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SESSIONS OF THE ACADEMIA BRASILEIRA DE CIÊNCIAS

SUMMARY OF COMMUNICATIONS

REGIONAL EARTH SCIENCES SESSION IGc-USP

Antonio C. Rocha-Campos (Organizer)

GOLD METALLOGENESIS AT THE PARI MINE, NE-

QUADRILÁTERO FERRÍFERO, MG-BRAZIL

Gustavo C. Abreu and Hans D. Schorscher

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The Pari gold Mine in NE-Quadrilátero Ferrífero

is located within the Archean Rio das Velhas greenstone

belt/Rio dasVelhas Supergroup. Here, this unit consists of

the Quebra Osso and Nova Lima groups in normal strati-

graphic setting, representing, respectively, the lower ul-

tramafic volcanic and middle mafic volcano-sedimentary

units of the greenstone belt.

Pari Au-mineralization is hosted in heterogeneous

BIF consisting of variable mixtures of sulphide-carbonate-

oxide-silicate facies. The main regional metamorphism,

Paleoproterozoic in age, reached lower amphibolite facies

(garnet-zone of the epidote-amphibolite subfacies) and

affected the Au-mineralization. Two different arsenopy-

rite generations occur in the ore: the older xenomorphic

one, rich in tiny inclusions of chalcopyrite, pyrrhotite,

sphalerite, gold and gangue minerals, shows As-in-Aspy-

geothermometer metamorphic reequilibration tempera-

tures of 320-445oC; the younger Aspy-generation is id-

ioblastic, barren of inclusions and shows metamorphic

peak temperatures of 485-491oC. Gold occurs subordi-

nately (≤ 15% of the total) as refractory inclusion, 5-

10µm in size in first generation Aspy and, occasionally,

in magnetite. Free gold in grains ≥ 100µm predominates

by far; it was expelled and grew by accretive crystalliza-

tion during the metamorphic Aspy-transformations. Re-

fractory and free gold show similar compositions, Au(81-

83.5):Ag and Au(83.3-86):Ag, respectively, demonstrat-

ing partial Ag-loss and Au-enrichment during progressive

metamorphism.

Pari Au-mineralization of exhalative syngenetic ori-

gins occurred near an active center of submarine basaltic

eruptions during Archean greenstone belt evolution. Wall

rock alterations were not observed. Neither the late-

Archean nor the far more vigorous Paleoproterozoic re-

gional metamorphism destroyed the well-defined lithos-

tratigraphically controlled primary geochemical charac-

teristics and polarities in the ore horizon, the adjacent host

rocks or the associated amphibolites of theArchean green-

stone belt succession.

Pari gold mineralization is quite similar to the

Oriental-type Kolar Gold Field deposits; there too, ex-

halative syngenetic volcanic origins have been suggested.

In comparison, the São Bento gold mine, ∼ 20 km W

of Pari in the Nova Lima Group, shows lower to mid-

dle greenschist facies metamorphism, As-in-Aspy Au-ore

temperatures of < 320-435oC, and three distinct gold gen-

erations: refractory gold (≥ 80% of the total) inAspy with

Au(65-70):Ag, in pyrite with Au(82-87):Ag being similar

to the free gold. — ( December 14, 2001 ) .

PYROCLASTIC BRECCIAS AND RELATED DEPOSITS

OF THE POÇOS DE CALDAS ALKALINE COMPLEX,

MG/SP, SE-BRAZIL

Artur D. Alves and Hans D. Schorscher

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos
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Different pyroclastic breccias and related de-

posits represent important petrogenetic indicators of the

magmatic-stratigraphic and tectonic evolution of the

Poços de Caldas Alkaline Complex (PAC), the largest in

South America and one of the 10 largest such complexes

worldwide. PAC is a Cretaceous subcircular volcanic-

subvolcanic caldera within Precambrian basement rocks

at the eastern border of the Paraná Basin exhumed by

differential erosion. It comprises ultrabasic through inter-

mediate alkaline igneous, pyroclastic, volcaniclastic and

minor sedimentary and basement rocks; PAC-magmatism

lasted from ≥ 92 to ∼ 76 Ma b.p.

The oldest breccias in the PAC W-NW sector are of

extrusive ankaratrites. Abundant CO2-rich fluid discharge

caused prominent vesiculation, hydraulic fracturing, brec-

ciation and carbonatization of these lava flows. Different

pyroclastic, mixed and reworked breccias formed succes-

sively during construction of the main regional volcano

of miaskitic phonolites and nepheline syenites (with AI.

of 0.85-1.15, and giannettite as the most common rare-

metal silicate), phonolitic tuffs, mud and debris-flows,

until caldera-collapse and emplacement of discontinuous

phonolite ring-dikes.

Post-caldera-collapse breccias formed through more

local magmatic-tectonic, volcaniclastic and hydrother-

mal events, with or without temporal and/or spacial su-

perposition. Fragments of typical aphanitic, micropor-

phyritic phonolites, which cut the former nepheline syen-

ites as shallow-subvolcanic dikes, occur associated with

carbonate rock, ankaratrite, phonolite, pyroxenite, peri-

dotite, granitic basement and Paraná Basin sedimentary

rock fragments in intrusive to extrusive breccias bearing

phlogopite-booklets in the phonolitic, locally carbona-

tized or pyritized matrix; lateral and vertical granulomet-

ric grading and interlayering with phonolitic surges and

tuffisites and carbonatite flows also occur. These breccias

were intruded by phonolite dikes; possibly coeval agpaitic

eudialite nepheline syenites (Pedra Balão and Morro do

Serrote type) occur as regionally separated minor intru-

sions.

At the end of regional phonolite and nepheline

syenite magmatism breccia pipes formed at foci of

magmatic-phreatic explosions and suffered low-grade U-

Th-REE-Zr-F-Mo mineralization through strong potas-

sic and pyritic hydrothermalism. Local carbonatization

of these breccias suggests nearby carbonatite intrusions

(Morro do Ferro type). Finally, at about 76 Ma, dikes of

ultramafic ultrapotassic biotite lamprophyres with abun-

dant upper mantle xenoliths intruded the breccia pipes.

— ( December 14, 2001 ) .

ESKER-LIKE FEATURES IN THE ITARARÉ SUBGROUP

(LATE PALEOZOIC), NORTHERN PARANÁ BASIN,

BRAZIL*

Marcos R. Araujo and José R. Canuto**

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

Sediments occurring as discontinuous domed, elon-

gated forms, 50 to 200 m in length, 20 to 50 m in width,

and about 20 m in thickness, showing intense deformation,

under the Lapa sandstone, are interpreted as eskers.

Three facies have been recognized: a) conglomer-

ate of rounded pebbles and boulders in a massive, poorly

sorted sandy matrix, sometimes cross-bedded, with lin-

eated and imbricated clasts indicating NW transport, with

normally graded sandy layers fragments included. The

conglomerates show 1 m in thickness and lenticular ge-

ometry; b) two types sandstones: the first one is medium

to fine-graded, massive, sometimes cross-bedded, show-

ing NW transport, in layers up to 80 cm thick with tabular

geometry; the second one is medium to fine-graded, well

sorted, massive, sometimes showing gradacional stratifi-

cation, with thicknesses of 10 to 20 cm; c) massive tabu-

lar diamictite, of decimetric thickness, silty-sandy matrix

with dispersed clasts, intercalated and interfingered in the

base of its layers with sands and conglomerates and with

sandstones in its tops. The layers are in a vertical way and

deformed, and parallel to the direction of the channel of

the Lapa sandstone.

The basal contact of the ruditic succession is ero-

sional on older shales, while the upper contact also ero-

sional, defines the base of the Lapa sandstone.

The glacial context of the time suggested that the

sandstones and conglomerates were deposited by fluvio-

glacial processes and the diamictites (cohesive debris

flows) flowed from the channel walls and interfingered

with the sandstones and conglomerates.

The first phase of deformation caused folding with

the differential melting of underlying ice below the sedi-

ments. Later, the total collapse of the sedimentary stack,

due to melting of still existing ice in some parts, associ-

ated with the unstable settling of the sediments caused by

the previously differential melting, would have led to a

second deformation phase, facilitated by the still plastic

state of the sediments, resulting in the refolding of the
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first phase folds. Deformation by compaction is rejected

because the overlying Lapa sandstone is not deformed.

The above features suggest that the sediments cor-

respond to an esker. The deposit is part of the low-

stand system tract of the 3rd order sequence S2 described

by Canuto et al. (2001). — ( December 14, 2001 ) .
∗ Supported by FAPESP, No. 97/13973-2.

**E-mail: jrcanuto@usp.br

THE THIRD ORDER SEQUENCE STRATIGRAPHY

OF THE ITARARÉ SUBGROUP (LATE PALEOZOIC)

ACROSS PARANÁ BASIN*

José R. Canuto**, Paulo R. Santos and

Antonio C. Rocha-Campos

Instituto de Geociências, USP, São Paulo, SP.

The Itararé Subgroup (late Paleozoic) on the east-

ern margin of the Paraná Basin is subdivided into seven

50-80m thick, type I, third order sequences that corre-

spond to fining-coarsening upward cycles. Sequences are

bounded at base by an erosional unconformity that at the

eastern margin of the basin is marked either by glacially

striated and/or glaciotectonised bedrock, or intraforma-

tional, glacially striated surfaces.

Our depositional model considers that each ero-

sional surface, usually overlain by subglacial tillite,

records an advance of a grounded glacier. Higher up the

glaciogenic section includes glacioterrestrial, glacioma-

rine and marine beds (tillites, flow diamictites, proglacial

rhythmites with dropstones, outwash sandstone, etc.), de-

posited during retreat of the ice margin. The sequences

culminate with marine shale documenting short-lived

post-glacial transgression, and shallow-marine prograda-

cional fluviatile-deltaic sandstone, associated to glacio-

isostatic rebound that followed retreat of the glacial mar-

gin.

This type of sequence was earlier identified in out-

crop and is now recognized in the subsurface of the Paraná

Basin, along an east-west cross-section trough wells 1-PT-

1PR, 1-RO-1-PR, 2-NA-1-PR and AMst-1-MT in Brazil,

and Asunción 2 in Paraguay. Correlation of sequences in

subsurface and outcrop was established lithostratigraphi-

cally from top to bottom, with reference to a datum rep-

resented by a widespread marine marker bed intercalated

in the Rio Bonito Formation. Absence of basal S1 se-

quence in well 1-RO-1-PR may be related to its location

on a basement high. Only the uppermost part of S1 is

recorded in well AMst-1-MT due to the intercalation of a

thick diabase sill (Cretaceous) between Itararé beds and

the underlying Ponta Grossa Formation.

With exception of the two cases, the subsurface

section shows a full sequential correspondence. Most

sequences, however, thicken from SE-NW, almost dou-

bling values found on the eastern margin of the Paraná

Basin. This suggests higher subsidence rate towards

west, that compensated the positive tectonic behavior of

the adjacent Asunción arch and created adequate space

to accommodate sediments supplied from the eastern

flank of the Asunción arch. — ( December 14, 2001 ) .
∗ Supported by FAPESP 97/13973-2.

**E-mail: jrcanuto@usp.br

EXTRUSION-RELATED EXTENSIONAL SIGNATURES

UNDER HIGH-PRESSURE NAPPE COMPRESSIONAL

REGIME*

Carlos H. G. Carvalho and Mario C. Campos-Neto

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The Neoproterozoic nappe system exposed south

of the São Francisco Craton underwent a minimum of

200 km of near-horizontal northeastward displacement.

This nappe system comprises the south-southeast sector

of Brasília Belt and piles up three tectonic settings (from

top to bottom): the roots of a neoproterozoic magmatic arc

(Socorro-Guaxupé Nappe); high-pression metassedimen-

tary nappes (Três Pontas-Varginha, Carmo da Cachoeira,

Aiuruoca-Andrelândia, Pouso Alto and Carvalhos klippe);

parautochthonous medium-pressure nappes and duplexes.

In the southeast of Aiuruoca-Andrelândia Nappe, a

brittle-ductile sinistral shear zone (Liberdade Shear Zone)

limits the southern Alagoa Migmatites and may represent

a lateral ramp for the eastern Lima Duarte Nappe. Close

to Alagoa (MG), this shear zone turns E-W, breaking the

nappe hind portion, in a southward normal-ductile move-

ment.

North of this shear zone, the garnet-sillimatite bear-

ing metassedimentary sequence lays over a gnaissic-

diatexitic basement and is highly sliced by strata-like

tourmaline-bearing granites. In the metassediments, main

foliation S2 is transposed by a normal-fault related thick

protomilonitic S2’ foliation. In the gnaisses, southward

transport is marked by shear-sense indicators such as S-C

foliations and quartz sigmoids. A low-temperature, late

brittle thrust system, overlaps the extensional structures.

Heading north, the end of this structural-
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metamorphic domain is marked by an antiform in gnais-

sic diatexites. A normal fault with average northeastward

dip limits the fold and juxtaposes upper kianite-staurolite

bearing micaxists. From this limit, the structural pattern of

Aiuruoca-Andrelândia Nappe is homogeneous, with sin-

metamorphic ductile shear-sense indicators to E-NE.

The alternating of extensional structures in a gen-

eral compressive regime and in the hind portion of

high-pressure nappe, is associated with the extrusion

process and with the search, in the collisional oro-

gen, of isostatic balance. — ( December 14, 2001 ) .

∗ Supported by FAPESP 00/11390-4 and 98/15624-8.

FACIES AND SEQUENCE STRATIGRAPHY OF THE

ITARARÉ AND GUATÁ SUBGROUPS (LATE PALEO-

ZOIC), NORTHERN PARANÁ BASIN, BRAZIL*

Antonio M. Chaves-Junior and José R. Canuto**

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

Glacial advances and retreats influenced relative sea

level change, concomitantly to the regional subsidence

during the deposition of a 2nd order Permo-Carboniferous

sequence in northern Santa Catarina State, Paraná Basin.

According to Canuto’s (1999) nomenclature, the

following facies were recognized in the Itararé and in

the lower part of the Guatá Subgroups: a) compacted

massive diamictite; b) uncompacted massive diamictite;

c) lenticular diamictite; d) low-angle, cross-bedded and

truncated wave-ripple-laminated sandstone; e) truncated

low-angle, cross-bedded, tabular sandstone; f) low-angle,

bidirecional, cross-bedded, tabular sandstone; g) cross-

bedded, fining-upward sandstones; h) massive or lami-

nated shale; i) massive siltstone; j) interlaminated very

fine sandstone and silty shale. Some of them correspond-

ing to diagnostic facies of facies associations (#).

Facies associations recognized are: A1, compacted

massive (#), uncompacted massive (#) and lenticular di-

amictites; A2, truncated low-angle cross-bedded tabu-

lar sandstone (#); A3, massive or laminated shale (#)

and massive siltite (#); A4, interlaminated (#), low-angle

cross-bedded and truncated wave ripple laminated sand-

stone and low-angle bidirecional cross-bedded tabular

sandstone (#); and corresponding, respectively, lowstand,

transgressive, highstand and glacio-isostatic regressive

system tracts.

In view of the recognized associations of facies, it

is verified that the sedimentary succession comprises two

partial 3rd order sequences, representing the upper part of

one (associations A3 and A4) and the basal and interme-

diate parts of the overlying one (associations A1, A2 and

A3).

The analysis of the sedimentary succession shows,

from the base to the top, that the shales were deposited

in a mudflat environment, followed by the deposition of

sandstones in a lower shoreface setting, sandstones in

upper shoreface, the interlaminated in tidal flat/foreshore,

glacial advance, glacio-isostatic subsidence possibly un-

til a compatible shoreface depth, disintegration and re-

treat of the glacier, slow rise of the sea level until the

establishment of the foreshore/tidal flat, shoreface envi-

ronment again due to a greater rise of the relative sea

level than the last one, beginning of glacio-isostatic

uplift by the final retreat of the glacier, return of the

foreshore conditions, possibly still the backshore set-

ting, and, finally, deltaic progradation over foreshore

and/or backshore settings. — ( December 14, 2001 ) .
∗ Supported by FAPESP 97/13973-2.

**E-mail: jrcanuto@usp.br.

THE PIUMHI SUPERGROUP, SW-SÃO FRANCISCO

CRATON, MG-BRAZIL

Alexandre P. Chiarini1,2 and Hans D. Schorscher1

1Instituto de Geociências, USP, São Paulo, SP.
2BTX Serviços Geológicos, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

Field work, petrographical and geochemical stud-

ies of the metavolcano-sedimentary sequence (VSS) of

Piumhi-MG, a part of an Archaean or Palaeoproterozoic

greenstone belt showed that current stratigraphical and

petrographical classifications of this sequence require re-

definition (Chiarini, 2001). Here, the VSS is formally de-

fined as the Piumhi Supergroup, subdivided into: Lower

and Upper groups (grupos Inferior and Superior) based

on the Córrego Araras type-section. From base to top the

Lower Group comprises: Andesitic Volcanic Unit (AVU),

Magnesian Basaltic Volcanic Unit (MBVU) and Basaltic

Volcanic Unit (BVU). The Upper Group, undivided here,

comprises clastic and volcaniclastic metasediments with

intercalated basic to acid volcanics. The Piumhi Super-

group exhibits middle greenschist facies metamorphism.

In the AVU predominate transitional tholeiitic to

calc-alkaline basaltic andesites, dacites and rhyolites

of fractional crystallization, altered by pre-metamorphic
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spilitization, epidotization, keratophyrization and silici-

fication. Basaltic andesites show actinolite (substitut-

ing clinopyroxene), chlorite, albite, epidote, quartz and

opaques. Porphyritic types bear relic phenocrysts of mag-

matic hornblende. Keratophyrized dacites and rhyolites

show quartz, albite, chlorite, epidote, zircon and opaques.

Spinifex-textured MBVU-rocks have been referred

to previously as komatiites or basaltic komatiites; this is

not sustained mineralogically nor geochemically. These

rocks present tremolite-actinolite, chlorite, albite, talc,

epidote, carbonate and opaques. Pseudomorphosed aci-

cular clinopyroxene spinifex textures predominate by far

over those of bladed olivine, typical of (peridotitic) ko-

matiites. SiO2 reaching the range of intermediate rocks,

low TiO2 (0.25-0.40 wt-%), and Ti/Zr∼ 60 (50-75) rele-

gate these rocks to siliceous magnesian basalts or low-Ti

tholeiites linked to boninites, rather than komatiites with

Ti/Zr > 100 (Coish 1989). These rocks may represent

extrusive equivalents of the most primitive magmas, from

whichAVU-andesites differentiated in infracrustal magma

chambers.

Differentiated magnesian basaltic flows show a

spinifex-textured andesitic top and massive ultramafic

cumulate base made up of pseudomorphosed euhedric

medium-grained olivines and rare relic orthopyroxenes in

a tremolite-chlorite intercumulus matrix with chromite as

a constant magmatic intercumulus phase.

The BVU consists mainly of basic Fe(-Mg) tholei-

itic flows. All three volcanic units contain subordinate

volcaniclastic and chemical intertrap metasediments. —

( December 14, 2001 ) .

HEAVY METAL BEHAVIOR ASSOCIATED WITH SOIL

COVER USED IN THE BANDEIRANTES SANITARY

LANDFILL, SÃO PAULO DISTRICT

Sibele Ezaki1 and Raphael Hypolito2

1Programa de Graduação, Instituto de Geociências – USP,

São Paulo, SP.
2Departamento de Geologia Sedimentar e Ambiental, Instituto

de Geociências – USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

Soil used to cover compacted solid waste at sanitary

landfills plays an important role in attenuating contami-

nation by interfering in leachate composition and incor-

porating organic and inorganic substances. In order to

investigate the behavior of metallic ions associated with

the soil cover of the Bandeirantes Sanitary Landfill, Mu-

nicipality of São Paulo, Brazil, we propose to assess the

mobility and fixation mechanisms by simulating environ-

mental conditions of sanitary ‘‘cells’’ in vitro.

The experiment will consist of glass columns, in

which organic and metallic phases of an ‘‘artificial waste’’

will be placed upon a bed of soil and coarse sand layers,

both supported on filter. Above this waste layer, a known

mass of soil will be added and compacted keeping the

proportions used in real sanitary landfill. Rain water or

artificial rain will be allowed to percolate through the col-

umn at a rate based on known monthly precipitation. The

control experiment will use soil only, taken from an intact

soil profile near the landfill.

Other experiments will also reproduce the conditions

equal to those in the Bandeirantes Landfill cell, but will

inject rainwater and also known concentrations of heavy

metals (Zn, Cr, Pb). Soil chemistry will be analyzed as

well as the chemical and physical-chemical properties of

the leachates such as pH, Eh, temperature, humidity and

DO. These parameters will be measured, as they reflect

microbiological activity during aerobic and anaerobic de-

composition within the landfill; the metallic ion behav-

ior will reveal characteristics of both biochemical and

physico-chemical processes. — ( December 14, 2001 ) .

THE OCCURRENCE OF INTERMEDIATE SCHORL-

DRAVITE AND ALKALI-DEFICIENT, Cr-(V-)BEARING

TOURMALINES IN THE VOLCANIC-SEDIMENTARY

SEQUENCE OF THE SERRA DO ITABERABA GROUP

– SP

Gianna M. Garda1, Paulo Beljavskis1,

Caetano Juliani1 and Dailto Silva2

1Instituto de Geociências, Universidade de São Paulo, São Paulo.
2Instituto de Geociências, Universidade Estadual de Campinas,

Campinas, SP.

Presented by Antonio C. Rocha-Campos

In the Morro da Pedra Preta Formation, metamor-

phosed volcanic-sedimentary sequence of the Serra do

Itaberaba Group (northeast of São Paulo City – SP), tour-

malines occur in tourmalinite, metachert, iron formation,

metasediments, calc-silicate and metabasic/intermediate

rocks, and hosted by quartz veins. In Tapera Grande and

Quartzite areas, intermediate schorl-dravite compositions

predominate. Under the microscope, these tourmalines

stand out for their color, zoning (alternating light and dark

greenish blue tints from core to rim), and strong pleochro-

ism (dark blue to light brown). In general, the rims are
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much darker than the cores, variations due to varying Fe

and Mg contents.

A second generation of light green tourmalines also

occurs in quartz veins of Quartzite. These are alkali-

deficient, Cr- and V-bearing tourmalines with higher Mg#

than those of the schorl-dravite series. The occupancy

of the X-site, according to X-ray fluorescence data, is

δ0,51Ca0.33Na0.15, thus corresponding to foitite, consid-

ered as an alkali-deficient schorl.

Raman studies also discriminated two groups of

tourmalines, one belonging to the buerguerite-schorl se-

ries and the other to the dravite-buerguerite-uvite series.

Stable isotope data allowed to define sediment and

hydrothermal waters as fluid sources, ruling out the associ-

ation of the tourmalines with e.g. the Brasiliano granitoid

bodies found in the area. δ18O compositions for tourma-

lines (+12 per mil) and host metachert and quartz veins

(+13 per mil) are very similar, showing fluid equilibration

during (re)crystallization of quartz and tourmaline.

The presence of at least two distinct groups of tour-

malines indicates distinct environments and timing for

tourmaline generation. In Tapera Grande, tourmalines

were formed in a submarine exhalative-sedimentary en-

vironment. Their composition was not strongly affected

by medium-grade metamorphism.

In Quartzite, tourmaline compositions reflect that

of the country rock, once fluid percolation along Sertão-

zinho fault and associated fractures caused leaching of

Cr (and V) and the crystallization of alkali-deficient, Cr-

(V-)bearing tourmalines in veins, together with quartz.

The heat source for mineralizing fluids must have been

a granitoid body (Pau Pedra) south of Tapera Grande

and intermediate to acid pipes in the Quartzito area.

These fluids were also responsible for distinct types

of mineralization, characterized in Tapera Grande by

the assemblage gold-pyrite-pyrrhotite-chalcopyrite, and

in Quartzite by electrum-pyrite-chalcopyrite-sphalerite-

galena-scheelite-molibdenite. — ( December 14, 2001 ) .

A BONE FRAGMENT OF A PROBABLE AQUATIC VER-

TEBRATE IN THE SERRA ALTA FORMATION (UPPER

PERMIAN OF PARANÁ BASIN)

Jorge Hachiro1, Paulo C.F. Giannini1 and

Renata N. Kinjo2

1Departamento de Geologia Sedimentar e Ambiental – IGc /

USP.
2Programa de Graduação em Geologia do Instituto de Geociên-

cias da USP – IGc / USP.

Presented by Antonio C. Rocha-Campos

We have found a robust bone fragment (4cm long;

2.5cm in average diameter) in a suspension deposit of the

Serra Alta Formation, Upper Permian of the Paraná Basin,

along the Castelo Branco highway near Cesário Lange

(SP). The bone expands towards one end with longitu-

dinal protuberances and has fine superficial striae. The

fossil-bearing sediments comprise submetric and metric

beds of dark-gray siltstone with centimetric intercalations

of dirty carbonate exhibiting bioturbation, coprolites and

fossil remains (hardgrounds).

This skeletal fragment is interpreted as probably part

of a posterior (bones: tibia; fibula; femur) or anterior

(bones: radius; ulna; humerus) limb of an aquatic rep-

tile or amphibian or, possibly, as a portion of the fin of a

crossopterygian fish.

On the basis of thin sections of transverse cuts of the

bone, it was possible to observe the original phosphatic

nature (with low birefringence, concentric lamellae, neg-

ative elongation, and wavy extinction) and structure of the

submilimetric and milimetric pore-canals filled by micro-

crystalline silica, as well as subordinate calcite cement.

This bone fragment was preserved due to the relative

anoxic depositional conditions of the Serra Alta Sea, the

low hydrodynamic energy of sedimentation, and the pres-

ence of alkaline fluids during early diagenesis which filled

bone voids, mainly its pore-canal system with CaCO3.

The fragment is massive but slightly broken at both

ends. Its massive nature contrasts with the much smaller

and more fragile bones of mesosaurids of the subjacent

Irati Subgroup (the most stagnant palaeoenvironment of

Paraná Basin). Its body may have reached around 1.5m,

in length, making it perhaps the largest aquatic organism

of its time. If it was carnivorous, it would have been a

considerable threat to the other animals of the Serra Alta

Sea. — ( December 14, 2001 ) .

HEAVY METALS IN CONTAMINATED SOILS

– SEQUENTIAL EXTRACTIONS

Janaina F. Marques1 and Raphael Hypolito2

1Programa de Pós-graduação em Hidrogeologia, Instituto de

Geociências – USP, São Paulo, SP.
2Departamento de Geologia Sedimentar e Ambiental, Instituto

de Geociências – USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

In order to understand the mechanisms of contami-

nation by metals, it is necessary to know the ways in which
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they are bound to the different soil components since their

mobility depends on this, as do the mitigation and reme-

diation of contaminated areas.

By means of sequential extractions the hydrogeo-

chemical behavior of metal ions in contaminated soils will

be determined. This method selectively extracts metallic

ions associated with different soil fractions through se-

quential utilization of reagents from the least to the most

aggressive.

Of interest in this project are the exchangeable ions,

bound to oxides/hydroxides of iron and manganese, to car-

bonates, to organic matter, and to residual binding frac-

tions.

The sequential extraction procedure for determina-

tion of heavy metals and their speciation in soils have been

developed in the past 20 years. This methodology was in-

troduced by Tessier et al. (1979) and later publications

are largely based in this work.

In most of the literature references, the conditions

under which the extractions were performed are not com-

pletely specified. Also, depending on the soil type and the

metals analyzed, the extractions may present difficulties

which have to be overcome.

In this study, the selective extraction methods will

be chosen, those which are most interesting will be tested,

and new methods will be developed.

An experimental station will be built for collecting

soil and water samples, monitoring wells and carrying out

experiments. In situ monitoring of parameters such as pH,

Eh, CE, temperature and alkalinity will also be performed.

This project will contribute to our understanding

about important mechanisms of mobility and fixation of

metallic ions associated with soils. — ( December 14,

2001 ) .

MORPHOLOGY OF THE IBIRAQÜERA DUNEFIELD,

SC*

Caroline T. Martinho** and Paulo C.F. Giannini

Departamento de Geologia Sedimentar e Ambiental, Instituto

de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The Ibiraqüera beach is located in the municipal

district of Imbituba, mid-south coast of the Santa Cata-

rina State. The active dunefield present in this beach

possesses parabolic geometry and oblique position to the

coastline. It begins with foredunes, that locally appear

cut and destabilized by for blowouts. Towards the inte-

rior, the dunefield passes into an extensive deflation area.

This area is composed by deflation plains, usually veg-

etated and/or flooded, gegenwalle ridges, trailing ridges

and isolated parabolic dunes. The trailing ridges appear as

lateral portions of transverse and barchanoid dunes. They

are fixed by vegetation and left back while the rest of

the dune migrates, forming straight ridges of sand, veg-

etated in the external part and unvegetated in the inter-

nal part. The gegenwalle ridges appear in the deflation

plain as small ridges of sand (approximate height of 1 m)

that possess the identical format of the barchanoid and

parabolic dunes’ windward limit. They form periodic se-

quences that record dunefield migration in the deflation

area. The parabolic dunes present unvegetated sands in

the main advance front (depositional lobe), trailing ridges

on both sides with a deflation plain between them. In the

internal part of the dunefield the deflation facies disap-

pears, giving place to chains of transverse and barchanoid

dunes. They finish in secondary advance fronts contained

by the vegetation (precipitation ridges). The whole in-

ternal and frontal dunefield borders possess precipitation

dunes. In old dunefields totally vegetated now, morpho-

logic features were also recognized such as precipitation

dunes and deflation plains.

In Ibiraqüera it is possible to notice that the dunefield

started from the north part of the beach and migrated SW,

toward the continent. The north section of the beach pos-

sesses higher sediment supply than the other sites, seeing

that the foredunes in this area are not very well developed,

and are buried by small transverse dunes that appear close

to the beach.

The characterization of the facies of the Ibi-

raqüera dunefield allowed to correlate this dune-

field to the typical distal or deflation facies associ-

ation described by Giannini (An Acad Bras Cienc

(1998) 70(3): 696). — ( December 14, 2001 ) .
∗ Supported by FAPESP 99/05740-3.

**E-mail: ctmartinho@hotmail.com

HEAVY METALS CONCENTRATION (Cr, Cu, Ni and

Zn) IN BOTTOM SEDIMENTS OF THE EMBU-MIRIM

RIVER – SP

Claudia L. Moura1* and Joel B. Sígolo2**
1Programa de Pós-graduação em Geoquímica e Geotectônica,

Instituto de Geociências, USP, São Paulo, SP.
2Departamento de Geologia Sedimentar e Ambiental, Instituto

de Geociências, USP, São Paulo, SP.
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Heavy metals distribution in the aquatic ecosystems

endowed with human activities is nowadays a serious en-

vironmental problem. The number of studies related to

heavy metals and bottom sediments have been growing

lately, because the bottom sediment is the main reservoir

for heavy metals contents.

Ten samples from the Embu-Mirim river were col-

lected and studied in this basin to measure downstream

towards the Guarapiranga Reservoir. The purpose is to

study the Cr, Cu, Ni and Zn contents in the bottom sed-

iments sampled by means of two subsamples, one at the

top and the other in the base of the core sediments. The

influence of the physicochemical properties (pH and Eh),

the organic matter data and granulometric data were cor-

related to the heavy metals found in this environment. The

research shows the probable contamination by those met-

als in the sediment of the Guarapiranga Reservoir.

The results obtained so far suggest a possible ten-

dency of the values of Cr, Ni and Zn to depend on the

properties of the organic matter, and that the Cu amounts

are being governed by the pH values, as a function of the

sources emission of those metals. The granularity is di-

rectly related to the concentration of the metals, because

the sampling stations with larger amounts of metals are

clayey, while the smallest amounts were found in the sta-

tions of sandy size.

With the collected data, an environmental approach

becomes relevant in the area, seeking to improve the

quality of the bottom sediment, mainly for Cr and Ni that

present considerable decline in the quality of the water of

the Guarapiranga Reservoir. — ( December 14, 2001 ) .
∗ E-mail: clau clau@uol.com.br

**E-mail: jbsigolo@usp.br

FACIES, 3rd ORDER SEQUENCE STRATIGRAPHY AND

HYDROLOGIC POTENTIAL OF SANDSTONES, MAFRA

FORMATION (LATE PALEOZOIC), PARANÁ BASIN,

BRAZIL*

Conrado E.B. Picolo and José R. Canuto**

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The middle part of the Mafra Formation shows, in

Mafra and Rio Negro, a great thickness of diamictites,

sandstones, shales, siltites and varvites.

According to Canuto’s (1999) nomenclature, the fol-

lowing facies were recognized, in a general way: com-

pacted massive diamictite, lenticular diamictite, cross-

bedded and showing fining-upward sandstone, lenticular

sandstone, massive siltite, massive siltite with dispersed

clasts, laminated or massive shale with dispersed clasts,

interlaminated (very fine sandstone intercalated with silty

shale), and regular rhythmite, some of them correspond-

ing to diagnostic (#) facies of facies associations.

Four facies associations were also recognized: A1,

compacted massive diamictite#; A2, laminated or massive

shale with dispersed clasts#; lenticular diamictite; cross-

bedded and showing fining-upward sandstone, lenticular

sandstone, massive siltite with dispersed clasts# and reg-

ular rhythmite#; A3, massive siltite, lenticular diamictite

and cross-bedded and showing fining-upward sandstone;

and A4, interlaminated#, lenticular sandstone and cross-

bedded and showing fining-upward sandstone; they repre-

sent, respectively, lowstand, transgressive, highstand and

regressive glacio-isostatic system tracts, forming a com-

plete 3rd order sequence.

The alternation of psammitic and pelitic sediments

identified sandstone porosities between 20 to 25% and

the observed permeability of 10-3 cm/s indicate a good

potencial as aquifers.

According to their great lateral extension, it

can be expected that they can supply the local com-

munity even without a systematic exploration. Be-

sides existing wells in the vicinity, water seeps

in outcrops, directly used by the population have

also been verified. — ( December 14, 2001 ) .
∗ Supported by FAPESP 97/13973-2.

**E-mail: jrcanuto@usp.br

PROBABLE FIRST OCCURRENCE OF LYCOPODIALES

IN THE GONDWANA NEOPALEOZOIC*

Fresia Ricardi-Branco1** and

Mary E. Bernardes-de-Oliveira2***
1Departamento de Administração e Política de Recursos Mi-

nerais (DARM), Instituto de Geociências, UNICAMP, Cidade

Universitaria Zeferino Vaz, Cx. Postal 13083-970 Campinas, SP,

Brazil.
2Laboratório de Geociências – UnG, Guarulhos, SP and Instituto

de Geociências – USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The Transitional ‘‘A-B’’ Taphoflora is a Lower Per-

mian plant megafossil association of the Paraná Basin

(Southern Brazil), whose type locality is located on the

Sítio Itapema Cerquilho (SP). In this taphoflora there
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is a representative of the Lycopodiales associated with

a diversified taphoflora composed of sphenophytes (e.g.

Stephanophyllites, Phyllotheca and Paracalamites); pro-

toglossopterids (e.g. Rubidgea and Palaeovittaria); glos-

sopterids (e.g. Gangamopteris); seeds (e.g. Samaropsis

and Cornucarpus); proto- and glossopterid fructifications

(Arberia, Arberiopsis, Itapemia and Hirsutum-like fru-

tifications). The entire phytofossiliferous assemblage is

representative of the earliest development stage of the

Glossopteris Paleoflora in the Paraná Basin (Asselian-

Sakmarian).

The Transitional Taphoflora ‘‘A-B’’ of the Paraná

Basin or association Rubidgea-Gangamopteris-Arberia

of S. Paulo State may correspond to an interglacial or

post-glacial stage of warmer climate during which coal

seams were formed. This taphoflora is included in a silt-

stone bed of Tubarão Group, probably at the top of the

Itararé Subgroup.

The studied specimen, Lycopodites sp., is a fer-

tile form with sporangia arranged in axils of microphylls

spread over through the vegetative body. Despite of not

being possible to confirm homospory, due to the preserva-

tion state of the specimen, the apparent absence of ligule,

the presence of uninervate microphylls and mainly the

presence of sporophylls with axilary sporangia similar to

vegetative microphylls dispersed among them support its

assignment to Lycopodites Lindley et Hutton 1833.

To the present knowledge, this is one of the

first occurrences of the Order Lycopodiales, not only

in the South American continent, but also in the

whole Gondwana. — ( December 14, 2001 ) .
∗ Supported by FAPESP 97/03639-8.

**E-mail: fcbranco@cwaynet.com.br or fresia@ige.unicamp.br

***E-mail: maryeliz@usp.br

CONTAMINATION POTENTIAL OF THE ILHABELA

(SP) LANDFILL

Cristiane L. Rodrigues and Fabio Taioli

Instituto de Geociências / USP, 05508-900 São Paulo, SP.

Presented by Antonio C. Rocha-Campos

Ilhabela is a city in the São Paulo northern seashore

located about 220 km from the capital of the state. Its ge-

ographical position is determined by the parallels 23◦42′
and 23◦56′S and the meridians 45◦41′ and 45◦28′W and

altitude varying from the sea level up to 1300m. The eco-

nomic basis of the city are the tourism and fishing and it

is known as ‘‘Sailing Capital’’ (Capital da Vela) due to

the optimum conditions to practice of that nautical sport.

About 83% of Ilhabela’s area are in the State Park (preser-

vation area created on January 20, 1977 by Decree 9414).

Its population is about 13,500 inhabitants, raising up to

150,000 during the summer season. The research area is

located about 5 km from downtown Ilhabela and can be

reached by the road SP 131. Previous studies pointed out

that due to local land use restrictions there is no other ap-

propriate site for the sanitary landfill. The landfill is in

operation since 1987 and receives the domestic and con-

struction solid wastes and tree trimmings generated in the

county. The material is disposed on the soil and mixed

with soil of the same region taken from a neighbor area.

It is located in a neighborhood close to a fundamental

school and several houses, and with no foundation treat-

ment and no control of the leachate destination. Due to

the high contamination potential of the leachate gener-

ated in such type of waste disposition, it may contaminate

the soil, changing its physical, chemical and biological

characteristics and compromising the water of rivers and

groundwater by modification of its natural characteris-

tics. This paper intends to investigate the potential of

contamination of the landfill. Soil, groundwater and sur-

face water samples were taken and chemical and physic-

chemical analyses were carried out. The results suggest

that the heavy metals that are carried by the leachate re-

main mainly associated to the soil, but may be diluted

and reach the groundwater under special conditions, e.g.

acid rain. In addition, the leachate is compromising the

groundwater quality since chemical analyses show that

other ions have already reached it. — ( December 14,

2001 ) .

SUBDUCTED CONTINENTAL CRUST: METAMORPHIC

CONTROL OF DECOMPRESSION IN THE HIND POR-

TION OF THE AIURUOCA-ANDRELÂNDIA NAPPE,

SOUTH-SOUTHWEST BORDER OF SÃO FRANCISCO

CRATON, MINAS GERAIS*

Luciana P. Santos and Mario C. Campos Neto

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The Nappe system in south-southwest São Francisco

Craton represents the southern extension of the Brazilian

belt and describes an inverted metamorphic pile (stack)

of green schist facies (bottom) toward amphibolite facies

(Carmo da Cachoeira e Aiuruoca-Andrelândia nappes)

and high pressure granulites in the top, under a high tem-
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perature allochtonous (Socorro-Guaxupé nappe).

The hind portion of the Aiuruoca-Andrelândia

nappe, south of Caxambú and Aiuruoca (MG), consists of

a structural-metamorphic domain with extensional struc-

tures in normal shear zones and compressive structures

exhibiting E-NE transport. Tourmaline leucogranites in

stratiform bodies and diatexitic gneisses occur frequently.

There is a metamorphic transition, north to south, from the

kyanite zone (and metabasic rocks in eclogite facies) to

kyanite and sillimanite coexistence, until kyanite broken

and exclusive sillimanite presence.

The S2 texture foliation on mineral assemblage, sug-

gests a decompressive path, where metabasics boudins

preserve paragenese eclogite facies (Omp-Pl-Grt-Rt-Qtz)

with simplectite textures between Cpx-Pl-Qtz. Externally,

corroded garnets wrapped by plagioclase coronas, in am-

phibole matrix, represent the amphibolite facies reequi-

libration (MgHbl-Pl-Grt-Zo-Ilm-Ttn). Metapelites (Rt-

Ky-Grt-Ms-Bt-Pl-Qtz) may show Sil-Pl-Qtz coronitic in-

tergrowths around garnets.

The maximum temperatures for the distinguished

metamorphic domains (14 samples), vary from 710 ±
30◦C (Ky domain) to 730 ± 50◦C (Sil domain). Al-

though the pression vary at 17 ± 0.5 to 6 ± 0.5kbar. P-T

conditions at 720 ± 50◦C and 11.5 ± 2.5kbar marks the

kyanite assemblage re-equilibration (amphibole facies).

P-T conditions 625 ± 55◦C and 6.8 ± 2kbar represent

the cooling path (Ky-Sil fields).

The high pression decompressive path suggests an

extrusional process, immediately after buried at about

60km deep. Fast exhumation, process controlled by con-

vergent events, derived by the São Francisco plate subduc-

tions and tectonic erosion take these units, isothermally,

to upper levels (20-33 km). Later, the metamorphic path

shift toward a near-isobaric cooling though in a slower

extrusional process.

P-T path continuity through three metamorphic do-

mains suggests a sin-metamorphic process (S2 foliation)

as a continuous effect S1 × S2, without diacronism or

ensuing event superposition.

However, large amount of leucogranites denotes

a regional thermal event, subsequent and superim-

posed, responsible for quartz static polygonization in

schists/gneisses and for Ms breakdown with micro-

cline crystallization (730oC/6kbar) in the vicinity of

large granite plutons. — ( December 14, 2001 ) .

∗ Supported by FAPESP 00/11389-6 and 98/15624-8.

STUDY OF THE RADIOACTIVE DISEQUILIBRIUM OF

THE VOLCANIC ROCKS FROM THE TRINDADE IS-

LAND (BRAZIL)

Rosana N. Santos1,2 and Leila S. Marques1

1Instituto de Astronomia, Geofísica e Ciências Atmosféricas,

Universidade de São Paulo, 01065-970, São Paulo, SP.
2Departamento de Física, Pontifícia Universidade Católica de

São Paulo, 01303-050, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

The radiochemical procedures employed for the de-

termination of 238U, 234U and 230Th activities in silicates

by alpha spectrometry are presented. The best experimen-

tal conditions were defined using 233U, 232U and 229Th

radioactive tracers and simulating the usual conditions

found in processing silicate samples. The adapted pro-

cedure consists of the following steps: radioactive tracer

addition and sample dissolution by acid digestion, U and

Th pre-concentration by co-precipitation, element sepa-

ration and purification by ion exchange chromatography

and electrodeposition in stainless steel disks. In order to

evaluate its effectiveness, the procedure was applied to

the Brazilian geological standards BB-1 (basalt) and GB-

1 (granite). The chemical yields obtained for uranium and

thorium are of about 60% and 70%, respectively, for both

matrices. The described methodology provides activity

measurements with less than 4% relative precision and

accuracy of about 1%, that are essential for petrogenetic

applications.

The 238U and 232Th series disequilibrium conditions

were investigated by alpha spectrometry, together with

neutron activation analysis and natural gamma-ray spec-

trometry. 234U/238U, 238U/232Th and 230Th/232Th activ-

ity ratios were obtained, as well as the 234Th, 214Pb, 214Bi,
235U, 228Ac, 212Pb, 212Bi and 208Tl specific activities.

These results were interpreted along with additional con-

straints given by major and minor element concentrations,

determined by X-ray fluorescence.

The 232Th series is in secular radioactive equilibrium

in all analyzed samples. In the case of the 238U series,

the equilibrium condition was verified, as expected, in

the oldest rocks from the Trindade Island (Trindade Com-

plex and Desejado Sequence). On the other hand, the

results show that, in the samples from the last three vol-

canic episodes of the island (Morro Vermelho Formation,

Valado Formation and Vulcão do Paredão), the 230Th and
238U are not in secular equilibrium. Furthermore, three

Morro Vermelho Formation samples analyzed by gamma
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spectrometry showed disequilibrium between 226Ra and
238U.

The obtained (238U/232Th) and (230Th/232Th) activ-

ity ratios allowed to estimate a 140,000 y age for the Morro

Vermelho Formation. — ( December 14, 2001 ) .

METAHALLOYSITE CLAYS OF POÇOS DE CALDAS

ALKALINE COMPLEX, MG-BRAZIL

Hans D. Schorscher and Renata A.R.N. de-Oliveira

Instituto de Geociências, USP, São Paulo, SP.

Presented by Antonio C. Rocha-Campos

Based on field work and mineralogical-petro-

graphical optical, XRD and SEM methods, we compared

a clay deposit (Mineração Varginha) located in the west-

ern part of the domain of ‘potassic rock’ hydrothermal

alteration hosting the Osamu Utsumi uranium mine, SE-

Poços de Caldas Complex (PAC), to the unweathered

hydrothermalized protoliths. The deposit occurs in the

swampy upper hillside of an S-to-N-draining open val-

ley within an area of moderately hilly morphology with

gentle slopes, open valleys and altitudes of 1280-1380m.

Here, different generations of mutually intrusive leuco-

to-hololeucocratic nepheline syenites and phonolites were

transformed by potassic-pyritic alteration into hydrother-

malites referred to as ‘potassic rocks’ (with K2O of 12.5-

13.8wt.-%), having low-grade U-Th-REE-Zr-F-Mo min-

eralization. Deep chemical weathering originated the clay

deposit and exhumed this part of PAC to a subvolcanic

level.

Studied deposit hosts two types of clays: one is

grey with millimetric to centimetric white argillized pseu-

doleucite phenocrysts (ACP) representing a weakly por-

phyritic pseudoleucite phonolite of fine matrix weathered

in situ to clay, with preserved magmatic structure; the

other is a homogeneous white clay (ABM) formed from a

fine hololeucocratic aphyric phonolite. Combined optical,

XRD and SEM studies of ACP and ABM clays and of un-

weathered ‘potassic rocks’ (hydrothermalites of hololeu-

cocratic aphyric and pseudoleucite phonolites), consid-

ered as analogous to the clay protoliths, always showed

highly crystalline hydrothermal kaolinite with the same

habit of fine idiomorphic plates and booklets (∅ ≤ 5µm);

equivalent idiomorphic hydrothermal illite is also om-

nipresent yet much coarser (∅ ≥ 15-50µm), practically

representing fine sericite/muscovite. Feldspar occurs only

in the hydrothermalites, being a low-temperature pure K-

feldspar of maximum triclinicity formed by hydrothermal

alkali-exchange reactions (K for Na) and structural read-

justments from magmatic sanidine.

Kaolinite and illite of low crystallinity occur only

in the clay samples; the former predominates by far over

the kaolinite of high crystallinity and proved to be in fact

tubular metahalloysite (SEM). XRD studies with heating

techniques at 60oC showed the illite of low crystallinity

to be in fact (hydrated) halloysite partially preserved from

dehydration (to metahalloysite) due to water-saturation in

the clay deposit. — ( December 14, 2001 ) .

LATE PALEOZOIC EXHUMED GLACIAL EROSIVE

LANDSCAPE IN SALTO, SP*

Juliana B. Viviani** and Antonio C. Rocha-Campos

Instituto de Geociências, USP, São Paulo, SP.

Outcrops of the Itu granite (early Paleozoic) in the

Tietê river valley, in Salto, SP, expose a variety of glacial

erosional landforms of meso-scale extremely well pre-

served. Structures occur on land or eventually emerge

above the water inside the river channel.

The most notable landforms correspond to stream-

lined bedrock (whalebacks) and stoss and lee features

(roches moutonnées). The first category includes the clas-

sic roche moutonnée from Salto. Another reported occur-

rence of glacially abraded granite in the area could not be

properly examined. Submerged depressions in the granite

that separate landforms inside the river may correspond

to rock basins.

Exposed dimensions of landforms vary from 1-15m

of length to 1-1.5m of height. Their plan view shape is

roughly elliptical. Micro-scale erosional features on the

structures include striae, grooves, polishing and quarry-

ing. Orientation of micro-features varies locally, but is in

general SE-NW, parallel to elongation of landforms. They

indicate a sense of movement of glacier towards NW.

Areal distribution of landforms over a distance of at

least 1.2km in the Tietê river valley configures an exten-

sive, exhumed, well preserved late Paleozoic landscape of

glacial erosion.

The glacially eroded features of Salto indicate the

action of a warm based glacier with subglacial meltwater.

The ice mass probably flowed on an irregular, fractured

granite floor, generating a complex pattern of effective ice

pressure that resulted in different erosional landforms.

Itararé Subgroup rocks overlying the glacially

eroded basement in the area vary from lodgement and

meltout tillites, and lacustrine (?) rhythmites and sand-
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stone with dropstone on the roche moutonnée from Salto,

to cross-bedded and “convoluted” sandstone beds in the

river channel, toward NW. They are interpreted as proxi-

mal and distal glacial facies respectively, associated with

an advance and retreat of the glacier.

Those rocks are overlain by an extensive and

thick shale (pellitic) section that may represent

the deposit of a marine transgressive post-glacial

episode. Dropstones in the shale denote presence

of icebergs and permanence of glacial influence dur-

ing sedimentation. — ( December 14, 2001 ) .
∗ Supported by FAPESP 00/6039-6.
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EFFICIENT ALGORITHMS FOR PACKING BOXES

INTO CONTAINER

Sostenes L. S. Lins

Departamento de Matemática, CCEN, Universidade Federal

de Pernambuco, Recife, PE, Brazil.

The problem of packing boxes into bigger boxes

(containers) is a practical problem which, by its economi-

cal significance, deserves a serious and inspired scientific

approach. From a strictly mathematical point of view, it

is an incredibly challenging problem which badly needs

good heuristics to solve it. We have been involved in try-

ing to find such heuristics since 1997. These heuristics

use new concepts in graph theory (the tets), in data struc-

ture (the phormas), and used some classical algorithms as

topological sorting and the coding of combinatorial ob-

jects to approach real world packing problems. A distin-

guished feature of our approach is the visual treatment of

the spatial packing: we produce a sequence of homoge-

neous increments (a loading plan) in the packings which

makes it easy to visualize and to actually produce the so-

lutions found.

We have produced a set of effective heuristics for

dealing with real world box packing problems: we permit

various types of boxes, various types of containers, de-

mand requirements on the boxes and the information on

which box types can change its vertical direction. The im-

plementation of our heuristics produces very good pack-

ings as compared with non-scientific ones: typically we

put 7% to 12% more boxes. The full paper related to these

matters is scheduled to be published this year (2002) in

the European Journal of Operations Research.

A computer package named ExpedPlex is under de-

velopment, where the pertinent algorithms are being effi-

ciently implemented. — ( May 24, 2002 ) .

MAGNETOMETRY USING SQUID

Fernando L. A. Machado

Departamento de Física, UFPE, Cidade Universitária, 50670-

901 Recife, PE.

Presented by Antonio Cid B. deAraújo

Superconducting Quantum Interference Device

(SQUID) is by far the most sensitive device ever built.

It is a magnetic flux detector that can be used to measure

magnetic field as low as few femtoTesla. Because of its

high sensitivity, SQUID are being employed in detecting

magnetic field generated by neural brain activity, nonin-

vasive detection of metallic pieces inside the human body,

nondestructive evaluation of corrosion and flaws, and in

characterizing magnetic properties of materials, just to list

few applications. Perhaps, the main limitation to replace

most of the available magnetic sensors with SQUID’s is

the need of using liquid helium to operate them.

However, with the recent progress made in the high tem-

perature superconductor research field, there are SQUID

being built that operate with liquid nitrogen and this

makes them even more attractive.

Nowadays, there is a couple of companies around

the world which sales SQUID magnetometers. However,

they are too dedicated with almost no flexibility, the price

is still too high and it is quite difficult to get maintenance

when they fail. Another drawback is that these systems

are true black boxes, not allowing graduate students and

technicians to be trained in this very important technology.

In my talk, I will describe a homemade magnetometer that

uses a SQUID as the sensing element to investigate mag-

netic properties of materials. Our SQUID system operates

from room temperature down to 1.5 K in a superconduct-

ing solenoid that generates magnetic field as high as 8 T.

The SQUID system is particularly important when only a

small amount of the magnetic material is available or to

investigate system that presents weak magnetism. Some

results of the magnetic studies made in magnetic poly-

mers, thin-films and manganites will also be presented.

— ( May 24, 2002 ) .
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