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ABSTRACT

Chiva is a circular lagoon with a
diameter of 900 m, located in the
vicinity of the Catanda graben (An-
gola). This area is largely covered
by Quaternary lacustrine sediments,

however, a few dykes of carbonatitic
composition have been found near
the SE shore of the lagoon. The in-
trusion of these carbonatitic dykes
has been linked to the occurrence of
recent volcanic events in the Chiva
area and interpreted as feeding chan-
nels of an eruptive centre with maar
morphology. The Chiva carbonatitic
dykes show a finely porphyritic tex-
ture formed by phenocrysts of sub-
hedral calcite (60 %), apatite (30 %)
and magnetite (10 %) hosted in a fine
calcite-rich ground mass that also
contains accessory minerals such as
pyrochlore, perovskite and kimzeyite.
The mineralogical and compositional
features of the Chiva dykes are simi-
lar to those described in some of the
carbonatitic lavas from the Catanda
graben, suggesting that both volcanic
events are genetically related. The
finding of this new eruptive centre
enlarges the carbonatitic domain
of Catanda and opens the door to
the discovery of new carbonatitic
outcrops in this region of Western
Angola.

Keywords: carbonatites, car-
bonatitic dykes, maar, Angola,
Catanda, Chiva

RESUMEN

En las inmediaciones del graben de Catanda
(Angola) se localiza una laguna circular de
900 metros de didmetro conocida como lagu-
na de Chiwa. Aunque éste drea se encuentra
mayoritariamente cubierta por sedimentos
lacustres, hay afloramientos de un pequeiio
grupo de diques de composicion carbonatitica
en la onilla SE de la laguna. La intrusion de
estos diques carbonatiticos se relaciona con el
desarrollo de eventos volcdnicos en la zona
de Chiva y se interpreta como los antiguos
canales de alimentacién de un centro eruptivo
que desarrollé una morfologia de maar. Los
diques carbonatiticos de Chiva presentan una
tipica textura porfidica formada por fenocris-
tales subhedrales de calcita (60 %), apatito
(30 %) y magnetita (10 %) implantados en
una matriz de calcita de grano_fino con can-
tidades accesorias de pirocloro, perovskita y
kimzeyita. Las caracteristicas mineraldgicas

9 compostcionales de los diques del maar de

Chiva son equivalentes a las descritas en las
lavas carbonatiticas del graben de Catanda,
lo que sugiere que ambos procesos volednicos
estdn relacionados genéticamente. El hallaz-
go de este nuevo centro eruptivo amplia la
zona de desarrollo del vulcanismo carbona-
titico en Catanda y abre la puerta al posible
descubrimiento de nuevos afloramientos car-
bonatiticos extrustvos en esta zona occidental
de Angola.

Palabras clave: carbonatitas,
diques carbonatiticos, maar,
Angola, Catanda, Chiva.
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1. Introduction

Carbonatites are igneous rocks composed of more
than 50 % of carbonates and less than 20 wt%
of SiO, (Le Maitre, 2002). However, their classi-
fication is still under discussion and many authors
consider that magmatic rocks should be classified
as carbonatites when they contain more than 30
% of modal carbonates, not including the SiO,
content (Mitchell, 2005). Carbonatites can be plu-
tonic, hypabyssal or volcanic depending on their
emplacement. They are typically associated to rift
structures that are developed inside continental
cratons (Le Bas, 1986), although they can be also
related to other geological settings such as oceanic
islands (Mangas et al., 1996; Widom et al., 1999) or
orogenic belts (Tilton e al., 1998; Chakhmouradi-
an et al., 2008).

According to experimental petrology data and iso-
topic studies of stable and radiogenic isotopes, is
considered that carbonatitic magmas are originat-
ed in the lithospheric mantle (Wallace ¢ al., 1988;
Bell and Simonetti, 2010). Carbonatitic melts are
marked by their high content in volatile elements,
especially CO, but also F, and their enrichment in
strategic elements such as Rare Earth Elements,
Nb or Ta (Wyllie et al., 1996; Chakhmouradian,
2006; Chakhmouradian and Wall, 2012). This
point has generated a great interest in the study of
carbonatites despite their rarity since only 527 car-
bonatite localities have been reported in the world.
An important part of the research studies in car-
bonatites are focused on the study of extrusive lo-
calities, since volcanic products can provide very
significant information about the genesis and the
composition of carbonatitic magmas and the un-
derstanding of experimental petrology data.
Extrusive carbonatites are extremely rare rocks,
only 47 localities have been reported in the world
until present-day (Woolley and Church, 2005;
Woolley and Kjarsgaard, 2008). The majori-
ty of extrusive carbonatites are located in Africa
and especially in the Eastern Rift where the only
occurrence of an active carbonatitic volcano is
found, the Ol Doinyo Lengai in Tanzania (Daw-

son, 1962; Dawson et al., 1995; Keller and Zait-
sev, 2012). In the western margin of the African
continent a magnificent example of carbonatitic
volcanism is also reported: the volcanic area of
Catanda (Kwanza Sul, Angola). It is formed by a
group of small monogenetic volcanic buildings of
carbonatitic composition cropping out in a 50 km?
graben hosted in Archean granites and it is de-
limited by the intersection of three different fault
systems. The Catanda carbonatitic volcanoes are
largely eroded and covered by Quaternary collu-
vial and epiclastic sediments, which partly obscure
the original morphology of the volcanic edifices.
However, seven different eruptive centres were dis-
tinguished, associated to tuff ring and maar mor-
phologies (Iigure 1; Campeny et al., 2014).

The emplacement of the Catanda volcanic car-
bonatites is associated to the extensional domain
of the Lucapa belt, which is a rift corridor defined
by the NE-SW trending fractures of the Quilen-
gues-Andulo fault system (Jelsma et al., 2009). The
first magmatic activity reported in the Lucapa
corridor is from the Paleoproterozoic (Sykes et al.,
1978) but magmatism was also significantly im-
portant in the Upper Cretaceous, associated to the
break-up of Gondwana and the corresponding
opening of the South Atlantic Ocean (Moulin et
al., 2010). Most of the Angolan carbonatites and
kimberlites are distributed along Lucapa (Alberti
et al., 1999) and were emplaced during the Cre-
taceous magmatic event (Torro et al., 2012; Galvo
et al., 2011a; Calvo et al., 2011b; Robles-Cruz et
al., 2012). Silva and Pereira (1973) and Torqua-
to and Amaral (1974) reported a Cretaceous age
for the Catanda carbonatitic volcanism of 92 £ 7
Ma based on the K/Ardating of phlogopite from
a tinguaite dyke outcropping in the arca. However,
the well-preserved morphology of the volcanic ed-
ifices, the nature of the pyroclastic materials and
the existence of present-day geothermal and seis-
mic activity in the same area suggest a recent age
for these eruptive processes (Campeny ¢t al., 2014;
Campeny, 2016).

During the study of satellite images of the Cat-
anda volcanic area we localised a small circular
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Geological map of the Catanda graben and the area of the Chiva lagoon (modified after Campeny et al.,2014).

lagoon in the Chiva area, located outside of the
Catanda graben and slightly far away from the
main carbonatite outcrops. Field work carried out
in the surroundings of this lagoon allowed us to
distinguish carbonatitic dykes, thus indicating the
possible relation of this area with the occurrence
of the carbonatitic volcanism in Catanda (Camp-
eny et al., 2014; Campeny et al., 2015). The aim of
this work is to provide new information about the
nature of the materials of the Chiva lagoon and
to discern whether their formation is related to the
carbonatitic volcanism of the Catanda region or
whether it should be considered as a genetically
independent event.

2. Methods

The petrographic study of carbonatitic rocks from
the Chiva area was based on the identification of
main rock-forming minerals and the description

of textural features. It has been carried out by the
use of optical microscopy using transmitted and
reflected light. Scanning Electron Microscopy
E-SEM was also used for more detailed analyses
of mineralogical relationships and textures, using
a Quanta 200 FEI XTE 325/D8395BSE with a
Genesis EDS microanalysis system from the Sci-
entific and Technical Centres of the University of
Barcelona (CCiTUB). The operating conditions
of the SEM were 20 — 25 keV, 1 nA beam current
and a working distance of 10 mm from the sam-
ple to the detector. Detail images of the textural
patterns were obtained in back-scattered electron
(BSE) mode.

Geochemical data of major and trace element
compositions were obtained by performing X-ray
fluorescence (XRF) (Norrish and Hutton, 1969)
and ICP-emission spectrometry following a lith-
ium metaborate/tetraborate fusion, respectively,
at the ACTLABS Activation Laboratories Ltd. in
Ancaster, Canada.

METHODS
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3. The Chiva Carbonatites

The Chiva lagoon, which is considered to be the
source of the N’Dula river, islocated 350 km SE of
Luanda and 5 Km NE of the volcanic carbonatitic
outcrops of Catanda (Figurel). It forms a shallow
depression of 900 metres in diameter, surrounded
by a smooth relief that defines a typical ring shape
(Figure 2a). In the vicinity of the lagoon, farming
activity 1s developed and original outcrops are
largely covered by alluvial and colluvial sediments.
However, a few carbonatitic dykescan be distin-
guished on the SE edge of the lagoon, forming
coherent 1.5-metre-thick bodies (Figure 2b), radi-
ally arranged from the lagoon centre to its border.
Outcrops are brownish in colour when weathered
and dark grey in fresh sample (Figure2c).

3.1. PETROGRAPHY

Carbonatitic dykes from the Chiva lagoon have a
porphyritic texture with 20 — 25 % of phenocrysts

and xenocrysts in a carbonate-rich aphanitic
groundmass (Figure 3a), which also contains a
large number of vesicles.

3.1.1. PHENOCRYSTS

The population of phenocrystsis made up of
calcite, apatite and magnetite. Calcite represents
around 60 % of modal phenocrysts of the Chiva
dykes, such as reported in the Ipunda lavas from
Catanda area (Table 1). Calcite crystals are sub-
hedral, with a distinct tabular habit and attain up
to 0.25 mm in length (Figure 3a). However, they
have an internal polycrystalline texture, suggesting
recrystallization and pseudomorphosis processes
(Figure 3b). Apatite crystals are subhedral to eu-
hedral, composed by prisms and hexagonal bipyr-
amids; they are short prismatic in habit and may
reach a diameter of up to 0.3 mm, representing 30
% modal of the total phenocryst population. They
are slightly zoned, with rims enriched in britho-
lite component; hence, the rims appear slightly
brighter in SEM-BSE images than the cores of
these crystals. Magnetite forms clearly zoned eu-
hedral octahedral grains up to 0.4 mm in diameter

a. General view of the Chiva lagoon area. b. Carbonatitic dyke outcropping on the SE shore of the Chiva lagoon. c. Detail of
typical porphyritic texture of the Chiva carbonatitic dykes.
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m Plane-polarized light photomicrographs of Chiva carbonatitic dykes. a. General view (using parallel Nicols) of the carbonate-
rich groundmass mainly formed by calcite (cal) and magnetite (mag). b. Crossed Nicols picture of Apatite (ap), magnetite (mag) and
calcite phenocrysts hosted in a carbonatite-rich groundmass. c. Subhedraltabular phenocrysts of calcite together with magnetite (mag).
Picture taken using crossed Nicols. d. Pelletal lapilli core comprised of a partially fractured and altered olivine (ol) crystal. Picture taken

using crossed Nicols.

representing around 10 % modal (Figures 3a, 3b

and 3c).

3.1.2. XENOCRYSTS

Rounded and corroded olivine grains, up to 0.6
mm, partly or completely replaced by serpentine
minerals are common and may be interpreted
as xenocrysts (Table 1; Figure 3d). In fact, oliv-
ine from the Catanda carbonatites has generally
been interpreted as xenocrysts by different authors
(Peres et al., 1968; Campeny et al., 2015).

3.1.3. GROUNDMASS
The main components of the groundmass are
calcite (60 % modal), apatite (10 % modal) and

magnetite (10 % modal), presenting textural pat-
terns similar to those described in the phenocrysts
(Table 1; Figure 4a). In addition, variable propor-
tions of magnesium-rich smectites (= 20 % modal)
are widespread in the groundmass, forming cryp-
tocrystalline masses that fill interstitial spaces (Iig-
ure 4). Minor proportions of accessory minerals
such as pyrochlore and perovskite are also notice-
able. The grain size of these minerals is very small,
less than 5 pym (Figures 4a and 4b), and they are
scattered in the groundmass or can also appear as
inclusions inside magnetite grains. Both minerals
develop euhedral to subhedral crystals, and zoning
is not evident. Pyrochloreis slightly enriched in Zr
while Nb content in perovskite is below the detec-
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Table 1. Comparison of the mineral composition between Catanda graben lavas and carbonatitic dykes from the Chiva lagoon area.

* Microphenocrysts: fluorapatite (35 %), titaniferous magnetite (35 %), augite (15

%), phlogopite (15 %)

* Groundmass: calcite, fluorapatite, magnetite, pyrochlore, baddeleyite, cuspidine,
Huilala - Ungongué Finely porphyritic Lava Aillikite perovskite, periclase, brucite, zirconolite, spurrite, oldhamite

THE CHIVA CARBONATITES /

GEOCHEMISTRY

* Xenocrysts: olivine

* Xenoliths: glimmerite

* Phenocrysts: fluorapatite (60 %), magnetite (25 %), phlogopite (10 %), augite (5 %)
Jango Finely porphyritic Lava Calciocarbonatite * Groundmass: calcite, fluorapatite, magnetite, pyrochlore, baddeleyite, monticellite

* Xenocrysts: amphibole

* Microphenocrysts: fluorapatite (60 %), magnetite (20 %), phlogopite (15 %),

Utihohala Finely porphyritic Lava Calciocarbonatite augite (5%)
* Groundmass: calcite, fluorapatite, magnetite, pyrochlore, alabandite

* Microphenocrysts: calcite (60 %), fluorapatite (15 %), magnetite (15 %),
Altered phlogopite (5 %), augite ( 5%)

Ipunda Trachytoid Lava Natrocarbonatite * Groundmass: calcite, fluorapatite, magnetite, pyrochlore, baddeleyite
* Xenoliths: glimmerite
* Microphenocrysts: calcite (60 %), fluorapatite (30 %), magnetite (10 %)
Chiva lagoon Finely porphyritic Dyke Calciocarbonatite * Groundmass: calcite, fluorapatite, magnetite, pyrochlore, perovskite, kimzeyite

* Xenocrysts: olivine

CaO contents of 35.52 to 34.27 wt%. These val-
ues are similar to those reported in the aillikitic

tion limit of the EDS. More rarely, we have also
found small subhedral grains of kimzeyite garnet,
up to 2 pm in diameter. and calcio carbonatitic lavas from the Catanda
area and the carbonatitic lavas from Fort Portal,

3.1.4. VESICULA INFILL but significantly higher in comparison to the aillik-
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Vesicular porosity is irregular in size and distri-
bution. However, millimetre- to centimetre-sized
amygdalae are rather common, and they are nor-
mally completely infilled by a supergene sequence
of clay minerals, euhedral quartz and late sparit-
iccalcite. Barite is also found in this assemblage as
tiny crystals, less than 2 pm in length, commonly
included in the calcite groundmass.

4. Geochemistry

Major and trace element compositions of Chiva
carbonatitic dykes are compiled in Table 2. It
also includes compositional values from different
worldwide carbonatite localities for comparison,
such as the lavas from the Catanda area (Angola),
Fort Portal (Uganda), Oldoinyo Lengai volcano
(Tanzania) and the aillikites from Aillik Bay (Can-
ada) (Tappe et al., 2006; Eby et al., 2009; Keller and
Zaitsev, 2012; Campeny ¢t al., 2015).

The carbonatitic dykes of the Chiva area have

ites from Aillik Bay and the Oldoinyo Lengai fresh
natrocarbonatite lavas. Despite that, altered natro-
carbonatic lavas from Catanda and the Oldoinyo
Lengai area present higher values of CaO, varying
from 45.91 to 46.81 wt% (Table 2). In the case of
MgO, Chiva dykes show values from 9.13 to 9.80
wt%, similar to the aillikitic and calciocarbonatit-
ic lavas from Catanda and Fort Portal (Table 2).
FeO, contents range from 8.40 to 8.34 and are also
similar from those which are presented by the ail-
likitic and calciocarbonatitic lavas from Catanda,
butthey are significantly lower than those reported
in the Fort Portal lavas and, especially, in compari-
son to aillikites from Aillik Bay, that present values
from 12.2 to 16.0 wt% FeO, (Table 2).

SiO, totals vary between 12.7 and 13.5 wt% in
Chiva dykes (Table 2), with similar contents to
those reported in the calciocarbonatite lavas from
the Catanda area, as well as in the lavas from Fort
Portal (Table 2). In the case of the aillikitic rocks
from Catanda and Aillik Bay, SiO, values are
significantly higher than in Chiva, varying from
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m Backscattered scanning electron microscope (SEM) images of Chiva carbonatitic dyke samples. a. General view of typical
porphyritic texture with magnetite (mgt), calcite (cal) and apatite (ap) microphenocrysts. b. Apatite (ap) prismatic crystals along side
small grains of perovskite (prv) and magnetite (mgt), present in a calcite-rich (cal) groundmass, with abundant small inclusions of barite
(bar) and magnesium-rich smectite (Mg-sme) in interstitial spaces. c. Detail of the groundmass with pyrochlore (pcl), perovskite (prv)
and microphenocrysts of apatite (ap), magnetite (mgt) and calcite (cal) and interstitial magnesium-rich smectite (Mg-sme). d. Subhedral
grains of kimzeyite (kmz) hosted in magnesium-rich smectite (Mg-sme) and associated to a calcite groundmass (cal) and a subhedral
prismatic grain of apatite (ap).

14.29 to 23.33 and from 18.2 to 26.8, respectively. Chiva dykes are especially similar to those report-
We also carried out a general comparison between ed in the calciocarbonatitic lavas of the Catanda
Si0, contents and the proportion of different el- area (Figure 5).

ements found in Chiva dykes, that also include Chiva dykes have a significant enrichment in REE,
data from different carbonatitic rocks worldwide presenting LREE contents from 100 to 1000 times
(Figure 5). In these diagrams it is possible to dis- higher to those reported in C1 chondrites and 10
tinguish that the main compositional features of to 100 times enriched in the case of HREE (Figure

GEOCHEMISTRY
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6a). General values are similar to those reported in
other carbonatitic rocks (Table 2) but they are not
significant enough to be evaluated as an econom-
ic resource. REE patterns of the studied carbon-
atitic dykes from Chiva show clear negative slopes
with a significant enrichment in LREE relative to
MREE and HREE. These are similar patterns to
those presented by the Catanda graben lavas (Fig-
ure 6a).

Multi-element diagrams also show very similar
patterns between Chiva dykes and Catanda gra-
ben lavas. The carbonatitic dykes are systemat-
ically enriched in all plotted elements (including
LILE, HFSE and REE) to PM (Figure 6b).

5. Discussion

The dykes cropping out in the SE border of the
Chiva lagoon indicate the development of carbon-
atitic magmatism events in this area. Furthermore,
considering the proximity of Chiva to the Catanda
graben, where volcanic carbonatitic activity is well
known (Silva Pereira, 1973; Campeny et al., 2014;
Campeny et al., 2015), both carbonatitic magmatic
areas are probably related.

Mineralogical features of the Chiva carbonatit-
ic dykes are very similar to those reported in the
carbonatitic lavas from Catanda (Campeny et al.,

10000
1000-

100-

1 1 -o- Chiva dykes

0.1—

L 1 1 1

Catanda Lavas /
(Campeny et al,, 2015)

1 1 L 1 1

La Ce Pr Nd Sm E

Gd Tb Dy Nd Er

Tm Y Lu

10000
1000 -
100 -
10 -

1- -e- Chiva dykes

0'1 | 1 1 1 1 1 | 1 | I

(Campeny et al,, 2015)

1 1 1 | | 1 Il | 1 1 |

Cs RobBaTh U Ta Nb La Ce Pb Sr NdSm Zr Hf Eu GdDy Y Er Lu

m a. REE plot of Chiva carbonatitic dykes normalized to chondrite C1. b. Multi-elemental trace element composition of Chiva
dykes normalized to primitive mantle (PM). Normalization values used in both diagrams are from Sun and McDonough (1989). Chiva
carbonatitic dyke patterns are compared to Catanda lavas in both diagrams. Values from Campeny et al. (2015).
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2014; Campeny ef al, 2015). Minerals such as
calcite, apatite and magnetite are the main phe-
nocryst phases in both localities, while the ground-
mass mineralogy is also equivalent. The latter is
comprised of sparitic calcite and accessory miner-
als such as pyrochlore or perovskite; both reported
in Chiva dykes and also in Catanda graben lavas
(Table 1).

The comparison of major and trace element com-
positions between Chiva dykes and Catanda lavas
also indicates a clear genetic relation. Multi-ele-
mental and REE diagrams of Chiva carbonatitic
dykes present equivalent patterns to those report-
ed for Catanda lavas, suggesting that all these car-
bonatitic products were generated from the same
parental melt. Major element composition is very
heterogeneous in the case of Catanda lavas but
the Chiva carbonatitic dykes are compositional-
ly equivalent to the calciocarbonatitic lavas from
Jango and Utihohala monogenetic cones. These
volcanic edifices are also located in the most ex-
ternal part of the Catanda graben region (Camp-
eny et al., 2014; Campeny et al., 2015). In addition,
we can also conclude that carbonatitic dykes from
Chiva present compositional and mineralogical
features akin to other carbonatitic volcanic rocks
worldwide such as Fort Portal (Uganda) (Eby et al.,
2009).

Hence, considering the mineralogical and compo-
sitional features of the Chiva dykes, we conclude
that these carbonatitic outcrops are related to the
volcanic activity in Catanda despite the fact that
Chiva is located outside of the Catanda graben.
Therefore, we assume that carbonatitic volcanic
activity in this area was also developed outside the
limits of the Catanda graben and the discovery of
new carbonatitic volcanic outcrops in this region
should not be ruled out.

The radial distribution of the Chiva dykes, orient-
ed from the lagoon centre to its border, and the
morphology of the Chiva area, which is defined by
a circular depressed ring, suggest that an eruptive
centre was once located in the region. Hypabyssal
intrusions related to volcanic edifices are common
and broadly described in several volcanic areas of

different composition worldwide (Gautneb and
Guddmundsson, 1992; Geshi, 2005; Pasquare and
Tibaldi, 2007). Dykes are generated by magma in-
trusions during volcanic events and represent the
magma path towards the surface (Corazzato et al.,
2008).

Despite the fact that the morphology of the Chiva
area is broadly eroded and covered by sediments
and vegetation, the topographic position of the
area, which is below the average altitude of sur-
rounding terrains, suggests that the Chiva volcanic
edifice has a maar morphology. Maars are volca-
nic constructions related to explosive activity and
are commonly associated to recent carbonatitic
volcanism such as in the Eifel region (Germany;
Keller, 1981), San Venanzo (Italy; Stoppa, 1996),
the East African Rift (Deans and Roberts, 1984;
Woolley and Church, 2005) or even the volcanic
edifices that stand out inside the Catanda graben
(Campeny et al., 2014).

6. Conclusions

The main conclusions of our work can be summa-

rized as follows.

*  Dykes of carbonatitic composition outcrop in
the SE border of the Chiva lagoon area (An-
gola). They have been interpreted as hypabys-
sal intrusive sheets related to the occurrence
of recent volcanic activity, producing a single
eruptive centre with typical maar morphology.

*  Mineralogical and compositional features of
the Chiva dykes are similar to those report-
ed in the carbonatitic lavas of the Catanda
graben area, suggesting that both volcanic
events are genetically related. Moreover, the
Chiva dykes also present compositional simi-
larities to the volcanic silica-rich carbonatites
of the Eastern African rift, such as Fort Portal
(Uganda).

* The genetic relation between Chiva and the
Catanda graben suggests that the recent car-
bonatitic volcanism of the Lucapa domain
has a broader extension than previously sup-
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posed. The discovery of new carbonatitic
volcanic localities outside the main Catanda
graben should not be discarded in this region
of Angola.
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