GLOBAL JOURNAL OF PURE AND APPLIED SCIENCES VOL. 7, NO. 1 JANUARY 2001:85 - 90
COPYRIGHT (C) BACHUDO SCIENCE €O. LTD. PRINTED IN NIGERIA. 1SSN 1118-0579 85

THE GEOCHEMISTRY, TECTONIC SETTING AND ORIGIN OF THE MASSIVE
MELANOCRATIC AMPHIBOLITE IN THE ILESHA SCHIST BELT,

SOUTHWESTERN NIGERIA

AKINDELE 0. OYINLOYE and IDOWU B. ODEYEMI

(Reccived 26 January, 2000; Revision accepted 7 July. 2000)

ABSTRACT

A massive melanocratic amphibolite, (MMA) occurs in llesha schist belt within a series of

muscovite schists and amphibolite gneiss.

Though metamorphosed, MMA shows no obvious

textural deformation. Actinolite, tremolite, hornblende and biotite constitute the major minerals in
MMA. Minor minerals in MMA include calcite, plagioclase and pyroxene while monazite, zircon and
apatite form the accessory minerals. Chemical studies revealed that MMA contains low K,0 and
Na,0. Its Mg', Cr and Ni contents are considerably lower than those of simifar basalts derived from
purely primitive mantle. Enrichment of LREE, negative Eu/Eu* anomaly and occurrence of monazite
in its mineralogy are all indications that the precursor magma of MMA contains a sedimentary
imput. The plots of immobile trace (Zr,Ti, Nb, Y) and rare earth elements during the greenschist-
amphibolite metamorphic grade for MMA show that iv was derived from a low-K-Tholeiitic magma
in a volcanic geotectonic setting {(back arc basin).

INTRODUCTION

The petrology and geochemistry of units
within the schist belts have been well studied,
especially the amphibolite complexes. Most
workers were of the opinion that the
amphibolites were derived from an igneous
parentage (e.g Bafor and Kararata 19281, Ajayi
1981 rather than a sedimentary source. Olade
and Flueze 1979, Klemm et al., {(1979) and
Ajayi {1981), further described the ilesha
amphibolite as metabasalts which are tholeiitic
in nature and refated to Ocean Floor Island Arc
environment.

The llesha schist belt is separated into two
dissimilar lithological units by ithe rmajor
Uowata-Liae..u | auli system (IZF Fig 1), The
rmassive melancoratic amphibolite (which is the
subject of this paper) occurs at the wastern
flank of the 1ZF sharing a commofh boundary
with hornblende gneiss while a granite gneiss
terrain occurs in the eastern part of the belt
{(Fig. 1}. The amphibolite complex consists of
massive melanocratic and leucocratic types.

Although these rocks have attracted some
attention because of the associated alluvial
gold, their origin is yet to be completely
understood or satisfactorily explained.

In this study the petrology, geochemistry
and tectonic setting of the massive
melanocrattic amphibolite are examined to
determine its magma type, origin and
environment of deposition.

FIELD OCCURRENCE AND PETROGRAPHY

The massive melanocratic amphibolite
(MMA) occurs in the western section of the
llesha schist belt (Fig.1) as darkish green and
fine grained rock with no obvious folds or
foliations. In places thin quartz veirs coow., .
outcrops.eln thin section this amphibolite is
composed mostly of actinolite, tremolite and
hornblende. Plagioclase feldspar, biotite and
pyroxene form minor components. The
accessory minerals in the MMA include
monazite, zircon, calcite and apatite. Polished
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thin section revealed that the opaque minerals
in the MMA are mostly illmenite, magnetite,

pyrite, chalcopyrite and pyrrhotite.
METHODS OF ANALYSIS

Major and trace elements were
~analysed using conventional X-Ray

Fluorescence glass beads and rock powder
pellets for the trace elements. The detection
limits for the XRF used for these analyses vary
from 0.0008% (Ca) to 0.03% (Mg) for the
major elements and from 2 ppm(Ni} to 27-
ppm(Ba) for the trace elements. REE analyses
were catried out at the Department of Geology,
Royal Holloway and Bedford New College,
University "of London, Surrey. The analyses
were carried out using the Inductively Coupled
Plasma Source Spetrometry (ICPSS). The
procedures followed for the analyses are as
outlined by Walsh et al., {1982) with precisions
between + 5% to + 10% (Waish pers. comm,
1991).

RESULTS AND DISCUSSIONS

Major and trace elements in the MMA are
reported in T,ables 1A and 1B. It is observed
that (unlike other rocks in this belt) elements in
the MMA samples vary little even between
samples callected from outcrops almost one
kilometre apart. Some trace elements
considered immobile during metamorphism are
used in determining the tectonic setting of the
melanocratic massive amphibolite in llesha
schist belt. The total alkaline composition of
the MMA is very low (about 1%) and Na,O
concentrations are consistently higher than the
K,0 in the MMA suggesting that plagioclase
(albite) appears to be the dominant feldspar.
Mg' ie. MgO/Fe,0; + MgO' ratios vary
between 0.45 1o 0.48 with a mean of 0.46
{Table 1B). This is considerably lower than that
of a primitive upper mantle which has a range
of 0.68-0.75 and a meah of 0.70 according 1o
Wilson {1991).

Geotectanic Setting.

Ar: amphibolite can be of igneous or
sedimerntary in origin. Zv/Ti ratios versus Ni plot
can be used to discriminate between
amphibolite from sedimentary and igneous
sources. The Zr/Ti ratics calculated for the
MMA in this study are nearly constant and piot

e igneous field (Fig.2), implying an igneous

woe or at least contains a major igneous
precursor. Distinguishing tectonic environment
of igneous rocks are often based on fresh
samples of volcanic rocks. The application of
this method, though valid for medium grade
metamorphic rock, should be interpreted with
caution, It has been observed that
metamorphl;sm often lead to mobilisation of

SPL
SiO,
TiO,
AlLO,
le,0,
Mn0
Mg0
Cal
K,0
Na,0
PO
LO}
Total

Ba
Ni
Cr

\Y
Co
Rb
St

Y
Zr
Nb
Ta
Th
Mg’

K/Na

Nat+K

MMAI
49.50
0.76
14.94
10.61
0.16
9.65
12.21
0.85
0.16
0.09
0.76
99.69

17
106

Table 1A.  Major (wt.%) and trace element (ppm) chemical analyses for the melanocratic mass
amphibolite (MMA) from the Hlesha schist belt southwestern Nigeria.

MMA - massive melanocratic amphibolite: Fe 0, = total Fe as Fe,0, ,

L.O1 = Los on ignition: SPL = Samples:

MMA2  MMA3 MMA4 MMAS MMAG MMA7 _“MMAS M
48.95 48.80 48.81 48.85 49 51 48.27 49.06 48
0.91 0.95 0.77 0.96 0.79 0.86 010 Q
14.61 14.66 14.94 14.33 15.12 14.49 14.34 13
16.20 10.92 10.74 1158 10.83 11,98 11.63 12
0.17 0.17 0.16 0.17 0.16 0.16 0.17 0
9.63 9.81 9.63 9.48 9.35 9.70 9.49 9
12.16 12.31 12.29 11.87 12.22 12.09 12.1¢ 12
0.67 0.01 0.85 095 0.65 0.65 0.60 0
0.15 0.16 0.16 0.16 0.15 0.14 Q1s 0
0.09 0.07 0.07 0.09 0.08 0.09 010 0
0.93 0.95 0.95 0.81 0.90 0.82 0.92 0
99.47 99.81 99 17 99.75 99.76 99.25 98.72 100.
26 152 22 14 39 38 12 2
(BN fol 105 103 100 tHl 102 10
8! 102 71 82 .81 60 96 b
215 223 245 218 235 220 247 23
57 51 58 46 45 59 S5 5.
9 9 12 10 7 10 12 9
194 166 121 173 160 171 139 15:
21 19 15 15 20 17 19 2
54 60 49 58 66 54 55 66
nd I i i 3 nd nd 1

2 3 nd 2 6 nd ud i

2 nd nd 1 nd ud { 2
0.46 0.47 0.47 0.45 0.46 0.45 0.45 0,45
0.22 0.20 .20 0.20 0.23 0.22 030 a°o
0.82 1.17 | 01 1.11 0.80 079 07s 1 (3

Table LA. Contd. Major (wt,%) and trace element (ppm) chemical analyses for the melanoctatic mass
amphibolite (MMA) from the Hesha schist belt southwestern Nigeria.

SPL__MMAIO MMALL

MMALZ MMAL3

MMAL4 MMAILS

MMAI6  MMALI7 M

Si0, 4935
TiO, 0.8l
ALD, 13,70
Fe,0, 1215
Mno 0.18
Mg0 1012
Ca0 11.95
K,0 0.64
Na,0 0.07
P,0, 083
LOI 108
Total 100.38
Ba 24
Ni 109
Cr 73
\ 207
Co 52
Rb 19
St 189
Y 18
Zr 52
Nb nd
Ta 2
Th 2
Mg 045
K/Na 011
Natk 07

49.38
0.88
14.04
.58
0.17
9.92
12.06
072
0.16
0.08
1.00
99.99

14
101
84
210

48,91 - 4938 50.01 48.97 49.45 49.13 4
0.71 0.87 0.69 0.90 0.79 0.79
14 82 14,69 14.95 14.67 15.48 15.03 !
10.90 11.43 10.56 11.30 10.33 10.95 |
0.16 0.17 0.16 0.17 0.16 0.17
9.58 9.58 9.29 9.65 8.85 10.06
12.09 12.15 12.14 12.17 12.19 12.23 1
0.92 0.99 1.17 0.78 095 0.70
0.17 0.18 0.18 0.16 0.16 Q.16
0.08 0.09 0.01 0.10 0.09 0.07
0.96 0.92 0.82 0.84 0.76 0.86 |
99.36 100.45 99.98 99.71 99.21 100.15 10
29 14 34 149 31 4 k
103 92 101 95 97 96 I
101 74 78 77 59 72 1
213 223 236 261 249 219 2
S1 43 64 50 55 54 7
11 10 {0 9 10 14 I
225 172 174 154 133 174 11
19 22 22 23 22 18 i
57 62 57 08 58 S5t 5¢
nd nd nd nd nd nd 1
nd nd nd nd nd nd n¢
nd nd nd 5 nd 6 {
0.46 0.42 0.46 0.46 048 047 04
0.20 0.20 015 0.21 0.20 0.23 0.2
1.09 117 1.35 Q.94 IR 0.86 0.9

MMA - massive melanocratic amphibolite: Fe,0, = total Fe as Fe,0, .
LO! = Los on ignition: SPL = Samples:

major elements and many trace elements.
However Zr, Ti, Nb, Cr, Ta, Ni, Hf, Y and the
REE are considered immobile under the green
schist to amphibolite grades, Strong and
Sanders {1988), which are grades of
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+] magma for this rock. The plot of MMA
samples on a Ti versus Zr diagram shows that
all except one sample plot in the Arc Lava Field
0801 {Fig.6). These plots suggest a volcanic Island
Arc tectonic setting for the MMA. Figure 7
shows triangular plot of Px107" Zr and Yx2 for
0801 the MMA. These samples plot in the high Zr
field which implies that the amphibolite is from

? S0 a volcanic Arc of Low-K-Tholeiitic magma rich
: oaoj 16N in zircon. On the plot of Ti versus Cr {Fig.8) all
| B the amphibolite samples plot in the island Arc
e e Tholeiitic field (IAT) implying once more that
the MMA originated from an island Arc/back
00 Arc tectonic setting and that the precursor
LT magma was a low-K-Tholeiite.
000 o ) 200 300 0 s0b
Ni ppm
Fig.2, Plat of Zr17i02 against Ni for the massive melanocratic amphiblihe ir
Heshg schist belt Southwestern Nigeria. 2000
16N = IBNEOUS  FIELD 0]
BED = SEOIMEN TARY FIELD
Ti/ 100
€
o
a
-
10000
70004

50 T 100 200
Zr ppm

Fig.4. Discrimination diagram ‘using Ti, 2r plot lor the assive melanocratic
amphibolites in thellesna schist belt, Southwestern Nigeria.

Vel 0 &B = Ocean floor basalts (OF B) fields

A L8 Low~ potassium tholelites (LK) fields

2t

Fig, 3. Discriminat [ ?O%W? :pCqu- alkc‘:’\l é)owlfs‘g(_’g’AB) fields
¢3. Discrimination dlogram using T4, Zr and ¥ for the mossive mel £ earce and Cann
amphibofites in fiesha Schist Belt Southwestern Nigeria clanocralic
8 = Ocean tloor basalt field, A& B = Island atc basalts fields ""‘W
B & € « Catk-athali bosalt Helds, D = Within plare field (ie.

Ocean Islund or Continental basalts, after Pearce dnd Cann 1973),

metamorphism in the llesha schist belt. In this

study therefore, a combined Ti, Zr, Y, Nb and

Ni discrimination diagrams and REE

fractionation trends were used to identify 5

magma type and tectonic setting for the MMA. 8 20l
Figure 3, shows the Ti(10%), Zr and Y{x3) £

tenary plot for the MMA, The samples plot in

the A,B, and D fields (overlapping Island Arc

Within Plate fields of Pearse and Cann (1873). 100

in the Ti versus Zr plot (Fig.4) all MMA

samples plot in the A field. Igneous rocks

plotting in fields A and B in this diagram

belong to the Tholeiitic magma group Pearce 0% o %0 P )

and Cann 1973), Ti/100 versus Zr diagram has . zropplm

been used for discrimination of magma types. g5, mgs'o& "rr\ Is‘guot hv&:\';:mzk . qfeo:,brt\e massive melanacratic amphibolites in fiesha
The MMA samples plot in the A and B fields A8B - Low potassium tholelifes; D& B » Ocean basat fields,

H : oo CaB = Colk-otkali basalrs fields {after Pearce and Cann 1973)
(Fig.5), which also suggests a low K tholeiitic Dg's.h liMS%nd:olld' curve line are after Strong and Saunders (1988),
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Table 18 : Average major (Wi, %) and uace elements (ppm) chemical analyses
for representative  samples ot the Massive Melanucratic Amphibolite

{MMA) from llesha Area, Southwestern Nigeria.

Element Mean STD No
Si0, 49.00 0.10 18
TiO, 0.81 0.05 13
ALD, 14.69 0.11 I8
Fe,0, 11.22 0.13 8
MnO 0.17 0.00 {8
Mg0 9.65 0.07 13
Cal 12.15 0.03 18
Na,0 0.82 0.04 18
K,0 00.16 0.01 18
P,0, 0.12 0.12 18
. Lol 0.88 0.02 18
Total 99.77 0.12 18
Ba 37 10.38 18
Ni 102 1.32 18
Cr 18 3.23 18
\'% 227 3.73 18
Co 54 1.72 8
Rb 1 0.69 18
S 169 0.58 18
Y 19 0.58 I8
Pr 58 1.29 18
Th 2 0.27 5
Ya 4 1.47 8
Nb 2 0.53 4
K/Na 0.20 0.04 18
NatKa 0.97 0.04 18
Ca+Na 13.13 0.05 18
Mg' 0.46 0.05 18

STD

Standard Deviation, No = Number of Samples

20000,
/_.-—«""‘~-
e
d weB \
Ve \
e, . \
| H \\
FRAR T o
. \\ & . \
= / . 4\7\\
10000+ . oA B \
/ o o\
| N 1y
/ . . kY ‘ ‘
! . oA
I ARC LAVAS N .
L ~. \
o] . N | N
N \ ’
” \ i
v v ey )
. 50 2+ ppm 500

Fig.6. Plot of Tiagainst Zr for the massive melanocratic amphibolites in llesha schist
belt southwestern Nigeria. :
A= Mid-ocean ridge basalt (MORB) field, B = Arc lava field
C= Within plate basalt (WPR)atter Pearce etal, 1981).

Rare Farth Elements (REE).

The concentration of REE in the MMA are
reported in Table 2. The Eu/Eu* negative
anomaly was determined by interpolating the
chondrite normalised Sm and Gd values. The
extended trace elements for spiderdiagrams
were normalised to. the Mid-Ocean Ridge
Basalts. The average total REE in the MMA is |
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Fig .7 Ti- 2r~Y Plot for disgrimingtion of High & Low Zr for the massive
melonocratic , amphibolités in tlesha schist belt Southwestern Nigeria.
(ofter Sfrong and Saunders 1988).
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Fig.8 Plot of T versus Cr for. the massive mefanocratic amphibolites

in

1AT = Island arc thelites,

llesha schist belt  Southwestern Nigeria.
OF B = Ocean floor basalt.

(after Pearce <t al 1981)

71ppm varying from 68-74ppm. Light R
(LREE) {La-Eu} have an average of 59 pr
whereas the heavy REE {HREE), {Gd-Lu) ha
an average concentration of 12ppm. Thus t
average LREE/HREE ratio is b approximately

The data indicate that this rock is sligh
enriched in LREE compared to a typical basa
which implies that the MMA is not purely
igneous origin as claimed by Bafor ai
Karamata (1981) and Ajayi (1981). This ty
of relatively high LREE enrichment in a bas

has been attributed to derivation from a
enriched by subduction of ocean lithosphe
materials {Thompson et al., 1984). 1
occurrence of manazite as observed

petrology suggests a sedimentary imput i
the original magma from which the rock w
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Fig.9' Az Chondr}w normalized REE patterns for the massive melanocratic

amphibolites (MMA),
8= Spidergram patterns for _the MMA,

derived (Allan Bromley 1992 pers. comm.)

When chondrite normalised REE are piotted
against their atomic numbers, the MMA shows
an essentially flat pattern with very slight Eu
depletion. On the average MMA has 30x.
Chondrite normalized [REE level (La), 7x
chondrite normalized HREE (Lu), {Fig. SA). The
MMA has a well developed Eu/Eu* negative
anomaly of 0.45, with a range of 0.43-0.47
two of the three REE samples were used for
these plots to avoid clustering at a point
ecause there is very litile variation between
the samples Table 2). These negative Eu/Eu*
anomalies indicate that these rocks originated
from & metasomatised mantle where
sedimentary materials have been brought down
and mixed with the mantle materials to form a
heterogenous precursor magma. Ordinarily if
the precursor magma was of pure mantle
origin, the Eu/Eu* anomaly would be positive.
The average (La/Ybj, ratios of 4.05 in the
VIMA is very low, which indicates derivation of
ock from a source with very little
lifferentiation, because of the mixed precursor
source magma (igneous and sedimentary).
This may account for the very little variation in
the chemical composition of the MMA samples
as observed earlier in this paper.

Spider Diagrams

Spider diagrams based on extended trace
lements  (incompatible  trace * elements
ncluding REE) is a useful petrogenetic indicator
s it allows for comparison of abundance of

Table 2

elements in a particular rock with those of a
specific geotectonic environment as a natural
reference frame, e.g. comparisons with the
primitive mantle and Mid Oceah Ridge (MORB)
are possible. The spider diagrams for MMAare
shown in Figure 9B. The MMA has marked
through at Nb indicating derivation of rocks
from a subduction related magma, (Thompson
et al., 1984). The troughs at Zr shown by this
rock {Fig. 9B) are also indications of silica
saturated subductipn related basalts. From the
above resylts it appears that MMA has both
igneous and sedimentary characteristics in
which the mantle {igneous source) and marine
materials, (sedimentary source) have been
mixed together to produce the protolith
material from which this rock was formed.
This can occur in an-environment where an
ocean crust is brought down into the mantle
by tectonic forces, ocean crust materials
would be mixed with the mantle rocks
(subduction). Wilson (1991), Oyinloye (1998);
to produce the precursor magma from which
the MMA was formed. This phenomenon can
take place in a volcanic arc or a back arc
environment. uowever, MMA spider diagrams
are similar to those of a speading tectonic
setting (e.g. MORB or a back arc setting) but
none of the MMA samples plot on the MORB
in all the discrimination diagrams. Also the
development of negative Eu/Eu* anomaly,
enriched LREE, low Cr, and Ni, Mg"® less than
0.7, presence of monazite in the mineralogy of
the MMA are all nét consistent with a truely
Mid Ocean Ridge Basalt (MORB). Therefore a
back arc tectonic environment where an ocean
slab had been subducted into the mantle will
adequately account for all the chemical
characteristics of MMA as described above.

Rare earth elements chemical data for the massive melanocratic amphibolites, (MMA)

Element MMAL MMAZ MMA3 Mean
La 10.00 10.20 9.50 9.90
Ce 24,58 24,97 23.15 14.23
Pr 3.35 335 3.06 3.25
Nd 17.43 16.82 15.96 16.74
Sm 4.06 375 3.54 “3.78
Eu 117 1.17 110 115
Gd 4.16 4.05 3.62 .94
Dy 3.98 4.12 3.55 3.88
HO 0.68 0.73 0.62 0.68
Er 1.95 2.19 1.73 1.96
Yb 1.58 1.85 1.46 1.63
Lu 0.23 0.27 0.21 0.24
Total 74 73 67 T
LREE 61 60 56 59
FREE 13 13 11 i2

LREE/MREE 4.69 4.56 5.03 4.92
LREE Light Rare Earth Elements

HREE

Heavy Rare Earth Elements.
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CONCLUSIONS

On the basis of geclogy, petrology, and
chemical studies of the massive melanocratic
amphibotie in the llesha schist belt, it is
concluded that

(1) The precursor magma of the amphibolite
in llesha schist belt has both igneous and
sedimentary characteristics.

{2} These characteristics are due to the
formation of the amphibolite precursor
magma by mixing ocean crust with those
of mantle materials during a tectonic

subduction episode in a back arc basin.
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