
ments do not warrant any immediate change in my 
theory of root-hair growth. 

ROBERTG. H. CORMACK 
Department of Botany  
University o f  Alberta, Eclmonton, Alberta,  Canada 

References 
1. I v a r  Elrdahl, Symbolae Botan. Upsal,ienses 11,5-83 (1953), 

p. 6. 
2. R. G. H. Cormack, N e w  Phytoloflist  34,30-54 (1935). 
3. -, Botan.  Rev. 15,583-612 (1049). 
4. Hugh hl. Dale, Science 114,438-430 (1051). 
5. Vera Facey, New Phytologist  49, 103-116 (1050). 
6. Marvin Weintraub, New Phytologist  50, 357-382 (1952). 
7. R. D. Northcraft,  Science 115,206 (1052). 
8. Norman G. Anderson, Science 117, 627-628 (1953). 
0. Hans Burstrom, Physiol. Plantarum 5, 301-402 (1952). 

Received February 25, 1054. 

Geology of the Iron Deposits of the 
Congonhas District, Minas Gerais, Brazil 

Large iron deposits in  the state of Minas Gerais, 
Brazil, have been the subject of a continuing study 
by geologists of the U.S. Geological Survey and its 
Brazilian counterpart, the Departmento Nacional da 
Produ~Ho Mineral under the sponsorship of the In -  
stitute of Inter-American Affairs. These deposits are 
very large and will unquestionably have great future 
importance, although they have not yet been exten-
sively developed because of their remoteness from 
the world centers of heavy industry. Reports and 
maps on the Congonhas district (600 km2) and other 
parts of the ferriferous region, which has a total area 
of several thousand square kilometers, will be pub- 
lished as the work in each district is completed. 

The deposits are of three general types: ( i )  lami- 
nated iron formation, or itabirite, consisting of vary- 
ing proportions of specular hematite (Fe,03) and 
magnetite (Fe30,),  quartz ( SiO,) , and lime-magnesia 
carbonate; (ii) masses of nearly pure specular hema- 
tite enclosed in the iron formation; and (iii) surficial 
cappings of limonite (Fe,O, . n H 2 0) . 

Itabirite is a metamorphosed sedimentary rock that  
occurs principally as the middle meniber of the pre- 
Cambrian Ninas series. Within the Congonhas district, 
i t  ranges in thickness from about 100 to 600 m or 
more. The average iron content is estimated to be 40 
percent. Quartzite and mica schist underlie the itabi- 
rite conformably; phyllite with lenticular quartzite, 
dolomite, ininor amounts of itabirite, and some vol- 
canic rocks overlie it. It is bel~eved that the unusual 
ferruginous sediments were deposited as chemical pre- 
cipitates of iron oxide, colloidal silica, and alkaline 
earth carbonates brought into a restricted marine en- 
vironment by one or more large rivers. The landmass 
was low; hence, little or no elastic material was intro- 
clucecl. Somewllat acid conditions inhibited the pre- 
cipitation of carbonates over most of the period of 
depoiition. An offshore volcanic aic  probably cut off 
c*irc~ulationbetween the basin and the open ocean, and 

precipitates and magnetite, dolomite, and quartz from 
the carbonate-bearing sediments. Platy specularite 
was partially oriented to form an incipient cleavage. 

Faulting, in  the course of superimposing several 
large thrust slices, brecciated the iron formation and 
opened channelways for  hydrothermal solutions of 
unknown source. These solutions replaced the quartz 
and dolomite with new specularite, giving rise to the 
local development of high-grade ore deposits. Preex- 
isting bedding, cleavage, and breccia structures were 
faithfully preserved by fine-grained (average 0.01 
mm),  unoriented, interlocking hematite that contrasts 
sharply with the unreplaced platy specularite. Mag- 
netite octahedra, some a centimeter across, were partly 
or completely altered to hematite. Both proximity to 
faults and variations in the carbonate content of the 
original formation localized replacement; the largest 
known deposit of the district occurs where dolomitic 
itabirite was overridden by a thrust block. 

Descending ground water has leached most of the 
carbonate and par t  of the quartz from the itabirite 
above the water table. Hydration and reprecipitation 
of iron as limonite over most of the outcrop areas 
have formed hard tappings, which protect the under- 
lying softened material from rapid erosion. Remnants 
of old surfaces several hundred meters above present- 
day intermontane valleys indicate intermittent uplift 
in recent geologic times. 

Surficial leaching has dissolved minor quantities of 
iron from some hematite ores, destroying the inter- 
granular cohesion and producing friable or powdery 
material. Mosaic-textured ore with interlocking, su-
tured grain boundaries resists this leaching better 
than ore with tabular, oriented specularite grains; 
and weathering, therefore, exhumes original sedimeii- 
tary structures that  were preserved during meta-
morphism and replacement. 

As the Congonhas deposits have many features in 
common with numerous iron formations and hematite 
ores on all continents, their genetic environment, al- 
though unusual, was presumably not unique. 
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Special-Purpose Terrain Evaluations 
The U.S. Geological Survey in collaboration with 

the Soil Survey of the U.S. Department of Agricul- 
ture has been engaged for  more than 10 years in  mak- 
ing special terrain evaluations fo r  application to mili- 
tary planning and operations. This work has been sup- 
ported mainly by the Corps of Engineers, U.S. Army. 

The major military problems considered in the work 
deal with two main types of use of terrain. The first 
is construction on and below the ground surface of a 
wide variety of structures, some peculiar to rnilitary 
activity, but nlost liaviiig counterparts in civilian life. 
The basic terrain problems ill coi~structiou have been 
t'o~~ilislizedas a rrsult of  estensivr allil prolonged 

p11 h(~lowthe "linlcstone fence." .I\ ol~lcl-~twlei~e\earcli In engineering geology and qoil 
Itegionnl metamorphism accompanying severe fold- engineering for  rnilitary and civilian purposes. 

ing produced specularite and quartz froill the siliceous The second broad use of terrain is in rapid move- 

volcitl~ic r l ~ ~ a l l a t i o ~ l i  map l ~ a r r  a ~ ( l r d  11) Io~t ' l ' i~lgt l ~ ~  


