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PALEOPROTEROZOIC BANDED IRON FORMA-

TION OF THE QUADRILATERO FERRIFERO
BRAIIL

ONE OF THE MOST
IMPORTANT RECORDS OF
PALEOPROTEROZOIC BIF
ON EARTH AND PLACE OF
FERRUGINOUS CAVES.

The Bonded iron Formotion: {BIF] in the
Quadriloters Ferrifero is o Loke Superi-
or-type iron deposit formed ot the bagin-
ning of the Great Oxygenation Event.
During the Cenozoic the wetter climote
fowored weothering thot enriched iren
minerals, which produced economicolly
significant iron ore bodies.
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Duricrust iz formed by fron oxide ond
hydroxide (ferricratel close to the top of
weathering profiles in the BIF. These cop-
stona deposits, nomed regicnally os con-
ga, ore resistant to erosion ond ore host
to smoll caves thot ore the first to hove
been described in detoil in ferruginous
rocks [Auler et al, 2014; Simmons, 1963).
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The most conspicucus Banded kon Forma-
tion In Quodnidrar Ferrifern, gemes with
maorbies, dolomites and hamatioe and doéo-
mitlc phyllitas, constiute the Coud Formation
of tha Supergroup Minos Thesa rocks ore
Polgopfotarnzoic in oge, up to 360 m thick,
242-268 GA, ond deposied In o shallow
maring cceon (Spler et al, 2003). They ora

o0 Reande Aroieciad Asg

ST OO

IFodt iy thee lost 20 yeors. The weothasing po-
file & the oldest ond MOSE CONTINUOWS KNoWwn
[Epsar st al, 2004). Tha leosching ot the tp of
the BIF produced duricrust, which s formed
by Iran oxide and wdnoide (farricretal Tha
Durlcrust prevents armsion and is egionally
called canga

Scientific research and trodition

Tne BIF ouctops ware lndmorks for Euro-
paon and Africon populotions n (e raegion
sinea tha 18" cantury, and decribed by sci-
BNUETE in the 190 century. Thesa deposits
hawve been the subgcr of geochamical and
[Eoonic nvestganons, os well as studias
on the geness of durorusts and reloted
cave formaotion

coppad by dodomnic BIF and dofomitas of The
Gondarelo Formaton, which eshibit bioge-
Meds siruciures such 08 stomaroliies and
olgol mats. These rocks hove been deformiad
I Twid Proferozess orogenies:

Tha Cenozoic climat fovored wieathering,
which lsaohed sficious and corbonate min-
erals of the the BIF ond enrched fon mines-
ols This porcess hos produced bodies of iran
ofe thoty have up o 75% Fe0. These dapos-
|rs oea of global significance. iron menes inthe

aat
ragion produced more than 3.0 billon torns of B

oL
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53

REFERENCES
13. Paleoproterozoic Banded Iron Formation of the Quadrilatero Ferrifero

Auler, A. et al. (2014) ‘Hypogene Cave Patterns in Iron Ore Caves: Convergence of Forms or
Processes’, in Hypogene Cave Morphologies. Alexander Klimchouk; Ira D. Sasowsky; John
Mylroie; Scott A. Engel; Annette Summers Engel. Lewisburg: Karst Waters Institute, pp. 15-19.

Rosiére, C. et al. (2005) ‘Pico de Itabira, MG Marco estrutural, histérico e geografico do
Quadrilatero Ferrifero’, in Sitios Geoldgicos e Paleontoldgicos do Brasil. Winge, M. et al.
Brasilia: CPRM, pp. 193-202.

Simmons, G.C. (1963) ‘Canga caves in the Quadrilatero Ferrifero, Minas Gerais, Brazil’, The
National Speleological Society Bulletin, 25, pp. 66-92.



Spier, C.A., de Oliveira, S.M.B. and Rosiere, C.A. (2003) ‘Geology and geochemistry of the
Aguas Claras and Pico Iron Mines, Quadrilatero Ferrifero, Minas Gerais, Brazil’, Mineralium
Deposita, 38(6), pp. 751-774. Available at: https://doi.org/10.1007/s00126-003-0371-2.

Spier, C.A., Vasconcelos, P.M. and Oliviera, S.M.B. (2006) ‘40Ar/39Ar geochronological
constraints on the evolution of lateritic iron deposits in the Quadrilatero Ferrifero, Minas
Gerais, Brazil’, Chemical Geology, 234(1), pp. 79-104. Available at: https://doi.org/10.1016/].

chemgeo.2006.04.006.

AUTHORS

Paulo de Tarso Amorim Castro. Professor at Universidade Federal de Ouro Preto.

Ursula Ruchkys de Azevedo. Professor at Universidade Federal de Minas Gerais.

UNESCD World Herltoge Sime

ONE OF THE MOST
ICONIC ROCK
MONOLITHS IN THE
WORLD IN AN URBAN
LANDSCAPE.

Gaomamphalogy ordactie geclogion] feokessss

BRAIIL

Althowgh more thon 50 mountalns are
noamed *Sugar Loof” (New Websier's Dic-
tionary and Thasourss Lexicon Publico-
tions, Donbury, Connecticut, 19931, the
Sugar Loaf manolith |s the world referance
for this type of lendfarm. The top of this
autstonding pinnacle, eosily redohed by
cahble car, s the ideol lookout for the unique
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THE SUGAR LOAF MONOLITH
OF RIO DE JANEIRO

geomorphology of Ro de Janefro {Siivo ond
Romas 2002) and the Serma do Mar ranga
e to the north. It is also o cultural lond-
miark becousa it has been a symbol of Bro-
zii ond of Rio de Janeiro in paintings and
raports since the coloniol paried (Castro ar
al, 2021).1t |s port of o UNESCO World Her-
itoge Site.
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Thes Sugar Loof [Pio de Acooar InPortuguesa)
is an oustanding 396 m high rear-conical
resss monolith eatsd of e & ol tha
Buonobar Biy, in o de Janaim, SE Brozil

The Suger Loal g composed of on ougen
grestas refaried in locol IReroture s the *Pha-
coidd Groiss” [from e Greel ward for lens
shoped] This greiss is the product of met-
ofnorphisi ond delormotion of o K-feidspor
gronde during the main collisional phass of
e Ribera amgenio belt 01 co. 560 Mo (Edi-
ocamn Per Bevernl iocinal folds con ba

ored dunng the Pdlaogers alsa eontrol ar-
sive processes thot farmed the sub-venticn
south ond 1 wtlls AL the southarn wall o
rock lar, still ottoched to the moin body, &
o remnant af mckfol processes thot shopad
tha monolith. Arslnd the boltom of this piior,
on imoressve boulder deposit represents da-

bris Troem post rockloll events [Valerano and
Mopalhas, BE41

Scientific research and trodition

The Supor Loof i mpresenisd n maops os
eary as the 16 century when Europeans or-
rivad in Brozl One of the enrfiest maop & Trom
Jeon da Lary [Thi singulanities of the Anbanc-
tiz France, 1572, whara it wos named *Pat de
Bsere” by tha French soilorg, sering os the
miin reference ko the entrancs af the Gua-

mabang Boy ond Rio de Janaia (n his famous
woyogs oboond [he Beagle, Chorles Darwin
obso pointed out the imposing presence ol
Sugar Loal when he keft Rio de Jansino on the
Bhal iy 1832 [Chancelos and Wyha, 20091

2E8f in the northenn, southarm and Wastsn
sub-verticol focs

o & al, 2012]

Cohsidering the fpaarm gical Evolution
of Sugar Loal, the role of chemical aieration
urdder thia narvy Bopical cimals |sevidant. Tha
metnsedimardory gneiss wos peforenolly
weoth=med ond eroded, Boving the resher
DugEn griss makang up tha highar koo rakef
Stesp ENE wartical frocturas thit affectsd ha
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DOMO DE ARAGUAINHA
IMPACT STRUCTURE

BRAZIL

The structure boosts 1ocular scan- es. It has even boen suggested that this
THE I‘Mwm [-'4|] “H] ery and Iz easily ncc::::la. A divergity  impoct could have baanli::ulwd, directly
M"] E[ST EXPDSEI] ]HMH of impact litholagles, such os polymictie  or indirectly, with tha major mass extine-
impoct breccia and Impoct malt rocks,  tons ot the Permion-Triossio boundary.
HEUHURHH sm'ITH m:s-thu with uhundnnlp;\mk deforma-  Textbook exomples of impoctites ur?d
AHE"":“. WITH E:(MIP[ES tion feateres such os shotter cenesand o shock deformotion fectures moke Am-
[": IH pm:‘f“‘ES M"] SHHCH varkety of microscopic shock deformotion  gualnha an ideal locotion for developing
features, moka the Aroguoinha Dome o gestourism, gesheritape and geoCORSEr-
uEFu"m“ﬂH FEA“mES- fontostic notursl laborotory to understond  votion-reloted, as well os educotomnal,

impoct crotering and planetary process-

octivitles.
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Tne Doma da Argguninha  [Amguoinba
Dome) axhibits a krge divarsity af rock
types ond impoct fenfuras axposed in its
=13 thousand km® oreq, including Neoprota-
rozoic ond Paleozaic crystaline moks at the

Scientific research ond tradition

Brozikan and foreign sciantfic mestioations
hove been condectad ot Aroguainho Snce
the 10d0s, ond esults have bean widely
putiEshed Excursions hove been conducted
os poet of nemotional confersncas, such

A SRR DORES IN DNYIRNES of The. ONySIIiiS DOSSMaT. fan for sooks & 1 om g Phome A Cresnn!

o= on inErnational Geological Congress,
Anrul Maating of the Meteariticg Sociaty,
Lamea Mateorite Impocts and Plonatory Eva-
|ution W confananca.

centar of the strocture thot me surroondsd
by Slisian (o Pefmion sadimentary strita-of
the intracrotonis Pamng Bosie The mmpoct
struciure (s cut by tha Aroguoio River that
thrains imor the Amozon River bosine The
shructure exhibels an anpulan concantno
structure with o centrol uplift where tha Na-
oproterooio o Cambrion ofystalline bose-
mant iz wall exposad The contrad uplift g
siviounded by sedimantory sequences ol
the Parand Bogin incleding, from the bass
ta tha top, the Rio lval {Silurion), Parand (De-
wonian], tarorg [Corboniferaus], ond Passa
Dois [Parmian] groups The sadimantory
strala ore arraenged in o bull's eye pottanm
around the central eryatalling core, forming
o formidoble geologecal scenorin Inmpoc-
mes, nomaly polymict impoct brecoin ond
wvorious types of impact melt rock, oooue
cbibndantly in the central peetion of e
Slruniurs

SECOn i (he Afguaiifio foms [OFRMEmmiian Sealogigl Survey), sser
sify [tk eyl
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IGUAZU / IGUAGU WATERFALLS
ARGENTINA AND BRAIZIL

feclogionl peopegens

UNESCD World Heritoge Site

iguazd/iguogy is one of tha major warld very cleor exomple of regressive fuvial

references in whaot concerns waterfolls,  erosion. In oddition (Ardolimo and Mironda,

ONE OF THE MOST ICONIC

with aducotional potential in ralation to a

32

M"] UUTSTAHDIHE which is one the reasons why it was des- 2008}, the cosxistence with lorge ond ex-

Ignoted os o UNESCO's World Heritoge site.  tenshve bosaltic outcrops orlginated during
W'HEHFALI'S m THE This great occessibiity ond infrostructure the frogmentation ol the primitive Gand-
Wﬂﬂ[l]. of the oreo moke iguazd/iguacy o ploce  waono continent, oliow oddressing issues

melated to global tectoncs.
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The |guariiguogy waterfolls constitute a
aat ol 275 folls with on averoge height of 75
rmaters distributad olong o front of alinost
2,700 meters Thass dischonmes an ovanpe ol
1,B00.000 I's intd the niriow ond deep con-
wor of thes oo mver [Solomurs & af, 1I096].
The “Gorgoro del Dible® (Devils Thioall
tres most important fall, i the culmination of

part af tha Pamn ond the finol 2action of tha
lguazu ofe probobly structimlly cortrodad
[Ardelnn and Mirando, 20081

Scientific research ond trodition

Sincs the watssrolls ors beatsd on the bomss
between Argentina and Broxl ond corstituta
the moal irmosng fsaloes within the homon-
yimoue Notionol Porks, e 2 profuss mer-
refndl ressarth on ootive gsomarphalogical
processes, patrological ond valcaralogical
oepacts, 05 wall o2 numerous publicotions
[hct contesnploes biots foctors

tres canyon it begrs mthe Paraond rives,
on the bardar between Amenting, Broed ond
Paragumy. 18 km downstream fom the ks
Fissural bosolic volsanie rmoeks thot spread
over the surfocs some 26 to 15 Ma ogo [Liw-
ar Cretocaous] doeificts e magion [Arddlisg
o Mirarides, S008] Thess kil Nows coarad
on o of 1,200,000 kEny and acocumuloied
thcknessss of up © 1,500 metes, constitg-
gy The iorest Basatic knva low reeored on
thes pliores's continanlal crest 15 orgin s sn-
chmraus with the fegmantation of Garchio-
iy, foof which thesse rocks ore also recogrized
I the weastern sector ol Afrlea, on intereadil-
reral group known as the Pormng-Elendskn
wieonic prinvincs [Lambias, 2023). In Sowth
Amerco, These |ovos ore kaown 0s e Sar-
i Garal Formobion. The mgion & a fgh, fat
paaau that & crosesd ond incisad by sev-
aral rivers. The channel of some af them, ke
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