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PNTRODUCTHES

Contributions: o the Late Paleozow
paleoclimatology of South Amenca in the
period 19701979 involve mainly, though not
exclusively, discussion of different aspects of
lower Gondwana glaciation along the following
lirees -

a) Descriptions of glacial deposits features
and facies, and their stratigraphic - and
geographic dstribution;

b) Descniptions of fossil Mlora and fauna
intercalated in the glacial sequence bearing
on paleochmatic nterpretation  and/or
interpretation of facies and age of the Late
Palegroic glaciation;

¢) Contributions to the regional distribution
of glacial or supposedly glicial Late Paleozoic
rocks,

d) Regional analysis of paleochimatic
important Late Paleozpic rock sequences
relevant for peneral palecenvironmental and
palengeographic interpretation ;

¢) Palcomagnetic  analysis. of  the
palepiatitudinal position of glacial bearing and
other Late Paleozoic strata.

Though other information pertinent to the
understanding of South American late
Paleozoic paleoclimatology may appear in more
general discussions of Gondwana climate  or
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geography (ep. Frakes & Crowell, 1970:
Crowell & Frakes, 1975: Bigarella, 1970; Creer,
1970, eic.), these will be excluded from the
present review that inlends 1o incorporate only
the more geopraphecally specilic information.

For pructical purposes discussion within
each item will not sirictly follow  the
chronologicdl order, but  will rather be
orgunized according 10 the nature of the
contributions dealt with. References 1o data

lor stratigraphic units other than the
diamictite-beuring  sequences  will  appear
jointly.

) IDENTIFICATION OF GLACIAL DEPOSITS
AND FEATURES

Anempts 1o distinguish tillites from other
diamictites: of the Iararé Subgroup through
the application of statstical techniques have
been made by Landim (1970) and Landim &
Barros (1972). Of the several parameters utilized
(grain/matrix  rotio, sand  iraction  mean
roundness and sand [raction mean sphericity)
the first seems the mosi discriminative. Receni
research, however (Saad, 1977; Santos, 1979),
demonstrates that llites  identified as such
by the technique employed coniain murine
mcrofossils.

Subsurface lithologic sequences of  the
ltararé Subgroup have been analysed by the
transition  probability matrices  technique
(Landim, 1971) Results indicated a general
cyclic type of deposition of the glacial sequence
possibly: associated with recurrent sedimentary
processes: i the glacial environment.

Additional evidence of glicial origm of
the late Paleozoic dinmictites of Mato Grosso
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do Sul (Aquidavana Group) and Sio Puulo
(Itararé Subgroup) have been derived from
electron  microscope  observation  of  typical
plicial textures on sand  grains (Landim er
al., 1975).

Two extensive boulder pavements have
been deseribed  mtercalated within o single
diamictite body in the northern Parind Basin
(Rocha-Campos er af, 1976). A comparative
study of the probable sense of ce-flow on the
basis of measurements of strine on ‘beveled
faces: of casts: of the two pavemenis and
of the fabric of clasts a1 several Tevels within
the dinmictite vielded substantially difTerent
results. thus indicating the complexities that
mvolve deductions of sense of  glacier
movement,

Rocha-Campos er af, (19772) identified
possible  pseudomorphs - or casts of ancient
wee-wedges inside a dinmictite of the [tararé
Subgroup, The features sugeest the occurrence
of rigorous periglacial conditions (permafrost)
m the northern Parana Basin doring the late
Paleozoic,

Saad (19773 and Santos (1979} revised the
siraligraphse  distnibution,  charactenstics: and
fecies of ltararé Subgroup digmictites in the
northern Parand  Basine  Lithostratigraphic
correlation coupled with palynological analysis
helped 10 understand the spanal distribution
and pross comrélption of the Iarare sirita
along about 500 km of the castern culcrop
band in the Parand Basin. Santos (1979)

wsed sedimentary models derived from: siudies:

op recent ferrestrial  and  glacial marine
“sedimentation for the analysis of facies of
diamictites of the Ttararé. lee-retreat and ice-
contact  features occur associated  with
diamictiies and seem to be imporant clements
for the understanding of patterns of late
Paleozoic ghicial sedimentation,

Reconstructions. of the  general  glacial
geography of southeisierm South Anierici have
been attempled on the basis of analyss of
facies, (heir  spatial  distribution  and
environmental significance  (Landim, 1972,
Lindim & Fulfaro, 1972: Frakes & Crowell,
1972).
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On the basis of wend-surfnce treatment
of thickness data, Landim (1972) and Landim
& Fulfaro (1972) defined both the thick and
thin deposition of the Itararé straga in nonhern
Parina Basin, They also observed the coincidence
of abundant tillite and thin stratigraphic
sequences  and  Ullte-poor - sediments  with
relatively thick sections of the ltararé Subgroup
Frakes & Crowell (1972) interpreted the
geographic position of postulated glacial lobes
reaching the castern Paranid Basin as coinciden
with the axes of depressions defincated by
treme-suirface analysis, Frakes & Crowell (1972)
specatlled that the enstern'ice lobes may hive
originated m Afrca except for the Urugoay
lobe that might have constituted an isolnted
ie-center. On o similar basis, they interpreted
the Asuncion arch m the western Parana
Basin a5 the site of wnother center from
which ice radiated 1owards the east and
southwest into the Chaco-Parand Basin, Other
smaller and still poorly defined ice-centers were
located on the Pampean arch, Andean
Precordillers. and Manim Garcia uphifi.
Sand (1977) and Santos (1979), however,
found higher a proportion of diamictite and
thicker  diamictite  bodies nssociated  with
thicker lararé Subgroup sections  measured

along the northeastern outerop band of the
Parani Basin

The Carboniferous glacial strata of the
central Andes in- Bolivia have been revised
by Helwig (1972). He imerpreted the Gondwana
diamictites a8 terresirial tillites and tlloids,
the latter formed by proximal reworking of
the former into fluviel and  lscustrine
environments associated with the presence of
a subcontinental 1ce cap located on an eastern
pasitive area cormesponding: 10 the emergent
protocordillera rather than (o local mountatn
glaciers. Associated red beds dnd the red
colour of diamictites have been interpreted
as indicative of arid (glacial) climate in the
basin of deposition. The Carboniferous glacial
sequence of the Bolivian Gondwana is followed
abruptly by o predominantly marine cirbonute
eviponite’  sequence  (Copacabana  Group)
containing a diverse Tethyan fuuna indicative
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of subtroprcal conditons (Helwig, 1972} during
the early Permian.

Hebwig (1972} and Rocha-Campos (1973)
have pointed out some inconsistencigs in the
paleogeographic and paleoclimatic interpretation
of the: South . American [ate Paleozoic in the
context of the paleolatitudinal position of the
continenl. The apparently anomnlous distribu-
ion of Carboniferous reel” carbonates m Chile
adjacent to glacial diamictites: in -Argentina
is particulnrly intriguing (Helwig, 1972). Lack
of @ mare precise correlation scheme for the
South American late Paleozoic constitutes,
however, 5 major basic difficulty in any attempt
of  paleogeographic interpretation of the
inferval {Rocha-Campos, 1973}

b)  PALEONTOLOGICAL DATA

A guantitative study of the diversification
patterns of late Paleozoic bivalve faunas of
South America (Rocha-Campos. 1973) showed
4 gradient decreasing lowards southeastern
South America where association with ghacial
deposits. indicates cold  water - conditions
{Gondwana Provinge), in controst with the
higher diversification values in the northern
part of the continent. I the data in fact
reflect diversity in-faunal vanation, then the
pattern of diversification would demonstrate
a  diversity gradient. sloping towards the
Gondwana Province, Thiz pattern is  in
pocordance with studies of present marine
[aunal diversification. Since temperatune seems
¢ be the major controlling factor of diversity,
the derived temperature gradient is, in general,
consistent  with late  Paleozoic  Tantudes
reconsiructed on the basis of pakomagnetic
channa,

Palynological evidence from late Paleozoic
deposits i the Paganzo Basin,  Argenfing
(Azcuy, 1975z b), suggests that the
differentiation of {lonstc provinges comcdes
with the transition from @ humid to a
seasonally dry climate between Westphalian
and Sakmarian times. These changes may be
related to paleolatitudinal displacement. and
the onset of [late Paleozoic glaciation
in southesstern South America,
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The paleoclimatic and paleogeographic
significance of the composition and distribution
of early Permian mepafloras of South America
have been discussed by Archangelcky & Arrondo
{1975). They recognized a Austroafromerican
subprovinee within the Gondwana  Provinee
during the early Permian characterized by o
“mixed” (CGondwana plus boreal) composition
The presence of mmmagrant (axa: within the
flors was interpreted as indicstive of relatively
rapid ameliorntion of climate shortly after
the early Permian glacianon due to drifting
of South Amenca-Alnca towards lower
latitudinal positions.

Paleontological data on the age uand
correlution of the lute Paleozoic sequences
appear among others 1 Daemon & Quadros
(1970}, Millan (1970}, Gonezalez ( 1972), Gonzaler
efal, (1972}, Lobo Boneta (1975), Azcuy (1975a,
b). Rocha-Campos e al. (1977), Archangelsky
of al. (1978) and Archangelsky & Marques
Toige (1978). Though palynological data indi-
cate a longer duration for the late Paleoroic
glaciation in the Parand Basin  (Stephanian-
Kungurian), this differs from evidemnte based
on inverlebrates and megaplants, on the basis
of which a late Carboniferops-carly Permian
age for the ltararé seems more acceptable,
With the possible exception of the Sauce
Grande Formation, all the other Iate Paleozoic
diamiclites of Argentina seem older than the
Cancrinetla farfeyenss zone (early Permian 7).
In Bolivia the finding of Levipustda fewis
in the manne fauna of the Taiguan Formation
idicates a Namurian-Westphalinn age for most
diamictites: in the Subandean aren. On @
palynological basis, an eurly Carboniferots
age ha: been interpreted for the lower part
of the Carboniferons sequence.

¢) DsTRBUTION OF GLACIAL OR
SurposEnLY  Gracial Rocys
Knowledge of the geographical and
stratigraphical distnbution and characteristics
of diamictites and other associated rocks of
glacial or supposedly glacial origin  has
improved in the period due to regional mapping

and straugraphic revision m several parts of
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the Parand Basin dnd other sedimentary areas
in Brazil.

Soares of al. (1973), Soares & Landim
(1973) and Fiori (1973) described the main
features of the larare Subgroup (called by
them the Ageidavana Formation) in the
northenstern part of the Parand Basin ( Minas
Gerais and S3o Paulo States),

Saad (1977) and Santos {1979) revised the
stratigraphy of the Itorané Subgroup in central
and southern S#o Paulo Sute and offer much
vialuable mformation on  the distribution,
characteristics and facies of the fale Palecroic
diamictites. Detailed description of lithologic
associations of the upper Ioraré and their
environmental significance appears in Soares
et-ol, (1977},

The hararé of southern S3o Paulo and
northern and central Parand State has been
mapped by Vieira (1973) who described (he
main lithologe features of the unit m the
nrei

A detailed account of IMarare rocks and
their stratigraphy in S0 Paulo and ' Parand
States - appenrs i Fulfaro et al (19713
Medeiros (1971) “and Rocha-Campos (1972).
The last contains  detsiled descriptions of
relevant outcrops of glacl rocks and features.

The stratigraphy and main fenxtures of the
ltararé rocks in Parend, Saata Catarina and
R Grrande do Sul and their paleoenvironmental
interpretation hos been derived from  regional
mapping by Petrobris (Tommasi, 19731 A
regional revision of the Parana Basin stratigraphy
by Schoesder o af. (1974} mecludes additonal
mformation on distribution of dismictites and
other paleochimaticilly important rocks of the
ltararé Subgroup.

Corren da Silva (1977, 1978)  discissed
the stratigraphy and facies of the lararé
Subgroup in Rio Grande do Sul, concluding
that the lararé in the arca was nol plocial
m orgm.

The best account on the charcteristics
and facies of late Paleoroic diamictites and
associated sediments along the southwestern
margin - of the Parand Basio l,."nqui.dnu.imn_
Group) appears i Farallat (1970),  who
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interpreted  the diamictites a5 subiqueous
deposits (turbidite, mud-flow) with important
contribution of fce-worked material. Additional
information on the Aquidouans rocks i the
area appears in Folfaro & - Landim  (1971)
and  Fulfore & Petri {1978).

Chatside the Pamna Basin m Broad,
possible glacal dizmictites containing striated
clusts. of late Paleoroic ape have been
recently discovered in Mato Cirosso, do Sul
{Olvaty & Riberro Filtho, 1976) and in Rondénia
(Carvatho of al, 1975), In the Sermpe-Alagoas
basin 1n northern Hrazil the Batinga-Aracaré
sequence, often correlated with the N'Khom
nnvd Agoula “Series” of Gabon { Karoo Sysiem),
has been re-examined by Rocha-Campos &
Brito Neves (in preparation), At lgrein Mova
the Batinga diamictites overlie & strinted and
polished pavement developed on Precambrian
rocks.

For the rest of South America, the useful
syntheses of the late Puleozoic geology of the
main  Paleozoic basins of Argentina  (Amos,
1972 Barrello, 1972 Furque, 1972 Harrington,
1972: Lestn & Ferello, 1972; Mimgrann &
Russo,' 1972; Padula, 1972) and Bolivia
(Castafios & Rodripo, 1978) contain  much
information on the stratigraphy and facies of
dismictite-bearing sequences,

In southern Peru, Mendivil (1976) relers
o the presence of tllitss in the Ambo
Formation (early Carboniferons).

dl REGIONAL STREATIGRAFHN ANALYSIS

Fulfaro (1971} snd Londim & Fulfaro
(1972), discussed the  tecto-sedimentary and
pulpogeographic evolution of the Parand Basin,
including  the  dmmicute-bearimg  lsarard
Subgroup, through trend-surfice analysis of
subsurface thickness datn. The resolis are
useful for depicting the paleopeography of
the glacial sequence,

Sand ef ol (1978) presented an account
of the tecto-sedimentary evolution of the
Tubario Group in the northeasiern Parana
Basin and amempted 1o refme it 1o cratonic
-and other possthle intervenmg lactores (e.g.,
elacio-sdstatic),
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g PaleoMaGsETIC Data

Paleomagnetic determinations on - rocks:

of the ltararé Subgroup in the northem pan
of the Parand Basin have yielded 3 pole that
13- close 1o other late Carboniferous poles
af South Amenca (Valencto ¢f al, 1975L
The pole for the overlying Corumbaiai
Formation {5 closer (¢ other Permian poles
for the continent and includes changes of
polanty interpreted as evidence of an late
Permian (Tatarion) age for the Corumbitai
redd beds,

A Quebrnda  del Pumento age (late
Permian) has  been  interpreted  for  the
dolomites of the Irti Formation in the
northern Parana Buasin.

Palcomagnetic. data corresponding to 167
“varves” were oblained for [tmmré Subgroup
rhythmites at the Ite quarry by Ernesto (1977).
The varation of the magnetic properties wis
considered as comparable o that of the
Earth’s present magnetic fiekd.

Additional dis¢ussions on palcomagnetism
of fate Paleovoic rocks: of South America
by Walencio (1975, 1978) and Vilas & Valencio
(1977} review the available information on the
paleolatitudinal  position of South America
during the interval

SUMMARY

Contribations 10 late Paleteoic palecclimatology m
South  America m the period 1970-1979 arc extenuvely
feviewed alomg the following lines; i) identdintion . of
phacial Feanires and deposits; i) discussions on the fossil
faena snd for und theit beuring o8 |mierpeetation of
Pakeaclimutic conditionn, facies und ape of 1he late Palecooic
rocks: illy improvements in the inowledpe of the regional
disiribotion of - | we suppossdly glacial rocks and of
other mﬁmﬂﬁmlm: i) rigional (hasin wide)
anakys of paleoclimatically important lute - Paleorox
touk sequences with respect (0 general paleoenvironmental
and saleopripraphic imerpretatiana; and v) palesmagnetic
amalysiv of ihe pajeolatitndinal position of glacial and
Olber late Puloosoc strale

Nearly 60 papers have boee reviewed aid comatents
o ihe important esults are sdded
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