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ABSTRACT

The Catanda Complex is one of the few examples of extrusive carbonatitic volcanoes in the
world, and the only one known in Angola. It occurs along the Lucapa corridor that runs SW-NE
across Angola. Kimberlitic, alkaline (mostly syenitic to ijolitic terms) and carbonatitic intrusions
mark this corridor out that runs SW-NE across Angola. This magmatism was previously related
to the Mesozoic continental rifting and the opening of the South Atlantic Ocean. However, recent
geochronology from the carbonatitic volcanics of the Catanda Complex indicates that these
volcanic rocks are much younger (0.56-0.78 Ma), and related to the Pleistocene reactivation of
Mesozoic structures coeval with the formation of the East African rift. Newly acquired Ar3°-Ar4°
geochronology during the PLANAGEO project illustrates the complexities of dating these
carbonatitic melts. The whole-rock Ar-Ar spectra shows a U-shape pattern indicative of excess-
Ar with a series of well-defined steps at 471 + 28 Ma and 210 + 6 Ma, confirmed by the intercepts
of their separate Ar-isochrons. The geological significance of these dates is questionable, but
this Ar-spectra could indicate the presence of older Ar reservoirs. A phlogopite separate from the
same sample does provide a reliable spectra with an Ar-Ar plateau age of 3.01 + 0.53 Ma and a
concordant Ar-isochron age of 2.83 + 0.66 Ma. This age is slightly older than the previously
reported ages suggesting the existence of several carbonatitic magmatic pulses in the Catanda
area during the Pliocene-Pleistocene.
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RESUMEN

El Complejo de Catanda es uno de los pocos ejemplos de volcanes carbonatiticos extrusivos del
mundo Yy el Unico conocido en Angola. Se encuentra en el corredor de Lucapa, el cual atraviesa
Angola en direccion SW-NE. Intrusiones kimberliticas, alcalinas (principalmente sieniticas a
jjoliticas) y carbonatiticas caracterizan este corredor. Este magmatismo se relaciono
anteriormente con el rifting Mesozoico y la apertura del océano Atlantico Sur. Sin embargo, la
geocronologia reciente de las rocas carbonatiticas del Complejo de Catanda indica que estas
son mas jovenes (0.56-0.78 Ma), y estan relacionadas con la reactivacion pleistocena de
estructuras mesozoicas, coetaneas con la formacion del rift de Africa Oriental. La geocronologia
Ar3®-Ar® obtenida durante el proyecto PLANAGEO, de una colada carbonatitica, ilustra las
complejidades de la datacion de estos fundidos carbonatiticos. El espectro Ar-Ar de roca total
muestra una forma de U indicativa de exceso de Ar con escalones bien definidos a 471 + 28 Ma
y 210 + 6 Ma, confirmados por las edades de interseccion en las isdcronas de Ar. El significado
geoldgico de estas edades es cuestionable, pero este espectro de Ar podria indicar la presencia
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Las edades Ar-Ar en de reservorios de Ar mas antiguos. Un separado de flogopita de la misma muestra proporciona
flogopita y las un espectro fiable con una edad Ar-Ar plateau de 3,01 + 0,53 Ma y una edad isocrona
reportadas en concordante de 2.83 + 0.66 Ma. Esta edad es ligeramente méas antigua que las edades

separados minerales 5 yeriormente publicadas, sugiriendo la existencia de varios pulsos magmaticos carbonatiticos

sugieren un . . .
magmatismo el area de Catanda durante el Plioceno-Pleistoceno.

carbonatitico desde el
Plioceno al Pleistoceno.
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1. Introduction

The Catanda Carbonatite Complex (CCC) represents one of the few examples of extrusive
carbonatites in the world, constituting a unique volcanic carbonatite complex in west Angola (Woolley
& Church, 2005; Bambi, 2015; Campeny, 2016). This carbonatitic volcanic system has a complex
structure associated to explosive and effusive volcanic activity. It is made up of eight main eruptive
centres, whose carbonatite magmas have a high content of F, Nb and Rare Earth Elements
(Bambi, 2015; Campeny, 2016; Campeny et al., 2014, 2015). For that reason and with the aim of
enhancing the geological knowledge of SW Angola, the Catanda volcanic complex has been an
intriguing subject of study during the PLANAGEO Project (National Geology Plan of Angola).

Catanda is one of the three main regions in Angola that contains carbonatitic complexes (Issa Filho
et al., 1991). These carbonatite-rich areas are the central (Monte Verde, Bailundo, Coola, Longonjo,
Tchivira-Bonga), southwest (Virulundo, Lupongola), and central-west (Catanda) regions. These areas
are usually associated with the alkaline-carbonatitic magmatism that occurred during Mesozoic times
in SW Angola. This magmatism is distributed along a series of tectonic alignments that were active at
least during the Upper Jurassic and Lower Cretaceous (155 Ma, 138-130 Ma; Lapido-Loureiro, 1973;
Cahen et al., 1984; Allsopp & Hargraves, 1985; Issa Filho et al., 1991; Coltorti et al., 1993; Alberti
et al., 1999; Comin-Chiaramonti et al., 2005, 2007). These large-scale tectonic structures control the
distensive Lucapa structure, the Alkaline-carbonatitic Diagonal Trans-Angola Province (Woolley, 1987;
Lapido-Loureiro, 1967, 1968, 1973, 1995), and the Volcanic Belt of Angola (Machado, 1959), which are
associated with the destabilisation and crustal break-up of Pangaea promoted by the opening of the
South Atlantic Ocean (Guardado et al., 1989; Brownfield & Charpentier, 2006, Torsvik et al., 2009;
Bryant et al., 2012).

The petrographic and geochemical features of the CCC have been widely studied in the works of
Melgarejo et al. (2012), Bambi (2015), Campeny et al. (2015, 2017), Campeny (2016) and Giuliani
et al. (2017). Nevertheless, the existing geochronological data regarding the Catanda magmatism may
be contradictory. For example, the phonolite dikes found near the CCC presumably associated with this
carbonatitic magmatism, were dated at 92 + 7 Ma by whole-rock K-Ar geochronology (Silva & Pereira,
1973; Torquato & Amaral, 1973; in Torquato, 1977), indicating association with the opening of the
Atlantic Ocean. However, recent 3¥Ar-*°Ar and (U-Th-Sm)/He mineral dating of the Catanda lavas
(Campeny, 2016; Giuliani et al., 2017), which yield extrusion ages ranging from 0.78 to 0.56 Ma
(Pleistocene), suggests a relationship with the reactivated ancient NE-SW extensional structures in the
context of the crustal fracturing and alkaline- carbonatitic magmatism currently occurring in the East
African Rift. Nevertheless, Ar-Ar ages from phlogopite separates recently obtained in PLANAGEO,
together with additional whole-rock Ar-Ar dating of the same carbonatitic sample, provide a new insight
on the geological history of the Catanda region in central west Angola. In any case, the variability of the
radiometric values encourages discussion for future geological and geochronological work in the area.
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2. Geological setting

The CCC is located in the Kwanza Sul province (Angola), approximately 60 km southeast of the town
of Sumbe (Fig. 1). This complex comprises a cluster of relatively eroded volcanic cones, covering an
area of 50 km?, composed of carbonatitic lavas and pyroclastic materials unconformably deposited over
a Paleoproterozoic igneous and metasedimentary basement (Fig. 1). The CCC preserves the
morphology of a volcanic building, although intense alteration and erosion have caused the
development of eluvial-alluvial deposits on the slopes of this building. In the Chiva lagoon area, to the
east of the main volcanic building, there are carbonatite dikes associated with the complex (Campeny
et al., 2017). In the vicinity of this volcanic complex, active hot springs have also been described
associated with a NNW-SSE fault system that emanates CO.-rich waters, resulting in the formation of
thick travertine deposits on top of the Palaeoproterozoic basement (Bambi, 2015).
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Figure 1. Geographic location and geological map of the Catanda area. It is also indicated the location of the stratigraphic
sections A and B performed during the PLANAGEO project.

Figura 1. Localizacién geogréafica y mapa geoldgico del area de Catanda. También se indica la ubicacion de las columnas
estratigraficas A y B realizadas durante el proyecto PLANAGEO.

The basement and country rock of the CCC comprise slightly foliated, porphyritic and medium-
grained Palaeoproterozoic granitoids affected by a complex system of brittle, occasionally ductile,
fracturing with WNW-ESE, NNW-SSE and ENE-WSW directions. In some of these sectors, the granite
intrusions display medium- to high strain deformational textures, showing cataclastic to mylonitic
textures, and more sparsely preserved migmatitic structures. Metasedimentary rocks and quartz-
feldspar porphyries occur within a WNW-trending high-strain deformational corridor. The granitoid
basement is intruded by a set of NNW-SSE and ENE-WSW trending microgabbros and phonolite dikes.
These latter alkaline dikes provided an age of 92 + 7 Ma by whole-rock K-Ar (Torquato & Amaral, 1973).
Given the spatial association with these alkaline dykes, the CCC was interpreted as Cretaceous in age.
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3. The Catanda Carbonatite Complex: field and petrographic features.

The Catanda Carbonatite Complex (CCC) stands out as a topographic height with an elevation of
< 200 m over the surrounding countryside (Fig. 2). Carbonatitic pyroclastites and lavas of
calciocarbonatite, silicocarbonatite and natrocarbonatite composition form a composite volcanic
structure, as a result of different extrusive and effusive events (Fig. 3; Bambi, 2015; Campeny, 2016),
defining anticlinal structures associated with the flanks of the volcanic building. Campeny et al. (2017)
cite the presence of explosive and effusive maar-type structures, located in the Chiva lagoon, related
to the carbonatitic magmatism of Catanda. The petrography of these rocks is described in detail in the
works of Melgarejo et al. (2012), Bambi (2015), Campeny et al. (2014, 2015, 2017), Campeny (2016)
and Giuliani et al. (2017).

Figure 2. Panoramic view of the Catanda Carbonatitic Complex (CCC) from the NE. The shape of the volcanic edifice is
partially preserved and the carbonatite outcrops can be seen at the top of the image, whereas the eluvial deposits covering
the entire area appear at the bottom of the image.

Figura 2. Vista panoramica del Complejo Carbonatitico de Catanda desde el NE. Se conserva parcialmente la forma del
edificio volcanico y se pueden ver los afloramientos de carbonatitas en la parte superior de la imagen, y los depdsitos eluviales
que cubren toda el area en la parte inferior de la imagen.

The pyroclastic deposits of the CCC seem to be linked to explosive episodes related to the high
volatile content of the carbonatitic magmas. These deposits consist of fine- to medium-grained
pyroclastites with cinerite levels, the latter typically deposited at the top of the sequence (figs. 3A, E
and 4). They usually show pale, fiery to slightly yellowish colours (figs. 3A, B). The tuff levels and
pyroclastites may present carbonate cement, which increases their competence and resistance to
weathering. They usually present parallel, grain-decreasing, lamination and planar or cross stratification
(figs. 3C, D). These deposits are composed of calcite, apatite, pyroxene, quartz and amphibole crystals
(Bambi, 2016). The pyroclastic levels usually include heterolithic fragments of foliated granitoids and
porphyritic granites, and more sparsely, gabbros and serpentinised ultramafic rocks, associated with
host-rock brecciation during the carbonatite magma ascent, and extrusion of volcanic products
(Fig. 3E). Some of these fragments show signs of metasomatism related to the circulation of
hydrothermal fluids and/or volatile enrichment occurring after the extrusion of the carbonatitic pulses.

Effusive carbonatite lava flows tend to occur at high structural levels within the volcanic edifice. The
dark grey to greenish colours of these materials, together with their high competence, make them more
visible in the most prominent heights of the sequence (figs. 3F, G). They have an inequigranular
porphyritic holocrystalline texture, with subhedral to anhedral apatite, calcite and phlogopite
phenocrysts, and olivine, magnetite and pyroxene xenocrysts, the latter showing reaction rims
(figs. 3H, J).
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Figure 3. Mesoscopic and microscopic features of the Catanda volcanic rocks. a) Fine- to medium-grained pyroclastic
deposits, forming a steep slope of the volcanic edifice. b) Alternation of fine- to medium-grained pyroclastites and cinerites,
showing greyish to slightly yellowish light colours. c) Carbonatite pyroclastites deposited unconformably over the
Palaeoproterozoic granitic basement. d) Cross-bedded fine- to medium-grained pyroclastites. e) Detail of a fragment of a
porphyritic granite included in the pyroclastite deposits. f) Competent levels of carbonatite lavas, showing dark colours and
high relief. g) Carbonatite lava flow corresponding to the upper half of stratigraphic column B. h) Detail of the carbonatite lava
flow, showing apatite and calcite phenocrysts and mafic xenocrystic (olivine, pyroxene), with reaction halos at the edges.
i) Microphotograph of the carbonatite lava flow, showing phlogopite, hornblende, clinopyroxene and olivine phenocrysts in a
matrix composed of carbonates, opague minerals and zeolites. j) Scanning electron microscope (SEM) microphotograph of a
pyroclastic flow, showing abundant phenocrysts within a fine-grained matrix. Reaction halos in grain edges are observed in
the phenocrysts.

Figura 3. Caracteristicas mesoscopicas y microscopicas de los materiales volcanicos de Catanda. a) Materiales piroclasticos
de grano fino a medio, que forman una pendiente pronunciada del edificio volcanico. b) Alternancia de piroclastitas y cineritas
de grano fino a medio, con colores claros, grises a ligeramente amarillentos. ¢) Piroclastitas carbonatiticas depositadas en
discordancia sobre las unidades del basamento granitico Paleoproterozoico. d) Piroclastitas de grano fino a medio con
estratificacion cruzada. e) Detalle de un fragmento de granito porfidico (roca encajante) incluido en los depésitos piroclasticos.
f) Niveles competentes de lavas carbonatiticas, de tonalidades oscuras y elevado relieve. g) Colada carbonatitica
correspondiente a la mitad superior de la columna B (Fig. 4. h) Detalle de la colada carbonatitica, mostrando fenocristales de
apatito, calcita y xenocristales de minerales maficos (olivino, piroxeno), con halos de reaccion en los bordes. i) Lamina delgada
de la colada de lava carbonatitica, mostrando fenocristales de flogopita, hornblenda, clinopiroxeno y olivino en una matriz
compuesta por carbonatos, minerales opacos y zeolitas. j) Microfotografia con microscopio electrénico de barrido (SEM) de
una muestra piroclastica, donde se pueden observar abundantes fenocristales dentro de una matriz de grano fino. Se
observan bordes de reaccion en los fenocristales.
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Figure 4. Stratigraphic columns of the Catanda Carbonatite Complex (CCC). Column A — Gonjomba is located
on the NW of the area whereas the B-column is located on the SE of the complex. See location on Figure 1.

Figura 4. Columnas estratigraficas del Complejo Carbonatitico de Catanda. La columna A — Gonjomba esta
ubicada en el NO del area, mientras que la columna B esté ubicada en el SE del complejo. Ver localizacion en
la Figura 1.

The matrix forms a micro- to cryptocrystalline carbonate-rich mesostasis with brownish to violet
colours, together with larger crystals of olivine, apatite, clinopyroxene, opagque minerals, and zeolites
(Fig. 3H). Bambi (2015) and Campeny (2016) mentioned the presence of pyrochlore, fluorite,
fluorapatite, spinel, baddeleyite and barite.

During PLANAGEO field work, two stratigraphic columns were made (Fig. 4; see location in Fig. 1).
The column A-Gonjomba was studied in the NW area of the carbonatitic complex, with a total thickness
of 58 meters. This section is dominated by pyroclastites rather than lava flows. The lower part (30 m)
of the column consists of lenticular pyroclastic bodies with variable thickness and a lateral continuity of
up to 18 m (Fig. 4A). These pyroclastite layers show a tendency to decrease in grain size towards the
top, displaying planar cross-bedding and parallel lamination (Fig. 3D). The upper part of the section
(28 m) is formed by pyroclastites of variable granulometry and laminated cinerites of massive
appearance (Fig. 3B), interbedded with an approximately 5 m thick pyroclastic flow level with a large
lateral continuity.

The second column (B-Ungongué) was constructed on the southern slope of a volcanic eruptive
centre located in the eastern part of the complex, reaching a total thickness of almost 70 m. This section
contains a higher concentration of pyroclastic materials compared to column A, covering almost 55 m
of the section. The pyroclastite levels are heterometric and have an overall massive appearance
(Fig. 4B). The presence of heterolithic fragments in the pyroclastic materials of the surrounding
basement (gabbros, foliated granites and porphyritic granites) is constant along the two columns
(Fig. 3E). The upper half of this section is dominated by massive carbonatite lava flows (figs. 3F, H).
The sample dated in this study (UTEMC33UO015I; UTM coordinates: (X) 441538 (Y) 8708575) was
taken from this carbonatitic level.
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4. Ar-Ar methodology

Sample preparation for Ar-Ar dating, including rock crushing and mineral separation (phlogopite in
this case), was performed at the IGME laboratories in Tres Cantos (Madrid, Spain) and sent to the
Pacific Center for Isotopic and Geochemical Research (PCIGR), University of British Columbia
(Vancouver, Canada).

Samples were crushed and sieved to obtain fragments ranging in the size from 0.1 to 0.5 mm. A
hand-magnet was passed over the samples to remove magnetic minerals and metallic crusher
fragments/spall. The samples were rinsed in dilute nitric acid, washed in deionized water and then air-
dried at room temperature. Mineral separates were hand-picked, wrapped in aluminium foil and stacked
in an irradiation capsule with similar-aged samples and neutron flux monitors (Fish Canyon Tuff
sanidine, 28.02 Ma; Renne et al., 1998). The samples were irradiated at the McMaster Nuclear Reactor
in Hamilton, Ontario, for 56 MWH, with a neutron flux of 3x1016 neutrons/cm?. Analyses (n=54) of 18
neutron flux monitor positions produced errors of <0.5% in the J value. The mineral separates were
step-heated at incrementally higher powers in the defocused beam of a 10W CO; laser (New Wave
Research MIR10) until fused, at the Noble Gas Laboratory of the PCIGR facilities from the University
of British Columbia. The gas evolved from each step was analysed with a VG5400 mass spectrometer
equipped with an ion-counting electron multiplier. All measurements were corrected for total system
blank, mass spectrometer sensitivity, mass discrimination, radioactive decay during and after
irradiation, as well as interfering Ar from atmospheric contamination and the irradiation of Ca, Cl and K.
Isotope production ratios were (*°Ar/*°Ar)K=0.0302, (*’Ar/*°Ar)Ca=1416.4306, (*®Ar/*°Ar)Ca=0.3952,
Ca/K=1.83(*’ArCa/**ArK). The plateau and correlation ages were calculated using Isoplot 3.09 software
(Ludwig, 2003). Errors are quoted at the 20 (95% confidence) level and are propagated from all sources
except mass spectrometer sensitivity and age of the flux monitor.

5. Ar-Ar geochronological results

A carbonatite sample from a lava flow from an eruptive centre located in the eastern part of the CCC
was selected for Ar—Ar isotopic analyses (sample UTEMC33UO015I; Fig. 3H). Ar-Ar dating was
performed on whole-rock and phlogopite separates of the same sample (figs. 5, 6). The whole-rock Ar-
Ar spectra shows a “U” shape pattern of gas steps with different apparent ages (Fig. 5A). The first two
initial heating steps display an average age of 1483 + 67 Ma, due to the low *°Ar (4.42-3.51 %) and
radiogenic “°Ar content (15.95-12.34%; Table 1), while the next two steps and the final one yield an
average age of 471 + 28 Ma. The remaining three continuous steps with 61% of the Ar released provide
an Ar-Ar plateau age of 203 + 19 Ma (MSWD = 0.028, probability = 0.97; Fig. 5A). The normal isochron
age of the whole data reveals an inaccurate age of 170 + 78 Ma (MSWD = 10.5; Fig. 5B). After pooling
the concordant “°Ar*/*°Ar results and discriminating the two age spectra, the corresponding inverse
isochrons yield Ar-Ar ages of 461 + 63 Ma for the oldest data (Fig. 5C), and 203 + 49 Ma for the youngest
steps (Fig. 5D), which are within the error of the Ar-Ar plateau ages.

The phlogopite separate provides an Ar-Ar plateau age of 3.01 + 0.53 Ma (MSWD = 0.39, probability
= 0.91, including 98.9% of %°Ar; Fig. 6A). The two first steps were discarded for age calculations, due
to their low %Ar (0.24 % and 0.81 %) and erratic radiogenic °Ar values (-237.9 % and -310.09 %) (Table
2). However, the remaining data showed a consistent average age throughout all heating stages, within
error, supporting the confidence of the Ar-Ar plateau age obtained. In fact, the produced inverse
isochron from the concordant Ar-Ar age data provides a similar age (i.e., 2.83 + 0.66 Ma, Fig. 6B) to
that obtained by the Ar-Ar plateau age, reinforcing the consistency of the age data.
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Figure 5. A) Whole-rock Ar/Ar plateau age obtained for the Catanda carbonatite lava flow (sample UTEMC33UO015I) (203 +
19 Ma); B) Whole-rock, normal isochron of the whole data, reporting an Ar-Ar age of 170 + 78 Ma. C) Inverse isochron of the
old concordant age data, giving an Ar-Ar age of 461 + 63 Ma. D) Inverse isochron of the youg concordant data, showing an
age of 203 = 49 Ma.

Figura 5. A) Edad de plateau Ar/Ar en roca total de una colada carbonatitica de Catanda (muestra UTEMC33U015I).
Magmatismo carbonatitico de Catanda (203 + 19 Ma); B) Edad de isocrona Ar-Ar obtenida a partir de todos los datos de
edades, aportando una edad de 170 + 78 Ma. C) Isocrona inversa de los datos concordantes antiguos, obteniéndose una
edad Ar-Ar de 461 + 63 Ma. D) Isocrona inversa de los datos concordantes jovenes, mostrando una edad de 203 + 49 Ma.
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Figure 6. A) Ar/Ar Plateau age from phlogopite phenocrysts of the Catanda lava flow (UTEMC33U015I) (3.01 £ 0.53 Ma),
B) Inverse isochron obtained from the concordant Ar-Ar age data, giving an age of 2.83 £ 0.66 Ma.

Figura 6. A) Edad de plateau Ar/Ar en separados de flogopita de la misma colada de Catanda (UTEMC33U015I) (3.01
0.53 Ma), B) Isocrona inversa obtenida a partir de los datos de edad Ar-Ar concordantes, aportando una edad de 2.83
0.66 Ma.
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Laser Isotope Ratios
Power(%) “Ar*Ar o5 FAIPAr 55 FArPAr 55 FArPAr 55 Rho K/Ca %*Arrad f¥Ar “Ar</PArK Age 20

2,30 1721,39 3515 4,86 0,2 0,0006 0,00001 0,0028 0,00004 0,053 0,01 15,95 442 281,893 145780 +79,57
2,60 2305,16 13551 6,80 041 0,0004 0,00003 0,0029 0,00004 0,026 0,00 12,34 351 307,483 1546,83  +127,34
3,00 433,711 6,23 1,26 0,03 0,0022 0,00003 0,0028 0,00006 0,223 0,01 1499 1114 69,072 477,93 + 56,00
3,40 257,89 391 0,72 0,02 0,0035 0,00007 0,0026 0,00008 0,193 0,00 2302 1116 66,716 463,53 +43,95
3,80 118,32 3,32 0,34 0,04 0,0080 0,00023 0,0026 0,00033 0,183 0,01 21,61 9,80 27,004 201,95 + 88,25
4,50 56,56 1,31 0,11 0,01 0,172 0,00040 0,0018 0,00018 0213 0,02 47,17 2572 27,353 20442 +2293
5,20 7359 192 018 0,01 10,0131 0,00035 0,0022 0,00020 0,108 0,01 3482 2543 26,670 199,59 + 33,66
6,00 160,77 3,81 0,36 0,02 0,0058 0,00014 0,0020 0,00014 0,248 0,01 39,59 883 68469 47426 +48,50
J =0.00431950 + 0.00000864 Volume ¥ArK = 0,078 x E-13 cm® NPT

Integrated Date = 343,76 + 15,09 Ma
Plateau age = 203 + 19 Ma (20, including J-error of .4%) MSWD = 0.028, probability=0.97 Includes 60.9% of the 3°Ar steps 5 through 7
Inverse isochron (correlation age) results: Model 1 Solution (+ 95%-conf.) on 3 points

Age =461 + 63 Ma Initial “°Ar/*6Ar =299 + 12 MSWD =0.18 Probability = 0.67

Inverse isochron (correlation age) results: Model 1 Solution (+ 95%-conf.) on 3 points

Age =203 + 49 Ma Initial “°Ar/*6Ar =295 + 49 MSWD = 0.034 Probability = 0.85

Table 1. Results of whole rock Ar-Ar studies on sample: UTEMC33U015I.
Tabla 1. Resultados de los estudios Ar-Ar en roca total en la muestra: UTEMC33U015I.

Laser Isotope Ratios

Power(%) “Arf°Ar 2o *ArffAr 20 ®Ar/°Ar 2o *Ar/®Ar 20 Rho Ki/Ca %*Arrad f¥Ar “Ar</*ArK Age 20
2,40 5661 233 0,64 0,14 0,02 0,007 0,0113 0,0025 0,052 0,12 -237,95 0,24 135,153  -2052,03 +1173,29
2,80 3511 028 048 0,07 0,03 0,002 00137 0,0021 0,009 030 -310,09 0,81 109,027 -1436,38 +438,71
3,20 511 0,04 00157 0,0021 0,20 0,0015 0,0030 0,0004 0,035 2,59 8,98 4,13 0,459 419 +575
3,50 530 0,05 0,0168 0,0041 0,19 0,0019 0,0032 0,0008 0,032 1,78 5,65 3,25 0,299 2,73 +11,08
3,90 213 0,02 0,0064 0,0009 047 0,0037 0,0030 0,0004 0,033 4,50 10,47 9,13 0,222 2,03 + 2,56
4,30 227 0,02 00061 0,0011 044 00042 0,0027 0,0005 0,038 6,06 19,90 7,63 0,452 412 +3,07
4,80 243 0,02 0,0065 0,0010 041 0,0031 0,0027 0,0004 0,031 8,08 20,17 8,27 0,490 4,47 +2,69
6,20 0,79 0,01 0,0022 0,0004 126 00113 0,0021 0,0005 0,021 0,37 38,24 24,26 0,303 2,76 +1,10
7,20 0,54 0,00 00012 0,0002 1,84 00169 0,0013 0,0005 0,019 0,38 60,97 32,39 0,332 3,02 +0,68
8,20 0,72 0,01 0,017 0,0009 140 00254 0,0019 0,0013 0,025 0,67 42,55 9,91 0,305 2,78 +254

J'=0.00498690 + 0.00000997 Volume ArK = 1,326 x E-13 cm? NPT

Integrated Date = 3,01 + 0,53 Ma

Plateau age = 3.01 + 0.53 Ma (20, including J-error of .4%) MSWD = 0.39, probability=0.91 Includes 98.9% of the 3°Ar steps 3 through 10

Inverse isochron (correlation age) results: Model 1 Solution (+95%-conf.) on 8 points
Age =2.83 £0.66 Ma Initial “°Ar/*Ar =307 + 26 MSWD = 0.37 Probability = 0.9

Table 2. Results of Ar-Ar studies on phlogopite separates from the sample: UTEMC33UO015I.
Tabla 2. Resultados de los estudios Ar-Ar en separados de flogopita de la muestra: UTEMC33U015I

6. Discussion

The Catanda volcanic complex was commonly considered to be formed during Cretaceous times
(e.g., Silva & Pereira, 1971; Issa Filho et al., 1991; Alberti et al., 1999), according to the whole-rock
K-Ar crystallisation age of 92 + 7 Ma reported for the tinguaite dikes located southeast of Catanda
(Torquato & Amaral, 1973). The U-Pb geochronological works performed in kimberlites from the Catoca
region, to the east of Catanda, provided an eruption age of 117.9 £ 0.7 Ma (Robles-Cruz et al., 2012).
Other works provide crystallisation ages of some alkaline-carbonatitic massifs in Angola comprised
between 130 and 155 Ma, using Rb-Sr isochron or Ar-Ar plateau ages (Cahen et al., 1984; Allsopp &
Hargraves, 1985; Merino-Martinez, 2022; Merino-Martinez et al., 2025), suggesting a clear relationship
between this magmatism and the breakup of Gondwana and the opening of the South Atlantic Ocean.
Nevertheless, the works of Campeny (2016) and Giuliani et al. (2017) attributed an extrusion age for
the Catanda carbonatite lavas between 0.56 and 0.78 Ma based on 3°Ar-*°Ar in phlogopite and
(U-Th-Sm)/He in apatite isotopic dating. These authors considered these ages to be associated with
the reactivation of Cretaceous structures, such as the Lucapa corridor, during the middle Pleistocene.
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The Ar-Ar data obtained in the PLANAGEO project, presented in this study, together with the
previously reported Ar-Ar data (Campeny, 2016; Giuliani et al., 2017) suggest that this magmatism took
place between 3 and 0.5 Ma. Excess argon is responsible for the U-shaped Ar-Ar spectra displayed by
the whole-rock sample. This feature is commonly associated with low potassium rocks or the presence
of melt or fluid inclusions, which would release far more argon during stepwise heating, producing
anomalously old ages (e.g., Kelley, 2002, and references therein). Also, it can be attributed to the
presence of excess Ar in the mantle source of these magmas (e.g., Coltice & Ricard, 2002). Thus,
although the whole rock Ar-Ar plateau ages displayed in the Catanda carbonatite lava flow could reflect
distinct incorporation mechanisms for the excess argon (Fig. 5A), they may be also indicative of old
magmatic events and/or mantle metasomatic imprints recorded by the carbonatitic magmas, these latter
without connection to any precise tectono-thermal event identified at the surface of the region so far.

The younger Ar-Ar plateau ages of 203 = 19 are similar to the whole-rock K-Ar age of 222 + 16 Ma
reported in basaltic lava flows found in the Kwanza Basin (Torquato & Amaral, 1973). It is worth noting
that within the PLANAGEO project other recent Ar-Ar dating in basaltic samples south to the Sumbe
area also reveal an Ar-Ar plateau age of 210 + 6 Ma (Merino-Martinez et al., 2021), which closely aligns
with the results obtained in the Catanda samples. These ages are also alike to those reported in dolerite
dikes from the Espinhago Region and Santos Basin of Brazil (220-193 Ma; Dossini et al., 1995; Guedes
et al., 2005) and closely resemble those documented in the Central Atlantic Magmatic Province (204-
192 Ma; Svensen et al., 2017; Oliveira et al., 2023). This would suggest that: i) the Catanda magmatism
was related to the pre-Karoo magmatism recorded in the Central Atlantic Magmatic Province, and may
correspond to the first basaltic pulses occurred during the early stages of crustal break-up of the
Pangaea supercontinent during the Triassic-Jurassic transition (Svensen et al., 2017); or ii) that high-
temperature xenolith minerals and/or inclusions were incorporated in the carbonatite materials,
revealing a late-Triassic metasomatism event in the lithospheric mantle beneath the Catanda volcanics,
similar to that suggested for other Cenozoic alkaline volcanics (e.g., Villaseca et al., 2018).

Possible evidence for mantle metasomatic events could be also recorded in this Ar spectra. The
initial whole-rock Ar ages constrained between 1547 and 1458 Ma (average age of 1483 = 67 Ma)
would probably attest for erratic measurements due to excess Ar (Fig. 5A; Table 1). Nevertheless,
similar ages are documented in SW Angola and NW Namibia, related to the emplacement of distinct
igneous intrusions and MT to HT metamorphic events registered in the Epupa Complex during the late-
Palaeoproterozoic and Early-Mesoproterozoic (1534-1447 Ma Brandt et al., 2003; Seth et al.,
2003, 2005).

In addition, some steps of the whole-rock Ar-Ar dating performed in the carbonatitic lavas of Catanda
also display an average age of 471 + 28 Ma. This age matches the ages recorded in the post-orogenic
stages of the Pan-African/Brasiliano orogeny (Heilbron et al., 2008; Bento dos Santos et al., 2010,
2015). It is interesting to note that other similar ages have been determined within the PLANAGEO
Project (i.e., 509-475 Ma; Chamizo & Buzzi, 2021; Lopes et al., 2021; Merino-Martinez, 2022) in distinct
gneissic rocks from the Angolan coastal region and in dolerite dikes from SW Angola. Torquato &
Amaral (1973) also reported equivalent K-Ar ages ranging from 508 + 59 to 490 + 8 Ma in granite and
gneissic rocks to the west of Catanda. In fact, these ages are described in the coastal Angolan
counterparts, the Ribeira Belt/Mantiqueira Province in SE Brazil and northern Uruguay, related to the
cooling ages of long-term magmatism (540-490 Ma; Bento dos Santos et al., 2010, 2015) or in the
Cabo Frio tectonic domain, associated to the latest deformational events of the Brasiliano orogeny
(505-490 Ma; Schmitt et al., 2004, 2008).

On the contrary, the accurate Ar-Ar plateau age obtained from the phlogopite suggests an extrusion
age for the carbonatitic lava flow of 3.01 + 0.53 Ma (Fig. 6A). This age is older than the phlogopite Ar
inverse isochron and U-Th-Sm/He apatite ages of 0.8-0.5 Ma obtained by Campeny (2016) and Giuliani
et al. (2017) for other carbonatitic lavas of the CCC. Hence, the ages recorded in the CCC lava flows
would suggest that distinct episodes of carbonatitic volcanism occurred during the Pliocene and
Pleistocene in the Catanda region.

However, the Pliocene-Pleistocene age for the complex needs to be taken with caution, as Bambi
(2015) and Campeny et al. (2014, 2015) described diverse alteration textures in the Catanda lavas,
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including the phlogopite crystals, as well as evidence of geochemical and isotopic (5*3C-5!80) mobility
related to hydrothermal processes. This hydrothermalism could account for the disturbance of the age
spectra and spread of the Ar phlogopite and U-Th-Sm/He apatite ages reported for the Catanda
carbonatites. In addition, it should be noted that several meteoric alteration and erosion phenomena
occurred from the Cretaceous to the Pleistocene (Pereira, 1977), and a significant crustal uplift, which
formed the so-called Chela Escarpment, was described between Miocene and Pliocene times (Jackson
et al., 2005; Guiraud et al., 2010). Thus, further geochronological and isotopic work is required to better
constrain the timing of the carbonatitic volcanism and associated hydrothermalism in the CCC and its
connection with the Cenozoic volcanism in central Africa (Giuliani et al., 2017).

7. Conclusions

The newly acquired Ar-Ar dates within the PLANAGEO project prompt further discussion on the
geochronology of the carbonatitic lavas found in the Catanda volcanic complex of central west Angola.
The Ar-Ar data determined in whole-rock and phlogopite mineral separates from a carbonatitic lava
provide significantly different ages. The whole-rock analysis provides a U-shape Ar-Ar spectra
characteristic of excess Ar, with a plateau age of 210 + 6 Ma. The geological significance of this age is
arguable, but it could suggest that a late-Triassic metasomatic event could have been recorded in the
lithospheric mantle beneath the CCC, related to the initial stages of magmatism during the opening of
the South Atlantic Ocean. Initial whole-rock Ar steps with an average age of 1483 + 67 Ma and an
inverse Ar isochron age of 471 + 28 Ma, although probably derived from excess Ar, could also attest
for older thermal and/or metasomatic events registered in the lithospheric mantle or the presence of
Mesoproterozoic and/or Palaeozoic sources beneath the Catanda region. A separate set of phlogopite
crystals have provided an Ar-Ar plateau age of 3.01 + 0.53 Ma, that is alike to the obtained concordant
inverse isochron Ar age of 2.83 + 0.66 Ma. This newly acquired Ar data, together with the previously
reported ages in mineral separates (0.78-0.56 Ma in phlogopite and apatite), suggests a Pliocene-
Pleistocene extrusion age for the Catanda Carbonatite Complex.
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