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ABSTRACT

Uppe r Carboni fe rous to Lower Pe nni an Gondwanan coals of the Paraná
Basin occur both i n int e r gl ac ial/int erstadial and post - glacial sequences.
The firs t ones are found exc lus i vely in the northeast ern part of basin, in
the Stat e of s ão Paulo , i nc l uded i n the Itararé Subgroup. They are usual l y
thin (max . 50 cm) , dull , rich in mineral matter and s i l t intercalations.
They are associated with pre-Gangamopteris (Monte Mor coals ) and Gangamop­
teris (Ce rqu i l ho coals ) f l or as , abundant exotic-bearing 'diamictites,
striated boul de r pavements and synsedimentary foldings i n part related to
glacier ac tion. The post-glacial coal measures are found i n the Lower
Penni an Rio Bonito Fonna tion of the states of Santa Catari na and Rio Grande
do Sul where the coals are thick enough to be mined. They are characterized
by Glossop t e ris flor al ass emblages. Many coals in Rio Grande do Sul State
der i ve fraro limno-telmat ic peatlands developed in oaleovalleys, others are
associa t ed wi th de Lt aic and barred coastal plains. In Sant a Catarina and
Paraná St a t es coals are associat ed with upper del taic to f l uvial sequences.

INrRODUCTION

Objectives

The obj ec t i ves of this paper are t o review bri e f l y the settings of
the Permo-Carbonif e rous coals of the Paraná Basi n i n Brazil and es t ablish
whether any of the coal layers are of intergl ac ial origin or whethe r they
alI are of post-glacial times (Fig . 1). Such a query impinge s on the
diff iculty of recognition of the gl ac i al- post- glaci al t r ans i t i on . The focus
of the paper is on t he analysis of t he coal-bearing s equences of the Cerqui­
lho area in S . Paulo St a t e which bes t exempl i ty the dilema (Fi g . 1 ).

Paleoclimatic and gl acial conditi ons are in many cases hypothesi zed
on the basis of recogni tion and interpretation of di amic t i tes and
associated s equences as sedimentary facies of glacial origin (Landi m and
Frakes, 1968; Landim and Barros, 1972). Recognition of such glacial origin
i s not a t riv i al mat t e r, because s ediment gravity flows that affec t them
may occur also i n non-glaci al se t tings (Eyles and Eyles, 1983; Drewry, 1986 ).

Theoretical l y , paleoclimatic conditions could be es t abl i shed fraro
foss i l plant s. Fos s i l plant associations have been int erpreted l inki ng, f or
ins t ance , the Botrychi ops i s association with a tundra-equivalent s e t ting,
the Gangamopt e r i s association wi th a boreal-equivalent setting , and the
Glossopteris associa t i on with a cold-temper ate or t emper a t e set t i ng
(Retal l ack, 1980) . Unfor tuna tely , these interpretations surf e r fraro
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circular reasoning as many are based on the characteristics of t he hos t
rocks, for instance, presence of diamicti t es, rather than on independent,
purely physiological evidence frem the fossils themselves. Few of these
plants have ring structures and cortex features which support seasonali ty,
but not necessarily cold climate (Guerra-Sommer, pers. c omm . ; Bernardes de
Oliveira, 1977, 1978; Mussa, 1982).

Methods of study

•A review of the li terature dealing wi th the Lower Permi an of the
Parana basin was conducted first. Then, sedimentary facies analysis was
applied to key outcrops and cores frem coalfields of Rio Gr ande do Sul and,
particularly of the Cerquilho area in são Paulo Stat e. Most of the best
exposures of the Paraná and S. Catarina states were v i s i ted as we ll ,
particularly those which show the transi t i on between the Itararé Subgroup
and the Rio Bonito Formation (Fig. 2).

'lHE PARANÁ BASIN

Geology of the coal-bearing Paleozoic s equences

'lhe Paraná Basin is located in s outhwestern Brazil and ex tends int o
Argentina, Paraguay and Uruguay (Fig. 1 ). It cove r s 1 , 400, 000 km2 and it
is filled by up to 3,500 m of Phanerozoic sedimentary rock .

_ The stratigraphic units of interest in this paper belon~ to the Tuba-
rao Group, which is subdivided into a lower sub-group ( Itarare Subgroup ,
Middle(? )-Upper Carboniferous to Lower Permí an) and an upper subgroup (Gua­
tá Subgroup, Lower Permí an ) (Fig. 2; Rocha-Campos, 1967 ). Coal measures
are found primarily in the Rio Bonito Formation of the Guatá Subgroup, and
only a few thin coal layers have been described frem the I tararé Subgroup
(Bortoluzzi et al., 1978; Correa da Silva, 1980). 'lhe Tubarão Group rests
unconformably and onlaps on the Precambrian shield along all the east e m
margin of the basin, except around the Ponta Grossa arch where t he Group
lies disconformably over Devonian sedimentary rocks (Daemon and Quadros,
1970; Schneider et al., 1974; Correa da Silva, 1978).

Local and global considerations indicate that t he e ast e rn e dge of the
Paraná Basin has been glaciated, that the basin was located a t t he margin
of glaciers some of which originated in southern Africa, and tha t g lac iers
affected differently the various states of eastem Brazil (Martin, 1961;
Rocha-Campos, 1967; Frakes and Crowell, 1969).

In S.Catarina and southern Paraná states, gl acia tions are r-ecorded in
striated pavements on Precambrian rocks , and on rocks of the I t arare Sub­
group which include subglacial diamicti t es, "varvi tes " , and glacio- mari ne
deposits, which alternate with normal marine sediments (Canuto , 1985; San­
tos, 1987, Machado, 1988; Rocha-Campos et al.. , 1989). 'lhe s edimentary
sequence shows overall upward coarsening as the basin was filled by
prograding deltas and shores (Castro, 1980; Lopes e t al., , 1986; Machado,
1989) .
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'lhe appearance of the :first coarse wí.nnowed coast al or- :fluvial sand
identifi es the base of the coal- beari ng s equence ascribed to the Ri o Bon i t o
Fonnati on (Castro , 1988 ) . Glossopt eris floral assoc i a tions characte r i ze
this uni t (Borto l uzzi et al ., 1978; Correa da Silva, 1980 ; Ros ler , 1978,
1979; Bennarde s de Olive i r a , 1977, 1978 ).

I n Ri o Grande do Sul, the Lowes t Pennian uni t cropping out around
the Rio Gr ande do Sul - Uruguay shield in Rio Grande do Su l i s equivalent
t o the upper- Itararé Subgroup of the other s tates (Daemon and Quadros,1970 )
and consists mainly of diamicti t es and varvi t es and shO'NS some glacial
fluted s u r f aces . 'lhe glaciers :flO'Ned out f'rorn a centre on the shield and
were f\.mne l ed northward through s tructurally controlled valleys (Tomaze ll i
and Soliani , 198 2) . 'lhe coals are of post-glacial times, and are f ound in
the Rio Bonito Fo rmat i on . Most of them derived frem limno- t elmatic peats
fonned in val l ey :floors , others are associated wi th fens of barred coas t s.
'lhe coals are f OW1d onlapping directly the Prec ambrian , on lacustrine
sediments and , i n some i nstance, they are associat ed with alluvial fans
(Mendes- Pi cc ol i e t al ., 1985 ; Mendes-Piccoli et al ., 1986) . Many coal
layers are assoc i ate d with an arkosic pebbl y sand (locally called "pedra
areia") whi ch has been Irrterpreted as debris f'Low (Gamennann and Coulon ,
1975), but could also be considered a flash flood depos i t o

'lhe coal measures are ove r l ain by marine uni t s (Daemon and Quadros,
1970 ) (Fig . 2 . )

I n S . Paulo and northenn Paraná Stat e , the uppennost Carboniferous t o
Lower Pennian s equence is compl ex and represents condit i ons p rox imal t o the
glacier, as indicated by striations, rache moutonnée, true subglacial
tillites, s triated boulder pavements, and numerous reworked subaqueous and
subaerial diamicti tes (Rocha-Campos, 1967; Soares, 1972 ; Santos, 1987) .
Simi larly t o Ri o Grande do Sul, structural valleys were fi lled with glaci~

l acustrine , marine and :fluvial depos its (Soares and Cava , 1982 ) . Different
f rom the Ri o Grande do Sul, the S . Paulo region has expe r i e nced greater
glac i al depos i t i on over a longer period of time frem the Upper Carboniferous
to the uppe r- part of the Lower Pennian (Sant os , 1987; Rocha-Campos and San­
tos, 1981 ) . The re is s ome controversy, however , on whether the topmost part
of wha t is call ed Itararé Subgroup i n figure 2 belongs instead to a post­
glacial W1it (Tietê Fonnation) which would be equivalent to the Rio Boni to
Formation (Fulfaro e t al . , 1984) . Such controve rsy has to do wi th whe ther
the topmos t par-t of this s equence has been i n :fluenced by g l ac i e rs , and
whether the thin coals that occur- at Monte Mor , Buri and Cerquilho are
i nterglacial/ interstadial o r post-glaci al .

An i nterglacial setti ng f o r the Mont e Mor coal- bearing s equence is
es t ab lishe d by i t s Late Carboniferous age, a time of glaciation in the
region , and its pre-Gangamop teris flo r a (Taphofl ora A of Rosler, 1978) ( Figs .
2, 3 ; Millan , 1975 , 1987 ) . Although the i r correlation is de ba t e d , the coal.s
of the Buri area may be of similar age and o r igin (F'í.g , 3; Cabr al e t al . .
1983; Ciantelli e t al. , 1983; Cabral and Mo t t a, 198 5 ; Cabral et al ., 1988) .

'lhicker and better s tudied coals are fOW1d in an alluvial :flO;<>dpl ain
sequence a t Cerquilho (Figs. 1 , 4 ) . Cons i de r abl e debat e exists on the
origin of these coal-bearing s equences , hence our analysis has conc ent r a t ed
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on them .

Coal-bearing s equences of Ce rgui l ho

The coal bearing rock s equence of the Ce rqui l ho area is approxi mately
70 m thick and underlies the transgressive shallow marine s i ltstones and
carbonates of the Tatu1 Formation (Nagalli and Consoni, 1984; Fulfaro et
al., , 1984). Floristically the sequence is characterized by a " t rans i tional
tafoflor~' which contains Gangamopteris. To date, no t rue Glos s opt eri s has
been found in it (Rosler, 1978; Millan, 1987). Core sample s show a rich
assemblage of spores (40-5()'~) and pollens ( 30-4()'~) assoc i a t ed wi th t hese
coals. The subdivision of palynomorphs are approximately: t r ile t es 40- 45% ;
monosaccates 10-15%; non striated bisaccates 10-15%; s t r i a t ed bisaccates
20-25%; others 0-5%; and few Tasmanites which, howeve r, may be reworked
Devonian material (Rocha-Campos, unpublished data). This i nf orma t i on
suggests existence of continental wetlands surrounded by dry upl ands .
Li thologically, the coal-bearing silty and sandy uni ts of the Cerquilho
area are associated with diamictites. Many diamictites'are mass i ve, othe r s
ahow lamination or partings, and deformation, and are most like l y fonned by
sediment gravi ty f'Lows , Some authors (Nagalli and Consoni, 1984 ; Rocha-Cam­
pos et al., 1986) contend that these diamictites are glacial i n or igi n ,
others (Fulfaro et al , , 1984; Stevaux et al., 1985) that they were f ormed
during post-glacial times.

In cores we have studied, four major facies associa t ions succeed each
other up to the coaly horizons (Figs. 5,6)

a. Rhythmi tes. They are characterized by sand and sil t al t e rnances
which show internal grading, cross-laminations , some de format ion s tructures,
flame structures, pi11ows, pseudonodules. They are most l i ke ly of
turbiditic, possibly hyperpycnal flow origino

b. Well sorted silt and sand units. They cons i st of f ine s and and
silt, well sorted, light gray. They show faint horizontal lamination,
ripple cross-lamination and flaser, deformation structures suc h as pseudo­
nodules. Few burrows are present, some very large (order of 20-30 cm deep
and 2-3 cm wide). This facies represents lower shoreface deposits .

C. Diamictite units. They are characterized by s andy matrix with
disseminated granules and pebbles, some of which have exotic composition .
Some diamictites have laminae of fairly well sort ed s and and silt , othe r s
show contortions, microfaul tings, diapires, 1000 structures, irregular
lamination. Occasional bioturbation occurs.

These diamicti tes are, for the most part, subaqueous debris flows
developed in progr-adí.ng marine shores/deltas, but in cores the re i s no
unequivocal evidence to decide whether periglacial or post-gl ac ial
conditions prevailed.

d , Coal bearing units. They are characterized by fine to coars e sand,
with some intercalations of silty sand, coal and carbonaceous silt . Most
layers show horizontal lamination, ripple cross-lamination and occasional
cross-beds. Fine grained conglomerates to pebbly coarse s ands occur , and

J
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some contain i ntr aformational s il t clay pebbles. These un i ts represent
alluvial environments ranging f rom alluvial plains wi th wetlands and shal l ow
l akes .

The coals are root ed , thin (maxi rrum 50 em), 0011 and r i ch i n ine r ti te .
'I'hey are unde rlain and overlain by pebbly sandstones (some resembling
diamictites) , seldom by i ntr aformat i onal brecc i a and cong lome rate , and
fai r l y wel l-sort ed sand .

The information ob tained f rom a f ew key outc rops i n the Cerquilho and
Jumiri n areas complements the evidence from the cores, by allowi ng analysis
of l arge scale fea tures (Rocha-Campos e t al . , 1986 ).

a . Near Cerqui l ho , the s equence show coal-bearing, thinly interbedded
silts and s ands , locally folded , faul ted and jointed, and t runcated by an
undulating , sub-hor i zontal surface (Fig . 7). A large (approxima te l y 1 .5 m
in diamet e r ), exot i c gr an itic boulder rests dírectly on the surface ,
included be tween a tri angul ar slice of massive, sandy di amicti t e on one
s ide and de f ormed conglome r ati c , poorly sorted sandstoné on the other . This
polymi c t i c sequence i s capped by a massive, sandy diamic ti t e (about 2. 5 m
thick ) wi th floa ting exotic clasts . This diamictite i s i n turn overlain by
two superi mpos ed sequences (about 4 m thick each ) s eparat ed by a fine clay
lamina, and character ized by rela t ively we l l sorted s and and silt showing
fini ng upward trends wi th c ros s - beds at the base and laminated to cross­
lami nat ed layers above . These two sequences are of probable fluvio­
lacust r i ne origi no

The top part of the uppermost fluvio-lacust rine sequence shows
s tructural deformations and shears . I t is ove r l ain by a massive , heavily
weathered, silty sandy diamictite (about 1 . 5 m thick ) con t aini ng floating
coarse sand gr ains and f ew pebbles .

b , Another important outcrop is found along a rai lway cut near Jumi­
r im, approxima t e ly 20 km northwest form Cerquilho. The out c rop shows a
l ower , tightly i soclinal l y folded , thick sandstone, sharply overlain by a
si1ty-sandy , gray , indurated massive diamic ti t e . The diamictite con t ains
cobbles and boulders primari ly of quartzite and grani t e dis pe rsed throughout
and locally concentr ated in a boul der pavement (Fi g . 8A) . The c lasts are
rounded t o subrounded , and many show iron shapes, f ace t ting and striat ions
(Fig . 8B) . These and other f eatures such as thin, irregularly distributed
sort ed sand laye r s and veins found above and below the boulder pavemen t s
have been interpret ed by Rocha-Campos et al (1968, 1969 ) to record glac i al
ac tion and frozen ground conditi ons .

DISCUSSION

The t h i n , i ner t ite r i ch coals of são Paulo St a t e indicate tha t
active alluvial c lastic sedi ment a t i on did not allow anc i ent peatlands to
persist f or l ong t i me at any one location . The de t ermination of paleo­
climati c condi t i ons under which the coal measures developed and whether
gl ac iers had s ome direc t or i nd i rec t effec t on i t , rests, f or the most part ,
on the i nterpretati on of the origin of the diamictites and associated
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sedimentary features. Two interpretations exist of t he coal - bearing
sequences of the Cerquilho area, One is based on the s emi-regional analys i s
of the cores of the Cerquilho ar-ea , and suggests tha t the diamicti tes under-­
lying the coals and those overlying them are related to advancing and
retreating glacial lobes which reached this marginal area (Figs. 4, 9A;
Nagalli and Consoni, 1984). The second int erpretation is based on detailed
analysis of cores f'rom a smaller local area , and suggests that the sequence
developed as a post-glacial prograding del ta and alluvial plains (Fig . 9B;
Stevaux et al., 1985).

The deposi t s in the local area where the best coals are f ound , coul d
be indeed readily expl aine d as progr-adí.ng fluvial and shore f ace
sedimentation with material contributed fI'Olll exposed c rystalli ne basement ,
and/or fI'Olll reworked pre-existing glaciated t errains. Howeve r, when the
overall region is taken in consideration, questions must be r ais e d about
the significance of the recurring coexistence of abundan t exo t i c mater i als ,
faceted particles with various types of striations and c rescent i c marks ,
massive exotic-bearing diamictites showing variable strúctures and
composition, intrafonnational folds and shear zones, and a t apho f l o ra which
is transitio~ between a colder climate older Bo t rych i ops i s one of the
Lower- Itarare Subgroup and the temperate climate Glossopteris one o f t he
overlying Rio Bonito Fonnation in southern states of Brazil. To e xp l ain such
a variety of sediments and sedimentary features, a very active s e dimentatian
regime is required under variable climatic conditions and presenc e of
reasonable slopes. Then, e í.ther- the tectonics of the area was much more
active than evidence would indicate, or glaciers we re still p res ent in the
area to produce similar effects, or- a combination of the two cccu r-red ,

What was happening along the western margin of t he Paraná Basin a t
large during the lower Permian time ? Perhaps a basir.-wide regi onal view
can help in understanding the local problems of the Cerquilho area ,

Relative steep slopes were present in parts of Rio Gr ande do Sul ,
where some are being exhumed. Slope deposi t s we re present bo th dur-í.ng the
deposition of the possible glacigenic Itararé Subgroup and the post-glacial
coal-bearing Rio Bonito Fonnation. In S. Catarina and parts of Paraná
State steep slopes and possible reactivation of normal faults occurred
during the deposi tion of the Itararé Subgroup , but the s edimen t a tion of the
coal bearing layers of the post-glacial Rio Bonito Fonnation occurred on
regularly prograding alluvial, deltaic and coast al s equences. I n são Paulo
and parts of Paraná State , the morphology of the depositional s ur f ace
has not been completely clarified. For instance, the highlands west of the
city of são Paulo do not show evidence of glaciation on t hem, but they have
under-gone considerable erosí.on , weathering and are now heavily covered by
vegetation. These highlands grade westward into a "transi tion zone" wi th
valley fills containing tillites (Cerquilho is located about 50 km west af
this zone). This zone in tum grades westward into the fUlly develope d
marine Paraná Basin. Perhaps valleys existed throughout t he de posi tion af
the Itararé Subgroup in the areas marginal to the main basin and gl ac i e r s
were fUnnelled tnrough them f'Lr-s t.. Later marine embayment developed , and
finally coalbearing strata formed on the progr-adí.ng al luvial systéms .
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Fur -thermore , tectonic movements may have occurred during Pe nni an t i mes in
the Parana Basin, affecting sedimentation through sh i f t of basi nal depo­
centers or, locally, through growth fault reac t ivation whi ch may have been
one of th7 mechanisms t r i gge r i ng debris flow . Al though the east e rn flank of
the Parana Basin was located at the margin of large ice sheets, extendi ng
frem Africa, some gl ac ier - i nduced isostatic readjust ments, similar t o those
we see in the Quaternary of North America (Marti ni and Bowlby, in press ),
may have occur red and been influential in reactivating older f aults . Such
structures may have affected local sediment a t ion, but alone would not
justiíY the variation in s edimentary features observed i n the Cerquilho area,

'lhe sedime nt ary f eatures described in the Cerquilho area can be more
readily explained by the influence of glacial lobes whi ch advanced and
retreat ed locall y , at t imes overriding some sequences, in places reaching
the sea and enter i ng mar-m e embayrnent s aground or floa ting i n them . 'lhi s
se t t i ng woul d expl ain the interstratification of glacigenic-like deposi t s,
particul arl y the abundant exot i c- beari ng diamictites , with marine and
alluvial sediment s . 'lhe intrafonnational folds LnvoLv í ng the coal.-bear-í.ng
strata and diamictites . the evidence of sheari ng , the large isolated grani t ic
boulder and the ass oc i ated complex distribution of diamictite and contorted
conglomer a t e of the Ce rquilho outcrop may record ice push action of a
surging gl ac i al lobe . Similarly, the development of an intrastr atal boulder
pavement a t Jumirim can be associated wi th lodgement processes at the base
of a glacial l obe .

If this latter int erpretation is correc t, the Cerquilho coals are
interglacial/ interst adial deposits and they belong t o the Itarare Subgroup,
as this i s i dentified as the glacially affected stratigraphic uní t , rather
than the post-glacial Rio Boni to Formation . The Cerquilho occurrences should
be comparable t o Quat ernary analogues of the !'!orthern Hemisphere . A
prelimi nary search has revealed that only few well-developed interglacial
peats are preserved in Quatemary glaciated areas of North America, and they
consist of l acust r i ne to telmatic deposits or transported organic material
in shall ow lakes (Ful t on , 1984 ) . One of the best exampl e s of buried fen
(Low moor ) peat occurs in the Hudson Bay Lowland, on the west coasts of
James Bay (McDonald , 1969) . The buried ancient peat deve l oped on top of an
offlap mari ne sequence in an alluvial setting. The peat is highly deformed
and i s covered by t il l s of the last glaciation . Thes e tills are i n tum
covered by a second of f l ap sequence capped by the modem, very extensiv~

peat l and . I n Europe , particularly i n Holland and nor the m Germany, wel ]~

developed interglacial peats (Eemi an i n age) are f ound in stratigraphi c
sequences enti re l y fonned by ice- proximal, fluv ial deposits, that is , they
have not been over r i dden by glaciers (Fig. 10 ; Te r Wee, 1983) . The i n t er­
glacial/interstadial positi on of such peats is established by their age and
by the presence of nearby, l aterally equi valent diamictites associated wi th
glacial lobes surging along certain valleys .

'lhe Quat emary examples indicate that i nterglacial and i n t erstadial
peats fonn and can be preserved both in areas overridden by gl ac ier s and in
ice-marginal zones . Similar settings may have existed i n the Cerquilho area .
The Quatemary exampl es show also that the peatlands formed in int e r gl ac i al
and post-glacial times only aft e r c lima t e had arneliorat ed to boreal
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conditions (Martini and Glooschenko, 1985). In the Holocene, the t r ans i t i on
from a glacial to a boreal climate occurred in about 5-6 ,000 years, a n
almost instantaneous geologic event.

CONCWSIONS

1. Except for those of S. Paulo State. the coals of the Paraná Basi n
are all of post-glacial times.

2. Fossil plant , microflora, and climatic non-diagnostic t r ac e
fossils and marine invertebrate fossils are available in the Permian
sequence of the eastern side of the Paraná Basin. Al though there is
evidence of seasonal climatic changes (ring and cort ex pl ant s t ruc tures ) ,
there is no evidence of very cold climate during the deposi tion of the
peats. This is consistent with what we know about Quaternary boreal
conditions.

3. Whichever interpretation is given for certain dí.amí c t í tes ( ti H ,
flow-till, or non-glacial debris flow), such interpretation carri es ce r t ain
implications about the paleogeographic (~es of slopes), clima t i c ( semi ­
aridi ty ) and structural settings, which needs addressing and may requi re
re-interpretation of the geology of the region. It is likely tha t t ec t oni c
rejuvenation of slopes, glacial activities and changing climatic conditi ons
have all contributed to form the variable Permo-Carboniferous s edimentary
sequence of the Paraná Basin.

4. Coals of Monte Mor are intercalated wi thin the gl ac i al sequences
of the Itararé Subgroup, and have pre-Gangamopteris flora and are
considered interglacial. Although the stratigraphic position on the coals
of Buri is controversial,they too may be considered interglacial deposits.

5. The coal-bearing sequences of the Cerquilho area were f ormed on
prograding coastal and alluvial environrnents. However, the recurrent
association of diamictite carrying exotic materials, faceted and s triated
pebbles, boulder pavements, large scale intraformational deformation and
shear zones and similar features, indicate active and variable s edimentation
regimes most likely associated with, and more simply explained by, glac i ­
genic processes. At any rate, the possibility that these coals are of
interglacial or interstadial settings is intriguing and would represent one
of the few ancient analogs of the Pleistocene peats of North America
(example of Hudson Bay Lawland) and of Europe (example of Holland and
northern Germany). The European peats are found in fluvial sequences whi ch
locally do not contain any direct sedimentological evidence of gl ac iat i on ,
but their interglacial origin is demonstrated by their age and l a t eral
association with tills.
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FIgure 11. Quaternary interglacial and post -glacial peat layers near the edge of
the continental ice sheet in Holland. A. Glacial map of late Saa lian;
B. Cross section of the tongue basin in Gaasterland (after Ter Wee,
1983)




