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はしがき

本研究は､平成7年度と8年度の2年間にわたり､文部省科学研究費の助成を受

けて実施されたものである｡本研究の目的は以下のようにまとめられる｡

グリーンストン帯は始生代クラトンを特徴づける地質体であり､プロト大陸であ

ると考えられる｡グリーンストン帯には共通して､下位火山岩層一上位砕屑性堆積

岩相一後造山期花尚岩体の岩相組合わせが認められる｡このようなきわめて特異な

グリーンストン帯を形成した地球初期の地質過程とはどのような性格のものであっ..

たのかを解明する｡

私どもは本研究を､上記の目的を達成するための第一段階として捉え､ケニアの

グリーンストン帯に焦点を絞って､そこにみられる後造山期花南岩貫入にともなう

熱変成作用の岩石学的解析からグリーンストン帯形成当時の熱構造を明らかにしよ

うと試みた｡さらに､一本研究の特徴として､火成岩類の産状や地質構造など､私ど

もが今までに積み重ねてきた地質学的現地調査に立脚して行われることが挙げられ

る｡

本研究の室内実験に関する主な研究方法は､岩石の蛍光Ⅹ線分析(ⅩRF)
,鉱物の

Ⅹ線マイクロアナライザー分析(EPMA)､岩石の顕微鏡視察である｡これらの室内

実験に供する岩石試料は1991年現地調査(日本学術振興会助成金)および1994年現

地調査(社団法人東京倶楽部助成金)で採集したものを使用した｡このたびの科学

研究費については､ ⅩRf分析のためのJEOLJKAOWIX型冷却水循環装置を設置､室

内実験用消耗品類の購入､資料収集旅費が主な使途であり､ほぼ計画通りの実験が

遂行できた｡

なお､本研究成果はその一部を学会で口頭発表し､また平凡社地学事典の全面改

訂に際して大きく貢献した｡論文としては現在投稿中のものがあり､さらにもう一

つの論文を準備中である｡

謝辞‥本研究は文部省科学研究費補助金(基盤研究(C)(2)､課題番与o7640638)によ

り遂行された｡文部省および名古屋大学の関係各位に感謝申し上げる｡また､分析

用岩石薄片を多数作成してくださった名古屋大学文部技官の長岡 勉氏にも感謝申

し上げたい｡
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研究成果

1.地質概説

アフリカ大陸には先カンプリーア時代の岩相が広汎に露出する｡これらのうちでも

25億年より古い始生代の岩層を主体とし,それ以降の造山運動をほとんど被ってい

ない安定地塊をクラトンと呼ぶ｡そのひとつタンザニア･クラトンは東アフリカに

位置し､東北端部がケニア西部のビクトリア湖岸一帯にみられる(Fig.1).タンザ

ニア･クラトンの東側はモザンビーク帯と接し､原生代中期-後期の造山運動によ

り形成された変成岩･花南岩層が南北方向のトレンドで露出している｡モザンビー

ク帯の中央部には第三紀以降に形成され現在も活動中のアフリカ大地溝帯が発達す

る｡

タンザニア･クラトン全体をながめると､中部-南部には片麻岩一花尚岩の組合

せで特徴づけられる岩層が卓越し､片麻岩はグラニエライト相に達する高度の広域

変成作用を被っている｡一方､本研究地域を含む北部一帯は火山岩一砕屑性堆積岩

一花南岩の組合わせで特徴づけられ､広域変成作用の変成度はきわめて低く､むし

ろ花南岩の貫入に伴う熱変成作用が顕著である｡なおグリーンストン帯の名前の由

来は､玄武岩､安山岩を大量に含む火山岩層が全体的に緑色を呈することによる｡

Hosb血oetal. (1983)による地質図(Fig. 1)にもとづいてケニア西部のグリーンスト

ン帯の地質を以下に概説する.始生代の岩層は古い順にニアンザ系叩yanzian

System)､カビロンド系(Kavirondian System)､花南岩類(Granitic rocks)より構成され

る｡最下部のニアンザ系は玄武岩､安山岩､流紋岩の火山岩類よりなり､全層厚は

数千mと見積もられる｡玄武岩､安山岩の多くはlowJKソレアイト系列に属し､一

部はカルクーアルカリ岩系列に属する(Suwa, 1981)｡カビロンド系はニアンザ系を不

整合に覆い､礁岩,砂岩､泥岩などの砕屑性堆積岩よりなる｡全層厚は数千m以上

と見積もられる｡ニアンザ系､カビロンド系ともに緩やかな招曲構造を示し､袴曲

軸のトレンドは東北東一西南西である｡本地域の南部において上記両系は第三紀の

フォノライトに覆われる｡花南岩類はニアンザ系､カビロンド系に貫入し､さまざ

まな岩相を呈する｡主要な岩体としては､バソリス状のマラゴリ花南岩(Maragoli

granite)､アセンボ滝尚岩(Asembo granite)およびムミアス花南岩(Mumias granite)が

認められ､その他､マラゴリ花南岩とアセンボ花尚岩の中間に位置する細粒花南岩

′ヽ
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(Micro granite)や′ト岩体として閃緑岩(Diorite)が認められる(Opiyo-Akecb and

Hoshino,
s血mitted)｡花南岩体の伸長方向は招曲軸の方向とおおむね-敦し､背斜軸

部に集中している｡この事実は､花簡岩の貫入と招曲運動とが密接な関係にあるこ

とを示している｡

Rb-Sr放射年代測定の結果(Yanagi and Suwa, 1981)は､ニアンザ系が28億年前､カ

ビロンド系が26億年前､花尚岩類が25億年前に形成された岩層であることを示して

いる｡

2.熱変成作用

ニアンザ系､カビロンド系岩石類は広域変成作用を被っているが､その変成度は

低く､原岩の組織をよく保存している｡一方､花南岩体の貫入による熱変成作用は

きわめて明瞭である｡.ニアンザ系玄武岩､安山岩の鉱物組合せの変化を顕微鏡観察

によって詳細に調べた結果を鉱物消長関係で示すとTablel.のようになる.この結

果にもとづいて変成分帯を行うことが可能である｡即ち､変成度の低い順に､緑泥

石一方解石一線簾石一斜長石一石英の鉱物組合せで特徴づけられるZoneA､緑泥石

一線簾石-アクチノ閃石一斜長石一石英の鉱物組合せで特徴づけられるZoneB､ホ

ルンブレンドーカミングトン閃石一単斜輝石一斜長石一石英の鉱物組合せで特徴づ

けられるZoneCの3帯が識別される｡

それぞれのZoneの幅を地図上に示したものがFig. 3であるo ZoneCは花南岩体と

の接触部からおおむね3Km以内に限られる.とくにバソリス状花尚岩体の周囲の

ZoneCは顕著であるが､小岩体の周囲ではZoneCを欠くことがある｡一方､ zone

Aは見掛け上摺曲構造の向斜軸とほぼ-敦している｡

熱変成作用を被った岩石中の鉱物の化学組成を決定するために､ EPMA分析を

行った｡分析は名古屋大学情報文化学部に設置されているHitachi X-560型EPMA分

析装置を使用した｡これまでに分析した鉱物の種類は､角閃石､白雲母､黒雲母､

緑簾石および緑泥石である｡これらの分析結果をTables2-6に示しておく.

顕微鏡による鉱物記載およびEPMA分析結果にもとづいて､熱変成作用を相平衡

論的に解析した結果をFig. 4に示す｡ ZoneAでは緑簾石中のゾイサイト成分一緑泥石

一方解石が共存し､下部緑色片岩相の変成度を示す｡ zoneBでは緑簾石一線泥石-
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アクチノ閃石が共存し､上部緑色片岩相の変成度を示す｡ zone Cの高温部ではホル

ンブレンドーカミングトン閃石一単斜輝石一斜長石が共存し､上部角閃岩相の変成

度を示す｡

変成温度を示す情報は､残念ながらこれらの分析結果からは得られていない｡ホ

ルンブレンド単独の化学組成から推定される変成温度は､例えば91100907に含まれ

る褐色ホルンブレンドでおおよそ750o と見積もられる｡しかしこの推定は余り正確

なものではなく､より精度の高い変成温度の推定のためにはさらに多くの鉱物の分

析が必要である｡

さらにこれらの分析結果から言えることは､同一岩石中の角閃石の組成が一定し

ない｡即ち､熱変成作用は接触部付近においてさえ熱的平衡に達していなかったこ

とを示唆するものである｡

3.花南岩類

花南岩類についてのモード分析結果をTable7に示す｡これによりマラゴリ花尚岩､

アセンボ花南岩および細粒花尚岩は明確に区分される｡しかしムミアス花南岩はア

センボ花尚岩に比較的近い｡また､マラゴリ花南岩と一部の細粒花筒岩は単斜輝石

を含むことが特徴である.花南岩類の詳細な岩石記載をTable8に示す.

花南岩類の全岩化学組成を決定するために､ ⅩRF分析を行った｡分析には名古屋

大学情報文化学部に設置されているJEOL JSX1601型ⅩRF分析装置を使用し､今回

の科学研究費で購入したJEOL JK-40WIX型冷却水循環装置を付属させた｡分析結果

を主要化学成分についてTable9に示す｡また,各成分の相関関係をFigs. 5-10に示

す｡これらの相関図のあるものは､それぞれの岩型､とくにマラゴリ花南岩とアセ

ンボ花尚岩が比較的小範囲にまとまることを示すが､いくつかの相関図では各岩型

内部でも組成上のまとまりを欠くことがある｡とくにバソリス状の岩体のものと単

独の小岩体のものとの間で顕著である｡

4.`まとめと今後の課題

本地域の熱変成作用の変成度は,接触部付近で上部角閃岩相を示すが,必ずしも

熱的平衡には達していないと考えられる｡また花蘭岩体周囲の熱変成帯は小岩体ほど

不規則である｡さらに周一の岩体の中でも化学組成は比較的変化に富んでいる.
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以上のことは､見掛け上同じ岩型のようにみえるものでも､それぞれ別の履歴を

もつプルトンである可能性を示唆する｡とくにバソリス状岩体と単独小岩体との間

でそのことが言えるのではないだろうか｡

今後の課題として､熱変成作用の詳細な温度の推定と温度分布の不規則性を明ら

かにすることと､花南岩のバソリス状岩体と単独小岩体との間の履歴の違いを明ら

かにすることの二つが挙げられる｡
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Table 1 ･ Mineralassemblages of the co皿taCt一皿etamOrPhosed皿afic rocks.

Zone A ち C

Chlorite

Calcite

Epidote ■-■l-I
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●
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Fig･ 3 I Metamorphic zonation of the contact-metamorphosed rocks･



Table ⊃･ Representative EPMA analyses of amphibole･

Sampleno. 91101506911009029110090291.lOO902

colour+ B1-GG-YG-YG

SiO2

TiO2

49.4853.5151.7246.30

o.240.350.300.46

Al203

Cr203

7.394.946.438_30

o.o10.030.000.04

FeO* 16.8813.6512.9017_00

h4nO o.270.430.370.45

MgO lO.6613.49ll.6410.53

CaO 12.lOl2.lO12.3512.05

Na20

K20

o.700.-230.280_93

o.o90.160.330.46

Total 97.8098.8996.3396.52

0-23

Si 7.2SO7.6217.5566.987

Ti o.o260.0380.0330.052

Alrv o.7200.3790.4441.Ol3

AlⅥ o.5620.4510.6640.464

Cr o.oolO.00300.005

Fe 2.0771.6261_5762.l46

Mn o.o340.0520.0460.058

Mg` 2.3382.8622.5352.368

Ca 1.9071.8471.9331.948

Na

K

o.l990.0630.0790.27l

o.o170.0300.0620.089

* Total iron as 一eo

+ B:Brown, Bl:blue, G:green, Y:yellow
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(Continued)

Sampleno. 911009079llOO90791100907M720

colour+ BGGB1-G

SiO2 44.8845.4649.0951.21

TiO2 1.450.940.690.30

Al203 7.919.714.636.43

Cr203 0.000.OlO.000.03

FeO* 22.4722.252l.9415.79

MnO 0.600.450.690.36

MgO 8.046.799.6612_57

CaO lO.8611.5710.31ll.56

Na20 0.880.830.530.62

K20 0.660.840.250.ll

Total 97.7498.8497.7898.97

0-23

Si 6.8766.8367.4077.381

Ti 0.1670.1060.0780.032

A1Ⅳ 1.126l.1370.5930.619

Al 0.3030.5900.2300.474

Cr 00.00100.003

Fe 2.8792.8092.7681.904

h4n 0.0770.0570.0890.043

Mg 1.836l.5282.1712.700

Ca 1.7841.8721,6661.785

Na 0.2600.2430.l550.l73

K 0.1290.1610.0490.020

*
Total iron as FeO

+ B:brown, Bl:blue, G:green, Y:yellow
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(Continued)

Sampleno. M624M624M575M681

Colour+ B1-GB1-GGG

SiO2 51.8451.5353.4344..24

TiO2 0.200.260.320.78

Al203 4.273.283.8312.13

Cr203 0.260.180.000.00

FeO* 15.8115.3514.9217.46

h4nO 0.430.420.500.31

MgO 12.8813.2812.329.ll

CaO 12.l5＼12.2112.74ll.40

Na20 0.490.470.221.57

K2O 0.140.100.080.46

Total 98.4897.0998.3597.45

0-23

Si 7.5637.5947.7156.626

Ti 0.0220.0290.0350.087

A1Ⅳ 0.4640.4060.2851.374

AlⅥ 0.2680.1640.366o.768

Cr 0.0300.02100

Fe 1.9221.8931.8022.188

h4n 0.0530.0520.0610.039

Mg 2.7912.9182.5612.033

Ca 1.8931.928l.9711.830

Na 0:1380.1360.0630.455

K 0.0260.0200.0150.087

*TotalironasFeO

+ B:brown, Bl:blue, G:green, Y:yellow
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(Continued)

Sampleno. M681M681M275M275M763

colour+ G(Core)G(鮎m)G,BG-BG-B

SiO2

TiO2

Al203

Cr203

FeO*

43.3243.4348.4450.8340.57

o.6SO.500.120.05.1.75

12.0512.997.023.787.44

o.ooo.olO.160.000.06

18.5117.8519.2017.8726.5-9

M血0 o.290.280.310.350.l8

MgO

CaO

9.048.549.8511.685.68

1l_1711.3312.2312.3710.47

Na20

K20

l.671.550.550.442~.27

o.420.410.240.101.07

Total 97.1596.8998.1397.4696.08

og23

Si 6.55A6.5557.2137.5526.573

Ti
.o.o770.0570.Ol40.0060.214

A1Ⅳ 1.4461.4450二7870.4481.421

AlvI o.7040.8670.4450.214

Cr oo.oolO.01900.007

Fe 2.3422.2532.3912.220.3.603

M血 o_o370.0360.0390.0440.025

Mg 2.037l.9202.l852.5861.370

Ca 1.8111.8321.9511.9691.818

Na o.4910.4530.160O.128LO.714

K o.osoo.o790.0460.0180.221

*
Total iron as F母o

+ ち:brown, Bl:blue, G:green, Y:yellow
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Table 3･ Representative EPMAanalyses of clinopyroxene･

Sampleno. 9llO150691100902M575M575M763

SiO2 52.3151.1253.3952.&051.00

TiO2 oo.oヨo.530.370.36

Al203 o.460.361.452.082.25

Cr203 o.o200.010.130.00

FeO* 14.712.671l.213.7313.72

MnO o.470.630.560.370.28

MgO 9.7810.4313.83-13.5216.37

CaO 23.9523.417.3415.3014.26

Na20 o.160.250.350.430..22

K20 000.090.560.02

Total 101.2298.8998.7599.2998.48

0=6

Si 1.9861.982.0071.99'11.935

Ti oO.0010.0150.0100.010

A1Ⅳ 0.Ol40.0160.0090.065

A1Ⅵ 0.0070.0640.0830.036

Cr 0.001000.0040

Fe 0.4470.4110.3520.4330.435

h4n 0.0150.0210.0180.0120.009

Mg 0.5540ー6020.7750.7600.926

Ca o.9740.9710.6990.61SO.580

Na 0.0110.0180.0250.oslo.016

K 000.0040.0270.001

*
Total iron as 一eo

-15-



Table 4,.Representative EPMAanalyses of muscovite and biotite･

Sampleno. MlO3M5(i)M70M799 M702

Minerals Muscovite Biotite

SiO2 46.4945.7047.9651.58 37.18

TiO2 0.760.170.400.28 2.46

Al203 36.4437.0432.9525.23 13.07

Cr203 oio70.000.070.00 0.18

FeO* 0.650.812.345.50 19.88

MnO 0.000.020.OlO.02 0.08

MgO 0.S50.66l.522.57 l1.86

CaO 0.000.000.000.00 0｣04

Na20 0.531.300.230.03 0.00

K20 10.188.9910.129.75 9.88

Total 95.9694.6895.6094.95 94.64

0-22 0-22

Si 6.1086.0636.3656.967 5.755

Ti 0.0750.0170:0400.028 0.286

Alrv 1.8921.9371.635l.033 2.245

AlⅥ 3.7523.8573.5212.984 0.l4l

Cr 0.00800.0070 0.023

Fe 0.0710.0890.2600.621 2.573

Mム 00.0020.0010.002 0.011

Mg 0.1660.1300.3010.517 2.737

Ca 0000 0.007

Na 0.1350.3340.0580.009 0_

K 1.7051.5231.714l.679 1.951

* Total iron as FeO
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Table g. Representative EPMA analyses of epidote.

Sampleno. M711M720M666B

SiO2 38.4738.5237.99

TiO2 0.l60.150.10

Al203 22.9322.9524.74

Cr203 0.000.000.00

FeiO3* 12.6712.8011.75

h4nO 0.200.050.12

MgO 0.100.000.06

CaO 22.7022.6523.35

Na20 o.o20.Oho.o1

K20 0.070.000.01

Total 97.3297.1398.13

0-25

Si 6.1376.1486.130

Ti

A1Ⅳ

AlⅥ

0.0180.0180_012

4.3134ー3194.706

Cr 000

Fe 1.5201.5381.586

h4n 0.0270.0070.016

Mg 0.024.00.Ol4

Ca 3.8793.8744.038

Na 0.00700.004

K 0.01500.002

*
Total iron as Fe203
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Table ら･ Representative EPMA analyses of cblorite･

Sampleno. M5(i)M624M575M585M666B

SiO2 25.S126.6026.1625.2928.93

TiO2 o.oヨo.040.000.OlO.04

Al203 23.8919.1518.5920.1019_65

Cr203 o.o20.000.040.100.00

FeO* 23二8927.842S.8826.0022.72'

h4nO o.360.370.410,400.38

MgO 14.4915.0314.0015.4316.09

CaO o.ooo.olO.040.030.l2

Na20 o.ooo.ooo,ooo.ooo~.05

K20 o.oヨo.000.000.000.33

Total 88.5188.SO88.1487.6688.31

0-28

Si 5_3205.6075.6065.4295.940

Ti o.oo40.00600.0010.006

A1Ⅳ 2.6802.3932.3942.5712.060

A1Ⅵ 3.l262.3652.3032.4572.697

Cr oー00300.0100.0160

Fe 4.1194.8455.l754.6133.901

h4n o.o630.0660.0750.0720.067

Mg 4.4534.7224.4724.S804.923

Ca oo.oo30.0090.0070.026

Na OOOOO.020

K o.oo80000.086

*
Total iron as 一eo
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Fig･ 4･ A･-C-F aJld CaO-MgOIFeO diagrams of the contact-metamorphosed mafic rocks･



Table 71 Modal compositions and magnetic susceptibilities of the gr弧itic rocks･

(300d pt占｣vdl.%)

MH-911011ql MH-91101801 MH-91100509 MH-91101405 MH-91100901 MH-91100304 MH-91101402 MH-911012･

Qua化z

A(kali-feldspar

Ptag10Clase

Bio廿te

Hornb(ende

C(inopyroxene

Iron ores

Accessories*

[[=【

25.7

31.7

7.4

?0･0
0.6

2.2

1.3

13.8

20.1

43.7

0.8

17.7

1.9

2.0

ll.7

1.418

44.6

12.8

12.5

2.4

0.3

0.8

25.1

14.2

55.6

4.4

0.3

0.5

22.9

T･6
57.9

4.9

3.9

1.4

1.ヰ

22.5

16.7

50.6

3.1

5.2

0.2

1｣6

4.8

12.4

63.3

0,4

14.1

0.2

1.9

2.8

*Apatite. a"anite. sphene声nd zircon.

∫
rJ

⊂)

1

Magnetic susceptibilities of仇e granit(c rock.

0.31 3.98 24.8 1.73 0.50



Table 8･ Peb10graPhy of the granidc rocks.

(i)MaragoLi :XisE'an)graTu'Ee

MH-91101101:

Texture:

Clinopyr_oxene bg･ biotite-homblende quartz-monzonite･
Coarse-grained &

poホhyritic(phenocrystic品icrocline
&
plagioclase)with

basaltic enclaves.

Mineral Morphology Grainsize

(mm)

MicrostructureL&remarks

Quartz A血edra1 <1.5 Mosaic

A比ali-feldspar

Plagioclase

Homb1亡nde

Biotite

Subbedra1-

anhcdral

10.0-0.2

8.0-0.3

く3.0

く2.0

Microclineperthite.Poikilitically

containsbiotite&quart2:blobs.

Euhedral

subhedral

Zoned&polysyntheticallytwirmed.

Sericitizedincoreparts.

Euhedral

subbedra1

Z=olivegreen.SomeincludeCpxin

cot_epart.Twinned.

Subbedral Chloritized

MH-9ilO1801: Biotite b

Tcxture･
g･ homblende quartz-monzodiorit与.

__!cxlure:しOarSe-gralned&porphyritic仲henocry岳ticmicrocune&plagioclase).
Mineral_ Morphology Grainsize

(mm)

Microstructure&remarks

Quartz Anhedral <2.0 Mosaic

Alkali-feldspar

Plagioclase

Homblende

白iotite

Euhedral-

a血edra1

13.0-0.2

7.0-1.0

3.5-0.5

<1.0

Microclinepertbite.Poikilitically

containsplagioclase&quartzblobs.

Stronglyzoned&,polysynthetical1y

twinned.Scricitized&saussuritized
incoreparts.

Z=olivegreen.

Cbloritized

Euhedral

subhcdral

Euhedral

aⅠ止edra1

Subbedra1
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MH-91100509:

(Contimle d )

Clinopyroxene-homblende-biotite quartz-monzodiorite･
Texture: Medium-grained & massive.

Mineral MoⅠpbology Grainsize

(mm)

Microstructure.&remarks

Quartz Anhedra1 く1.5 Mosaic

Alkali--feldspar Subhedral-

anhedral

Euhedral

_2.5-0.2
Microclineperthite

Plagioclase

Homblcnde

Clinopyroxen占

3.0-0.4

5.0-0.3

Zoned&polysyntheti由11ytwirined.

subhedral Sericitizedincoreparts.

Mantling& Z=oli寸egreen(Actinolite?).
replacingCpX

Subbedra1

ZFVeryPalegreen(Cummingtonite?).
hterstagethanCpx.

Aロgite

Biotitc An血edral <1.0 ⅠntergrownwitbCpXandA皿phi.

Partlychloritized.

(iiMsembo (Bon'do) gT･anZ'te

MH-91101405: Biotitc granod iorite.

Texture: Medium-grained & massive.

Mheral Morphology Grainsize

(mm)

Microstructure&remarks_

Quartz: Anbedra1 3.0-0.2 Mosaic

Alkalトfcldspar Subhedral-

anhedfal

Euhedral

1.8-0.2 Orthoclaseperthite

Plagiqclase

Biotite

3.0-0.2.

1.2-0.2

Stronglyzoned&polysynthetically
subhedⅠa1

Subbedral-

anhedral

twinned.Sericiti2:edincoreparts.

Partlycbloritized.
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MH-91100901 :

(Co血ed)

Homblende-biotite granodiorite.
Texture: Medium.-grained 良 massive with small basaltic enclaves.

Mineral MoⅠphology Grainsize

(mm)

Microstructure&remarks

Quartz Anbedral <1.8

MicroclineperthiteAlkali-feldspar Anhedral <0.8

Plagioclase

Homblcnde

Biotite..

Euhedral 3.0-0.3

く2.5

1.5-0.2

Stronglyzoned&polysyntbetica11y

subhedral twinned.Sericitizedincoreparts.

Euhedral- Z=olivegreen.htergrownwith--

subhedral

Subhedral

biotite.

(iit')Mumz'as(Ki'toshi,血kamega) granite

MIl-91 100304: Biotite-homblende granodiorite.
Texture: Coarse-graineや良 porphyritic (phenocrysticmicrocline & plagioclase).

Mineral Mo甲bology Grainsize

(mm)

Microstructure&remarks

Quartz Ar山edra1 2.0-0.2 Mosaic

A比a1トfeldspar. Subhedra1-

an血edra1

Euhedral

Euhedral-

subhe血a1
Anbedral

5.0-0.5 Microcline

Plagioclase

Homblende

Biotite

7.0-2.0

2.0-0.2
I

1.0-0.2

Stronglyzoned&polysyn也etically

twinned.Sericiti2:edincorcparts.

Z=olivegreen.

Chloritized
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(Co皿血ed)
(z'v)ME'crogram'te

･

MH-91101402:

Texture :

Clinopyroxene-biotite bg･ homblende quartz-monzodiorite.

打ained 良 faintly gnelSSOSe･
●

Mineral- Morphology Grainsize

(mm)

Microstructure&remarks

Qワart2: A皿bedral <0.5 hterstitial

Alkali-Eel.dspar A血edra1 1.0-0.3 Orthoclaseperthite

Plagioclase

Homblende

2.5-0.5

2.2-0.2

Euhedral

subbedra1

Subhedral

Stronglyzoned&polysynthetically
twinned.Saussuritizedincoreparts.

Z=oliVegreen.PoikiliticallylnCludes
●

Cpx&biotiteblobs.

MH-91101205:

Texture :

Biotite-homblende quar(zdiorite.

Mineral Mo甲hology Grainsize

(mm)

Microstructure&remarks

Quartz A血edral 1.0-0.2

Completelysericiti2:ed.Plagidclase Euhedral

subhedral

Subbedral

5.0-0.5

Homblcnde 1.5-0.1 Z=broふnishgreen.

Biotite Subbedra1 1.5-0.1 Completelyc山oritized.
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Table 9･ B此chemicalcompositions
of the graJliticrocks･

MaragoliGr. AsemboGr.

Sampleno. 1101209 9101801 9100506 91101101 91100509 94080408 91100901 91101405 91101802 91101204

SiO2 64.7l 63ー.01 66.02 62.79 60.75 67.ll 66.16 71.28 69.38 65.12

TiO2 0.32 0.43 0.30 0.38 0.60 0.34 0.41 0.16 0.17 0.38

Al203 15.78 15.09 16.32 15.80 15.26 15.27 15.90 14.99 15.99 14.43

Fe203 3.69 4.30 2.97 4.21 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 0.4l 1.06

CaO 3.59 4.05 2.27 3.90 5.ll 2.60 4.05 1.76 2.10 2.52

Na20 4.73 4.72 5.27 5.50 3.59 4.89 4.70 4.69 4.82 7.03

K20 3.33 3.70 4.42 3.68 3.28 3.29 1.98 3.32 3.29 2.02

P205 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



(Cominued )

AsemboGr. Mumi?sGr. MicroGr. Diorite

Sampleno.. 94080306 94080406 91100301 91100304 91100801 91101402 91101501 94080205 91101205 91101201 94080206

SiO2 64.89 63.12 57.59 64.39 65.95 59.33 69.31 66.17 55.75 68.87 52.57

TiO2 0.38 0.41 0.74 0.26 0.37 0.51 0.24 0.34 1.05 0.31 0.43

A120, 16.19 16.08 16.22 17.54 16.54 16.28 15.43 16.00 18.07 15.52 15.54

Fe20, 3.78 3.94 7..30 2.77 3.23 5.50 2.17 3.16 7.86 2.70 7.82

MnO 0.05 0.09 0.l2 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

tao 3.96 2.73 5.38 3.26 3.35 4.85 2.72 3.47 6.70 2.82 9.95

NaO 2.30 4.52 3.63 5.26 5.03- 5.66 4.80 4.99 3.87 4.71 3.96
2

KO 2.lO 4.70 3.38 3.34 2.08 2.51 2.26 2.38 1.36 2.20 1.05
2

PO 0.l3 0.21 0.30 0.14 0.12 0.39 0.06 0.13 0.25 0.09 0.06

25

Total 95.36 98.12 98.43 98.49 97.80 97.85 98.ll 97.36 97.64 98.03 99.36
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PETROLOGY, GEOCIiEMISTRY ANDPETROGENESIS OF SOME ARCHAEAN

GMTES FROM TIiE ARCHAEAN GREENSTONE BELT TO THE NORTH OF

LAKE VICTORIA, WESTERN KENYA

Norbert Opiyo-Akech*
1

and Mitsuo Hoshino*2

*1 Department ofGeology, UniversityofNairobi, P.0.Box 30 197, Nairobi, Kenya

*2 school of Informatics and Sciences, Nagoya University,Nagoya 464-01, Japan

Abstract

T77e greenStOne belt ofwestern Kenya L's part of what
is commonly referredto

as the

Tanganyika Shield. The two groups ofrock sequences recognL-zed
t'n 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 sedimentaワrOCks in the Kavirondian

group. Geochemt'cal studL'es on these granites comparable to those ofgranitesfound
in

present day continental arc environments. In this study the petrology, geochemistry and some

petrogenetic models are presented. The studyshows that these rocks
are related in their

petrogenesis. It shows that it is possible to model the petrogenesis of these grant-tes
by crystal

fractionatt'onfroma source st-milar to the Nyanzian calc-alkalL-ne voIcanicsfound
in close

proximiO, to these rocks.

IntrodⅦetion

The granites found in this area aretypical of the TTG sequences found in most granite

greenstone sequences of the world. They are intruded into both the Nyanzian group of

metavolcanicsand the Kavirondian group of metasediments･ They range in age from the

micro-gramites that are assumed to be pre-Nyanzian (>2.8Ga) to some post-Kavirondian

(<2.4Ga) granites (Opiyo-Akech, 1 99 1).

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 gramites,

(2)Mumias, Kitoshi or Kakamega granites, (3)Asembo or Bondo granites as earlier described

by Opiyo-Akech (1992).Based on regional mappingand 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 noTthernsection 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 &om Mumias it extend to beyond Kakamega town･ The Kisian
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granite extends from Maragoli in Vihiga districtsouthwestwards to Kamuga bay. The

Asembo granite lies to the west ofKisian granite and extends from west ofKombewa,

westwards intoAsembo and Uyoma_

Sample analvsis●/

The Modal composition was determined by means of the Swi允automatic polnt counter,

Model E at Nagoya University_ Initialmajor and trace elementsanalyses were carried out at

the Universityof Leic･ester, England,with further analyses being carried out at the Geological
Survey of South A丘ica using X-ray fhorescence (郡) teclmiques. Mineral chemistry

analysis Were Carried out at the GeologicalSurvey of South A丘ica uslng an electron

microprobe.

Petrology and petrochemistry

The Mumias and theKisina granites, in the field are characterized bv large tors that dominate
●′

the landscape･ It is noted that there are considerable chemical andpetrologlCal variations

ranging from granodiorites, throughtonalites,adamellites, to coarse and medium grained
granites to microgramites, allwithin close proximityand 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 ma)or subdivisions into the Mumias gramites, Kisian granites and the

Asembo granites, briefpetrographic descnptlOnS Of representative rock samp一es from each of

the major PIutons are tabulated below.

Geochemistry

Geochemistry indicates that these granites are of igneousorigin and any sedimentary
flngerPrints are probably caused by contamination (Opiyo-Akech, 1988). The initial 87sr/86sr

ratios ofO･7012 to O･7007 for the Mumias granftes(Dodson et al., 1975) and
0.7015 for the

Kisian gramites (Belland Dodson, 1981) are indicative of these rocks being maJltle derived.

Comparative
studies of these granites reveal a concurrencewith the expected trends of rocks

丘om the same source or sources wi也similar composition (Opiyo-Akecb｣988). The ‖arker

variation diagrams show normal trends expected from involvement of fractional

crystallization･ Apart from the wide scatter ofpolntS for Na20 and K20 which are probably
due to the mobilityofthese elements during low grade metamorphism and weathering･ All

the other ma)or elements show the expected fractionation doⅥⅦward trendwith increase in

silica, apart from A1203 which shows a varylng trend by firstincreasing and then decreasing

rapidly in the more acid varieties, Listed on Tables 5 and 6 are representative samples丘om
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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 ranglng ln COmPOSitionfrom

granodiorites to true gramites･

Petrographic, chemical and fleld observationsof the variations within the three main gramite

bodies indicate that theAsembo graintes (Table7) 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 outusing the Rl -R2 classification method of
Debon and Le Fort (1982)I On this diagramand similar discriminant diagrams these rocks

range in composlt10nfrom granodiorites, through monzodiorites, tonalites, quartz

monzonites, monzonites to tme gra血tes･

The ma)or elements apparent differentiation trends are also indicated in the trace elements

and rare earth elements (REEs) trends･ Plots of various selected trace elements against SiO,

show the behaviour of these elements in respect to the incompatibilityin these systems

(Opiyo-Akech, 1992a)･Assuming that SiO2 increaseswith differentiation, then Ba, Sr and Y
are strongly compatible whereas Rband Nb are incompatible･ The elements like Ba and Sr

that enter the K sites early in the丘actionation of feldspars are noted to decrease rapidlywith

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 gramites are

observed to have higher及EE contents thanthe Asembo gramites. But the overall patterns are

similar with eruiclment ofLREEs and a negative Eu anomaly･ In this respect Eu exhibits a

similar behaviour to Sr in keeplngwith the fact that plagioclaseaffects both elements in a

similar marmer during differentiation.

Magnatism
and tectotlic settitlg

Of importance on this study is the determination of magmatype and the possible
evolutionary trends taken by the evolving magma･ The studies indicate that these are calc-

alkaline rocks･ The AFM diagram (Fig.4).shows a clear cal°-alkaline廿end fわrthe 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 Rocbe (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 intrusionsmay illustratedifferent time episodes

of magmatism. This is also indicated on the fleld relationships with the presence of granitic

boulders within the Kavirondian conglomerates.

On trace elements discriminant diagrams, the patterns observed are thosetypical of (VAG)

cal°-alkaline granites, and are similar to those obseⅣed elsewhere in the belt (Davis and

Condie, 1977).Plots ofRb versus Y+Nb and Nb versus Y of Pierce et al. (1984) place these

rocks in the field ofvolcanic arc granites (VAG) (Fig.6a,b).

Fromthe chemical analyses it lS possible to model the variations &om the least evolved to the

most evolved granites. The models invoked (Table8) 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 rockswithin the grouplngS Ofthe Mumias, Kisian and Asembo

granites･ In each case,the most pnmitive 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 elementsuses the least squares method. The modelgives
an indication of the possibilityofderiving a particular rock

from a more primitive one by

assessing the residues (squaredrisidualsR2)_ This
is done by fractionating the possible

crystal phases from the system･ This works out the percentages of the variousmineral phases

fractionated
andgives the squares of the residuals. Low

R2 indicates a good fit and

indications of the possibilityof obtaiming 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 fromwith the least evolved samplesand a progressive stepwiseanalysis

is followeduntil the compositions of the most fractionated member is obtained･ The phases

fractionatlng are also changed to reflectthe important fractionatlng Phases in the

assemblages･ The R2 values obtained for these rockswithin the various groups are consistent

and reasonable (Opiyo-Akech, 1992b), but are higher than the values obtained for volcan]'c in

this locality,a factor which could be attributed to the mobilityofthe alkalies.

The rare earthelements (REEs) are also used in modelling fractionation trends in these rocks.
The models employ the distribution coefficient (Dvalue)obtained from Henderson (1984).
From this丘actionation model ithas been possible to model the generation of the more

evolved rockswithin the various groups by crystallizing to varymg 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 prlmitive assemblageswithin the same units by fractionation. Fairly good
fits are

generated using mineral proportions taken from the least squares modelling for the ma)or

elements.

Stlmmary and coTIClusiotLS

In classifyingthese 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 LmE作ⅣSE ratios and a negative Nb anomaly

indicative of subduction zone granites.

From these geochemical evidence, itis concluded that the granites are mantle derivatives,

with their chemistry being altered by crustal contaminants. The imitial &7srP6srratios (Bell

and Dodson, 1981) js close tothat ofmodernday mantle. The scatter ofplots 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 notedthat these rocks are derived from the mantle and are closely related

in their geochemistry弧d petrogenesis･ The models show that it lS possible to generate rocks

of more evolved composition丘.om也e least evolved varieties by丘actionation.
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Figure captions

Figure l･･Map showing the locations of the three major granite bodies tothe north of L･
● ●

Victoria.

Figure 2: Classification of the granites on the Rl-R2 diagramof DebonandLeFort (1982)･

Figure 3: Average chondrite normalized REE plots for the granitesfrom the three bodies･

Figute 4: The AFM diagram showlng the trend of the granites･
=

Figure 5: Distribution of the Maseno granites as displayed ontheAluminous index versus the

dark minerals in the rocks.

Figure 6: Y+Nb versus Rb and Y versus Nb diagrams showingthe tedtonic setting. (after
Pearce et all,19841a and Harris 1983-b)

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

1 4l-



-/～J;6･ 1

-42-



/rijt
2

-43-



La Ce Nd SmEuGd DyHo Er Yb Lu

F′才i13

1000

-44-



ド

■■
-I-

/-,.i･午

-45-



BI> MtJ

○

i-,Jl㍗

-46-



WPG

ORB

i=:;:::::::::ヨlll■

/i/J､i

-47-



La Co Nd Sm ∈u Gd ■Dy Er Yb しu

/-/'J､7

-48-



Table l･ Modalcomposition of some granitic rocksinthc wcstcm Kenya grccnstonc belt.

(3000pts.,γol.%)

Sample No･ 91101101 91101801 91100509 91101405 91100901 91100304 91101403 91101205

)
Ji
＼0

i

Quartz

Alkali fcl由par

Plagioclase

Biotite

Homblende

Cl inopyroxene

Iron ores

Accessories +

ll.1 13.8 11.7 25.1 22.9 22.5 4.8 12.6

25.7 20.1 14.8 14.2■ 7.6

31.7 43.7 44.6 55.6 57.9

7.4 0.8 12.8 4.4 4.9

20.0 17.7 12.5 ･ 3.9

0.6 2.4 . _

2.2 1.9 0.3 0.3

1.3 2.0 0.8 0.5

1.4

1.4

16.7 12.4 <0. 1

50.6 63.3 57.5

3.1 0.4 6.6

5.2 14.1 19.8
･ 0.2

0.2 1.9 1.6

1.6 2.8 1.9

'Apatite,allanitc, sphcneand zircon

'Magnetic susceptibilities ofthcsc granitic rocks

× 10･3 sI 19.6 14.5 0.31 3.98 1.73 31.0 0.50



Table 2(a)･Kisian(Maragoli)graJlite.Lecation/Sample No. MH191 101 101
Petrographicalrock type: Quar(z-monzomite

Mineral Morphology GrAmsize Microstructure

(mm) and remarks

Q u ar(z AI山edral

A比ali feldspar Subhedral -

.血血cdral

Plag iocl ase

Hombl cnd c

Bi otitc

Euhedral-

Subhcdra

Euhedral-

Subbedral

Subhcdral

く1.5

10.0-0.2

8.0-0.3

<3.0

<2.0

Mosaic

Microclinc perthite.
Poikilitically contains
biotiteand quartz blobs

Zoncd, polysynthetically
twinncd.

Scriciti2:Cd cores

Z=olive green. Some

include Cpxincore.

Tw)'nned

ChLorit i2:ed

Tcxturc: Coarse grained & porphyritic (phcnocrysticmicroclincand plagioclase)
with basaltic cnclavcs.

Table 2(b)･Kisian (Maragoli)granitc･ Lo00tion/Sample No. MH-91101801
Pctrographicalrock type: Quartz-monzodiorite

Mineral Morphology Grain size Microstructure

(mm) and remarks

Q u artz Al山cdra 1

Alkali tTcldspar Euhcdral -

An血e dral

Plagioclasc

Homblende

Biotite

Euhcdral_

Subh edral

Euhedral-

An血e dra 1

Subhedral

く2.0

13.0-0.2

7.0-1.0

3.5-0.5

<1.0

Mosaic

Microcline per(hitc.

Poikilitically contains

plagioclascand quartz: blobs

Strongly ∑oned,

polysynthetically twinned.

Scricitized and saussuritized
COIeS

Z=olive green.

Chloritized

Texture: Coarse grained & porphyritic (phenocrysticmicroclineand plagioclase)
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Table 2(c)･耳isian(Maragoli)granite･Lecation/Sample No. MHT91 100509

Pctrographical rock type: Quartz･monzodiorite

Mineral Morphology Grain size Microstructure

(mm) and remarks

Q u artz A血dra 1

A比alife1dspar Subhcdral-

A血edral

Plagioclas¢

HombleJld e

Eu hedral_

Su bhedra

Mantling 良

replacing Cpx

Clinopyroxene . subhedral

B iotitc A血edra 1

<1.5

2.5･0.2

3.0-4.0

5.0-0.3

<1.0

Mosaic

Microclinc perth)'te.

∑oned, polysynthctically

twiTmed.

Scricitizcd cores

Z=olivc green(Act.?)
Z=pale green(Cumm.?)
htcr stagcthan Cpx

Augitc

htergrown with Cpx &

Anphi･ Partly chloritized

Tcxturc: Medium grained and massive

Table 3･ Mumias (Kitoshi,Kakamega) granite. Ij'Cation/Sample No. MH-91 100304
Petrographicalrock type: Granodioritc

Mincra I

Quar(z

Morphology

Anhedra 1

Akali feldspar subhedral-

A血edra I

Plagioclasc Euhedral-

Homblende

Biotite

Euhcdral -

S u bhcdral

A血edral

Grain size

3iii]岨E

2.0-0.2

5.0-0.5

7.0-2.0

2.0-0.2

1.0-0.2

Mi crostru cturc

and remarks

Mosaic

MicrKl ine

Strongly zoned,

polysynthetically twinned.

Sericiti2:ed cores

Z=olive green.

Chloritized

Texture: Coarse grained & porphyritic (phenocrysticmicroclineand

-51_

plagioclase)



Table 4(a)･Asembo (Bondo) granitc･ bcation/Sample No. MH-91 101405

Petrographical rock type.･ Granodioritc

Mineral Morphology Grain size Microstructure

(mm) and remarks

Qu artz A血cdral

Alkali feldspar Subhedral-

AI止cdra 1

Plagioclase

Biotite

Eu hedra I-

Subhcdra

Sub血edral _

A血cd ral

3.0･2.0

1.8-0.2

3.0-0.2

1.2-0.2

Mosaic

Ortboclase per山ite.

Strongly zoned,

polysynthctically twinned.

Partly chloritizcd

Texture: Medium grained and massive

Table 4(b)･Asembo (Bondo) granite･Lecation/Sample No. MH-91 100901

Petrographicalrock type : Granodiorite

Mineral Morphology Gmin size Microstructure

(mm) and remarks

Q u artz A血edral

Alkali feldspar A血edral

Plagioclase
-
Euhedral-

Su b血edral

Homblcnde

B iotite

Euhedral -

Subhcdral

Subbe血al

く0.8

く0.8

3.0-0.3

く2.5

1.5-0.2

Microclinc perthite.

Strongly zoncd,

polysynthetically twinned.

Scricitized cores

Z=oliv¢ green.

Intergrown withbiotitc

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

SiO2

TiO2

〟 2P3
Fe203

MnO

MgO

CaO

Na20

K20
P2 05

Lot

To tat

V

Cr
Ni

Zn

Ga

Rb

Sr
Y

Zr

Nb
Ba

La

Ce
Nd

ii?

103

64.S7

0.50

15.53

4.76

0.08

2.73

4.40
4.22

3.23

0.22

I.2&

100.54

82.0

71.0

25.0

64.0

19.4

105.0

637.0

14.3

123.0

6_3

846.0
39.0

73.0

33.0

15.6

10了 108 104

73.66 7l.15 67.69

0.23 0.32 0.36

14.58 15.31 15.17

I.52 2.76 3.23

0.02 0.03 0.05

0.42 0.64 l.6 I

2.32 2.83 2.91

4.92 5.53 4.57

2.66 1.74 0.22

o.o7 0. I 1 2.64
1.00 1.17 2.64

loo.40 100.42 100.38

19.9

29.0

3.1
24.0

17.8

73.0

43(i.0

3.0

8l.0

1.1

880.0

14.8

1(i.3
4.5

4.8

2`

1

1

3■
2

6
4

3

1
2

2

7.0

I.6

6.4

9.0

2.0

3.0
0了.

.3
04.

.2
01.

0

0

19.9
22.0

7.4

8.9

47.0
30.0

15.9

49.0

19.5

13l.0

719.0

12.5

122.0
7.5

1277.0

40.0

74.0

33.0

12.7
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45 105 106

64.37 64.45 72.23

o.46 0.43 0.43

15.75 15.43 15.32

4.30 4.31 l.84

0.0了 0.07 0.04

2.39 2.49 0.57

3.82 4.13 2.46

5.10 5.52 5.50
~

孟:;言3･:3書芸:志写
o.87 1.86 1.74

1(氾.52 100.59 101.14

63.0 I
55.0

25.0

63.0

19.5

122.0

$25.0

15.3

134.0
8.6

96l.0

51.0
104.0

48.0

13.3

60.0

50.0

26.0
6l.0

21.0
88.0

779.0

17.9

148.0

8.7

697.0

52.0

9l.0

42.0
1丁.3

61

5:
21

6

21

81

7`
1`

1
7

6

5

9
4

1

0.0

2.0

6.0
1.0

0.0

9.0

76.0

7.7

55.0

=Ej
93.0

0.0
0.0

3_0

3.9



Table 6･ Chemical analysis of representative samples from the Mumias pluton･
~●~●ー~~~---I-----------------一---一一-------●●一●-●一一●--●●-一-ー●ー●-●●---ー●-ー●-一●●●-■-I-I--一-------I-一-一-一一-I-●----●

SaJnPle

Number

SiO2

TiO2

A1 203

Feュ03

MnO

MgO

CaO

Na20

K20

P205

H20+

172

68.83

0.41

15.90

2.83

0.05

1.07

2.81

5.23

2.84

0.17

0.81

179 180 181 182

72.72

0.30

14.39

I.96

0.03

0.49

1.45

4.35
4.28

0.14

68.05 66.50 68.69

0.4 1 0.45 0.40

15.51 15.89 15.31

3.23 3.66 3.13

0.06 0.06 0.05

I.45 1.77 l.36

2.98 3.49 2..80

4.94 5. 14 4.84

3.33 3.01 3.52

0.2 1 0.23 0.22
0.90 2. 19 0.71 1.49

Tota1 99.72 100. I I

V

Cr

Ni
Zn

Ga

Rb

Sr
Y

Zr

Nb

Ba

La

Ce

Nd
TTt

42.0

18.1
7.5

61.0

22.0

i5.0
$75.0

7.7

126.0

3.4

990.0

35.0
47.0

23.0
2.0

1(氾.17

2l.O 46.0

7.5 29.0
3.9 14.0

47.0 60.0
20.0 20.0
213.0 122.0
344.0 687.0

ll.0 11.5

166.O 136.0
9.5 6.5

678.0 847.0
6l.0 44.0

77.0 70.0

37.0
-

33.0

25.0 11.2

100.20 100.32

55.0

36.0

17.4

64.0

20.0
92.0

801.0

1l.6
126.0
5.5

903.0

39.0
67.0

1.0

6.6
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43.0

24.0

ll.6

59.0

20.0

134.0
677.0

ll.6

149.0
6.8

839.0

50.0

73.0

35.0

10.6

183 184

69.43 66.68

0.37 0.45

15.25 15.77

2.75 3.72

0.04 0.07

1.11 1.79

2.4S 3.4$

4.80 5_08

3.51 3.14

0. 16 0_25

1.66 0.97

99_84 1 00.43

38.0 54.0

25.0 33.0

12.6 15.0

55.0 65.0

20.0 20.0

151.0 94.0

53l.0 843.0
ll.1 11.9

131.0 141.0

7.6
.5.5

774.0 920.0

45.0 44.0

68.0 72.0

3l.0 34.0

19.1 3.3



Table 7･ Chemical analysis of representadve samplesfrom theAsembo pluton･
__●__一●_一_______---_------一一一---------------一-------一一---一一-一一------一一一一一--一-一-一-一一一一--一一--------●~~~~~●~~~~一--●-

Sample

Numbcr 12

SiO2

Ti 02

A1203

Fe203

M爪O

MgO

CaO

Na2 0

K20

P205

Lot

Total

V

Cr

Ni

Zn

Ga
Rb

Sr
Y

Zr

Nb

Ba

La

Ce

Nd

n

70.85

0.23

14.19

1.69

0.03
0.35

2.06

4.85

5.55

0_06

1.39

99.86

16.I
6.5

4.3

38.0
21.0

77.0

236.0

6.6
98.0
4.2

519.0

13_6
2l.0

10.5

I_6

l18 119

72.21 72.18

0.32 0.27

14.99 15.39

2.56 2.39

0.04 0.05

0.60 0.47

2.85 2.40

4.81 5.25

2.04 2.23

0.07 0.07
2.11 4.14

100.49 1(X).70

28.0
5.2

4.8
42.0

19.4

60.0

268.0

5.9
102.0

2.9

476.0

17.6

30.0

12.3

1.4

2l.0

4.0
2.9

49.0

20.0

8l.0
2&3.0

6.7

102_0

3.3

473.0

18.4
32.0

13.3

8.7

-55-

120

70.90

0.39

15.57

3.14

0.05

0.77

3.25
4.87

1.80
0.08

2.46

115

72.50

0.29

116. 117

7l.76 72.10

0.33 ･~ 0.32

15.02 15.32

2.23 2.了0

0.04 0.05

0.48 0.伝I

2.46. 2.83

5.04 4.98

2.27 2.02

0.07 0.07

2_14 0.9l

99.92 100.40 100.67

37.0
6.4
4.2

4S.0
20.0

46.0

3(X).0
7.3

102.0

3.6-
507.0

10.4

16.0
I

7.5

7.6

23.0
5.0

4.2

45.0
20.0

了2.0

248.0
7.7

112.0
4.0

416.0

16.7
29.0

12.4

4.3

28.0
5.2

4.0

46.0

20.0

62.0
284.I

6.6

102J

3.3
485..

15.5

26.0
ll.0

5.9

15.16

2.46

0.04

0.55

2.66

5.00

2.17

0.07
1.37

100.53

27.0

5.3
4.2

46.0

20.0
65.0

259.0
7.6
1 10.0

3.9
439.0
15.1

25.0

ll.2

5.1



Table 8: Anexample of a least squares model of
fracdonation

as applied to the granites.
__________ー____--一-----一------------一-一一一一-----一一一一--一一------一一一-I----一---一------一一一一-----

--一一--一-一一一一一--一-~一一

M.del DAu&hlCrh..n bi. ,lag ks,ar gaal3LtP&n(lI;5Residue
____I_I__--I-一-一-一一-一一-一-一----I-----一一---一---一-------一一---一一-一一一----一一一一----------I----一一--I--一--一---一一---一一---一--

SiO2

TiO2

Ju203
Fe203

MnO

MgO

CaO

Na20

K20

64.87 45.15 34.33

0.50 l.25 3.63

15.53

4.76

0.08

2.73
4.40
'4.22

3.23

8.10

2.10

0.45

13.30

12.84

0.66

0.32

14.80

0.35

1l.62
1.56

0.65

8.16

59.13 64.28 64･68 64･7l -0･03

o.o3 0.00 0･34 0･45 -0･1l

25.06 19.40

o.o5 0.34

o.α) 0.00

o.o5 0.00

7.44 0'.48

6.89 2.74

0.32 1 I.80

15.73

4.43

0.06

1.99

4.00

4.24

3.6l

15.59 0.14

4.18 ~0.25

0.07 -0.0
1

2.10 -0.1
I

3.88 0.12

4.占1 -0.37
3.59 0.02

squared residual (R2)
= o･2612

__ーー…●___I-------------一-一一一一一--------I--一一一----一一--一一--一一一-一一---------一---一--一--一-一-一一-一一-------一-一--~■~ー
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