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ABSTRACT

Trace element and isotopic (Sr, Nd) studies carried-out on two mafic-ultramafic bodies {Apa,
Todasana massifs) situated within the Caribbean chain of northern Venezuela had the following main
objectives: 1) to contribute to the understanding of the development of an alpine type collision zone i.e.
oceanic crust/continental crust; and 2} to attempt to understand the processes of fusion of the mantle
and the Interaction with the crust in the actual geodynamic environment. )

The mafic-ultramafic Apa massif units constitute different levels of the same magma chamber.
Geochemical data obtained from this massif display characteristics of island arc magmas. The evolution
of Sr and Nd isotope compositions (through differentiation} is indicative of progressive contamination of
whe itial magma by crustal materials.

The basic Todasana massif corresponds to different stages of differentiation by fractional
crystatlization of  an  alkaline-type parent magma. Nd isotope compositions indicate a probable
cortamination trend between the basic and the continental materials.

These two mafic bodies are emplaced in the continental crust and as a result must have
interacted at different levels with crustal materials.

KEYWORDS: Mafic, Ultramafic, Caribbean chain, Mantle, Crust.

INTRODUCTION. America and several models have been proposed
This study was carried-out on two mafic- for its development.
ultramafic massifs in the Tertiary Caribbean 2
moutitain system of northern Venezuela viz: the Several authors favour an interpretation
basic/ultrabasic Apa massif emplaced within the suggesting that the entire Caribbean mountain
Villa de Cura tectonic belt, in the central part of system formed as an E-W trending collision
the Caribbean belt and the basic Todasana: boundary between the Caribbean and the South
massif situated within the Coast Range Tectonic American plates ;
belt (Fig. 1). .(Pibum, 1967, Santamaria and Schubert, 1974),
The Tertiary Caribbean mountain system in disagreement with the palaeomagnetic madel
of Venezuela represents a typical example of a proposed by Skerlec and Hargraves, 1980;
collision zone mountain belft. 1t is composed of Stearns et al., 1982 suggesting that this belt
a succession of layers thrust southwards and resulted from a megatectonic rotation, during
structurally superimposed as follows.(Fig.2):- i) the lower Cretaceous times, of a once N-S
the Coast Range Tectonic belt. i) the eclogites trending arc/trench complex situated NW of
and peridotite bearing "Coastal Fringe-Margarita” South America.
Unit. iii) the Caucagua-E} Tinaco tectonic belt. It is well established that mountain
iv) the Ophiolite belt. e] the Villa de Cura Unit systems result either from processes involving
and, v) the foothills tectonic belt. the interaction of ocean/continent, or
Contrary to intercontinental collision continent/continent domains. These interaction
mountain systems, the Caribbean mountain processes are dynamos for crustal formation, as
system displays the presence of oceanic type well as the consequent modification of its
materials  (e.g. Ophiolite complexes} and composition | DePaclo. 1980, 1985). The
extensive development of "external zones” with conditions underwhich these processes take
flysch and molasse facies and with the general place are essential to the understanding of
occurrence of thrusting. This mountain system crustal growth and mantle evolution.
was formed as a result of the impingement of Magma types are a reflection of the
the Caribbean plate against that of South geodynamic environment  under which they
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Venezuela showing the different lithostructural unils
and the locations of Apa and Todasana massifs
studied. (Source: Mapa base tomado del mapa fisico.
Republica de Venezuela sexta edicion 1957).

develope. The main aims of this study are: {1) to
put  constraints, on the geodynamical
development of the Caribbean chain of
Venezuela based on geochemical characteristics.
it is known that magmatism associated, for
example, with mid-oceanic ridges, hot spots,

subduction and intracontinental zones, each
display distinct characteristics. (2} to study the
evolution of mantle magmas and their

interactions with the continental crust, in the
geodynamic environment of the formation of a
mountain system resulting from ocean/continent
collision processes. From field and structural
studies the general geology of this mountain
chain is already. well established, but its
development with time remains a major problem
to tackle. However, one Sm-Nd date on garnet
separates realised in one of our previous works
Lar et al.,, 1998) suggests an age of formation
of about 100Ma. ‘

GENERAL GEOLOGICAL SETTING.

(i} The Apa Massif.
The Apa massif is an ultramafic intrusive
within the Villa de Cura unit which is one of the

main tectonic units of the Caribbean chain of
Venezuela (fig.1). The Villa de Cura unit has
been subject to several studies by many authors
{e.g. Shagam, 1960. Piburn, 1967). it gutcrops
in the central part of the Caribbean chain and is
composed of 4 to 5 km of an allochthono'us
sequence of metavolcanics intertayered with
metasedimentary rocks. The seqguence has beer
metamorphosed mainly under fow temperature
conditions but also at high temperature {Piburn
1967). Schists bearing glaucophane indicating
metamorphism of blueschist facies are als
present. The latter series being intruded by

number of ultramafic complexes {Chacaco, Ap
stc) which are not completely metamorphosed.

Volcanic rocks are
keratophyres and spilites {Shagam, 1960
Piburn 1967). Murray (1972, a,b) noted the
similarities between this series with those o
tholeiitic arcs reported by Jakes and Gill, {1970
and the andesitic affinity of rocks of south Tiar:
which conformably overlie the Vilia de Cur
group. Murray (op.cit) suggested that volcani
rocks of Tiara may well represent an extrusiv:
stite genetically. linked to ultrabasic complexe

represented b
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Fig.2 Cross-section N-S of the Caribbean chain of
Venezuela showing the different geofogical units
{After Stephan et al, 1980).

within the Villa de Cura belt. From the
geochemical data (Ti, Cr, Zr ) (Loubet et al.,
1985}, the rocks of Villa de Cura exhibit
characteristics typical of calc-alkaline series.
Certain authors (Oxburgh, 1966, Harvey, 1971
and Murray, 1972a&b) are of the view that the
Villa de Cura unit is a pre-Cretaceous Basement.
Others (Menendez, {1962) (1967}, Piburn,
1967, Maresch, {1974), Bellizzia {1972) (1977)
and Skerlec, (1974}, {1979), {1980} consider
this unit as an allochthonous mass {a fragment
of oceanic crust {or an arc) derived from the
northern end of the present continental margin
during the upper Cretaceous to Palaeocene and
itself overlies the metasedimentary series of the
Coast'Range Tectonic belt. The latter hypothesis
is largely accepted today, although, the exact

position of the Villa de Cura unit within the
Mesozoic reconstruction is still debatable. The
Apa massif, like several of the’ ultramafic
massifs intrusive into the Villa de Cura unit, is
zoned, and outcrops over 48 km?2 separated into
two portions by a narrow band of the host
metamorphic rocks. In each portion, there is a
variation of mineralogic compositions {from the
interior of the massif towards the exterior from
olivine pyroxenite, ~ 1o hornblendites)
accampanied by a progressive increase in Fe/Mg
ratios. .

The ultrabasic rocks are cross-cut by
intrusions and gabbroic dykes {with hornblende
and 2-pyroxenes), that are either within or at the
extremity of the ultrabasic intrusion (Murray,
1973).

(i} The Todasana massif.

The basic massif of Todasana is situated
in the Coast Range Tectonic belt. [t is a
complex structure consisting of an association
of structuratly concordant rocks:- {1
metasedimentary (2) metamorphosed
volcanoclastics (3} metaigneous of different

sources formed in various environments. (4)
gneissic granitic rocks (Talukalar and Louriero,
1982}. The metasedimentary rocks include,
pelitic ‘A K-Ar age obtained from an
amphibole extracted from the amphibolite Tod26
(Sagna, 1990 unpublished}, indicates a
Cretaceous age of metamorphism (110 =+
32Ma}. Recent ages of 20 to 25 Ma (Sagna,
1990 unpublished} have also been obtained from
mica separates from samples Tod24, Tod26 and
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Fig.3 Evolution diagram {Ko0% Versus Si0O»%) of
Island arc volcanic suites. (Source of data: Luff,
1982, Foden, 1983) AP=Samples from the Apa
massif.
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‘Ap46: Peridotites (lherzolite to harzburgite)

']'od27 indicating more recent tectonic and
thermal phases. ‘ :

The gnessic-granitic rocks are granitic
intrusions of 'a remobilised basement. These
intrusions are relatively ancient { the Sebastopol
complex 420Ma; Hurley and Hess, 1972 and the
granite of Guaremal 403Ma {Urbani, 1983)).

Talukdar and Louriero, {(1982) proposed a
genetic model attributing the origin of all the
basic formations to a period prior to the
Cretaceous orogenesis.

PETROGRAPHIC DESCRIPTION OF SAMPLES
STUDIED. ’

(i) Apa Massif.
The various rocks sampled present the

following characteristics:-
are

equigranular in texture, composed of olivine,

orthopyroxene and  clinopyroxene,  spinel,
amphiboles are abundant.

Apd7: Welrlite. It is of a granular texture
composed essentially of clinopyroxene,
orthopyroxene and interstitial olivine.

Ap48: Hornblendite. It occurs with green
hornblende, interstitial orthopyroxene and rare

opagque and sphene.

Ap49: Altered/Amphibolised Gabbro. It is of
doleritic texture, composed of plagioclase,
clinopyroxene, green hornblende, opaques and
apatite.

Ap50: Pegmatitic gabbro of granular to coarse
grained. Though altered, it is composed of
plagioclase, gréen hornblende and opaques

] 25 50 7% . 100 125 -180 175 200 225 250
. & pm)

Fig.5 Ti, Zr compositions of rocks from the Apa

massif compared with those of other massifs within /

the Caribbean chain. (Source of data:- Loubet et al,

1985) AP: Rock samples from Apa massif. 100009- T s B R St e e B S N Y
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Figs 6 Ti, Cr compositions of rocks from the Apa \
massif compared with those of other series within the
Caribbean chain. {Source of data:-Loubet et al, 1985)
AP: Rock samples from Apa massif.
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{if} Basic Todasana Massif

A series of rocks representative of the
diverse lithologic units in the Coast Range
Tectonic belt were studied. The samples were
collected at the southern extremity of the
Todasana massif . These rocks include: A
metasedimentary rock composed essentially of
green hornblende, few interstitial plagioclase and
opaques. (Tod24); five rocks from the basic
complex composed of hornblendite (Tod21,
Tod23); two Gabbros {Tod26, Tod29), and two
amphibolites (Tod26,Tod28); an augen gneiss
{(Tod27) and a volcanic rock representing a post-
tectonic dyke cross-cutting the previous series
{Tod25),

Tod21 : Garnet bearing hornblendite essentiaily
composed of brown hornblende, pyroxene,
plagioclase and accessory minerals such as
spinel, biotite, zircon, opaques.

Tod22 : Amphibole gabbro characterised by the
presence of hornblende, biotite and plagioclase.
Thg accessory minerals are opaques and fine
calcite veins,

Tod23 : Hornblendite composed principally of
chloritised hornblende and some plagioclases
and biotite.

Tod24 : Fine grained metasedimentatry rock,
essentially composed of muscovite, orthoclase,
guartz, epidote and rare biotite.

Tod25: Volcanic rock essentially composed of
plagioclase (Oligoclase-Andesine)

Tod26: Amphibolite with a low quantity of
garnet, It is composed principally of
homblende, biotite and sodic plagioclase with
accessory opagues.

Tod27: Augen’ gneiss composed of quartz,
plagioclase, microcline, biotite  muscovite,
homnblende, epidote, opaque and zircon.

Tod 28: Hornblendite without garnet. It is

Tod 29: Gabbro composed of orthoclase, biotite,
clinopyroxene, abundant apatite, sphene and
opagues -

ANALYTICAL TECHNIQUES

The major elements, (except for Na and K),
were measured by X-Ray Fluorescence (XRF) on
2 Siamens X-ray Spsctrometer in the Toulouse

wiiversity Petrological laboratory ‘using, fused

peilets with  the  classical “heavy absorber
mothod.  Na and K were analysed by flame
spectrometry at the Geochemical Laboratory of

Toulouse University (GLTU)., Volatile elernents .

were determined by loss on ignition at 1000°C;
Analytical accuracy {and precision) is considered
to he better than 2% XRF spectrometry using
pressed powder pellets (with a 10% weight
binder) was used to analyze certain trace

elements (Ti, V, Cr. Co, Ni, Nb, Zr). Matrix,
instrumentation as well as interference and
enhancement effects were corrected by
methods developed by Bougault, et al., (1977).
Selected international rock standards (Nancy
CRPG standards) were used for calibration.
Analytical accuracy for trace elements other-
than Nb was within 5% to 10% for
concentrations higher than 20 ppm. This
accuracy was (2 ppm at lower concentrations.

REE, Rb, Sr, and Ba concentrations were
measured by isotope dilutionh at the GLTU on a
modified CAMECA THN 206 MASS
SPECTROMETER. Accuracy for these analyses
was estimated at approximately 2%. Chemical
separation of the elements was carried out on a
AG 50 W {200-400 mesh) cationic ion exchange
column. Sr was separated from Ca using
ammonium citrate as a complexing agent (Birck
and Allegre, 1978). REE were separated for
mass spectrometry in three fractions on a
HDEMHP (Di{2ethyihexyl} orthophosphoric acid)
column {(Richard et al, 1976},

Sr isotopic composition measurements were
performed on a Finnigan 261 automatic
multicollector mass spectrometer at the GLTU.
NES 987 Standard was measured with a
875¢/86sr ratio of 0.71020 ( 0.00002 (20 Nj.
Mass discrimination effect was corrected by
normalizing the 88g;/865; ratio to a value of
8.375209.

RESULTS/DISCUSSION

(i] Apa Massif.
Major and Trace element compositions
are presented in Table 1.

{a) Major elements

[t is usual to distinguish within Island Arc
chains volcanic suites varying from tholeitic to
calc-alkaline character. The AFM and K30%
versus Si02% diagrams are here utilised to
distinguish these characters. In the diagram
K20% versus Si0p% (fig.3), four of the samples
plotted out of the domain of  the different
magma series: Ap46 Ap48 and Ap 50. in
addition to these samples is Ap47 as observed
in the AFM diagram (fig.4). This suggests that,
these samples {Ap46, Ap47, Apd48 and Ap50)
represent cumulates. Only sample Ap49 falis
within the domain of magmas characteristic of
calc-alkaline magma in both diagrams.

{b) Trace elements

It is usual to use the concentrations of
incompatible elements and elements of immobile
character (Ji, Cr) (Ti, Zr), to differentiate
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different types of magmas {tholeitic, calc-
alkaline) (Pearce and Cann, 1973; Floyd and
Winchester, 1975) The data from Apa massif in
- {fig.5 & 6) supports the previous conclusion in
{a) above. In the Ti - Zr plot {fig.5}, many
samples fall outside the domain for magmas. A
typical case is that of sample Ap 48 which
contains a noticeable proportion of amphiboles.
This explains the high Ti concentration in this
sample and which supports its cumulate nature.

(c ) Nd-Sr Isotopic Compositions.

Nd and Sr isotopic compaositions of the
analysed samples are presented in Tables.2 and
3 and exhibit the following characteristics: Their
Nd isotopic compositions cover a relatively
narrow range between 5 and 7.3. In the {(Nd -
Sr) diagram (fig.7), three of the samples fall at

the lower limit of the MORB field. Two other
samples (Ap47, Ap49) fall slightly out of the
MORB field. Nevertheless, these compositions
falt within the range of subduction zone
magmas. The Nd isotopic composition of rocks
of Apa massif were also plotted in an isochron
diagram (fig. 8). Considering an  age of
formation of these rocks about 100 Ma
(Lar,1991 * unpublished), there are noticeable
variations in their initial compositions. L is
worth noting that Ap49 originally considered 10
represent a rnagma falls within the range of
compositions of other rocks interpreted as
representative of cumulates. This character
further supports a process of Assimilation during
Fractional Crystallisation (AFC) i.e. the process
of assimilation and contamination of magmas by
crustal materials  during differentiation  (by
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-actional crystallisation) in a magma chamber.
his contamination of magmas could be a result
f the assimilation of the surrounding rocks of
e magma chamber during magmatic
ifferentiation. it is a phenomenon -that has
een repoited frum similar diverse sites such as

“Kiglapait (Labrador),

] et 1 -
65 70 75 80 [¥-3
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. Depaolo, (1980j, (1985);
Rhum (Scotland), Palacz ’(1985), Palacz and
Tait, {1985); Skaergaard: Stewart et al., {1990)

(d) Rare Earth Element (REE) Compositions.

REE spectra normalised to chondrites of
the rocks studied (fig.9) clearly show a large
range -of concentrations from 0.5 X chondrites
to 30 X chondrites. However, these spectra
have common characteristics: " a progressive
enrichment in  LREE, with an inflexion of the
curve at Sm and Nd with a significant depletion
of Ce and finally an enrichment of La relative to
Ce. These REE spectra show clearly that they
are representative of materials derived from the
same source. Three of the samples exhibit
characteristics typical of cumulates: The
spectrum of Ap50 shows a positive anomaly in
Eu indicative of * plagioclase crystallisation. The
hornblendite Ap48 has a spectrum very
impoverished in LREE similar to that attained by
sample Ap46 (a cumulate with high amphibole).

As regards the other two rocks Ap47 and
Ap46, because of their very low REE
concentrations they cannot be considered ars
magmas. They therefore represent cumulate
The similarity of these two spectra coulu
indicate:- either a process of impregnation bv a
magmatic fluid or a control of fractionation of
REE by a major phase during crystallisation
{amphibole).

i the first case (process  of
impregnation), it is reasonable to think that there
must have been a certain evolution of REE
spectra of these magmas during differentiation
where there was a remarkable enrichment of
LREE relative to HREE as the differentiation
progressed. Such an evolution could also be
compatible with AFC process.

The inflexion of REE spectra at the level
of LREE with a significant enrichment at the
level of La is a character that has been found in
a number of magmas from subduction zones.
This enrichment is also found in boninites which
are equaly considered to have been formed in a
geodynamic environment of 'subduction. This
enrichment is attributed either to contaminatior:
by sediments or to an introduction of fluids
{Hickey and Frey, 1981, Pearce, 1983). Finally,
this enrichment in La could be considered as a
typical characteristic of a magma formed in a
subduction zone.

(ii) The basic Todasana massif.

Analyses were carried-out for major,
minor elements and Nd and Sr isotope
compositions. Results of these analyses are
presented in Tables (1, 2 and 3} and then
plotted in diverse geochemical diagrams (1)
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Fig 12. Generalized REE representation of samples
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major elements diagram (AFM) (Fig.4); (2]
Nag0% +Kp0% versus $i0p% diagram (Fig.10);
{3) Isotopic composition 875/86gr;
143Ng/144Nd  (Fig.7); (5) Isochron diagram
(871b/86sr; 875r/86sy) (Fig.11).

are indicative

‘The geocheinical characteristics of the samples

studied are as follow:

'(a) Metasedimentary rock (Tod24)

The geochemical characteristics of this
rock clearly supports its sedimentary origin: high

Si0y content {75.84 (Fig.11), low Sm/Nd ratio

(Fig.12), low Nd isotopic  composition
(143Nd/T44Nd = 0.5117) and high Sr ratio
(875;/86s5r = 0.7249) suggestion a rock of
crustal origin (Fig.8}.

{b) Amphibolite-Hornblende Series Tod28:

As aobserved in the AFM (Fig.4) and
Si0p% versus Nap0% + Kp0% (Fig. 10)
diagrams and the composition in Ti and Cr, this
rock  exhibits  tholeitic  character  that
distinguishes it from the other members of the
series. In the representation (143Nd/144Nd
versus 875r/86sy) (Fig.7), this rock exhibits Nd
and Sr isotopic compositions typical of MORB.

{c) Tod21, Tod26,Tod29 {Hornblendite-Gabbro)
, These rocks present similar geochemical
characteristics  suggesting that they are
cogenetic:- similar Nd isotopic composition and
similar normalised trace elements spectra (Rb,
K,Nb,Sr 2r,Sm, Ti,Y}.

In respect of trace elements, there is a
progressive  enrichment of the  slightly
incompatible elements to the most compatible
ones. In the Nap0% +Ky0% versus SiO2%
diagram ({fig.10) these rocks fall at the upper
portion enriched in Nap0O and K20. They have
very high Ti conteni. All these characteristics
of rmagmas of alkaline basalts.
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There is a noticeable evolution in composition

from Todz1 1o Tod26 and then to Tod28. This.

compositicnal evolution could be of two origing:-
either they correspond to distinct primary
magmas. .e. ‘compositionm variations induced
by fusion processes or either they correspond to
products  resulting  from  different  stages ol
ditferentiation by fractional crystallisation of the
sme magma. However, the latter hypothcars is
more plausible.

Considering the first hypothesis, where
these rocks are considered to have been formed
from»  distinet  primary  magmas, their  Nd
composiions, on the contrary, indicate that they
must hsve resulted from fusion of the same
50UTCe. Equally, their incompatible element
rafios suggest that they must have been formed
at o low percentage of fusion. Under these
conditions,  such  producis of fusion  should
axhibit a narrow range in  major element
composition. The law of trace element variations
indicates that during partial melting, primary
magma showdd egually exhibit similar tenors in
compalible elements (Arth, 1976).  The large
range of major element compositions (509 %:
44 10 56.5%, Ca0% 8.5 to 3.30% and minor
olements  [compatible (NP = 250pm to 71pm
then Tpm. Cr = 6884 to 186 thent 3 ppia. are
incompatible with a fusion process. On the other
hand, the process of ditferentiation by fractional
crystallization  could induce some  significant
variaiions in major glement composition as well
as  compatible  and  relatively  incompatible
slameni ratios.

ci Tod22, Tod23 {(Hornblendite- Amphibole
Coabbeo;

i view of the simifarities nf these two

rocks, they have been grouped as one.  They
exhibiv  very ciose Nd  and  Sr  isotope

carmpasitions {Tables 2 and 3). The posdion of

Tad2% in the AFM diagram clearly indicates it is
a curmidate.  Ms peyotive Sroanomaly coupled
veith & high Cr tenor are in conformity with its
culmulate nature. The cumulale, according to
the generalised REE data, crystallised from a
magma rich in incompatible elements and rich in
LREE relative to HREE. Such a magmea could be
of the same origin as Tod2Z. As rogaids the
origin of these rocks, two hypotheses could be
proposed:- these two rocks could be considered
as resulting from a magma different fiom the
previous damphibolitic group. Theilr very low Nd
compositions (Tod22 = 0.5120055; Tod23=
0.511767) are indicative of an ancient tme of
formation of these rocks and could correspond
to geological formations associated with the
Basement of the Cordillera or as boing issued

from the same magma as that of the previous
series (Lar, 1991 unpublished Thesis). The
difference in composition with the previous
rocks could then be explained by the fact that
they must have undergone deep transformation
giving tise to an important interaction with the
Basement during their emplacement or later,

In respect of major element data, Tod22
prosents close similarities with Tod26 and more
espacially Tod25 (Fig.10 and Table., 1). Thin
section study of sample Tod21 reveals the
presence of biotite and calcite veinlets. It is
known that the fonmation of biotite is often
accompanied by Sr remobilisation especially in
granulite complexss. (Mattson and Seyler,
1389). I the isochron  diagrams
'1‘475731‘ﬂ/14‘4"5\1d; 14“37\1(151"3/M‘Nd) and (87Sr/868r;
57Rb/86s), it is observed that samples Tod22
and Tod2Z fall on a mixing trend between the
rocks of amphibolite scries (Tod22, Tod26
Tod29 and the metasedimentary rock (Tod24).
This kind of mixing could explain the entire
characteristics of these rocks:- the proportion of
mixinig being o funcrion of the initial rock type.
Thus, it is logical to suggest that the process of
contamination affected the initial magma deep at
the base of the crust.

{e) Tod27 {(Gneiss)

One would have thought that this gneiss
represents the Basement of the Cordillera.
However, it exhibits a composition significantly
different from the gneiss of the Basement:- high
Nd isotopic compaosition similar to that of the
rocks of the amphibolite series {Tod21, Tod26,
Tod29).

It exhibits very tow tenors in incompatible
elements e.g Zn: 17 X chondrites, Sr = 9.5 X
chondrites). ts Nb/Zn ratio is similar to those of
the amphibolite series and is typical of alkaline
basalts. 1t is {ogical in respect of the above
statement, to propose that the gneiss Tod27
could also belong to the amphibolite series and
respresent  within  this series a  highly
differentiated unit. The position of this sample
in different correlation diagrams {(AFM and
Mg % versus CaQ%) is in good agreement with
this hypothesis.

{f} Veleanic rock (Tod25)

This rock is a dyke cross-cutting other
litho-structural  units  studied. it exhibits
progressive  enrichment in less incompatible
ele.men"ts towards the highly incompatible ones
being typical of alkaline basalts (Table.1}.
Considering a Cretaceous age of intrusion (i.e.
age of the orogenesis of the Cordillera) the
composition of this rock as observed in the
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isochron diagram 1475m/144Nd; 143N4d/144Nd
(Fig.8) appears to be similar to those of
amphibolite rocks. The characteristics earlier
enumerated point to a close simitarity with the
amphibolitised basic intrusives.

CONCLUSION.

The geochemical characteristics of the
different samples studied from the Apa massif
suggest a cogenetic nature of the rocks. These
characteristics are in good agreement with the
formation of these rocks from the same
magmatic chamber beneath a subduction zone |
lLar et al., 1998). The majority of the samples
are representative of cumulates. Only one is
considered a liquid. The slight Nd isotopic
variation observed in these rocks conforms with
the process of assimilation during fractional
crystallization (AFC).

Analyses of the data obtained from the
study of the basic massif of Todasana suggest
an alkaline-type parent magma. The different
samples {Tod21, Tod 26, Tod27 Tod29)
correspond to different stages of differentiation
by fractional crystallisation of this magma.
Other samples from this massif, exhibiting
isotopic  and trace element compositions
different from the previous group (Tod22,
Tod23), could be linked to this same group.
The variation in isotopic composition must have
resulted from interaction with the Basement
during emplacement or later.

The geochemical characteristics observed
could be explained by the following model :

(Il emplacement of a magmatic body (alkaline
type) at the base of the crust by fusion of a
peridotite mantle of the "Tinaquillo type" (Lar et
al, 1998) followed by differentiation of this body
at a high pressure. Magmas of tholeiitic
character {Tod 28) may have been introduced
much later. (i) uplift of the crust and the massif
resulting in the  destabilisation of the
mineralogical equilibrium leaving a trace of
blueschist metamorphism.

(i) a mantle diapir followed this uplift. Fusion
of the mantle at a much later stage gave rise to
bodies which intruded in the form of dykes and
sils at the base of the continental crust
(Todasana massif). This model is in conformity
with the petrographic observations which have
revealed the existence of two successive stages
of metamorphism; high pressure (eclogite)
followed by very low pressure ({greenschist
facies).

Finally, in the general geodynamic
context of the development of the Caribbean
chain, the two massifs studied correspond to

the process of evolution of the mantle and
diverse mantle-crust interactions. Fusion below a
zone of subduction in the case ol the Apa
massif; giving rise to a diapiric uprise of the
mantle within the context of an openiny ridge,
and the injection at the base of the crust of the
primary magmas formed by fusion as in the case
of the Todasana massif.

AKNOWLEDGEMENT,

This paper forms part of a PhD
dissertation by U.A.Lar. We acknowledge the
sponsorship given to him by the French
Government which enabled his academic pursuit
at the Universite Paul Sabatier, Toulouse France.
We wish to sincerely thank both Profs. M. Ostos
and F. Urbani of Universidad de Caracas,
Venezuela for their assistance during the field
work.

REFERENCES.

Artly, J.G., 1976. Behaviour of trace elements during magmatic
processes- a summary of theoritical models and their
applications. I. Res. U.S. Geol. Surv., 4: 41-47.

Bellizia, G., 1967. Rocas ultrabasicas c¢n ¢l sistema
momanoso  del  Caraibe y acimicentos  minerals
asciados. Ministerio de minas e higrocarburos.
Direccion de Geologia. 8: 16

Bellizia, G. . 1972. Is the entire Caribbean mountain belt of
northern Venezuela allochthonous? Studies in Earth
and  Space Science. Geol, Soc. Amer. Mem. 132:
363-3068.

Birck, J.L., and Allegre, C.J. , 1978. Chronology and
Chemical history of parent body of basaltic
achondrites studied by the YRb/%Sr method. Earth
Planet. Sci. Lett., 39: 37-51.

Bougault, H., Gambon, P. and Toulhouat, H., 1977. X-Ray
spectrometric analysis of trace clements in rocks.
Correction  for instrumenttal inferference.  X-Ray
spectrometry, 6: 66-72.

Bougault, 11, Treuil, M. and Marry, R. ,1985. Local versus
regional mantle  heterogeneities:  evidence  Irom
hygromagmatophile elements:  In - Bougault, .-
Cande, S.C et al., Init. Repts. DSDP82, 459-482,

DePaclo, D.J., 1980. Crustal growth and mantle evolution:
inferences from models of element transport and Nd
and Sr Isotopes. Geochim. Cosmochim. Acta, 44
1185-1196. ‘

DePaolo, D.J. , 1985, lsotopic studies of processes in mafic
magma chambers: 1. The Kiglapait intrusion
Labrador. 31. of Petrology. 26: 925-951.

Floyd, P.A. and Winchester, 1975, Magma type and tectonic
sting discrimination using immobile elements. Earth
Planet. Sci. Lett. V27: 221,



TRACE ELEMENT AND ISOTOPE GEOCHEMISTRY OF MAFIC-ULTRAMAFIC MASSIFS EMPLACED WITHIN THE GNEISSIC BASEMENT OF VENEZUELA 87

Hickey, R. and Frey, F.AY 1981, Rare-carth clement
geochemistry of Mariana fore-arc volcanics: Deep-
Sea Drilling Project Site 458 and hol 459B. In Initial
Reports of DSDP Vol. 60 (eds D.M. HUSSONG, S.
UYEDA ctal.) pp 735-741.

Jakes, P. and Gill, J. , 1970. Rare BEarth Elements and the
Istand arc Tholeiites series. Earth Planet. Sci. Lett.,
17-28.

Lar, U.A., Loubet, M., Ostos, P. and Urbani, ., 1998. le
massif de peridotite de  Tinaquillo (Venezucela):
Example de fusion dynamique d'un  diapir
mantellique.

Jr. of Nat. Sci. Vol. 11l pp98-105.

Lar, U.A. 1991. Etude geochimique de massifs basique ct
ultrabasic (Apa, Todasana, Tinaquillo) de la chaine
Tertiare Caraibe du Venezuela : Genese de magmas
mantelliques et interaction  manteau.croule,
Unpublished Ph.D  Thesis. Univ. Paul Sabatier,
Toulouse, France.

Loubet, M., Montiny, R., Chahati, B., Duarte, N., Lambert, 13.
Martin, C. and Thuizat, R, 1985. Geochemical and
geochronological constraints on the geodynamic
development of the Caribbean chain of Venezuela.
Geodynamique des Caraibes, Symposium Paris, 5-8
Fevrier., Edition Technip.

Maresch, W.N. 1974. Plate tectonics of the Caribbean
mountain  system  of northern South  America.
Discussion and proposal. Geol. Soc. Buli. 85
669-682.

Mattson, P.H. and Seyler, M. , 1989.Petrology and thermal
evolution of the Tinaquillo Peridotite (Venezuela). .
Geopliy. Res. Vol . 94 no. B6 : pp7629-7660.

Menendez, A. 1962 Geology of the Tinaco area, north central
Cojedes, Venezuela, Unpublished Ph.D dissertation,
Princeton Univ. Princeton, N.J. 238pp.

Menendez, A. 1967, Tectonics of the central part of the
western Caribbean mountains. In : Proceedings of the
International Conference on Tropical Oceanography.
Univ. of Miami. pp103-130.

Murray, C.G. 1972a. Significance of the possible Cretaceous
Island arc volcanism in the Venezuelian coast range
(abstract), Trans. Carib. Geol. Conf. V1. pp303.

Murray, C:G. 1972b. Petrologic studies of zoned ultramafic
complexes of the Alaskan type : Feeder pipes of
andesitic volcanoes. Studies in Earth and Space
Science. Geol. Soc. Amer. Mem;, 132, pp131-335,

Murray, C.G. 1973. Zoned ultramafic complexes of the
Alaskan type : feeder pipes of andesitic volcanics.
Geol. Soc. Amer. Mem., 132, pp313-335.

Oxburgh, E.R. 1966 Geology and metamorphism ol
Cretaceous rocks in eastern Carbabobo state,
Venezuela Coast Ranges, Caribbean Geological
Investigations. Geol. Soc. Amer. Mem., 98 pp241-
310.

Palacz, 7. A, 1985 St-Nd-Pb isotopic  evidence for crustal
cmmun/imnion in the Rhum intrusion. LFarth Planet.
Sci. Lett. 75: pp 35-44.

Palacz, Z.A. and Tait, S.R. 1985. isotopic and geochemical
investigation of unit 10 from the Eastern layered
series of the Rhum intrusion, Northwest Scotland.
Geol. Mag. 122; 485-490

Pearce. 1.A. 1983, A "user's guide” to basalt discrinyination
diagram. Unpublished.

Pearce, J.A and Carnn, J.R. | 1973. Tectonic setting of basic
volcanic rocks determined using trace element
analyses. Earth Planet. Sci. Lett. 19 : 290-300.

Richard, P., Shimizu, N and Allegre, C.J. 1976. |43Nd/144Nd
a natural tracer: an application to oceanic basalt.
Earth Planct. Sci. Lett., 31, 269-278. ’

Sagna, 1 ., 1990. Etude K-Ar et 40Ar-39Ar de roches
metamorphiques de la Chaine Caraibe
Venezuelienne.: Consequences Geodynamique. These
de L’Universite Louis Pasteur de Strasbourg.

Santamaria, F. and Schubert, C. 1974, Geochemistry and
gcochronotogy ol southern Caribbean - Northern
Venczucla Plate Boundary. Geol. Soc. Am. Bull. 7:
pp108§5-1098.

Shagam, R. 1960. Geology of central Aragua, Venczuela.
Geol. Soc. Amier. Bull., 71: pp235-362.

Skerlee, G.M. and Hargraves, R.B., 1980. Tectonic
significance pl paleomagnetic data from northern
Venezuela. JI. Geophy. Res. Vol.85. No. BIl0
ppS303-5315.

Stearns, C., Mauk, F.J. and Van der Voo, R.., 1982. Late
Cretaceous Early Tertiary palacomagnetism of the
Aruba and bonaire (Netherlands Leeward Antilles). 1.
Geophy. Res. 87 (2): ppt127-1141.

Stephan, I. ., Beck, C. M., Bellizzia, A and Blanchet, R.
1980. Geologic des Chaine alpines issues de la Téthys, 26¢
Congres Geologigues international Paris

Stewart, B.W. and DePaolo, D.J. . 1990. Isotopic studies of
processes in malic magma chambers : Il. The
Skaergaard Intrusion, East Greenland. Contrib.
Mineral. Petrol., 104 : 125-141.

Talukdar, S. Y. and Louriero. D. 1982, Geologia de¢ una
ubicada en el segmento norcentra de la Cordillera de
ta Costa, Venezuela : Metamorfismo y deformation.
Evolution del margen septentrional de suramerica en
el marco de la tectonica de placas. GEOS 27: ppl5-
76. Escuela de Geologia y minas.

Urbani, P.F., 1982. Comentario sobre algunas edades de Las
Rocas de la parte central de la Cordillera de la Costa.
GEOS, 27 : pp77-84.

Urbani, P.F. 1983, Las rocas graniticas del area de lLas
Trincheras - Mariara, estado Carabobo : Geologia y
edad. Acta Cient. Venezolana (34) su.l ppd1-33,





