LISTS OF FIGURES
Fig 1-1: Simplified geological map of the Precambrian of Madagascar adapted
from Tucker et al. (1998), showing the area of study within the Precambrian of
Madagascar (Le Grange, 2001).
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Fig 2-1: 1/200,000,000 Metallogenic map of Madagascar modified after
Razafinimparany (1978), showing gold occurrences throughout the Malagasy
Precambrian.
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Fig 2-1: Geological map of the study area, with sample localities. Modified from
the published 1/100,000 geological maps of Alsac (1963) and Moine (1963).
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Fig 2-2: Photograph of a strongly foliated amphibolite outcrop forming a riverbed.
The foliation strikes NW-SE and dips 20º SW. Locality 162, GPS: 19º 35’ 57.2” S,
45º 33’ 19.7” E.

10

Fig 2-3: Photograph showing mm-thick felsic veins oriented parallel to the fabric
of the amphibolite. The amphibolite has a speckled appearance due to 1-2 mm
amphibole grains in rosette shape, which is shown by the small white dots on the
photograph. Locality 191, GPS: 19º 39’ 01.0” S, 45º 44’ 33.9” E.
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Fig 2-4: Photograph showing the sequence of quartzofeldspathic and biotite-rich
layers of the quartzofeldspathic gneisses, with predominance of the felsic layers.
Locality 91, GPS: 19º 37’ 17” S, 45º 38’ 28” E.
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Fig 2-5: a) Photograph showing pegmatite boudins within the felsic layer of the
quartzofeldspathic gneiss. The boudins are oriented parallel to the fabric of the
rock. Locality 163, GPS: 19º 37’ 05.5” S, 45º 38’ 25.0” E. b) Photograph showing
recumbent folding of the quartzofeldspathic layer. The fold plane strikes 145º and
dips 6º W, and the fold axis is almost horizontal, trending 175º. Locality 69, GPS:
19º 37’ 31” S, 45º 41’ 02”
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Fig 2-6: Photograph showing recumbent folding of the quartzofeldspathic layer.
The fold plane strikes 145º and dips 6º W, and the fold axis is almost horizontal,
trending 175º. Locality 69, GPS: 19º 37’ 31” S, 45º 41’ 02” E.
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Fig 2-7: Photograph showing an outcrop of marble and calc-silicate layer (1-2 m)
within the amphibolite. The exposed surface of the carbonate unit is parallel to the
foliation. Locality 162, GPS: 19º 35’ 57.2” S, 45º 33’ 19.7” E.
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Fig 2-8: Photograph of a 3-4 m wide mafic body within the carbonate unit.
Locality 126, GPS: 19º 33’ 28.6” S, 45º 38’ 04.7” E.
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Fig 2-9: Photograph of a foliated granodiorite from the Dabolava pluton, with
coarse plagioclase up to 1 mm across, forming augen texture. Locality 51, GPS:
19º 38’ 12” S, 45º 44’ 00” E.
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Fig 2-10: Photograph showing a foliated granodiorite rock from the Ambatomiefy
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pluton, with a 50 cm thick fine-grained mafic enclave, which is oriented parallel to
the fabric of the host rock. Granodiorite xenoliths are observed within the mafic
body. Locality 85A, GPS: 19º 35’ 03” S, 45º 39’ 02” E.
Fig 2-11: Photograph showing a 30 cm thick granodiorite dyke within the
amphibolite. Visible within the dyke are xenoliths of the amphibolite. Locality
136, GPS: 19º 33’ 01.0” S, 45º 37’ 31.4” E.
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Fig 2-12: Photograph of an outcrop of amphibolite crosscut by a weathered
granodioritic dyke, 60cm thick. The amphibolite contains numerous randomly
oriented mm-thick felsic veins. Locality 124, GPS: 19º 33’ 24.8” S, 45º 37’ 44.7”
E.
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Fig 2-13: Photograph showing an outcrop of a foliated granodiorite rock from
Andasibe pluton, with mafic slivers, crosscut by a 50 cm wide amphibolite dyke,
trending 325º. The amphibolite presents the same characteristic observed
elsewhere, with numerous mm-thick felsic veins. Locality 136, GPS: 19º 33’ 01.0”
S, 45º 37’ 31.4” E.
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Fig 2-14: Photograph showing an outcrop of deformed granodiorite rocks from the
Ambatomiefy pluton. The deformation is defined by a folded pegmatite. A later
tourmaline-bearing pegmatite dyke crosscuts the fabric of the host rock. Locality
122, GPS: 19º 34’ 29.”9 S, 45º 37’ 23.5” E.
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Fig 2-15: Photograph showing granodiorite dykes crosscutting the gabbro. The
dykes present joints that are parallel to the foliation of the gabbro. Locality 77,
GPS: 19º 38’ 14” S, 45º 40’ 11” E.
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Fig 2-16: Photograph showing gabbro xenoliths within the granodiorite. Locality
77, GPS: 19º 38’ 14” S, 45º 40’ 11” E.
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Fig 2-17: Photograph showing an outcrop of weathered gabbro, with composition
layering. Locality 08, GPS: 19º 38’ 28” S, 45º 47’ 59” E.
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Fig 2-18: Geological map of the area of study showing trend of the gold-bearing
quartz veins and the orientations of the foliation of the host granodiorite plutons
and the surrounding country rocks, with the trend of the fabrics of the rocks
according to aerial photographs interpretations, and field measurements. Modified
from Alsac (1963) and Moine (1963).
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Fig 2-19: Photograph of an outcrop of folded amphibolite, showing a minor
anticline. Locality 29, GPS: 19º 38’ 56” S, 45º 45’ 04” E.
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Fig 2-20: Photograph of a complex structure found within the quartzofeldspathic
gneisses, with minor amphibolitic layers. A resistant pegmatite layer, consisting
mainly of quartz and albite, is deformed with the rock package and forms boudins.
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Locality 88, GPS: 19º 37’ 09” S, 45º 38’ 58” E.
Fig 2-21: Photograph of a 3-4m wide E-W trending shear zone within the
amphibolites that contain 10-30cm thick tonalitic layers. The deformation is
crosscut by a later N-S trending foliated amphibolite dyke.
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Fig 2-22: U-Pb isochron diagram for granodiorite sample from the Ambatomiefy
pluton (RRH 98-131F), showing an upper intercept age of 1002±2 Ma.
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Fig 2-23: U-Pb isochron diagram for a gabbro sample from the area of study, with
an upper intercept age of 982±2 Ma.
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Fig 3-1: Photomicrograph of pyroxene-bearing amphibolite (sample RRH 28), with
coarse orthopyroxene grains and finer grained amphiboles, in a groundmass
consisting of plagioclase with minor quartz. Taken in plane polarized light.
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Fig 3-2: Photomicrograph of amphibolite sample (RRH 45) taken in plane
polarized light and showing hornblende rimming clinopyroxene.
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Fig 3-3: Photomicrograph of amphibolite sample RRH 72, taken in crossed
polarizers, showing epidote grains in a groundmass of microcline, quartz and
plagioclase.
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Fig 3-4: Modal Plag-Hb-Opx+Cpx ternary diagram of the amphibolites showing
the variation in their mineralogy.

31

Fig 3-5: Photomicrograph of the quartzofeldspathic layer (sample RRH 27), taken
in crossed polarizers, showing subhedral coarse muscovite grains defining the
foliation of the rock with brown biotites.
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Fig 3-6: Photomicrograph of a biotite-rich layer of the quartzofeldspathic gneisses,
with biotite defining the foliation of the rock (sample RRH 174), and showing
equant garnet.
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Fig 3-7: Modal QKP diagram of the quartzofeldspathic gneisses, the granodiorite
plutons and the granitic intrusions.
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Fig 3-8: Photomicrograph of sample RRH 181A, a sillimanite–bearing feldspathic
quartzite, showing elongated sillimanite defining the foliation, within a groundmass
consisting of plagioclase and quartz. Taken in crossed polarizers.

35

Fig 3-9: Photomicrograph of a rock that forms the impure layer within the marbles
(sample RRH 62). It shows epidote and hornblende grains in a groundmass of
calcite with minor quartz and plagioclase. Taken in plane polarized light.
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Fig 3-10: Photomicrograph of a granodiorite sample from the Ambatomiefy pluton
(RRH 136), with biotite defining the foliation of the rock. Taken in crossed
polarizers.
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Fig 3-11: Photomicrograph of a gabbro sample (RRH 104) taken in plane polarized
light showing hornblende mantling clinopyroxene within a plagioclase and quartz
groundmass.
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Fig 3-12: Photomicrograph of a foliated granite with microcline phenocrysts in a
fine grained felsic ground mass. Biotites define the foliation of the rock (sample
RRH 117). Taken under crossed nicols.
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Fig 4-1: Jensen diagram classifying the amphibolites according to their cation
percentages of Al, (Fe (total) + Ti), and Mg. According to the diagram, the
composition of the amphibolites consists mainly of tholeiite basalts with minor
andesite and basalt. The boundary line between the tholeiitic and calc-alkaline
fields is defined by Rickwood (1989) (Rollinson, 1993).
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Fig 4-2: AFM diagram for the amphibolites showing tholeiitic affinities. The line
separating the fields of the tholeiitic and calc-alkaline series is from Irvine and
Baragar (1971).
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Fig 4-3: a) P2O5-Zr diagram for the amphibolites to determine the affinities of their
magma origin. b) TiO2–Zr/P2O5 diagram, same purpose as the former diagram
(Floyd and Winchester, 1976; Rollinson, 1993).
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Fig 4-4: Zr/Y-Ti/Y diagram discriminating the within-plate basalt from the other
basalt types. The boundary line between the two fields is from Pearce and Gale,
1977. Data points show compositions of amphibolites from the Dabolava area.
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Fig 4-5: Ti-Zr-Y discrimination diagram for basalts containing four fields which
consist of field A for island-arc tholeiites, field C for calc-alkali basalts, field D for
within-plate basalts and field B for MORB, island-arc tholeiites and calc-alkali
basalts. (Pearce and Cann, 1973). Data points show compositions of amphibolites
from the Dabolava area.
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Fig 4-6: Diagram that subdivides continental and oceanic arcs; the boundary line is
based on a Zr/Y value of 3 (Rollinson, 1993).

45

Fig 4-7: DF values vs. SiO2 concentration for the quartzofeldspathic gneisses,
showing a dominant igneous parentage for the rocks.
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Fig 4-8: Shand’s index for the quartzofeldspathic gneisses. A=Al2O3, C=CaO,
N=Na2O, K=K2O
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Fig 4-9: Total alkalis-silica diagram (TAS) for the quartzofeldspathic gneisses.
The analyses were normalized 100wt% anhydrous. Q = normative quartz, Ol =
normative olivine. Rollinson, 1993.

48

Fig 4-10: Harker diagrams for quartzofeldsapthic gneissses.
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Fig 4-11: Trace elements concentration (ppm) vs. SiO2 (wt%) for the
quartzofeldsapthic gneisses.
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Fig 4-12: Normative QKP diagram to classify the plutons.
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Fig 4-13: Shand’s index for the granodiorite plutons. A=Al2O3, C=CaO, N=Na2O,
K=K2O.

52

Fig 4-14: SiO2 vs A/CNK diagram showing the subdivision according to Shand’s
index and classification of the granitoids according to their presumed origin (I-, Stype) (Chappell and White, 1974; Clarke 1992).
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Fig 4-15: Harker variation diagrams for the granodiorite plutons, plotting oxides
(Al2O3, Fe2O3, MgO, TiO2, P2O5, CaO, MnO, Na2O, K2O) against SiO2.
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Fig 4-16: Trace elements concentration (ppm) vs. SiO2 (wt%) for the granodiorite
plutons.
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Fig 5-1: Photograph of an excavation by local artisans, within the Dabolava pluton,
showing the gold-bearing quartz vein hosted by granodiorite rocks.
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Fig 5-2: Close-up of the gold-bearing quartz veins, which form multiple layers with
thickness varying from 2-5cm.
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Fig 5-3: a) Photomicrograph of the gold-bearing quartz vein from the
Ambatomiefy pluton, showing gold and pyrrhotite associated with the
hydrothermal biotite. b) Photomicrograph showing pyrrhotite overgrowing gold
and both minerals are associated with biotite. The width of the view is
approximately 2 mm across, and the photomicrographs are taken in reflected plane
polarized light.
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Fig 5-4: Ternary diagram showing compositions of the gold grains, which mainly
consists of 94-97% gold.
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Fig 5-5: Geological map of the area of study showing the trend of the gold-bearing
quartz veins and the orientations of the foliation of the host
granodiorite plutons and the surrounding country rocks, with the trend of the
fabrics of the rocks according to aerial photographs interpretations. Modified
from Alsac (1963) and Moine (1963).
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Fig 5-6: Photomicrograph of fluid inclusions in quartz grain from the sample RRH
196D. Type 1-b and type 2 inclusions form scattered groups. The width of the view
is 0.5 mm.
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Fig 5-3: a) Histograms representing the melting temperature of the carbonic phase
(TmCO2) for type 2 (in red) and type 1-b (in blue) fluid inclusions. b) Temperature
of melting of clathrate (Tmclath) for type 2 fluid inclusions. c) Histograms of the
homogenization temperature of carbon dioxide, into the liquid or vapor phase,
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ThCO2 (L) and ThCO2 (V), respectively, for type 2 and type 1-b inclusions. d)
Homogenization temperatures and decrepitation temperatures (Td) for the two types
of fluids.
Fig 5-8: a) Histograms representing the melting temperature of the carbonic phase
(TmCO2) for type 2 (in red) and type 1-b (in blue) fluid inclusions. b) Temperature
of melting of clathrate (Tmclath) for type 2 fluid inclusions. c) Histograms of the
homogenization temperature of carbon dioxide, into the liquid or vapor phase,
ThCO2 (L) and ThCO2 (V), respectively, for type 2 and type 1-b inclusions. d)
Homogenization temperatures and decrepitation temperatures (Td) for the two types
of fluids.
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Fig 5-9: Raman spectrum of the CO2-rich-H2O-NaCl inclusion (type 2) showing
the strongly pronounced CO2 peaks (b), the N2 and CH4 peaks, which are at 2331
Rcm-1 and 2917 Rcm-1 respectively are absent on the spectrum (c, d).
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Fig 5-10: Raman spectrum of the two-phase CO2-rich inclusion (type 1-b) with the
two CO2 peaks at 1285 and 1388 Rcm-1. The N2 and CH4 peaks are absent (Fig 55c, d).
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Table 5-1: Description of the characteristics of the gold-bearing quartz veins
encountered in the different gold prospects found within the Dabolava and the
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Table 5-2: Microprobe analyses of gold grains showing the concentrations of the
different elements within the gold. Gold grains are from gold-bearing quartz veins
hosted by the Dabolava granodiorite pluton.
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Table 3-1: Modal proportions of rock-forming minerals within the different
lithologies studied.
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quartzofeldspathic gneisses, granodiorite plutons and granitoid bodies, from the
area of study, with their CIPW Norm calculations.
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Table 5-1: Microthermometry results of fluid inclusion studies of a sample of goldbearing quartz vein (RRH 196) from the Ambatomiefy pluton.
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