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ABSTRACT

Cretaceous mafic igneous activit y in Soulhem Brazil is characterized by a variety of rock types ranging

from lholeiitic basalts to a suite of unusual alkaline compositions. Along the coastline between São Se­

bastião and Ubatuba cities (São Paul o State , Brazil) lhe Archean and Proterozoic rocks of lhe Costeiro

Complex are crosscut not only by basaltic dikes but aiso by camptonites-monchiquites, biotite lampro­

phyres, inclu~ing a melilite-bearing variety (alnõite), and picritic lamprophyres. .

The basaltic dikes show phenocrysts of plagioclase (labr adorite/andesine), pyroxene (augite/pigeonite) and

iron ores in a very fine to fine-grained groundmass of sinúlar mineral composition . When coarser grained,

granophyric quartz and alkali feldspar intergrowths may be present. ln contrast, lhe lamprophyric dikes

present abundant megacrysts of pseudomorphosed olivine (± chronúte inclusions) and pyroxene. The

groundmass is com posed by titaniferous augite , kaersutite, M g-rich bi otite , feldsp ar s (plagioc lase and K­

feldspar), iron ores, analcime (in monchiquites) and devitrifi ed glass . Carbonates are fairly common.

The basaltic dikes have low Mg# (eG. 30) as opp osed to the larnprophyres (Mg# = 57-71; ca. 80 for picritic

lamprophyres). Si02, Ah03 , Na20 and K20 contents are higher and FeOt, MgO and CaO are lower in the

basaltic dikes when compared to lhe lamprophyres. For lhe lamprophyres, Si02 < 47%, Ah 03 < 12% and

MgO > 10%. Furthermore, lhe picritic lamprophyres have lhe lowest Ti02, P20S, AhOs, FeO(, Na20 and

K20 contents.

The high field strenglh elements in lhe basaltic dikes defin e small negative anomalies (e.g. Nb and Ta) as

opposed to positive anomalies in the picritic lamprophyres. lncompatible element concentrations are higher

in lhe basaltic dikes and lower in lhe picriti c lamproph yres, when bolh are compared to lhe monchiquites­

camptonites and biotite lamprophyres.

Distinct mantle sources for lhe coastal dikes are indicated by preJinúnary Sr, Nd and Pb isotopi c data. The

basaltic dikes have ENd(i) of ca. - 5 and initial 87Sr/86Sr ofO.706 to 0.707 , falling in lhe ranges found in lhe

literature for lhe low and high-Ti Paraná basalts. ln contrast, samples from the lamprophyric types show

: orrespondence to : Gianna M. Garda

Instituto Geológico, Av. Miguel Stéfano 3900,

: EP 04301-903 São Paul o. SP, Br azil

J
Ali. Acad. bras. Ci.• (1995) 67 (Supl. 2)



192 GIANNA M. GARD A et alii

ENd(i) bctween +1 and +2 and initial 87Sr/86Sr around 0.705 which are distinctly different from "alues

found for any Paraná basalts and may indicate a deeper mantle source with greater proportions of astheno­
spheric-derived melts.
The alnõite is highly enriched in radiogenic Pb CZ06pbp 04Pb = 19.94), whereas 206pbP04Pb data for the
other dike-rocks fali between 18.21 and 18.71. A11 samples lie we11 above the Northem Hemisphere Refer­

ence Line on 207PbP04pb I'S. 206PbP04Pb plot, where, again, lhe basaltic dikes fa11 in the field of lhe Paraná
basalts.
The geochemical data support a distinct input of mantle components in the generation of the basaltic and
lamprophyric dikes. Whereas the former is related to lhe Paraná Basin magmatism, lhe latter may be asso­
ciated with an alkaline magmalic event intermediate in age between lhe intrusion of the basaltic dikes (130
Ma) and that of lhe nepheline-syenite complex of São Sebastião Island (eG. 80 Ma), as indicated by

87Sr/86Sr isochrons.

Key words: mafic dikes, alkaline lamprophyres, alnõite, Mesozoic vo1canism.

INTROD UCTIO N

The Mesozoic magmatism in Southem Brazil

is represented by the basalts of the Serra Geral For­

mation, the dike swarms of the Ponta Grossa Arch,

the mafic elikes along the coast between São Paulo

.and Rio ele Janeiro anel several alkaline complexes

that lie along tectonic features associated with the

evolution of the Paraná Basin (Almeida, 1983).

The mafic dikes which are object of this study

occur along the coas t between São Sebas tião anel

Ubatuba cities (São Paulo State) anel crosscut

Archean and Proterozoic rocks of the Costeiro

ComplexoThey can also be found in São Sebastião,

Mar Virado and Anchieta Islands (Fig . 1).
The first detailed mapping, petrographic de­

scription and classification of the basic dike s of the

Ubatuba region and Mar Virado anel Anchieta is­

lands was published by Dam asceno (1966). Sev­

eral occurrences were also mapped in regional

proje cts (e.g. Freitas, 1976 ; Silva et al. , 1977).

Chieregati et ai. (198 2) and Chiodi Filho et ai.

(1983) described diabases, diorites, porphyry dio­

rites and 1atites in the region represented in the Na­

tividade da Serra and Caraguatatuba 1:50,000

sheets (see also DAEE-UNESP, 1989). Comin­

Chiaramonti et ai. (1983) presented chemical

analy ses of samp1es collec ted in the Peruíbe region

and along the BR- I01 Highway, from Ubatuba to

Angra dos Reis , that were later compared to the

dike swarm of the Ponta Gros sa Arch by Piccirillo

et ai. (1988a).
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A few papers emphasized mineralogical an

petroch emical aspects of particular dike OCCUI

rences, such as the Toninha s dike (Gomes, 197:

Gomes, 1974; Gomes & Ruberti, 1979; Gomes i

Berenholc, 1980), the traverse form Ponta d

Baleeiro, near São Seba stião City, to llh a Bela, Sã

Sebastião Island (Coutinho et ai., 1991) anel til

mafic and ultramafic dikes of Praia Vermelha d

Sul (Garda et al., 1992). Coutinho & Ens (199:

presented the firs t results of their petrographic an

petrogenetic stuely of the dikes that occur betwee

Itanhaém and São Sebastião cities .
Freitas (1947) studied the geolo gy of the S2

Sebastião Island in great detai1, including the dikr

that crosscut the Westem margin of the islanel ar
th e B onete Beach. These w ere lat er ana ly se d ar

presented in the geochronological study of Bellie

et aI. (1990 ).

FIE LD CHARA CT ERISTI CS

As pointed out by Damasceno (1966) a stri

ing feature is the predominant N55E direction '

the dikes, which coincides with the main region

lineaments of the country rock and Serra do M

escarpment. Along the coast, the dikes are qui

fresh and form small, irregul arly distribue

swarms. The elikes can be a few centimeters to se

eral meter s thick and may show branching. Wh

. eroded, blocks of different sizes may be found ne

to or filling the emplacement fractur es. Howev

dike rims may still be preserved, weldeel to t

country rock.
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The dikes can be classified in the field as be­

longing to a basaltic (BAS) and a lamp rophyric

(LAMP) groups .

The BAS group includ e aphanitic (also

glassy), aphyric and porphyritic types, the gro und­

mass being fine to very fine or glassy in the latter.

Thicker dikes may present differentiated, coarser

cores and glassy or chilled rims . The predo minant

color is dark gray to black, gaining a rus ty­

brownish tint upon weathering.

Some of the rock types which belong to the

LAMP group can be recognized in the field by the

presence of abundant olivine and pyroxene

megacrysts, which, when weathered, leave cavities

in the rock . The groundmass is generally aphanitic

and dark gray to black.

PETROGRAPHY

ln the BAS group, phenocrysts and microphe­

nocrysts of plagioclase, aug itic (and to a lesser ex­

tent, pigeonitic) pyroxene and iron ores are present

in a very fine to fine gro undmass where plagio­

clase and pyroxene occur in similar prop orti ons

and where opaque minerals may be skeletal. ln the

coarser portions of the thicker dikes feldspar may

predomi nate and intergrowths of alka li feldspar

and quartz also occur. Biotite and apatite are

(un)common accessory phases in the evolved cen­
ters. The common alteration minerals <l!e sericite

and chlorite. Very fine veins filled with quartz, car­

bonate anel/or chlorite may occur, as well as small

country rock xenoliths .

The LAMP group can be further subdivided

into alkaline-camptonites and monchiquites , and
ultramafic-alnõite, lamprophyres. Camptonites pre­

sent abundant megacrysts of pseudomorphosed oli­
vine and pyroxene, sometimes arranged in a

glomeroporphyritic tex ture . The groundmass is
mainly composed of titaniferous augite, followed

by kaers utite, biotite, plagi oclase, iron ores and in­

terstitial matter of very low birefrin gence, tha t may

include chlorite. Carbonate occurs in the gro und­

mass. Regarding the presence of carbonates , Rock
(1986) comments that altho ugh distinction should

be made between primary and seco ndary carbon­
ates , his classification for ultramafic lamprophyres

Ali. Acad. bras. Ci.• (1995) 67 (Supl. 2)

is based on present mineralogy and total carbon­

ates may be used and computed in color index esti­

mations.

Mo nchiquites present analcime and glass in

addition to the mineralogy of the camptonit es. The

glass is colorless or transpare nt brown, rich in mi­

crolites, such as in Hunter & Rosenbusch 's (1890 ,

in: Rock, 1979) descri ption of the type-rnon­

chiqui te. Monchiq uites and camptonites also pre­

sent variable amounts of up to Irnm-large globular

structures (occelli) filled with carbonate (in the

camptonites) and carbonate + analcime (in the case

of monchiquites).

Biotite may supersede kaersutite in the mon­

chiquites, and occasionally occurs as phenocrysts.

A biotite-rich monchiquite is termed ouachitite .

However, Rock (1986) considers that even the

type-rock has mineral and bulk composition tend­

ing to ultramafic rather than to alkaline larnpro­

phyre and sugge sts the term "ouachitite" be

app lied to an ultramafic lamp rophyre with essen­

tial feldspathoids and carbonates, with or without

melilit e. It was , then, decided to name the biotite­

rich lamprophyres from this work biotite larnpro­

phy res.

A sole example of an ultramafic lamprophyre

is the alnõite found in Caçandoca Beach, which

was included in the biotite lamprop hyre subgroup.

Melilite is recognized by its anomalous blue inter­
feren ce colar and peg structure. Toget her with Ca­
rich pyroxene, they form the bulk of the rock.

Zoned biotite and Mg-rich chromite are the other

rock-forming mineraIs. A possible melanitic, non­

isotropic garnet was also found . Silicates (feldspar

and probably feldspathoids) fill some of the occelli.

According to Rock (1986), ultramafic lampro­

phyres are intirnately associated with carbonatites

in conti nental rifts, either in larnprophyre-carbona­
tite dike swarms, nepheline-carbonatite volcanoes,

intrusive carbonatite (-ijo lite-syenite, etc .) com­

plexes, or as isolated dike swarms or in a concen­

tration of plugs in both continental and oceanic

settings . Although direct evidences of carbonati te

bodies were not found in the region, the presence,

mainly in the biotite lamprophyres, of carbonate

fragments, some times showing reaction rims and

corrosion textures, may indica te a genetic associa-
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tion with carbonatitic liquids. Dikes from the coast

of Itanhaém (South coast of São Paulo State) were

described as of carbanatitic campasitian (Melcher

& Coutinho, personal comm unication, ;11 : Sonoki

& Garda , 1988; Coutinho & Ens, 1992).

A megacryst-rich variety of LAMP, with cu­

mulate texture, was also faund in the area and is

here named picritic lamprophyre. Olivine is fresh

and not rarely assaciated with pyroxene . Chramite

is not only included in olivine, but may also be

found in the matrix. The groundmass is aphanitic,

very fine to fine, dominated by pyroxene. Kaersu­
tite and biotite are almost absent.

MINERAL CH E MISTRY

Mineral analyses were carrie d out at the Cen­

tre for Micrascopy and Microanalysis of the Uni­

versity of Westem Australia (SEM + EDS , mOL

6400) and at the Centre for Petrology and Li­

thospheric Studies of Macquarie University, Aus­
tralia (WDS, CAMECA SX 50) . Some of the

results are briefly presented. More detailed discus­

sians of the mineral analyses can be found in

Garda (1995).

The compasitians of the feldspars in BAS

dikes vary in the range AnsoAb440r6­

An43AbsoOn, corresponding to labradorite/andes­

ine plagioclase. On the other hand, granophyric
intergrowths, crystallized in the more ev ol ved cen­

ters of the thicker BAS dykes, are form ed by

quartz and alkali feldspar (Ab290m and

Ab590 r4I).
BAS pyroxenes are poorer in CaO

(W041En41Fsl s-W030En34Fs36) when compared to

LAMP.
A brown amphibole also appears in BAS. The

range s in composition are: Si02: 43-46 %, Ti02:

1.6-1.0%, Ah0 3: 4.7-6.4%, FeO: 24-25% , MnO:

0.3-0.4 %, MgO: 7.2-8.4%, CaO: 9.7-10.4%, Na20:
1.5-2.0%, K20: 0.6-1.1 %, NiO : 0-0.07%, F: 1.0­
1.4% and Cl: 0.19-0.46%, which correspond to a

iron-homblende.
Less calcic feldspar compos itions are found in

LAMP (An3sAb570rS). On the other hand, their

pyroxene compositions cluster around WOS2En40Fss,
being the extreme case the alnõite, with

W061En33Fs6. These compositions fali in the Quad­

rilateral field of the Ca-Fe-M g pyrox enes (Mori­

moto, 1988). However, such diagram does not

emphasize their Ti02 content, which can reach
7.9%.

LAMP may present zoned biotites, with phlo­

gopitic cores (Mg# between 73 and 79) and biotitic

rims (Mg# between 5 and 25), or vice-versa, Wh en

not zoned, phlogopite compositions predorninate
(Mg# between 78 and 81).

Kaersutite (in camptonites and monchiquites)

analyses are typically: Si02: 36.5-39.7%, Ti0 2:

4.26-6 .64%, Ah03: 13.29-15 .17%, FeO: 11.06­

15.16%, MnO: 0-0.27 %, MgO: 8.82-11.48 %, CaO :

11.97-12.43%, Na20: 1.55-1.9 9% and K20: 1.32­

1.62%. Some compositions are poorer in Ti and the

mineral is classified as a titanian ferroan pargasite

(Leake, 1978).

Rock (1991) states that analcime analyses

generally do not reach the ideal formu la

NaAIS h06.H20 and that FeO impurities are com­

mon o Furthermore, the mineral can dehydrate and

loose Na under the electron beam. Here, analci me

analyses close very badly around 88%.

The alnõite melilite composition s are: Si02:

43%, Ah03: 6%, FeO : 3%, MgO: 8,5%, CaO:

37 ,5% and Na20: 2%, which correspond to a solid

solution of 60 % ãkermanite, 22% Na-melilite, 10%

Ca2FeSh07 and 7% gehlenite. These compositions
are in agreement with the proportions of 1/3 Na­
melilite and 2/3 ãkermanite that are found in typi­

cal alnõites (Rock, 1986) and are characterized by

a defici ency in the gehlenite end-memb er that is

commonly observed in volcanic-subvolcanic rocks

(Edgar, 1984) .

Ap atites , although abundant in LAMP, are

very fine, making the analyses difficult. There are

WDS indications that these apatites are fluorine­

rich .
Although carbonates are not stabl e under the

electron beam, the analy ses of carbonate fragments

found in biotite lamprophyres (FeC0 3: 4-67 %,
MgC03: 20-82 %, CaC03: 1-59 % and MnC03: 0­

1%) differ from the compositions of the carbonates

(calcite) that fill globular structures (occelli) or ap­

pear in the groundmass. Rock (1986) suggests four

possible origins for Mg-rich carbonates in ul-

AI!. Acad. bras. Ci., (1995) 67 (Supl. 2)
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tramafic lamprophyres: primary crystallization,
carbonation of primary silicates , dolomitization of
primary calcite and dolomitization of secondary
calcite. However, under the microscope, the tex­
tural evidence shows that the high Mg-carbonate
fragments are xenoliths from a carbonatite body,
whereas the occelli and groundmass carbonates are
probably derived from the crystallization of the

magma.
The fresh cores of partially pseudomorphosed

olivine megacrysts are forsterite-rich (85-87%) and
are found in the picritic lamprophyres. According
to Rock (1979), such olivine compositions are
typical of alkaline picrites. He interprets breccia
clasts from Serra de Monchique (Portugal) as
xenoliths of a cumulative picritic layer which
formed in the early stages of the evolution of the
Monchique Complexo

Chromites of the alnôite present cores with

average compositions of cr# = 100 Cr/(Cr+Al) =
22, Fe# = 100 Fe/(Fe+Mg) = 30 and Ti# = 100
Ti/(Ti+Al+Cr) = 1, as opposed to reaction rims for
which cr# =1, Fe# =60 and Ti# =25. Camptonite
chromites present the average composition:
UIV07SP42Cf37MtI4 and those of the picritic lam­
prophyres: UIVOISp56Cr36Mt7.

Exsolutions of titanomagnetite in ilmenite
were observed in the EDS images. Analyses were

generally not good (totals < 100%) and the calcula­
tion of Fe3+ according to Droop (1987) yields high
values for the hematite molecule (oxidation ef­
fect?). Only a small percentage of the composi­
tions present Ti02 > 41%. As pointed out by Rock
(1986), fairly high Mg and Mn may be diagnostic
of ultramafic lamprophyre ilmenites. ln the alnõite,
the ilmenites are more picritic (MgO = 7%) and
less MnO-rich (1.3%) than those in the other rock
types (MgO =5.5% and MnO =2-3%).

MAJOR ELEM ENTS

The major elements, analysed by X-ray fluo­
rescence at the Geochemistry Laboratory of the
Geology and Paleontology Institute of the Ham­
burg University (Germany), are listed in Table I.
Normative rninerals were calculated using the pro­
gram NEWPET (Clarke, 1992), assuming 85% of

Ali. Acad. bras. Ci., (1995) 67 (Sup1.2)

all iron as FeO, C0 2 to calculate calcite, Cr20 3 for
chromite and S for pyrite.

Not always BAS dikes are quartz-normative,
although their Mg# values are comparatively low
(ca. 30). ln the more Si02-undersaturated LAlVIP
varieties the leucite molecule appears in the norm.
Mg# varies between 57 and 71 and the highest val­
ues (ca. 80) correspond to the picritic lampro­

phyres. The ainoite presents lamite in the norm

(Cs), which is one characteristic of such Si02-defi­
cient, Ca-rich igneous rock. Calcite and magnesite
molecules reflect the high C02 content of some
LAMP.

The triangular plot MgO-Ah03-FeO'" (Fig. 2)
well discriminates BAS from LAMP and the sev­
eral LAMP varieties. BAS present the lowest MgO
contents and contrast with the high MgO contents
of the picritic lamprophyres. Among LAMP, mon­
chiquites are chemically indistinguishable from
camptonites (c! Rock, 1979), but the biotite lam­
prophyres (including the alnõite) and the picritic
lamprophyres define distinct fields.

Similar differences are seen in major oxides
vs. Mg# diagrams (Fig. 3). Si02, Ah0 3, Na20 and
K20 contents are higher and FeOt, MgO and CaO
are lower for BAS when compared to LAlvlP.
Ti02, MhO and P205 differences between BAS
and LAMP are not as clearly distinctive. Among
LAMP these oxides are the least concentrated in
the picritic varieties, along with Ah03, FeOt,
Na20 and K20.

T RACE EL E MENTS

Trace elements analyzed by ICP-MS (Austra­
lian National University) and NAA (Becquerel
Laboratories, Australia) are listed in Table II. The
plot Sm vs, (not normalized) LaIYb ratio (Fig. 4)
shows a good discrimination for the different
LAMP subgroups, especially the alnõite. BAS, on
the other hand, plot in the fields for the mon­
chiquites-camptonites.

ln Figure 5, the normalized trace element
variation diagrams for the different dike types were
plotted using the primitive mantle values of Sun &

McDonough (1989). P205 is used instead of P con­
centrations. BAS patterns (Fig. 5a) are charac-
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TABLE I

Major elements by XRF and CIPW norms for BAS and LAMP (BLAMP = biotite lamprophyr es; CAMP = camp tnnites;

MüNCH =monchiqu ítes; CUM =picritic lamprophyres; ALNO =alnõlte).

Sample B-3C B-3d(l) GPB-I-6 PS- l- I B- 2A B- 2C C-IC C-2B C-2C C-2D PBF-I
(%) BAS BAS BAS BAS BLAM BLAM BLAM BLAM BLAM BLAM BLAM-- -_... _.- - _ .__.._--- --_ ._- --- ---- - - ---1----._ .._ .._ .. _ - ------ --- - _ ...._ -_.- ... _ ..____._ . .

Si02 59.08 58.90 49.88 50.43 34.32 39.48 36.54 35.92 37.13 37.00 36.55

Ti02 1.79 1.82 2.35 3.61 2.25 2.31 3.04 3.20 3.52 2.71 2.28

AhO] 14.41 14.09 15.D1 12.44 6.26 9.86 8.05 9.85 10.69 7.66 8.96

Fe203 8.15 8.30 11.61 15.74 13.79 12.51 14.14 13.65 13.74 13.29 12.24

MnO 0.13 0.14 0.20 0.20 0.20 0.18 0.19 0.20 0.17 0.19 0.16

MgO 1.80 1.91 2.86 3.35 17.37 12.03 14.39 12.03 10.31 15.33 14.99

CaO 3.78 4.27 6.10 7.08 10.83 12.41 13.47 13.69 13.37 13.60 12.09

Na20 3.79 3.52 4.01 3.11 0.58 2.14 0.62 1.77 2.38 0.49 0.80

K20 4.18 4.03 3.03 1.75 1.38 1.62 1.61 1.22 1.09 1.40 2.30

P20S 0.70 0.73 1.06 0.64 0.47 0.55 0.38 0.58 0.60 0.36 0.46
-_._ - - -_.._-- --- - - ._- _._._- ---- --- --- -- f-.. ....- - -- - -. - .---- --- - - --- - .--.--- --- . - - --.- - .- . .. .
Total 97.81 97.71 96.11 98.35 87.45 93.09 92.43 92.11 93.00 92.03 90.63

_ _ ~ . _ • • _ . ' - 0- _ .__. . ____• __ _ _ __ •_ _ _ _ _ __. _ _ _ _ __ - - - - - - ------ - --- ----._------_._ - "--- --_.--
H20 0.53 1.14 2.11 0.56 11.47 5.61 4.84 5.82 5.77 5.75 5.92 .

C02 n.d. n.d. 1.36 n.d 9.72 3.74 2.66 3.22 2.50 5.38 3.52

LOl 1.21 1.44 3.34 1.10 12.45 6.22 6.04 6.88 6.95 6.76 7.03

Mg# 30.43 31.31 32.79 29.65 7 1.38 65.57 66.84 63.58 59.78 59.55 70.8 1
_._--_._- - - -- -- ._- - ---._ ...-._ - - - -- _.--_.._ - - -- -- - --- - - - -- - - - -- -_ ._._- - ----- .
S(pprn) 80 80 80 80 120 160 160 240 240 160 240

Cr(pprn) 4 1 1 14 123 1 1376 1208 871 706 1218 1088
---- --_.._ - - _..-_·0__- __- -- --- --- --- - -------------------_.._ ._-
Q 9.74 10.86 O 4.15 O O O O O O O

C O O O O 4.41 O O O O O O

Z 0.09 0.09 0.08 0.06 0.05 0.06 0.05 0.05 0.06 0.04 • 0.04

ar 25.48 24.6 18.86 10.7 9.48 10.43 O 4.74 7.03 9.13 7.92

Ab 33.02 30.7 35.67 27.12 5.69 9.56 O O 1.21 4.56 O

An 10.32 11.13 14.77 15.29 O 13.62 15.83 16.88 16.66 16.03 16.67

Lc O O O O O O 8.21 2.52 O O 5.7

Ne O O O O O 5.48 3.12 8.92 11.22 O 4.08

Di 4.19 5.43 1.44 14.33 O 21.3 1 30.36 27.4 29.42 17.65 20.87

Wo O O O O O O O O O O O

Hy 10.46 . 10.3 14.95 16.39 39.73 O O O O 6.47 O

0 1 O O 2.79 O 18.84 25.87 28.36 24.18 19.44 29.6 32.42

Cs O O O O O O 0.2 O O O O

, Mt 1.83 1.86 2.65 3.53 3.48 2.96 3.37 3.26 3.25 3.18 2.96

Cm O O O O 0.3 1 0.32 0.28 0.21 0.17 0.29 0.26

i II 3.5 3.56 4.69 7.07 4.95 4.77 6.33 6.68 7.28 5.66 4.82
i
! Ap 1.74 1.81 2.67 1.57 1.3 1.42 0.99 1.52 1.56 0.94 1.22

Pr 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.05 0.05 0.03 0.05

Cc O O 3.12 O 21.43 8.56 6.07 7.36 5.73 12.28 8.04

Mag O . O O O 0.67 O O O O O O

Total ioo. 38 100.37 101.7 100.24 i 10.36 104.39 103.2 103.77 103.09 105.89 104.06

(to be continued)
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TA BLE I (Continua tion)

Sample C-7A C-7B1 MV-2-B PF-6B GPG-I -5 GPG-I-6A GCB-9-2 GPA-8C2 GPA-8D A-OI-A GPA-5 PCa-1
(%) CAMP CAMP CAM P CAMP MONCH MONCH CUM CUM CUM CAMP? CAMP? ALNO

-- - - - _ ._ - -- ---- -- -
sio, 40.44 41.36 40.64 38.36 38.09 40.62 44 .31 34.47 37.97 40.41 36.80 34.38

rio, 2.46 2.64 3.14 2.62 2.25 2.37 1.21 0.84 1.01 1.39 1.98 1.93

Ah03 10.76 11.26 12.00 10.18 8.54 10.38 8.52 5.01 7.61 9.71 11.84 9.92

Fez03 11.44 11.81 13.16 12.06 11.34 12.23 7.95 10.17 10.00 10.09 11.87 11.58

MnO 0.15 0.16 0.17 0.16 0.17 0.15 0.11 0.15 0.15 0.16 0.19 0.21

MgO 14.30 13.68 10.93 13.83 12.00 11.63 14.21 24.65 19.99 13.78 9.37 11.93

CaO 9.63 9.68 10.02 10.27 16.20 15.79 15.50 7.06 10.64 14.47 16.41 17.84

NazO 1.66 2.05 2.50 1.69 0.54 1.06 0.62 0. 16 0.30 0.60 1.31 1.57

KzO 1.77 1.75 1.56 1.68 0.88 0.93 0.90 0.25 0.70 1.13 1.53 0.94

PzOs 0.44 0.45 . 0.60 0.53 0.21 0.31 0.20 0.12 0.17 0.52 1.03 1.66
--- -- ._-- - ---- -- ----- --.._..._-
Talai 93.05 94.84 94.72 91.38 90.22 95.47 93.53 82.88 88.54 92.26 92.33 9 1.96

_._ - --- -- f.-. ._ - _._----- -- _ ..
HzO 5.99 3.45 4.09 7.24 9.65 3.70 4.66 15.78 10.05 6.60 7.26 5.31

COz 5.24 2.72 2.22 6.20 5.66 2.00 2.70 8.58 5.62 5.00 6.34 1.90

LOI 6.24 3.78 4.74 8.23 10.46 4.16 5.87 17.00 10.87 7.58 7.76 6.83

Mg# 71.23 69.64 62.19 69.43 67.70 65.32 77.97 82.76 79.83 73.01 60.99 67.11
_ _ _ o -- --------- -- .-- _._--_.:..- -
S(ppm) 120 160 120 120 240 200 120 80 80 120 160 200

Cr(ppm) 713 665 379 599 580 386 1823 2568 1899 1002 280 404
_ _ o -- - _._ - -- -- --
Q O O O O O O O O O O O O

C 0.75 O O 1.1 O O O 5.46 O O O O

Z 0.04 0.05 0.06 0.05 0.03 0.03 0.03 0.02 0.02 0.04 0.06 0.07

Or 11.38 11.04 9.87 11.01 5.84 5.83 5.74 1.61 4.73 7.33 9.92 O

Ab 15.25 15.5 14.75 15.83 5.12 0.96 5.65 1.65 2.89 5.55 8.9 O

An 16.09 17.46 18.11 13.86 20.49 22.06 19.18 O 19.79 22.4 24.02 18.99

Lc O O O O O O O O O O O 4.8

Ne O 1.62 4.25 O O 4.63 O O O O 1.76 7.91

Di O 11.17 14.12 O 26.12 37.38 36.09 O 2.99 16.93 14.86 18.09

\VO O O O O O O O O O O O O

Hy 17.19 O O 14.83 11.25 O 13 53.52 29.86 18.36 O O

01 23.87 30.7 25.35 25.81 15.93 18.33 12.04 22.33 27.45 16.52 23.06 26.81

Cs O O O O O O O O O O O 10.26

MI 2.7 2.74 3.06 2.9 2.76 2.82 1.86 2.7 2.48 2.4 2.83 2.77

Cm 0.17 0.15 0.09 0.14 0.14 0.09 0.42 0.67 0.47 0.24 0.07 0.1

II 5.07 5.34 6.37 5.51 4.79 4.77 2.48 1.95 2.19 2.89 4.12 4.03

Ap 1.14 1.14 1.53 1.4 0.56 0.78 0.51 0.35 0.46 1.35 2.66 4.35

Pr 0.02 0.03 0.02 0.02 0.05 0.04 0.02 0.02 0.02 0.02 0.03 0.04

Cc 11.98 6.22 5.09 14.18 12.89 4.56 6.15 15.1 12.8 11.4 14.48 4.35

Mag O O O O O O O 3.75 O O O O

Tolal 105.67 103.17 102.67 106.64 105.97 102.26 103.17 109.32 106.16 105.43 106.78 102.56

Ali . Acad. bras. c i, (1995) 67 (Supl. 2)
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Fig. 2 - MgO-AI20 3-FeO* plot for lhe samples listed in Table 1. O =basaltic dikes; O =carnptonites and

monchiquites: + = biotite lamprophyres; O= picritic lamprophyres; * = aln õite, .

terized by average nonnalized LaIYb ratios

[(LaIYb)N) of ea. 16. Negative anomalies are

found for Nb, Ta (high field streng th elements) and
Sr. Not alI BAS samples present negativ e anoma­

lies for P2Ü5.
Aln õite PCa- l is compared to Rock's (1991)

average values for this type of rock [(LaIYb)N =
42; Fig. Sb]. Two other LAMP samples (A-OI-A e

GPA-S) present a similar pattem, where Ba, Th, U,
Nb, and Ta and in particular LREE (La, Ce, Pr, Nd)

and Pb, Sr, P2Ü5 and Sm arepresent in higher con­

centrations as compared to BAS and other LAMP.

These samples also show negative anomalies in

Rb, K and Ti and intennediate HREE concentra ­

tions between BAS and other LAMP varieties. The

other biotite lamprophyres (Fig. Se) show

(LaIYb)N = 31 and negative Rb, Th, U and K and
positive Pb anomalies. As opposed to the alnõite

pattem , other LAMP varieti es show no Ti anoma­

lies. The trace element pattems of the biotite Iam-

prophyre group overlaps that of the monchiquite­
camptonite group (Fig. Sd), but show lower

(LaIYb)N (= 19).
Samples GPG-l -S and GPG-I-6A (Fig. Sd)

are intennediate between the monchiquite-camp­
tonite and picritic lamprophyre pattems , notably in
the P2Ü5 negative anomaly.

The picritic lamprophyre pattem s (Fig. Se)

have the lowest (LaIYb)N (= 10) of ali dikes and
are also characterized by the lowest abundances in
the incompatible elements Rb, Ba and Th.

RADIOGENIC ISOTOPES

Table III presents K-Ar data compiled from
the literature and recalcu lated according to the rec­
ommendations in Steiger & Jaeger (1977). The
numbers are not conclusive conceming the age of
the dike manifestations. For example, Ponta do Su­
rutuva data correspond to samples collected from

Ali. Acad. bras. Ci.. (1995 ) 67 (Supl. 2)
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he borders to the core of one dike, and falI in the
iroad 128-144 Ma intervalo The Toninhas dike
hows a scatter from 133 Ma to 148 Ma. However,
he K-Ar data points to a 130 Ma age for BAS,
vhich is the average age of the Paraná Basin ba­
alts (cf 125 Ma age for porphyry diorite and dio-

rite samples that may have come from the Nativi­
dade da Serra-Caraguatatuba region).

Table IV presents 87Sr/86Sr and calculated
87Rb/ 86Sr frorn Rb and Sr concentrations. The Sr

isotopes were measured by therrnal ionization
mass spectrometry at the Department of Terrestrial

'tNSTlTUTJ CE GEOCIÊNC!AS - USP'- Ali. Acad. bras. Ci.. (1995) 67 (Supl. 2)
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Fig.. 3e - Major oxides vs. Mg# (= MgO/(MgO + 0.85 FeO* + Fe203) plot for lhe
samples listed in Table L See Fig. 2 for description of symbols.

Magnetism of the Carnegie Institution of Washing­

ton (DTM-Crw, D.S.A.) and at the Centre for Iso­

tope Studies (CSIRO, Sydney, Australia). When

Rb-Sr data are plotted in the 87Sr/86Sr
VS.

87Rb/8 6Sr diagram (Fig. 6), BAS data cluster

around a 130 Ma isochron (initial 87Sr/86Sr ratio =

0.7066). Two samples from São Sebastião Island

AI/. Acad. bras. Ci.. (1995) 67 (Supl. 2)

plot on a 80 Ma isochron (initial 87Sr/86Sr ratio =

0.7042), which is the age of the alkaline intrusions

in the island (see Ulbrich & Gomes, 1981). For

LAMP, the best fit is 116 Ma (initial 87Sr/86Sr ratio

= 0.7055) and the isochron is defined by the sam­

ples PCa-l , A-OI-A and GPA-5 and the biotite Iam­

prophyres. The 116 Ma age suggests that LAMP is
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TABLEII

BAS and LAMP tr ace elemen t data analyse d by ICP-MS and NAA.

See Ta ble I for abbreviations (n.d, = elements not analyse d by NAA).

205

Sample B-3C B-3d(l ) GPB-I-6 PS-I-l B-2A B-2C C-IC C-2B C-2C C-2D PBF-l
(pprn) BAS BAS BAS BAS BLAM BLAM BLAM BLAM BLAM BLAM BLAM

Cs 2.39 2.46 0.88 2.18 1.50 9.03 1.42 3.12 2.03 0.49 1.97

Rb 112 112 71 108 57 62 78 56 45 75 110

Ba 1270 1186 932 654 1001 1170 857 1094 1710 849 801
Th 12.60 12.79 7.54 5.88 4.65 7.77 5.77 8.82 8.42 5.56 5.73

U n.d. 2.98 n.d. 1.39 n.d, n.d. n.d. n.d. n.d. n.d. n.d.
Nb 40.0 63.2 57.0 34.5 73.0 71.0 57.0 66.0 66.0 51.0 59.0
Ta 3.94 3.65 3.86 2.04 3.47 4.65 4.33 5.24 4.80 3.05 3.6 1

La 82.2 86.9 60.0 48.0 60.5 72.0 49.5 64.8 66.7 43.1 44.1

Ce 179 173 131 106 120 148 98 132 135 89 91

Pb 16 15 12 9 3 12 8 13 7 I I 9

Pr n.d. 22. 1 n.d. 13.5 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Sr 928 777 854 464 734 1031 744 1062 1070 528 737

Nd 80.1 84.5 66.8 55.6 53.9 59.2 50.2 58.1 61.4 44.9 45.5

Sm 16.0 15.5 13.5 11.8 9.9 10.1 9.4 10.7 11.2 8.0 8.5

Zr 444 523 366 346 229 261 217 237 254 190 183

Hf 12.0 12.2 8.3 8.4 5.3 5.6 5.3 4.8 5.2 4.9 4.0

Eu 5.00 4.25 4.13 3.31 2.69 2.78 2.80 3.17 3.30 2.37 2.52

Gd n.d. 12.2 n.d. 10.8 n.d. n.d. n.d, n.d. n.d. n.d. n.d.
Tb 1.91 1.82 1.65 1.69 1.07 1.02 1.02 1.07 1.30 0.70 1.02

Dy 9.10 8.77 8.60 8.80 5.40 5.30 5.00 5.10 6.50 3.20 5.10

Li n.d. 16.7 n.d. 12.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
y 32.0 44.4 33.0 44.1 52.0 42.0 45.0 37.0 38.0 43.0 53.0

Ho 1.61 1.60 1.62 1.71 1.01 0.91 0.79 0.96 1.05 0.59 0.87

Er n .d . 4.09 n.d . 4.47 n.d. n.d. n.d. n.d. n.d. n.d, n.d.
Yb 3.08 3.24 2.86 3.64 1.38 1.63 1.17 1.31 1.54 0.98 1.12

Lu 0.47 0.46 0.39 0.52 0.16 0.18 0.15 0.15 0.18 0.12 0.15

Ga n.d, 25 n.d. 22 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

(LaIYb)N 19.2 19.2 15.1 9.5 31.5 31.7 30.4 35.5 31.1 31.6 28.3

(to be continued)

an intennediate event between BAS and the São

Sebastião IsIand alkaline magmatismoThe LAMP

sarnpIes that do not falI on the 116 Ma isochron

might define Iines of mixture or derivation.
Distinct mantle sources for BAS and LAMP

are indicated by preIimin ary Sr, Nd and Pb isotopic

data (not age-corrected) by thennal ionization mass

spectrometry (DTM-CIW, V .S.A.) . BAS have

êNd(i) of - 5 and initial 87Sr/86Sr of 0.706 to 0.707,

falling between values for the low- and high-Ti

Paraná Basalt suite (Fig. 7). ln contrast, sarnpIes

from LAMP show ENd(i) between +1 and +2 and

87Sr/86 Sr of around 0.705, dose to Tristan-Walvis

Rid ge/Group I kimberlite fieIds .
Except for the alnõite PCa- l , the measured

206pbP 04pb ratios for BAS and LAMP scatter in

the 18.21-1 8.71 interval. However, age-corrected

vaIues for this sarne sampIe (assuming 116 Ma)

bring s it dow n to the cluster of LAMP sarnples. AlI

sarnples lie above Hart's (1984) North Hemisphere

Ali. Acad. bras. Ci.. (1995) 67 (Supl. 2)



206 GIANNA M. GARDA et alii

TABLE n (Continuation)

Sample C-7A C-7BI MV-2-B PF-6B GPG- I-5 GPG-I-6A GCB-9-2 GPA-8C2 GPA-8D A-OI-A GPA-5 PCA- I
(ppm) CAMP CAMP CAMP CAMP MONCH MONCH CUM CUM CUM CAM? CAMP? ALNO

- -- -- - - -_._-.-----.-- -- _.._-
Cs 0.97 0.49 2.16 0.49 1.00 1.94 1.26 1.05 1.12 3.14 3.97 1.98

Rb 37 46 51 38 22 24 29 11 25 46 58 29

Ba 765 853 925 741 254 410 256 176 225 387 795 1223

Th 4.45 4.17 4.24 5.13 1.98 2.80 1.57 1.06 1.48 2.71 3.86 19.07

U n.d. n.d. l. 01 n.d. 0.59 0.80 n.d. n.d. n.d, 0.99 1.27 7.12

Nb 57.0 56.0 52.0 61.0 30.7 43.5 21.0 34.0 28.0 25.3 48.4 92.2

Ta 2.91 3.55 2.94 2.87 1.88 2.50 0.86 0.93 2.00 1.56 2.93 5.54

La 32.6 35.4 43.4 43.1 21.0 28.3 15.8 9.9 12.4 32.8 56.6 152.6

Ce 67 72 91 86 48 63 34 21 28 71 120 275

Pb 13 6 3 7 3 3 7 3 16 3 4 9

Pr n.d. n.d. 11.5 n.d. 6.5 8.1 n.d. n.d. n.d. 8.9 14.9 30.0

Sr 725 872 1159 871 428 430 322 226 244 624 1164 1715

Nd 37.7 36.5 46.7 42.9 27.6 33.5 19.5 11.9 14.7 36.0 58.5 108.2

Sm 7.1 7.6 9.6 8.8 6.1 7.0 4.7 2.7 3.6 7.3 10.8 17.7

Zr 198 211 278 229 154 168 117 86 105 159 270 331

Hf 4.2 4.6 5.8 5.3 4.7 4.7 2.9 1.8 2.3 3.6 5.2 6.0

Eu 2.10 2.37 2.99 2.81 1.83 2.14 1.49 0.81 1.06 2.22 3.25 4.99

Gd n.d. n.d. 8.0 n.d. 5.3 6.0 n.d. n.d. n.d. 6.3 8.9 13.0

Tb 0.73 0.80 1.18 1.18 0.77 0.88 0.65 0.35 0.43 0.96 1.31 1.86

Dy 3.90 4.29 5.50 6.20 3.75 4.28 3.40 1.93 2.34 4.74 6.25 8.21

Li n.d. n.d. 11.4 n.d. 82.7 37.5 n.d. n.d. n.d. 28.8 47.9 52.5

y 30.0 32.0 26.2 35.0 17.5 20.0 35.0 19.0 27.0 23.5 29.9 38.6

Ho 0.68 0.72 0.96 1.24 0.66 0.76 0.63 0.34 0.44 0.88 1.14 1.45

Er n.d. n.d. 2.23 n.d. 1.60 1.86 n.d. n.d. n.d. 2.25 2.90 3.51

Yb 1.12 1.18 1.56 1.41 1.17 1.37 1.12 0.67 1.10 1.75 2.24 2.58

Lu 0.11 0.16 0.21 0.18 0.17 0.19 0.14 0.08 0.15 0.25 0.32 0.36

Ga n.d. n.d. 26 n.d. 32 33 n.d, n.d. n.d. 28 25 30_._- --- - --- --- _.-

(LaIYb)N 20.9 21.5 20.0 2 1.9 12.9 14.9 10.1 10.6 8.1 13.4 18.1 42.4

. 208 204.-.
Reference Line (NHRL) on plots of Pbl "Pb

VS. 206pbP04pb (graph not presented) , but only

BAS are distinctly above the NHRL in 207pbP04pb

VS. 206pbP04pb, falling dose to the Low-Ti Paraná

basalt suite (Fig. 8). ln general, LAMP Pb isotopic

data are closer to the Tristan-Walvis Ridge/Group I

kimberlite fields.
Isotopic compositions of LAMP indicate a

deeper mantle source with greater proportion s of

asthenospheric-derived melts than, for example,

the alkaline suite of the margins of the São Fran­

cisco Craton (Carlson et al., 1993), which presents

Ali. Acad. bras. Ci., (1995) 67 (Supl, 2)

Enriched Mantle I (EM-I) isotopic characteristics

(- 8 < ENd(O) < - 3.3, 87S r/86 S r = 0.7050-0.7066,
17.40 < 206pbP04pb < 19.98, 207pbp 04Pb falling

on NHRL but 208pbP04pb well above the NHRL).

DISCUSSION

Piccirillo et ai. (1988b) summarized the prin­
cipal aspects of the Paraná Basin basalts (Serra
Geral Formation) as follows. The 10w-Ti basalts of
the Southern portion of the Paraná Basin (SPB) are
characterized by 65% in volume of tholeiitic ba­
salts, 22% of tholeiitic andesites or intermediate
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volcanics and 13% of Palmas-type porphyritic acid

volcanics. The high-Ti basalts of the Northem por­

tion of the Paraná Basin (NPB) are predominantly

tholeiitic basalts. Acid porphyritic lavas are rare
(Chapecó-type). No intermediate volcanics were

found in NPB. The Ti-intermediate basalts of the

central portion of the Paraná Basin (CPB), located

between the Uruguay and Piquiri River Line­

aments, are considered by Bellieni et ai. (1986) as

a transitional zone between the other two.
The Paraná Basin basalts are evolved rocks

(Mg# < 56%; Piccirillo et al., 1988b). Crystal frac­

. tionation alone would not be enough to explain the

:generation of high-Ti basalts from low-Ti basalts.

Partial melting (higher for the low-Ti and lower for

the high-Ti basalts), or mantle heterogeneities ,

could have generated each group and crustal con­

tamination could explain the absence of rocks of

intermediate compositions in CPB and NPB. The
generation of more acid melts would require h.i.gher

temperatures, next or in the base of the crust during

the general process of crustal thinning and d ose to

the plate generation zone.
Comin-Chiaramonti et ai. (1983) suggested

that the higher contents of Ti02, P, Zr, Ba, Sr and
Rb of the dikes from Peruíbe-Rio de Janeiro were

formed in a peripheral zone (east portion of the

Paraná Basin), where the degree of melting would

be lower in relation to the areas of higher thermal
anomalies.

The mafic dikes of the Ponta Grossa Arch also

present similarities with the basaltic floods of CPB

and NPB (Piccirillo et al., 1988b) and correlate

with similar occurrences .related to the Etendeka

(SW Africa) and Lebombo (SE Africa) basins.

Montes-Lauar et ai. (1990) showed that some of

the São Sebastião Island dikes also present affini­

ties with the high-Ti Paraná basalts .
Regarding the dikes of this study, BAS seem

to have some of the petrological and geochernical

characteristics as the high-Ti basalts of the Paraná

Basin and the mafic dikes of the Ponta Grossa

An. A cad. bras. Ci., (1995) 67 (Supl. 2)
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Fig. 5 _ Multielement diagrarns, using Sun & McDonough's (1989) primitive mantle
nonn alization values (P substituted for P20 5). (a) BAS; (b) Rock' s (1991) amoite, pea-I , A-OI-A

and GPA-5 .
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Fig. 5 - Multielement diagrams, using Sun & McDonough's (1989) primitive mantle
nonnalization values .(P substituted for P20S). (c) biotite lamprophyres; (d)

monchiquites-camptonites.
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Fig. 5 - Multieleme m diagrams, using Sun & McDonough' s (1989) primitive mantle
norma lization values (P substituted for P205). (e) picritic lamprop hyres .

Arch. However, the magmatic event that resulted

in the forrnation of the variety of LAMP dikes (pi­

critic, biotite and camptonite-monchiquite lampro­

phyres) surely represents a transition towards

magmas of alkaline and possibly carbonatitic affin­

ity, as shown by mineral analyses, major, trace ele­

ment and isotopic data.
li further studies confirm the suggested 116

Ma age for LAMP magmatism, then at .least two
major alkaline events took place in the São Se­

bastião-Ubatuba region: a dike suite of mafic-ul­

tramafic lamprophyres genetically related to

carbonatitic manifestations which evolved from pi­

critic to monchiquitic-camptonitic types that is fol­

lowed (at about 80 Ma) by the intrus ive alkaline

magmatism in the São Sebastião, Búzios and

Vitória islands, represe nted by major nordmarkites

andopulaskites and minor alkaline gabbro and py­

roxenite cumulates.
Ulbrich et ai. (1991), discussing K-Ar data for

alkaline rocks from Southem Brazil and Eastem

Paraguay, separated four chronogroups (133, 108,

84 and 70-62 Ma) . At the Ponta Grossa Arch 133,

108 and 84 Ma old alkaline rocks occur. ln the Rio

de Janeiro-São Paulo coastal belt, magma tic pulses

Ali. Acad. bras. a .. (1995) 67 (Supl. 2)

took place at 133 and 84 Ma. Jacupiranga (130

Ma) and Juquiá (127 Ma) carbonatite complexes

belong to the oldes t chronogroup. li a distinct 116

Ma l ámprophyre activity took place, a much more

complex tectonomagmatic situation arises where

distinct basaltic and alkaline magmatic pulses op­

erated at distinctive time events, pointing, in addi­

tion, to distinct mantle sources for the magma

generation of each event.
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TABLEIll

K-Ar data com piled from the liter a ture and recalculated according to th e recomme ndations in Steiger & Jaeger (1977) .

Locality Sample %K Ar40 Ar40 Recalculated Original Error Refe-
rad alm age (Ma) age (Ma) (*) rence- -- - -_._ - - -

Ponto do Surutuv a SPK-0072 diabase (rim A) WR 1.698 9.62 140.2 136.9 11.0
SPK -0072R 1.70 1 9.8 142.4 139.4 11.2

SPK -0060 diabase (5m from A) WR 1.757 10 140.8 136.8 10.9

SPK-0060R 1.775 9.9 138.1 135.4 10.8

SPK-0062 diabase (10m from A) WR 1.893 10.64 139.1 135.4 10.8
SPK -0062R 1.907 10.74 139.4 136.6 10.9
SPK -0150 diabase (10m from A) feldspar 2.65 13.97 130.8 127.2 10.2
SPK -0150R 2.66 1 14.59 135.8 132.6 10.6
SPK-0150R2 2.673 15.58 144.0 14 1.3 11.3
SPK -0063 diabase (core) WR 1.85 10.09 135.1 131.4 10.5
SPK -0063R 1.855 9.67 129.4 126.3 10.1

SPK-0063R2 1.859 9.49 126.8 123.9 9.9

SPK -0063R3 1.863 9.5 126.6 124.1 9.9

SPK -0 193 diabase (core) feldspar 2.646 13.9 130.3 126.7 10.1

SPK -019 3R 2.675 13.78 127.9 125.6 10.0
.._ ._---_._ - -_._-- ---- -
Toninhas SPK-0179 diab ase (rim A) WR 1.453 8.71 148.0 144.6 11.6

SPK -0028 diabase (5m from A) WR 1.882 10.31 135.7 132.6 10.6

SPK -0033 diabase (10m from A) feldspar 3.565 19.41 134.9 131.8 10.5
_ · · _ - --- -----___ ___ 0

. - Domingos Dias SPK-0024 diab ase (rim A) WR 1.954 11.11 140.6 137.4 11.0

;;. . SPK-0024R 1.943 11.1 141.3 137.3 11.0
~ ~ SPK-0023 diabase (20cm from A) WR 2.319 14.08 149.8 146.3 11.7

SPK -0023R 2.325 15.11 159.9 156.4 12.5
- - ---_._--- -
Praia de Santa Rita SPK-0065 diabase (rim A) WR 1.904 10.24 133.3 130.0 10.4

SPK -0066 diabase (1m from A) WR 1.925 10.08 129.9 126.9 10.2
- - - - ___ 0 _ _ _ _ -

Prainha lamprophyre 132.4 4

Ponta do Bonete SPK-0671 microporphyri tic basalt WR 2.06 11.1 7.5 133.5 130.9 5.1 2,3

SPK -0636 trachyandesite WR 3.15 17.5 13.8 137.5 134.4 5.0 2, 3

SPK -0678 trachyand esite WR 3.15 17.5 14 137.5 134.7 5.0 2, 3

" Praia Dura SPK-0639 micro porphyritic basalt WR 2.37 12.8 5.2 133.8 131.0 5.0 2,3

" Toninh as? SPK-0637 diab ase WR 1.85 9.9 10.5 132.7 131.0 5.0 2, 3

Praia Preta SPK -0685 porphyry diorite WR 2.94 14.3 13 121.0 118.0 4.7 2,3--_o_-
Km 129 da SP... SPK-0583 porp hyry diorite WR 3.3 17.18 8.5 129.2 126.4 5.1 2, 3

Alto da Serra diorite 124.5 4

Ilha de São Sebastião

Costão do .

Encan tado SPK -0684 porphyry andesite WR 3.61 18.2 16.8 125.2 122.6 5.0 2,3

Água Branca SPK -0683 microdiorite WR 2.29 10.2 16.5 111.1 109.0 4.0 2,3

References: 1. Amaral et ai. (1966); 2 . Minioli ( 1969) ; 3 . Minioli et ai. (197 1); 4 . Damasceno ( 1966) ; (*) Errors for

reference (1) were calcula ted as 8% of original age (according to Amaral et al., 1966).
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f q

TABLEIV
87Srr 6Sr and 87Rbr6Sr data for BAS and LAMP. Samples analysed at csmo(Sydney, Australia), except those marked *,

which were analysed at DTM-CIW (Washington, USA). See Table I for abbreviations (SSI =São Sebastião Island).

Sample B-3C* B-3d(1) PS-1-1 PE-lB-2 PF-lB PPM-3* PPu-1 li-10(e) li-16-1
BAS BAS BAS BAS BAS BAS BAS SSI SSI

87Rbfl6Sr 0.409 0.418 0.673 0.330 0.144 0.341 0.322 0.046 0.783

87Srfl6Sr 0.7078 0.7077 0.7078 0.7069 0.7065 0.7068 0.7071 0.7043 0.7056
' - -

Sample B-2A C-2D PBF-l * MV-2B GPG-I-6A GPA-8C2* A-OI-A GPA-5 PCa-1*
BLAM BLAMP BLAMP CAMP MONCH CUM CAMP CUM ALNO

87Rbfl6Sr 0.215 0.404 0.464 0.128 0.158 0.118 0.211 0.145 0.047
87Sr/86Sr 0.7059 0.7061 0.7059 0.7051 0.7052 0.7052 0.7058 0.7057 0.7056

TABLEV
Calcu lated 87Srr 6Sr (i) and 147Sm/ l44Nd and measured 143Nd/l~d,207P bP04Pb and 206pbP04pb ratios. Samples analysed at

DTM-CIW (Washington, USA).

Sample 87Srr6Sr(i) 143Ndll44Nd(m) 147Srn/l~d(c) 206PbP04Pb(m) 207pbP04pb(m) 208Pbp 04Pb(m)

PPM-3 BAS 0.7062 0.5124 0.1265 18.30 15.57 38.50

B-3C BAS 0.7070 0.5123 0.1202 n.d. n.d. n.d.

PF-6B CAMP n.d. n.d. n.d. 18.74 15.53 38.93

C-7A BLAMP 0.7044 0.5126 0.1133 18.70 15.49 38.70

PBF-l BLAMP 0.7052 0.5127 0.1079 18.21 15.52 38.57

PCa-1 ALNO 0.7055 0.5127 0.0976 19.94 15.64 39.68

PA-8C2 CUM 0.7050 0.5127 0.1263 18.71 15.59 38.08
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