
Accepted Manuscript

Re-Os geochronological constraints on the Dabolava mesothermal gold occur-
ence, Madagascar: implications for the Ikalamavony sub-domain deposition age

A.S. Andre-Mayer, N. Ramiandrisoa, O. Vanderhaeghe, L. Reisberg, S.
Rabeandrasana, C. Zimmermann

PII: S1464-343X(14)00031-4
DOI: http://dx.doi.org/10.1016/j.jafrearsci.2014.02.005
Reference: AES 1972

To appear in: African Earth Sciences

Please cite this article as: Andre-Mayer, A.S., Ramiandrisoa, N., Vanderhaeghe, O., Reisberg, L., Rabeandrasana,
S., Zimmermann, C., Re-Os geochronological constraints on the Dabolava mesothermal gold occurence,
Madagascar: implications for the Ikalamavony sub-domain deposition age, African Earth Sciences (2014), doi:
http://dx.doi.org/10.1016/j.jafrearsci.2014.02.005

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jafrearsci.2014.02.005
http://dx.doi.org/http://dx.doi.org/10.1016/j.jafrearsci.2014.02.005


  

 

1 

 

Journal of African Earth Sciences 1 

 2 

Precambrian Geology of Madagascar 3 

 4 

Re-Os geochronological constraints on the Dabolava 5 

mesothermal gold occurence, Madagascar: implications for the 6 

Ikalamavony sub-domain deposition age 7 

 8 

ANDRE-MAYER A.S.,  9 

GeoRessources UMR 7359 CNRS-Université de Lorraine-CREGU, BP 70239 - F-54506 Vandœuvre-10 

lès-Nancy Cedex – France 11 

anne-sylvie.andre@univ-lorraine.fr 12 

 13 

RAMIANDRISOA N.,  14 

Ecole Supérieure Polytechnique d’Antananarivo (ESPA), Antananarivo 101 – Madagascar 15 

lnjara@yahoo.fr 16 

 17 

VANDERHAEGHE O. 18 

GeoRessources UMR 7359 CNRS-Université de Lorraine-CREGU, BP 70239 - F-54506 Vandœuvre-19 

lès-Nancy Cedex – France 20 

olivier.vanderhaeghe@univ-lorraine.fr 21 

 22 

REISBERG L., 23 

Centre de Recherches Pétrographiques et Géochimiques (CRPG), UMR CNRS 7358, 15 rue Notre 24 

Dame des Pauvres, F-54501 Vandœuvre-lès-Nancy – France 25 

reisberg@crpg.cnrs-nancy.fr 26 

 27 

RABEANDRASANA S.  28 

Ecole Supérieure Polytechnique d’Antananarivo (ESPA), Antananarivo 101 – Madagascar 29 

samuelgonabe@yahoo.fr 30 

 31 

ZIMMERMANN C. 32 

Centre de Recherches Pétrographiques et Géochimiques (CRPG), UMR CNRS 7358, 15 rue Notre 33 

Dame des Pauvres, F-54501 Vandœuvre-lès-Nancy – France 34 

cspatz@crpg.cnrs-nancy.fr  35 

 36 

Corresponding author: anne-sylvie.andre@univ-lorraine.fr - +33 (0)3 83 68 47 56 37 

38 



  

 

2 

 

Abstract 39 

New Re-Os ages for early concordant veins and later discordant veins in the Ikalamovony 40 

sub-domain of west-central Madagascar require respectively a Paleoproterozoic age for 41 

metasedimentary rocks and a Pan-African age for the orogenic type occurrences. Indeed, 42 

this paper focuses on Re-Os geochronology of Dabolava gold occurrences, located in the 43 

Ikalamavony sub-domain, western central part of Madagascar. Two types of gold veins have 44 

been identified in this region; (i) type 1, centimetre-thick quartz veinlets, with diffuse contacts 45 

and concordant to the main regional foliation of the host amphibolites, part of the upper-46 

Group of the Ikalamavony sub-domain; (ii) type 2, 30 to 50 centimetre-thick quartz veins 47 

variously transposed in shear zones affecting the Dabolava granodioritic orthogneisses, part 48 

of the Dabolava magmatic suite. These two types of veins with Au-Py assemblages have 49 

been sampled for Re-Os geochronology. The type 1 pyrite and electrum assemblage yields a 50 

Palaeoproterozoic age (1961±79Ma) whereas the pyrite and electrum assemblage of 51 

discordant type 2 veins yields a Pan-African age (533±23 Ma). These ages record two main 52 

gold mineralization events that affected this crustal segment. Assuming that the Re-Os 53 

systematics were not perturbed by more recent events, the 1961±79Ma Ma age obtained in 54 

this study on type 1 gold vein concordant in amphibolites favours a Palaeoproterozoic 55 

deposition age for the whole Ikalamavony sub-domain, both lower- and upper Groups. This 56 

age contrasts with the previously proposed Mesoproterozoic age for the deposition of the 57 

upper Group of the Ikalamavony sub-domain but is consistent with the Paleoproterozoic age 58 

(∼1800 Ma) deduced from detrital zircon ages in the Ikalamavony quartzites located in the 59 

Ikalamavony lower Group. The Pan-African age obtained on the type 2 gold deposits is much 60 

younger than the emplacement age of the host granodiorite and precludes a porphyry-type 61 

model for this gold mineralization and rather favours an orogenic type with a deposition 62 

during the Pan-African orogeny. 63 

Keywords: Madagascar, Dabolava, orogenic gold, Re-Os geochronology 64 

65 
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1. Introduction 66 

Reassessment of Madagascar’s geology during the last two decades has provided 67 

new comprehensive geologic and geodynamic models (e.g. Handke et al, 1999; 68 

Tucker et al., 1999; Kröner et al., 2000; Martelat et al. 2000; Collins et al., 2000; 69 

Collins et al., 2003; De Wit, 2003, Collins and Windley, 2002), notably as a result of 70 

the World Bank PGRM project (2003-2012) (De Waele et al. 2011, Tucker et al. 71 

2011, Tucker et al., 2012 and the references cited therein). This new geological 72 

framework has also reinvigorated metallogenic studies (e.g. Augé and Legendre, 73 

1992; Andriamampihantona, 1992; Windley et al., 1994, Rakotondrazafy et al., 1996; 74 

Kabete et al. 2006; Giuliani et al., 2007; Andrianjakavah et al., 2007) inaugurated by 75 

the historical treatise of Besairie (1966), and Peters et al. (2003, 2012) have 76 

presented a renewed interpretation of the data compiled in Besairie’s treatise. 77 

Since 1883, gold in Madagascar has been essentially the object of artisanal 78 

exploration and exploitation and Besairie (1966) described these gold occurrences as 79 

“Au-bearing quartz veins with relative amount of sulphides”. Recent increase in the 80 

gold value has renewed interest in gold exploration elsewhere in the world and also 81 

in Madagascar. Studies by Rambeloson (1999), Nawaratne and Dissanayake (2001), 82 

Premoli (1996) and Andrianjakavah et al. (2007) have focused on gold occurrences 83 

located in the central and northern part of the island (Figure 1A). Except for 84 

Andavakoera in the northern area, Madagascar gold occurrences are considered to 85 

be mesothermal deposits in quartz-sulfide veins hosted in metamorphic rocks of 86 

various facies and lithologies (amphibolites, magnetite bearing quartzite (BIF), and 87 

gneisses). Andrianjakavah et al. (2007) have shown the “orogenic gold” character of 88 

the Maevatanana occurrence. However, structural controls and ages of these 89 

mesothermal-orogenic occurrences are unknown or debated. The associated shear 90 



  

 

4 

 

zones and metamorphism are considered to be Pan-African (about 550 Ma) and 91 

hydrothermal processes linked to gold deposition are supposed to be related to this 92 

East-African Orogeny (Peters et al. 2003; Peters et al. 2012). 93 

FIGURE 1 94 

The majority of Madagascar’s gold occurrences are hosted by greenstone belts with 95 

a Neo-Archaean protolith variously reworked during the Pan-African orogeny 96 

(Rambeloson 1999, Nawaratne and Dissanayake 2001, Peters et al. 2003, 97 

Andrianjakavah et al. 2007, Peters et al. 2012, Tucker et al. 2012, Figure 1A). 98 

Accordingly, two distinct working hypotheses can be formulated regarding the source 99 

of gold and its behaviour during the Pan-African orogeny, namely: (i) Gold 100 

mineralization is related to Archaean juvenile extraction and has been partially 101 

remobilized owing to deformation, metamorphism and hydrothermalism during the 102 

Pan-African orogeny; (ii) Gold mineralization is associated with the introduction of a 103 

new Au stock related to a huge hydrothermal event linked to the Pan-African 104 

orogeny. 105 

In order to contribute to this debate, this paper will report new Re-Os 106 

geochronological constraints obtained on pyrite- and-gold-bearing quartz veins 107 

sampled in amphibolites from the Ikalamavony tectonometamorphic unit and in 108 

granodioritic orthogneisses and gabbros that are part of the Dabolava suite in the 109 

western part of Madagascar (Figures 1 and 2). These geochronological data (i) 110 

provide new insights into the source of gold and the timing of mineralization events 111 

and also (ii) contribute to the debate on the age of the Ikalamavony sub-domain and 112 

its correlation with the Itremo sub-domain. 113 
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2. Geological context of the gold occurrences 114 

The Precambrian shield of south-central Madagascar, excluding the Vohibory region, 115 

is comprised from north-east to south-west of (i) the Antananarivo domain, (ii) the 116 

Ikalamavony-Itremo domain, and (iii) the Anosyen–Androyen domain (Figure 1A). 117 

The central domain (Ikalamavony-Itremo) consists of two distinct parts (Figure 1B). 118 

- The Itremo sub-domain, in the east, is composed of complexly deformed shallow 119 

marine low-grade metasediments comprising a sequence of quartiztes, schists and 120 

dolomitic marbles with some tectonic intercalations of Neoarchaean gneiss (Tucker et 121 

al., 1999, 2007; CGS, 2009a, b) from the Antananarivo domain (Itremo Group, 122 

Moine, 1974). The Itremo sub-domain is of Palaeo- to Mesoproterozoic age, as 123 

inferred from the youngest Paleoproterozoic detrital zircons in quartzites clustered in 124 

age around 1.7 Ga (Cox et al. 1998 and 2004, CGS 2009a) and was intruded by the 125 

metamorphosed granitic-gabbroic Imororona-Itsindro suite (~800 Ma, Tucker et al. 126 

1999, CGS 2009a) and by weakly deformed granites of the Ambalavao suite (~ 550 127 

Ma, U/Pb, Tucker et al. 2007, CGS 2009a). 128 

- The Ikalamavony sub-domain, to the west, contains abundant volcano-clastic 129 

metasediments and lesser quartzites, paragneiss and marbles, and is intruded both 130 

by the igneous rocks of the Dabolava suite composed of the granodioritic-tonalitic 131 

orthogneiss (1013 Ma and 1002 Ma, U/Pb on zircon, GAF-BGR 2008; Tucker et al. 132 

2007; CGS 2009 a,b; Tucker et al. 2011 and Tucker et al. 2012), and metagabbros 133 

(981 Ma and 994 Ma, U/Pb on zircon, Rakotoarimanana et al. 2000, 134 

Rakotoarimanana 2001; Tucker et al. 2007, CGS 2009). According to 135 

Rakotoarimanana (2001), Tucker et al. (2007, 2011, 2012), CGS (2009a, b), the 136 

Ikalamavony sub-domain is composed from bottom to top of (i) a lower Group 137 

consisting of quartzites, paragneiss and marbles, attributed to the Palaeoproterozoic 138 



  

 

6 

 

and (ii) an upper Group consisting of a volcano-sedimentary unit interpreted to be 139 

deposited around ca. 1 Ga (Figure 2). 140 

TABLE 1 141 

Whereas the lithostratigraphy of the Itremo sub-domain has been relatively well 142 

understood since the map publication of Moine (1968), the much more intense fold 143 

and thrust deformation and the greater lithologic and stratigraphic variety has led to a 144 

wide range of litho-tectonic subdivisions and stratigraphic nomenclature for the 145 

Ikalamavony sub-domain. Table 1, from De Waele et al. (2011), is summarizing these 146 

litho-tectonic subdivisions. 147 

Gold in the Dabolava region is the object of intensive artisanal exploration and 148 

exploitation in both laterite and basement rocks (Figure 3). Exploitation of alluvial 149 

deposits has been the main source of gold in this region with 2.5t of gold (80 000 Oz 150 

Au) extracted between 1901 and 1921 (Tucker et al. 2012).  151 

FIGURE 3 152 

Gold mineralization in this area has been poorly studied with the exception of the 153 

pioneering work published in the early 20th century (Auclair, 1911; Benevisse, 1938) 154 

and the recent study of some occurrences hosted in Dabolava and Ambatomiefy 155 

granodiorites using modern geological techniques (Rakotoarimanana, 2001; 156 

Rakotoarimana et al., 2000). These studies suggest (i) a genetic relationship 157 

between gold occurrences and the Dabolava and Ambatomiefy pluton emplacement, 158 

(ii) affinities of these gold occurrences with porphyry-type deposits and (iii) a 159 

Mesoproterozoic age for gold deposition based on the 1013 to 982 Ma U/Pb ages 160 

obtained on zircon grains from the granodiorite (Tucker et al. 2007) and gabbro 161 

plutons of this region. However, the gold mineralization has not been directly dated. 162 
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Based on our field investigations, we have identified two types of gold occurrences in 163 

the Dabolava region (Figure 4): 164 

- Type 1: Centimetre-thick quartz veinlets, with diffuse contacts and concordant to 165 

the main foliation of the host amphibolites striking dominantly east-west and dipping 166 

from 5 to 50 degrees to the southwest. 167 

- Type 2: 30 to 50 centimetre-thick quartz veins variously transposed in dominantly 168 

EW striking subvertical shear zones affecting the granodioritic orthogneisses 169 

corresponding to the quartz veins already described in Rakotoarimanana (2001).  170 

These two types of veins with Au-Py assemblages, within amphibolites near 171 

Kiranomena (S19°32’86’’, E45°35’58’’) (Type 1, Figure 2, Figure 4A and B) and 172 

within granodiorite near Dabolava (S19°38’68’’, E45°42’76’’) (Type 2, Figure 2, 173 

Figure 4C and 4D), have been sampled for Re-Os geochronology. 174 

Tucker et al. (2012) described gold occurrences (Amberobe and Ampitambe) around 175 

the Vongoa gabbroic intrusion (Figure 1B) associated with discordant Quartz-Pyrite 176 

veins. Pyrite observed as veins inside the Miandrivazo gabbro (S19°36’19’’, 177 

E45°35’97’’) (Figure 2, Figure 4E and 4F) has also been dated in this study even if 178 

we did not detect any gold in the samples used for geochronology.  179 

FIGURE 4 180 

 181 

3. Analytical Methods and results 182 

The Re-Os geochronological measurements (Table 2) were performed on pyrite 183 

(Miandrivazo gabbro) or on intergrown pyrite and electrum, the most common metal-184 

bearing phases in the two observed paragenesis (Ramiandrisoa 2010, Ramiandrisoa 185 

et al. 2009).  186 

FIGURE 5 187 
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The pyrite and intergrown pyrite and electrum samples were pulverizing in an agate 188 

mortar to fine powder. Re-Os isotope analyses were carried out at the CRPG 189 

laboratory (Nancy, France). Analytical techniques applied in our study are based on 190 

those described in Birck et al. (1997), Cardon et al. (2008), and Reisberg and Meisel 191 

(2002) and are briefly summarized here. For each sample, 300 mg of pyrite powder 192 

were placed in a quartz tube with 185Re and 190Os spikes, hydrochloric acid (2 mL), 193 

nitric acid (5 mL), and 0.1 ml of H2O2 (Table 2). Quartz tubes were placed in a high 194 

pressure asher (HPA-S Anton Paar) and heated at 300°C during 3 hours, under a 195 

pressure of 100 bars. This operation permits sulphide dissolution and assures 196 

homogenization of sample and spike Os. Osmium was then extracted into liquid 197 

bromine, an immiscible phase. After two extractions, Os was trapped in the Br2 198 

solution, whereas Re remained in the acidic solution. After adding HBr to transform 199 

Os to a non-volatile form, the Br2 was removed from the Os-bearing fraction by 200 

evaporation at low temperature. The separated Os was then purified by 201 

microdistillation. Rhenium was extracted from the acidic solution using 202 

chromatographic columns filled with AG1 X-8 resin. 203 

Re measurements were made using an inductively coupled plasma mass 204 

spectrometer (ICP-MS; ELAN 6000 at the SARM, Nancy). Instrumental mass 205 

fractionation was repeatedly controlled during the measurements with a 0.3 ppb Re 206 

standard, normalized to an assumed 187Re/185Re ratio of 1.6738. Os samples were 207 

loaded on platinum filaments and analyzed by negative thermal ionization mass 208 

spectrometry (N-TIMS; Creaser et al., 1991; Volkening et al., 1991) using a Finnigan 209 

MAT 262 instrument at CRPG, Nancy. Analyses were made in peak jumping mode 210 

using an ETP electron multiplier. During the period of measurement, our in-house Os 211 

standard yielded a value of 0.17383 ± 0.00062 (2σ, n=40) identical within error to the 212 
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value obtained for this standard over the past 10 years. A total Os blank analyzed 213 

with the samples yielded 0.35 pg and a 187Os/188Os ratio of ~0.4, which is 214 

comparable to typical blank values in the laboratory. Two Re blanks yielded 3.6 and 215 

5.6 pg. The obtained Re-Os values for these py (pyrite), py+el (electrum) 216 

assemblages are presented in Table 2. 217 

TABLE 2 218 

In this table 2, Re concentrations and 187Os/188Os ratios are blank corrected. We note 219 

that because of the very low 188Os concentrations, the 187Os/188Os ratios are highly 220 

sensitive to the blank correction, particularly for the pyrite sample, and should thus be 221 

considered only as approximate values. Ages are determined using the calculated 222 

radiogenic 187Os concentrations (187Os*) which are much more robust. The 188Os 223 

values listed in Table 2 include the common Os contributions from both the Os 224 

incorporated into the minerals and the analytical blank. Common Os is assumed to 225 

have a 187Os/188Os ratio of 0.6 ±0.5. The uncertainty on this assumed composition, 226 

which includes both the Os blank and the initial Os components, is propagated into 227 

the final uncertainty on the age. The final uncertainty also takes into account the Re 228 

blank uncertainty, standard errors of individual analyses, reproducibility of liquid 229 

standards, Re isotopic fractionation during analysis, and weighing and decay 230 

constant uncertainties, all taken at the 2σ level. 231 

Two distinct ages are obtained for type 1 and type 2 gold occurrences. The pyrite 232 

and electrum assemblage hosted as concordant veins in amphibolites yields a 233 

Palaeoproterozoic age (1961±79Ma) whereas the assemblage observed as 234 

discordant veins in the Dabolava granodiorite yields a Pan-African age (533±23 Ma). 235 

The pyrite sampled from a vein inside the Miandrivazo gabbro also gives a Pan-236 

African age (526±6 Ma). 237 
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 238 

4. Discussion 239 

4.1. Timing of gold event(s) 240 

The Re-Os ages obtained directly on pyrite+electrum assemblages for Type 1 241 

concordant veins (1961±79Ma) and Type 2 discordant veins (533±23 Ma) 242 

respectively hosted in amphibolites and in granodiorite clearly express two main gold 243 

deposition events in this crustal segment. 244 

The Re-Os result (1961±79Ma) on a type 1 gold vein suggests that an initial gold 245 

concentration is associated with the Ikalamavony basic volcano-sedimentary 246 

sequence, within the upper Group of the Ikalamavony sub-domain. The significance 247 

of this age in terms of the depositional age of the Ikalamavony sub-domain will be 248 

discussed in section 4.2. 249 

The Re-Os result (533±23 Ma) on a type 2 gold vein contrasts with the model of 250 

Rakotoarimanana (2001) invoking a genetic relationship between the deposition of 251 

these gold-quartz veins, and the Dabolava suite emplacement, i.e. around 1 Ga. 252 

Ramiandrisoa et al. (2009) and Raminandrisoa (2010) have demonstrated the 253 

orogenic character of this gold mineralization with structural, mineralogical and 254 

microthermometric evidence. The Pan-African age obtained on the type 2 gold 255 

deposits is much younger than the emplacement age of the host granodiorite (1013 256 

Ma and 1002 Ma, U/Pb on zircon, Tucker et al. 2007). That precludes a porphyry-257 

type model for this gold mineralization and rather favours an orogenic type with a 258 

deposition during the Pan-African orogeny. 259 

The initial metal stock observed in the Ikalamavony volcano-sedimentary formation 260 

may have been remobilized by a mesothermal fluid during the Pan-African orogeny 261 

(Ediacaran, ∼560–530 Ma) within a D2 (EW) deformational event around 550 Ma. 262 
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This hydrothermal event led to the formation of numerous EW orogenic gold veins 263 

observed in the area irregardless of the host rocks (Figure 2). These are 264 

nevertheless particularly well expressed in the more competent rock of this area, i.e. 265 

the Daboalava orthogneissic granodiorite.  266 

 267 

4.2. Implications for the depositional age of rocks of the Ikalamavony Sub-268 

Domain 269 

The age obtained on the type 1 concordant gold vein in amphibolites (1961±79Ma) 270 

may imply a Palaeoproterozoic depositional age for the upper Group of the 271 

Ikalamavony volcano-sedimentary sequence (Upper NW package, Table 1, CGS 272 

2009b) and therefore, may suggest that the whole Ikalamavony sub-domain is the 273 

lateral equivalent of the Palaeoproterozoic Itremo domain. This proposition is 274 

consistent with earlier models interpreting the Ikalamavony sub-domain as a distal 275 

sequence to the west of the Itremo Group (Fournié and Heurtebize, 1963; Moine, 276 

1963, 1967, 1974, Joo’, 1963, Alsac, 1963a, b).  277 

According to Rakotoarimanana (2001), Tucker et al. (2007, 2011, 2012), CGS 278 

(2009a, b), the Ikalamavony sub-domain is composed from bottom to top of: 279 

- A lower Group consisting of quartzites, paragneiss and marbles, attributed to the 280 

Palaeoproterozoic. The synchronicity and the equivalence between  the Ikalamavony 281 

lower Group and the Itremo sub-domain has been advocated on the basis of the 282 

minimum ages obtained on detrital zircon grains from both the Itremo and the 283 

Ikalamavony quartzites (∼1800 Ma), (Tucker et al. 2011 and 2012). In contrast, rocks 284 

interpreted to be part of the Itremo sub-domain have been considered as tectonic 285 

intercalations of rocks from the Antananarivo Domain (Figure 1; CGS 2009a).  286 
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- An upper Group consisting of a volcano-sedimentary unit interpreted to be 287 

deposited around ca. 1 Ga. Tucker et al. (2012) identified four lines of evidence 288 

allowing to distinguish the Ikalamavony upper Group from the Itremo sub-domain: (i) 289 

Metasedimentary feldspar rich rocks are predominant at the top of the sequence 290 

which is not the case for the Itremo sub-domain (CGS, 2009a, b); (ii) These 291 

metasedimentary rocks are estimated to be of Mesoproterozoic age based on a ~ 292 

1,013 Ma age obtained on a Meta-rhyolite (CGS, 2009a, b ; Tucker et al., 2011); (iii) 293 

These  formations express a unimodal 1,070-1,020 Ma signature of the detrital 294 

zircons implying their potential derivation from a source in the Dabolava suite (CGS, 295 

2009a, b; Tucker et al., 2011); (iv) These feldspar-rich rocks, which are cross-cut by 296 

the Dabolava suite, contain zircon with rims dated at  ~1 Ga (CGS, 2009a, b ; Tucker 297 

et al., 2011). From all these observations, Tucker et al. (2011 and 2012) concluded 298 

that the magmatic Dabolava suites and volcano-sedimentary sequences of the Upper 299 

part of the Ikalamavony Group were emplaced from 1,035 Ma to 910 Ma and 300 

consequently argue that this upper Group of the Ikalamavony sub-domain is not a 301 

lateral facies of the Itremo sub-domain. This Ikalamavony upper Group is thus 302 

considered to be Mesoproterozoic for Tucker et al. (2011), even if they argue that the 303 

Dabolava Suite, apparently absent in the Itremo sub-domain, is present within 304 

feldspathic gneiss of this Ikalamavony Group and that indicates that the Ikalamavony 305 

Group must be Mesoproterozoic or older.  306 

The 1961±79Ma Ma age obtained in this study on a concordant type 1 gold vein in 307 

the amphibolites of the upper Group of the Ikalamavony sub-domain favours a 308 

Palaeoproterozoic depositional age for the whole Ikalamavony sub-domain, and may 309 

suggest a correlation of both the upper and lower Groups of the Ikalamavony sub-310 

domain with the Itremo sub-domain. This proposed age for this Ikalamavony upper 311 
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Group contrasts thus with the Mesoproterozoic age proposed for the upper part of 312 

the Ikalamavony sub-domain by Tucker et al. (2011). 313 

However, this age is slightly older than that (∼1800 Ma) deduced by Tucker et al. 314 

(2011) for the maximum deposition age based on detrital zircon ages in the 315 

quartzites of the lower Ikalamavony Group. This interpretation also does not address 316 

the difference in metamorphic grade between these two domains with Greenschist 317 

facies for the Itremo sub-domain and Upper amphibolite- to granulite facies for the 318 

Ikalamavony sub-domain (Fernandez et al. 2003) as it does not address the nature of 319 

the original contact between these two units. As metamorphism could potentially 320 

perturb the Re-Os system, the 1961±79Ma Ma age obtained for the type 1 veins, 321 

while intriguing, should be viewed with some caution. Nevertheless, it highlights the 322 

need for further dating of these rocks to clarify the relationship between the 323 

Ikalamavony and Itremo sub-domains. 324 
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FIGURE CAPTIONS 538 

 539 

Figure 1. A. Simplified map of the tectono-metamorphic units of Madagascar (Modified from Tucker et 540 

al. 2011). Ad-Androyen, An-Anosyen, A/M-Antongil/Masora, A-Antananarivo, B-Bemarivo, Ik-541 

Ikalamavony, It-Itremo, Ts-Tsaratanana, V-Vohibory. The main mesothermal gold regions are 542 

indicated and include Antalaha, Maevatanana, Tsaratanana, Betsiri, Mananjary and Itea. B. Map of 543 

the Dabolava auriferous district, modified from Peter et al. (2012). 544 

Figure 2. Geological map of the Miandrivazo-Dabolava region (extracted from CGS, 2009a, sheets 545 

I48, I49, J48 and J49). The localization of the studied samples is indicated with white stars: 1. 546 

Auriferous concordant vein in amphibolite-leucogneiss, upper-Group of the Ikalamavony sub-domain, 547 

west of Kiranomena. 2. Quartz vein discordant to the Dabolava granodioritic orthogneiss and 3. pyrite 548 

inside the Miandrivazo gabbro.  549 

Figure 3. Artisanal exploitation of gold. A. in the basement. B. within laterites. 550 

Figure 4. Macroscopic views of the sampled veins. A. Type 1, auriferous quartz vein concordant to the 551 

amphibolite-leucogneiss. Kiranomena: S19°32’’86’’, E45°35’’58’’. B. Type 2, auriferous quartz vein 552 

discordant to the granodioritic orthogneiss foliation. Dabolava: S19°38’68’’, E45°42’76’’. C. Pyrite 553 

observed as veins inside the Miandrivazo gabbro: S19°36’19’’, E45°35’97’’.  554 

Figure 5. A. SEM pothograph of the Py-Po assemblages, Type 2 quartz veins and B. 555 

Microphotographs of Py as veins in Miandrivazo gabbro. 556 

 557 

TABLE CAPTIONS 558 

Table 1. Tectonic and lithostratigraphic units of the Itremo-Ikalamavony Domains as mapped by the 559 

CGS (2009b) with previous subdivisions for comparison (from De Waele et al. 2011). 560 

Table 2. Re-Os data for Type 1 py+el assemblage (concordant vein in amphibolites near Kiranomena, 561 

S19°34’’86’’, E45°35’’58’’), Type 2 py+el assemblage (discordant vein in Dabolava granodiorite, 562 

S19°38’68’’, E45°42’76’’) and py (veins in Miandrivazo gabbro, S19°36’19’’, E45°35’97’’). Analytical 563 

details are given in the table notes. λ
187

Re = 1.666 x 10
-11

 (Smoliar et al., 1996). 564 
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FIGURE 2 (legend) 
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Table 1 
 

CGS (2009b) Besairie (1964) 
1:1 000 000 map 

Moine (1968) 
1:200 000 map 

Besairie (1969) 
1:500 000 map 

Hottin (1976) 
1:200000 map 

Windley et 
al. (1994) 

Collins (et al.) 

Litho-tectonic subdivisions Supracrustal 
rocks 

Orthogneisses       2003  2006 

Ikalamavony 
sub-domain 

Upper 
NW 
Package 

Miandrivazo Ikalamavony 
Group 

Dabolava 
Suite 
Imorona-
Itsindro Suite 

Groupe 
d’Amborompotsy 

 Migmatite 
Quartzite 
Amphibolite 

 Système 
Amborompotsy-Ikala 
Série du Vohinema 

Miandrivazo Itremo 
Sheet 

Molo 
Group 

 Middle 
Package 

Kinangaly-
Tinjomay-
Bevitsika 
Ridge 

Itremo Group None Série de Schisto 
Quartzo-Calcaire 

 Série de Schisto 
Quartzo-Calcaire 

  Série de 
Schisto-
Quartzo-
Calcaire 
Vohimena 

  

 Lower SE 
package 

Molo Molo Group Imorona-
Itsindro Suite 

Groupe 
d’Amborompotsy 
Groupe de 
Malakialina 

Groupe 
gneissique 

Groupe 
d’Ikalamavony 

Ikalamavony 
Vohimena 
Malakialina 

    

Itremo sub-domain  Itremo Group Imorona-
Itsindro Suite 

Série de Schisto-Quartzo-Calcaire/Série Schisto-Quartzo-Dolomitique Itremo 
Group 

 

Table 2 
 

Sample 
type 

Minerals 
Sample 
mass (g) 

[Re]     
(ppb) 

187
Re (pM/g) 

187
Os/

188
Os 

Total 
188

Os   
(ppt) 

%
188

Os 
from 
blank 

Total 
187

Os 
(ppt) 

% 
187

Os* 
 
187

Os* (pM/g) 
187

Os*/
187

Re Age (Ma) 

1 1   2 2, 3, 4 5 6     7 3, 7 3, 7 3, 8 

Type 1 py + el 0.41019 2.01 6.74 ± 0.25 37.9 ± 2.4 1.23 9 42.6 98.3 0.228 ± 0.004 0.03322 ± 0.00134 1961 ± 79 

Type 2 py + el 0.40948 2.17 7.35 ± 0.07 14.3 ± 1.1 1.01 11 12.8 95.3 0.069 ± 0.003 0.00891 ± 0.00038 533 ± 23 

Py in gb py 0.40617 127 429.7 ± 2.3 ~22000 0.14 77 707.6 99.99 3.785 ± 0.036 0.00881 ± 0.00010 526 ± 6 

 

Notes: 
1. See text for explanation of sample types; gb = gabbro; py = pyrite; el = electrum. 
2. Re data are blank corrected. Uncertainty in blank value is included in the total uncertainty. 

3. All listed uncertainties are 2. 
4. pM/g = 10

-12
 moles/grams 

5. 
187

Os/
188

Os is corrected using the values of the associated blank given in the text; uncertainty is based on uncertainty of lab blanks during analysis period. 
Because of its very low 

188
Os content the blank correction on the pyrite sample is extremely large and its uncertainty cannot be evaluated as the maximum blank 

exceeds the total common Os content. 
6. Includes both the common Os included in the minerals and the blank contribution. 
7. 

187
Os* = radiogenic 

187
Os only, calculated assuming that the common Os (initial + blank contribution) has 

187
Os/

188
Os = 0.6 ±0.5. Uncertainty on 

187
Os* includes 

uncertainty on this ratio. 
8. Age uncertainty includes uncertainties related to weighing, standard reproducibility and decay constant as well as measurement uncertainty. 

http://ees.elsevier.com/aes/download.aspx?id=143529&guid=cba44caf-96a3-40a7-9a21-9e84ba951f47&scheme=1
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 589 

Highlights: 590 

- Re-Os geochronological constraints were obtained on the Madagascar Dabolava gold 591 

occurrence 592 

- Two gold deposition events have been highlighted. 593 

- The type 1 concordant veins in amphibolites yield a 1961±79Ma Palaeoproterozoic age. 594 

- The Type 2 discordant veins yield a 533±23 Ma Pan-African age which favours an orogenic 595 

gold style. 596 

- A Palaeoproterozoic age is favoured for the whole Ikalamavony sub-domain. 597 

 598 




