F. 2009. Extraterrestrial demise of banded iron
formations 1.85 billion years ago J . Geology 37 11  1011-

1014.



31 6

1325

Steinhoefel G Horn I and Von Blanckenburg F. 2009. Micro-scale trac-
ing of Fe and Si isotope signatures in banded iron formation using
femtosecond laser ablation ] . Geochim. Cosmochim. Acta 73

18 5343-5360.

Trendall A F. 1983. Introduction A . In Trendall A F and Morris R
C eds. Iron-formation Facts and problems C . Amsterdam El-
sevier Press. 1-11.

Trendall A F. 2002. The signifi cance of iron-formation in the Precam-
brian stratigraphic record ] . Special Publication International As-
sociation of Sedimentologists 33 1 33-66.

Trendall A F and Blockley ] G. 1970. The iron formations of the Pre-
cambrian Hamersley Group Western Australia with special refer-
ence to the crocidolite M . Geological Survey of Western Australia
Bulletin. 366p.

Valaas Hyslop E Valley ] W Johnson C M and Beard B L.. 2008. The
effects of metamorphism on O and Fe isotope compositions in the Bi-
wabik iron formation northern Minnesota J . Contributions to
Mineralogy and Petrology 155 3 313-328.

Van Den Boorn SH] M Van Bergen M ] Nijman W and Vroon P Z.
2007. Dual role of seawater and hydrothermal fluids in Early
Archean chert formation Evidence from silicon isotopes J . Geolo-
gy 3510 939-942.

Van Hise C R and Leith C K. 1911. The geology of the Lake Superior
region M . Monogr. US Geol. Surv. 52. 641p.

Veizer J. 1976. Evolution of ores of sedimentary affiliation through geo-
logic history Relations to the general tendencies in evolution of the
crust hydrosphere atmosphere and biosphere A . In Wolf K
H ed. Handbook of strata-bound and stratiform ore deposit C. .

Amsterdam Elsevier Press. 1-41.

Veizer J. 1983. Geologic evolution of the Archean-Early Proterozoic
Earth A . In Schopf ] W ed. Earth’ s earliest biosphere C .
New Jersey Princeton University Press. 240-259.

Wang Y F Xu HF Merino E and Konishi H. 2009. Generation of
banded iron formations by internal dynamics and leaching of oceanic
crust J . Nature Geoscience 2 11  781-784.

Webb A and Clout J. 2008. Banded iron formation-related iron ore de-
posits of the Hamersley Province Western Australia J . Econ.
Geol. 153 197-221.

Yasuhito Sekine Katsuhiko Suzuki Ryoko Senda Goto K T  Eiichi
Tajika Ryuji Tada Goto K = Shinji Yamamoto Naohiko Ohk-
ouchi Ogawa N O and Teruyuki Maruoka. 2011. Osmium evi-
dence for synchronicity between a rise in atmospheric oxygen and
Palacoproterozoic deglaciation J . Nature 502 3 23-26.

Zajac I S. 1974. The stratigraphy and mineralogy of the Sokoman For-

Quebec and Newfoundland M .
Canada Geological Survey of Canada. 159p.

Zhai M G and Windley B F. 1990. The Archaean and early Proterozoic

mation in the King Lake area

banded iron formations of North China Their characteristics geo-
tectonic relations ' chemistry and implications for crustal growth J .
Precambrian Research 48 3 267-286.

Zhang X ] Zhang . C Xiang P Wan B and Pirajno F. 2011. Zircon
U-Pb age HIf isotopes and geochemistry of Shuichang Algoma-type
banded iron-formation North China Craton Constraints on the
ore-forming age and tectonic setting J . Gondwana Research 20

1 137-148.
Zhao Z H. 2010. Banded iron formation and related great oxidation event

J . Earth Science Frontiers 17 3 1-12.





