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CENTRAL TESTING LABORATORIES LTD.

{INDEPENDENTY SOILS AND MATERIALS TESTING.

CTL DUNDCORI ROAD £.0. BOX 18507

NAIROBI KENYA

QUR REFERENCE -96/1337-1388/Jnm,
YOUR REFERENCE:

TELEPHONE S6043002 791241

Fax:- 791244
ATTENTION: 26th February 1996

The Mowlem Construction Co.(E.A.) Ltd.,
P.0, Pox 30078,

NAIROBL,
Dear Sirs,
MUTONGA/GRANDFALLS HYDROPQWER SATGE 3
ALKALIL AGRESSIVE CHEMICAL TEST RESULTS.
Lab.¥o. Site Mark Concentration of Reduction of
Sitica as(5102 Alkalinity
mmol/L ool /L

1337 G581, 100m Gravel 22,311 115
1338 " 500m Sand 29,97 145
1339 *  100m Sard 49,284 60

_%g 1340 " 1500m Sand 6.327 115

= 1341 652,0.00 Sand 3.33 92.5
1342 " 800m Gravel 8.658 185
1343 * 1500m Sand 11,99 90
1344 " 10m " 10.989 75
1346 * 1500 " 11.655 80
1385 MS 95-1 3.33 10
1386 " o95-2 . 13.32 65
1387 " g5-3 4.662 50
1388 *oo95-4,500m 3.33 47.5

NB. Aggregates considered imnocuous herce not reactive with cement.

Sample Location.
$/Mo. 1337-1340
" 1341-1343

Ngoru River

Kalenge River Downstrzam

" 1344 & 1346 - Kalenge River Upstreaw
"o 1385-1387 Makindu River
“ 1388 Kamunyoni River(Downstream from crossing point)

Yours faithfully,

/-._-

CENTRAL TESTING LABORATORIES LTD.
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CENTRAL TESTING LABORATORIES LTD.

L e o+ (NOEPEHDENT SON.S ANO MATERIALS TESTING, e eemea
- OUNDORI ROAD PO BOX 18507
CTL RAORI KENYA
CUN REFERENCE: -96/1389-1394/ Jram TELEPHOMNE Sf@x0n3 7017041
YOURNEFERCNCE. Vax:- 791244
ATTENTION:

12th Hareh 1996

Howlen Comatiuceion Co. Lid
F.0. Box 230078,
HNATROBI,

vy

Dear Sirn,

HUTONGA/GRANDFALL BYDROPOYER STAGE 3
ATYALL AGGRESSIVE CHKHICAL TEST RESULYS.

Lab Ko, Site Mavk Reduction fn Alikalinity  Dissolved Silica Aggregage
mf) (8102) mf) Considered

1139 H595-5,1000m 48 3.3 Inneccuoun

1390 M395-6,2000 50 7.3 -

1391 H895-7,750m 50 10,0 "

1342 15558, 250m 75 1.0 "

1392 1595-9, 250 50 11.0 "

1394 M595-10, 750n 75 1.7 "

Location:— 1289~ Rarwnyoni River (Downstresam [rom crossing point)

1380~ Kamonvont River(Hpstrean frew crossing point)

1391 & 1392- Konyu EKiver {Downstreanm [rom crossivg point)

1393 & 1294~ Kouyu River {Upstrean [rom crossing point)

Yours {faithfully,

STl

CENTRAL TESTING LABORATORIES 110,
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C4.1 Petrographic Microscope Study



FOREWORD

The whole set of six, samples are all regional metamorphic recks, They are largely gneisses, an
amphibolite and a cale - granulite. They were all metamorphosed either in the amphibolite facies
or in the granulite facies.

Some of the rocks show gneissic foliation planes while others are massive. One rock (M95-2;
22.50 m) has a foliation approaching a schist although is largely gneissic in ils characteristics.

Because they are medium 1o high grade metamorphic derivatives, these rocks are medivm to
coarse grained and crystalline in nature. As a result, they are ideal rocks for engingering
purposes, However, in terms of relative weakness, the amphibolite and the schistose gneiss are
the weakest, the other gneisses are relatively stronger but the strongest rocks are granitoid

gneiss and the cale-granulite. However, the calc-granulite has an appreciable amount of calcite
and would not be ideal for use in acidic environments.

More comprehensive descriptions of each rock specimen are presented below:
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SAMPLE G 95 - 2 (21.30 m)

A BANDED HORNBLENDE GNEISS

In hand specimen the rock is lencocratic and light grey in colour, granoblastic with a medium
grained texture. The grains are approximately 0.1 mm to 1 mm in size.

It is a taugh fresh, highly crystalline rock with well pronounced gneissic bands and laminae
which define the gneissic foliation planes. The bands and laminae result due to alternation of
mafic rich and felsic rich layers. The laminae are approximately 1 to 2 mm thick but the bands,
especially of the felsic minerals, range from 0.5 cm to about T ¢m or more in thickness.

The major composing minerals in the felsic bands and laminae are quartz and feldspar, while in
the mafic bands they include hornblende, quartz and feldspars. Some greenish hornblende
gives a faint dark green coloration to the mafic rich laminae.

In this section, the rock portrays a highly interlocked matrix dominated by quariz and feldspars
which have well formed polygonal grains of variable sizes. The rock composing minerals in
their approximate volume percentages include:

Hornblende - 10%
Quartz - 30%
Feldspars (orthoclase) - 56%
Sphene - 3%
Iron oxide - <1%

Total 100%

The quartz and feldspar which dominate the rock matrix are unstrained and these felsic mingrals
have uniform extinction. This medium to high grade regional metamorphic rock, has therefore
undergone complete recrystallisation which has removed strains in the rock. No secondary
alteration occurs in the feldspar grains too. Surbodinate oligoclase and microcline make less
than 2% of the rock matrix.

Sphene grains, scattered within the rock matrix, are however, often associated with the

hornblende grains. They are reddish brown in hand specimen giving few reddish brown spots
to the rock. These spots are easily confused for red garnet.
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Both mafic and felsic minerals give the rock Hs characteristic banding, hence the name
BANDED HORNBLENDE GNEISS. Due to the low content of mafic minerals and the high
content of quartzo-feldspathic minerals, the rock is tough and ideal for engineering purposes.
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SAMPLE G95 - 10

(16.00 m) (GRANITOID GNEISS)

This is a massive, leucocratic, medium to coarse grained rock with a weakly defined gneissose
fabric orientation. Its compaosing grains range from less than 0.1 mmn to approximately 3 to 4
mm in size. The coarsest grains however, are of quartz-feldspathic minerals which show
incompletely developed porphyroblasts.

It is a tough fairly fresh and highly crystalline rock with the feldspars giving few light pinkish
mottles. Biotite, quarlz and feldspars are its major composing minerals, which are also easily
discernible with a naked eye.

In thin section, the rock portrays a granoblastic texture with a highly interlocked matrix. The
major composing minerals are;

Biotite - 5%

Quartz - 10%

Microcline - 33%

Accessory minerals

(magnetite and sphene) 2%
Total 100%

The biotite flakes however, define a weak preferred orientation. The biotite occurs as medium
sized flakes that are scattered with the matrix that is dominated by quartz and feldspars. Both
quartz and microcline are unstrained and portray a uniform extinction. However, few

microcline grains portray & weak cloudiness possibly resultant from some partial alteration
caused by metamorphic fluids.

Magnetite and sphene also occur as few grains scattered within the rock matrix. Both minerals
also occur associated with each other, This is a tough rock, ideal for engineering construction
purposes. Its mineralogy is typical of granitoid rocks, hence its name as GRANITOID
GNEISS. I not faulted or fractured, it is an idea! foundation rock, even for dam sites.
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SAMPLE G95.10 (19.30 wm)

The rock is highly crystalline, mesocratic, showing alternated white felsic rich and black mafic
rich bands and laminae which have heterogeneous textures. The entire rock texture is largely
medium to coarse grained. The grains vary in size form approximately 0.5 mm to slightly over
3.0 mm. Largely non-weathered, the rock portrays a gaeissic foliation usually defined by the
alternated felsic and mafic mineral rich bands. Some of the felsic bands form veins which are
spaced at about 0.5 cm to 1.0 cm apart and are about 1.0 mm t0 3.00 mm thick. The major
composing minerals identifiable with a naked eye are sodic plagioclase feldspars, some quarntz,
homblende and biotite. The mafic minerals are however, concentrated in the mafic rich matrix
and bands and vice verse for the felsic minerals.

In this section, the coarse texture of the rock portrays a strong preferred orientation particularly
defined by the mafic minerals, especially by hornblende. The matrix is highly interlocked. The
grains are unaltered, largely strain free as indicated by the uniform extinction of majority of
them. However, some mineral grains indicate a moderate strain as depicied by the undulose
extinction of some quartz and feldspar grains. The major composing minerals in their
approximate volume percentages are:

Hornblende - 25%
Biotite - 7%
Quartz - 7%
Feldspars {mainly plagioclase) 59%
Accessory minerals (mainly sphene) 2%

Total 100%

The hornblende is commonly associated with quariz. The plagioclase is largely of oligoclase-
andesine composition and is largely untwinned. subordinate microcline and perthite are
occasionally present. Both quartz and the feldspars show heterogencous lextures varying from
small 10 large interlocked grains. The deformed quartz grains occasionally portray Boehm
lamellac. Sphene is usually colourless. Very few iron oxide minerals are present in the rock
too.

The rock is only moderately tough for engineering purposes because of the high content of
mafic minerals. The rock is a PLAGIOCLASE AMPHIBOLITE, which would grade into an
amphibolite by increment of mafic minerals or into a homblende gneiss, by the decrease of
mafic minerals.
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It was formed in the middle conditions of amphibolite facies. Its high content of mafic minerals
suggests a derivation through metamorphism of mafic rocks such as diorite and gabbro.

(ks
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SAMPLE G95-14 (13.60 m)

(A CAL.C-GRANULITE)2

It is a massive, medium 1o coarse grained, light gray, leucocratic rock with the grains ranging
from about 0.5 mm to about 3.0 mm. The rock is fairly fresh and tough because of its
interlocked grain matrix and its massive crystalline nature.

The rock fairly reacts with dilute hydrochltoric acid because of the presence of calcarcous
minerals. The major composing minerals discernible with a naked eye include maialy milky
white feldspar and quartz, black pyroxenes, mainly augite and the olive green pyraxene,
enstatite. These enstatite mineral grains give olive green spots to the otherwise, greyish rock
matrix.

In this section, the rock portrays a medium to coarse texlure. The composing minerals in their
approximate volume percentage are:

Plagioclase feldspars - 54%
Quartz - 15%
Calcite - 15%
Augite and homblende - 5%
Sphene (and iron oxide) - 1%
Enstatite and olivine - 10%

Total - 100%

The plagioclase is calcic and of andesine - labradorite composition and show broad albite
twinning }amellae. The augite and hornblende are dark green and pleochroic to medium green.,
They occur associated with each other. Enstatite appears in light green pleochroic shades while
olivine is pleochroic from very pale to olive green colour.

This rock was formed in extreme high grade conditions of regional metamophism in the
granulite facies. Therefore it is a CALC-GRANULITE. As a result it is a coarsely crystalline

and tough rock, essentially similar to igneous plutonic rocks.

For all engincering works, it is as good as granite except it would be eiched by acid solutions
due to the presence of appreciable amounts of calcite.
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SAMPLE M 95 - 1

{6.30 m) (A BANDED BIOTITE GNEISS}

This is a leucocratic, well banded rock, which is closely similar to sample G 95-2. ks texture
varies according to the two types of bands. The darker grey, mafic mineral rich bands are fine
to medium grained, with grains ranging in size from slightly less than 0.1 mm to about 1 t0 2
mm. The felsic mineral rich white bands vary in texiure from medium to coarse gained with the
grains ranging between 1.0 mm to 3.00 mm in size.

Tt is a quite tough rock, fairly fresh and crystalline in nature. The bands define the gneissic
foliation planes characterising the rock. These alternating mafic and felsic mineral rich bands
have an average thickness between 0.5 cm and 1.0 ¢m within the mafic rich bands, fine
laminae, are also distinguishable, which on the average are 1 t0 2 mm thick,

The major composing minerals in the felsic bands are quartz and feldspars. However, in the
mafic bands, the major composing minerals include biotite, quantz and feldspars.

In thin section, the rock still portrays its strongly preferred fabric orientation, mainly defined by
biotite flakes. The texture is heterogenous composed of fine to coarse grains which are also

highly interlocked. The composing minerals in their approximate volume percentages are as
follows:

Biotite - 10%
Quanz ' 40%
Feldspars - 46%
Muscovite - 2%
fron oxides - 2%
{Magnetite mainly) —_—

Total . 100%

The feldspars are largely untwinned potash feldspars (orthoclase and microcline). They have
well formed polygonal grains. Large feldspar grains do however, show 2 weak secondary
alteration resulling into some cloudiness and sericitation of the grains, On the whole, however,
both quartz and feldspars are largely unstrained and portray a uniform extinction. Few weakly
strained quartz grains do show faintly developed Boehm lamellae. Subordinate plagioclase of

oligoclase composition is oceasionally notable occurring interstitially between the large quartz
and potash, feldspar grains.
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Muscovite flakes occur associated with biolite and so are the few iron oxide minerat grains,
scattered within the rock matrix. The high content of felsic minerals coupled by the low content
of mafic minerals makes the rock tough and ideal for engineering works. The mineral content
and orientation gives it a banded nature, hence the name BANDED BIOTITE GNEISS. This
banding, however, has not weakened the rock much and for all engineering purposes, it is
almost as good as granitoid rocks.
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SAMPLE M 95.2 (22,50 m)

BIOTITE SCBISTOSE GNEISS

This fine to medium grained crystalline rock is mesocratic and medium grey in colour. Iis
composing grains vary from approximately 0.1 mm to less than 1 mm in size. The high content
of mafic minerals gives the rock a well defined foliation which approaches schistosity, Due to
the high content of mafic minerals, the rock is only moderately tough. Its major composing

minerals identifiable in hand specimen are predominantly biotite, sodic plagioclase feldspars and
some hornblende.

In thin section, the preferred orientation of the composing minerals is quite evident. The
identifiable major composing minerals in their approximate volume percentages are:

Quarz - 10%

Mafic minerals
{biotite and homblende) . 25%
(biotite approx. 18%, homblende 7%)
Plagioclase feldspars - 60%
Iron ores and sphene - 5%
Total 100%

Hornblende occurs associated with biotite. Plagioclase occurs in irregular granoblasts which
are largely untwinned. Itis largely oligoclase with a straight extinction. The accessory minerals
iron ores and sphene, occur in scattered granules within the rock matrix. Homblende and
biotite are the minerals that define the strong preferred mineral grain orientation which is also
enhanced by the irregular shaped quanz and feldspar granoblasts. The two felsic minerals have

a uniform extinction which indicates that the grains are not strained or have recrystallized after
straining.

The rock is a hornblende-biotite schistose gneiss. The fairly high mafic mineral content together
with plagioclase feldspars suggests its derivation through metamorphism of mafic rocks such as
diorites and dolerite dykes. The rock is interpreted to have been formed within the medium
grade conditions of the amphibolite facies. It is moderately tough for engineering purposes but

not as tough as the granites or granitoid gneisses because of the fairly high content of mafic
minerals and its schistose nature.
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