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Table 1. Mineral assemblages of the contact-metamorphosed mafic rocks.

Zone A B C

Chlorite —
Calcite ———
Epidote —— - —_——
Biotite @ @ | @00 | === L - — — =
Actinolite - - —-—
Hornblende I
Cummingtonite —_—
Clinopyroxene —
Plagioclase
Quartz




¢> Granitic rocks

N\ Zone A

Zone B

Fig. 3. Metamorphic zonation of the contact-metamorphosed rocks



Table 2. Representative EPMA analyses of amphibole.

Sampleno. | 91101506 91100902 91100902 91100902
Colour” BI-G G-Y G-Y G
Si0, 49.48 53.51 51.72 46.30
TiO, 0.24 0.35 0.30 0.46
ALO, 739 4.94 6.43 8.30
Cr,0, 0.01 0.03 0.00 0.04
FeO* 16.88 13.65 12.90 17.00
MnO 0.27 0.43 0.37 0.45
MgO 10.66 13.49 11.64 10.53
CaO 12.10 12.10 12.35 12.05
Na,0 0.70 0.23 0.28 0.93
K,0 0.09 0.16 0.33 0.46
Total 97.80 98.89 96.33 96.52
0=23
Si 7.280 7.621 7.556 6.987
Ti 0.026 0.038 0.033 0.052
AlY 0.720 0.379 0.444 1.013
A" 0.562 0.451 0.664 0.464
Cr 0.001 0.003 0 0.005
Fe 2.077 1.626 1.576 2.146
Mn 0.034 0.052 0.046 0.058
Mg 2.338 2.862 2.535 2.368
Ca 1.907 1.847 1.933 1.948
' Na 0.199 0.063 0.079 0.271
K 0.017 0.030 0.089

* Total iron as FeO
+ B:Brown, Bl:blue, G:green, Y:yellow

0.062



(Continued)

Sample no. | 91100907 91100907 91100907 M720
Colour’ B G G BI-G

SiO, 44.88 45.46 49.09 51.21
TiO, 1.45 0.94 0.69 0.30
ALO, 7.91 9.71 4.63 6.43
Cr,0, 0.00 0.01 0.00 0.03
FeO* 22.47 22.25 21.94 15.79
MnO 0.60 0.45 0.69 0.36
MgO 8.04 6.79 9.66 12.57
CaO 10.86 11.57 10.31 11.56
Na,O 0.88 0.83 0.53 0.62
K,0 0.66 0.84 0.25 0.11
Total 97.74 98.84 97.78 98.97

0=23

Si 6.876 6.836 7.407 7.381
Ti 0.167 0.106 0.078 0.032
AlY 1.126 1.137 0.593 0.619
AlY 0.303 0.590 0.230 0.474
Cr 0 0.001 0 0.003
Fe 2.879 2.809 2.768 1.904
Mn 0.077 0.057 0.089 0.043
Mg 1.836 1.528 2.171 2.700
Ca 1.784 1.872 1.666 1.785
Na 0.260 0.243 0.155 0.173
K 0.129 0.161 0.049 0.020

* Total iron as FeO
+ B:brown, Bl:blue, G:green, Y:yellow

— 12—



(Continued)

Sample no. M624 M624 MS575 M681

Colour” BI-G BI-G G G

SiO, 51.84 51.53 53.43 44.24
TiO, 0.20 0.26 0.32 0.78
ALO, 427 3.28 3.83 12.13
Cr,0, 0.26 0.18 0.00 0.00
FeO* 15.81 15.35 14.92 17.46
MnO 0.43 0.42 0.50 0.31
MgO 12.88 13.28 12.32 9.11
CaO 12.15 - 12.21 12.74 11.40
Na,0 0.49 0.47 0.22 1.57
K,O 0.14 0.10 0.08 0.46
Total 98.48 97.09 98.35 97.45

0=23

Si 7.563 7.594 7.715 6.626
Ti 0.022 0.029 0.035 0.087
AlY 0.464 0.406 0.285 1.374
Al 0.268 0.164 0.366 0.768
Cr 0.030 0.021 0 0
Fe 1.922 1.893 1.802 2.188
Mn 0.053 0.052 0.061 0.039
Mg 2.791 2918 2.561 2.033
Ca 1.893 1.928 1.971 1.830
Na 0.138 0.136 0.063 0.455
K 0.026 0.020 0.015 0.087

* Total iron as FeO

+ B:brown, Bl:blue, G:green, Y:yellow



(Continued)

M681

Sample no. M681 M275 M275 M763
Colour” G(Core) G(Rim) G-B G-B G-B
Si0, 43.32 43.43 48.44 50.83 40.57
TiO, 0.68 0.50 0.12 0.05 1.75
ALO, 12.05 12.99 7.02 3.78 7.44
Cr,0, 0.00 0.01 0.16 0.00 0.06
FeO* 18.51 17.85 19.20 17.87 26.59
MnO 0.29 0.28 031 0.35 0.18
MgO 9.04 8.54 9.85 11.68 5.68
CaO 11.17 11.33 12.23 12.37 10.47
Na,0 1.67 1.55 0.55 0.44 2.27
K,0 0.42 0.41 0.24 0.10 1.07
Total 97.15 96.89 98.13 97.46 96.08
0=23
Si 6.554 6.555 7.213 7.552 6.573
Ti 10.077 0.057 0.014 0.006 0214
AlY 1.446 1.445 0.787 0.448 1.421
A" 0.704 0.867 0.445 0.214
Cr 0 0.001 0.019 0 0.007
Fe 2.342 2.253 2.391 2.220 3.603
Mn 0.037 0.036 0.039 0.044 0.025
Mg 2.037 1.920 2.185 2.586 1.370
Ca 1.811 1.832 1.951 1.969 1.818
Na 0.491 0.453 0.160 0128  0.714
K 0.080 0.079 0.046 0.018 0.221

* Total iron as FeO

+ B:brown, Bl:blue, G:green, Y:yellow

14—



Table 3. Representative EPMA analyses of clinopyroxene.

Sample no. | 91101506 91100902 MS75  MST5 M763

Sio, 52.31 51.12 53.39 52.80 51.00
TiO, 0 0.03 0.53 0.37 0.36
ALO, 0.46 0.36 1.45 2.08 2.25
Cr,0, 0.02 0 0.01 0.13 0.00
FeO* 14.7 12.67 11.2 13.73 13.72
MnO 0.47 0.63 0.56 0.37 0.28
MgO 9.78 10.43 13.83 13.52 16.37
Ca0 23.95 23.4 17.34 15.30 14.26
Na,0 0.16 0.25 0.35 0.43 0.22
K,0 0 0 0.09 0.56 0.02
Total 101.22 98.89 98.75 99.29 98.48

0=6

Si 1.986 1.98 2.007 1.991 1.935
Ti 0 0.001 0.015 0.010 0.010
AlY 0.014 0.016 0.009 0.065
Al" 0.007 0.064 0.083 0.036
Cr 0.001 0 0 0.004 0
Fe 0.447 0.411 0.352 0.433 0.435
Mn 0.015 0.021 0.018 0.012 0.009
Mg 0.554 0.602 0.775 0.760 0.926
Ca 0.974 0.971 0.699 0.618 0.580
Na 0.011 0.018 0.025 0.031 0.016
K 0 0 0.004 0.027 0.001

* Total iron as FeO

— 15—



Table 4. Representative EPMA analyses of muscovite and biotite.

Sample no. M103 M35(i) M70 M799 M702
Minerals Muscovite Biotite
SiO, 46.49 45.70 47.96 51.58 37.18
TiO, 0.76 0.17 0.40 0.28 2.46
ALO, 36.44 37.04 32.95 25.23 13.07
Cr,0O, 0.07 0.00 0.07 0.00 0.18
FeO* 0.65 0.81 2.34 5.50 19.88
MnO 0.00 0.02 0.01 0.02 0.08
MgO 0.85 0.66 1.52 2.57 11.86
CaO 0.00 0.00 0.00 0.00 0.04
Na,O 0.53 1.30 0.23 0.03 0.00
K,O0 10.18 8.99 10.12 9.75 9.88
Total 95.96 94.68 95.60 94.95 94.64
=22 0=22
Si 6.108 6.063 6.365 6.967 5.755
Ti 0.075 0.017 0.040 0.028 0.286
AlY 1.892 1.937 1.635 1.033 2.245
AlY 3.752 3.857 3.521 2.984 0.141
Cr 0.008 0 0.007 0 0.023
Fe 0.071 0.089 0.260 0.621 2.573
Mn 0 0.002 0.001 0.002 0.011
Mg 0.166 0.130 0.301 0.517 2.737
Ca 0 0 0 0 0.007
Na 0.135 0.334 0.058 0.009 0.
K 1.705 1.523 1.714 1.679 1.951

* Total iron as FeO



Table 5. Representative EPMA analyses of epidote.

Sample no. M711 M720 M666B
Sio, 38.47 38.52 37.99
TiO, 0.16 0.15 0.10
ALO, 22.93 22.95 24.74
Cr,0, 0.00 0.00 0.00
Fe,0,* 12.67 12.80 11.75
MnO 0.20 0.05 0.12
MgO 0.10 0.00 0.06
Ca0 22.70 22.65 23.35
Na,0 0.02 0.00 0.01
K,O 0.07 0.00 0.01
Total 97.32 97.13 98.13
0=25

Si 6.137 6.148 6.130
Ti 0.018 0.018 0.012
AlIV

AlY 4313 4319 4.706
Cr 0 0 0
Fe 1.520 1.538 1.586
Mn 0.027 0.007 0.016
Mg 0.024 0 0.014
Ca 3.879 3.874 4.038
Na 0.007 0 0.004
K '0.015 0 0.002

* Total iron as Fe,0,



Table ¢. Representative EPMA analyses of chlorite.

Sample no. M5(1) M624 M575 MS585 M666B

Si0, 25.81 26.60 26.16 25.29 28.93
TiO, 0.03 0.04 0.00 0.01 0.04
ALO, 23.89 19.15 18.59 20.10 19.65
Cr,0, 0.02 0.00 0.04 0.10 0.00
FeO* 23.89 27.84 28 88 26.00 22.72
MnO 0.36 0.37 0.41 0.40 0.38
MgO 14.49 15.03 14.00 15.43 16.09
Ca0 0.00 0.01 0.04 0.03 0.12
Na,0 0.00 0.00 0.00 0.00 0.05
K,0 0.03 0.00 0.00 0.00 033
Total 88.51 88.80 88.14 87.66 88.31

0=28

i 5.320 5.607 5.606 5.429 5.940
Ti 0.004 0.006 0 0.001 0.006
Al 2.680 2.393 2.394 2571 2.060
Al" 3.126 2.365 2.303 2.457 2,697
Cr 0.003 0 0.010 0.016 0
Fe 4.119 4.845 5.175 4.613 3.901
Mn 0.063 0.066 0.075 0.072 0.067
Mg 4.453 4722 4.472 4.880 4.923
Ca 0 0.003 0.009 0.007 0.026
Na 0 0 0 0 0.020
K 0.008 0 0 0 0.086

* Total iron as FeO
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Fig. 4. A'-C-F and CaO-MgO-FeO diagrams of the contact-metamorphosed mafic rocks.



Table 7. Modal compositions and magnetic susceptibilities of the granitic rocks.

(3000 pts., vol. %)

MH-91101101 MH-91101801 MH-91100509 MH-91101405 MH-91100901 MH-91100304 MH-91101402 MH-911012
Quartz 111 13.8 1.7 . 251 22.9 225 4.8 12.6
Alkali-feldspar 25.7 20.1 14.8 14.2 7.6 16.7 12.4 < 0.1
Plagioclase Y 43.7 4.6 55.6 57.9 50.6 63.3 57.5
Biotite 7.4 0.8 12.8 44 49 3.1 0.4 6.6
Hornblende . 20.0 17.7 125 - 3.9 52 14.1 19.8
Clinopyroxene 0.6 - 2.4 - - - 0.2 -
Iron ores 2.2 1.9 0.3 0.3 1.4 0.2 1.9 1.6
Accessories* 1.3 2.0 0.8 0.5 1.4 1.6 2.8 1.9
*Apatite, allanite, sphene and Zircon.

Magnetic suséeptibilities of the granitic rock.

X107S| 19.6 14.5 0.31 3.98 24.8 1.73 31.0 0.50




Table 8. Petrography of the granitic rocks.

(i)Maragoli (Kisian) granite

‘MH-91101101: Clinopyroxene bg. biotite~homblende ‘quartz-monzonite.
Texture: Coarse-grained & porphyritic (phenocrystic microcline & plagioclase) with

basaltic enclaves.
Mineral Morphology | Grain size | Microstructure ‘& remarks
(mm) ‘ |

Quartz Anhedral <15 Mosaic

Alkali-feldspar | Subhedral - | 10.0-0.2 Microcline perthite. Poikilitically

. anhedral ' contains biotite & quartz blobs.

Plagioclase Euhedral - | 8.0-0.3 Zoned & polysynthetically twinned.
subhedral Sericitized in core parts.

Homblende Euhedral - | <3.0 Z=olive green. Somé include Cpx in
subhedral core part. Twinned.

Biotite Subhedral <2.0 Chloritized

MH—91101801: Biotite bg. hornblende quartz-monzodiorite.
Texture: Coarse-grained & porphyritic (phenocrystic microcline & plagioclase).

Mineral Morphology | Grain size | Microstructure & remarks |
' (mm)
Quartz Anhedral <2.0 Mosaic
Alkali-feldspar | Euhedral - 13.0-0.2 Microcline  perthite. Poikilitically
o anhedral contains plagioclase & quartz blobs.
Plagioclase Euhedral -] 7.0-1.0 Strongly zoned & polysynthetically
» subhedral twinned. Sericitized & saussuritized
in core parts. I
Homblende Euhedral - | 3.5-0.5 Z=olive green. |
anhedral
Biotite Subhedral | <1.0 Chloritized

— 21—



(Continued)

MH-91100509: Clinopyroxene-homblende-biotite quartz—monzodlonte
Texture: Medium-grained & massive.

Mineral Morphology Grain size | Microstructure & remarks
(mm)
Quartz Anhedral <15 Mosaic
Alkali-feldspar | Subhedral - | 2.5-0.2 Microcline perthite
o anhedral .
Plagioclase Euhedral - | 3.0-0.4 Zoned & polysynthetically twirined.
subhedral Sericitized in core parts.

Homblende Mantling & Z=olive green (Actinolite?).

. replacing Cpx Z=very pale green (Cummingtonite?).
Later stage than Cpx.

Clinopyroxene | Subhedral 5.0-0.3 Au.gite

Biotite Anhedral <1.0 Intergrown with Cpx.and Amphi.
Partly chloritized.

(ii)Asembo (Bondo) granite

MH-91101405: Bjotite granodiorite.
Texture: Medium—grained & massive.

Mineral Morphology | Grain size | Microstructure & remarks
o (mm)
Quartz Anhedral 3.0-0.2 Mosaic
Alkali-feldspar | Subhedral - | 1.8-0.2 Orthoclase perthite
: : anhedral
Plagioclase Euhedral - | 3.0-0.2 Strongly zoned & polysynthetically
subhedral twinned. Sericitized in core parts.
Biotite Subhedral - | 1.2-0.2 Partly chloritized.
anhedral
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MH-91100901: Homblende-biotite granodiorite.

(Continued)

Texture: Medium-grained & massive with small basaltic enclaves.

Mineral Morphology | Grain size | Microstructure & remarks
| (mm)

Quartz Anhedral <1.8

AlkaliffeldSpar Anhedral <0.8 Microcline perthite

Plagioclase Euhedral - | 3.0-0.3 Strongly zoned & polysynthetically
subhedral twinned. Sericitized in core parts.

Homblende Euhedral - <2.5 Z=olive green. Intergrown  with-

_ subhedral biotite. '
" Biotite' Subhedral 1.5-0.2

(iii)Mumias (Kitoshi, Kakamega) gfanite

MH-91100304: Biotite~homblende granodiorite.

Texture: Coarse-grained & porphyritic (phenocrystic microcline & plagloclase)

Mineral Morphology Grain size | Microstructure & remarks
' (mm)
Quartz Anhedral 2.0-0.2 Mosaic
Alkali-feldspar | Subhedral - | 5.0-0.5 Microcline
’ anhedral ‘
Plagioclase Euhedral 7.0-2.0 Strongly zoned & polysynthetically
twinned. Sericitized in core parts.
Homblende Euhedral - 2.0-0.2 Z=olive green.
, ' subhedral '
Biotite Anbhedral 1.0-0.2 Chloritized

P



(iv)Micrbgranite :

(Continued)

MH-91101402: Clinopyroxene-biotite bg. hornblende quartz-monzodiorite.
Texture: Fine-grained & faintly gneissose.

Mineral: Morphology | Grain size | Microstructure & remarks
: : (mm)
q Quartz Anhedral <05 Interstitial
Alkali-feldspar | Anhedral 1.0-0.3 Orthoclase perthite
Plagioclase Euhedral - | 2.5-0.5 Strongly zoned & polysynthetically
subhedral twinned. Saussuritized in core parts.
Homblende Subhedral 2.2-0.2 Z=olive green. Poikilitically includes
" : : Cpx & biotite blobs. ]
— ]

MH-91101205: Biotite~homblende quartzdiorite.

. Texture: Fine—grained.

Mineral Morphology | Grain size | Microstructure & remarks
- (mm)

Quartz Anhedral 1.0-0.2

Plagioclase Euhedral - | 5.0-0.5 Completely sericitized.

' subhedral A 7
Homblende Subhedral 1.5-0.1 Z=brownish green.
Biotite Subhedral 1.5-0.1 Completely chloritized.
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Table 9. Bulk chemical compositions of the granitic rocks.

Maragoli Gr. Asembo Gr.
Sample no. 1101209 | 9101801 | 9100506 | 91101101 | 91100509 | 94080408 | 91100901 | 91101405 | 91101802 | 91101204
Si0, 64.71 63.01 66.02 62.79 60.75 67.11 66.16 71.28 69.38 65.12
TiO, 0.32 0.43 0.30 0.38 0.60 0.34 0.41 0.16 0.17 0.38
ALO, 15.78 15.09 16.32 15.80 15.26 15.27 15.90 14.99 15.99 14.43
Fe O, 3.69 4.30 297 421 5.70 2.82 3.17 1.51 1.82 3.21
MnO 0.06 0.07 0.06 0.07 0.10 0.05 0.04 0.03 0.04 0.05
MgO 2.03 2.65 0.93 2,40 3.49 1.80 1.53 0.34 0.41 1.06
CaO 3.59 4.05 227 3.90 5.11 2.60 4.05 1.76 2.10 2.52
Na,O 4.73 4.72 527 5.50 3.59 4.89 4.70 4.69 4.82 7.03
K,0 3.33 3.70 4.42 3.68 3.28 3.29 1.98 3.32 3.29 2.02
P,O; 0.21 0.31 0.12 0.31 0.25 0.16 0.12 0.04 0.06 0.14
Total 98.45 98.33 98.68 99.04 98.13 98.33 98.06 98.12 98.08 95.96




(Continued)

Asembo Gr. Mumias Gr. Micro Gr. Diorite
Sample no. - 94080306 | 94080406 | 91100301 | 91100304 | 91100801 | 91101402 | 91101501 | 94080205 | 91101205 | 91101201 | 94080206
SiO, 64.89 63.12 57.59 64.39 65.95 59.33 69.31 66.17 55.75 68.87 52.57
TiO, 0.38 0.41 0.74 0.26 0.37 0.51 0.24 0.34 1.05 0.31 0.43
AL, 16.19 16.08 16.22 17.54 16.54 16.28 15.43 16.00 18.07 15.52 15.54
Fe,O, 3.78 3.94 7.30 2.77 3.23 5.50 217 3.16 7.86 2.70 7.82
MnO 0.05 0.09 0.12 0.05 0.05 0.09 0.03 0.05 0.12 0.05 0.13
MgO 1.58 2.32 3.77 1.48 1.08 2.73 1.09 0.67 2.61 0.76 7.85
CaO 3.96 2.73 5.38 3.26 3.35 4.85 2.72 3.47 6.70 2.82 9.95
Na,O 2.30 4.52 3.63 5.26 5.03 5.66 4.80 4.99 3.87 4.71 3.96
K,O 2.10 4.70 3.38 3.34 2.08 2.51 2.26 238 1.36 2.20 1.05
PO 0.13 0.21 0.30 0.14 0.12 0.39 0.06 0.13 0.25 0.09 0.06
Total 95.36 98.12 98.43 98.49 97.80 97.85 98.11 97.36 97.64 98.03 99.36




1.20
A .
1.00 f—————————=——— - —mm—m = ———— - - —————— =
0.80 F————=——=——— = — e —— o
{
TiO2(%) 0.60 ~——-=~-=~"=~=- O
0.40 4 @——a ———————————————
@é@ &
° o
0.20 ———-----TTT oo moo oo — - ————e oo
0.00 T T T T 1
50.00 55.00 60.00 65.00 © 70.00 75.00
Si02(%)
® Maragoli Gr.
¢ Asembo Gr.
@ Mumias Gr.
A Micro Gr.
@ Diorite
20.00 | —————————————————————————— -~ ——————
A . Py Q
o
1soo L --M_____ T ‘7 - B8 em .
Al1203(%) 1000 -—-------Too-o--ooo oo oo oo oo oo
§00 F————————"—=——= = ———— - ———— =
0.00 T T T T 1
50.00 55.00 60.00 65.00 70.00 75.00
SiO2(%)

Fig. 5. TiO, -Si0, and Al,0,-SiO, diagrams.



8.00

7.00 —

6.00

5.00

4.00 T---------

Fe203(%)

3.00

2.00

1.00 —

0.00

50.00 55.00

® Maragoli Gr.
« Asembo Gr.
@® Mumias Gr.
A Micro Gr.
B Diorite
0.14

0.12 --——---=
0.10

MnO(%)
. 0.06

0.04 —

0.02

RS U

SN U U

60.00 65.00 70.00

Si02(%)

0.00

50.00 55.00

60.00 65.00 70.00

Si02(%)

Fig. 6. Fe,0;-Si0, and MnO-SiO, diagrams.

— 28 —



MgO(%)

200 -—————--

1.00 -------

0.00
50.00

® Maragoli Gr.
« Asembo Gr.
@® Mumias Gr.

A Micro Gr.
I Diorite

Ca(O(%)

SiO02(%)

.00 —f =TT

L 1 4 e e e

4.00 ————--

2.00 +------

0.00
50.00

55.00 60.00 65.00 70.00

Si02(%)

Fig. 7. MgO-SiO, and Ca0-SiO, diagrams

— 20 .



8.00 T ——-----———=————-
700 = e D
i -
e Y
Na20(%)*°° 7 - A o T T
3,00 = oo
2.00 - mm e mm oo e
1.00 —F—— == —mm o
0.00 ! , ! T i
50.00 55.00 60.00 65.00 70.00 75.00
Si02(%)
® Maragoli Gr.
e Asembo Gr.
® Mumias Gr.
A Micro Gr.
B Diorite
5.00 ] T
e
4.00 |- ——-m——-—-—m—————— o é ————————————————————————
K20(%) 3.00 | -oooo ©. _® o - -
A
200 F-————- % AA—-»—! ———————————
| A
1.00 M-
0.00 — , ; . | 1
50.00 55.00 60.00 65.00 70.00 75.00
Si02(%)

Fig. 8 Na,O-S10, and K,0-Si0, diagrams.

—30 —



P205(%)p.20 +———————-~-—--

01 T~~~ —7————~—

0.10 F———---—=—---~-

oos M .

0.00 T
50.00 55.00

© Maragoli Gr.
e Asembo. Gr.
® Mumias Gr.
A Micro Gr.
W Diorite

Si02 (%)

Fig.9 P,0,-SiO, diagram.



Na20(%) 400 T~~~ -~ o0 A T L

® Maragoli Gr.

e Asembo Gr.
@® Mumias Gr.
A Micro Gr.
B Diorite

2.00 4.00 6.00 8.00

CaO(%%)

4.00 T o

K20(%)

2,00 T -———-

1.00 +----

0.00
2.00

3.00 4.00 5.00 6.00 7.00

Na20(%)

Fig. 10.Na,0-Ca0 and K,0-Na,O diagrams.



The paper submitted to
the Journal of African Earth Sciences

—33__






PETROLOGY, GEOCHEMISTRY AND PETROGENESIS OF SOME ARCHAEAN
GRANITES FROM THE ARCHAEAN GREENSTONE BELT TO THE NORTH OF
LAKE VICTORIA, WESTERN KENYA

Norbert Opiyo-Akech*' and Mitsuo Hoshino**

*! Department of Geology, University of Nairobi, P.O.Box 30197, Nairobi, Kenya
*? School of Informatics and Sciences, Nagoya University, Nagoya 464-01, Japan

Abstract

The greenstone belt of western Kenya is part of what is commonly referred to as the
Tanganyika Shield. The two groups of rock sequences recognized in this sequence are the
Nyanzian and the Kavirondian groups. The rocks found in these groups are diverse, with
dominant volcanics in the Nyanzian and dominant sedimentary rocks in the Kavirondian
group. Geochemical studies on these granites comparable to those of granites found in
present day continental arc environments. In this study the petrology, geochemistry and some
petrogenetic models are presented. The study shows that these rocks are related in their
petrogenesis. It shows that it is possible to model the petrogenesis of these granites by crystal
[fractionation from a source similar to the Nyanzian calc-alkaline volcanics found in close
proximity to these rocks.

Introduction

The granites found in this area are typical of the TTG sequences found in most granite
greenstone sequences of the world. They are intruded into both the Nyanzian group of
metavolcanics and the Kavirondian group of metasediments. They range in age from the
micro-granites that are assumed to be pre-Nyanzian (>2.8Ga) to some post-Kavirondian
(<2.4Ga) granites (Opiyo-Akech, 1991).

Sampling on these granites was done to include all representative sample s (Fig. 1) from the
pre-Nyanzian microgranites to the three plutons (1)Kisian, Maragoli or Maseno granites,
(2)Mumas, Kitoshi or Kakamega granites, (3)Asembo or Bondo granites as earlier described
by Opiyo-Akech (1992). Based on regional mapping and outcrop patterns, these granitic rocks
-are grouped into three main subdivisions, namely;

1) Mumias (Kitoshi, Kakamega) granites

2) Kisian (Maragoli, Maseno) granites

3) Asembo (Bondo) granites

The Mumias granites covers the northern section of the area and is the most extensive granite
body in this part of the belt. It extends from around Mumias town and extends westwards
into Uganda. To the east from Mumias it extend to beyond Kakamega town. The Kisian



granite extends from Maragoli in Vihiga district southwestwards to Kamuga bay. The
Asembo granite lies to the west of Kisian granite and extends from west of Kombewa,
westwards into Asembo and Uyoma.

Sample analysis

The Modal composition was determined by means of the Swift automatic point counter,
Model E at Nagoya University. Initial major and trace elements analyses were carried out at
the University of Leicester, England, with further analyses being carried out at the Geological
Survey of South Africa using X-ray fluorescence (XRF) techniques. Mineral chemistry
analysis were carried out at the Geological Survey of South Africa using an electron
microprobe.

Petrology and petrochemistry

The Mumias and the Kisina granites, in the field are characterized by large tors that dominate
the landscape. It is noted that there are considerable chemical and petrological variations
ranging from granodiorites, through tonalites, adamellites, to coarse and medium grained
granites to microgranites, all within close proximity and grading into one another. These
granitic intrusions in this belt are of the TTG sequence with typical representative
mineralogical compositions and magnetic susceptibilities as listed on Table 1.

On the basis of the three major subdivisions into the Mumias granites, Kisian granites and the
Asembo granites, brief petrographic descriptions of representative rock samples from each of
the major plutons are tabulated below.

Geochemistry

Geochemistry indicates that these granites are of igneous origin and any sedimentary
fingerprints are probably caused by contamination (Opiyo-Akech, 1988). The initial ¥’Sr/*Sr
ratios of 0.7012 to 0.7007 for the Mumias granites (Dodson et al., 1975) and 0.7015 for the
Kisian granites (Bell and Dodson, 1981) are indicative of these rocks being mantle derived.

Comparative studies of these granites reveal a concurrence with the expected trends of rocks
from the same source or sources with similar composition (Opiyo-Akech, 1988). The Harker
variation diagrams show normal trends expected from involvement of fractional
crystallization. Apart from the wide scatter of points for Na,0 and K,0 which are probably
due to the mobility of these elements during low grade metamorphism and weathering. All
the other major elements show the expected fractionation downward trend with increase in
silica, apart from A1203 which shows a varying trend by first increasing and then decreasing
rapidly in the more acid varieties, Listed on Tables 5 and 6 are representative samples from
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the Mumias and Kishian granites.

In the Kisian granites, tonalites and adamellites are the dominant rock types, while the
Mumias granites are dominated by massive porphyritic granites ranging in composition from
granodiorites to true granites.

Petrographic, chemical and field observations of the variations within the three main granite
bodies indicate that the Asembo graintes (Table 7) exhibits the most restricted compositional
range, with most of the samples analysed falling within the tonalite field. The Kisian granites
show the widest spread with the sequences being represented.

Classification of these rocks (Fig.2) was carried out using the R1-R2 classification method of
Debon and Le Fort (1982). On this diagram and similar discriminant diagrams these rocks
range in composition from granodiorites, through monzodiorites, tonalites, quartz
monzonites, monzonites to true granites.

The major elements apparent differentiation trends are also indicated in the trace elements
and rare earth elements (REEs) trends. Plots of various selected trace elements against Si10,,
show the behaviour of these elements in respect to the incompatibility in these systems
(Opiyo-Akech, 1992a). Assuming that SiO, increases with differentiation, then Ba, Sr and Y
are strongly compatible whereas Rb and Nb are incompatible. The elements like Ba and Sr
that enter the K sites early in the fractionation of feldspars are noted to decrease rapidly with
an increase in silica concentration. This behaviour probably reflects the influence of
accessory minerals such as zircon and apatite.

On the chondrite normalised plots of the REEs (Fig. 3), the Mumias and Kisian granites are
observed to have higher REE contents than the Asembo granites. But the overall patterns are
similar with enrichment of LREES and a negative Eu anomaly. In this respect Eu exhibits a
similar behaviour to Sr in keeping with the fact that plagioclase affects both elements in a
similar manner during differentiation.

Magmatism and tectonic setting

Of importance on this study is the determination of magma type and the possible
evolutionary trends taken by the evolving magma. The studies indicate that these are calc-
alkaline rocks. The AFM diagram (Flg 4). shows a clear calc-alkaline trend for the rocks
from the different areas.

The cation plots as used by Batchelor and Bowden (1985), from Debon and Le Fort (1982)
and Debon et al. (1987) and La Roche (1984, Fig. 5) also display a metaluminous calc-
alkaline trend that is in general agreement with the AFM diagram.
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On the tectono-magmatic association diagram of Batchelor and Bowden (1985), the majority
of these rocks plot on the post-collision trend, with a few samples particularly those from the
Mumias granites plotting on the pre-collision intrusions may illustrate different time episodes
of magmatism. This is also indicated on the field relationships with the presence of granitic
boulders within the Kavirondian conglomerates.

On trace elements discriminant diagrams, the patterns observed are those typical of (VAG)
calc-alkaline granites, and are similar to those observed elsewhere in the belt (Davis and
Condie, 1977). Plots of Rb versus Y+Nb and Nb versus Y of Pierce et al. (1984) place these
rocks in the field of volcanic arc granites (VAG) (Fig. 6a,b).

From the chemical analyses it is possible to model the variations from the least evolved to the
most evolved granites. The models invoked (Table 8) involve crystal fractionation of rocks
from a similar source, in which the crystal fractionation is assumed to be the major
influencing determinant in differentiation. When modelling, the choice of samples to be
modelled are restricted to rocks within the groupings of the Mumias, Kisian and Asembo
granites. In each case, the most primitive member of each group is assumed to representative
of the parental magma from which all the differentiates are derived.

The model employed for the major elements uses the least squares method. The model gives
an indication of the possibility of deriving a particular rock from a more primitive one by
assessing the residues (squared residuals R?). This is done by fractionating the possible
crystal phases from the system. This works out the percentages of the various mineral phases
fractionated and gives the squares of the residuals. Low R” indicates a good fit and
indications of the possibility of obtaining the more evolved rocks from the more primitive
source rocks. '

In modelling, a stepwise approach on samples from the same sequence is taken. The
modelling starts from with the least evolved samples and a progressive stepwise analysis

is followed until the compositions of the most fractionated member is obtained. The phases
fractionating are also changed to reflect the important fractionating phases in the
assemblages. The R’ values obtained for these rocks within the various groups are consistent
and reasonable (Opiyo-Akech, 1992b), but are higher than the values obtained for volcanic in
this locality, a factor which could be attributed to the mobility of the alkalies.

The rare earth elements (REEs) are also used in modelling fractionation trends in these rocks.
The models employ the distribution coefficient (D) obtained from Henderson (1984).
From this fractionation model it has been possible to model the generation of the more
evolved rocks within the various groups by crystallizing to varying proportions, different
mineral phases. For comparison purposes the percentages of mineral assemblages used are
those of values calculated from the major element models. The patterns produced from these
models indicate that it is possible to derive the more fractionated varieties of these rocks from
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the more primitive assemblages within the same units by fractionation. Fairly good fits are
generated using mineral proportions taken from the least squares modelling for the major
elements.

Summary and conclusions

In classifying these rocks it is noted that there is a wide compositional range from
monzodiorites, tonalites, granodiorites to granites. This variation is clearly observed in the
petrography and the chemical analyses. On discriminant plots (Fig. 6), they are noted to be
calc-alkaline, and further discrimination places them on the volcanic arc granites (VAG). On
the multi-element plots, they have a high LILE/HFSE ratios and a negative Nb anomaly
indicative of subduction zone granites.

From these geochemical evidence, it is concluded that the granites are mantle derivatives,
with their chemistry being altered by crustal contaminants. The initial 'St/ %Sr ratios (Bell
and Dodson, 1981) is close to that of modern day mantle. The scatter of plots on the Harker
diagrams (Opiyo-Akech, 1992a), probably reflect mixing between mantle derived material
and crustal contaminants, with a possible contribution from low grade metamorphism and
weathering.

In conclusion, it is noted that these rocks are derived from the mantle and are closely related
in their geochemistry and petrogenesis. The models show that it is possible to generate rocks
of more evolved composition from the least evolved varieties by fractionation.
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Figure captions

Figure 1: Map showing the locations of the three major granite bodies to the north of L.
Victoria.

Figure 2: Classification of the granites on the R1-R2 diagram of Debon and Le Fort (1982).
Figure 3: Average chondrite normalized REE plots for the granites from the three bodies.
Figute 4: The AFM diagram showing the trend of the granites.

Figure 5: Distribution of the Maseno granites as displayed on the Aluminous index versus the
dark minerals in the rocks.

Figure 6: Y+Nb versus Rb and Y versus Nb diagrams showing the tectonic setting. (after |
Pearce et al., 1984-a and Harris 1983-b)

Figure 7: Example of a REE fractionation model for the granites.

— 4] —



—4

E Tertiary Lavas

EXPLANATION

CENOZOIC

+] Quatenary Sediments

PRECAMBRIAN

" Granites

+
E Kavirondian

/] Nyanzian /Fault

0‘31

0 50 km




:

R2=6C3+2M g'l'Al
:

SYENITE

R;=4SI-11(Na+K)-2(Fe+T)

[
1000 2000 3000

— 43 —




1000 - Mumias granites (average of 7 samples) |
. Kisian granites (average of 9 samples)
s Asembo granites (average of 6 samples)

100

LR AL

10

o

-t
1

A

I:a ée Nd Slm éu éd 6y ﬁo ér \}b I_.u

44



s —Kisian
& — Asembo
0 - Mumias
o - Micro-granites

— 45 —



A = Al{K+Na+2Ca) s —Kislan
& —Asaembo

0 - Mumias
» —Mikro-granites

PERALUMINOUS

B = Fe-Ti-Mg
BleAmph:Cpx £Opx ¢ .....

o
[ ]

e
e ©

CpxsAmphe ..

METALUMINOUS

Leucogranites

— 46—




1000 -

syn-COLG

100 - /
. [

o _
o ‘4 o a —Kislan

a —Asembo

10 J o — Mumlas

VAG e — Micro-granites

ORG
1 1
T L | \ ]
1 10 100 1000
Y+Nb
(b)
100 4
a VAG WPG
= +
syn-COLG _
10 - o M !
3.8
oA°
-
° ORG
1 T T |
1 10 100 1000

— 47 —




Fractionation assemblages of 26.6 W% clinopyroxene,
61.56 hornblende, and 11.8 W1% plagloclase

50

L

10}

o — NR/45 (Parent)
1+ & — NR/2 (Daughter)
0 — Calculated values

La Ce Nd Sm Eu Gd Dy Er Yb Lu

/”,'j‘ ’7

48 —



—— 6V‘._

Table 1. Modal composition of some granitic rocks in the western Kenya greenstone belt.
(3000 pts., vol. %)

Sample No. 91101101 91101801 91100509 91101405 91100901 91100304 91101403 91101205
Quartz 11.1 13.8 11.7 25.1 229 225 4.8 12.6
Alkali feldspar 25.7 20.1 14.8 14.2 7.6 16.7 12.4 - <0.1
Plagioclase 31.7 43.7 446  55.6 57.9 50.6 63.3 575
Biotite 7.4 0.8 12.8 44 4.9 3.1 0.4 6.6
Hornblende 20.0 17.7 12.5 - 3.9 5.2 14.1 19.8
Clinopyroxene 0.6 - 2.4 - - - 0.2 -
Iron ores 22 1.9 0.3 0.3 14 0.2 1.9 1.6
Accessories* 1.3 2.0 0.8 - 0.5 14 1.6 2.8 1.9

*Apatite, allanite, sphene and zircon

‘Magnetic susceptibilities of these granitic rocks

X107 SI 19.6 14.5 0.31 3.98 14.8 1.73 31.0 0.50




Table 2(a). Kisian (Maragoli) granite. Location/Sample No. MH 91101 101

Petrographical rock type: Quartz-monzonite

Mineral Morphology Grain size Microstructure
(mm) and remarks
Quartz Anhedral <15 ‘Mosaic
Alkali feldspar Subhedral- 10.0-0.2 Microcline perthite.
~ Anhedral Poikilitically contains
- biotite and quartz blobs
Plagioclase Euhedral- 8.0-0.3 Zoned, polysynthetically
Subhedra twinned.
Sericitized cores
Homblende Euhedral- <3.0 =olive green. Some
Subhedral include Cpx in core.
Twinned
Biotite Subhedral <2.0 ~ Chloritized

Texture: Coarse grained & porphyritic (phenocrystic microcline and plagioclase)
with basaltic enclaves.

Table 2(b). Kisian (Maragoli) granite. Location/Sample No. MH-91101801

Petrographical rock type: Quartz-monzodiorite

Mineral Morphology Grain size Microstructure
(mm) and remarks
| Quartz Anhedral <2.0 Mosaic
Alkali feldspar Euhedral- 13.0-0.2 Microcline perthite.
Anbhedral Poikilitically contains
plagioclase and quartz blobs
Plagioclase Euhedral- 7.0-1.0 Strongly zoned,
Subhedral polysynthetically twinned.
Sericitized and saussuritized
~ cores
Homblende Euhedral- 3.5-0.5 Z=olive green.
Anhedral
Biotite Subhedral <1.0 Chloritized

Texture: Coarse grained & porphyritic (phenocrystic microcline and plagioclase)
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Table 2(c). Kisian (Maragoli) granite. Location/Sample No. MH- 91 100509
Petrographical rock type: Quartz-monzodiorite

Mineral Morphology Grain size Microstructure
(mm) and remarks
Quartz Anbhedral <15 . Mosaic
Alkali feldspar Subhedral- 25-0.2 Microcline perthite.
Anbhedral
Plagioclase Euhedral- 3.0-4.0 Zoned, polysynthetically
Subhedra twinned.
Sericitized cores
Homblende Mantling & Z=olive green(Act.?)
replacing Cpx Z=pale green(Cumm.?)
Later stage than Cpx
Clinopyroxene - Subhedral 5.0-0.3 Augite
Biotite Anhedral <1.0 Intergrown with Cpx &

Amphi. Partly chloritized
Texture: Medium grained and massive |

Table 3. Mumias (Kitoshi, Kakamega) granite. Location/Sample No. MH-91100304
Petrographical rock type: Granodiorite

Mineral | Morphology Grain size Microstructure
(mm) and remarks
Quartz Anhedral 2.0-02 Mosaic
Alkali feldspar Subhedral- 5.0-0.5 Microcline
Anhedral
Plagioclase Euhedral 7.0-2.0 Strongly zoned,

polysynthetically twinned.
Sericitized cores

Homblende Euhedral- 2.0-0.2 Z=olive green.
Subhedral
Biotite Anhedral 1.0-0.2 ~ Chloritized

Texture: Coarse grained & porphyritic (phenocrystic microcline and plagioclase)



Table 4(a). Asembo (Bondo) granite. Location/Sample No. MH- 91 101405
Petrographical rock type: Granodiorite

Mineral Morphology Grain size Microstructure
(mm) and remarks
Quartz Anhedral 3.0-2.0 . Mosaic
Alkali feldspar Subhedral- 1.8-0.2 Orthoclase perthite.
Anhedral
Plagioclase Euhedral- 3.0-0.2 Strongly zoned,
Subhedra polysynthetically twinned.
Biotite Subhedral- 1.2-02 Partly chloritized
Anhedral :

Texture: Medium grained and massive

Table 4(b). Asembo (Bondo) granite. Location/Sample No. MH-91100901
Petrographical rock type: Granodiorite

Mineral Morphology Grain size Microstructure
(mm) and remarks
Quartz Anhedral <0.8
Alkali feldspar Anhedral <0.8 Microcline perthite.
Plagioclase Euhedral- 3.0-0.3 Strongly zoned,
Subhedral polysynthetically twinned.
Sericitized cores
Homblende Euhedral- <25 Z=olive green.
’ Subhedral Intergrown with biotite
Biotite Subhedral 1.5-0.2

Texture: Medium grained & massive with small basaltic enclaves
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Table 5. Chemical analysis of representative samples from the Kisian pluton.

Sample
Number

SiOo2
TiO2
AlRO3
Fe203

105.0
637.0

123.0

846.0
39.0
73.0
33.0
15.6

100.40

19.9
29.0
3.1
240
17.8
73.0
436.0
3.0
81.0
1.1
880.0
14.8
16.3
4.5
4.8

108

71.15
0.32
15.31
2.76
0.03
0.64
2.83
5.53
1.74
0.11
1.17

1100.42

27.0
11.6
16.4
39.0
22.0
63.0
407.0
33
104.0
22
201.0
19.9
22.0
7.4
8.9

104

67.69
0.36
15.17
3.23
0.05
1.61
291
4.57
0.22
2.64
2.64

100.38

47.0
30.0
15.9
49.0
19.5
131.0
719.0
12.5
122.0

1277.0
40.0
74.0
33.0
12.7

45

64.37
0.46
15.75
4.30
0.07
2.39
3.82
5.10
3.95
0.31

- 0.87

100.52

63.0
55.0
25.0
63.0
19.5
122.0
825.0
15.3
134.0

961.0
51.0
104.0

48.0

13.3

105

64.45
0.43
15.43

4.31

0.07
2.49
4.13
5.52
3.45
0.31
1.86

100.59

106

72.23
043
15.32
1.84
0.04
0.57
2.46
5.50°
2.68
0.07
1.74

101.14

60.0
52.0
26.0
61.0
20.0
89.0
776.0
17.7
155.0

693.0
50.0
90.0
43.0
13.9
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Table 6. Chemical analysis of representative samples from the Mumias pluton.

Sample
Number

Si02
TiO2
Al1203
Fe203
MnO
MgO
CaO
Na20
K20
P205
H20+

Total

\"
Cr
Ni
Zn
Ga
Rb
Sr
Y
Zr
Nb
Ba
La
Ce
Nd
Th

172

68.83
0.41
15.90
2.83
0.05
1.07
2.81
5.23
2.84

179

72.72
0.30
14.39

180

68.05
0.41
15.51
3.23
0.06
1.45
2.98
494
333
0.21
2.19

100.17

46.0
29.0
14.0
60.0
20.0
122.0
687.0
1.5
136.0
6.5
847.0
44.0
70.0
33.0
11.2

801.0
126.0

903.0
39.0
67.0
1.0
6.6

182

68.69
0.40
15.31
3.13
0.05
1.36
2.80
484
3.52
0.22
1.49

100.32

43.0
240
11.6
59.0
20.0
134.0
677.0
11.6
149.0

839.0
50.0

73.0

350
10.6

183

69.43
0.37
15.25
2.75
0.04
1.11
2.48
4.80
3.51
0.16
1.66

99.84

38.0
25.0
12.6
55.0

20.0

151.0
531.0
11.1

131.0

774.0
45.0
68.0
31.0
19.1

184
66.68

15.77
3.72
0.07

3.48
5.08
3.14
0.25
0.97

100.43

54.0
33.0
15.0
65.0
20.0
94.0
843.0
11.9
141.0

5.5

920.0
44.0
72.0
34.0
33
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Table 7. Chemical analysis of representative samples from the Asembo pluton.

Sample
Number

Si02
TiO2
AI20O3
Fe203
MnO
MgO
CaO
Na20
K20
P205
LOI

Total

118

72.21
0.32
14.99
2.56
0.04
0.60
2.85
4.81
2.04
0.07
2.11

100.49

28.0
5.2
4.8
42.0
19.4
60.0
268.0
5.9
102.0

476.0
17.6
30.0
123
1.4

119

72.18
0.27
15.39
2.39
0.05
0.47
240
5.25
2.23
0.07
4.14

100.70

21.0
40
29
49.0
20.0
81.0
283.0

102.0
33
473.0
18.4
32.0
133

120

70.90
0.39
15.57
3.14
0.05
0.77
3.25
4.87
1.80
0.08
2.46

99.92

37.0
6.4
42
48.0
20.0
46.0
300.0
7.3
102.0
3.6
507.0
10.4
16.0

7.6

115

116 .




Table 8:

An example of a least squares model of fractionation
as applied to the granites.

Daughter g Calc- Parent
Model NR/1 horn bio plag Kspar Parent NR/105 Residue
SiOp 64.87 45.15 3433 59.13 6428 6468 6471 -0.03
TiOp 0.50 1.25 3.63 0.03 0.00 0.34 0.45 -0.11
AhO3 15.53 8.10 1480 2506 19.40 15.73 15.59 0.14
FeyO3 4.76 2.10 248 0.05 0.34 443 4.18 0.25
MnO 0.08 0.45 0.35 0.00 0.00 0.06 0.07 -0.01
MgO 2.73 13.30 11.62 0.05 0.00 1.99 2.10 -0.11
Ca0 4.40 12.84 1.56 7.44 0.48 4.00 3.88 0.12
NayO 4.22 0.66 0.65 6.89 2.74 424 4.61 -0.37
K70 3.23 0.32 8.16 0.32 11.80 3.61 3.59 0.02

Squared residual (R2) = 0.2612
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