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tion and age (nephelinites to phonolites). The phone ­
litic domes, plugs, necks and dykes (2.9 to 2.3 Ma)
are abundant and widespread. The larger intrusions
may reach heights of over 400 m above sea level and
diameters up to ca. 600 m. According to Almeida
(1961), the Trindade Complex was subjected to
extens ive erosion which removed flows, leaving
exposed only the feeder dykes (less than 5 m thick),
with ages varying from 3.6 Ma to 1.1 Ma.

The volcanic event responsible for the Desejado
Sequence (2.6 to 1.5 Ma) is represented by a thick
succession (ca. 400 m) of phonolitic lavas and
subordinate ultramafic flows intercalated with
pyroclastic levels. The phonolitic flows cover the
central parts of the island where the domes consti tute
the highest peaks (500 to 600 m).

The rocks of the last three volcanic events are all .
of ultrabasic nature. The Morro Vermelho Formation
« 0.27 Ma) is represented by numerous extensive
flows (mainly nephelinites and ankaratrites) and
scarce tuffs, which may have a total thickness of 23 0
m. The Valado Formation, the fourth volcanic event,
is represented by the nephelinitic flows and
pyroclastic deposits (20 m thick), which occur in
restricted areas. The Vulcdo do Parediio Formation
represents the youngest volcanic event in Trindade.
This event built up a large central volcano (200 m
high), now partly eroded, located at the eastern border
of the island, as well as smaller centers in the MOlTO
Verme lho area . These occurrences are made up of
pyroclastic materials and highly vesiculated
ultramafic flows.

The magmatic rocks of the Martin Vaz 'archipelago
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The available geological map of Trindade was
~ ,produced by Almeida (1961), who distinguished five
:.magmatic events, dated (K-Ar) 3.6 Ma to Present by
::Cordani (1970). Under the name Trindade Complex
':(3.6 to 1.1 Ma) , exposed along the coast, Almeida
. (1961) gathered a heterogeneous group of subvolcanic
. :bodies and pyroclastic deposits of variab le composi-

The Trindade and the Martin Vaz islands are
located in the southern Atlantic Ocean . They rise ca.
5000 m above the ocean floor and constitute emerged
parts of the Vitoria-Trindade Ridge, whose W-E trend
is believed to represent the volcanic track left by the
Trindade mantle plume on the overriding South
American plate' (e.g. O'Connor and Duncan, 1990)
since the Tertiary. A very complete geological map,
together with a stratigraphic division -and rock
descriptions, was presented by Almeida (1961).

: Recent studies of Trindade volcanics deal 'mainly with
: trace elements and isotopes (Sr, Nd, Pb) and refer to a
. very few and different samples (Weaver, 1990;

Halliday et al.,1995 and references therein). These
data allowed a preliminary knowledge of the
petrology ' and some genetic hypotheses for these
igneous rocks were proposed.

This study aims to provide a further insight' on the
: mantle source(s) and the processes responsible for the

.~. Trindade and Martin Vaz magma genesis, based on a
. larger set of new geochemical and Sr-Nd isotopic

data.



Aetas II South American Symposium on IsotopeGeology

+
+

4 0

6
oo

4
~~ ~

2

MgO MgO

4 0 12 8

CaO KzO
6

4

56 s o,

52

48

44
~

0-
12 8

12
<1>0.~

e

8

4

Positive correlations between Th and other trace
elements, such as LREE, Y, Nb, Ta and Sr, exist for
the ultramafic rocks (Fig. 2), but not for the
phonolites which, on the contrary, may show negative
correlations (e.g. La, Ba, Sr). Therefore, the
concentrations of incompatible trace elements of the
phonolites are not significantly high when compared
to the ultramafic rocks (e. g. La, Y, Nb, Ta, Ba) . In
particular, the concentrations of middle and heavy
REE are even lower in the phonolites than those of
the ultramafic rocks .

2 ~~
+.

MgO +. ~ MgO

12 8 4 0 12 8 4 0
Figu re 1: MgO (wt.%) vs. major element (wt.%) variation
diagrams for the Trindade and Martin Vaz rocks . Symbols:
open diamonds = nephelinites; solid diamond = Vulcao do
Paredao nephelinite; open circles = basanites-tephrites; ha lf­
solid circles = basanites-tephrites of the Vulcao do Paredao;
crosses = phonolites; solid star = Martin Vaz peralkaline
phonolite.

Sr - Nd ISOTOPIC DATA

The measured 87 Sr/86Sr (Srm) ratios range from

0.7036 to 0.7039 (av . = 0.7037 ± 0.000 1; N =9) and
are consistent with earlier reports (0.7036-0.7038;
Ha lliday et al., 1995 and references there in). The
lowest Sr., isotopic rat ios belong to the phonolites.
The measured 143Nd/144Nd (Ndm) isotopic
compositions vary between 0.51279 and 0.51288
(av. = 0.51284 ± 0.000 04; N = 5), a range larger than
the that (0.51276-0.51280) reported by Halliday et al.
(1995).The Martin Vaz peralkaline phonolite presents

WHOLE~ROCK COMPOSITIONS

Major and minor element variations show a
bimoda l distribution of the samples (Ulbrich et al.,
1997; Fig . 1). Important compositional gaps exist for
MgO (8 - 2 wfllo), Si02, Ti02, Ab03, FeO.. CaO and
K20. As expected, the phonolites have the highest
content of Si02, Ah03, Na20 and K20, and the
lowest concentration of MgO, Ti02, FeOt> CaO and
P20, . The nosean-bearing peralkaline (A.I. == 1.10)
phonolite of Martin Vaz is compositionally similar to
the Trindade analogues . The nephelinites are
characterized by the lowest contents of Si02, Ti02

and Ah03, and the highest CaO concentrations. A
striking feature is that the nephelinitic rocks
(MgO == 10 - 12 wt%) have K20 concentration ca. 4 -
5 times higher than the more evolved (MgO = 8 ­
9 wt%) basanites-tephrites .

Bulk-rock analyses for major, minor and trace
elements (Cr , Ni, Rb, Ba, Sr, Y, Zr and Nb) were
performed by X-ray fluorescence at University of
Trieste (Italy). Ana lyt ical precision is 3% for major
and minor elements, and better than 10% for trace
elements. Neutron activation was used to determine
REE and other trace elements (Ta, Th , U, Hf, Cs, Sc
and Co) at the Instituto de Pesquisas Energeticas e
Nucleares-CNEN/SP, Brazil. The' accuracy and
precision of the adopted methodology are better than
10%. Sr and Nd isotopic compositions were
determined at the Centro de Pesquisas
Geocronol6gicas .of Sao Paulo University, Brazil.
The Sr isotopic ratios were normalized to 86Sr/88Sr ==
0.1194; replicate analyses of 87Sr/868r for NBS987

standard gave a mean value of 0.71028 ± 0.00006 (2
c); the blanks recorded during the analyses were less
than 6.4 ng. The Nd isotopic compositions were

I· d wh. TdJ l44Ndnorma ize to l~ == 0.72190. The averages
143Nd/144Nd for the La Joll a and BCR- 1" standards

were 0.5 11847 ± 0.00005 (2 c) and 0.512662 ±
0.00005 (2 c), respectively; during this work the
blanks were less than 0.03 ng.

are virtually unknown. The only studied sample
. corresponds to a phonolite petrographically simi lar to

that dated (less than 0.7 Ma) by Cordani (1970).
i .
1 ANALYTICAL TECHNIQUES
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residual minera ls during partial meltin g (Fig. 4). The
K behaviour may also reflect the metasomatic
processes that occurr ed in the mantle sources .

According to Sr-Nd isotope mixing systematics the
isotopic data can be explained by mixing between a
dominant (ca . 70%) depleted mantle component, such
as DMM or N-MORB , and a EMI component.
Although Pb isotopes may suggest the involvement of
a highly enr iched radiogenic lead (HIMU)
component, this is not supported by Sr and Nd
isotopes, which are quite distinct from those of San ta
Helena, prec luding an important contribu tion of a
HIMU source-type.

As ear lier outl ined the Trindade and Martin Vaz
rocks exhibit decoupling between Sr-Nd isotopes and
RbiSI' and Sm/Nd ratios, respectively (Fig. 3). These
isotopic and trace element featur es may be explained
by the involvement of fluids andlor small volume
melts related to mant le metasom atism (Menzies et al.,
1987).
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Figure 3: Measured Sr and Nd isotopic compositions for
Trindade and Martin Vaz rocks (symbols as hi Fig. 1). The
mixing lines between N-MORB • EM] and Santa Helena ­
EM! are displayed. Open stars: data from Trindade
ultramafic rocks from Halliday et al. (1995 and references
therein). SmlNd vs. RbiSI' data are shownin the inset.
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MANTLE SOURCES
Assuming that SmlNd ratio of the mant le source

was not significantly modified during tile melting

The geochemical and isotopic differences between process, the TDM(Nd) model age may provide an
the nephelinites and basanites-tephrites cannot be indication of the time at which the metasomatic
uniquely related to different degrees of partial melt ing event(s) occu rred . The availabl e Nd isotope data of
of homogeneous mantle requiring, instead, the the ultramafic rocks yielded a mean value of 456 ±
participation of different mantle sources. The 116 Ma (range: 292 • 616; N = 6). Note that this
basanites-tephrites are characterized by strong model age agrees with those related to the Brasiliano
depletion in K re lative to other incompatible trace Cycle (750 - 450 Ma) between the Sao Francisco
elements indicating its retention in potassium-bearing craton and the coast. This may suggest the
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the highest Nd., ratio, while one analysed tephrite has
Nd., (0.51287) significantly higher than data obtained
from two analysed nephelinites (0.51279 " 0.51282).

Both Sr and 'Nd isotopic compositions are time­
integrated depleted relative to the Bulk Earth (Fig. 3),
and are similar to the rocks from Hernando de
Noro nha and the Abrolhos Islands . The latter islands
were interpreted by Thompson et al. (1998) as being
part of the volcanic trace left by Tr indade mantle
plume on the Brazilian continenta l margin at about 52
Ma ago.

The Mart in Vaz phonoli te and most of the
investigated Trindade samples have higher RbiSI' and
lower SmlNd ratios than the Bulk Earth (Fig 3). This
is contrary to what would be expected from Sr and Nd
isotopic ratios, suggesting that the present Rbi SI' and
Sm/Nd rat ios of the source(s) were modified (Rb vs .
Sr and Nd vs. SOl enrichments) prior to melting
processes.

5 15 25 35 5 15 25 35
Figure 2: Th (ppm) vs. major (wt.%) and trace element
(ppm) variation diagrams for the Trindade and Martin Vaz
rocks. Symbols as in Fig. 1.
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involvement of detached continental lithos pheric
mantle, left at shallow levels, which was melted by
the Trindade plume.
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If we consider that Nd model age represents the
time of the metasomatic event(s) that promoted
enr ichment in incompatible trace elements, then the
mantle sources were isotopically depl eted relative to
the Bulk Earth, before this episode. Another possible
explanation is that the metasomatic processes
occurred recently' (tens of millions years as suggested
by Pb isotopes; Halliday et al., 1995 and references
therein) and then did not affect the isotopic
signatures. It is important to mention that accord ing to
Halliday et al. (1995) young stron g enrichments in U
and Th relative to Pb occurred in the Trindade mantle
source .

The close similarity amo ng Sr and Nd isotopes of
the basalts of Abrolhos Archipelago, located on the
Brazilian coast north to Vit6r ia-Tr inda de ridge, and
those of Trindade and Martin Vaz rocks indicates the
participation of sim ilar mantle components in the ir
magma gene sis.


