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PREFAC E

The purpose of the field excursion is t o demons t r a t e the main
characteris t ics, facies and stratigraphic distribu t ion of the Late Paleozo ic
diamictites of the Itararé Subgroup i n the eastern Paraná Basin, i n t he
a rea to the southwes t of Curitiba in sau thern Paraná and no rthern San ta Ca­
tarina States, Sou th Brazil (F ig. 6). In add itian there will be
opportuni ties far bri ef examination of Gondwana beds immedia t e ly below and
above the diamictite sequence.

The facies of the Itararé sediments in the area a f excur s i on
differs from that of beds in the northern part of t he basin by t he wide­
spread occurrence of glaciogenic sediments res s edimented t hrough s everal
types of mass gravity movements and larger inc idence af mar ine f ossili fe rous
beds . Diamic t i tes, varvites, sandstones and shales may fa rm regional ex­
tens i ve mappab le bod i es, associated t o special sett ing i n sub-basins. Some
af the fass i l iferous marine shales are corre t ab le with similar rocks i n
central Santa Catarina or northern Paraná States and thus , may cons t i tute
s trat igraphical ly important key or marker beds.

A vari ety of diamictite types, both massive or s tratified,
occur in assoc i a t ion wi th o the r glac iogenic deposi t s interpre ted as
de pos i t ed in glacial - t errestrial and subaquatic/glac ial marine conditions.

Obs e rvations wil l be made on outcrops alang t hree roads t hat
radiate sou thwestwards from Curitiba and t hus , offer a panorama a f t he
s t r a t i gr aphy and features of the glaciogenic sediments a f t he Itararé Sub­
g roup in the area.



Description of Excursion
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- Summary of Itinerary -

1

2

3

Date/Distance

Ju ly l1-Monday

481 km

July l2-Tuesday

264 km

July l3-Wedresday

204 km

Description

Start: são Paulo, SP.

End: Curitiba, PRo

Principal features: a) Ribeira Fold Belt; b)

Cenozoic sediments of the são Paulo and Curi

tiba BasinO; c) unconformity between the

Devonian Furnas sandstone and Eopaleozoic

sediments; d) striated pavement on the Devo­

nian Furnas sandstone; e) fluvio-glacial Vila

Velha sandstone.

Start: Curitiba

End: Curitiba

Principal features: a) contact between the

Itararé Subgroup diamictite and glacial po­

lished Precamhrian granite; b) succession of

massive diamictites (basal tillites) resting

disconformably on sandstones and shales the

Campo do Tenente and Fio do Sul Formationsj

c) flow diamictites and deformed fluviogla­

cial sandstones; d) glacial marine flow dia­

mictite; marine shales and mudstones; thi~k

varvites of the Mafra Formation; e) marlne

shalej possible glacial involutions in the

Rio do Sul Formation.

Start: Curitiba, PRo

End: Curitiba, PRo

Principal features: a) linear or wide bodies

of fluviatile sandstone; b) laminated flow

tillitej c) massive diamictite gr and i ng to

stratified/laminated diamictite, rhythmite

and shale; diamictite with deformed sandstone

inclusions; d) marine shale horizons associated



to thick, poorly bedded diamíctites with align

ment of clasts.

4

5

July 14-Thursday

220 km

July 15-Friday

390 km

Start: Curitiba, PR

End: Curitiba, PR

Principal features: a) contact of diamictite

on the Devonian Furnas sandstone; b) cross­

bedded sandstone with internaI Iincations; c)

stratified diamictite with diapiric structu­

res; stratified/laminated diamictite overlying

basal massive diamictite; d) deformed or slum­

ped sandstone and diamictite; marine shale be­

low fluviatile sandstone with coaI.

Start: Curitiba

End: são Paulo

Return to são Paulo. End of Excursion.
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REVISa! or LNI'F. rALEOZOIC GLJ\CINI'ION I N 'I'HE rARANA nASTN

,
Setting of the Late Paleozoic glaciation in the Eastern Parana Basin

Two recent accoun t s on the general paleogeographic setting
of t he Gondwana glaciat i on i n the Paraná Bas in are those of Graveno r & Ro­
cha-Campos (1981) and San tos (19 88 ) . The commen ts belov' were ex trac ted main­
ly f rom the f i rs t con t r i bu tion.

The present area of the Paraná Bas i n i s more than a mill ion
square kilometers and covers parts of the Sta tes of Mato Grosso, Mato Gros­
so do Sul, Goiás, Minas Gerais, são Paulo, Paraná, Santa Catarina and Rio
Grande do Sul in Brazil and parts of Paraguay and Uruguay. The g.laciogenic
sediments which crop ou t around the margins of the basin in southeastern
Brazil (Fig.7) have been ass i gned t o the I t a raré Subgroup of the Tubarão
Group (Rocha-Campos, 1967). Although we shall fo l low t hi s terminology in
t his study, i t i s recogn i zed t ha t t he stratigraphic hierarchy of t he Tuba­
r ão/I t araré is under discussion and has been assigned Super Group/Group,
Group/Subgroup and Group/Formation status by various authors (for a
historical summary of this problem, see Rocha-Campos & Santos, 1981).

In the southeastern part of the Paraná Basin, t he rocks of the
Itararé Subgroup lie unconformably on Precambrian crystalline rocks and
Devonian sediments and are overlain conformably and disconformably by
Permian s ediments (Rocha- Campos & Santos, 1981) . The underlyi ng Precambrian
and Devonian rocks were e roded by the overri ding glaciers and support striae,
grooves , roches moutonnées , modi fied pre- gl ac i al valleys and molded rock­
cored streaml ined forms, al l of which provi de evidence of ice-movemen t
t owards t he no r th and no r thwest (Marti n , 1961; Bigarella e t al., 1967 ;
Rocha-Campos, 1967, 1972; Frakes & Crowe11 , 1969 ; Rocha-Campos et a I., 1969;
Roch a-Campos e t al., 1977). In addition t o providing the di rec t í. on o f ice­
movement, t he se features demonstra te tha t t he ice was grounded as it moved
across the sou theast ern platform into the Paraná Basin where i t reached
sea-leve l (Rocha-Campos, 1967 ) . As t he gl ac ie r s moved in to t he basin, i n
some areas they remained grounded but in o t her areas t hey were ei the r
part ially grounded of f l oati ng . Wi thin the basi n , t he contac t beD1een the
l owermost gl aciogenic deposi ts and basemen t i s not wel l exposed and the
upper diamic t i t es and o t her gl aciogenic sedime nt s were de posited on lm­
consolidat ed pre-existing glac iogenic and marine deposi ts (F i g. 2 ).

Avai.lable information suggest that the slope of the basement
rocks leading i n to the Pa raná Basin was t~~ards the north and no rthwest
(Rocha-Campos, 1967, p . 88) . A trend- surface analysis of t he th í ckneas of
the I t araré Subgroup (Fu.lfaro & Landim, 1976 ) shows that the s l ope o f the
Lowe r unit i s North 20 \oIest on a regional scale, bu t it i s not known how



representative this is on a local scale .

Stratigraphic information and isopach maps of parts of the I ta­
r-are show a s eri es of small depressions close t o the pr-escn t eas t e rn margin
0 1' t he Paraná Basin (Medeiros e t alo, 1971; Saad e t a lo , 1979). .ls opachs
of t he lower unit show a series of north-northwest and south-southwest
trend ing elongate troughs i.n the southem and central parts of the State
of Paraná (Medeiros et aI ., 1971 ). These elongate depressions are
roughly parallel to the glacial s triae on the basement (Bigarel la et a.l , ,
1967 ) and might represen t pre-glacial stream valleys or, in s ome instances,
t ectonic fe a tu res "'Jhich were modifieel by glac ial erosion .

Lsopachs of t he midell e un i t in the .1 t a r-are (Naf'ra Forma t í.ori)
show a small northeast-southeast sub-basin in the northel~ San ta Catarina­
southern Paraná area (Medeiros et al ., 1971) . Wielespreael existence of
marine beds in th í s a rea suggests t hat this f eature mi gh t represent an
e ngu l f men t OI' embaymen t which control1ed marine transg ression t owards the
margin of the basin . Isopach maps of the uppe r: uni t of t he I ta r-are i n no r t h ­
c en tral Santa Ca tari na , í.nc l ud í ng t he Rio do Sul aron , show <l :·;i rll i 1; 11' Sl lh­

bas í n (Nede í ros e t al . , 1971). (Fig .10 .)

On t he basis of t he f eatures de s c ribeel above , t he eas t e rn marg in
of t he Paraná Basin was a l ow- lying i rregular c oast a l area anel i t s con­
figu r ation and el is tance from the presen t basin boundary may have be en
modified by changes in basemen t features and i n response to eusta tic anel
isostat ic adjustments.

Sed i rnentary and paleon to l ogic Lnforma t í on f'rorn rnarí.ne s e d i me nts
i nte rcal a ted wi t h g l acioge n i c s ed imen t s , wh í ch w í Ll be el iscusse cl i n rno re
deta i l below, sugges t tha t the s eas ...Jhich periodically floocled the margins
of t he basin were shallow . In addition, the paleosl ope leading in to t he
basin was low on a regional scale but locally steep, eithe r as a resul t of
l oc a l variat ions in the basement topography , mo re r-apí d subs.i dence i n s ome
areas , relat ive to others , OI' by a buildup of s e d imen t s being brough t i n t o
t he basin by g l ac i e r s and deposit ion from glac ial mel~~aters .

G1ac i ogen i c: s ecLi men t a t i.on in tne Paraná l3as in

Bios trat igraphic infonnat i on, t hough no t devoid of cont rove r sy ,

s uggests that t he Late Pal eozoic glaciation in the Par-ana Basin occu r r-ed i n
the i nte rval f rem t he La t e Carboniferous (S t e phan i an C) t o at l east the
ea r-I y Pe n n í an (Asselian-Sal<marian) , from invcr t ebr-a t e /megapl an t cla t;a 0 1­

Kungurian, acco rd ing to palynol og ica l i nvestigat i ons (Daemon & Ouad ros ,
] 970 ; Rocha - Campos & Hos l er , 1978) . 'I'hus , from ava.i l ab l í n í'o u na t. i on , Lh e

La te Pa l eo zo ic glaciation i n the Paraná Basin l as t e el f' r-o rn a mí ni.mun of
] O rn .y . to a rnax í rnurn o r 35 rn ,Y.

The min i rnurn age g i ven above rnay be tncor- rec t as unpubl i s hed



prel iminary subsur f'ace Lnf'orma.t í.on s ugges ts that pre-Late Carbonife rous
(Earl y Carboni f erous ?) diamicti t es may be present i n the deeper parts of
the basin whi ch were protected from subsequent e ros i on. It must also be
kept in mind that Gondwana was moving northwards duri ng this period and ,
hence, deposition was probably time transgressive over the length of the
Paraná Bas í.n ,

The outcrop thickness of the Itararé varies conside rably but ,
in ge ne ral , i s thinner in the sout h and north than i n the central area of
the State of são Paulo . Measured thickness of the southern ou tcrops in
Uruguay and the State of Rio Grande do Sul and sou thern Santa Catarina
range from 5 to 280m . In the nor t he rn part of the State of Santa Catarina
an d i n the southern and cen tral parts of t he States of Paraná and são Paulo,
t he t h i cknes s i nc reases to approxima t e ly 1000 m. On t he northern margin ,
t he t hicknes s drops off t o about 300 m (Rocha-Campos & San t os , 1981) .

Isopach maps of t he Itararé (Fi g. 1 ) derived from subsurface
drilling show that , similar to surface outcrops , the Itararé gradually
thickens from Uruguay i n the sout h to the area west of são Pau lo where the
thickness exceeds 1200 m and t hen t h i ns t owa rds the northern margin of the
basin (Nor thfl ee t et a I . , 1969) .

The Itararé is composed primarily of sands tone , s i l t s tone ,
mudstone and diamic t i tes . Sandstones dominates i n tenms of t h icknes s and
volume and , for the most part, its sedimentary s t ruc t ures sugges t t ha t
deposition took place in subaerial to shallow water condi tions . Si I ts t ones
and mudstones we re deposi ted unde r both marine and freshwater condi t i ons .
Freshwater cond itions are recognized by the presence of varvites (Rocha-Cam­
pos & Sundaram, 1981) .

Although some th i ck-bedded sandstone s and rhythmi tes may be
marine in origi n, t rue marine condi tions and recognized by fossiliferous
beds wh i ch con tain shallow-she l f bent hon i c faunas cons is t i ng of moll uscs ,
b r achi opods and arenaceous f or ams . 'fhese marine beds are f ound at differen t
Leve l s wi t hin t he I tararé along t he easte rn margin of the Paraná Basin
(Saad , 1977 , fig o 7 ; Rocha-Campos and RõsLer , 1978 (Fi ro . 15, ?5 , ?Sl ).
Ma r i ne mi c ror ] ank t.on I i nc 1liri i ng t.asman i. t:es (Sanei , 1977 ) i1nd ac r' i 1.: \I ~ :11:-; : I P :

a l so found with in scc ímen t.s of lhe I t a raré , i ncIudi ng Lhe d.íamíc t l t c s . I n
addition to fossiliferous beds, thin beds of coal , possibly paralic, are
found in ~/O or three stratigraphic posi tions within the I t a r a ré in the
St ate of são Paulo (Rocha-Campos & Rosler , 1978 ) .

The mari ne be ds are interpre ted as shor t l i vea rnarginal
transgressions of the sea that occupied the Pam-B. Basin curírg ínterglscial or Inter­
s t adial periods . The extent an d du ration of thes e transgI~ss ions was probab l y
controll ed by clima tic fluc tua tions , the physiographi c s e t t í ng , t ectoni sm
anel i sos ta tic reboun cl (Le i nz , 1939; Rocha- Campos , 1967 ; Saad e L a I ., 1979 ) .



The presence of thin beds of coal also attests to periodic
withdrawal of the glaciers and possible climatic amelioration . Correlation
of these "interglacial" beds recorded in terrestrial and marine sediments
is difficult because of the lack of detailed stratigraphic information .

In summary , paleogeographic and paleontologic information and
the nature of the sediments , a.l I suggest that the Paraná Basin was a shallow
gently subsiding basin with localized steeper s l opes. The shoreline was
probably of irregular configuration and marginal embayments were pe r i odi cal­
ly flooded by marine waters during interglacial pe riods and by fresh glacial
meltwaters during periods of glacial advance and retreat . There i s l i t t l e
evidence of subaquatic outwash deposits either a t the margins or within
the basin . Wh i l e such deposits, such as those described by Rust & Romane l l i
( 1975 ) may have been presen t i n t he near-shore envi ronmen t , t hey were
probably e roded by subsequent advances of glaciers into the basin.

Characteristics of diamictites

Diamictites of a variety of ~es and origin are found in
terrestrial and s ubaquat ic environments on t he margin and within the Paraná
Basin . Although, in some instances, it is possible to differentiate lodge­
ment tills from other s upr agl ac i al and subglacial deposits as well as debris
flows, in other cases, weathering and poor exposure makes it difficult to
determine if certain beds of diamictite represent separate glacial advances .

This difficulty , along with the possibility that some diamictites
may have been lost by erosion , may well explain the discrepancy in the
number of discrete diamictites and glacial advances reported by various
authors vmo have studied the glaciogenic deposits found in ou tcrops west of
são Paulo . For example, in the s tate of são Paulo , Frakes & Crowe11 (1969)
reported five t o seven disti nc t diamictites, wne reas , Saad (1977, figo 7 )
has reported a max i mum number of 23 in the centr al part of the St a t e of
são Paulo . Evidence from dri l l cores shows that i n deeper parts of the
basin, t here may be up t o 17 discrete layers of diamictites (Rocha-Campos ,
196 7 ) . More recent detailed studies in the State of são Paulo by Santos
(1979) has shown that t he re were at least nine glacial advances . This
variation in the numbers of diamictites poin t s out the need to categori ze
diamictites according to origin in order to avoid the possibi l ity that
certain supraglacial and subglacial deposits as well as associa ted glacio­
ge ni c debris flows which may result from a s ingle glacial advance are not
count.ed as evidence of multiple glacial advances (Boul ton , 1972; Bou l ton &

Deynoux, 1981).

Diamictites found on the easte rn margin of the Pa raná Basin
vary cons i de r abl y in terms of thicl<ness or boundary condi tions and internal
structures . For example, some of the diamictites are quite massive, 10 m or



more in t hicknes s and, aside from horizontal joints, show littl e or no
evidence of fabric wnereas o t he r diamicti t es are l aye red and have a pref'er-red
fabric in the horizontal plane. Between these two extremes, there are dia­
micti tes wní ch are compact, show evidence of shear , preferred f'abr-í,c and
fissili ty.

The laminated di amic t i tes f ound within the Paraná Basin are
frequentl y i nterbedded with s andstone, mudstone and occasional conglomerate
and are commonly defonmed by flow and, possibly, i ce t hrusting (Mart i n ,
1961 ; Rocha-Campos, 1967 ; Fr akes & Crowell, 1969 ) . Addi t i onally , an analysis
of dril l ing records show that, i n some cases, the diamicti t es withi n the
basin appear to be lenses which are not connected to a landward ext ension
of t e r res t r i al glacial deposits (Castro, 1980). It is possible that some of
these lenses may have originated frem an unstable mass of glacial debris
which subsequently moved down a paleoslope or mark l oca t i ons vme re the ice
was grounded.

Assignement of orlglns to the diffe rent types of diamictites
found on t he eastem marg .ín of t he Paraná Basin i s not always easily
accomplished becaus e, i n many i nstances, the glac i e rs were grounded as they
passed frem a terrest r i al t o a l acustrine or mar ine env i ronment (Santos ,
1979 ) . Thus, those features associated wi th t e r res trial glac i al deposits
may interfinger with or pass gradationally into sedimentary fca tu rcs
nonmally associated with mar ine or lacustrine environments. This problem
i s further complicated by the lack of outcrops which demonstrate t he
complete horizontal sequence frem terrestrial to lacustrine or mari ne environ­
ment. Despi te these di f f icul ties , the diamictites and assoc iat ed glacio­
genic sedi ments may be assigned a gene ral terrestri al or subaqua t i c (in­
cluding gl acial-marine f acies) .

Pa Jeogeograph ic evol ution

A seri es of four paleogeographic recons truc t i ons s howi ng main
lithof ac ies distribut i ons, position an d ex tension of i ce masses and land­
sea re l ations h i ps have recently been prepared b~ San t os (1988) on the
basis of subsurface data fOI' successive biostratigraphic interval s (G , H,
I , and 12-14), of (Middle?) Late Carboniferous t o Early Pe nmi an age ,
corresponding to the Itararé Subgroup/Aquidauna Group, Paraná Basin, south­
easte m Brazi l. Main features are syn thec i zed be low ( Figs .1 -4) .

Sed imentation during interval G is i nterpreted as predominantly
cont i nen t al ; main depocenters were in t he northem part of the basin, and
source areas were loca t ed along the eas t em and nort heas t em margins . At
least three glacial lobe s , t he Rio Grande do Sul, Paraná and Kaokoveld
lobes (F r-akes & Crowe11 , 1972 ) , seem t o have reached the eas t e m Paraná
Basin , from the Rio Gr ande do Su l-Uruguayan shie l d, the sou th , and the
southeast , respectively . Evidence fo r a f ou r th Lce-cen te r- on the Asuncion



Areh (Frakes & Crowell, 1972) is scanty .

Interval H is characterized by the transgression of a relative­
ly shallow sea into the basin, either from t he southwest , around the Rio
Grande do Sul-Uruguayan shield, or/and the southeast , via the Rio do Sul
depression, with widespread deposition of f iner clastic facies; the main
depocenters also shifted t o locations farther south. Fluviatile-deltaic(?)
sand bod ies prograded into the subsiding area and probably coalesced a t
t ha t time and also later on with glacigenic sediments derived from the
t h ree main glacial lobes, restricted now to the southern and eastern margins
of the basin . The Kaokoveld and Paraná lobes (the latter possibly sub­
divided into two masses) continued t o move towards the northwest and north,
respectively, entering t he basin at or below sea-Leve l . Interealations of
marine shales , sometimes bearing rafted c l as t s , with terrestrial /grounded
glacier deposits and wi th cont i nent al sediments including coal beds are
possibly related t o eustatically controlled, periodical (interglacial?)
encroachment of t he sea eastwards. The coast line was probably very i rregu l ar
wi th engulfrnents and bays where "fjord"-like sedimentation rnay have occurred.

Max i mum sea transgression in the Paraná Basin is recorded
during interval 11 , probably coinciding with attenuated glacial activity;
fluviatile-deltaic (?) s and bodies prograded into the basin . Sediments of
the Paraná and kaokoveld lobes are still recognizable, but some of the other
large fluviatile-del taic deposits with interealated coal beds in sou thern
Paraná and Santa Ca t ari na are now correlated with the post-glacial Rio Bo­
nito Formation . This deglaciation pattern continues into int ervals 12- 14 .
The Kaokoveld lobe, however, seems t o have persisted in the northeas tern
part of the basin, at places moving over f luviatile- del taic coal-bearing
s ed iments .

Features of t he I t arare Subgroup in the area of the excursion

Areal distribution of the Upper Paleozoic strata i n tha t part
of the Paraná Basin is i nfl ue nced by the presence of the Ponta Grossa Areh,
an important tectonic uplift of the Precambrian basement, mostly gene rat ed
during late Jurassic to earl y Cretaceous time, in association with an
i mpor t an t episode of emplacement of basic to acidic dykes and sil ls and
extens i ve lava flows of t he Serra Geral Formation. The eas te rn outcrop belt
of the Gondwana strata bends around the Ponta Grossa Areh and trends SE-
M~ in the area t o be surveyed .

Other i mportan t tectonic elements recognized in t hi s part of
the Paraná Bas in are a series of SE-NW l ineaments (faults), t he Rio Alonzo
and Rio Piqueri faults , which extend from the Precambrian basement t owards
t he basin center . The lineaments are part of a system \~ose diffe rential
behaviour wi th time seems to have controlled the tectonic evolut i on of the
Pon t a Grossa Areh and i t s inf luence on sedimen tation since the Devonian
(Vi e ira, 1973; Ferre ira, 1982 ; Fulfaro et al. , 1982). This is sho\~, fo r



instance , by the general coincidence between lineament trends and axes of
thickest deposition of Upper Paleozoic beds , including t he diamictite­
bearing sequence.

Upper Paleozoic beds dip gently (1 -1 .50 ) , centripetally around
the Ponta Grossa Arch , and are essentially undefonmed except by faulting
and/or dyke and sill-like basi c intrusions (Fig . 6 ).

Upper Paleozoic diamictites and associated sedi ments in s outhern
Paraná and northern Sant a Cat ari na comprise the I t araré Subgroup . There is
presently some controversy regarding the stratigraphic nomenclature of the
Upper Paleozoi c diamictite-bearing sequence in t he Paraná Basin . Rocha-Cam­
pos (1967 ) , for instance, utilizes the term Subgroup both for the glacial
(Itararé ) and t he ove r lying non- glac i al (Guat á ) uni t s within the Tubarão
Group , whereas Schneider e t alo (19 74 ) proposed t he te rm Group, both f or
the Itararé and the Guatá with the Itararé raised to the category of Super­
g roup , 'l'he first usage w í l I be followed in the present text (Fig. 7).

The Itararé Subgroup in the area consists of a maximum of 750 m
( in outcrop) of sandstones, diamicti tes, s iltstones/mudstones, shales and
rhythmi tes in terpreted as having been deposited under glacial (terrestrial
and glacial marine) and marine conditions . Subsurface thi cknes s of the Ita­
raré Subgroup attains a maximum of about 874 m (Petrobrás well , 2-LS- lPR).
For a more general discuss ion on the main characteristics of the Itararé
Subgroup in the Paraná Basin , see Rocha-Campos (1967), Frakes & Crowell
(1969), Crowell & Frakes (1972) , Rocha-Campos & Santos (1981) and Gravenor
& Rocha-eampos (1983).

Semi-detailed mapping of the GondvJan a sediments in the area by
Petrobrás (Brazilian Oil Agency) led to the subdivision of the Itararé
sequence into three formations, frem bottom to top, Campo do Tenen t e , ~lafra

and Rio do Sul (Schneider et al., 1974 ) . (Fig. 7 . )

The Campo do Tenent e Formation, with the tipe-section located
between km 174 .5-188 of BR- 116, near Campo do Tenente , State of Paraná ,
has been mapped from northern Santa Catarina (são Bento do Sul), as far as
t he southern f lank of the Pont a Grossa Areh . It is defined as a sequence
of brown-red argi11 i te, rhythmi te and sandy-matrix diamictite , around 200 m
thick . In this area it rests unconformably on Precambrian crystal line
basement and concordantly, but i n erosional contact, on Devonian s edi men t s
of t he Furnas and Ponta Grossa Formations of the Paraná Group (Schneider
et al., 1974) and is overlain also concordantly (sharp or erosional contact)
by the Mafra Formation . This is described as a predominantly sandy unit,
made up of vmitish, yellow and red fine-grained , well-sorted sandstone,
wi th rippled, thick parallel bedding and medium to coarse-grained s ands t ones ,
wi th channel cross-bedding and cut-and-fill structures, pl us subsidiary
diamictites , conglomerates , rhythmites, argillites and varved argillites .
Thickness of the Mafra Formation i s around 350 m in the type-section,



between km 188-211 (=present km 6) of road BR-116 to the southwest of Ma­
fra, i n Santa Catarina . This Formation has been mapped from cen t r al Santa
Catarina t o no r theas t e rn Paraná State . The Mafra Formation is concordantly
overlain by t he Rio do Sul Formation ; i n pl aces it t r ansgres s es over Pre­
cambrian or Devoni an basement rocks (Schne í.der- et al ., 1974) .

The uppermost strata of the Itararé Subgroup in the area
constitutes the Rio do Sul Formation. The type-section of this unit is
ne ar the homonimous locali ty i n central Santa Catarina, vJhere i t is about
350 m thick and rests directly on the Precambrian basement . From there its
thickness diminishes both to the south and north , to about 200 m in south­
eastern Paraná, wner-e i t lies in sharp and concordant (d.í.aconformabLe )
contact be l ow the Rio Bonito Formation (Guatá Subgroup ). Schneider et al e
(1974) reported t hat the un i t has been mapped from southeastern Paraná
southwards into Rio Grande do Sul . Along this bel t the facies change con­
siderably, from a sequence of basal argillites, varved shales and subsidiary
rhythmi te, diamictite and sandstone, plus an upper sec tion mainly of rhythmite,
diamictite and sandstone, in the type-sec t ion to a predominant ly sands tone
and shale sec tion, wi t h numerous diamic ti te bodies, particularly in i t s
lower half, in t he area under study (Canuto , 1985) .

,
Facies of the Itarare Subgroup i n the area

The occurrence of a greater number of subaqueous deposi t s in
,

the Itarare Subgroup, s ome of t hem yielding marine i nve r t eb rates , and of
well-sorted diamic ti tes displaying bedding and deformed s ands t one s mass es ,
in southern Paraná and northern Santa Catarina, have been pointed ou t by
Salamuni et al o (1966), Rocha-eampos (1967) and Frakes & Crowe l l (1 969).

A better picture of the distribution of the diamictites a~d

the assoc iated beds emerged later , through mapping and measurement of
s ections by Petrobrás (Tommasi & Roncaratti , 1970; Medei ros ,e t al o 1971 ;
Schneide r et aI . , 1974 ) .

Tommasi & Roncarat ti (1970) favored a gl acial te r restrial origin
f o r diamictites in t he Campo do Tenente Formation, whi ch in pl aces res t s on
a s triated basement, and a lacustrine environment for the I n t e rcaj a t ed
argillites, The red colour of some of the lithologi es was i n te rpre t ed as
primary and due t o deposition under a highly oxidi z i ng environmen t s . The
basal part of t he Mafra Formation, interpreted as mostly fluviatile, is
succeeded by marine sedimen ts, including in the middle and upper parts of
t he sequence a substantial proportion of gl acially derived diamictites
t ha t have been re-sedimented by mass movement processes . Finally, a
mari ne depositional envi ronmen t \vas also postulated f or the Rio do Sul
Fonnat ion, beginning wi th deep water marine argillaceous s tra t a, with ,
but most ly overlain by, t urbidites and mass-gravity fl~v de posits



(rhythmite, sandstone and diamictite), derived from sediments transported
to the basin margin by glaciers.

The stratigraphy and sedimentological features of the Upper
Paleozoic diamictites along three roads that cross the outcrop be1t of the
Itararé Subgroup, in southern Paraná and northern Santa Catarina (BR-116,
BR-476, and BR-277; Fig. 6) have been recently studied in more detail by
Rocha-Campos & Canuto (1983; 1984), Gravenor & Rocha-Campos (1983) and
particularly by Canuto (1985). On the basis of these studies preliminary
facies subdivision and paleoenvironmental interpretation of the diamictites
and associated rocks have been attempted. The present account is mainly
based on these contributions, especial1y that of Canuto (1985).

Diamictites are common in alI three formations of the Itararé
Subgroup, but vary considerab1y both vertical1y and laterally in number
and thickness and, as we will see, in their main structural and textural
characteristics.

Diamictites in the area of study include both massive and
stratified types. Besides stratification, which is considered a basic
structural characteristic of genetic significance, other relevant observable
features are: shape, thickness and extention of bodies; texture (matrix:<

2mm), composition, density, shape and fabric of clasts (> 2mm), presence
and features of sandstones and other interbeds, stratigraphic relationships
with other lithologies or features, nature of upper and lower contacts,
association with abraded pavements or clast pavements, presence of fossils,
etc. (Rocha-Campos & Canuto, 1983; 1984; Gravenor & Rocha-Campos, 1983;
Gravenor et al., 1984). On the basis of these criteria Canuto (1985)
subdivided the diamictites cropping out along the three sections into 12
varieties and attempted to interpret their respective mechanisms of
sedimentation and possible environmental significance.

The different diamictite facies, according to Canuto's scheme,
consist of 4-5 associations that may be more characteristic, but do not
occur exclusively in any one of the three formations within the Itararé
Subgroup. The subdivision used in the present account 1s simp11fied, since
we feel that d1amictites formed under different environmental cireumstances
may show similar sets of basic features (textural, structural, strati­
graphic, etc.). It is also worth mentioning that the genetic terminology
used for the several types of glaciogenic deposits is some\vhat 100se and
does not strictly follow published schemes (e.g., Gravenor et al., 1984),
because features utilized for discriminating among the different facies may
not be easily recognizable or available in outcrop analysis. Deposits of
advancing glaciers formed at the sole of active glaciers are in some
instances herein called lodgement tillites, but in most cases the more
generic term basal tillite is used. The associations described below include
sets of lithologies thought to have been fonned during advances and retreats
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of gl ac ier s ove r the area of study, but the emphasi s will be on deposits of
the first phase ,

On t he basis of t he identification of Lodgenent .Zbaaa.l tillites,
some of which are assoc iated with abraded and/or sheared substratum , a
maximum of 6-7 glacial advances could be postulated for one of the sections
to be examined during the present excursion. Not all of them~however"could

be extended laterally to the other sections.

a) Terrestrial/grounded glacier association . 'I'his is re­
presented by discontinuous thin veneers of lodgement ti llite plas tered
against r idges or valleys cut in older (Precambrian/Devonian) rocks , or by
relatively t hin tabular bod ies of massive compac t basal t illite .

The first type is overlain, with sharp cont ac t , by massive t o
roughly stratified diamictite (basal tillite?)j the latter may be i n
lateral contact , partially overlying linear bodies (ridges) of conglomeratic/
sandstone (of' kame/esker type) and be covered, also in sharp contact, by
extensive, tabular, stratified diamictite showing undulating, deformed
(folded) laminae/beds, slump, normal and reverse faults and lenticular
inclusions of the massive basal tillite (supra-glacial flow-tillite?) . 'I'hi s
association may rest on and/or be followed by thin to thick varvites,
s andst ones and shale. Marine fossils have not yet been f ound i n lithologies
of t his association .

b) I nte rnal she lf/grounded glacier association . Tni s association
also includes lodgement tillite resting on smooth/polished surfaces on top
of linear bodies of i nt r aforma t i onal , stratified sandstone with r i pple­
dr i f t-c ros s laminae, sheared and faulted in its upper parto More commonly,
however, the diamictites form t hi n to relatively thick tabul ar bodies,
massive to faintly stratified (basal tillite) , resting in sharp cont ac t
on sandstone or shale, the upper part of which may be sheared.

'I'he lodgement tillite may be followed by a compl ex of i nt e r ­
bedded and mixed, deformed(folded/faulted, disrupted) diamic t ite and sand­
stone (flow ti llite), conglomerate and fine, cross-bedded sandstone,
indicating subaqueous deposition . 'I'he sandstone ridge shows f ea tures in
common wi th subaqueous outwash . Marine fossils are rare in t he f l ow t illi tes.

'I'he basal tilli tes, on the other hand, may rest di sconfo rmabl y
below shales, or be truncated by channel-form sandstone . Laterally, as
well as vertically , they may show crude lamination and inclus i ons of
deformed sandstone bodi es , or eve n pass upwards t o clast- r i ch (mostly of
basinal or i g i n ) rhythmite of diamictite/shale and varvite wi th dropstones.
Whereas the lower massive ti ll i tes are interpreted as having been c1epos ited
f rem the base of glacier, t he disrupted/folded in terbeds demonstrate
deformat ion by movements during or short ly after deposi t ionj t he c las t-laden
rhythmi t es and upper varvi tes have been clearly deposited subaqueous,
probably by dense ("sl urry") flows and turbidi ty currents .



Other stratified types of diamictites in this association and
which are probably linked to phases of stagnation/retreat show bedding
due to the intercalation of stringers/laminae/lenses of silt/sano, many
of which appear to have been sheared parallel to bedding. Áddltional
comnon associated structures are recumbent folds and "hooks" of silt/sand/
diamictite. These are interpreted as flow-tillites. The sandstones bodies,
\vhich may predominate at certain levels, exhibit sharp lower and upper
boundaries and show defonmed cross-bedding or sometimes channel-like
structure, ball-like and rare diamictite inclusions. Fluviatile, very long,
mappable linear bodies of cross-bedded sandstone, ...Jhich trend SE-Moi or
N-S, being thus parallel to striae on the basement, may be laterally
equivalent. They also truncate facies belonging to this association. They
may represent outwash deposits, but their subaerial or subaqueous deposi tion
is not yet clearly demonstrated.

c) Outer shelf/basinal association. Diamictites belonging to
this association fonm thin to very thick (up to 20-30 m), tabular, some­
times extensive, mappable units, in many ways similar to the bodies des­
cribed above frem the inner shelf association, except for the greater
thickness and possibly t he absence of evidence of shearing of sediments
below. Some may be product of debris flows and occur intercalated with
shales with abundant marine fossils, thick varvites containing large drop­
stones, mudstones and widespread relatively thick tabular bodies of fine
sandstone.

Distribution of these facies may be controlled by the presence
of deeper sub-basins, surrounded by steeper slopes of the basement.
Occurrence of thick varvites indicates the influx of glacial melt-water
into such an embayment.

Examples of the above associations will be examined and
discussed during the excursion, but their full discrimination in many
instances still depends on more detailed work and availabili ty of outcrops,
the main difficult remaining the precise recognition of subaerial from
subaqueous glaciogenic deposits. As a rough generalization, however, we may
Say that the terrestrial/grounded glacier association tends to predominate
in the basal part of the Itararé Subgroup (Campo do Tenente Format í on ) ,
...Jhich may also include facies of the internal shelf/grounded glacier type.
In this regard it is worth mentioning that the isopach map of t he lower
interval of the Itararé shows a series of narrow SE-NV/ trending (> 250 rn)
areas of thicker sediments, which extend f'rom the present eastern margin to
the basin center. The features are roughly parallel to striae on the base­
ment and are suggestive of pre-glacial stream valleys or else of tectonic
f eatures modified by glacial erosion Medeiros et al., 1971). (Fig.16). The
second association is comnonly found in the middle, and at places in the
uppe r part, of the Itararé (Maf'r-a and Rio do Sul Formations). The Naf'r-a
Formation locally shows sets of facies assigned to the outer shelf/basinal
association. Features in sediments associated with diamictites in the Rio



do Sul Fonnation, in the upper part of the Itararé Subgroup, may suggest
recurrence of the terrestrial/grounded glacier association.
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ROAO LOG ANO STOP OESCRIPTIONS

1 s t Day : são Paulo-Curitiba (via BR-116 , Rodovia Regis Bi t tencour t ) ;

Curitiba-vila Velha (via BR-116 and BR-376).

During the morning of the first day, we will be travelling from
são Paulo to Curitiba and from there to the first observation points. No
stops for observation are planned for this period, but a generalized des­
cription of the main geological features along the road may be of some
interest. Main geological domains involved in this part of the trip are the
são Paulo and Curitiba Basins and the Ribeira Fold Belt (Fig.11).

são Paulo and Curitiba Basins (by C. Riccomini).

The tectonic setting of the são paulo and Curi tiba basins is
the Serra do Mar Rift System (Almeida, 1976), which also includes the Tau­
baté, Volta Redonda and Itaborai Basins (Fig.11 ).

são Paulo Basin

Geologic and tectonic setting. The rift system was formed within
the domain of Precambrian terrains of the Ribeira Folded Belt (Hasui et al.,
1975). The final stages of its tectonic evolution during Cambrian-Ordovician
times, is rc l utcd to t.hc IIr;\sll i ano Cycl e and char-ac t.o r l zcd by ; In ;1I1<l..s Lornos(:d

network of right-lateral, ENE to F1'J, shear zones (Hasu í & Sadovisk i , 1976).
(Fig. 11).

As a consequence of later processes, related to the Gondwana
breakup, the separation of Brazil and Africa, and the opening of the South
Atlantic Ocean, these shear zones were reactivated at the begining of the
Tertiary, probably up to the Late Eocene-Oligocene; predominantly normal
faults were formed, leading to syntectonic continental sedimen tation in
rift basins (Riccomini et al., 1983; Melo et ·al . , 1985b).

Probably after the Miocene, a right-Iaternl strike-sljp regime,
in part transpressional, became active in the region along old faults (Ric­
comini, 1987).

Stratigraphy. The são Paulo Basin is located in t he "Planalto
Paulistano" (Paulistano Plateau) a geomorphologic feature younger than the
Early Tertiary Japi Surface (Almeida, 1976). It is a semi-graben filled
with up to 200 m of sediments (Almeida, 1984).

Two lithostratigraphic units are recognized in the basin, the
são Paulo Formation (Pissis, 1842) and the Itaquaquecetuba Formation (Coim­
bra et al., 1983).



The são Paulo Formation comprises, marginally, a Iluv~oatile

(mainly meandering) sandy to clayey facies; locally, a lacustrine facies is
found.

Prevailing paleoclimate during the deposition was probably
humid, with possible arid and semi-arid periods, as indicated by caliche­
type deposits found in the neighbouring Taubaté Basin (Coimbra & Riccomini
(1985) .

The sandy fluvial braided deposits OI the Itaquaquecetuba For­
mation reach up to 50 m in thickness. At the type-area, plenty of carbonized
fossil trunks and fossil plants in organic-rich clay materials are present
in the Formation. Both semi-arid (Coimbra et al., 1983) and humid (Fitti­
paldi et al., 1987) paleoclimates were proposed during deposition.

Structures. There is clear evidence for tectonic activity
during, and after, the deposition of the são Paulo and Itaquaquecetuba For­
mations, but the latter was probably deposited contemporaneous only with
the second rifting event as suggested by the presence of clastic wedges,
with flower-structure, associated with the transcurrent faults. The shape
of the basin is controlled by two Iamilies OI faults, on trending ENE to
Dv, the other with a NNW orientation.

Age. No direct stratigraphic relationships be tween the são Pau­
lo and Itaquaquecetuba Formation are observable.

The Itaquaquecetuba Formation lies directly over the Precambrian
basement; its upper part is truncated by a fossil erosional surface at about
710 m.

Palynological analysis yielded a Middle Eocene to Oligocene age
for lacustrine sediments of the são Paulo basin and an Eocene age for
organic-rich clays OI the Itaquaquecetuba Formation (IPT, 1986). The last
sediments have been also paleomagnetically dated as older than 730,000 years
BP (Melo et al., 1985a). Evidence of reworking, however, have been found
in the samples of the Itaquaquecetuba Formation. This observation plus the
indication of a transcurrent movement contemporaneous with the sedimentation
of the Itaquaquecetuba Formation, may indicate its correlation with the
second event that affected the são Paulo Basin.

Curitiba Basin

The Curitiba Basin is situated on Precambrian terrains that
form the "Primeiro Planal to" of Paraná Basin (Ls t Plateau) levelled off by
the Alto Iguaçu Surface (Almeida, 1952) around 980 m.

The sedimentary filling of the Curitiba Basin was referred by



Bigarella e t alo (1961a)and Bigarel la & Salamuni (1962) to the Guabiro tuba
Format ion. I t comprises up t o 80 m of clays, conglomerates, sands and
marls, predominan t l y associated wi t h fanglomeratic de position. Mino r f luvi al
sediments are also present. Bigarella et alo (1961') and Bigarella & Sala­
muni (1962) s ugges t ed a semi-arid pal eocl ima t e during de position of t he
Guabirot uba Fm . , which í s als o supported by the presence of caliche- type
deposi ts in the f anglomerates (Coi mbra & Riccomini, 1985) . Conglomerate and
sandstone deposits related to the present drainage system lover t he Guab iro­
tuba Format i on.

Structure. Bigarel la et alo (1961a and Si lva et al o (1981)
mentioned the presence of reverse faults affecting the sedi ments of the
Guabirotuba Formation, on the other hand, the northwes t and nort hem borders
of the basin have boundaries (Fig. 11); the firs t limit is along the Cam-
po Largo-Barra de Capivari Lineament (Hasui et al., 1978) wh ile the latter
i s formed by t he Rio Capivari Fault, a probable r ight- late r al s tri ke-s l i p
f aul t as sugges t ed by drags i n older rocks.

Age. The Guabirotuba Formation has been correlat ed wi th the
Alexandra Fonna t i on occurring in nearby coastal areas , ad jacen t t o the An­
t onina and Par-anágua bays (Silva e t al., 1981); it is also probab l y
corre tabl e with the Pariquera- Açu Fonnation.

Recent t ectonic studies on t he Pariquera-Açu Fonnat ion (Ricco­
mini et al., 1986 ; I PT, 1987) revealed a set of mesoscopic s i n-and pos t ­
sedimentary normal f aults, probably related to the firs t tectonic event of
the Ser r a do f'.Iar Ri f t System, during the Eocene-Olígocene. On the o t her
hand, prel i mi nary palynol ogi cal data suggest an Earl y Miocene age f or the
Alexandra Formation (M.R. de Lima & R. Angulo, pers. comm.). The Guabiro­
tuba Fonnati on i s t hi s probably related to Early Tertiary sediment ation .

Ribeira Fold Bel t (by B. B. de Br ito Neves)

Highway BR-116 crosses the hilly topography of the Serra do
Mar (Coastal Range) and follows more or less longi t udinally , in a f\IE- S\'J
direction , the inner portions of t he Ribeira fo ld be l t, whose main
evolutionary hi story occur red duri ng t he Brasiliano Cycle ( 700- 500 ~~ ) .

Rocks c ropping out f rom the city of são Pau lo up to the borde r
of t he St a t e of Paraná ( f or a dist ance of approx i mate l y 250 km) incl llde
meta-volcanic-sedimentary sequences of the Ribei ra Belt (Embll Complex) and
high-grade rocks which were interpreted as intensive ly transforrned basement
sequences (" intemides" ) .

These two 1itho- s truc tur-a l doma ins a re separ -a t erí by an í mpo r tan t
f\IE-~v trending shear zone t he Cuba t ão 1i neament , that will be cros sed by the
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road south of t he locali ty of Pedro de Barros.

The last 150 krn of our trip are along better-preserved high
grade terrains of the Ribeira Belt which exhibit structural and geotectonic
features typical of the foreland of the so-called Curitiba Marginal Massif.
Occurrence of anorogenic sub-alcaline granitic plutons (Guaraú, Alto Turvo,
Gracioso, I lha do Cardoso) are typical of these more external portions of
the fold bel t , making up the "Serra do Mar Sui te" of Proterozoic-Cambrian
age, possibly generated by syn-and post-collision taphrogenic processes.

Superimposed an these earlier events are t hose related to
epeirogenic uplift, with emplacement of alcaline intrusions (Jacupiranga,
Serrote) and of mafic dyke swarms (Guapiara lineament), all of them
associated with the Meso-Cenozoic evolution of the South Atlantic margin.

After leaving the meeting point drive to southwest on
Avenida Rebouças and then on its continuation, Aveni­
da Euzébio Mattoso and Francisco Morato, to the
entrance of highway BR-116. Distances on Brazilian
national highways (BR) are zeroed a t each state
boundary. For the first part of t he trip, however,
origin of distances will be the departure po int of
ex cu r s í on .

Interval
km

O

20

110

30

Total
km

O

20

130

160

Departure point.

Embú Complex of the Ribeira Fold Belt.

Shear zone of the Cubatão Lineament.

Costeiro Complex; reworked basement of the Ribeira
Fold Belt (high grade terrains).

Turvo-Cajati Complexj medium-to high-grade metassediments
representing basement of the Ribeira Belt.

Curitiba Marginal Massif: high grade basemcnt rocks
(foreland) intruded by subalkaline ffi lorogenic plutons
(e.g. Guarai, Alto Turvo, Graciosa).

Cenozoic deposits of the Curitiba Bas in.
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Arrival in Curitiba. Proceed sou thwes t t hrough BR-116
up to int e r secti on of Avenida Victor F. do Amaral .
Lunch Stop.
After l unch we will begin our observat ions. Retu rn t o
BR-116 and proceed 12 km to the 8~, up t o p ~ru1e.irinho .
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Take exi t at right and traveI NW some 13 km to inter­
section of BR- 376. Tum Lef't; and take BR-376 east­
wards.lndicated distances are taken with reference to
Curi tiba.

From the intersection with road to Campo Largo, the road
runs on metamorphic rocks of the Açungui Group (Pro­
rozoic) and on outliers of the Curitiba Basin, in the
area of Campo Largo.

Base of the Devonian scarpment. At this point road
begins to ascend the front of the cuesta, up to the
so called 2nd plateau of the State of Paraná; local
outcrops are of Açungui Group rocks •

From this point, Iooking S, one can have a good view
of the morphology of the 2nd plateau of the State of
Paraná, deveIoped on crystalline rocks. The Serra do
Mar (Coastal Range) can be seen in the background.
Unconformable angular contact of the sandstone of the
Furnas Formation with a slight (1 2 ) ~1 dip; below,
steeper dipping reddish siltstones and sandstones of
the Camarinha Fonnation, locally with a basal con­
glomerate. The Camarinha Formation is interpreted as
a mollase deposits of the Brasiliano orogenic cycle
(700-500 My) and has been dated as late Proterozoic­
Early Paleozoic (Fragoso Cesar et aI., 19S5).(Fig.12.)

STOP 1. Furnas Fonnation. This is an stop is to see
abundant and well preserved trace fossils on an
extensively exposed bedding plane of the Furnas sand­
stones, on the right side of road , The Furnas For­
mation is a sequence, up to 340 m thick, of 'Nhiteish/
purplish, medium to coarse grained, moderately sorted
sandstones with a kaolinitic matrix, interbedded with
buth thin conglomerates and micaceous fine sandstones
and s11 ty shales. Lenses of conglomeratic of subrounded
to rounded quartz and quartzite claste (5-20 cm in
s í ze ) , in a sandy-c l ayey matr-í,x , are interealated in
the sandstones. Rounded clasts of quartz may also
occur at the base of cross strata. The environment
of deposition, as well as the stratigraphic relation­
ships with the marine Ponta Grossa shales, is still a
matter of some debate. Trough cross-bedding associated
with clay-pebbles is predominant over planar and plane­
parallel cross-bedding, particularly in the basal part
of the unit; this structure. together with the existence
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of kaolinite matrix are evidences mentioned by
Schneider et al., 1974 in favour of a fluvial origin
for this largely unfossiliferous sandstone. Other
argument.s point to a shallow rnarine environment,
dominated by strong currenty, such as the low per­
centage of fine particles, the possible transitional
stratigraphic relationships with the rnarine Ponta Gros­
sa shales, and the extensive erosion plain on vmich the
deposits rest (Bí.gare l l a & Salamuni, 1967a; Petri & Ful­
faro, 1976). Additional sedimentological and paleonto­
logical evidence for a shallow marine environrnent for
the Furnas Fmt. is reported by Ciguel (Personal
corrrmmication) who identified a sequence of rnutually
truncating sigmoidal structures in sandstones, on top
of which a diversified ichnofauna was found. Ciguel
(in preparation) recognized the ichnogenera: Didymau­
lichnus (= Fr-aena) , Palaeophycus and Rusophycus. The
latter is a cosmopoli tan trace fossil, found in Cambro­
Devonian sediments and interpreted as a tribolite resting
rnark , The Fuma Fmt , is found almost everywhere in the
Paraná Basin below the Ponta Grossa Fonnation, vmich
carries a rich marine fauna of brachiopods and other
marine invertebrates with Malvinokafric affinities
(Clarke, 1913; Lange &Petri, 1967; Popp,1986 ;
Mello, 1986). The Ponta Grossa shales have been pa­
leontologically dated on the basis of chitinozoans and
of spores as of Emsian-Frasnian age (Devoní an ) . The
contact between the two units is interpreted either as
disconformable (Zalan et al., 1987) or transi tional
(Lange & Petri, 1967). Therefore, the age of the Fur­
nas 1s differently 1nterpreted as ei ther the same as
that of the basal Ponta Grossa (Ems í an ) or as slightly
older (Pre-Early Devonian) (See, for instance, Zalán
et alo 1987).

Entrance of Tamandaré at left. Optional stop to see
striated ("fluted") sandstone of the Itararé Subgroup.
Itararé sediments in the area correspond to the lower
Campo do Tenente Fonnation. From the last point to here
outcrops of the Fumas sandstone and of the disconformably
overlying Itararé Subgroup can be observed. Striated
surfaces of two ages related b~o successive advances of
ice in this part of the Paraná Basin have been
recogn1zed by Fuck et alo (1967), Fuck & f1 i gare 11 a (1967)
and Bigarella et alo (1967) during detailed geological
mapping in this area. Sandstone of the present locality

í s interpreted as "periglacial" sediments of the first
"glaciation" (Rí.o i do Salto) representing the f í r-s t
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glacial advance in the area. We wi l l return
to this topic later when discussing the
striated surface at wittmarsun.

Exit to BR-277 on the left. We have passed
by sediments of the Itararé Subgroup on the
road side.

Cross-bedded Furnas sandstone.

The characteristic landscape of the rol ling
hills of the so called "Campos Ge rais" of
Paraná State, a grass land developed mostly
on top of the Furnas sandstone, on the 2nd
Plateau may be observed.

STOP 2. Entrance to Colônia I,>/ itmarsun at left.
Striated pavement on the Furnas sandstone. Drive
some 8 km on secondary road towards the main build­
ing of the Cooperativa to examine the striated
pavement. The feature, now partial ly covered by road
fill 1s stil l beautfully exposed (Bigarella et al.,
1967). (Ff.gs , 13- 14 ). As mentioned before glacial
striae have been recorded in many local ities of this
area , i n the Quero Quero, Contendas, Campo Largo and
Porto Amazonas. Striated outcrops (some 22) wi t h a
total area of 2,500 km,developed on the Furnas sand­
stone and on sandstones of the I t araré Subgroup have
been mapped. On stratigraphic basis Bigarella et alo
(1967) recognized two different erosion surfaces.
The older one, cropping out in the Rio do Salto
valley, is preserved on the Fumas sandstone and
assigned to a first advance of the ice in the area ,
associated with the "Rio do Sal to glaciation" A
second and younger group of striae was formed both
on the Fumas sediments, as well as on the overlying
sandstones i nt e rpre t ed as "per1glac ial" sedi men ts
of the Rio do Salto glaciation, is related to a
second glacial advance, the "Cancela glac iat ion".
This is mos cly based on th~ fact t hat the diamic t ite
which rest on t op of the abraded surf ace was
formed as stratigraphically younger- t han the
glacigenic sediments assigned t o t he Rio do
Sal to advance. Striae at \Vi tmars un and in al l
other localities i n this gene ral area are
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strikingly parallel. They consist generally of
alternating grooves and crests of variable dimentions
and distances between crests. No other type of
structure have been yet found associated with the
striae. Average direction of the striae i s N2OW, but
no direct evidence of sense of movement of ice can
be interpreted from the pavements. Fabric studies
of diamictites performed by Bigarella e t alo (1967)
furnished the following results: a) striations:
N2OW; b) clast long axis direction: N38W; c) clast
long axis dip direction S200E; the deduced sense of
ice rrovernent was N2QC\i/. One interested resul t
reported was that the sense of ice movement deduced
from fabric study (dí.p of clast long axí s ) was
opposi te to that obtained from paleocurrent study of
cross-bedded sandstone. Bigarella et alo (1967)
considered the diamictite as a true tillite or
"ground moraine" mostly on the basis of i ts sedimento­
logical properties, lack of stratification, fabric
and position on t op of the pavement. Section ove r­
lying t he pavement is not well exposed on the flanks
of the hill, but show alternating decimetric beds of
silty-clayey diamictite and of stratified or mass ive,
medium sandstone. Limonitization is ex tensive. Se­
s imentological features of the sandstone are similar
to that of the underlying Furnas basement (and have
been taken as Furnas by some). A "ground moraine"
(basal t í l l ) origin for the diamicti te seems th us
less probable. Extension of the area covered by the
glacial striae and features in the basal part of
the Itararé (Campo do Tenente Formation), however,
speaks in favour of a glacial terrestrial environrnent.
Form the striae locality will well return to BR-376.
Turn left on the highway and proceed nor-tnwes twards ,

Bridge over canyon of the Tibagi River cut i n t o t he
Furnas sandstone. From the l ast point t he highway
runs mostly on the Furnas sandstone and sca t te red
areas of Itararé Subgroup sedi men ts.

Contact between the Furnas Formation and I t araré
Subgroup. This is an optional stop. In the lower
part of the road cut, on the right s ide of the high­
way, the Furnas sandstone shows both through cross­
bedding and plane-parallel stratification and ripple­
drift cross-lamination. The overlying s ection is
apparently made up of two (?) diamicti t e horizons
both grossly stratified, with c lasts with long axes
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oriented more or less parallel to bedding,overlain by
coarse conglomeratic, poorly stratified sandstone. Flow
tillites.

Weathered Ponta Grossa Fonnation shales.

From this point one may start to see the Vila Velha sand­
stone, a member of the basal Itararé Fonnation, wi th i ts
typical ruinfonm morphology.

STOP 3. Vila Velha sandstone. Entrance to the Vila Velha
state park on the right side of road. A short stop will be
made here for cursory examination of the Vila Velha sand­
stone and some relaxing walk. The Vila Velha sandstone is
an extensive mappable, lobate deposit, about 190 m thick
(Fuck & Bigarella, 1967) overlying basal diamictites and
rhythmite of the Itararé Subgroup (Campo do Tenete For­
mat í on ) , but also transgressing over the Fumas and Pon­
ta Grossa Fonmations. In the park area the sandstone
shcws beautiful examples of residual weathering features
basically controlled by joints. The sandstone is predo­
minantly medium to coarse grained, poorly sorted and
conglomeratic,but may include thick intercalations of
laminated sandy siltstone, which is also pebbly. The
origin of this member of the Itararé is not completely
understood in great part due to the lack of recent
detailed research. Though outcrops within the main area
of the park show only poorly developed plane-parallel,
more or less discontinuous bedding, rnedium-scale trough­
cross bedding and lamination in fine-grained interbeds
have been described elsewhere in the Vila Velha park
area. The sandstone thus has been at least in part de­
posi ted subaqueouslly by currents. A "sand-flow" mechanism
for deposition on this body in a large outwnsh plain has
been proposed by Bigarella & Salarnuni (1967 a ,b ) .

2nd Day: Curitiba - Rio Negro - Mafra - Itaiopolis (via BR 116).

The route to be followed will serve as a general introduction to
the stratigraphy and main characteristics of diamictites of the Itararé Sub­
group of southem Paraná and northem Santa Catarina, and includes examination
of the type sec tions for two of the fonnations of the Subgroup (Campo do
Tenente and Mafra Frnts.)

The road runs more or less nonmal of the outcrop band (and to
the depositional strike?) of the Itararé 'Subgroup in the area south from
the Ponta Grossa Arch (Fig. 7), (Fig. 15) is a generalizes stratigraphic



section measured along BR-116 and demonstrates the gross arrangement of
the main exposed sediment types. Notes for this part of the trip, as well
for the sections to be examined in the next to days have been based mostly
on Canuto (1985).

Diamictites and associated sediments along this section seem to
involve a variety of facies interpreted as representing glacial-terrestrial
(OI" grounded-glacier) and glacial-marine sedimentation (Canuto, 1985). Both
megascopically massive to faint bedded and stratified diamictites will be
examined, related to these environments. Massive and compact diamictite
cropping out usually as discontinuous bodies, plastered against the smooth
crystalline basement (Fig.16 ) OI" sandstone bodies of Itararé Subgroup
(Fig. 20) are interpreted as lodgement tillites. Other types of diamictites
that may represent deposits formed at the sole of active glacier (basal
tillite) are more extensive (tabular?) bodies resting on erosional smooth
surfaces, on top of faulted/folded sediments (shearing?) (Fig.21 ) reccur
at several horizons in the Campo do Tenente, Mafra and Rio do Sul Fmts. and
may indicate multiple glacier advances.

Diamictite and other rocks assigned to a glacial-marine origin
tend to form regionally extensive thick mappable bodies in the Mafra For­
mation (Canuto, 1985), that include massive to faintly stratified tabular
bodies, fossiliferous shale/siltstones/fine sandstone, and varvites ~/ith

rafted clasts. These are mostly cireunscribed to a sub-basin in the Rio
Negro-Mafra area (Fig. 9 ) .

Other interesting features found along the section are defor­
mations as folds in fine sediments, found between horizontal strata, that
have been differently interpreted as load structures, convolution OI" cryo­
turbation (glacial involutions) (Canuto, 1985). (Fig. 22 ) At the top of
the section, facies associated with the passage from the diamictite bear­
ing sequence to the fluvial-deltaic Rio Bonito Formation will be examined.

In general terms, the Campo do Tenete sediments are considered
as g.lac í.al-vter-res tr-í.al , the Mafra Fonnation predominantly glacial-marine,
while both glacial-marine and terrestrial grounded-glacier facies chara­
cterize the Rio do Sul Formation.

On the basis of recognition of basal tillites, some associated
with an abraded OI" sheared substratum, 6-7 glacier advances were inferred
in this part of the Paraná Basin by Canuto (1985). The marine nature of
some of these is paleontologically documented by the presence of arenaceous
forams, brachiopods, mollusks, etc. in siltstones and shales closely associate
with the diamictites.

Direction of movement of ice, as deduced from striae on the
basement and on Itararé sediments was roughly N-S OI" \~v-SSE thus consistent



with that of the striae on the Devonian basement of the Witmarsum area.
Evidence for sense of movement has not been found. This regional trend of
the area South of the Ponta Grossa Arch is paleogeographically associated
with the location of the Paraná glacial lobe (Frakes & Crowell, 1972); San­
tos, 1988). The direction is also roughly coincident with that of small
elongated depressions depicted in the isopach maps of the Campo do Tenente
Fonnation (Fig. 8) that may correspond to pre-glacial depressions or
valleys modified by the ice (Gravenor & Rocha-Campos, 1983).

The stratigraphy of the Itararé beds in the area is characterized
by the inclusion of several regionally extensive strata, some of them forming
mappable units or key or marker- beds. This, so to speak, more organized
"Layer-ed-cake'' type of stratigraphy contrasts with the generally complex
lithostratigraphic arrangement that characterizes the Itararé elsewhere beds,
and seems to correspond to a particular geologic setting of the Rio Negro
area. As noticed by Canuto (1985), these features plus the higher incidence
of marine or subaquatic deposits beds, the ubiquitious evidence of res­
sedimented glaciogenic materials, etc., speakes in favor of a sizeable
body of water in an embayment or gulf-like deeper area occupying this part
of the basin, corresponding to the thicker Mafra Formation sho\~ in the
isopach map of Fig. 9.

Interval
(l<m)

o

62.0

Distance
(l<m)

112.0

174.0

Departure point is in front of hotel in Curitiba
(= km 112 of BR-116). We will leave the hotel in
downtown Curitiba and drive SE to Highway BR-116.
Turn right at intersection and proceed SYJ on the
road ,

STOP 1. Contact between the Itararé Subgroup (Cam­
po do Tenente Formation) and Precambrian basement.
From Curitiba until this point the highway crosses
again sediments of the Curi tiba Basin and Pre­
cambrian rocks of the Ribeira Fold Belt. At this
point we enter into the Paraná Basin. Small ridges
and valleys carved in Precambrian schist filled
and overlain by medium to coarse-grained conglo­
meratic sandstone and diamictites are seen on the
right cut. Polished and finely striated basement
surfaces on sides of valleys are directly overlain
by very compact thin, discontinuous diamictite
(lodgement tillite), coarsely stratified conglo­
meratic sandstone (fluvio-glacial) and massive, but
less compact diamictite (basal till i te? ) wí th



abundant faceted and striated clasts; conglomeratic
sandstone lenses are present. The sequence re­
presents deposits of the (first?) advance of ice in
the area (Fig. 16).

2.0 176,0 - 177,0 The ridge seen at a distance (1.5 km) on the right
side of the road is fonned by the Lapa sands tone ,
a linear discontinuous body of fluviatile sand­
stone which is interpreted as part of the Mafra
fonnation, but mostly included in the Campo do Te­
nente ronnation. The sandstone will bc more closely
observed near the town of Lapa, on Day 2 (Fig.25).

2.0 178.0 STOP 2. Massive diamictite (Campo do Tenente For­
mation. Silty-sandy diamictite, mostly massive,
with clasts rare to common, up to 30 em in diameter,
overlying a bed of shale with centimeter sized drop­
stones. Contact between the ~/O units is sharp with
the surface smooth ("polished") wi th faint lineations
oriented N130o. Slabs of diamictite are circum­
scribed by shale along the contact (shearing?). The
diamictite is interpreted as a basal tillite and
may document a second ice advance in the area.

6.0 184.0 STOP 3. Massive diamictite (Campo do Tenente For­
mation. The outcrop is again of a massive, sil ty­
sandy diamictite in sharp contact with shales, but
some 40-50 m above the last locality (Stop 2). The
contact surface is also smooth and undulating, but
bears no clear lineation. The diamictite may be an
upper basal tillite, in this case representing a
readvance of the ice in the area.

1.0 185 Exit to Campo do Tenente at right.

3.0 188,0 Flow-diamictite and fluviatile sandstone (Mafra
Formation). Bands of stratified, light gray-yellowish,
sandy diamictite with small centimeter sized clasts
oriented parallel to bedding, interbedded and mixed
with fine-medium sandstone, deformed (contorted),
showing recumbent folds and slump faults, on the
NE face of the cut. Irregularly
stratified sandstone predominates in the upper part
of the outcrop and along the two parallel road cuts.
Sandstones exhibi ts medium-scale, trough and tabular
cross-bedding, ripple-marks and irregular strati-
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ficat10n, alI defonmed. The outcrop is a good exampIe
of fIow-t1111te (glaciogenic subaqueous debris fIow) ,
which seerns to characterize the Mafra Formation, as
i t can be observed on the next several road cuts. No
mar1ne beds have been found in this part of the Ma­
fra Frnt that seerns to represent a fluvio-glacial
sequence.

STOP 5. Mass1ve basal beIow stratified fIow tiIIite.
Outcrop on the Ieft (SE) side of the road shows two
superposed diamictites. The Iower one is massive to
sandy, compact, faintIy stratified and includes
horizontal strea1<s, thin lenses and bands of clasts,
silt, and sand undulating, apparently sheared and
displaced by intraformational faults. The upper body
is sandy-silty, stratified into cm-dm, irregular and
discontinuous beds. Concave upward surfaces cutting
the bedd ing may be slump fauIts. CIasts (up to
decimeter in size) are rare-corrrnon and some have
been found wi t h l onge r axes normal to bedding (drop­
stones?). Contact be~/een the two diamictites is
sharp and undu1ating (loading?). Lower diamictite
may correspond to a basal tillite over1ain by flow
tillite.

STOP 6. Stratified flow-tillite. This excellent
section displays a lower diamictite (about 4 m
thick), silty-clayey, crudely bedded as a result of
the intercalation of thin sandstone layers, with
clasts rare to common, many of sedimentary rocks,
passing upwards to altennating laminae of diamictite,
si1tstone and shale. The diamictite is over1ain,
with sharp contact, by a coarse sandstone (2-3 m
thick, with conglomerate and siItstone interbeds.
The top of the sandstone is plane and bears parallel
striae and furrows oriented N1450 (Mg ) . It is over­
lain by a rhythmite of silty-clayey diamictite and
sha1e, and by lam1nated clast-laden di amictite bear­
i ng abundan t shale clasts, many orien Lcd par-al I e l
to bedding (exposed thickness is abou t 4.5 m) .
Features of lower and upper diamicti te suggest that
they may have been deposited by a combination of
debris and "slur-ry'' f'Low , Parallelism, pe rs i stenc e
and dimensions of the striae and fur-rows on top of
the sandstone suggest their origin by glacial erosion.
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If so, they may be assoeiated with a later episode
of iee-advanee in the area.

Exit to Rio Negro.

STOP 7. Glacial rnarine deposi ts, Pedreira (quar-ry )
da Prefeitura, Rio Negro. Enter at right and
proeeed sane 1.1 km SW to quarry. This wi11 be a
longer stop for examination of a series of exeellent
outerops of mid Mafra Fonnatlon beds exposed at a
local quarry. A eomposite seetion of the sedimentary
sequenee exposed in the quarry and adjoining areas
is shown on Fig.18. A geologieal sketeh map of
the Rio Negro-Mafra area is shown on Fig.17.
(Salamuni et alo 1964). The lowermost sediments
exposed are two beds to dark silty-elayey diamietite,
about 80 em thiek, overlaying dark mudstone/shale
bearing eentimeter sized elasts. Diamieties show
erude bedding marked by horizontal alignment of small
elasts of shape (rip up?) diamietite, as well as
of erystalline rocks up to 15 em in diameter. They
may also eontain infilled animal burrows normal to
and parallel to bedding. The upper diamietite bed
is followed by lnterbedded diamietite and shale,
with a sharp boundary below the upper shales. This
surfaee represents a sedimentary hiatus marked by
abundant animal trails and eontain several emerging
elasts. Shales with rare lonestones about 2 m
thiek, above this boundary grade upwards to typical
thin varvites with abundant dropstones, up to 40 em
in diameter. Continuatlon of this section may be
seen on the main quarry face, a few hundred meters
away frorn the first loeali ty, where some 25 m of
varvites, with dropstones up to 2 m in diameter,
overlie the dark shale. Along a lateral trail elimbing
up the hill frorn the first loeality, the varvite
seetion is seen to be overlain by mudstone (60 em),
and laminated and deformed fine sandstone (1.5 m).
The uppermost Itararé uni t exposed in the area is
a thiek seetion (over 30 m) of mostly massive
diamietite, with an intercalation of laminated sand­
stone and siltstone at the base of bearing faing
evidenee of bedding higher up. This unit, as well as
the lower varvite, seem to form extensive tabular
bodies in the Rio Negro - Mafra area. Else\~lere,



some 2.5 km north frem Rio Negro, they are overlain
by the thick massive siltstone with marine fossils
and fine sandstone (Fig. 18). Intercalation wi th
shale beds, superposition by thick varvite and the
presence of fossils indicate a subaqueous environ­
ment for the lower diamictites in the quarry section.
On the basis of their sharp boundaries, textural
homogeneity, possible polymodal size distribution
and poor clast alignment, they have been interpreted
as debris flows. The upper thick diamictite shows,
at least in part, the same set of features and may
correspond also to a widespread debris flow. Influx
of glacial meltwaters in a depositional sub-basin
has been postulated to account for the presence of
the thick varvite section of the quarry. A detailed
study of the Rio Negro rhythmites was perfonned by
Rocha-Campos et alo (1981) 601 couplets have been
counted and measured along the quarry face. The
represent, however, roughly a third of the section
exposed and the total number of couplets may be at
least 3 times larger. Couplets in this local ity are
very thin, varying f'rom 2 to a maxirnum of 52 rrm.
No general trend of variation could be established
by visual inspection and, except for the in ter­
calation of a few exceptionally thicker pairs, the
maximum and minimum thicknesses seem to remain about
the same along the examined section. Granulometrical­
ly, alI the couplets seem to be made up mostly of
silt (Lí ghte r bands ) and clay (darker- bands ) . Except
for the plane parallel bedding very few other
sedimentary structures could be identified in the
rhythmite. Microclasts of different lithologies,
pellets of sandstone and diamictite (iceberg dump?)
and very thin partings of clay and sand are wide­
spread inside the couplets. Rafted clasts up to 2m
in diameter are relatively frequent within the
rhythmite. Marine influence during the deposition of
the Itararé sediments of the Rio Negro area is
indicated by at least two intercalations of shales
containing marine fossils (Salarnuni et al., 1965).
Non-varved dark-gray shale bearing isolated clasts
probably rafted immediately below and i n transitional
(?) contact with the rhythmite at the quarry yielded
poorly preserved marine microplaru<ton; else\vhere in
the Rio Negro area a marine shale was found to occur
intercalated within a rhythmite stratigraphicaly
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higher in the section (Salamuni et al., 1965).
Marine fossils though have not been recorded in the
rhythmite. A glacial rnarine origin for the dia­
mictites and associated sediments of the Rio Negro
area is thus likely. The occurrence of numerous
contorted and disrupted beds and flow structures in
the diamicti tes of the area is consistent wi th this
interpretation. Since experimental and geological
evidence indicates that formation of ~ical c1astic
varves 1s normal1y restr1cted to fresh water
conditions, due to the f1occu1ating effect of salt,
under marine conditions, occurrence of varve intervals
within a marine sequence would thus be possib1e only
during periodically drastic reductions o f salin1ty
in the marine water body, a situation that might
theoretically occur in the proximity of a glacier
front sporadically discharging large volumes of
melt water near the coast (Carey & Ahmad, 1961).
Such an environmental picture is envisaged to explain
the formation of the Rio Negro rhythmites. The
relatively frequent occurrence of rafted clasts
indicates that f10ating ice was present in the basin
of deposi tion . Parts of the Rio Negro rhy thmi te
(160 pairs) , sequence have also been samp1ed for
paleomagnetic analysis (Rocha-Campos et al., 1981).
Paleomagnetic data is summarized in the right column
of Fig.19 where magnetic inclination and declination
are represented for eachOcoup1et in the sequence
sampled. For comparison, data on thickness of the
eouplets are also shown. Tables I and 11 summarize
results of application of maximum entropy teehnique
to paleomagnetic and thickness data. A good agreement
of periods was found both in the thickness and paleo­
magnetie spectra what may indicate seasonal-nature
of the rhythmite, sinee elose eorrespondence wou1d
be improbable if each pair would represent a
variable member of years. Another se t data shown
in the Tables refer to resu1 ts of sunspot number
speetrum that are also eonsistant with the thickness
and paleomagnetic spectra. After visit to the
quarry , we wi11 enter the town of Rio Negro whe re
luneh wil1 be taken. We wi11 then retun1 to BR-116
and proeeed Slv.

Bridge over the Rio Negro. Paraná and Santa Cata-
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rina border. Distanees wi11 now be eounted from the
bridge.

STOP 8. Marine shale of the Mafra Formation. S11 ty shale,
dark-gray with thin (em) intercalations of diamietite.
Bedding planes of this roek are full of arenaeeous forams
(Ammodiseus, Hiperammina). These beds have been informally
ealled "Mafra beds". A 11ttle before towards the bridge,
along the flank of the hill to the hight of the road, the
shale is found to overlie, with sharp eontaet, a
sequenee made up of a thiek (over- 20 m) lower rnassive
diamietite eorrelatable with the upper one at the quarry,
bearing deformed sandstone/diamietite masses, passing
upwards to superposed, mutually truncating lobes of
pebbly-sandstone/diamictite, some showing basal con­
centration of clasts, defonmed sandstone interbeds, re­
eumbent folds and faults. Features of the diamictite
here are indicative of its deposition through mass-
gravi ty flow. It shows a gradation from more to less viscous
flow including some ehannelization.

STOP 9. (optional). Flow tillite with deformed sandstone
intercalations overlying ridge of sandstone. The lower
ridge of compact, fine to medium sandstone with plane­
parallel bedding and ripple-drift cross lamination is
overlain by stratified-laminated diamictite interbbeded
with deformed and disrupted sandstone masses, at places
eomplexely mixed, both in turn truneated by inclined
beds of chaotic conglomeratic sandstone and fine
stratified sandstone better seen of the left side of the
road (Fig.20). On the southern flanel< of the left cut
(Canuto, 1985) identified a wedge-shaped body of massive
and compact sandy diamicti te plastered again not the
sandstone. The contaet surface between the t'IJO rocks is
smooth (polished?) and the lower sandstone is deformed
folded and faulted near its top (shearing?). This is a
relatively complex outerop \~ose detailed interpretation
is not entirely elear. Canuto (1985) compared the features
of the sandstone ridge and the assoeiated sediments with
those of Quaternary subaqueous outwash formed by mel t
water confined in subglaeial tunnel debouching at ice
front within a water body (e.g. Rust & Romanel l i,1975).
The shape of the sandstone ridge could have been modified
by ac tive ice as indicated by the l owor- d íam í c LI te
apparenlly compacted against the ridge (lodgement t i l l i t e? ) ,
internal deformation and "polishing" at the topo Accord-
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ing to this scheme the overlying diamictite, could re­
presented a subaqueous-flow of glacigenic sediments
possibly associated with retreat of ice.

Exit to Mafra at hight.

Marine siltstones at Vila Nova. These are basal beds of
the Rio do Sul Formation, the uppermost unit of the Ita­
raré Subgroup. The strata are correlated with t he Lontras
beds near Rio do Sul. Santa Catarina (some 120 km) S and
to the Guaraúna shale of southern and central Paraná.

STOP 10. Basal tillite on sandstone. A road cut on the
right-hand side shows fine, yellowish sandstone, very
compact, forming a boss or round topped ridge, being over­
lain wi th erosional contact by massive diamicti t e , wní ch
is in turn truncated by a large channel-fonn sandstone
body. The lower sandstone shows internal defonnation in
the form of folds and faults. These may separate slabs of
sandstone and diamictite along the contact. The top of
the sandstone boss is smooth and bears faint lineation
trending NS. Canuto (1985) interprets the features above
as indicating that the diamictite may have been deposited
under an active glacier as basal till, associated with
the shearing and abrasion along the contact with t he local
sedimentary basement (ice advance?). Evidence of some mass
movement after deposition on the diamictite i s sho."m by
the deformed mass of sandstone included in it (Fig.21 ).
The channel-like sandstone in erosional contact wi th the
diamictite is probably fluvio-glac ial.

11.5 Fine, stratified,reddish sandstone in sharp contact below
silty-clayey diamictite, with rare clasts up to 40 cm in
diameter. Numerous small, low angle reverse faul ts in the
sands tone and along the con tac t , and 5 I abs o f sands tone
circumscribed by diamictite sugges t shearing. As in t he
other cases, this type of massive diamictite is interpreted
as a basal tillite documenting a recurrence of glaciation.
The lower sandstone may correlate with the upper uni t in
the next outcrop.

12.0 STOP 11 (üptional). Confortions in fine sandstone (exit
to Canoinhas at right). On the left side of the road, a
bed of fine-clayey sandstone mixed with clay, is
intensively contorted, fragmented and cut by nl~erous

faul ts (mostly high angle or vertical norrnal ) . The uni t
is overlain by non-deformed, thick stratified fine sand-

_____1II



s tone. Zone of separating of the ~/O beds i n marked by
a decimeter band of intensely jointed sandy layer
(soil?). Geometry of the folds and apparent upward t rend
of the material involved in the movement is remi n i scent
of glacial involution (cryoturbation) of periglacial
sediments or convolutions (Fig. 22 e 23).

126 STOP 12 (optional ) . Several outcrops of a s equence of
f ine t o medium sands tone beds, cross-bedded , overl ain
by a mostl y massive , silty diamict i t e, i n parts showing
subparal l el faint fo liation, w1th centime ter t o dec imeter
clas ts, some wí th long axes paralle l to bedding. The
boundary between the two units is sharp, with the upper
part of the sandstone cut by several low angl e faul ts
and folded (shearing?). The diamicti te may change la t e r al l y
(and ve r- t í cal l y ) to faln tly bedded , clue Lo i nc 1us i ons o r
streaks of microclasts, or d1scont inuous (shea red ) thin
beds of sandstone or congl ome ra t e, being truncated by
channel-like, cross-bedded sands tone. This i s again
another possible and probably the uppermost basal tillite
of the Rio do Sul Fonnat ion overlying fluvial- glac i al
sediments.

Frcm this point excursion retums to Curi t iba for over­
ni ght stop.

3 r d Day: Cur i t i b a - km 102 of BR- 476, v i a Lapa .

Outcrops along t hi s rcad demonstrate some vari a t i on of facies
wi t hin the three fo rmations of t he Itararé Subgroup. t<los t inf orma tion f or
t his s ection der-I ves f'rorn Canuto (1985). (Fig. 24 . )

Lodgement or basal tillites similar t o t he ones exami ned along
road BR-116 have not been clearly ident1fied ye t. Most of the diamictites
cropping ou t along the section, though at a f i rst vi ew apparen t l y mass ive,
may exhibit fain t s t r a t ification due t o i ncl us i on of l aminae o r zones of
sil t / s and , al i gnment of smal l or l arge clasts, s ome t i mes forming dis­
continuous boulder pavements. They may also display dis conti nuous deformed
beds, laterally disrupted and bal ls, "hooks" and complexly folded s and­
stone bodies and c1ykes. Though some of the above un i t s rnay resemble basa l
t i l l i t e s , the nature of the1r lower con tac t could no t be always examined .
There is only one ins tance where a massive diam1ct1te was clearly found to
rest i n sharp con t ac t over folded and faulted (sheared? ) shal e ,

Massive di amic t i t es may pass upwards , abruptly or gradationally ,
t o stra t ified ones. I n the f 1rst case, the diamic t l t e may show even and
t hin beds or laminae , undulat1ng to fol ded, cut by s l ump and normal f aul t s
and enveloping l ong lenses of mass i ve di &mictites . They are interpl~ted as
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a type of flow tillite, which may be overlain by sandstone and varvite. The
second case involves upwards grading to grossly stratified beds marked by
stringers of s ilt/shale, clast-laden rhythmite of diamictite/shale and
varvi tes wi th dropstones at tr-íbuted to "slur ry" and turb í dt ty flows in a
subaqueous environment.

In addition to those included in the diamictites, other larger
sand bodies associated with the diamictites may be examined along this
section. They may form channel-form deposits cutting dovm into diamictites
and other lithologies, or in other cases forming slumped (contorted, dis­
rupted and faulted) masses. The already-mentioned Lapa sandstone, beauti­
fully exposed along the road and in the vicinity of Lapa, is a long, sinuous
though discontinuous relatively thick body of cross-bedded, fluviatile
sandstone stratigraphically correlated with the Mafra Formation, but which
cuts dovm into diamictites of the underlying Campo do Tenente Formation
(Fig. 25 ). Another large body, also of probable fluviatile origin, occurs
higher up in the section, in erosional contact with diamictites of the
Mafra Forrnatíon , Slump structures, ro l l ed up masses of sands tone í nt.e rmí.xed
with diamictites and drag-lineation are commonly seen at the base of the
thick cross-bedded sandstone and denotates 10ading.

As in the case of the section along BR-116 a terrestrial environ­
ment seems likely for the Campo do Tenente and great part of the Mafra For­
mation.

The upper part of the section (upper Mafra, and Rio do Sul For­
mation) is marked by the frequent occurrence of shale beds, including a
thick intercalation of marine shale (IIGuaraLma shale" ) which is taken as
the base of the Rio do Sul Formation and correlative with the marine beds
in the Mafra - Rio Negro area.
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Departure point (Curitiba). From do~mtown Curitiba drive
south to Avenida Estrutural Sul to highway BR-476 SV/. Up
to the first observation point the road runs on Curitiba
Basin sediments and Precambrian rocks.

Lapa sandstone. Outcrops of thick bedded, fine to mediurn
grained sandstone appear on road cut, on left side of road.
Better exposures, however, may be seen along secondary
road on left side of road, some 200 m to NE frem this
point. The Lapa sandstone forms a long, discontinuous and
sinuous, rougly SE-NVI and N-S trending ridge with width
of up to 2 km and up to 60 km of length (Fig.25 ), extend­
ing from the Precambrian basement in the SE, NW towards
Vila Velha. In this area the ridge-like body disappears
having been either eroded or concealed under younger
sediments (Medeiros, 1971). Alternatively, the
Vila Velha sandstone, which is a lobate deposit at the
base of the Itararé Subgroup, may represent the northem
extension of the Lapa. The sandstone with a basal
conglomerate, is a channel-like body in erosional contact
on diamictite of the Campo do Tenente Formation. The
sandstone body has been mapped as part of the Mafra For­
mation to the southeast of BR-116; frem there the channel
cuts down into sucessively older beds towards M1. The sand­
stone exhibits trough cross-bedding and conglomeratic
zones with clay pebbles. Parting lineation and cross­
bedding measurements show currents flowing roughly parallel
with the channel axes (SE-NVl) and also with the glacial
striae on the basement. Characteristics of the Lapa are
thus of a fluviatile (fluvio-glacial) body, probably
associated with a phase of stagnation of retreat of ice
in the area.

62.5 Exit to Lapa at left.

1.5 63.5 STOP 2. "Lamínated" tillite (flow tillite?). Excellent
exposure of stratified diamictite of the Campo do Tenente
Formation along the left and right cuts of the road,
immediately after the railroad bridge. The outcrops show
zones of massive diamictite near the base overlain by
finely "laminated" diamicti te. Laminae are undulating or
folded, and cut by slump faul t and inclined and vertical
normal faults, an bend around elongated elliptical zones
of massive diamictite or of sandstone balls. Stratification
is sho\vn by more or less regularly distributed dis­
continuities (joints) not clearly associated wi th any
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textural variation. Clasts in the diamictite are re­
latively small and many occur with their longes t axes
para11e1 to bedding. 'lhe diamicti i.c grudes upwards lo
shale, which is in turn over l ai n , with eros ional contact,
by sandstone and rhythmite . Nature of stratification is
not entirely cl ear. A post-depositional origin through
sheeting , for instance , does note seem probable in view
of the pat t ern of distribution of the s t ruc tures and
their conf i nement to the diamictite bed. An origin
associated through flow was pointed out by Canuto (1985 ) .
He considered the lower massive diamictite as a basal
tillite , over l ain by the f lowed diamictite (supra-glacial)
and partially reworked by it, dur ing a s t agnant or
retreat phase, that i nvolved also t he f ormation of a small
lake where the rhythmite accumrl ated (Fig . 26).

STOP 3. Massive t o stratifi ed di ami c t i t e at the DER quarry.
Take entrance of quarry area at right, proceed some 400 m
to near the quarry face . St rat i gr aphi cal l y , the glacio­
genic sediments exposed in the quarry correspond to t he
middle part of the Campo do Tenente Formation . ( Fi g . 27 )
The lower ten meters of the sec t i on are composed of
massive, highly indurated , di ami c t i t e "'mich i s used for
road metal . 'lhe upper metre or so of the massive dia­
mictite contains stringers of sandstone and sil tstone
which appear to have been sheared and sligh tly contorted
during post-depositional movement. These s tringers of
sorted materials impart a crude lamination to the other­
wise megascopically structureless diamicti te . This poorly
l aminated zone may represent a transition zone between
the lower massive diamictite and the overlying s tratified
sediment s . 'lhe sediments overl y i ng t he mass ive diamictite
are composed of l ami na t ed di amic t i t es interbedded with
rhythmites, al I of which contain numerous intrabasinal
clasts and a few extrabasinal c l as t s. A thin s ection of
the thinly-bedded clast-rich rhythmi t es shows that most
of the clasts are angular and composed of intrabasinal
mat e r i al . 'lhe fine matrix in the rhythmites appears to
flow around the larger fragments and t he re is a fining
upward withi n each rhy thmite towards a very t hin c lay
band which separates one rhythmite from the nex t. But
the re are t hi n layers of s il t wi th in each uni t wh i ch are
s imilar in some respects to s t orm lamina tion or mic ro­
turbidites in varves . Most of t he l ong axes of t he clasts
are paralle l to the bedding planes but t here are a f ew
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which have t hei r long axes inclined to the bedding planes.
The small intrabasinal clasts do not deform or pierce the
bedding planes but the bedding planes are disrup ted and
pierced by large extrabasinal clasts vJhich are dropstones.
The clasts in t he more massive bu t s t i ll f aintly lam inated
diamicti tes found within the thin clast-laden varvi tes
also have t heir long axes parallel to t he bedding planes.
Most of t he clasts are composed of intrabasinal rnudstone,
siltstone and f i ne sandstone ...Jhich were contor t ed and
s t retched out during movement and compaction. The above
evidence suggests that the clast-laden rhy thmi tes and
interbedded more massive, poorly laminated, diamictites
represent the product of turbidi ty currents which ripped
up the soft underlying sediments and had a sufficient
density to support the clasts during transporto During
periods of quiescence, clay was deposi ted t o give a
resul tant varve appearance. These laminat ed sedi ments are
probab ly varvi tes in the sense that they may be annual
deposi t s and t he clay l ayer was deposi ted vJhen the water­
body was ice-covered . The t hicker faintly laminated dia­
micti tes probably represent periods of grea t er inf lux of
material i nt o the basin and the bedding '.'Ias disturbe d by
the large number of intrabasinal ripped-up clasts be ing
carri ed within each flow. The sed i men ts that ove r ly t he
clast-laden varvi tes of the Lapa quarry are varvites
composed of coupl ets of silt and clay with occas i onal
dropstones . The s tratigraphic posi t i on of those varvites
and the obsence of associated marine beds i n this part
of the I t araré secti on sugges t t hat the c l as t- l aden
varvi tes, poorly laminated diamic t i t es and varvi tes f ound
above the mass ive diamictite may have been deposited i n a
lake (Canuto, 1985; Gravenor & Rocha-Campos, 1983). The
sec tion woul d represent an advance and re t reat of ice­
sheet into a water filled basin. Resul ts of paleomagne t i c
analysis of samples of the basal mass i ve di amic t i t e of the
Lapa quar ry sugges ted tha t the or igi nal d í arn i c ton unde r ­
went syn-or pors t-depositional de f onna tion, which also
i s indicated by the contor ted i nc l us i ons of sediments
(Graveno r- & Von Brunn, 1987 ) .

From the quarry we wi11 re tum t o Lapa for Iunch .

STOP 4 . Fluvia tile sandstone of the Mafra Formation . A
large body of f luviat i le sands tone in e rosional contac t
on Mafra Formation di amicti te. On the map the sands t one
I s ] ess ] 1nca r j n shape I t hough nl so roi 11=')11Y or- i cn t.cd
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SE-fIM as the Lapa. The body is about 30 km in length and
10 km wide, with an estimated thickness of at least 90 m.
Its internal features rnay be observed on the large area
quarried on the left side of read. The sandstone is
medium to coarse grained, conglomeratic, quartz-felds­
pathic, includes clasts of underlying diamictite and
shale, and has predominantly planar plus t rough cross­
bedding and ripple-marks. Paleocurrent orientation is
roughly SE-fIM and parallel to axes of the body . Contac t
between the sandstone and underlying diamic ti te may be
seen on road cuts, a few hundred meters nor th from this
locality. The erosional contact zone is marked by inter­
mixing of complexely folded, cigar-shaped bodies of sand­
stone and diamietite showing numereus drag-lineations
prebably assoeiated with loading of the large sandstone
body on a soft substratum of diamictite. As in the case
of the Lapa sandstone the eharaeteristics of the body
point to a fluviatile (fluvio-glacial) origino

STOP 5. Marine shale of the Rio do Sul Formation. Thick
seetion of dark silty. shale with, plane-parallel lami­
nation, bearing eoneretions, which is taken as the basal
part of the Rio do Sul Formation (Cuarauna shal.e ) . The
unit seems to form an extensive body correlative with
similar shales in the Mafra - Rio Negro area. Arenaceous
forams have been recovered f'rorn these rocks , Shale inter­
calations become more frequent in the upper part of the
Mafra Formation, but particularly in the Rio do Sul, thus
denotating a predominant subaquatic/marine environment.

STOP 6. Several outerops of megaseopically massive,
silty-e1ay diamietite of the Rio do Sul Formation ex­
posed in abandoned quarries on the left side of road.
The diamietites form a re1atively thick (over 15 m) and
extensive, apparently structureless unit, buth ~~ich

oceasionally shows crude bedding, marked by thi n laminae
(streaks) of silt/sand. At some plaees elongated or
spherical bodies of sandstone occur Slmk into the dia­
mietite; clasts (up to 20 em) are relatively rare to
eommon @1d may form diseontinuous horizontal layers or
"pavements". Charaeteristics of the diamicti t es ar-e re­
mindful of the basal massive body examined at t he Lapa
quarry .

Return to Curitiba frem this point for ovennight stop.



4th Day: Curitiba - Palmeira - Rio da Areia (via BR-277)

Similarly to the section along BR-476, diamictites are commonly
faintly to clearly stratified, through either the intercalat ion of beds/
laminae and/ or elongated lenses or streaks of sandstone/siltstone, or e lse
by vertical textural variation. Sandstone intercalations are commonly dis­
rupted and folded ( recumbent , "hooks"}, Clasts are rare to common and
typically have their long axes parallel to bedding. Other bodies of dia­
micti te are apparently more massive, but contain bal ls or irregular ,
l a t e rally disrupted masses of sandstone. Evidence of mass-gravi ~J fl ow is
t hus ubiquitous and some of these flow tillites may be assoc iated wi th
complexely folded sandstones.

Lodgement tillites of the type examined along BR-116 have not
been identified in this area . Some of the massive diamictites form relatively
extensive tabular bodies and may correspond to basal tillites, t hough the
nature of their lower contact could not be examined anywhere. One of t hes e
was found in lateral con tact with a ridge of conglomerate sands tone Which
is possibly a type of f luvio-glacial deposit being overlain by stratified
diamictite similar t o the flow-t illite described at Stop 2 near Lapa . This
bed is in tum locally over l ain by shale and sands tone. The uppermost dark
marine shale of the Itararé Subgroup Passinho shale ) related to a post­
glacial transgression wil1 be exami ned at the end of sec t i on disconformably
below cress-bedded fluviat ile sandstones of the Rio Bonito Formation, \vith
thin coal beds .

Distances along this road are marked f rom its i n i t i a l poi nt i n
Paranaguá, s ome 84 km E f rom Curi tiba . Refe rence point for thi s log , howeve r ,
is again Curitiba .

o O Departure point . Frorn downtown Cur í tiba t rave I wes twards and
tal<e highway BR- 277. Up t o são Luis do Purunã, 28 km \v f rem
Curitiba, the route is the same as in Day 1st.

74.0 74 .0 STOP 1 . Contact of Itararé Subgroup (Campo do Tenen te Formation)
and t he Devonian Fumas sandstone . The outcrop on t he left s ide
of the road, though rather poor, is t he onl y availabl e showi ng
the contact be tween patches of massive di ami c ti t e of t he Campo
do Tenente Formation filling shallow depressions i n t he Fumas
Formation . Though gl ac i al striae have note been found i n t h i s
locality , other outcrops of the Devonian sands tone i n the
surrounding area have been glacially abraded.

1 .0 75.0 STOP 2. Diamictite wí th deformed sand inclusions . Ou t c rep of
sancty diamictite containing small clasts, i nte rcalated wi t h
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defonned sandstone laminae/beds. The di amic t i te i s faint ly
bedded and shows clasts oriented parallel to stratification.
Recumbent (sheared) folds and faul t s occur i n t he sand­
stone (Campo do Tenente Fonnat i on ) .

STOP 3. Striated sandstone (Campo do Tenen te Formation?).
Stri ae on the upper surface of sands tone ,on l eft s ide of
road correlates with t he ones on sandstone sur f ace a t
ground l eveI on the r igh t s ide. Striae are re latively
l ong , paralle l , and oriented roughly I'I- S . Othe r striated
surfaces occur in t he outcrop on the left . Striae on a
lower surface on the right side of outcrop continue i n-
t emal ly into the sandstone. The sandstone fine, felds­
pat í.c and relatively well sorted with trough cross-bedding
nnd \)C[1t' i nf:', ['[H 'C j so 1n l.cr l c1:15 t.s o r <:0 <1 r~;(: , 1'1' I ti : ;pn I. i c
sands tone (Fumas Frnt.? ) has been mapped as part 0 1' lhe
Furnas Formation . Simi lar sandstones , howeve r, are also
f ound i n the Itararé Subgroup. A drag lineation or i gin
fo r the i nt ernal striae has been sugges t ed, but coinc i dent
orienta tion i s not easy to explain.

Exit t o Lapa at lef t.

S'I'Ol? L1 . (opt i onal ) . Oute rop on t he r i gh l. s i ele: o f Lhe road
to Lapa shows a l ower massive sandy diamictite cut by
disconti nuous horizontal j oi nts and succeeded transi tional­
l y by rhy thmi te of di amie t i te and shale. Bo th are loaded
with i n trabasinal sedimentary clas ts, mos t of wn í.cn paral l e l
t o beddi ng, and also con tain rare dropstones . The outcrop
i s very similar to t he one at Lapa quarry and may also
represent a subaqueous basal tilli te followed by deposi ts
of density currents.

STOP 5. Massive and stratigraphic di amic tite. An excel l en t ,
t hi cl< and relatively continuous outcrop of Campo do Tenen­
te beds along the ravine and the road cut on the r i gh t side
of road. The sequenee exposed i ncludes basal clas t -laden
(rnos t1y intrabasinal) rhythmi te of diamic ti t e and sha l e
and varvi t e (± 20 m) intercalated wí th th i ck mass í ve sand­
stone beds upwards. The s t rat ifi ed subaqueou s deposi t
passes transitionally to a zone of fragmented and di s ­
organized blocl<s of sands tone mixed with crenulat ed shale .
~Jhich apparent l y rest below a r idge-lil<e body of coarse
conglomerat i c sands tone with s l umped (faulted) blocks on
its flanl<s . 'I'he sequence exposed on the sout he m flanl< i s
also made up of f ragmented bl ocks or th í ck beds o f massive
diamictites which is be t ter exposed along lhe road cu t
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(Fig. 29) . The Long cut ( ~ 300 rn) shows a basal zone of
mass ive, very compac t diamic t ite , cut by normal faults and
over1ain by stratified diamic t i te wi th beds/laminae , un­
du1at ed/folded and enveloping l enticular masses of t he
massive lower diamictite . Clasts in t he s tra ti f i ed dia­
mictite often l ie with l onger axes paral l e l t o bedding .
This is marked by a ser ies of paralle1 irregular t o
regularly spaced joints . The uppe r diamictite is overlain
disconfonnably by shales . The diamictites have been i nte r ­
preted as representing a basal (mass ive) ti llite , overlain
by flow-til lite resting against a fluvio-glacial body of
conglorneratic sands tone . Canuto (1985) compared this ou t ­
c rop with model s of development of supr ag l acial sequences
of ti l l and outwash as discussed by Boulton (1972) .

STOP 6. Massive and s t ra t i f i ed diamictite . A rela t ively
long outcrop of Campo do Tenente beds on the left s ide of
road shows a lower diamictite, si1ty-sandy, massive to
faintly stratified with cl as ts parallel to bedding laterally
cut by nonnal faults and overlain with gradational contact
by altennating diami cti t e and 1aminae/beds and lenses of
sandstone and cong1ome ratic sandstone , associated wi th
drag- l inea tions . The section i s disconfonnably ove r l ain
by sh al e with dropstones . The sequence is i nterpreted as
including a lower basal t i l 1i t e overlain by flow til l i t e .

STOP 7. Stratified diamic t i te . A relati vely th i ck e xposu re
along valley flank on right side of l~ad (Campo do Tenen t e
Fonnation ) . St ra t i f i ed sandy diamic t i te (30- 40 m thick)
with abundant structure s denoting gravitat ional mass flow,
such as fol ds and "hool<s " and many cIas ts ori en Le cJ pa ra lle l
t o bedding, and i nte real ated with beds of graded , coarse to
conglome ra t ic sands t one , with sharp basal contacts , \vhich
t end to predomi nate towards the top of sec tion . Diamictite
corresponds to a flow til1ite , ~mereas the sandstone beds
are prob ably depos its of dense curren ts , wn .ích al temate
wi th the debris flows, and later bec omi ng the predominant
depos i tiona1 process (Campo do Tenente Fonnat ion) .

Exit t o Palmeira a t r ight .

Exit to Palme í ra a t r tgh t .

STOP 8 . Slumped sandstone of the Nafra Fonnat i on.
Int ense ly (chaotically) defonned fine sandstone and inte l'­
bedd ed laminated di amictite (r~afra Forma t íon ) . Sl ump



40 .8

45 .8

130 .0

135 .5

structures are relatively common i n sandstones and
assoc iat ed diamict i tes in this part of the section, sugges t­
ing l ocal steeper s lopes.

Exit t o Rio da Areia at ri~pt . Outcrops of finc, fOS5ili ­
('(: r'ow; mru-l ne : ;I :c1lflll :nL:;; of 1.1 11 : IJ(.lp( ~r· Hi o do : ;,11 FCHlII:ll .ilHI

occur locally .

STOP 9 . Contact of the Itararé Subgroup (Ri o do Sul For­
mation ) and the Rio Boni to Formation. Marine sha l e (Pas­
s i nho sha l e) at the top of the Rio do Sul Forma tion i s
disconformably overlain by fluviatile sands t ones of the
Ri o Boni to Format i on (Pe rmi an) . The Passi nho shal e i s a
regionally extensive bed identified f'rorn southem to
nor th e rn Paraná State . It is associa Lccl wi l.h LI1~ posL­
glacial transgression that followed cessation of lh e
glaciation .

End of excursion . Return to Cur i t i ba for ovemight stop and
to s ão Paulo on next day .
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