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Chapter 4 GEQLOGICAL FIELD CHECK SURVEY

4-1  Soamanonga Area
4-1-1  OQutline 6f the Survey

The field geological check survey, a surveyed route of 120 km, was carried
out in the Scamanonga area, an area of 2,000 km®. Topographical maps on a
scale of 1:100,000 were used for the survey and ihe survey results were compiled
finally in the geological map on a scale of 1:250,000 (Fig. H-4-2).

The Soamanonga area is an undeveloped area located on the dry highland.
Main road is from Soamanonga to Fotadreve and others are small ways for walking
and for animals, hut some parts of the small ways-are poésible to pass by 4WD
vehicle. The road to the Varahina copper indicaticn zone has been broken and

it needs to walk from Sakoa,
4-1-2 Quiline of Geology

The gneissic rocks of the Precambrian Vohibory System are distributed in the
central to southern parts of the Soamanonga area. The Vohibory System is
composed of leptinite, gneiss, amphibolite and marble (Besairie, 1963). The
isotopic age using Pb isotopes in galena indicates 1,890 Ma (Furon, 1963). The
gneissic rocks have been intruded by the Cambrian granife showing 485 Ma (Furon,
1963).

The continental sedimentary rocks of Permian to Jurassic covers
unconformably the basement gneissic rocks in the north-castern and north-western
parts. They are correlated to the Karroo System of the south Africa. General
‘stratigraphy is described below from lowér to upper {(Raron, 1963; Besairie,
1964).

(1) Sakoa Group (lower Permian)
1) The Lower Formation:
The formation is composed of black shale and conglomerate about 150 m in
total thickness. The black shale contains piant fossii&
2) The Middle Formation:
The formation is an alternation of sandstone and shale containing
several coal seams about 100 m in total thickness. Each coal seam is
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“less than several meters. The alternation contains plant fossils such
as pteridophytes and Calamites.

3) The Upper Formation:
The formation is composed mainly of feldspathic sandstone and red shale
yielding silicified woods. The thickness is 500 m to 600 m. The
uppermost pari is made of limestone.

(2) Sakamena Group-(upper Permian ~ lower Triassic)

1) . The Lower Formation:.

This formation is characterized by shale containing plant fossils such
" as pteridophytes. ~ The lowest part is made of conglomerate. Thin

limestone beds are intercalated in some places.

2) The Middle Formation:
The formation is mainly of sandstone containing animal fossils such as
reptiles and amphibians. This formation indicates the end of Permian
Period and the beginning of Triassic Period.

3} The Upper Formation:
The formation is composed of mudstone and marlstone containing animal
fossils such as fishes, ammonites and amphibians. The uppermost part is

laid by shale and sandstone.

(3) Isalo Group (upper Triassic ~ middle Jurassic)

The Isalo Group is composed mainly of sandstone and distributed to the north
western part of the area, After Jurassic Period; the marine sediments composed
of maristone, limestone and calcareous sandstone are prominent and distributed
to the west of the area covering Lhe Permian to Jurassic continental sediments
(Fig. M-4-1).

4-1-3  Survey Results

(1) Gneissic rocks

The gneissit rocks in the Soamanonga area are composed mainly of paragneiss,
orthogneiss, amphibolite and marble.

Paragneiss was derived from alternations of the pelitic and psammitic
sedimenis, The alternation pattern is changeable from several millimeters to
more than 10 meters inm thickness. Contained mafic minerals are mainly
hornblende and biotite. The pelitic part is usually fine—grainéd and the
psammitic part is fine to medium-grained.



Orthogneiss is pale-grey and usually medium to coarse-grained. Main mafic
mineral is hornblende and accompanied by biotite and garnet, although maiﬁ
constituents are quartz and feldspar. This type of gneiss is exposed
occasionally as oval hills,

Amphibolite is mainly of hornblende and medium to fine-grained showing black
color. Small bodies of scrpentinite are rarely found in the area.

Marble is usually well exposed showing light color and coarse grained.
Thercfore, marble can be used as.kcy bed.

 The orthogneiss distributed in Betaly shows very regular oval shape
accompanied by marble in its margin. These features suggest that such
orthogneiss may have been originated from sedimentary rocks.

The gneissosity is predominant in the directions of NNE-SSW and NNW-SSE,
dipping to the west. The gneissosity shows usually a steep inclination and
occasionally.a gentle inclination in the NNW-SSE direction.

Although general thend of gneissic rocks is of NNE-SSW direction dipping to
the west, it is assumed that there exists a repetition of dome and basin
structures with the direction of NNW-SSE or NW-SE in this area.

(2) Sedimenfary rocks

The sedimentary rocks correlated to the Karroo System of Permian to Triassic
age are distributed in the north-western and the north-eastern parts covering
unconformably the Precambrian basement gneissic rocks. !t seems that the
boundaries of the both rocks are controlled by the fault of NNW-SSE direction.

Around the Vohimary in the north-eastern part, there distributed are an
flat-lying alternation of shale and sandstone, which are correlated to the upper
formation of the Sakoa Group.

In the north-western part, the sedimentary rocks arc distributed mainly to
the west of the line from Vohimary to Ankinany. They are an alternatlion of
sandstone and shale in the norlhern part and coarse sandstone in the central
part, both of which are correlated to the lower to middle formations of the
Sakoa Group, .

They show N-S and NNW-SSE strikes dipping 20° to 30° to the west. To the
west side of the Sakoa river, shale beds correlated to the lower formalion of
the Sakamena Group are widely distributed striking NNW-SSE dipping gently about
10° to the west. Coal seams are intercalated in the alternation of sandstone
and shale correlated to the middle formation of the Sakoa Group. Main coal beds
are said to be five. There is an abandoned coal mine at Ankinany.



(2) Mineralization _

The Soamanonga area is included in the Vohivory area in which copper
indications are recognized (Bouteyak, 1870). Around Vorahina pitting for
copper ore has been performed formerly and copper ores-are remained as piles.
This time, 3 pits were confirmed, ‘

Copper indications are found as disseminations of green copper on a small
scale in the quartz veins and the surrounding sheared and brecciated zone in
amphibolite. Quartz veins sfrike usually in NNE-SSW and NW-SE directions. The
width of quartz veins is usuwally several centimeters or less than I m. Copper
ores are usvally sporadic and lenticular on a scale of 10 cn to 30 cm (Fig. I-
1-3). : |

-According to Bousteyak (1970), copper indications are found not only -in the
basement rocks but in the upper sedimentary rocks of the Karroo System. Most of
these copper indications are seemed to be distributed along the faults of NNW-
SSW directions and, consequently, a close relationship is inferred between
copper mineralization and faulting activity.

Gossan outcrops are found near to Ampisapio, about 4 km west of Betaly and 2
km of Soamanonga. Each gossan occurs in the sheared and brecciated zones of
the NNW-SSE direction.

4-1-4  Assay Results of Ore Samples
(1) Copper ore of the Varahina area

The assay results of the green copper ores collected from 3 pits and 1 ore
pite are shown below:

No. Name Location Length* Au Ag Cu Pb in Fe
' (m) (g/t) (g/t) (%) (%) (%) (%)
511 Green Cu  V-No. 1 0.1 338 125 156 0.01 0.00 288
512 Green Cu  V-No. | 0,1 <0.02 <0.3 0.14 <0.0I 0.01 5.90
514  Green Cu  V-No. 1 0.1 0.30 110 2.6 <0.01 0.01 3.20
515 Green Cu V-Pile 2.57 184 3L7 <0.01 <0.01 5.60
516 Green Cu  V-No.?2 0.1 0.03 1.6 0.49 <0.01 <0.01 1.38
518 * Creen Cu  V-No. 3 0.2  3.27 198 14.8 <0.01 <0.01 1.06
519  Green Cu  V-No.4 0.2  3.56 84 9.7 <0.01 <0.01 2.04

¥ lengfh of sampling channel

—26—



According to the assay results, the high grade parts show around 15% in Cu,
3 g/t in Au, and 120 g/t in Ag. According to the X-ray diffractien aralysis and
microscopic observations, the constituent copper minerals are malachite,
azurite, brochaniile, digenite, boothite, chalcocite, and covelline. Main
gangue ‘minerals are quartz, K-feldspar, and plagioclase.

These copper ores bear gold and silver. These copper ore bodies become very
promising if larger scate and continuity of the high grade parts are confirmed,
since the grade is high enough to exploit.

{2) Gossan
The assay results of the gossan samples are shown below, showing very low
contents in Au, Ag, Cu, Pb, and Zn, and high content in Fe:

No. Name Location  Length  Au Ag Cu Pb  In Fe
(m) (g/t) (/1) (%) (%) %) &%

313  Gossan Ampisapiso .5 <0.02 0.3 0.01 <0.01 0.01 3L6
358 {ossan Betaly 0.5 <0.02 <0.3 0.0 <0.01 <Ol 1.9
359 (ossan  Soamanonga 1.0 0.03 0.6 0.0t <0.01 <0.01 15.8

According to'the X-ray diffraction analysis, the constituent minerals of
gossan consist of quartz, goethite, and hematife.



4-2  Tranomaro Western Area
4-2-1 Qutline of the Survey

The geological check survey, a surveyed route of 160 km, was carried out in
the Tranomaro western area, an area of 5, 000 km®. . Topographical'maps on a scale
of 1:100,600 were used for the survey and the suryey resulis were compiled in
the geological map on a scale of 1:250,000 (Fig. I1-4-4).

The Tranomaro western area is an isoldted undeveloped area located at the
middlie reaches of the Mandrare river. It is possible to pass the main road by
4WB vehicle from Bekily located to the west and Ambosary located to the south
of the area to Tsivory, the northern part, Marotsiraka, ihe central part and
Ebelo, the sounthern part. '

4-2-2  Outline of Geology

A'remarkable ring structure is recognized developing in the central pari of
the Tranomaro western area. The gneissic rocks of the Precambrian Androyen
System, the oldest system formed in 3,000 Ma and composed of gneiss, leptinite,
pyroxcnite, and gneissose granite arc distributed to the gutside of the ring
structure (Furon, 1963). And the Cretaceous volcanic rocks mainly of basall
and rhyolite are distribated filling inside of the ring structure. In addition,
the Cretaceous microgranite is found infruding into the gneissic rocks along
the outer side of the ring structure. '

4-2-3  Survey Results

(1) Gneissic rocks _

The gneissic rocks in the Tranomaro western areca are composed of gneissose
granite, orthogneiss, paragneiss and pyroxenite, and distributed outside of the
ring structure. '

The gneissose granite and orthogneiss are leucocratic, coarse-grained and
comparatively homogeneous, and contain a small amount of pyroxene, garnet and
biotite as mafic minerals. They are distributed in the castern part of the area.
Pyroxenite is dark green, medium to coarse-grained and comparatively
homogeneous and distributed in the north-eastern part of the area,

Paragneiss is pale to dark grey, medium to coarse-graincd and heterogeneous,
containing hornblende, pyroxenc and a small amount of garnet, and distributed



widely outside of the ring structure. The paragneiss in the western part
contains cordierite. Strike of the gneissosity is changeable from N-5 to NNE-
SSW.

(2) Microgranite

The'microgranite is pale grey, fine-grained and granular contain{ng biotite
and hornblende, and distributed along the outer margin of the ring structure
intruding in the Precambrian gneiss as a stock or dyke.

Judging from the texture and the occurrence, this microgranite is regarded
as a intrusive rock related to the Cretaceous volcanism,

(3) Cretaceous volcanic rocks
The Cretaceous volcanic rocks are composed of basalt and rhyolite and
distributed inside of the ring structure. The basalt is mainly lava and the
rhyolite occurs as lava, dyke and stock.
1} Basalt
' The basalt is dark grey to black and compact, and contains pyroxene and
olivine as'phenocrysts. The flow structure of the basalt lava is
generally flat and distributed up to the elevation of 300 m in the
northern and central part and about 100 m in the southern part. As a
whote, it dips gently to the south or south-east.
To the south, it is distributed even to the outside of the ring
structure. Radial dykes of basalt high-angle with the ring structure
are recognized in the vicinity of Elonty, north-eastern part of the area.
Around Ebelo, the surface of the basélt lava has been brecciated and
shows greenish or brownish color.
2) Rhyolite
The rhyolite is usually pale grey and contains the phenocrysis of quartz
and feldspar. Occasionally it is disseminated by limonite, showing
brown color. _
Three kinds of rock facies are generally observed in the rhyolite as
follows:
(O fluidal rhyolite
@ massive rhyolite _
@ rhyolite severely silicified and brecciated, and disseminated by
pyrite
General speaking, above rock facies (O, @ and @ will correspond to
lava, dyke and stock, respectively. The rhyolite is usually intruded in
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the basalt lava and effused on the basalt lava plateau that filled the
caved ring struclure, '
The rhyolite occurs as double to triple rings in or on the basalt lava
platéau ap to 900 m above sca level. Ouiside of the ring, rhyolite
dykes are intruded in the gneigsic rocks.

Judging from the structure of the rhyolite. lava plateau three or four
cycles of activity are inferred.

(4) Mineralization _

As for non-metallic mineral resources in this area, kaolin and silica stone
are found in the gneissic rocks to the east of Elonty, though they are small
scale. As for metallic resources, there are not found any noteworthy ore
deposits hxéepting indications of the disseminaied pyrite in the rhyolite stock
and the disseminated magnetite and pyrite in the basaltic lava.

In the vicinity of Tranomaro village to the east of the area,
sranothorianite ore deposits have been found in the gneiss. The ore bodies are
of vein type and uranothorianite is disseminated ih quartz-K-feldspar véin. The
widths are up to several meters, but the high grade parts are usvally sporadic.
Large porphyroblasts of biotite up to 10 cm in diameter are observed
characteristically in the gneiss around the ore bodies. Uranothoriamite was
mined in several sites by CEA from 1954 to 1964, however, the operation has been

now abandoned.
4-2-4  Geochemical Analysis of Whole Rock Samples

The results of geochemical analysis of whole rock samples are shown in Table
I -4-1. The rock samples are totaling 20,'15 samples collected in the
Tranomaro western area and 5 samples in the Soamanonga area. According to the
resulis of analysis, the foliowing tendencies are clearly recognized:

— basalt: rich in Mg0, FeQ, Fe.0s, Ti0: and Cal

- rhyolite: rich in K:0 and Si0,

— microgranite: rich in §i0-

— orthogneiss: rich in §i0z and AL.Os

— amphibolite: rich in Mg0 and Cal

~ anorthosite: rich in Aly0s and Ca0

—  brecciated ahd silicified rhyolite: poor in Al.0s, K.0, and Na,0

In order to study the geochemical character of volcanic and intrusive rocks,
two diagrams, Sif, — (Na.0+K.0) diagram and ACF (Al,05-(Na,0tK,0) — Caf —
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(FeO + Mg0)) diagram are prepared as shown in Fig. 11-4-5,

In the $i0: — (Na.0tK:0) diagram, the volcanic rocks in the Tranomaro
western area are classified into rhyelite and alkaline basalt, missing the
intermediate composition. This fact shows that the volcanism was a typical
bimodal igneous activity.

In the ACF diagram, all of the intrusive rocks and orthogneiss are
classified into I-type (Whitc and Chappel,. 1977), which is rich in €al in
comparison to Al.0s;, and FeDiMgO.
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Chapter 5  SYNTHETIC STUDY

5-1  Satellite Image and Surface Vegetation

The satellite images indicate clearly regional geological structures which
are difficult to detect by the field survey. However, it is not always easy to
distinguish the rock types and their disiributions on the satellite images,
because the spectral character of each rock is disturbed by the radiation from
the vegetation on the surface,

The surface vegetational conditions in the area are various as follows:

— desert (with rock or sand)

— glassy plain

— shrub zone

— forest (evergreen, fallen leaves or thorny trees)

— culfivated iand

These vegetational conditions depend basicaly on the regional meteorological
and individual geographical and geological conditions.

The geographical and geological conditions are classified into the following
factors:

— peological siructure and lithological distribution

— topography

— soil

— drainage system (by running and ground waters)

The vegetational'condition is directly influenced by the water drainage
system and thickness of the soil; both of which are dependent on the
topographical features and basically related to the geological structure and
lithelogical distribution.

The following facts were recognized by the field surveyé:

1} In the failse color image of the band éssenblege of 2-3+4, rhyolite shows

various color of pate-blue, pale-brown, yellowish brown and black,

2} The vegetation shows red color by deep green trees, dark-brownish color

by fallen feaves and thorny trees, and blue color by glassy plain.

3) The Sakoa System composed of sandstone and shale shows dark brown by the

forest cauvsed by the vnpermeable gneiss in the lower part.
The Sakamena System composed of sandstone shows pale-blue by the desert
or glassy surface caused by the permeable Sakoa System in the lower parf.

4} Limestone is ditinguished by light-grey color in the false color image



of bands 2+3-4.

'5) The spectral anomalies in the ratioing image using bands 3/2 are seemcd
to indicate the limonite concentration on the surface.
The spectral anomalies by the band ratio 5/7 are seemed to indicate the
accumulation of clay minerals and soil on the surface.

5-2  Relation betwsen the Basement and the Upper Sediments

The continenial sedimentary rocks beionging to the Karroo System are
distributed on the Precambrian basemeni rocks unconformably showing
occasionally straight boundaries in NNE-SSW direclion in the Soamanonga arca.

The boundaries are thought to have been influenced by the fault system that
is related to the large graben structure formed in the late Mesozioic age to the

west of this area.

5-3 Rock Facies of the Basement Gneiss

In the arca from Soamanonga to Beraketa, the Precambrian basement rocks are
mainiy composed of paragneiss belonging to amphibole facies, high pressure and
medium temperature. They are usually fine to medium-grained developing
remarkable bandihg structure composed of leucocratic and melanocratic partis
from several centimeters to more than 10 m intervals. Mafic minerals are
usually hornblende and biotite., Leucocratic part is mostly seemed to be
originated in sandstone and melanocratic part is in mudstone.

{(In the other hand, in the area to the east of Tsivory, the basement rocks
are of granulitic gneiss belonging to granulite facies, high temperature and
medium pressure. They are usuaily coarse-grained showing mineral assemblage of

pyroxene and garnet accompanied by gneissose granitic masses.
5-4  Caved Ring Structure in the Tranomaro Western Area

A remarkable eaved ring structure is developed in the Precambrian bascment
rocks in the central part of the Tranomaro western area. The stiructure,

measured about 45 km X 70 km, has been filled up by the Cretaceous basaltic
lava forming a lava plain or basin which has been intruded and effused by the



Cretaceous rhyolite in the mode of double or tripple rings.

Moreover, the intrusions of microgranite which is seemed to be an intrusive
facies of the Cretaceous velcanism are found in the Precambrian basement along
the ouvter side of the ring structure.

Besides, the ring structure is encircled by a collapsed topographical
structure on a scale of about 100 km in diameter.

This type of volcanic activily will be a hot-spot type originated in the
stable continental crust. A possibility of mineralization accompanied by this

type of igneous activity is a very interesting subject in the future.

5-5  Regional Geological Structure of Madagascar |sland

According to the existing topographical maps and geological maps of whole
Madagascar island, basic geological tectonics are recognized as follows:

1) NNE-SSW tectonic falt system accompanied by NW-SE fault

-2} NNW-SSE tectonic fati system accompanied by NE-3W fault

The NNE-SSW fault system is generally accompanied by the Cretaceous volcanic
~ rocks and supposed to connect- with the formation of large scale Graven-Horst

structure developed in the Precambrian basement. The shape of Madagascar island
and the distribution of the Precambrian basement are seemed to be controlled by
this fault system.

The NNW-SSE fault system is developed morc or less in parallel with the
distribution of the Mesozoic formalion and accompanied by the Tertiary velcanic
rocks. Recent river or drainage system on the surface is remarkably influenced
by this fault system.

It is supposed that the former fauli system was active in the older time
from late Paleozoic to Mesozoic and the later was active in the younger time

from Mesozoic to Tertiary.

5-6 Mineral Resources

The following mineral resources are expected to be occurring in lhe southern

area of Madagascar:
— precious stones in gneiss (emerald, ruby, sapphire, garnet, etc.)
— nonmetallic deposits in gneiss (silica stone, graphite, uranothorianite,

ete, )
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—. residual deposits in gneiss (kaolinite, bauxite, etc.)

— metallic deposits in gneiss (banded iron ore, etc.)

- piacér deposits (black sand)

—  Au-Ag-Cu mineralization in the Varahina area

“Thesce mineral resources shall be classified based on the genesis of ore:

— ore deposits formed in the Precambrian age: precious stones, banded iron

ore, etc.

— ore deposits formed by the Cambrian orogeny: uranotherianite, Cr, Ni,

ete.

— ore deposits formed by the Cretaceous voicanism and tectonics

— ore deposits formed by the Tertiary volcanism and tectonics

— residual and placer deposits formed in the Tertiary to Quaternary age:

kaolin, bauxite, black sand, etc.

The gold-silver-copper mineralization in the Virahina area may be classified
as the ore deposits formed by the Cretaceous volcanism and tectonics, by reason
that the deposits are occurring not only in the quartz veins of NNE-SSW and NW-
'SE directions in the basement rocks but alse in the sedimentary rocks belonging
fo the Karroo System.

Various mineral resources expected to be existing in the area bring about
different problems when exploration and development are taken into consideration;

~— rescurces which are suitabe for the private exploitation: precious sione

resources which require severe qualities: silica stone, kaolinite,
bauxite, elc,

— resources which require low cost operation: iron ore, coal, etc.

— resources which require stable operation: black sand, -etc.

— resources which require intentional exploration and exploitation: non

iron metallic ore and precious metals

— resources which are dealt with at infernational open market: non iron

metallic ore and precious metals

Judging from the above mentioned viewpoint, non iron metallic ores such as
copper and precious metals such as gold and silver are thought to be favorable
resources for the future exploration.

It will be desirable to collect various data of the gold-silver-copper ore
bodies and indications in the Varahina area, although fhey are not objects for
exploitation at present because of the small scale of ore bodies.
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Chapter 1 CONCLUSION

A series of investigations and surveys, that is existing data compilation,

satellite image photointerpretation, satellite data spectral analysis and

geological field check survey, was excuted during three years, and the

following facts and evidences were clarified.

1

2)

3)

4)

The satellite images are reflecting regional geological structure clearly
and. various surface information objectively, Consequenily, the images are
very useful tools for geological survey not only in the stage of
reconnaissance bul in the stagé of detailed survey. However, il needs some
adjustment means or some éupplementary means for the interpretation of rock
facips, because the spectral data are disturbed by the radiation of

vegetation on the surface.

The gneissic rocks forming the basement of the'area are different in rock
facies and metamorphic facies between in the eastern pari and the western
part. The gneissic rocks in the Tranomaro western area and eastward belong
to the Androyen System, the iowest member of the Precambrian basement. They

show comparatively homogeneous, corse-graind granular texture containing

usually pyroxene and garnet and belong to the granulite facies of high
temperature. The gneissic rocks in the soamanonga area and westward belong
to the Yohibory System, the uppermost member of the Precambrian basement.

They show heterogeneous, fine to corse-grained, rich in hornblende and

telong to the amphibolite facies of medium temperature.

The boundary lines between the basement gneiss and the upper sedimentary
roéks coveripg unconformably the basement rocks have been influenced by Lhe
fauit system of NNE-8SW direction. The NNE-SSW fault'zone in the
Soamanonga. area is supposed to be at the east end of the large graben zone
that divides Madagascar island from the African continent.

Dimensions of the caved ring structure in the Tranomaro western area are
about 45 km in N-§ direction and about 70 km in B-W direction, The caved
ring structurc has been filled up by the Cretaceous basalt lava forming a
lava plaiﬁ or basin which has been intruded and effused by the Cretaceous

Thyolite in the mode of double or tripple rings. Moreover, the caved ring
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5)

6)

structure is encircled by a topographically collapsed land on a scale of
about 100 km in diameter, _

This type of volcanic activity will be a hnt"Spot type igneous activity
originated in the stable continental crust,  The microgranite intruded in
the outer margin of the caved ring stricture is seemed to be an intrusive
facies of the Cretaceous volcanism Probably another intrusive bodics are
supposed to intrude underground in the deep part. A possibility of
mineralization related to this type of igncous activity is a very
interesting subject in the future. ' '

Following two types of geological tectonics are -important to Lhe basic
geological structure of Madagascar island.

— NNE-SSW tectonic fault s&stem accompanied by NW-SI fault

— - NNW-SSE tectonic fault system accompanied.by NE-SW fault
The NNE-SSW tectonic fault system is supposed t¢ connect with the formatien
of large scale Graben-Horst structure developed in the Precambrian basement
and accompanied by the Cretaceous volcanism,
The shape of Madagascar island and the distribution of the Precambrian
basement are seemed to be controlied by this fault systen.
The NNW-SSE fauvlt system is developed more or less in'paraliel with the
distribution of the Mesozoic formation and accompanied by the Tertiary
volcanism. Recent river or drainage system on the surface is remarkably
influenced by this fault system

Yarious types of mineral resources such as precious stones, non-metallic
minerals and'metallic minerals are expected to be occurring in the southern
area of Madagascar., Considering each quality, quantity, conditions of
occurrence, developmen! and market, the gnid¥silﬁer~copper miperalization in
the varahina area is most interesting for future -exploration. f

The ore deposit is of vein-type or dissemination type in the gneiss. [l is
difficult to proceed to the exploitation under the present conditions,
because the orebodies are of small scale and sporadib. However, assay
resuifs of this survey indicate that the high grade ores show about 15% Cu,
3 g/t Au, and 120 g/t Ag. Moreover, it is reported that copper indications
are found widely in the surrounding areas. :

The gold-silver-copper ore deposits in the Varahina arc&, up to this time,
have been regarded to be a mineralization related to the granife of
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Cambrian age. However, the possibility of the mineralization being related
to the Cretaceous fault moving of NNE-SSW is inferred by this survey. This
fault system is accompanied by a remarkable volcanic activity in other
areas, and then, the mineratization is supposed to be originated in the

Cretaceous igneous activity of deep underground.
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2)

Chapter 2 RECOMMENDATION FOR THE FUTURE

The gold-silver-copper orebodies in the Varahina area arc of small scale,
fragmentary and unstable continuity., However, some parts show very high
grade in gold, silver and copper. It is advisable in the future to enforce
basic survey such as detailed geological survey, geochemical prospecting,
geophysical prospecting and so on in the areas where copper indications are
reported.

The principal obiect of the basic survey will be to confirm the relation of
the mireralization to fauiting and igneous activities, and to clarity the
zonal distribution of ore minerals and the circumstauces of mineralization
at the lower part. The target area for the further survey will be selected
as an area including Varahina, Vohibory, lanapera, and Vohimary.

Almost-all the mineral resources of various kinds in the southern area of
Madagascar are in existence in the Precambrian gneiss. However, the gehetic
ages may be extended over a long time and the genesis may be various, that
are Preambrian sedimentation, Precambrian orogeny and metamorphism, Cambrian
igneous activity, from Cretaceous to Tertiary volcanism and tectonics, and
Quaternary weathering apd drifting.

In order to select a preferential target of mineral develepment for the
future, it is advisable to compile the data concerned of mineralization and
to study each deposit with regard to the geneisis and genetic age.
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