


THE ANTETEZAMBATO DEMANTOID GARNET DEPOSIT (MADAGASCAR)

The Antetezambato demantoid deposit is located 24 km northwest of the town of Ambanja, in the village ("Fokontany") of Antetezambato, southwest of the Ambato peninsula (Fig. 1; Andriamamonjy et al. 2016). This region is essentially made up of sedimentary formations that are crosscut by the Ambato granite and small syenitic massifs and volcanic rocks (Bésairie & Collignon 1972). The sedimentary formations belong to the Middle Jurassic Isalo Group. From base to summit, they consist of a succession of mixed facies of sandstone and marl, followed by limestone. In the eastern and southeastern parts of the region, these sedimentary rocks are overlay by sandy shells, mangrove mud and alluvium 1 to 2 m thick. The sedimentary series is intersected by volcanic-plutonic complexes. The northwestern part of the Ambato peninsula is covered by Cenozoic basaltic scoria, while the northeastern part is marked by the intrusion of the alkaline Ambato granite. The granite is massive, hololeucratic and present a miarolitic textures with quartz and orthoclase. Two granitic facies have been identified: (i) one presenting a graphic intergrowth with quartz and potassic feldspar; (ii) a second with a geodic texture and druses of quartz and feldspar. In addition, the south-western part of the peninsula is intersected by small syenite and trachyte massifs located within the perimeter of the demantoid garnet deposit.
[bookmark: _Hlk163343848]The Antetezambato skarn deposit is concentrated mainly in the mangrove mud zone, covering an area of 800 x 500 m2 to the west of the village of Antetezambato (Andriamamonjy 2021). The skarn is located at the contact zones between syenite and/or trachyte intrusions with sedimentary rocks (argillite, sandstone and limestone). Since the discovery of garnet in 2009 and until 2017, mining was carried out by artisanal miners, either in the open pit or in the form of shafts varying in depth from 5 to 15 meters. Mining in the mangrove swamp was regulated by the tidal cycle and amplitude, which ranged from 1.5 to 6 meters. The lower part of the mine was regularly flooded. In each shaft, the miners dug the formations by following the sedimentary stratification or fracturing planes in the argilites and sometimes limestones, up to reach the mineralized levels. This artisanal mining operation was not profitable, as during the rainy season and periods of high tides, the mine and shafts were completely flooded by brackish water, with the exception of small workings located at the base of a hill to the west of the deposit. Seawater was evacuated by motor-driven pumps fitted with a flexible hose directed towards the surface, trying not to flood the adjacent shafts of other operators. 
Since 2009, the mining permits and administrative authorizations had been the property of Ruby Red Madagascar, but small-scale artisans in the nearby village of Ankingabe (Fig. 1) were illegally exploiting certain mining areas. Since 2013, conflicts have persisted and invasions have recurred, as artisanal miners believe they have a legitimate claim to these mineralized areas, having discovered and exploited the deposit since 2009.
In 2018, the American company Prosperity Earth SARL (http://www.prosperityearth.com) organized the mining process using extensive mechanization and without the use of dynamite to extract demantoid garnets. Modern mining of Antetezambato garnet is now a reality (Gomelsky & Bates 2021).
[bookmark: _Hlk163396178]The mining company employs 50 Malagasy workers, and garnet mining is planned considering the geological characteristics of the mineralization, with the aim of rational and sustainable extraction of gemstones using innovative techniques. Prior to 2018, artisanal mining focused on the mineralized surface layers, which were highly altered and where the crystals were often fissured and subject to percolation by the brackish waters of the mangrove. At present, mining is open-pit, marked by the construction of a 6-metre-high seawall that isolates the mining zone from marine waters. Heavy equipment (excavators, backhoe loaders, trucks, etc.) is used to excavate garnet pockets located in the skarn rock to a depth of 15 to 18 m (Gomelsky & Bates, 2021). Subsequently, the raw demantoid garnet crystals are extracted by hand using a jackhammer and crowbar.
Prosperity Earth SARL not only mines, but also cuts and sells gem garnets, ensuring a steady supply to the international market and quality of service for the consumer (Furuya 2023). This company has set up a high-precision stone-cutting plant in Antananarivo where garnet crystals are sorted and faceted by Malagasy lapidaries using Japanese polishing machines. All gemstones are sold directly in the United States from Greenwich, Connecticut. The types of product exported are generally cut stones, but the company sometimes exports gem quality crystals on gangue.
In addition, Prosperity Earth employs only Malagasy staff at the Antananarivo mine and cutting center, and contributes to various initiatives related to health, education, infrastructure development and agriculture (Furuya 2023). It contributes to environmental protection and has planted around 20,000 mangroves on the former Antetezambato mining site.
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FIGURE CAPTION
Fig. 1. (a) Schematic geological map of the alkaline volcanic and plutonic province of northern Madagascar, showing the location of the Antetezambato demantoid garnet deposit (modified from BGS-USGS-GLW 2008) and the Ambohimirahavavy intrusion presenting a demantoid-skarn occurrence. (b) Geological map of the southeastern part of the Ambato peninsula and the Antetezambato demantoid garnet deposit (Andriamamonjy et al. 2016).
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