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ABSTRACT

15

Ca na nei a Fo rmation , occ u r ri ng a l mos t con t i nuous l y at l east in

the sou t he r n half of the Stat e of Sao Pau lo coasta l p lain , i s

ove r lyi ng co n tinen t a l Te r ti a ry deposi ts o f Pariquera A~u

Format i o n o r c ry s t a l l i ne rocks of Preca mb ri a n age . It s basa l

port i o n , i n general , with a sa ndy -c layey compos it ion i s

s upe rimposed by esse nt i all y sandy sedimen t s , bo th r epresent ing

the Pl e i st o c e n e Ca naneia Transg ression (=Sangamon) i n the area .

A de t ai led s t udy o f th i s fo r mation i n Co mp rid a and Ca na ne i a

Is lands , as we l l as in neighboring coasta l p l ai n i n the

co n ti ne n t , al l owed u s t o recognize a n asse mb l ag e o f

sed i me n t a ry s t r u c tu res rep resen ta tive o f s h a llow mar ine

deposi tiona l e nvi ronments .

The f ine s a nd s with he avy mi neral lami~ations and sand y ­

clayey in te rca l a t i o n s , exhibi ting wa vy , l ent i cular and flaser

beddings associa t ed with i n t ensive bio t u rba tion s and load­

casts , a re probably rel ated t o u pper s ho r e f ac e . These sed i ments

a re ove r l ai n b y purer f ine s a nds wi th p aral l el hor izontal to

s ub - hori zo n t a l laminatio n s and l ow-a ngl e c ros s - b e ddi ng s and

mud crack s , r epresenting a s ha l lowe r s ub-e nv i r o nme n t s u b j ec t e d

to per iodic al subaer ial e x pos u res i n a f oreshore , i ndic a t e

the end o f the Cananeia Transgres s ion .

RESUMO

A Forma~ao Ca n a neia , que o co r re ma i s ou menos c o n t i n u a me n t e

pe lo me no s na metade sul d a planlc i e cos te i r a do Estado de

5eo Paul o , e su~e r~os ta acs ce~6EitoE t e rc ierios cor.ti~e~tai~
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da Forma~ao Par iquera A~u o u as roc ha s crist a li nas de idade

p r6 -cambriana . ~ sua por ~8o bas al a pre s e n t a, e m geral , uma

constitui~~o a re no - argi losa , sendo encimada por dep6sitos

essenc ia lmente a re noso s , a mbos representando a Transgressao

Ca naneia ( = Sanga monia na ) d e idadc pl e i s t o c ~ n i ca na a rea .

Urn estudo deta lha do des ta f o rma~ao nas ilhas Comprida e

Canane ia , bern como na p l anlc i e cos tei ra adjacente do continen ­

te , pe rmitiu-nos reco nhecer u rn con j unto de est rut u ras sedimen ­

tares rep rese nta tivas de amb i e ntes deposicionais de ma r raso .

As areias fi nas com lamina~ae s d e mi ne r a i s pesados e inter ­

cala~oes areno- a r g i losas , e xibindo acama men tos ondulados ,

l e nt i c u l a r e s e f l a se r a s s oc i a do s a i n tens as bioturba~3es e

estru t uras de sob reca rga , s ao provave l mente relacionadas a

face praia l s upe rio r . Es t e s sed i men tos s ao s upe rpostos po r

areias finas ma i s pu ras com l a mi n a ~ ae s horizontais e s ub - hori ­

zon tais p aralelas e com estratifica~aes cruzadas de baixo

a ngul o e g re tas d e c o n t raqao , representando u rn sub-ambiente

ma i s raso s ub met i do a e xposi~oes sub -ae r e a s peri6dicas em uma

antepraia , i ndica t i vas de fi m d a Tran s g r e s s 30 Cananeia .

I NTRODUCT ION

Cananeia-Iguape coas t a l p lain , si t ua ted in the southern par t

of the State o f Sao Paul o , ha s a n a r e a of about 2 ,500 km2 ,

with a rough ly h a lf - moon shape of 130 x 40 km (Figure 1 ) . Its

northeastern a nd s o u t hwes tern e xt re mities are consti tuted by

Precambrian crys t a l line r ock he ad lands which reach t he sea .

This area is d is sected by l a goo nal c hannel sys tems de lineating

t hree islands , the fi rs t two essentia lly forme d by Quaterna ry

deposits (Ca naneia and Comprida Is lands) and the l a s t one by

Precambrian cryst a l line r o cks (Cardoso Is land) .

Comprida Is land is a barrier-is land mostly related to sea ­

level fluctuations of the l a s t 7 ,000 years (Martin and Suguic ,

1978) . It is about 70 km long and 3 - 5 km wide . A lagoonal

channe l 400 to 1 ,200 m wi d e , loca l ly named "Ma r Pequeno " ,

separates this is land from the continent . Southward , "Ma r

Pequeno " is divided in to two l a goona l channe ls ( "Mar de Cuba ­

t ao " and "Ma r de Ca naneia " ) , around the Cananeia Island .

In Cananeia Is land and in t he neighboring coastal plain in

the continent , the Quaternary shal low- marine and lagoona l

(or bay bottom) sediments of Pleistocene Cananeia Formation

are dominant . This formation was , for the first time ,

258



~ PRECAMBRIAN
l.!...:J BASEIIEN T IT]] ~:~:f,~N

PLEISTOCENE

IoOl COLLUVIO - ALLU VIAL r:>:a SA N TOS
L2...LJ SEOIIIEN TS L::z=J FORIIATION

COtOZOIC HOL OCENE

680 - AL T ITUDE 1m)
SC -I - COLUIINAR SECTION

Fi g ure 1 . Ge ol og i c map of t he studied a rea .



r e cognized a nd c e s c r i b e d by Sugu io and Petr i (19 73) . Tts

min imum age wa s obtained by Sugu io and Mart in ( 1978a) , by

dat ing ~ood f r a g men t s c o n t &i ned i n b a s a l c l a yey -sa ndy sediment s .

Th is format ion has been cor re lated with t he Ple i st o c e ne depos its

i n the StAte of Bahia c oastal pla ins , dated by Mart in e t al.

(1982) as 120 , 0 00 year s BP .

Th e surface of Cananeia Format ion was intens ive l y d i ssected ,

dur ing the fol lowing l ow sea - leve l per iod (Northern

Hemi sphere glacial per iod) , by drai nage net e s t ab li s he d at

that t ime . Dur ing the last 6 - 7 ,000 year s , sea-l evel surpa s s ed

the present s ea - leve l , when the eroded port ions of the Canane ia

Format ion have been occupie d by the Hol o c e ne Santos Format ion .

Suguio and Martin (1978a , b) reported the resu lts of a

deta iled study , based o n the interpretat ion of aer ia l phot os ,

f i e ld survey s , and rad iocarbon dating o f these Quaternary

sediments . They estab lished t he f o l Lowi nq e vo l ut i.v e mode l

(F i gure 2) , valid for the Cananeia - rguape c o a s t a l plain :

F irst stage - Dur i ng the max i mum o f Canane ia Transgress ion

the sea reached the foot o f t he Serra do Mar. In th is per iod ,

c l a y e y - s a nd y a nd t r a n s g r e s s i ve mar ine sands covered the

Par iquera Ayu Format ion .

Se cond stage - Wi t h the r e g r e s s i ve phase , beach-r idges be g a n

t o be depos ited o n t he top of sandy sed i ments .

Th ird stage ~ Dur i ng this pha s e sea - leve l was a lways l owe r

t han the present one (about 18 ,000 years BP t he sea-leve l wa s

a bout - 11 0 m be low present level) , and the r i vers deeply

e r ode d the sed i men tary deposits of Cananeia Transgress ion.

Va l leys were fo r med simi la r t o those in the Barreiras Fo rmu t i o n ,

observed along t he coast line of t he State of Bah ia .

Fourth stage - Du r i ng the last transgress ive phase the sea

encroa ched upon lower zones at the beg inn ing forming an

e x te ns i ve lagoona l system where c layey-sandy depos its ,

fr eque ntl y very rich in organ i c ma t t e r , were depos ited . Tn tte

meant i me , the sea e roded the h igher-ly ing parts of Ca na neia

Formation and redeposited the e r oded sands to form the

Hol o c e ne sandy ma rine deposits .

Fifth stage - Dur ing the return of the sea - l eve l toward the

present l evel , regressive beach-ridges were formed . Th e

flu ctuations of the sea-level during the fin a l part of Santo~

Transg ression produced severa l generations o f beach-ridges.

Thus , .o n Comprida Is land we can see at least two generations o f

beach- r idges separated by a r a t he r swampy , l ow-l y ing z one th~t

c a n be followed over aproximate ly 50 km.

260



1st. stage-Maximum oi tte Caroneio transgression(Pleistocene)
"Conaneio" maximum tevet

Deposit ional surtoce

3 rd stage -Parcial erosionof themarine sediments

_... ... - -.. "'- -II Om
15000 yeas 8.P.

4 thostage - Maximum of theSantostronsgression(Holocene)

Figure 2 . Evolutive stages proposed to e x p l a i n the origin of

the Cananeia-Iguape coastal pla in (Sugu io & Ma r t i n, 1978a) .

CANANI!:IA FOR11ATIOI< SEDI 1I,ENTARY STRUCTURES

Outcrops of Cana neia Fo rma t i o n, whose summits are situated

about 6 to 8 m above present h igh-t ide level , are very

frequently found in ~he stud ied area . They are always

associated wi th eros iona l marg ins of present lagoona l channels .

Many k inds of sedimentary structures have been observed by
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Sandy soil

Bioturbat ions

Sedimentary structures

f9i4?) Trough cross beddings

f:.:/ ·,C·::'] Flaser beddings

I:~</J Ripplets

~ Herringbone cross
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W§ Lenticular beddings

~ Wavy beddings

r;::~J Clay balls

~~ Sandy pockets

~ Load-cast
~Escape structures

P llel hoti t I~ Pedogenetic structuresora onronto~
to sub hor izontal .... .. ., Low-angle
lominotions ~ cross beddings

~
~

[····5·.. ·).. . .
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c:=:J
~

~
~

r7:l
~

H.5 . L. High sea level

Figu re 3 . Le ge r.d for l itholog i es and sedimenta ry structures .

prev i ou s a u t ho r s b u t they have neve r been stud i e d i n detail .

Th irty six l oca l co l umna r sect ions were measured and desc ribed

i n detai l whi ch all owed us to recogn ize the f o l lowing fe a t ures

(F i gure 3) :

I . Bi ogen i c st ructures - Cal l i chirus ma jor b u r rows , bio­

turba tions (d i st inct and ind is tinc t mottl ed struc t u res ) , a nd

escape s t r uc tu res . Th ey have be en desc r i b ed a~d in terpre ted

pre vious ly by Sugu io a nd Mart in (1 97 6) , Sugu i o et a l. (1 98 4) ,
and Rodrigues et a l (1985) .

2 . Hyd r odynam i c s t r uc t u re s - pa rall el hor i zo n t al and s ub ­

horizonta l laminations , trough c ross-beddings , f laser beddi ng s ,

ripp le -drift c r oss - l a mi na tions , he r r ingbo ne c ross -bedding ,

l e n t i cul a r b e d dings , wavy bedd ings a nd l ow-angl e cross ­

beddings . These and some o t he r mi s c ell a neous structures , l ike

l oa d cas ts , c l a y ga l l s and c l a y b a l ls , mudcra cks h a ve be en
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Figure 4 . Integrated columnar sections of the Cananeia coasta l

p lain showing the most important lithologies and sedimentary

structures .

observed in Cananeia Format ion . Some of them have been reported

previously by Suguio and Petri (1973) , and the me a n i ng of

hydrodynamic structures are explained in many text books on

sedimentary structures .

Many of these sedimentary structures (Ca l l i c h i r u s major

burrows , flaser beddings , etc .) are very u s e f ul for t he

sedimentary environmental interpretation of Cananeia Fo rmat i on.

COLUMNAR SECTIONS

Th i r t y six l o c al col umnar sections , represen ting o u tcrops of

Comprida and Cananeia Islands , as wel l as the neighboring

coasta l plain i n t he continent , have been integrated into

four composite sections , which give an idea of the genera l

trend of facies changes from the open-sea toward the continen t

(Figure 4) .
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COLUMNAR SECTI ON REPRESENTI NG COMPRI DA ISLAND

Th e outcrop representat i ve o f the Comp rid a Is l a nd inne r portion

is l oc a t e d i n sou t her nmos t e x t r e mi ty of the is land (P i car r o co

Morrete) and is on ly 4 m h igh , beca use it is a wave -cut ter r2ce

b ui lt on Ca na nei a Format ion .

It is e nti re l y c omposed of fi ne t o ver y fi ne sand without

sandy -c l ayey layers. Abu nd a n t Callichirus major bu rrows ,

observed at present h igh-t ide l evel , hav e been studied in

deta il b y Su guio et al . (o p . c it . ) and Rodri gu e s et a l. (o p .

c it . ) . Toward the t o p the re i s a s a ndy layer a bo u t 2 m t hick

wi t h a bundant herringbone c ross - bed d i ngs , f o l lowed by sands

wi t h p a r a l le l horizontal t o s ub - ho ri zo nta l l ami na t i o ns a nd

low-ang le c ros s - l a mi na tio n s .

COLUM/JAR SECTIONS REPRESENTING CANANt I A I SLAND

Ca naneia Is land outer port ion - The most r epr e s ent a t i ve

ou tc rnp of th i s p a r t of the i s l a nd i s fo u nd nort hward of Ho t el

Gloria (Cananeia town ) . About l owe r 2/3 of t his 5 m h i gh

outc rop consti t u tes the b ed r ich in Callichi rus major bu rrows

a nd esca pe s t r uc t u re s , wh i c h are c o mp le te ly o b lite rating the

p rimary hydrodyna mi c s e d i ment a ry s t r uc t u res . Th e s e tub e s may

be obse rved i n l ong itud ina l , transversal and diago na l sections ,

which give a go od i de a of the ir morphol og y . Hor i zo n t al parall el

laminations , rippl e -drift c ross - l a mi na tions and trough c ros s ­

beddi ngs have be en observed i n s ome pl a c e s . About 1. 5 m of it s

uppermost po rt i o n is c h a r ac te r i z e d by parallel horizonta l

l Ami nAt i o n s Ann i ndi s tinc t mottled struc ture s.

Cl ayey-sa ndy i n t e rca l a tio n s are not obse rved in th i s po r t i o~

of Ca na neia Isl and , but they are present in some pl a c e s i n the

inner part o f the i sland , like i n a sand q ua rry ne ar t he fer ry ­

boa t pie r t o the conti nen t .

Cananeia I s l and i nne r portion - It is well r epre s e nte d by

o u tc rops si t u a t e d i n front of the I rir iaia-A~u Ri ver mouth.

The outcrops a r e 5 to 6 m high , and a bout 1 .5 m basa l po r tion

is very r i ch in l o a d-c a s t e d c l a y e y - s a ndy in t e r c a l a t i o ns. This

is f oll owed toward the t op by 2 m th i ck s a nd bed c haracte ri zed

by f reque nt Callichirus major bu rrows , i nd is t i nc tly mot t led

structure s and common flas e r beddings . Th e top of these

o u tcrops are also c h a r a c te r i z e d by para lle l hor i zontal t o

sub-horizont a l a nd some trough c ross -beddings .
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COLUMNAR SECTIONS REPRESENTING THE CONTI NENT

As the o u tc rops he ights and the l eve l of Cal l i c hir u s major

bu r rows i ncrease landward , here are si tuated the h ighe st

outcrops in the stud i ed area , wl l r e pre s e n t e d by the o ne

situa ted in t he l e ft marg i n of t he I r i r i a i a -A~u Rive r .

Abo ut 6 m of its basal portion is dominant ly cons ti tuted

by greenish-grey a r g i ll a c e ou s sediments interca l ated by fi ne

to very f ine sand laye r s . Th e s e sa nds occur in ~ssociat ion

with wavy a nd l ent i cu l ar beddings a nd some sandy pat ches

fi l ling o r ganism bu r rows for mi ng distinct mottled struc ture s .

I n som e places o f t he coasta l p l a i n in the contine n t , a s in

t he I tap itang u i Ri ver mou t h , Canan~ia Formation i s u nd e rl a in

by oxidized pe bbly !nuds , probab ly r e s-re s e nt ing Pa r i que ra A<; u

Format i o n , cont i nenta l d e po s i t s , wh i c h accordi ng to Sundaram

a nd Su gu i o ( 19 85 ) , i s o f P liocene age .

Abou t 1 . 5 m t h i c k sa ndy l a ye r wi t h Ca ll ichir u s ma jor b u rrows

a re , in the a rea , f ound about 5 m above t he p rese n t h i gh - t i de

l e ve l .

The uppe rmo st 1 . 5 m is fo r med of fine t o ve ry fi ne sand wi t~

pa r a lle l hor i zontal to sub- horizonta l lamina t i ons and l o w- a ngle

c ross - l a mi na tions .

DEPOSITIONAL ENVIR ONMENTS

According t o Pe tr i and Suguio ( 1973) , Canan~ia Format i on

rep rese nts a transg ressive episode , beginning with t ransitional

(brack i s h wa t er) c layey-sandy sedimen ts , f o ll o wed by s ha llow­

mar ine s a nd s i n i t s upper po r tion . Th i s inte r p re t a t i o n was

based o n mi c r oo r ga ni s ms (fo rami ni fer a a nd dia toms ) and gra in

s ize a nal ys is .

Litholo g i c al c ha r acteristics , mo s tl y sedimenta ry struc ture s

here analy s e d i n s ome de tai l , are very i mportant to unde r s tand

t he depos it i ona l e nvironments of t he Canan~ia Format i o n . The

l owe r port i on c ha r ac te rized by an abund a nt hyd rodynami c and

b iogen i c s t r uc t u re s cou ld be s u itab ly a t t r i bute d to upper

s ho r e f ace s ub - e nvi r o nment . Le n ticu la r , wavy a nd f las er bed di ng s

are s u gges tive o f an envi ronmen t where t i dal c u r re n t s playe d

a very important r o l e dur i ng sedimen tation . The heigh t s of t he
l e ve l s wit h a bundant Call i chi r u s major burrows , i nc reasing

f r o m prese nt s hore l i ne toward the continent , a nd t he

a noma l ously higher dens i t y of b ur rows fo und by Suguio e t a1.

(op. c i t . ) i n "Co s t e ira da Barra " are a (Ri be i ra d e Iguape
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River) suggest sea-level rising d uring it s depo s it ion . About

1 . 5 t o 2 m uppermost port ion of Cananeia Fo r ma tion o utc rops ,

with onl y f ew structures and in some plac e s e x hibi ti ng

e vide nce of reworking by wind , could have b e en depos ited in

a fo r e shore sub-environment . Th e sed imenta r y structu re mc s t

typica l of foreshore is the low-angle cros s-bedding (Thompso~ ,

1937 ; McKee , 1957) .

Therefore , sed iments depos ited i n deepe st water wi th in t h e

s equence mus t be r epresented between the above mentioned sub­

en v i ronme n t s , but this ev i d e nce is not c lea r . On the o t he r

hand , the str i king difference between the c o lumna r sec tio ns

r epresenting Ca na n e i a I s l a nd , and the ne ighbor ing c oastal

plain i n the c o n tine n t , co u l d indicate a much quieter wate r

( l agocna l channe l?) d~ring the d epos ition of sediments

outcropfing i n t he Ir ir iaia A~u River . Th i s fa ct wcul d

suggest thu t Cananeia I s l a nd was a burrier -island du ri ~g t h 2

Pleistocene originat ing a p rotected area a t its backside

s imilar to the present situation .

ACKNOWLEDGEMENTS

Thi s wcrk has been made possible thanks t c f i na ncia l s upfort

fro m FAPES P (Funda~ao de Amparo a Pe s q u i s a do Estad o d e Sao

Pau lo) for fie ld surveys (Processo 84 /0271 - 0) .

REFERENCES

Martin , L . ; Bittencourt , A .C .S .P . & Vi la s -Boas , G .S . 1 9 82 .

Primeira ocor rencia de corais p leistocen icos da costa bra­

s i le i r a : Data~ao do maximo da penultima trans gressao . c ien­

c ia da Terra, 3 : 16 -17 , Salvador (BA) .

Martin , L . & Suguio , K. 1978 . Ilha Co mp r i d a : Urn e x e mp l o de

i l ha - b a r r e i r a l i g a d o a flutua~aes d o nlvel mar inho duran t e

o Quaternario . xxx Congr. Bras. Geol. Anais 2 : 9 05 -912 ,

Recife (PE) .

McKee , E.D . 1957 . Primary structures i n some recent sedime n t s .

Amer. Assoc. Petrol. Geol. Bull. 41 :1704-1747 .

Rodrigues , S . de A. ; Suguio , K. & Shimizu , G.Y . 198 4 . Ecolo­

gia e p a leoeco logia de Callichirus major Say (1 818) (Crus ­

tacea , De c a p o d a , Tha l a s s in i d e a) . An. Sem. Reg. Ec o l . ,

4 :499- 5 19 , Sao Car los (SP) .

266

•



Su guio , K. & Martin , L . ] 9 76. Pr e s enca de tubos f o s s ei s de

Call ianassa nas forma~ae s quate r n~ r ias do l itoral paul ista

e sua ut i l i z a¥d o na reconstru~ao pa l e oam b i ental . Bo l. IG,

Inst. Geocienc . , USP , 7 :]7 -26 . Sao Pa ul o (SP) .

Sugu io , K. & Ma rti n , L. ] 9 78a . Quaternary ma r ine f ormat i ons

o f the State o f Sao Pau lo a nd southe r n Ri o d e Jane iro . ] 978

International Sympos ium on Coastal Evolution i n the

Quaternary Special Publ i cat ion N° 1: SSp . , Sao Paul o (SP) .

Suguio , K. & Martin , L . ] 9 78b . Mapas geologicos das planicies

costeiras q uaternarias do Estado d e Sao Paulo e suI do Rio

de Janeiro (1: 100. 0 00 ). DAEE/SOMA, Sao Pau l o .

Suguio , K. & Petri , S . ]97 3 . Strat igraphy of the Tguape-Ca~a

neia lagoonal reg ion s ed imentary d e posi t s , Sa o Paul o , Brazi l .

Part T: Field observat ions and gra in s ize analys i s . Bol. I G,

I nst . Geocienc ., USP , ( : ] -2 0 , Sao Paulo (SP).

Sugu io , K. ; Rodrigues , S . de A. ; Tess]er , M.G. & Lambooy , E .E .

] 98 4 . Tubos de oph iomo r p ha s e outras f eic o e s de bioturba~~o

na FOrm2.qao C?naneia , P ]e istoceno da p ]anlcie costeira

C~nanei~-Ts~ape, SP . I n: L?cerda , L .D . et al. (organizado ­

res) . Re st i ngas: o r i ge m, estrutura, processos, ] ] ] -] 22,

Niteroi (RJ) .

Sundaram , D. & Sugu io , K. ] 985 . Nota pre]iminar s ob r e uma

assembleia mioflorlst ica da Forma~ao Pariquera A~u , Estado

de Sao Paulo . VI I I Congr. Bras . Paleont . (] 983) , MME -DNPM,

Ser ie Geologia N° 27 , Pal eont . /Estrat . N° 2 :503 -5 05 , Rio de

Janeiro (RJ) .

Thompson , W.O . ] 9 37. Pr imary s t r uc tu res of b e ache s , bars and

dunes . Geol. Soc . Ame r . Bull., 48 : 72 3752 .

267



Quaternary ofSouth America and Antarctic Peninsula
(JorgeRabassa, ed.) ISSN0168-6305
1983-,23 em,c.160pp., Hfl .65/ $33.50/ £19.50pervolume
Emphasis is on the paleoenvironmental& paleoclimaticap­
proach. Helpscorrelate S Americanenvironmental events&
endogenous episodes withequivalents in otherpartsof the
world. Editor: DirectorCadic, Ushuaia, Argentina.
Volume 1 (1983)11 papers, S AmericanMeeting, INQUA,
Neuquen, 1982. 166pp., 28photos,906191513 9.
Volume 2 (1984)Glaciation inPatagonia; CatalogChilean
fossil deers; QuaternaryNE Argentina; Palynology, Laguna
Chascomus. 1984,224pp., 906191 542 2.
Volume3 (1985)Withselectedpapers ofthe international
symposium onLateQuaternarysea-levelchanges & coastal
evolution. MardelPlata.30 September-S October1984.
1986,232pp.,9061915910.
Volume4 (1987)Withselectedpapers ofthe international
symposium on sea-level changesand Quaternaryshorelines.
SaoPaulo.7-14 July 1986.1987,344 pp., 9061917328
Volume5 (1987) Withselectedpapers of theX/lth INQUA
congress. Ottawa.1987on theQuaternary ofSouthAmerica.
1987, c.250pp.,906191 7336.

FROM THE SAME PUBLISHER

Croot, D.G. (ed.) 9061918480
Glaciotectonics -Selectedpapersof theINQUA symposia on
genesis andlithology ofglacialdeposits. M¢n1986/ Ottawa
1987/ Norfolk 1988
1988, 25em,c.250pp.,Hfl.80 / $42.00 / £25

Goldthwait, R.e & C.L.Matsch (cds.) 9061916941
Geneticclassifications of glacigenic deposits
1988,25em,c.350pp., Hfl .120/$61.00/£36
Finalreportof theINQUA Commission onGenesis & Litho­
logyofQuaternary Deposits. Glacigenic processes, deposits &
landforms; Deposits & datatreatment bycomputer; Tills&
terminology in21 languages; Glaciofluvial deposits; Glaciola­
custrine sediments; Glacio-marine sediments; Morphogenetic
glacial forms; Glacioteetonic landforms; Indicator fororede­
posits; Tillsinengineering geology; Regional reports from
Scandinavia, Canada, thePyrenees, etc.

Hageman, B.P. & E.FJ.deMulder (eds.) 9061917069
AppliedQuaternary studies- Proceedings ofa symposium
heldat theX/lth INQUA Congress. Ottawa. 31.07-09.081987
1988,25em,c.l90 pp.,Hfl.80 / $42.00 / £25
Prediction of subsidences; Shear-strength determinauon;
Planning & management openpitmines; Tunnelling; Fabric
studies of ice-thrust shearzones; Lowcoastal areas; Acidifica­
tionof soils& aquifers, timefactor &' authorization; etc.
Editors: Geological Survey, Haarlem.

Schluchter, Ch.(cd.) 9061917344
European Quaternary stratigraphy: Typelocalities - Pro­
ceedings ofanINQUA symposium (Provisional title)
1988.25em.c.120pp.•Hfl.45 / $23.00/ £13.50

All books available from
your bookselleror from:

A.A.Balkema
P.O.Box 1675
Rotterdam
Netherlands

&

A.A .Balkema Publishers
Old Post Road
Brookfield, VT 05036
USA

:




