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MANGANESE AND IRON DEPOSITS OF
MORRO DO URUCUM, MATO GROSSO, BRAZIL

By John Van N. Dorr, 2d

ABSTRACT

The manganese and iron deposits of the Morro do Urucum are
located in the vicinity of 19°20' S., 57°40' W., or about 25
kilometers south of the city of Corumbé, Mato Grosso, Brazil.
They were investigated in 1941 by the Departamento Nacional da
Produgdio Mineral of the Brazillan Government, and by the
Geological Survey, United States Department of the Interilor,
under the auspices of the United States Department of State and
of the Interdepartmental Committee for Cooperation with the
American Republics. The maln purpose of the work was to estab-
lish with some accuracy the magnitude and grade of the manga-
nese reserves. These were found to aggregate about 4,420,000
métric tons of measured ore, 11,750,000 metric tons of indicat-
ed ore, and 17,500,000 metric tons of inferred ore, with an
average content of about 45.6 percent manganese and 1l.1
percent iron.

Morro do Urucum also contains some 1,310,000,000 metric
tons of banded hematitic material which averages about 55
percent iron and 20 percent silica. Detrital ore has accumu-
lated on the slopes of the mountain; in the one area prospect-
ed there is about 450,000 metric tons per meter of depth of
* indicated ore and between 500,000 and 800,000 tons per meter of
depth of inferred ore that would average, after screening, per-
‘haps 64 percent 1lron and 4 percent silica.

The deposits of both manganese and iron occur in the Jaca-
Adigo series, of unknown but probably late pre-Cambrian or early
Paleozoic age. This has been subdivided into the Urucum, the
Corrego das Pedras, and the Band' Alta formations. The Urucum
formation, between 400 and 500 .meters thick, consists of contl-
nental deposits of arkose and conglomerate. It grades upward
into the Corrego das Pedras formation, about 95 meters thick,.
in which ferruginous arkose at the base grades upward into fer-
ruginous sandstone and ferruginous jasper. Above the Corrego
das Pedras formation is the Band' Alta formation,’ at least 300 -
nmeters in thickness, which contains the deposits of manganese
and iron. At the base of the Band'! Alta is a widespread bed of
the manganese oxide cryptomelane. This is overlain by banded
siliceous hematite, which makes up the greater part of the for-
mation but is interbedded, about 40 meters or nmore above the
base, with other lentlcular beds of cryptomelans, and, nigher
in the section, with lenticular beds of clastic rocks, includ-
ing siltstone, sandstone, and, rarely, conglomerate. The forma-
tion is cut off at the top by an erosion surface. - ’

1



2 GEOLOGIC INVESTIGATIONS IN THE AMERICAN REPUBLICS, 1944-

All the evidence now available indicates that the rocks of
the Jacadigo series are primary sediments deposited in a marine
or eplcontinental basin. The mode of deposition of the banded
hematites and manganese oxide of the Band' Alta formation is

not fully understood.

‘There is no unequivocal evidence of vul-

canism or igneous activity in the region except for the base-
ment granlte which is much older than the ore deposits. No
evidence is known to indicate that the iron was originally
deposited as carbonate or silicate.

.

Morro do Urucum is one of & number of mesas composed of
rocks of the Jacadigo series that are scattered over an area
of 800 square kilometers in western Brazil and eastern Bolivia.
Large faults cut the region into blocks, and at least one of
the faults 1s & high-angle thrust fault with a vertical dis-

placement of about 600 meters.

In Morro do Urucum the rocks
in which the dips are not

form an irregular basinlike syncline,
steep enough to cause much difficulty in exploiting the manga-
niferous beds.

BoLIVIA

BUENOS AIRES 100 0 500 Kilometers

NTEVIDEO

Figure 1.—Index map showing locetion of Corumbé, Brezil.

#
INTRODUCTION

'

The manganese and iron deposits of Morro do Urucum lie
about 25 kilometers south of the city of Corumbd, Mato Grosso,
Brazil, or in the vicinity of latitude 19°20' S., longitude
57°40" W. (fig. 1).
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Transportation

Corumbd (population about 20,000) is now the mercantile cen-
ter for a large part of southern Mato Grosso and will be the sup-
ply point in any development of the mineral resources to be dis-
cussed. The city is on the west bank of the Paraguay River, some
1,700 river miles above the Plate Estuary, and in 1941 two steam-
ship lines made regularly scheduled trips from tidewater to
Corumbd. Biweekly flights through Corumbd were also being made
by the transcontinental air line on its trips between La Paz and
S&8o Paulo. The city is not yet directly linked by a railway to
ports on the eastern coast. The Noroeste railroad joins the town
of Porto Esperanga, about 90 kilometers south of Corumbd, with
the eastern part of Brazil, but in 1943 a railway from Corumba to
Porto Esperanga was reported to be under construction. When this
railway 1s completed, 1t will pass within less than 3 kilometers
of the Morro do Urucum manganese deposits. A railroad was being
constructed in 1941 from Corumbd westward into Bolivia toward
Santa Cruz de la Sierra, of which about 120 kilometers was saild
to have been finished.

In 1941, ore from ¢these deposits was transported from the
mines to Ladario (pl. 1), in 4-ton trucks, over what was then a
third-class unsurfaced road, though it was passable in all but
the hardest rains. About 5 hours was required for the 64-kllo-
meter round trip., That portion of the road which is on Morro do
Urucum was extremely steep and would have to be in part relocated
and widened kefore any large tonnage could be trucked over it.
Ballasting, grading, and scraping would put most of the road in
condition to bear heavy traffic. Road metal is not abundant ex-
cept near the mines and might have to be hauled considerable dis-
tances.

River freight 1is’ transported by barges, with an average
capacity of possibly 650 tons, and by steamers of up to 1,200
tons burthen. One steamer commonly tows several barges. Ship-
ping costs for ore to Buenos Alres from -Corumbéd ranged from 150%
to 300% ($7.58-$15.14 U. S.) per ton in 1943. River traffic is
unrestricted for ships up to 1,200 tons capacity for 8 months of
the year; for about -4 months, in most years, low water makes it
impossible to carry full loads. In the dry season the minimum .
controlling depth is said to be about 4 feet.

Surface features

Three great physiographic features condition the life of the
region adjacent to Corumbi, and would likewise condition any
development of the mineral deposits. . These are the Paraguay
River, with its notable fluctaiations in level and its great flood
plain, which is known as the Pantanal; the low plateau stretching
westward from the river for many kilometers; and the high mesas
in which the iron and manganese deposits are found. The tops of
the mesas, the plateau, and the flood plain respectively repre-
sent three distinct and unrelated erosion surfaces.

The highest erosion surface is cut on the beds of the Jaca-
digo series. Although this surface has been removed completely
from most of the area, remnants of it'may be seen in the mesa
known as Tromba de Macacos (pl. 1); in Serra do Rabicho, some
5 to 10 kilometers northeast of the area shown in plate 1; in
Serra de Albuquerque, about 10 kilometers southeast by south
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of the southern part of the area shown by that plate; and in Ser-
rania de Mutun, some 30 kilometers west of Tromba de Macacos, as
well as in Morro do Urucum and Serra da Santa Cruz. Valleys of
steep gradlent are being cut into all these mesas. The maximum
-elevation of the mesas, attained in Serra da Santa Cruz, 1s
slightly more than 1,100 meters, and the average elevatlion of

the ridge tops in Serra da Santa Cruz and Morro do Urucum is
about 1,000 meters. «

An intermediate erosion stage at an elevation about 150
meters above the general plateau level 1s represented by several
extensive benches on several of the messs mentioned above.

A gently rolling plateau 20 to 200 meters above the level of
the river lies west of the Paraguay River and extends westward at
least some tens of kilometers beyond the Bolivian border. This
plateau 1s broken by steep buttes and ridges and.by a few sink
holes. The structure truncated by this erosion surface 1s rather
complex between the Morro do Urucum and Corumbi, but farther to
the north, in the vicinity of Puerto Suarez In Bolivia, it 1s
simpler. The bedrocks of the plateau are dolomite, limestons,
shale, granite, schist, and probably sandstone. Except in road
cuts and on buttes, outcrops are rare. All-weather roads can
be built on thils plateau at moderate cost.

The third notable erosion surface is the flood plain of the
Paraguay River. Although evidence is very incomplete, a few
drill holes suggest that the alluvial fill in the valley is a
relatively thin veneer over the bedrock, which, according to
de Paiva,;/ consists largely of pre-Cambrian metamorphle rocks.
Thus, because the extent of the feature in question is measured
In thousands of square kilometers, de Paiva's reference to the-
Pantanal as a peneplain is fully justified.

Because the rainfall in the area is highly seasonal, at the
end of the rainy season the Paraguay, which during the dry season
is dbout 300 meters wide at Corumbéi, overflows its banks and
spreads over an area tens of kilometers wide. The mailn drainage
‘then crosses the low divides between the fantastically intricate
‘meanders of the sloughs and streams which drain the flood plain
during the dry season. During the dry season the Pantanal is
dotted with many oxbow, oval, and circular lakes and with fixed
dunes, relics of an earlier drier ¢ycle. In that season the
Pantanal is grassy, and it is then a fine grazing ground for a
large number of cattle. ,

The Paraguay River is the maln trafflc artery of the region.
At Corumba, 1,700 river miles from the sea, its elevation. is only
about 80 meters, so that its average gradient is only 0.14 foot
per mile.

Climate, vegetation, ang water supply

The climate of the area around Corumbd has wide seasonal
variations. According to records obtaijned from the U. 8. Weather
Bureau for an ll-year period, the total precipitatlon for the 3
driest months, June, July, and August, averages 2% inches, where-
as during November, December, and January the average preclpita-
tion totals 21 inches, equally distributed among the 3 months.

’

%/ Paiva, Glycon de, and Leinz, Viktor, CQntribuiqso para e seOIOSia do
petroleo no sudoeste de Mato Grosso: Departamento Nacional da Produqéo
Miperal, Boletim 37, p. 13 f£¢,, Rio de Jeneiro, 1939.
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The average annual precipitation at Corumbd is 49 inches. Dur-
ing the dry winter months, south winds occasionally depress the
temperature to about 40° F., and frosts have been reported by
the ranchers near Urucum. During the summer months the tempera-
tures and humidity are often high, but the periods of extreme
heat are usually of no great duration. In generasl the climate is
healthful, especlially on Morro do Urucum, where the altitude
tempers the heat. Malaria and other tropical diseases are said
to be rare. : .

The characteristic vegetation of the widespread plateau be-
low the higher mesas (see pl. 1) consists of thorny trees, many
of which drop their leaves during the dry season; cactus 1s
abundant, and there is little grass. The prevailing vegetation
is thus characteristic of semiarid tropical country. Where water
is relatively abundant, however, and on the slopes above this
rather barren plateau, trees and vines grow luxuriantly, forming,
in some places, a nearly impenetrable Jjungle. The summits of
the mesas support only grass and a few low xerophytic shrubs ex-
cept in certain sharply defined areas which, for some reason not
readily apparent, are covered with a nearly impenetrable growth
of stunted spiny trees and vines. The vegetation 1s primarily
controlled by water supply, which in turn 'is controlled by the
underlying bedrock and by altitude.

The lower slopes of Serra da Santa Cruz, Morro do Urucum,
and Tromba de Macacos support many square kilometers of trees
sultable for charcoal, and enough charcoal to feed a small char-
coal blast furnace could probably be obtained within the region.

The water supply in the region, except on the Pantanal, is
restricted. Several small permanent streams oross the low
plateau, but on the higher slopes of the mesas, at the elevation
of the manganese and iron deposits, an abundant water supply is
available only at the spring which feeds the stream which passes
through Fazenda do Urucum. The south end of Santa Cruz Valley
contains many small springs which coalesce at an elevation of
about 500 meters to. form a small stream. Water would have to be
piped from one or the other of these sources for any large devel—
opment of the mineral deposits on Morro do Urucum.

.-

!
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GENERAL GEOLOGY '

Introductory statement

\

The immediate purpose of the field work on which this report
is based was to establish with some accuracy the size and grade
of the manganese deposits of Morro do Urucum. The fulfillment of
this purpose necessitated a detailed local study of the stratig-
raphy of the rocks immediately related to the deposits. This
study revealed the importance of the hemgtite deposits, which had
hitherto been relatively unknown. Time was not available, how-
ever, to undertake reglonal studies, and until such studieg are
made many questions as to ultimate orlgin of the manganese and
iron deposits must remain unsclved. Geological information is
presented more fully in the following pages than 1s usual in eco-
nomic reports because no thorough study of the rocks and struc-
tures of this remote part of South America had been made before.
For the same reason, the writer has not hesitated to indulge-in
geologlcal speculations, even though some are based upon admit-
tedly inadequate evidence. The reader should have no difficulty
in differentiating between established facts and speculative con-
clusions.

~ Previous work

D'Orbigny g/ was the first geologist to record his observa-
tions in this region. He was followed in 1897 by J. W. Evans,g/
and later by Arrojado Lisboa g/ whose work in this area has been
standard for many years. Recently de Paliva and Leinz §/ and
Oliveira and Leonardos §/ have contributed basic information on
the area.

Oliveira and de Moura have carried on basic reconnaissance
studies of the Corumb4d formation, mentloned below, and Oliveira
and Leonardos 7/ have described it in some detail. Very little
1s known, however, about the other sedimentary formations in the
area, and less, to the best of the author's knowledge, about the
areal distribufion of the granite and schist exposed near Fazenda
do Urucum (pl. 1). These three formations are source rocks for
part of the Jacadigo series, which contains the ore beds, and
their areal distrlbution and origin deserve careful study.

Very little is known of the geologic structure of eastern
Belivia and western Brazil, and detailed reconnaissance in the
region will probably reveal a hitherto unsuspected structural
complexity. The remoteness of the area, its general reduction to
local base levels and the consequent scarcity of exposures, and
the lack of adequate maps have discouraged such work, but with
modern techniques and equipment mich basic informatlon could be .
obtained.

_/ D'Orbigny, Alczde Voysge dans 1'amérique Méridionale exécuté pendent .
les sunées 1826-33, vol, III, 3me partie {Géologie), p. 19, Paris, 1842, N

3/ Bvens, J, W., The Geology cf Matto Grosso: Geol. Soc. London, Quart.
Jour., vol. aO PP, 85-104 1894,

4/ Lisboa, Miguel Arro1ado Rlbeiro, Qeste de S&o Psulo, Sul do Mato
Grosso. Estrade de Ferro Noroeste do Brasil, Rio de Jnneiroc, 1909,

5/ Peiva, Glycon de, snd Leinz, Viktor, op. eit.

_/ OllVﬂira, Avelino Ignacio de, and Leonsrdos, Othon Henry, Geologia do
Braszl Série Didética, No. 2, SerV¢co de Informagao Agricola, 2a Edigao,
Rio de Japeiro, 1943,

?/ Cliveire, A. I., and Leonardos, O. H., op. cit., pp. 210-218.
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’

Crystalline rocks . '

Yo crystalline rocks crop out in the area studied in detail,
and although several published and unpublighed geologic sections
of Morro do Urucum show an area of schnist in the valley immedi-
ately east of that mountain, painstaking sedrch of this valley
revealed no outcrops or float of crystalline rocks. Three kinds
of crystalline rock occur, howevar, in the immedlate vicinity.
In a pasture about 200 meters north of the main buildings of
Fazenda do Urucum, a very small quarry has been opened in chlo- .
rite gnelss and schist. These rocks are composed of microcline,
sodlc feldspar, quartz, muscovite, and chlorite. All these
minerals, except for 1ate quartz in small veinlets, are crushed
and distorted. The rocks represent a high stage of dynamic meta~
morphism and are undoubtedly among the oldest in the region.

Unme tamorphosed pink microcline granite crops out at several
places in the region, notably about 1 kilometer up the stream
that flows through Fazenda do Urucum, and also about a kilometer
south of Puerto Suarez, Bolivia. Heavy cover of talus, alluvium,
and colluvium makes it impossible to determine the relation be-
tween this granite and other bed rocks, but since the mineral
constituents are uncrushed, it must be intrusive into the gneiss
and schist mentioned above,

Several diorite dikes cut the granite along the road between
Corumbéd and Fazenda do Urucum.

- \

Sedimentary rocks

Corumbd formation

The Corumbd formation consists of calcareous shales and
argillites, sandy shales, black, well-bedded limestone, gray
limestone and dolomite, and white dolomite. It underlies a con-
siderable part of the plateau mentioned above and, according to
Oliveira and de Moraes,8/ extends at least 200 kilometers west-
ward from. Corumb& into Bolivia, 100 kilometers to the south,
more than 100 kilometers to the north, and an unknown distance to
the east. The age of the Corumbd formation has been varlously
given as Algonklan to upper Silurian. The formation was corre-
lated by Arrojado Lisboa 9/ with the Bodoquena limestone, proba-
bly of Cambrian age, and this correlation, though not unanimous-
ly accepted, 1s regarded by most Brazilian geologists as valid.
A search for fossils produced no results.

In 'many localities the Corumb4d formation has been marmorized.
Although this recrystallization has been attributed to metamor- -
phic effects of the intrusive granite¢ which crops out near
Fazenda do Urucum, 1t 1s more probably the result of dynamic
stresses induced during the complex deformation of the area.
There is no known evidence to prove or even strongly indicate
that the granite is intrusive 1lnto the Corumba formation. .

8/ Personal communication.
9/ Lisboa, M. A, R., op. cit., pp. 55, 58.
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Jacadigo series

The Jacadigo series, named and described by Arrojado Lis-
boa 10/ in the fascinating report on his exploration of the
route of the Noreste rallway in 1907, contains iron and
nese deposits of great magnitude. ILisboa defined the Jacadigo
series as "the succession of sedimentary rocks of Urucum which
lie directly upon the granite or the igneous mica schist." He
further says:

At Urucum I distingulshed two formations in the
serles. The lower, composed principally of a brecci-
form sandstone, which I called the Urucum sandstone,
contalns, in addition to granitic elements, pleces of
limestone, and passes (upward) into a finer breccia
which also has a calcareous cement., The upper sand-
stone does not react with hydrochloric acid, but 1is
arkosic throughout; 1t is distinguished from the
lower, by being eminently ferruginous.ll/"

The writer accepts the term Jacadigo serles as defined by
Arrojado Lisboa, but he proposes to divide the series into three
formations, the lower consisting of arkose, the middle one of
ferruginous and arkosic jasper, and the upper of banded hematite
and manganese oxides, together with lentlcular beds of Jasper,
slltastone, and sandstone. It is proposed to restrict the term
"Urucum formation" to the lower division (essentially in accord-
ance with Arrojado Lisboa's usage), to name the middle division
the Corrego das Pedras formetion, and to name the upper dilvision
the Band' Alta formatlon. Although these divisions intergrade,
tney are sufficlently distinct in composition to justify regard-
ing them as separate formations ._1_2/

Arrojedo Lisboa 13/ believed the Jacadigo series to overlie
the Corumbd limestone unconformably. This bellef was founded
upon the presence of boulders of limestone similar in appearance
to the CorumbA in the Jacalllgo series, which 1s strong evidence
but not proof, since it is conceivable that two similar lime-
stones of dissimilar age may be present in the drea, and that
the Corumbi may not have contributed debris to the Jacadigc.
These questions cannot be settled untll the regional stratigra-
phy has been worked out in detail.

The Jacadlgo serles must originally have been of, greater
lateral extent than was observed in the present 1nvestigation.
The writer has seen outcrops in an area extending for 40 kilo-
meters from east to west and 35 kilometers from north to south.
Fragments of hematite similar to that in Morro do Urucum have
been found by A. I. Olivelra 14/ near El Carmen, 110 kilometers
west of Corumbd, and near Forte Coimbra, 100 kilometers south of
Gorumbz. The series has not been reported north or east of
Corumbéd.

10/ lLisboe, M. A. R., op. cit., p. 89.

11/ Lisboe, M. A. R., op. cit., p. 59. Free translation by M. E. Dorr
and the writer,

12/ Paiva, Glycon de: cédigo de Texonomie-Ministério da Agricultura,
Divis#o de Geologie y Mineralogia, Notas Preliminares e llstudos Niémero 20, .
p. 6, Rio de Janeirc, Julho 1940.

13/ Lisboa, M. A. R., op. c¢it., p. 59.

14/ Personal communication.
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The size of the area in which outcrops have been seen indi-
cates that the series orlginally covered at least 800 square kilo-
meters; but as no decrease in thickness 1s apparent at or near
the boundaries of the present area of outcrop, it 1s probable
that the series originally covered a much larger area. Its out~
crop is limited on the west by a fault, and in 1ts easternmost
exposure, which is in the Serra do Rabicho, the Jacadigo seriles
dips under the Tertiary and Recent deposits of the Pantanal.

No rellable data are avallable concerning the age of the
Jacadigo series. Arrojado Lisboa ;g/ classed the series as "pre-
Devonian," while Oliveira and Leonardos 16/ classify it as Silu-
rian. Pailva 17/ quotes Gerth as suggesting that the Jacadlgo
series might be correlated both with the Minas serles {pre-Cam-
brian) and the iron-bearing Tocantins quartzite of the Amazon
area, and seems to regard this correlation as not impossible.

The writer, however, feels that there is as yet no adequate basis
for a definite age assignment. More light may be shed on the
question when the relatlons between the Jacadlgo series and the:
Bl Carmen formation of Bolivia (Ordovician) have been established.

Urucum formation.—The Urucum formation, which is between
400 gnd 500 meters in total thickness, 1s composed of arkose and
conglomerate. The dominant colors in i1ts outcrops are buff to
brown. These colors are probably in part the result of weather-
ing, for the hue of fresh rock exposed in the road cut below the
mines 1s dominantly greenish. Although its base has nowhere been
seen, this formation probably rests unconformably upon the pink
granite and the chlorite gnelss and schist. No satisfactory sec-
tlon of the formation could be measured, because a heavy cover of
talus, colluvium, and vegetation makes the outcrops quite discon-
tinuous. A composite section totaling approximately 340 meters
was measured on the east side of Santa Cruz Valley, but the low-
est beds in the section lie at least 50 meters above the base of
the formation. This section is described on the opposite page.

The arkose consists of quartz, feldspar, and calcite with
minor accessory minerals. Feldspar, generally including micro-
cline and sodic plagloclase, constitutes between 20 and 30 per-
cent of the rock. The plagioclase, which is usually crushed and
sericitized, 1s more abundant in the lower part of the section,
whereas the microcline which is relatively fresh is more abundant
in the upper part. This change in composition may be due to a
gradual change in source of material, the lower beds being deriv-
ed mainly from the underlying gneiss and schist, and the higher
beds from the younger, undeformed microcline granite exposed near
Fazenda do Urucum. The quartz grains in the arkose are in gen-
eral highly angular; they are not frosted, and they show no evi-
dence of long transportation. Strain shadows are usually seen in
them under crossed nichols. At least two of the beds of finer
material contain carbonaceous matter. Calclte cements nearly all
the rock and forms many velnlets, and the formation contalns many
fragments and cobbles of limestone.

Two notable cliff-forming sandstone beds crop out in the mid-
dle of the Urucum formation where it is exposed iIn“the southern
_part of Santa Cruz Valley (pl. 2). In the northern portion of the
valley, at about the same horizon, there is a corresponding cliff-.
forming bed, which does not outcrop so boldly because of the low-

er gradient of that part of the valley. These massive beds,
thoroughly indurated by calecium carbonate, probably represent
- channel sandstone.

~ -

15/ Lisvos, M. A. R., op. cit., p. 55.
16/ Oliveira, A. I., and Leonardos, O. H., op. cit., p. 272.
17/ Paiva, G. de, op. cit., p. 69s
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Partial section of Urucum formation, measured at south end of
east side of Santa Cruz Valley

Thickness
meters
Red arkosic sandstone and fine conglomerate. Base of
Corrego das Pedras.
COVEreQ, eeecreeansssosasoscionsesassvassnssnsossscecssssnsans | 15
Coarse buff BrKOSOG.icecessscecncssescscsasosscsscacccccans 15
COVErOQacesacsoscssessescsonee rosassbsasssensocssvssnnsnoa S5¢-
Coarse conglomerate; cobbles oI granite, schist, and ‘ ‘
QUAPLZ e e eteossoesarosncassrssssssesssescssasmansoanes 20
COVOreAeeeeosseecsosssssessaacssscccsasasssssssoncsvacse 15
Cross-bedded conglomeratic arkose; bDuffe.ieceeccececcsns 3
White Shaly ArkoSe...ceceeereeccencnscsssonccascsnscasne 2
COVOreAesceseceracecsocenosnsencasanasosasanssssossannance 25
Well-bedded medium-grained arkose; buff...ciceeeccecaes 10
COVOTrBAesseeesenasanesssassssssssasssosscesesnsascosanas 40
Cliff-forming cross-bedded channel sandstone; massive
DPOAAING . e ceresesoccosccassccsascccsrecsssesssccncnsans 90
Gray sandy 8hale.ceececescsersascscorssoressonssssasnsen 1
COVOreQeeesesssessscososvscssscscsascssscsnssancnsoansosnscs 19
Buff, well-bedded a8rkoSGesecescsceesssscscscsastsaasans T8
Gray and yellow medium-gralned, well-bedded arkose; ;
thin Deds.cececcecsssescscasescoccccscascscsnssssssncee 2
Cross-bedded fine- and medium-grained arkose.ceccescesece 6
Well-bedded medium-grained ArkoS€escececseseoscssacccnses 4
Banded black and gray fine shaly sandstone; organic
1T o - Y 10
COVOreAeeceeesvesessccesssssssccnsnsoscsensassssanncossse 7
Gray well-bedded arkose, fine-grained...ceevececccsccsns i3
Thin-bedded yellow arkose, well-bedded, medium-grained. 5
Gray shaly sandstone, arkosic; some organic matter..... 5
COVOreAeeeeeseeseesasescossesosnnsasssasssssssssnsnasccse 37
Brown, friable, medlum-grained arkos€..c.cecessaveccoces 3
Bottom of section at least 50 meters above bottom of
formation.
350

.

The kind of conglomerate that is most abundant in the Urucum

formation is composed of well-rounded cobbles, which are predomi-
nantly of granite but which include limestone, dlorlte, chlorite
and muscovite gneiss and schist. Some of the conglomerate beds
are typlcal pudding stones. Although some of the individual
boulder beds are abruptly lenticular, there i1s a zone about 30 to
60 meters below the top of the Urucum formation in which these
lenses are common. The thickness of the individual lenses ranges
from a meter or less to more than 15 meters, but where the lenses
are thin, one may be closely superposed upon another.

Conglomerates of a different type are found in the uppermost
part of the formation. In these, pebbles, cobbles, or large
boulders are scattered sparsely through beds of moderately well
sorted clastic material having the texture of coarse sandstone or
grit. Ap excdellent example 1s to be seen in the first road cut
south of the mlne offices, where, in a coarse unaltered arkose,
there 1is a well-rounded boulder of limestone at least 60 centi-
meters long. Bbulders of this size and larger are not exception-
al, and, since there is nothing in the structure or composition
of the beds to suggest transportation by mud flows, and since the
very slight cross-bedding at this particular horizon does not
indicate torrential conditions, thelr presence suggests rafting.
Such rafting might have been accomplished either by ice or by
trees, but 1t seems possible that these boulders represent the
remains of coarser sediments reworked by wave action beforé con-
solidation.
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The material that constitutes the Urucum formation is in
general poorly sorted, although there are many exceptions to this
rule, notably the heavy channel sandstones and some of the fine-
grained silts, Cross-bedding of the torrentlal type 1s not
unusual, especially in the upper part of the formation. No sys-
tematic orientation of the foreset beds was observed. Ripple
marks, both current and wave, are common on the bedding planes.

|

The characteristics of the Urucum formation are belleved to
fﬁdieats that it was deposited in a continental enviromment,
partly in streams and rivers, partly in lakes and ponds. The
terrain from which the material was derived must have been one of
substantial relief %o have provided boulders and cobbles of the
size found in some of the conglomerate beds. The presence of
limestone cobbles and the abundance of calcite in veinlets and
cement suggest that the Corumbid limestone was being eroded over a
considerable area when this part of the Jacadigo series was being
deposited. The gradual coarsening of the sediments upward in the
section indlicates either that the relief increased somewhat dur-
ing the deposition of the formation or that precipitation in-
creased, or both.

Corrego das Pedras formation.--The Corrego das Pedras forma-
tion 1s defined as comprising the sedimentary beds between the
arkosic Urucum formation and the bedded hematlite and manganese of
the Band' Alta formation. It is a transitional formation, the
composition of which is variable throughout, both vertically and
laterally. In Serra da Santa Cruz and Morro do Urucum it con-
sists mainly of highly ferruginous sandstone and ferruginous
Jasper, but its basal beds are of ferruginous arkose. This for-
mation is probably included in the unnamed "upper sandstone" of
Arrojado Lisboa.l8/

The bold cliffs which characterize the west and north sides
of Morro do Urucum and Serra da Santa Cruz consist iIn large part
of rocks belonging to the Corrego das Pedras formation, but they
are unfortunately so steep that they cannot be examined in detail.

The section given below is a composite of partial sections
measured below the mines and at the south end of Morro do Urucum.
These have been checked by instrumental measurements of the for-
mation as exposed in the cliffs of Serra da Santa Cruz and by
partial sections exsmined there. No one continuous section would
agree in detall with that which follows:

\
Composite section of Corrego das Pedras formation
S : ' Thickness
»
Ferruginous jasper, distinctively banded in red, pink

and white; some hematite; sand gralnS...cseccecccses 5
Ferruginous jasper, specularite, and hematite; minor !
clastic material; well bedded...cceececcccssescncacse 15

Ferruginous jasper; jasper in small nodules; much
hematite and some specularite; sand grains in jasper

and occasional beds of ferruginous sandston@.....s.. - 25
Ferruginous sandstone, jasper nodules, hematite cement
and some hematite replacing jasper., Well bedded.... . 20

Ferruginous arkose and sandstone, with hematite as
cement; a llttle jasper. Well bedded; minor cross-

DEAAINGeeecerecccercocnoscssascarsssrosscsssansesnnne 20
» PFerruginous arkose, occasional granite and quartz cob-
bles; largely cross-bedded..ccesesecssscscccossconns 10

18/ Lisboa, M,.A. R., op. cit., p, 59.
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As the upper and lower contacts of this formation are both
gradational, their location is somewhat arbitrary.. The grada-
tional zone at the bottom, between the Corrego das Pedras and the
Urucum formation 1s ebout 10 meters thick. Both the uppermost
beds of the Urucum formation and the lowermost beds of the Cor-
rego das Pedras formation may be cross-bedded, but the lowermost
beds of the Corrego das Pedras formation as here defined are
characterized here and there by aeolian cross-bedding. This
criterion, however, can be applied only to a very limited extent.
Of wider application as alds to drawing the boundary between the
two formations ares; (a) weathering aspects, (b) color, (c) ce-
menting material, (d) joint patterns.

(a) The Urucum formation weathers to rounded granitoid
forms, the Corrego das Pedras to craggy, blocky, angular forms.
There 1s usually an overhang where the contact crops out in
cliffs.

- (b) The Urucum fofmation is buff on weathered faces and
green on fresh faces; the Corrego das Pedras formation is red.
Staining, however, usually masks the transition zone.

(¢) Inthe Urucum formation the cementing material 1s cal-
cite; in the Corrego das Pedras it 1s mainly hematite, though the
beds at the very bottom of this formation may also contain cal-
clte.

(d) The Urucum formation is only obscurely jointed, strains
probably having been absorbsd by shearing and recrystallization
of the calcite cement. The hematitic Jasper of the Corrego das
Pedras formation 1s brittle, and as a result the rocks are close-
1y and regularly jointed.

The rocks of the Corrego das Pedras formation grade rather
regularly upward from ferruginous arkose at the base to hematitic
Jasper with scattered clastic quartz grains at about the middle
of the formation. From there to the top there are relatively
slight changes except for the presence of occasional beds in
which clastic quartz is relatively abundant. The upper limit of
the formation—its contact with the Band' Alta—should probably
be placed, for maximum clarity of definition, at the bottom of
the lowest bed of banded hematite or manganese oxide, whichever
of these two 1s the lawer. In the mapping for this report, how-
ever, the contact was drawn at the bottom of the lowermost manga-
nese oxide, because that material forms a persistent bed, every-
where present in the area mapped, and because, in the few locali-
ties where banded hematite cropped out below the lowermost manga-
niferous bed, its base was so close to that bed that it mattered
1ittle which horizon was taken as the base of the Band' Alta.

Since this formation is closely related in genesis to the
iron and manganese deposits, its rocks will be described in some
detail.

S8everal common characteristics stand out in most of the thin
sections of rocks from the jaspery beds in this formation. The
Jasper occurs in ovold nodules or lenticules up to 7 millimeters
in length and 2 to 3 millimeters in width, alined with their long
axes parallel to the bedding. Many of the lenticules are concen-
trically banded, and many are asymmetrical, as if they had adapt-
ed themselves to the irregular surface of deposition caused by
pre-existing similar nodules. Clastic fragments occur between
the nodules, but are generally rare in those beds in which the
nodules are well formed and abundant.

641896 O - 45 - 3
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Cryptocrystalline silica and fibrous chalcedony are common in
some thin sections of ths rocks. Where these forms of silica are
abundant, iron oxide is also abundant and widely disseminated,
but the jasper nodules are generally imperfectly formed and
leached. Usually it is impossible to be certain what material
the cryptocrystalline silica has replaced; in some cases it may
have replaced feldspar grains; in other cases it has clearly re-
placed nodules of Jasper and grains of quartz. Sericite is not
uncommon in some of the s3lides, but 1little of 1t 1s clearly asso-
clated with residual feldspar. It coats the peripheries of some
Jasper nodules and fills crosscutting fractures in jasper, hema-
tite, and quartz.

Hematite 1s present in all the rocks of the Corrego das
Pedras formation. In some beds the proportion of hematite is as
high as 70 percent, though in most beds 1t is less than 50 per-
cent, and in some it is less than 30 percent. In the lower,
clastic part of the formation it occurs as a cement. Jasper has
been replaced by hematits, which is concentrated around the edges
of the nodules and also is disseminated within them in shreds and
patches. These may gradually decrease in abundance toward the
center of the nodules, or they may form linear groups that cross
the nodules. In the process of replacement, the nodules general-
ly change from homogeneous brown, yellow, or pink jasper to pale
cryptocrystalline silica,

Carbonate is absent from the greater part of the Corrego das
Pedras formation, but minute rhombs of what may be dolomite are
found at a few horizons in the middle and near the top of the
formation. These are in a few cases replaced in part by hematite
or cryptocrystalline silica, but one c¢arbonate rhomb was seen in
the middle of a jasper nodule, where it appeared to have replaced
silica.

The whole aspect of the upper part of the Corrego das Pedras
formation is that of a series of chemical sediments in which con-
siderable rearrangement of the constituent materials has taken
place since they were deposited.

In the absence of other evidence, the writer does not regard
the presence of sericite in the Corrego das Pedras formation as
evidence of hydrothermal activity. It seems probable that the
rearrangement of silica and iron oxide largely occurred during
the consolidation of the rock and that the sericite was formed
during the late stages of this process.

Had either supergene or hydrothermal solutions been largely
responsible for the introduction, recrystallization, or movement
of the lron in the Corrego das Pedras formation, they would have
been likely to peneétrate the more permeable beds of the under-
lying Urucum formation, and to react with the calcite cement, as
they did at the base of the Corrego das Pedras, depositing hema-
tite. But i1f the ferruginous part of the Jacadigo series had
been formed by such a process, its base would presumably be ir-
regular, whereas in fact it 1s remarkably even. Thls evenness
points to a sedimentary origin for the jasper probably under
marine, estuarine, or closed-basin conditions. The environment
in which the Corrego das Pedras formation was deposited evidently
shifted during deposition, continental conditions being indicated
by the aeolian and fluviatile cross-bedding at the base. The
sources of the silica and ircn will be discussed below in connec-
tion with the Band' Alta formation.
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Impure manganese oxide 1s found in small quantity near the
base of the Corrego das Pedras formation at three localities:
(1) just under the highest cliff in Serra da Santa Cruz, (2) at
the base of the c¢liff just north of the mines, and (3) on the
trail at the base of the first cliff ‘south of the mines. The
manganese oxlde appears to have replaced the calcite cement, and
possibly some other minerals. These occurrences, which are of no
commercial importance, probably illustrate supergene replacement.
Thin sections of rocks from the localities named show no evidence
of hydrothermal alteration.

Band' Alta formation.—The Band' Alta formation contains the
only manganese deposits in the region that are of economic inter-
est. The formation, which is a part of Arrojado Lisboa's 19/
"ferruginous arkoseﬁ, is here defined as the series of banded
hematite beds, assoclated with subordinate beds of manganese
oxide, siltstone, sandstone, and jasper, that overlies the jasper
and the ferruginous arkose of the Corrego das Pedras formation.
In Morro Qo Urucum the bottom of the Band! Alta formation is
marked by a bed of manganese oxide, but in some parts of Serra da
Santa Cruz this bed is underlain by a few meters of banded hema-
tite, and in Tromba de Macacos no manganese oxide was found at
the base, which was there transitional between typical banded
hematite and the jasper characteristic of the Corrego das Pedras.
The Band' Alta formation is stratigraphically the highest in the
region, and is cut off by an erosion surface. Its greatest meas-
ured thickness in the Morro do Urucum is slightly over 300 meters,
but a greater thickness may be present in the Serrania de Mutun
in Bolivia.

A detalled section of the formation in Morro do Urucum was
measured above the road from the mines to the mine office. It is
presented in graphic form, with analyses of continuous chip sam-
ples, in plate 3.

The Band!' Alta rocks occur in massive beds averaging about 13
meters in thickness and ranging up to 6 meters or more. Most of
the beds consist of hematitic rock, about 70 or 80 percent of
which, by weight, consists of the mineral hematite.

Each hematitic bed shows alternating bands of hematite and
silica, the hematite bands ranging in width from half a centi-
meter to 10 centimeters, and those of silica usually averaging
about 1 centimeter. This banding 1s due to intercalation of
small lenses of silica in the hematite. These lenses vary con-
siderably in shape and size, but might average a meter or two in
breadth and 1 centimeter in thickness. At.some horizons they .
resemble thin beds, while at other horizons they consist of round
or oval nodules. Where deformation has been strong, the lenses
are broken into individual nodules which assume blocky and twist-
ed forms. The undeformed lenses have smooth upper and lower sur-
faces, generally broken in one or two places by rounded or mush-
room-shaped apophyses and pendants that project as much as a cen-
. timeter into the surrounding hematite. The structures in the
hematite bend around the lenses (figs. 2, 3, and 4).

In addition to the banding caused by the silica lenses, the
hematite usually shows a fine lamination, measurable in milli-
meters or fractions of a millimeter. This lamination is caused
by variation in grain size of the hematite and, to a minor ex-
tent, by concentration of sparse, extremely fine fragments of
angular detrital quartz along bedding planes In the hematite.

19/ Lisboa, M. A. R., op. eit., p. 59.
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Many of the bedding surfaces in the hematite are character-
1zed by peculiar interlacing shallow grooves, usually much less
than a meter in length and 1 to 3 millimeters deep (fig. 6).°
These grooves may represent the imprints of seaweed. They are
too irregular to be shrinkage cracks developed during dessica=
tion, and too shallow, being confined to thin layers.

Figure 2.-~Interbedded hematite and jsspey, Band' Alta formation. Silica
leached out on outcrop. B courtesy of Dr. Octavio Barbosa.

Near major faults in tﬁe area, the fine-grained hematite has
been metamorphosed to oriented micaceous hematite, and the silica
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has been comminuted and distributed throughout the rock. Less
intense or less locallzed stress, which must locally have raised
the temperature of the rocks as they were deformed, has resulted

in the formation of magnetite, often in euhedral crystals, which
causes marked local magnetic deviation.

Figure 3,~~Hematite and nodular jasper in Band' Alte formetion. Part of sili-

ca leached out in A, almost all leached out in B, which is crushed end dis-
torted. k- 3
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At or near the base of the Band' Alta formation in Morro do
Urucum and in Serra da Santa Cruz is a persistent bed of the
manganese oxide cryptomelane,_zroj which varies in thickness from
20 centimeters to nearly 6 meters. From 30 to 45 meters higher

Figure 4, A.—Hematite and nodular jasper, Band' Alta formation. Silica
leached out. Supergene (?) quartz at right. 3

Figure 4, B.—Northwest corner of Morro do Urucum. Picture shows loading
platform (black line at edge of trees), roasd to mines, and edministration
buildings (on spur). Distance to loading platform 1.5 kilometers. Cour-
tesy of Dr. Octavio Barbosa.

1s a second, less widespread bed of the same material ranging up
to 2.2 meters in thickness. Smaller lenses*of manganese oxide
were found at several places in the area mapped in detail. The

20/ Richmond, W. E., and Fleischer, Michael, Cryptomelane, a new name
for the commonest of the "psilomelane” minerals: Am. Minerslogist, vol. 27,
pp. 607-610, 1942, ’
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distribution of these beds will be described in the section on
ore deposits. The two major beds are hereinafter called bed
No. 1 and bed No. 2, respectively.

Figure 5, A.~-Natural outcrop of bed 1, showing Semi-channel sample. Cour-
tesy of Dr. Octavio Barbosa.

Figure 5, B.-—~Loasding platform, showing portals of mines 1 (left) and 3 on
bed 1. Typical overhanging outcrop of bed 1 on steep slope, left. Bed 2
exposed in top center. :
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The manganese oxide beds are characteristically dull-black to
dark-gray on the outcrop, buﬂ on fresh exposures they range from
dull-black through blue-black to steely gray. Banding is obscure
on fresh exposures and is generally a gross lamination rather
than true bedding. In the upper beds even this lamination is
obscure. On weathered outcrops of the lower bed, however, dif-
ferential 'solubility in the layers has produced an appearance of
bedding. In a few localities the outcrop of this bed has some-
what the appearancs of a weathered outcrop of black fissile
shale. The bedding or lamination surfaces are commonly somewhat

- undulatory, and the top and bbttom of the beds, in some locali-
ties, have forms similar to interference ripple marks. What ap-
peared to be obscure cross-bedding was noted at one locality.

Figure.s, A.-~Bedding surface of hematite, showing grooves of possible
organic origin. Scple in centimeters.

\
Pigure 6, B.—Polished surface of typical specimen of "grephic" gype
mangenese ore from bed 1.| Scale in centimeters.

All the manganiferous beds contain nodules of material appar-
ently similar to the surrounding material. Although on fresh
exposures these nodules appearn to be identical in composition
with the enclosing rock, they become extremely porous on exposed
faces and weather out from the matrix. This suggests that they
are composed of a mixture of cryptomelane and some less stable
manganese oxide. The nodules average from 3 to 5 centimeters

|
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long and from 2 to 3 centimeters thick, and have g very regular
ovold shape. Laminations in the matrix curve around them, As
there are large numbers of these nodules in the second bed, in’
some cases forming 15 percent of the rock, and as the material in
bed No. 2 1s generdlly darker in color and shows smoother frac- .
ture, it is possible ‘to distinguish between material from the. two
na jor beds.

The material making up the varlous manganiferous beds 1s re--
markably uniform in appearance and its grade carinot easlly be
estimated by eye. Four general types of material were recognized '
in the field: "dense!; "dull" or "granularM; "steely®™; and - -
"graphic.” In the lowest bed, the steely type i1s hard, has.a
very marked concholdal fracture with extremely smooth racae, and
is light steel gray in color. The dull or granular type is:black
in color, 1s sometimes slightly friaeble, and has rough and irreg-
ular fracture faces. The dense type 1s blue-gray to- dark-gray,
is not friable, and has a slightly concholdal to splintery frac-
ture. The steely type grades into the dense .and the dense. into
Gull. The graphic type will be described below. Of the four
types, the dense and steely are the most widespread, and graphlc
the least so. The upper beds consist almost entirely of the
steely and dense types, but are distinctly blacker in color than -
the lower beds and will not be conrused with them.

Microscopic and chemical examination has shown that this dia-
tinction into types is of 1little practical wvalue, for the flirst
three types are not widely different in composition. The chlef
difference and the one that causes the difference in appearance
is in pore space, the steely being only very s8lightly porous and
the dull or granular being the most porous. The pores are 8o C
fine that they can be geen only under the microscope. As the
steely type tends to be the lowest in grade and the dull the
highest, and as these types are superposed in the bed, in many
cases An alternating thin bands, they probably 1ndicate differ-
ences in the primary sediments. It has been observed that if
hand specimens of the rock soil the hands, the manganese content
of the rock 1s probably over 48 percenf. The dull -type is the
only one which attains this richness,

The graphic type (fig. 6) is so named because it 1s charac-
terized by rounded tubules which  sometines resemble cunelform CoL
writing. These holes, as much as 3 millimeters across and § or N
10 millimeters long, are generally parallel to bedding and are R
confined to layers 1 to & centimeters thick. Some holes make
abrupt turns, but they do not seem to be interconnected. They
make up net more then 10 percent of the volume of the rock, in
most cases less., They are lined by a coating of black dust,
probably manganese oxide. The graphic type grades laterally and .
vertically into the other types over a few centimeters.. The Ee
genetic significance of the graphic type is not known; it seems :
quite improbable that the holes represent wdrm borings.

The graphbc type of mateirlal is almost entirely confined to N
the lower bed; the upper beds show a far greater homogenelty in
rock type than the lowest bed and are composed almost entirely of
the steely and dense types. No other systematic variation in the
distribution of these various types, either laterally or. verti— -
cally, in the beds, was noted.

. The lowest 10 to 20 centimeters of the main manganifaroua bed
(bed No. 1) is less pure than the rest of the bed. In many
localities it contains scattered clastic grains, especially at

641896 O - 45 - 4 -
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the bottom, and sppears to contain a higher proportion of clay
than the reast of the bed. Figure 5, 4, 1llustrates a typleal"
outcrop of the lowest bed.

.Three. typical sections of bed No., 1 are glven below, liated
in order beginning with the top of each section:

_ s : . Thickness
Sample 6: |
Manganiferous arkose; top of manganese bed irreg-
ular, N :
Granuler type Or@.....cseescesscsssssascsascnoce 0.12
g)osteely type ore with some fine granular type... .82
’ gFine graphic . £ype Ore....cccececoescrctacecsonsne .09
. U OGranular typ6 OTGeee.ccessescscvscsssasoossases .28
-S#:Steoly type ore with conchoidal fracture....... «65
Sandy and low-grade ore.........;.............. «09.
- Ferruginous arkose.
T.85
Sample 10: -
'erruginous- jasper.
Graphlc Type Or@ssecceccccsavsesessccsssssssasssanee 0,06
Dense, dark-gray ore, with obscure bedding........ © 133
Alternating 1~ to 2-cm. bands of dense, steely and
granular type ore; well laminated..cecvsvececsses 1.04
Granular tyPe Or6.cceccssrssecssssovccasccscccsanes -89
- Ferruginous arkose.
Sample 20:
Arkose.
Dense, nodular type Or@.cececcreecccccscceccsnsans 0.68
@Graphic type OrGececccescccscscrcecosocsasoancnnas 28
Dense and dull, low-grade ore, with obscure bed-
ding............................................ 1.14
Ferruglinous arkose.

- _ ‘ Z2.10

In the upper third of the Band! Alta formation in Morro do
Urucum, lenticular clastic beds which consist of siltstone, Jjas-
per, conglomeratic jasper, sandstone, conglomeratic sandstone;
and conglomeratic unbanded hematite are relatively common. .
These lenses are rarely more than 200 meters. in length and are
locally as much as. 10 meters thick. The sandatone and siltstone
beds are usually brown, often cross-bedded, and largely composed
of quartz fragments. The conglomeratic Jaspery beds, which are
red and generally coarse-grained, are made up of highly altered
rock fragments, red and white clay, and red jasper. All the
material in these clastlic lenses appears to be Waterlaid.

Various minor structures of genetic significance are presont
in the Band' Alta formation. Local angular disconformities in
the upper part of the slope above the mines and in the vicinity
of coordinates 20,500 S. and 5,375 E. indicate slumping, and
possibly local intreformational erosion, before consolldation of
the beds below the disconformities. These disconformities can
be traced laterally into fully conformsble contacts between beds
that show no evidence of this intraformational erosion. Minor
intraformational conglomerates, including some edgewise conglom-
erate, in the section above the mine administration buildings
further indicate that sedimentation was not continuous. It also
seems possible that the widespread bed of oolitic jasper, about
4 centimeters thick, some 40 meters above bed 2 mey represent a
poriod of non-deposition.
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Being composed of essentlially brittle rocks, the Band! Alta
formation-1s cut by many regular joints, These openings are in
some places filled with wuggy white quartz. The only other min-
eral idsntified in these veins is specularite, which forms.plates
up to 8 millimeters ecross. All thle material is probably super-
gene 1n origin, having been leached from the jaspsr and iron
oxides which make up the body of the formation. Although three
equally well-developed joint sets are usually present, in gome
localities the quartz veins are confined to only one of these
sets, The significance of this fact is not known, In a few
places, this supergene quartz replaces on a small scale both
hematite and Jasper, obliterating all structural features.

Microscopic examination of the hematite and Jasper of the
Band' Alta formation shows that changes, which the writér inter-
prets as belng the result of diagenetic processes, have benn
notable., Part of the hematite occurs in lenses several milli-
meters long, which are distinctly coarser gralned than their
matrix,  This matrix is also hematite and shows a lamination
that is due to slightly varying grain size. The hematite of the
matrix 18 very finely crystalline, generally in anhcdral erys-
tals, rarely in minute bladed crystals.

Many small jasper nodules or lenticules, generally not more
than 5 millimeters long, occur in the hematite bands. Thess are
in various stages of replacement by hematite; all have corroded
edges and many have been almost entirely replaced. Replacement
is generally much more complete in those with a flat ellipsoidal
outline than in those with more nearly circular outline. :

It is belleyed that the iron and silica were deposited as
primary sediments, probably as colloidal gels which at the time
of original pretipltation contalned several times thelr own
welight in water. As laminae in' the hematite bend arcund the.
included lenticules of silica, the gelatinous silica assumed
structural strength before the gel of ferric hydroxide. The
relation between the shape of these lenticules and the degree of
their replacement by iron oxide may be interpreted as a measure
of the rapidity of consolidation, for, if a lenticule .rapidly
lost its original water content and thereby assumed structural
strength, 1t would neither flatbten when buried by later sedi-
ments nor be subject to the action of infiltrating iron-rith
water released during dehydration of the ferric hydroxide gsel.
Another fact indicating that the silica consolidated more rapld-
1y than the iron oxide is that silica 1is usually replaced by -
iror oxide, rarely the converse, If the silica nodules lost
thelr contained water rapidly, the expelled water could disperse
through the thin overlying sediment, whereas the water expelled
from the ferric hydroxide gel, slowly dehydrating after more
thorough burial, would be held in contact with sillca far longer
before it escaped and would therefore have more opportunity to
attack and replaée the silica. Purther replacement of silica
would occur when the ferrlc hydroxide lost its water of crystal-
lization and changed to hematite. This final dehydration may
have taken place after the accumulation of several hundred
meters or more of overburden, in which case the normal thermal
gradient would facilitate reaction of the iron-rich solution
with the silica.

In one thin section, pseudomorphs of silica after what ap-
pear to be crystals of the evaporite, such as glauberite, are .
present. The significance of this isolated example 1is dirficult
to evaluate. In the Band' Alta formation, carbonate is rather
rare. Several thin sectlons of the hematite bands show small
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square aress of cryptocrystalline s8ilica and jasper, which appear
to be pseudomorphs after pyrite. In two thin sections, -both
hematite and jasper are cut by veirlets of quartz, which contain
very small quantities of tourmaline. This latter mineral is
interpreted by the writer and by Dr. Milton, who first identified
i1t, as authigenic, that is, as not being of hydrothermal origin.

- High in the section, lenses of relatively coarse clastic
material occur. At several localities in the part of Morro do
Urucum known as the Band' Alta, these lenses contgin clastic
fragments 2 or more centimeters across, embedded in unbanded
argillaceous hematite. In the field it wes belleved that these
.fragments were tuffacecus; microscopic examination, howsever,
showed them to be so completely replaced by cryptocrystalline
silica, accompanied in some fragments by abundant kaolin, that
their origin remains uncertain,

These lenses are thickest, coarsest, and most abundant at the
north and northwest ends of Morro do Urucum. At the south end of
that mountain at about the same horizon they are absent. In Ber~
ra de Santa Cruz, Tromba de Macacos, and Serrania de Mutun no- ’
evidence 'of such lenses was seen,  but in the first two of these
mountains the horizon has probably been removed by erosion.

These facts suggest that the detrital material may have been
Introduced into the basin from the north and northwest.

.Unconsgolidated rocks

- Blanketing parts of the slopes of Morro do Urucum and the”
other mountains of the vicinity are patches of unconsolidated
detrital natérial derived from, the iron-rich Band! Alta forma-
tion sbove. These patches are ‘found below the cliffs and stesp
slopes which ring the mountains. Belng largely overgrown with
timber, vines, and thorny shrubs, they could not be mapped in
detail in the time avallable; certaln observations relating to
them, however, seem worth recording.

In the proceas of weathering of the Band' Alta formation and
transportation of the detrital material derived therefrom, the
silica nodules and lenticules are broken down more rapldly than
the harder, less soluble hématite, and the relative iron content
of the resulting material is thus increased. This process of .
natural beneficiation is most effective, and the grade of the
resulting material highest, below steep slopes, where fragmenta-.
tion 1s more complete and- transportation slower than it 1s below
cliffs, ,

In some localities this hematitic colluvium has been re-
cemented by limonite deposited by the evaporation of iron-rich
waters, forming deposits of canga. Both the hematitic colluvium
end the canga deposits are discussed in more detail in the sec-’
tion on mineral deposits.

At the head of the north portion of Santa Cruz Valley there
is a large areas covered by the remalns of an ancient landslide,
but the other unconsolidated rocks of the area are neither of
geologic nor economic interest.
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Origin of the manganese and iron depo&its‘ -

Although manganiferous iron ore 1s common throughtut the
world, the Morro do Urucum deposit is the only one known to the
writer In which high-grade beds of manganese oxide are inter--
layered with beds of medium-grade banded hematite to form depos-
its of each mineral of the first order of magnitude. No final
explanation of. the ultimate origin or mode of deposition of the
oxides of manganese and iron will be attempted in this paper;
such an attempt would be as presumptuous as proposing to explaln
the origin of the Mesabi Iron Range after studying 10 square .
miles for a few months. Certain hypotheses may, however, be dis-

' _ cussed In the light of the facts now avallable.

_Alternative theories of origin

The writer is convinced that the Band! Alta formation and at
least the upper two-thirds of the Corrego das Pedras formation
are the result of sedimentary accurmlation under merine, esatua-— -
rine, or lacustrine conditions. The presence of clastic lenses -~
in these formations, and of clastic fragments in all the rocks,
the cross-bedding which occurs 1n the lenses and to a minor ex-
tent in the ferruginous and manganiferous beds, the presence of
intraformational conglomerates in the ferruginous beds, the local
intraformational disconformities, the magnificently even and reg-
ular banding in the Band' Alta, the even bedding in the Band' . -
Alta and-the upper part of the Corrego das Pedres, the essentlal
uniformity in chemical and physical nature of the Band' Alta for-
mation over distances measured in tens of kilometers, all in sum
lead to the concluslon that the Band! Alta formation, in so far
as 1t is now preserved, consists essentially of primary’ sedi-
ments.,

An outline of the salient facts and strong probabilities that .
must be considered in any hypothesis of origim ls briefly as fol—v
lows:

. T« The stratigraphic column shows that the deposition of

. more than 430 meters of coarse clastic sediment, probably conti-
nental in origin, was followed by the deposition of more than:,
350 meters of dominantly chemlcal sediment. The transition be-
tween the two types of sedimentation was gradual. The most im-
pressive fact about the chemical sediments 1is thelr uriiformity,
-even though thelir succession is broken by the intercalation of
coarse clastlc lenses, including pebble conglomerate. The domi-
nant product, interbedded hematite and ecryptocrystalline silica,
is essentially identical throughout the whole section and there<
fore the environment that caused this chemical sedimentation
must have been extremely stable. In short, .during Band' Alta
time there was a norm of deposition which was periodically dis-
turbed in such a manner that various beds of manganess oxlde .
(also a chemical sediment) and of clastiec sediments were deposit-
ed instead of hematite and silica.

. 2. The deposition of manganese oxlide was in most cases im-,
mediately preceded and followed by the deposltion of minor clas-
tic beds.

- 3. Sallent figures on the compositlon of the manganiferous
beds and the banded’hematite beds of the:Band' Alta are as fol-
lows:

0
1
|
|
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.

Manganiferous beds | Banded hematlte
: (percent) (percent)
FOuivsonssssosocsvonccnns 8-16; Av. 11.1| 48.7-62.1; Av. 56.9
Mheeoeeeaooaossnscocsens 59.4-50.7; Av., 45.6{0.008-0. 60; Av. 0.08
S100cceuieceocccncancnnns Av. 1.25 Av, 17.3
AloOzeceecocessanancanns Av. 1,74 Av. .65
MZ0eeoscocsssocasnnocnnse Av. .13 Av, .06
0= ¢ . 7 Av. .20 Av. .06
EoOceeseesoooooancnonane Av. 3.52 : Av. <20
Iron-silica raticeeeccses 8.8:1 © 3.89:1
Iron=manganese ratio.... 0.24:1 710:1

4. Microscopic featurés of the rocks, discussed on page 22,
strongly corroborate field evidence in pointing to the conclusion
that the silica in the banded hematite beds was deposited as a
colloidal gel in relatively quiescent water. There is no specif-
ic field evidence as to the state of the ilron at the time of
deposition, but it may well have been deposited as limonite and
changed to hematite in the process of induration. There is evi-
dence that hematite replaced some of the silica under both Cor-
rego das Pedras and Band!' Alta conditions or at some later: time.

5. There 1s now no known unequivocal evidence, field or
petrographic, of volecanic or igneous activity in this region dur-
ing or subsequent to the deposition of the Jacadlgo serles.

6, The existing remnant of the Band! Alta formatlon repre-
sents only an unknown part of its original extent and thickness. .
Calculations based upon present known outcrops give a minimum

-original area of 800 square kilometers. The lron ore originally
present in this area must have totaled not less than 500 billlon
metric tons, assuming,an original average thickness of 150
meters. Sincé float has been reported from distances 100 kilo-
meters to the south and west, it seems quite possible that the
original tonnage in the formation was at least several times as
great. The original tonnage of manganese ore may well have been
as much as 200,000,000 tous, including that in Serra da Santa
Cruz. -

Although, as stated before, the writer believes that the
Band' Alta formation as now preserved is-sedimentary in immediate
origin, 1t is conceivable that a series of limestones and shales
might have been replaced by ferruginous and manganiferous hydro-
thermal solutions. It hardly seems probable that this could have
been accomplished on the scale required without leaving definite
evidence of hydrothermal action, however, especially in the rath--
er porous clastic lenses. To find a source for the replacing
solutions would be difficult, in view of the fact that there is
no evidence of contemporaneous igneous activity in the region.

It is difficult, also, to imagine how, under hydrothermal condi-
tions, silica and iron actively replace beds above and below the
‘present manganiferous beds but not those beds themselves, or why
the lron-manganese ratio of the bedded hematite should be more

than three thousand times that of the manganiferous beds. .

The absence of unequivocal evidence of contemporaneous igne-
‘ous activity in the area 1s of considerable significance, for )
many of the larger manganese and iron deposits of the world have
been shown to have some genetic relation to such activity, even
though the exact nature of that relation cannot in all cases be
- demonstrated. It is possible that future work In the areas
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surrounding Morro do Urucum mayldiscover evidence that cohﬁampq-‘
raneous igneous activity did. exist. ’ ot

© If 1t be granted that the materials constituting-the Band'
Alta and Corrego das Pedras formetions were deposited as sedl-
ments, there remain the problems of source, transportation,-and:
mechanism of deposition of the silica,!iron, and manganese. ’

, Source.—The baslc work of Gruner,2l/ of Moore and May-
nard,22/ and of others has demonstrated that all the constit-
uents of the rocks under discussion might have been supplied
through leaching of the rocks of a large drainage basin by the
ordinary atmospheric agents. On & purely volumetric basis, this
agency seems more likely to have supplied the iron than hydro-
thermal leaching of more restricted areas, for in order to sup-
ply the iron in the Band' Alta formation, not less than 1,800
cubic kilometers 23/ of the average igneous rock would have to
‘be completely leached of its iron content. There is no evidence
for the former presence of any rocks abnormally high in iron in
the vicinity. i

Transportation.—Gruner's gg/ work and that of Moore and
‘Maynard 25/ have shown that iron and silica can be transported
by surface waters and ground water as ferrlc and silica hydro-
sols. Given sufficient time, thils method of transportation seems
adequate to lntroduce into a depositional basin such quantities.
of iron oxide as are found in the Band! Alta formation.  Should
hydrothermal leaching be called upon to supply the iron and
silica, the problem of transportation is complicatéd by the like-
1ihood that the solutions, presumably acidic to begin with,
would have been rapidly neutralized on reaching the surface, and
hence 26/ would not have been able to transport silica and lron
as lonlzed salts for any long distance. As the basement rocks
now exposed in the wvicinity of the iron deposits have not been
leached, any hydrothermal source must have been fairly 4}stant.

PrecigitatiOnﬁ-—Hoore and Maynard 27/ have also demonstrated
that ferric and silica hydrosols are precipitated, st different
rates, by mixture with electrolytes such as those which exlist in
closed basins, barred lagoons, or the sea. Little specific -,
information is available concerning possible causes of deposi-
tion should the material forming the beds have been derived by ‘
hydrothermal leaching, unless the aclid waters can be assumed to .
have been neutralized at the site of depositiomn.

21/ - Gruner, J. W., The origin of sedimentary iron formations: The
Biwabik formation of the Mesabl Range: Econ. Geology, vol. 17, no. 6,
‘Pp. 407-460, 1922, . - . »

22/ Moore, E. S., and Maynard, J. E., Solution, transportation, end

__.»rmesainjtation of iron end silica: Econ. Geology, vol. 24, pp. 272-304,

365-403, 506-528, 1929. . .
23/ Fe content x ¥ in 1 md x 8p. ET. = 'tons )i
0.05  x 1,000,000,000 x 2.8 s 140 million tons Fe/ikm®
Tonnage of Band' Alta x assumed Fe content .= tons Fe in Band' Alte

500,000, 000,000 x 0.50 = 250,000 million tons . .
250,000 = 1,785 km® : - ‘
140

Gruner, J. W., Op. cit.
Moore, E. S., and Maynard, 'J. E., op. cit, '
Gruner, J. W., op. cit., p. 445.
Moore, E. S., and Maynerd, J. E., op. cit.




28 GEOLOGIC INVESTIGATIONS IN THE AMERICAN REPUBLICS, 1944~

. . . N .
-1t seems possible that these formations were deposited in a

graditally sinking basin, in which, during Corrego das Pedras

time, waters derived from large drainage areas were concentrated,

always remaining shallow, and in which constant circulation pre-

vented fhe formation of thin laminae. During most of Band'! Alta

‘time, the waters must have been deeper and more quiescent. The

great homogenelty of the Band! Alta formation and its tendengy to

return to a norm of deposition indicate that the environment must

have been very stable during much of the perlod. Discharge by .

the electrolytes in sea water of colloids transported by a largb

river to an epicontinental or marine basin represents as stable

a dynemic equilibrium as is' conceivable, and the possibility of

such actlon 1= well supported by chemical theory.

Unexplained facts

Although the classlic theories on the origin of many of the
banded hematite formatlons of the world might seem to explain
satisfactorily the major problems of origin of the lron and
silica of the Band' Alta and Corrego das Pedras formatlons, cer-
tain problems posed by the nature of the stratigraphlic sedtion
remaln unsolved. Some of these problems are:

1. What caused the deposition of the manganese in a few
well defined beds, each contiguous to detrital layers, rather
than throughout the section? And why are only relatively few of
the clastic layers associated with manganese oxides?

2., Why 1s there no shale and very little arglllaceous
.materlal anywhere in the section? Clay, rather than pebbles and
angular sand grains, 1s the sediment to be expected from a large
river such as that postulated above. If the electrolytes of .
salt water discharged the colloidal silica and ferric hydrosols
carrled by the river water, they should also be effective in
_preciplitating the charged clay particles normally present in.
river water. The alumina content of the Band' Alta 1ls extremely
low, averaglng only 0+65 percent.

N

3. If iron, silica, and mangasnese can be deposited under
these conditions, -why are not similar deposits encountered more
frequently, for surely such conditlons have been_ duplicated many
times during the earth's history. . R

. The absence of clay in the iron and manganese deposits 1is
believed to be significant. It might Indicate that the waters
containing the manganese, silica, and iron in solutlion had drop-
ped the clay before reaching the basin of deposition or at the
margin of the basin of deposition. In the former case, a com~
.pound basin seems to be indicated; in the latter, facles changes
wonld be expected. Regional stratigraphlc studles would throw.
much light on thls question. The absence of clay might also be
explained if a subsurface source for the solutions were found.
: The solutlons could have beerr elther igneous in origin or could
! have been mineralized ground waters irtroduced into the basin
. by normal subsurface flow. The only evidence bearing on these !
* questlons is that the analyses of the material now present do
| not indicate strongly an igneous origin; the breccia pipe men-
| tioned on page 33 1s too obscure to be cited as strong evidence
i of the presence of major springs.

v
|
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Woolnough 28/ suggests, in a stimulating psaper, thgt‘pena?

planation of a drainage basin or region of inter
often an important factor in the formation of bs
deposits. In the present instance, however,. the
pebbles and coarse clastic sediments in the sect

to indicate that the immediate vieinity of the d

can hardly have been peneplaned.

Special problems relating to mangan

The major problems to be met in considering
tion of the iron, silica, and nmanganese minerals

division between banded hematite and manganese o;

clatipn of the manganese beds with detrital laye
great chemlcal difference of these.beds. The ir
of the manganese beds is about 9:1 and that of t
tite about 3.3:1. The average alumina content o
ous beds, however, 1s twice as high as that of ¢t
tites, and if, as may reasonably be assumed, all
present in the manganiferous beds is in clay min
very little free silica in those beds. Some mec
the precipitation of silica was completely inhib

lor dralnage is

nded hematite

presence of

ion would seem

rainage basin
! .

ese

the precipita-
are the sharp
xide, the asso--
s, and the -
n-gilica ratio
e banded hema- *
the manganifer~
e banded hema- '
of the silica
rels, there is
ism whereby
ted during

deposition of the manganese oxide must be found,| since there is

no evidence that silica has been removed from_ th
extent of some of the lenses of manganese oxide

ever, that this mechanlsm could not have been op
out the basin. Differential precipltation of th
bacterial agencies therefore seems unlikely, bec
ficult to conceive how the organisms could be co
limited area in the depositional basin except by
drainage of the basin. Fleld evidence clearly s
horizon occupied by the manganese beds is not re
-erosion surface where those beds are not present
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‘gg/ Woolnough, W. G., Origin of bandedrlron deposits
Econ. Geology, vol. 34, pp. 465-490, 1941.
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manganese, If the manganese had been introduced by thermal
springs—sand such has been the origin of many menganese deposits,
including the bedded deposits of Cuba 29/—the pH of the waters .
of the basin might have been locally changed so as to inhibit
preclipitation of silica and promote the preocipitation of manga-
nese oxlde. But this hypothesls fails to explaln why the manga-
niferous beds are associated with detrital beds; and indeed,
apart from the breccia pipe mentioned on page 33, no field evi-
dence can be adduced in its support other than the fact that the

+  Dbeds are generally richest in their thickest parts, which might
be supposed to be near the sources of the manganese. It will be
remembered, however, that de la Sauce 30/ suggested submarine
volcanic emanations as a possible source for the sedlmentary
manganese deposits of the (aucasus.

General conclusions : e

In summary, present evidence is belleved to indicate that
- the banded hematites and manganese oxide beds of the band' Alta
formation are primary sediments which have undergone relatively
little change since diagenesis. The iron and silica were prob-
. ably deposited as hydrogels, shd the manganese oxlde may well
have been precipitated in colloidal form as a hydrous oxide.
The cause of the deposition of these chemlcal sediments is un-
known. They may have been deposited in an epicontinental or
marine basin; the writer tentatively suggests that they were de-
posited in a large eplicontinental basin from somewhat concéntrat-
ed waters, The ultimate source of the manganese, of the iron,
and of the sillca may have been the same, but that has not been
proved.

It 1s unlikely, however, that the problem of orlgln can be
satlsfactorily answered until detailed regional studles of the
lateral variation of the Jacadigo series have been made. Such
detalled stratigraphic study may show that the upper part of the
Corrego das Pedras 1s a near-shore phase of the Band' Alta, and
that the fossliliferous El Carmen sandstone of Bolivia is con-
temporaneous with a part of the Jacadigo series. Possibly the
upper part of the section, missing in the Urucum ares, may be
found elsewhere and shed more light upon the depositional
enviromment in which the iron and manganiese were formed.

- It 18 hoped that later work will determine definitely
whether volcanic activity has occurred in the region. Although
"no clear evidence of it has been found, 1t may nevertheless have,
occurred in some part of the reglon that gecloglists have not yet
oxeamined. The area that was studied in detail for thils report
was relatively small, and previous work has been largely in the
nature of reconnaissance. . .

Structure

Reglonal structure

As no accurate maps are available and reglonal study was out-
side the scope of this report, only general observations can be
offered concernling the regional structure of the Corumbd area.

gg/ Park, C. F., Jr., Mengenese deposits of Cuba: U, S. Geol. Survey
Bull. 935-B, p. 93, 1942, '

gg/ de la Sauce, Wilhelm, Beitr#ge zur Kenntnis des Mangenez-lagerstétte
von Tschiaturi im Keukesus, p. 38, Verlag von Wilbelm Knepp, Halle, 1926.
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= The dominant structure in the region seems to be large-scale
block faulting. Conslderably more than 500 meters of beds are
cut out by a long northeast-trending reverse fault on the north-
west side of the area off outcrop of the Jacadigo series, in
‘Bolivia. -Judging from physiographic evidence, it seems prohable -
that the eastern edge of the Serrania de Mutun in Bolivia and
Brazil is a fault-line scarp subparallel to the fault on the west
side of that range. If that 1s the case, the vertical component
of the fault may amount to-several hundred meters It is possi-
ble that another large northeast-trending fault, th downthrow
on the west, traverses the area between Morro do Urucum and
Tromba de Macacos. There can be no doubt that a northeast-trend- .
ing fault with a vertical displacement of about 600 meters lles
between Morro do Urucum and Serra da Santa Cruz. The regular
scarp on the west face of the latter mountaln suggests strongly
that this fault continues to the southwest for some kilometers,
-and a fault can be seen to have dlsplaced the beds in Serra do
Rabicho, 10 kilometers or more along the strike to the northeast.
No information is avalilable on the structure of the east side of
Serra da Santa Cruz. Other low ranges, such as the Serra da .
Cristal, have an elongate shape and northeasterly trend that sug-
gest a contlnuation of the same structural pattern for some dis- -
tance to the southwest. : |

The above statements as to the direction of rdlative moticn
of the individual blocks is based upon the assumption that the
Jacadigo series is younger than the Corumbéd limes jone . .

The regional dips of the Jacadigo series suggest that the
‘whole dissected mountain mass may be a downfaulted anticlinorium
some 40 kllometers wide from east to west, for algng the western
margin of the known outcrops -the.-dips are prevailingly to the
west, while along the eastern margin they are prevailingly to
the east. The major faults would be subparallel to the north-
east-trending axis of ‘this anticlinorium. BN

Structure of Morro do Urucum

Minor structural features of immedlate economie importance
will be discussed in detail in the section on mineral deposits.
Some general remarks on the larger structural feaaures of Morro
do Urucum will be presented here. | )

The strugture of Morro do Urucum and of that part of Serra
da Santa Cruz which has been mapped in detall is relatively
simple. These mountains are essentially mesas composed of gently
warped strata, and are separated by a deep fault-line valley :
(pls. 2, and 4). The dominant structure of Morro Urucum is a
rather vaguely defined syncline. In the southern part of the

‘mountain there is a general easterly dip, which increases south-
ward from 12° to as much.as 30° or 35°. 1In its main body there
is a generally low westerly dip except in two areas, one extend-
ing from the extreme western corner of the mountaln to the vicin-
ity of the workers' dwellings, where the dip 1s to the northeast
at angles of 4° to 15°, and the other along the outer slopes of
the northwest side of the mountain, where it is also to the
northeast and east at angles of 5° to 20°. Along the outer -
northeast slopes the dips are low and variable. -

The strata underlying most of the valley between the two
mountaing and those which compose the portion of Strrd da.Santa
“ruz consldered here dip evenly to the east and southeast at 12°
i0 17° and are disturbed by no complicating structure,
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" The fault between the two mountains, hereafter called the
Santa Cruz fault, has a vertical displacement of about 600
meters. It is everywhere covered with talus and soll, but roeck
outcrops indicate 1ts location with an error of not more than
76 meters at the northeast end, of not more than 200 meters in
the mlddle, and of not more than 400 meters at the southwest
end.

- The abrupt major fold on the northwest side of the Santa
Cruz fault Iimposed dips opposite in direction to those which
would normally result from drag. In proximity to this fault the
hard, brittle beds of the Band! Alta formatlon are notably de-
formed; their dips steepen abruptly to as much as 80°, and they
are locally. overiurned; sharp, almost 1soclinal minor folds are
developed In the evenly bedded rocks, and the jasper lenses and
hematite beds are severely distorted. All these features con-
stitute evidence of crumpling resulting from compression. . In
the Urucum formation, on the other hand, there has been no visi-
ble disturbance or distortion even in fairly close proximity to
the fault. Even though these rocks are massive arkose, in which
the cement was calcite and in which bedding is not easily dis-
cernlible, 1t seems almost certain that i1f they had been markedly
deformed, some evidence of the fact would be apparent.

In view of the evidence of compression in the Band®, Alta,
the anomalous fold west of the fault (pl. 2) might be explained
. on the hypothesis that, under compressive stress, a sharp mono-
cline was formed with the southeast side the lower and the rocks
on the northwest side somewhat tilted, resulting in the present
low west dips 4n the main body of Morro do Urucum. Further com-
pression, in conjunction with a vertical component caused by
elastic rebound of the depressed eastern block, could have re-
sulted in a steep reverse fault in which the eastern block rode
up on the western block to approximately its present position. -

. The large reverse fault on the west flank of Serrania de
Mutun shows a somewhat similar relation between folding and the
vertical component of movement to that along the Santa Cruz
fault, There, however, it is the eastern side of the fault that
is downfolded against the direction of net vertical movement.

Another fault intersects the Santa Cruz fault at the north
end of the Santa Cruz Valley. Bed 1 of the Band' Alta formation
is abruptly cut out at the low spur near 19,650 8., 6,000 E. of
plate 2. Both dip and strike change abruptly, -and it is evident
that the spur is in a downdropped and stceply tilted block. The
fault can be seen at 20,090 S., 5,695 E. Beds in the eastern
block are distorted along this fault, and to some extent recrys-
tellized. .

At the most northerly point of the mapped portion of Morro
do Urucum, the Band! Alta formation is sharply folded. Bed 1
can there be traced northward down the slope to the site of
sample 16, where 1t dips about 80° W. and is at least 6 meters
thick. This~exceptionn1 thickness is believed to be the result )
of plastic flow of the manganiferous material away from the axls .
of the fold, for all internal structure in the bed 1is obliterated
and the adjacent hematitic beds are severely distorted. There 1s
probably a fault on the west side of the spur (pl. 2), for unde-
formed horlzontal beds crop out 115 meters west”of the steeply
dipping bed 1, but a cover of talus and colluvium makes it Ilmpos-
sible to 1ocate the fault closely.
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A minor but aigniflcant fault may be seen at 19‘400 8.,
3,970 B. (pl. 2)., This fault, which is vertical and has good
walls, cuts off the upper manganese bed, offsetting it some 15
weters, yet it does not offset the lower manganese bed which
crops out about 40 meters lower, at the bottom of the cliff.
This fault was probably developed at a time when the lower bed
had solidified but the upper material was still someéwhat uncon-
solidated.

A zone of breccia, not less than 35 meters wide, in the Cor-
rego das Pedras formation is exposed in the cliff face near
18,790 8., 5,430 E. It conslsts of plates and tabular fragments
of Jasper stained with manganese oxides. Unfortunately the
cliff is so inaccesslble that the relations between this breccia :
pipe and the manganese bed above cannot be observed; but the
breccia is believed to have been formed by underwater ‘channel- : S
ing; 1t may concelvably have been a spring conduit. ‘ i

The pecullar pattern of beds 1 and 2 at the extreme southern
‘end of Morro do Urucum (pl. 2) 1is the result of the southeast~
ward increase of dip discussed on page 31. Although no outcrops
of these beds are found below the traill, an unusual linear con-
centration of boulders of manganese oxide is evident in the
detritus mantling the small ridge at 23,125 8., 4,050 B. Scat-
tered boulders of manganese oxlde in the float farther to the
northeast tend to confirm the opinion formed as to the position
of bed 2. .

There have been at least three perlods of structural deforma-
tion in the area. The first is related to the dynemic metamor-
phism of the basement gneisses and schists and occurred in pre=s
Cambrian times. After the deposition of the Corumbid formation .
(Cambrian?) and before depositlion of the Jacadigo series, the
rocks were uplifted and probably deformed. After the deposition
of that serles, warping and block faulting took place.

The evidence concerning the time at which the Jacadigo . R
series was deformed 1s extremely indefinite; the deformation is :
older- than the Recent or late Tertiary deposits in the area, and
of course younger than the Jacadigo series itself, which 1s
generally regarded as pre-Devonian. Some estimates of the mini-
mum age of the deformation can be based upon the amount of ero-
slon that has since teken place. The deformation is obviously
older than the erosion that has carved the present isolated
buttes and mesas from what must have originally been an exten-
sive masslif. Although the Band' Alta formation is now the )
youngest formation recognized in the area (apart from the late N
Cenozolc deposits of the Paraguay Valley), it must be assumed N
that at least a moderate thiclmess of younger rocks was at one /
time present, for the brittle rocks of the Band' Alta would
hardly have yielded plastically under stress unless. there had )
. been, conslderable confining pressure at the time of deformation. ‘
S8ince the latest deformation, therefore, erosion must have re-

moved all of the Jacadigo series (at least 800 meters thick)

from the areas between the present buttes and mesas, &nd also a

thickness of younger rocks that may well have been even greater.

Erosion must have been slow, not only because of the resistant

nature of many of the rocks but also because much of the area il
s new and must have been for some time near base lpvel. Thus : L
it seems possible that the deformation occurred near the end of S
the Mesozolc era; it may well be considerably older, . N




\

34 GEOLOGIC INVESTIGATIONS IN THE AMERICAN REPUBLICS, 1944-

MINERAL DEPOSITS

History of mining

. According to Arrojado Lisboa g_/ the first attempt to develop
the mineral resources of the region was made by Baron de Villa
Maria. In 1870 the Baron went to the Imperial Court in Rio de
Janeiro to discuss means of developing the iron deposits of the
Fazenda de Piraputangas, and he then referred, also, to the
occurrence of manganese ore in the same district; he died, how-
ever, shortly taereafter. During the next eleven years, the
Imperial Government granted several concessions, but they led to
no actual development. Interest then lapsed altogether until
1894, when a 20-year concession was granted by the Government of
Mato Grosso to Francisco Couto da Silva, who induced a firm in
Rio de Janeiro to attempt the development of the manganese depos-
it3. An engineer, Publio Ribelro, was thereupon sent to Investi-
gate the area. Actual development work did not start, however,
until 1906, when the concession was acquired by the Compagnie de
1'Urucum, a company formed by Belglian steel interests. This
company drove many short adits in the main manganese bed on the
north- and west sides of Mbrro do Urucum, laid a narrow-gauge
railroad to Corumbd from the base of the mountaln, constructed
an. inclined plane to transport the ore to the railroad below,
bullt several kilometers of road, and mined and stacked about
7,000 tons of manganese ore before the collapse of the market at
the close of World War I put a stop to the venture. It is said
that no ore was actually shipped. .

The deposit then lay dormant until 1940, when the Sociedade
Bras¥fliera da Mineragdo obtained a concession from the State of
Mato Grosso, to which title had been transferred by the Federal
Government. This company repaired the roads, and in 1941 it
began to ship ore from the piles left by the Belgian company more
than two decades before. Equipment was procured, loading facili-
~ties on the Paraguay River were arranged, and nmining from the
lower ore bed was undertaken. About 10,000 tons of ore, includ-
ing all the old stock piles, was shipped in ,1941; about 25,000
tons in 1942; and about 8,000 tons in 1943. These shipments' cdon-
tained, on the average, somewhat less than 48 percent of manga-~
nese and somewhat more than 10 percent of iron. Three shipments
received in the United States during 1943 totaled 17,225 tons and
averaged 47.2 percent Mn, 10.6 percent Fe, 2.13 percent alumina,
1.12 percent silica, and 0.14 percent phosphorus.

'

Reserves

. Estimates are given below for the grade and tonnage of the
manganese beds and of two types of ferruginous material., Appen-,
dix II tabulates the results of analyses of 71 samples of manga-
niferous material and of 47 samplés of ferruginous material, and
Appendix III gives complete analyses of 16 specimens and samples.
Plates 5 and 6 show the location of the samples.

. As the ores of both iron and manganese are dense, fine-
grained, brittle, and very hard, drilling in them would be dif-
ficult, but on the other hand they would stand well in cuts or-
underground workings, and would not powder in handling or ship-
ment. The only important gangue of the iron ore is silica, and

31/ Lisbos, Miguel Arrojado Ribeiro, Oeste de S&o Paulo, Sul do Mato
Grosso, Estrada de Ferro Noroeste do Brasil, p. 72 f., Rio de Jeneirc, 1909.

-
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the only important gangus of the manganese ore 1s hematite; both
gangue minerals are too intimately mixed with the ore minerals %o
permit beneficiation on a commercial scale under present economic
conditions.

Sampling and basis for estimating manganese reserves

The manganese beds were sampled under the direction of the
writer and of Drs. Barbosa and Prado. Sampling on the outcrop

was done by breaking a fresh surface, then taking a semi-channel

sample about 10 centimeters wide and 1 or 2 centimeters deep
across the exposed face, on a line as nearly normal to the bed-
ding planes as possible. Between 2 and 3 kilograms of material
was saved per linear meter of the cut. This material was broken
into small fragments and split into three parts, one of which was
analyzed by the Instituto Paulista Technologica de S&@c Paulo for
the Sociedade Brasillera da Mlneragao, one by the laboratories of
the Departamento Naclonal da Produgédo Mineral of the Ministerio
da Agricultura, and one by the laboratories of the Geological
Survey. Certain individual analyses reported by each laboratory.
were erratic and were not used in computing the average. The
mines were sampled in the same way.

Certain samples were taken in thirds, in order to determine
whether the grade of the material varied systematigally with
vertical position in the bed. It was found that the upper or
middle third 1s usually the richest and the lower third the lean-
est, and that variation in grade within the bed is considerable.
Where the bed 1s more than 2 meters in thickness, 1t might prove
necessary, in order to meet rigid grade requirements, to mine
only the upper two-thirds; the manganese content of the material
extracted would thus be raised at least 2 percent, and the iron
content correspondingly decreased. The careful sampling which
must precede any large-scale operation should be directed to
securing further information on tais point, as the present. work
is only qualitative.

Samples from within the mines are generally somewhat higher
in grade than those from the outcrops. The average manganese
content of the ore thus far produced from the mines has been more
than 47 percent. Two explanations for this difference are possi-'
ble: either (1) the’grade actually rises inward from the outcrop
or, (2) because few of the mine workings’ expose the full thick-
ness of the bed and are mostly in the hetter ore, only the
higher-grade portions of the beds were sampled.‘ Because of the
system of extraction, most of tane mines are in the upper part of
the bed, which has been proved by sampling .to be the richer. It
is believed that this unconsciously selective mining, rather than
any significant concentration of manganese back’' from the out-
crops, explains the higher grade of the samples froq the mines:

Reserves have been calculated on the assumption that bed 1
and bed 2 are continuous within the limits indicated on plate 5.
The eastern 1limit to which overall tonnages were calculated is
the line connecting the most easterly outerops at the north and
south ends of the mountain. Ore beds crop out east of this line,
but the folding along the eastern side of the mountain probably
has crushed and distorted the manganiferous beds to such an ex-
tent that extraction would be considerably more expensive than
in the less disturbed beds. No estimate of reserves in Serra da
Santa Cruz has been made, because the beds in that range are too
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inaccessible and too thin to be conslidered economic in competi-
tion with the thicker deposits. They averaged less than a meter
In thicknes where inspected.

Three classifications of tonnage have been made, because the
data established at the outcrop on grade and thickness of the
manganiferous beds decrease in validity when projected back from
the outcrop into the mountain. Calculations are therefore made
for tonnage within 50 meters of the outcrop, between 50 and 200
meters of the outcrop, and between 200 and 500 meters of the out-
crop. The first is considered as measured ore,32/ with a prob-
able error of not more than 10 percent, and the second and third
might be regarded as indicated and inferred ore. An estimate is
given of the tonnage that might be expected if the total area
were underlain by bed 1 and the area indicated in plate 5 under-
lain by bed 2, but in this case grade and thickness are project-
ed so far without control that 1little weight can be attached to
the result. : ’

This classification has been subdivided further on the basis
of thickness of beds, in order to permit consideration of indi-
vidual blocks of ore. The areas underlain by bed 1 have bean
broken into blocks A to F, those underlain by bed 2 into blocks

‘W to Z (pl. 5 33/). Individual tonnage estimates have been made
for each block. These estimates are not additive; thus, to find
the total tonnage in block A within 500 meters of the outcrop,
the tonnage for 0-50 meters and 50-200 meters must be added to
that for 200-500 meters.

Areas were calculated by means of a superimposed grld. Spe-
cific gravity of a typilcal specimen of the ore was fcund to be
4.23; a value of 4 was used in computations. Measured ore was
calculated to the nearest 10,000 tons, inferred and indicated ore
to the nearest 50,000 tons. Tonnages as calculated herein may be

32/ The terms "measured,” "indicated," and "inferred” are used in con-
formity with standard Geologicel Survey practice. Definitions of these terms
are &s follows: .

"Measured ore is ore for which tonnage is computed from dimensions re=-
vealed in outcrops, trenches, workings, end drill holes and for which the
grade is computed from tiae results of detsiled sampling. The sites for
inspection, sampling, snd measurement are so closely spaced and the geologic
character is so well defined that the size, shape, and mtneral content are
well established. The computed tonnege =nd grede are judged to be accurate
within limits which sre stated, and no such limit is judzed to differ from
the computed tonnage or zrade by more than 20 percent.

"Indicated ore is ore for which tonnaege and grade are computed partly
from specific measurements, samples, or production dats and pertly from pro-
Jection for e reasonable distance on geologic evidence. The sites available
for inspection, meesurement, and sampling are too widely spacad, or otherwise
inappropriately svaced, to outline the ore completely or tc establish its
grade throughout. .

"Inferred ore is ore for which quentitative estimates are based largely
on broad knowledge of the geologic character of the deposit snd for which
there are few, if any, seamples or messurements. The estimstes are based on
en assumed¢ continuity or repetition for which there is geologic evidence;
this evidence may include comvarison with deposits of similar type. Bodies
that sre completely concesled may be included if there is specific geologic
evidence of their presence. Estimstes of inferred ore should include a
statement of the special limits within which the inferred ore may lie."

33/ 1In plate 5 it will be noted thet, elthough iimits for indicated and
inferred ore ere shown, no limit is shown for messured ore, because it would
fell in a part of the map thet is over-crowded with other data.
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considered as minima. Values glven for average grade in the
individual blocks are rounded to the nearest half

- |

arithmetical average of the samples in that block,

Reserve estimates
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percent of the

Table \1,~—Reserves and grade of manganese ore, Morro do Urucum.

Bed 1 )
Av. grade
Arga Av. Sp. IMetric tons ercent
M thickness|gr. Mn )
Block ‘A
T~ 0- 50'm. 140,000 2 | 4| 1,120,000
50-200 m. 435,000 2 |4 3,500,000
200-500 m. 688,000 2 4 5,500,000
10,120,000 |46.0 |11.0
Block B .
=50 m. 37,500 3 | 4 450,000
50-200 m. 66,500 3 4 800, 000
200-500 m. 109,000 3 4 1,300,000
2,550,000 [47.0 |10.5
Block C :
0- 50 m. 30,000 2 | 4 240,000
50-200 m. ' 81,000 2 4 650,000
200-500 m. 94,000 2 | 4| __ 750,000 .
1,640,000 [45.0 |10.0
[ 4
Block D :
~ 50 m. 30,500 1.5 4 200,000
50~-200 m. 84,500 1.5] 4 500,000
200~500 m. 175,000 1.5{ 4 1,050,000 ]
1,750,000 {42.0 [13.0
Block E ' : ’
~ 50 m., 120,000 2 4 960,000
50-200 m. 306,000 2 |4 | 2,450,000
200-500 m. 359,000 2 4 2,850,000
6,260,000 |44.0 |13.0
Block F '
~ 0~ 50 m. 38,500 1 |4 150,000
50-200 m. 119,500 1 |4 500,000
200-500 m. 301,000 11t 4 1,200,000
1,850,000 |42.0 |12.0
Total area
(geologicall ) ‘
possible ore), | 4,984,000 2 | 4 | 40,000,000 |45.0 |11.2
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Table l.—Reserves and grade of manganese ore, Morro do
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Urucum~~Continued
Bed 2
Area Av Sp Av. grade
. * |Metric tons {percent
M° thickness |gr. “Mn T Fo
Block Z :
0~ 50 m. 105,000 1 4 420,000
50-200 m. 242,000 1 4 950,000
200-500 m. 296,000 1 4 1,200,000
2,570,000 |47.5 |11.0
Block Y
0- 50 m.. 57,500 1.5} 4 350,000
50-200 m. 183,500 1l.5| 4 1,100,000
200-500 m. 250,000 1.5 4 |_ 1,500,000
2,950,000 |[47.5 |11.0
Block X
O~ 50 m. 80,000 1 4 320,000
50-200 m. 183,000 1 4 750,000
200~500 n. 214,000 1 4 850,000
1,920,000 | 46.5 |11.0
Block W '
- 50 m. 35,000 1.5| 4 210,000
50-200 m. 88,000 1.5 4 550,000
200-500 m. 218,000 1.5( 4 1,300,000
2,060,000 |47.0 {11.0
Total area
(geologicall
possible oreg. 3,294,000 1 4 | 13,200,000 |47.2 {11.0
. TOTALS
Welighted average
Metric tons| grad (perqgggi_
Mn Fe
Bed 1
Measured Or@...cececescssccennse 5,120,000
Indicated ore.....cccceveeee.e ves 8,400,000
Inferred Or€...ccesveenssscas ... | 12,650,000 :
24,170,000 45.0 11.2
Bed 2
Measured ore....... casesssesanss 1,300,000
Indicated Oresceecesceeccccocnss 3,350,000
Inferred OT@scvevcanovopocaccnns 4,850,000
9,500,000 47.2 11.0
Total measured Orec.c.cceessccsences 4,420,000
Total indicated ore.....e.ev..evee| 11,750,000
Total inferred ore....ccecee......| 17,500,000
. 33,670,000 45.6 11.1
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Description of manganiferous beds

.

There are at least three manganiferous beds in Morro do
Urucum; two of them are of potential economic importance. There
are at least three in Serra da Santa Cruz, but these, because of
their inaccessibility and thinness, will not be of economic
interest for many years. .

+Bed No. l.-—The principal and lowest manganese bed, known as
bed No. 1, crops out from the south end of Morro do Urucum along
the west, northwest, and north sides to coordinates 19,568 8.
and 5,843 E. (pl. 2), where a fault carries the hoqizon at which
this bed occurs below the talus. In this distance of approxi-
mately 7.5 kilometers, the outcrop is completely covered in two
areas, one, about 900 meters long, between mine H and sample 16, '
the other, about 570 meters long, between sample 18 and sample
20. In the former area a pit was sunk many years ago in search
of the bed, but at too high a stratigraphic horizon. No attempt
has beqn made to prospect for the bed in the other area. As the
bed is more than 2.5 meters thick at mine H and sample 16, it is
presumably continuous between these two points, and there 1is no
reason to suppose that it is not continuous under the talus in
the other area. Near coordinates 19,420 S., 3,700 E., or just
west of the spring feeding the stream flowing to the Fazenda do
Urucum, the structure is complicated by faulting, the grade of
the ore becomes lower, its thickness decreases abruptly, and the
bed disappears under talus for 50 meters to the west. Here
there may be an area of nondeposltion or possibly even of intra-
formational erosion.

Under some structural conditions, bed No. 1 and the clastic

bed overlying it evidently carry water. Large springs issue at

and near their outcrop below the valleys draining the main por-
tion of Morro dp Urucum, and elsewhere several small springs
were found. A%t 18,860 Sf, 4,790 E., and 18,875 S., 4,805 E.,
tubular channelways lead along the strike 1nto the mountain for
not less than 10 meters. These are well over a meter in dlame-
ter at the exit and may be about a meter wide and half a meter
hlgh further in, but, as they were inhabited by buzzards, they
were not explored. Mine No. 11 contailns much water, and it 1is
evident from water marks that mine H also 13 flooded at certain
seasons.

Water probably percolates down along the well developed
Joints in the overlying ferruginous beds until 1t meets the .
tightly jointed and relatively impervious but somewhat soluble
manganese bed; it then moves along the top of this bed, and to an
- unknown extent within it, to a structurally favorable outcrop.

In undertaking any large mining operation, the possibility that
water may be met at depth must be recognized and planned for; it
is improbable, however, that enough water to seriously hinder
mining operations will be encountered.

Bed No. 1 normally varies in thickness from a few tens of
centimeters—at the northeast corner of Morro do Urucum—to more
than 3 meters. From the area above the mine offices to the
south tip of Morro do Urucum, an outcrop distance of over 3.4
kilometers, it 1s nowhere less than 2 meters thick and 1s gener-
ally more. In many places the thickness is difficult to measure
accurately, because the lower part of the bed erodes most rapid-
ly, causing loosened blocks to slump on even slopes and making
outcrops inaccessible on the steeper slopes and cliffs.
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Below bed No. 1, in the mine area, 'ls a bed of coarse-gralned
ferruginous and sandy jasper about 3 to 5 meters thick, which 1s
marked by broad red, pink, and white bands. This bed, which
crops out strongly, is an excellent horizon marker. Above bed
No. 1 there are usually a few centimeters of sandstone, manganif-
erous at some localities, above which are a few centimeters to
several meters of well-bedded coarse-grained, ferruginous Jaspery
sandstone. Thls material-is often saturated with water, and,
although it stands fairly well in narrow drifts, would not stand
well without support in large rooms. Some timbering is necessary
even now where the top of the manganese bed has been penetrated.

Bed No. 2.—This bed, which 1s generally 30 to 45 meters
above bed 1, crops out with minor interruptions from 19,090 S.,
4,260 E. to the south end of Morro do Urucum. It is not present
at the north corner of the mountain nor on the northeast end.

In Serra da Santa Cruz, a bed at the same stratigraphic horizon
crops out, where 1t has not been removed by erosion, from 21 219 -
3., 7,050 BE., to 23,580 8., 5,085 E., an airline distance of
about 3 kilometers, and it may well continue farther in bpth
directions. Although bed 2 is not everywhere exposed on the
smooth talus-covered slopes, 1t can be found, within the limits
indicated, by digging at the appropriate horizon.

This bed 1s 1 meter or more in thickness from 1ts outcrop
Just above the Fazenda do Urucum spring, which is on the horth-
west side of the Morro do Urucum, to the south end of the moun-
tain, with the exception of sbout 300 meters near sample 31 and
a few hundred meters just north of the mine offices. From above
mine 1 to & hundred meters southeast of sample 11, it is over
1.5 meters in thickness, being about 2 meters thick for much of
this distancs.

A bed of brown sendstone & meter or less in thickness 1s
usually present immedlately beneath bed 2. A few centimeters of
brown or black ssndstone, often saturated with water, lles imme-
diately above this bed in most places. Above the upper sandstone
are the normal jasper and hematitic beds of the Band' Alta forma-
tion, which should stand well in falrly extensive open workings.
Water seems unlike}y to glve much trouble in exploiting bed ?.

. Other beds.—Above mine H, on the northwest side of Morro do
Urucum, a thin lens of manganiferous materlal crops out between
beds 1 and 2 for a hundred meters or more, but as this lens is
nowhere more than 30 centimeters thick it is of no potential
economic importance.

In Serra da Santa Cruz, near coordinates 23,600 8., 5,100 E.,
another lenticular bed crops out for about 200 meters on & ridge -
top. This bed, which is about 40 meters stratigraphically high-
er than bed 2, "attains a maximum thickness of only 0.5 meter, and
because of its location as well as 1ts relative thinness, it has
but 1little potential economic value.

Sampling and basis for estimating lron reserves

Two types of ferruginous material that mlight become of eco-
nomic interest at some future time ogcur int he region. These
are, first, the banded hematite of the Band' Alta formationm,
and, second, the colluvial Qeposits on the slopes of Morro do
Urucum and of other neighboring mountains that are capped by the
Band' Alta formation.
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Band' Alta.—TUnder the direction of C. F. Park, a continuous
chip sample, broken at about S-meter vertical 1ntervals, was
taken from the Band! Alta formation in the gully above the mine
offices (pl. 5). As the outcrop is somewhat leached and as the
sllica powders in the process of sampling, it is probable that,
desplte all efforts to make the samples representative, -they
contain 2 to 5 percent tog much iron. Other samples were taken
in the part of the section that is so well exposed at the south-
west end of the mountain;j these were chip samples spaced at
25-meter intervals and were taken by the writer from selected
freshly exposed faces. There is no reason to believe that they
are not accurate, but they are of limited significance. - Both
sets of samples were taken for the purpose of obtalning adequate
qualitative data; quantitative information on grade can onhly be
secured by drilling or deep trenching, because the outcrops are
all enriched except on some small cliff faces..

Tonnage estimates of the Band' Alta formation in the Morro
do Urucum were made by determining the areas within -100-meter
contours by a grid system. Only that part of the formation
above the 800-meter contour was included in the estimates. The
tonnage of the portion within the upper, or 1,000-meter, contour
line, but lying between the 900 and 1,000-meter elevatlions, was
determined by multiplying the area by the known thickness, 100
meters, to determine the volume, then by 4.4, which is theoretic-

" ally the welghted average speclific gravity of a mixture of 70
percent hematite and 30 percent silica. The tonnage of the annu-
lar portion between 100-meter contour lines was determined by
multiplying that area by an assumed average thickness of 30
meters to determine the volume and then by 4.4, the assumed spe-
cific gravity. The tonnage estimates for the part of the forma-
tion between the 800 and 900-meter contours were obtained in the
same way. The area above the 1,000-meter contour line was
assumed to have an average thickness of 10 meters. Thirty per-
cent was deducted from the total result for lenses of jasper,
sandstone, etc. Since adequate data for the close determination
of structure and grade are not avallable, a more accurate method
_of calculation seemed uncalled for. .

The tonnage estimates for Tromba de Macacos and Serra da
Santa Cruz are of a much lower orden of accuracy; a thickness
factor of 30 meters is used for the latter, and of 50 meters for
the former. The whole area of the upper portion of Tromba de
Macacos was 1ncluded, because it had been found to consist en-
tirely of the Band! Alta formation. All of the north, east,
west, and central areas of Serra da Santa Cruz were included.

The lower plateau at the southwest and south end of that mountain
{(pl. 1) was not included, because it was not seen. It 1s believ-
"ed to be in large part covered with the Band! Alta formation,
although the valley above Piraputangas is known to be cut into
lower formations. The resulting flgures represent order of mag-
nitude only, and they lean to the side of conservatism. The
Serra do Rabicho undoubtedly contains additional reserves of con-
siderable magnitude, but as thls mountaln was not visited no
estimate of its reserves has been made.

Colluvial deposits.—Tonnage estimates for the colluvial ore
are given for areas specified below, but they can be considered
only as representing order of magnitude, because of lack of data
on thickness. Judging from inadequate information, 1t seems
probable that the average thickness in these areas might 1lie
- between 1,5 and 2.5 meters.
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' The analyses given below are of material taken from cuts
along the road to the loading bins below mine No. 3 (pl. 6). .
The first analysis represents a composite of 23 samples taken by
Dr. Bohomoletz and analyzed by the Instituto Paullsta Technolog-
ica de S#o Paulo; the second 1s of a channel sample taken by the
writer from-a road cut in the same general area. The latter
sample was split on an 8-mesh Tyler screen lnto coarse and fine
fractions, which were anhlyzed separately in the laboratories of
the United States Geological Survey. The composite sample evi-
dently was screened, but it 1s not known under what conditions.
Although the coarse material consists largely of angular frag-
ments of hematite between 2 and 6 centimeters long, 1 to 3 centi-

.meters wide, and about a centimeter thick, there are a few larger
fragments, up to 15 or 20 centimeters in length, which contain
rather more silica than the smaller pleces. Fragments from the
manganese beds are scattered at random through the material.

The two analyses illustrate well the feasibility of mining high-
grade material by simple dragline and screening operations.

Analyses of colluvial ore

Sample Fe 6 (Dorr
Composite sample 'Goaégé Fin;I
(Bohomoletz) (83 percent)|(17 percent)

FOeveeroonoanssoncnnns 64.7 | 63.6 29.1
S10Qceecessecnsasannne 3.7 3.1 33.5
.« W 1.3 2.6 : .5
P + .09 . .12 e X1
CBasocvovoscnvensnsnnns Tr. Tr. Tr.
ALg03eevseeneennnencas 1.0
Ti02eeeeenesoocaonenns None
MEBO:eeeevoooseanonenns Tr.
Seteeesseccsccansaanns Less than .02
Ignition 108S.eceevses 1.03

The area for which tonnage per meter of depth was calculated
1s that opened by switchbacks of the road winding up to the load-
irng platform of mines 1 to 9, an area measuring about 250 meters
by 200 meters. To this was added a strip extending 50 meters on
either side of the road to mine'l2 for a distance of 1 kilometer
from the other area. The total area is 150,000 square meters;
the specific gravity was assumed to be 3. Cuts along the road
to mine 12 expose material similar in appearance to that in the
cuts of the other road. :

. The reserves of this material, which might be classed as
"indicated" ore In this particular area, are roughly 450,000 s
tons per meter of depth. The thickness exposed in the road cuts
18ally exceeds 3 meters, though in most places it is consider-
ably less. The underlying bedrock 1s nowhere exposed. A more
accurate estimate of ore that must now be regarded as "inferred"
could be made after test-pitting the slopes above and below the
road to mine 12 and south of the workers' dwellings. There may
be, here, as much as 500,000 to 800,000 tons per meter of depth
of ore similar in grade to that represented by the above analy-
ses. :

The area north of the éven slope in the nelghborhood of co-
ordinates 19,000 8., 5,000 E. on plate 2 would be an excellent
place to prospect for material similar to that discussed above.

There are-also several areas covered with a considerable
thickness of coarse talus derived from the Band! Alta formation

N
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around Morro do Urucum. The most extensive 1s on the east side
of Santa Cruz Valley, where the blocks are sometimes as much as
several meters across, and the next largest is on the long apur
running a 1little east of north from the mine offices. The
inclined plane built down the spur in the first attempt to ex-
ploit the mangsnese exposes a considerable thickness of this
material—as much as 4 meters in some of the deeper cuts. Bed-
rock 1s nowhere exposed. Here, too, many of the blocks are
large and the talus 1s Iin general much coarser than in the area
{mmediately below the mines. The grade of this coarse material
is not known, but, as relatively little of the silica has been
removed, 1t probably would average between 55 and 61 percent Fe
and between 9 percent and 15 percent 8102 after crushing eand
screening. Reserves cannot be estimated accurately, since the
depth factor is unknown, but those in Santa Cruz Valley alone
may be roughly 2,700,000 tons per meter of depth, gg/ Other areas
of similar character could undoubtedly be found 1f searched for.

If this material were removed, there can be no doubt that the
water supply of the reglon would be seriously affected, since the
talus acts as a reservolr which checks runoff and maintains a
continuous flow of water throughout the dry season in several
small streams. Furthermore, some of the best stands of timber in
the area are on this talus.

Reserve estimates

Table 2.—Reserves of iron deposits in Urucum area

Percent| Percent
Metric tons Fe 810y

Band' Alta formation: :
Morro do Urucum...ceceeee.... 1,310,000,000] 55-56 18-20
Tromba de MacacoS.....cc.c.. 650,000,000 50~ ? |/25- 2
Serra da Santa Cruz........., 2,600,000,000/ 50- ? | 25- ?

Metric tons per|Percent|Percent
meter of depth Foi S102%

Colluvial ore: Area along road
between mines and Administra-

tion Bullding. 4
Indicated ore.eeeeeeececnas 450,000 64 4,0
Inferred Or€e.escec.os.ss.... 500,000-800,000 64 4.0

* After screening.

Canga .

Canga 1s colluvium or talus, composed in large part of frag-
ments of iron-rich rock, that has been recemented into a coherent
mass by limonite. As canga is porous, ‘it 1s easily smelted in
charcoal blast furnaces and has been an important type of ore for
small furnaces at other places in Brazlil. The canga in the
Urucum region is of two kinds, which differ in environment and
probably 1n age and mode of origin.

The less abundant kind lies on the higher ground, especially
in valleys on top of Morro do Urucum, and, to a lesser extent, on

__‘/ Lsnsth of belt, 3 kjlometers; average width, 300 meters; assumed sp.
&rs 3o
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Serra da Santa Cruz. Several small areas of canga are exposed in
the valleys of these mesas. These valleys have been truncated by
the headward erosion of Santa Cruz Valley, and the canga (see pl.
2) undoubtedly represents re-cemented stream gravpls of a former
epoch., It seems possible that ground water moving slowly through
the iron-rich beds to the valley bottom became satursted with -
iron, which was preciplitated as hydroxide around alluvial frag-
ments of hematlte when the water came .to the surface in those
valley bottoms and evaporated. These deposits are not wilde-
spread, but in general they are relatively pure. An analysis of
a typlcel sample follows: .

Sample Fe 55

Percent ‘ . Percent
FOuversensotsrssnsssanes Bled | COOveeraconnsennacnsnns None
B100cececrovcorcncennns 4.8 | T102eesecasesnencanasns 0.17
AlpO3eeeevencerererness  4eB| Paveresnreesneraonnonns .16

75 A 2 Hp0uerrennirnniennnanns 2.96

The more abundant kind, and the one more likely to be of eco-
nomic interest, is found in extensive areas of lower ground,
especially around the base of Morro do Urucum and along the road
to Piraputangas and S#o Domingo. This lower-lying canga occurs
typically in soil-less patches 20 to 100 meters broad and of a
somewhat greater length, which support no vegetation whatsoever
except a few sparse and struggling cacti. Undoubtedly other such
patches have become covered with soll and lie a few feet below

- the surface. No general estimate can be made of the thlckness of
these patches, but in two places a meter and a half of canga is
revealed in stream banks where the bottom of the canga 1s not ex-
posed. This low-lying canga, which is extremely hard and dense,
appears less pure than that on the hilltops and contains little
recognizable hematite.

From the north end of Morro do Urucum some of these barren
patches can be seen to have a linear distribution and it seems
possible that they may mark the trace of a fault. Upward-moving
iron~rich ground water along such a fault would evaporate on
reaching the surface under climatic conditions simlilar to those
now obtaining and leave a precipitate of limonite. On the west
side of Serrania de Mutun similar relations between the distri-
bution of canga and the presence of springs were observed and
although no fault is demonstrable in the area under discussion
because of the heavy cover and low topographic position, 1t 1s
not unreasonsble to assume a similar origin for this lower-lying
canga. It would seem to require some contlnulng agency to keep
the many patches free of soil.

No samples of this materlal were taken, but a published
analysis of similar material collected in Bolivia by Ahlfeld 35/
is as follows:

Percent Percent
Fog03ecccacercacncsanne . MnOseeocsccnnnsccee .
Fe.ooc-o.-o-o-oauog.n-- 67.71 onsoo-cocouco-'-u- 2.16
8100sccetestsorscencene 8.88 80zeceeescrsecescce 3436
Caleceevavenssosracense +21 ] Alg0Becececcccsccns .96
MZ0sseeossceoossoncsene 32

The high phosphorus and sulfur content reported by Ahlfeld
are possibly unusual.

85/ Anlfeld, Federico, Yacimientos de Fierro de Puerto Suarez: Bolet{n
Afio 1, No. 3; Ministerio de Econom{s Necional, Direccidén General de Minas y
Petrélec, p. 51, La Paz, Bolivia, 1940.,
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Mine work;gks

Late in 1941 manganese ore was being mined by methods essen-
tially similar to those employed and planned by the Compagnie de
1'Urucum during the earlier period of exploitation. Most of the
adlts have been driven normal to the outcrop, starting at the
bottom of the mangenese bed. As the bed dips into the slope, the
workings penetrated the top of the ore bed 5 to 15 meters from
the portal. 1In order to continue mining in the ore the adits
turned nearly parallel to the outerop (pl. 6) and as a conse-
quence, there were only a few meters of ore between the adlt and
the outcrops that could be extracted with the aid of gravity. In
several cases (mines 1, 3, 8, and 11) inclines had been driven
down the dip, but, because the broken ore had to be wheeled up an
8° to 14° slope in wheelbarrows, thils procedure evidently was not
economical.

As a result of this method of attack, the org bed had not
been explored more than 40 meters normal to the terop, and only
a very small tonnage had been developed for extraction. Seome of
the adits are so close to the surface that their floors are now
covered with a network of roots from the vegetation above.

Although all the openings were mapped, no one of them will be
described in detall, because all are nearly the same in character
and none show many features of geologic interest.

In additlon to the twelve minea shown on plate 6, four other
openings have been made in beds 1 and 2 on the northeast and
northwest slopes of Morro do Urucum. These range in length from
about 5 to 20 meters and contain little of economic or geologilc
interest.

Utilization of structural features in mining

Although mining methods and. costs are not within the scope of
this report, it seems useful to draw attention to several mlnor
structural featurss that can be taken advantage of to lower the
cost of developing the manganese beds.

Mining can be facilitated by following Joints, three sets of
which are present in most places. One set is subparallel to the
strike and dips steeply, making good walls for strike drifts.
Other sets, generally with dips between 50° and 65°, cross the
strike of the beds at angles of about 45°, and. these can also be
utilized in mining. Joints will probably become less prominent,
however, at greater dlstances from the outcrop than had been
reached in 1941.

Advantage can also be taken of certain varlations in the dip
of the beds. In considering how this may be done, it will be
assumed that stopes will be raised up the dip from development
drifts, so that all the ore that 1s extracted will move downhill
and be hauled out on a level. Development from adits rather than
inclines not only makes for economical handling of ore, but re-
moves any necessity for pumping should water be encountered.

A minor syncline is imposed upon the general northeast dips
in the mine area (pls. 2 and 6). The axis of the syncline
strikes approximately N. 35° to 40° E., Were a haulage adlt
opened about 25 meters vertically below the outcrop of bed No. 1
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near mine No. 4 and driven to that bed, and were lateral work-
ings then driven along the strike of the bed, a considerable ton-
nage of ore could be extracted with the assistance of gravity
rather than by working against gravity, as would have to be done
if the bed were developed by an incline shaft down the dip. Fur- .
thermore, the hard jasper through which the haulage tunnel would
be driven would require no timbering, whereas any large adit or
incline on the ore bed would eventually have to be timbered. It
would be advantageous for the haulage tunnel to follow the axis
of the syncline. Both of the lateral development drifts on the
ore bed would then swing gradually away from normal to the tunnel
and become roughly parallel to the outcrop, thus developing a
maximum amount of ore per meter of drift.

The beds probably flatten gradually inward from the outecrop,
but, as the dips at the outcrop and in the mines are somewhat
varlable, no detailed prediction regarding the change of dip can
be made; the consequences following from certain assumptions can
however be considered. Assuming a constant dip of 12°, an adit
25 meters vertically below the outcrop would intersect bed 1
sbout 165 meters from the portal, and, with 100-meter lateral
development drifts on the ore bed, about 240,000 tons of ore in
bed 1 would be developed, together with 77,000 tons in bed 2,
which could be reached by a 35-meter raise. If development
should prove that the dip of bed 1 decreased regularly from 12°
to about 4°, the intersection of the haulage adit with the ore
bed would be about 260 meters from the portal. In that case,
about 345,000 tons of ore would be developed in bed 1 and about
140,000 tons in bed 2 by 100-meter lateral drifts on the ore bed.
Detailed surface mapping and some core drilling should be undér-
taken in order to determine conditions more precisely than is

now possible.

An abrupt change In the strike and dip of bed No. 1 in the
vicinlty of mines 8 and 9 1s indicated by direct measurements
and by the trace of the outcrop of bed 1. The altitude of the
outerop rises from 779 meters at mine 8 to 818 meters at sample
6 and to 830 meters a short distance further to the southeast
(pl. 2). 1In fact, the outcrop 1s lower at mine 8 than at any
point to the south of that mine. Taking advantage of the rela-
tively abrupt fold by driving a haulage adit along the strike of
the bed would permit the development of about 163,000 square -
meters of the bed above that adit between mines 8 and 11. This
area contalns about 1,200,000 tons of ore averaging about 46 per-
cent Mn. By developing bed 2 with raises from the haulage adilt
inclined 60° to the.northeast, about 135,000 square meters, or
675,000 tons of ore, which might average 47 percent Mn, would be -
developed. No allowance is made for ore tied up in pillars in o
any of -the above estimates.

Similarly, by starting an adit on the strike of bed Fo. 1
near sample 4 (elevation 803 meters), a considerable tonnage of
material could be extracted with the aid of gravity from the
south end of the Morro do Urucum.

It should be emphasized that before any large-scale develop-
ment 1s attempted, the above conclusions should be checked by
core drilling and large-scale mapping, since the maps on which
the estimates are based were not of large enough scale to serve
as a basis for detailed geologic prediction. The torhage fig-
ures glven merely show order of magnitude.
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APPENDIX I

Conversion factors

Metric English
millimeter (mm) 0.039 inch
centimeter (cm) «394 inch
meter (m) 3.28 feet
kilometer (km) 3,281 feet or 0.62 mile
square meter () 1.19 square yards
cubic meter (md) 1.31 cublc yards
metric ton 2,205 pounds or 1.102 short tons

O






