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ABSTRACT

On the basis of major and trace element characteristics of metasediments (mica schists and
quartzites) from the Kazaure schist belt in the Pan-African domain of NW Nigeria, it has been
indicated that shale-greywacke sediments were their protolith. Further evaluation of the rare earth
element contents in the mica schists from the Kazaure area has also indicated that clay sediments
were their protolith. Their source area was the upper crust where acid magmatic rocks are
dominant. The guarizite eceurring in association with the mica schist differs in having very high
values of 8i0, and very low values of Ti0, and A1,0;. The mica schist samples are lowest in Si0;
but have the highest CaQ content of all the metasediments. The reults from this geochemical study
are corroborative and have confirmed observed field and thin section geologic observations that
the protolith of the metasediments are rich in clay materials.

INTRODUCTION

Metasediments  comprising = mica schists and
quarizites represent typical hthol 1es of the Nigerian
crystalling  bascment  complex' Their  spatial
distribution in the Kazaure Schist Belt was mapped and
presented in maps on a 1:100 000 scale®. The
metasediments  are  charactesised by  distinct
metamorphic foliation defined by muscovite, biotite,
quartz and feldspars. The guartzitc samples are
essentially composed of quartz (96% of the rock by
volume) with minor amounts of muscovite and opaque
mincrals. The wuice schist samples are composed of
varable amounis of K-feldspar, plagioclase, muscovite,
biotite and quariz. Accessories inchude zircon, apatite,
sphens and opague mineraks.

Different workers have adopted, in each case, a
sysiematic  approach 1o vaumymg polydeformed and
polymcianeorphosed  temraing ™. Such studies involve

geochomical analysie for the major, trace and rare earth:

clements (REE) of rvocks m the terrains, among others,
These ave im twm wsed as guides in interpreting the
ancicnl Wwetnnsy envircmments of such terrains,

Such a systematic approach is hereby employed in
the study of ti metasediments from Kazaure Schist

* Author for correspondence 31

Belt. Samples of the metasediments were prepared for
whole-rock geochemical analyses. All of these were
analysed for major and trace elements while only the
mica schists samples have been analyzed for ten REE.
In this paper, we present the result of the geochemical
characterisation of the metasediments from Kazaure

area.

EXPER I MENTAL

Sample collection and preparasios

2-8 kg represemtative samples of the quartzites
(UD26, UD40, UD72, UD62, UGS) and mice schist
UD10, UD36, UD48, UDS7, UDSY, U0} were
collected from different jocalities exhibiting fresh rodhs.
Whole-rock sampies preparation was carried ovt im fhe
Geochemicat laboratories of the Department of Earth
and Planctary Sciences, McGill Umiversity, Montreal,
Canada. Specimens were initially washed, dried and
split into smaller fragments using a hycimu‘iic splitter.
These fragments were then crushed and reduced to
powder in an agate barrel Tema grinder for about 22
minutes. The powdered specimens were used for the
preparation of fused glass beads and pressed pellets for
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several chemical analyses using the geoohemical
amlyncalproceduresapphedatMcGlllUmmuyu
ducnbedbelow

Fuxedglassbeadswuepmndhx-ny,

fluorescenice (XRF) analysis of major elaments using
" 0.40g of the sample powders mixed with borax flux
(mixture of prefused lithium tetraborate, lithium
_ metaborate and LiF), and ignited for 20 mins at 1200°C
in graphite crucibles. In addition, about 8g of the rock
powder from each sample was used to prepare pressed
‘pellets for trace clements determination. The rock
powder was bound using"movial’ as a binder and later

pressed under hydraulic pressure. The pellets were then

dried at 110°C for about 5 hours.

For REE determination' 0.50g mica schist sample
powder was mixed with 10.00g lithium metaborate
(LiB0O,) in a platinum crucible. The mixture was fused
~at 100kin a Sanyo 551 electric muffle furnace for 30
" mins and the resulting bead dissolved in 110ml dilute
HCl. The REE were then eluted in an ion exchange
column using 100 ml of 6M HNO; containing 0.63g of
oxalic acid dihydrate’ . The, cluate was dried and
redissolved in 5 ml of 10% HNOQ; and analysed.

Analyﬂcalerocedures

All thé major clements (wt.%) and trace clements
_ concentrations' were analysed by XRF using a Phillips
PW2400 XRF Spectrometer. An  automated
Spectrometcr with data control relying on a Phillips
~ X40 software package was used for the analysis. The
" major clements were analysed from the fused beads
prepared from ignited whole-rock samples as describéd
carlier. The lower limits of detection for the major
eléments is 0.01% (100 ppm). Volatile constituents
(H,0 and loss on ignition (LOY) were determined by
drying the sample at 110°C (H0) ﬁx&lﬁwed by roasting
" in the Sanyo 551 muffle furnace at 1000°C.

The trace clements were determined by using
sequential XRF analysis on pressed powder briquottes
by comparmg the samples absorptions with' those of
standards’. The lower limits of detection for the trace
elements is 2 ppm. REE concentrations werc
determined using a Phillips 733 inductively coupled
plasma atomic emission spectrometer (ICP-AES).

RESULTS AND DISCUSSION
“The whole-rock geochemical data obtained from the
analysed rock samples were used to classify them in
terms of origin and geotectonic setting. Geochemical
discrimination between the mica schists and the

32

. The quartzite samplos

quartzites is casily achieved in spite of the uncertaintios
Mmthesrﬂddrdmhm(’l‘ablu 1 and 2).
contain the of §i6,
undlo\vmvduuoleOz,Al,Og,wlmudm
comedtothevaluesoftbuemﬂwmm

samples.

Table 1: Chemical (weight percent) and trace element
(parts per million) composition of the Mica
Schist from the Kazaure Schist Belt area.

Sample no.
UDIO UD36 UD4S UDST UDS9 UDGO

5

CHEMICAL ‘

80, 7100 6920 6420 6704 6207 6585

Tio, 108 134 122 0.80 107 0.92

ALD, 1142 1339 1898 1607 1705 1548

(FMO;;)T 7.5 549 6,59 453 649 489
006 016 017 018 033 00

Mg() 192 238 130 237 283 3.3

CaO 107 - 109 109 209 1.83 2.73

NaO 272 169 1.57 202 169 287

K:0 28 340 28 ‘272 3.8 2.89

P05 022 020 026 023 026 027

LOI 116 14 159 216 169 079

Totsl 10001 9998 98.86 10021 99.92 99.76

TRACE BLEMENT

Nb 121 w8 M $ 53 119

¥/ 205 2% 213, 115 138 129

b4 15 11 14 25 24 26

S 221 234 288 258 238 277

U 22 44 54 7 62 3

Rb 256 230 211 196 19 11

Th 116 115 108 126 126 127

Fb 12 ‘14 22 27 22 2

Ga 24 29 28 102 106 1il

(Fes05) T = total FeO + Fe,0,

A systematic decrease of total iron and alkalis is
noticeable as you move from the mica schist to the
quartzites. An exception is in the total iron contents
QS.SQ and 44.53 weight %) of the two ferruginous
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qtnaf{“zitc samples (UD72, UD81) of Table 2. Of all the
metasediments, the mica schist samples are lowest in
$i0; but have the highest CaO content (Tables 1 and 2).

Table 2: Chemical (weight percent) and trace element
(parts per million) composition of the Mica
Schist from the Kazaure Schist Belt area.

‘Sample no.
UD26 UD40 UD72 UD62 UD65 UDS1

CHEMICAL
Si0, 8944 8199 4120 8490 8685 4404
TiQ, 008 034 022 007 0.29 0.26
ALO; 442 950 598 805 626 6.07
(Fc;O;) T150 1.49 4839 049 099 44.53

0.16 006 007 033 027 0.18
MgO 039 158 030 1.33 048 0.37
Ca0O 0.27 069 0.20 083 073 0.32
Na,O 072 120 057 069 079 0.62

242 210 219 231 249 2.22

002 006 006 026 0.07 0.23

Nis 046 059 D465 07 [

g4.45% 994% 9097
A 1A %4 4 & .8
i 108 1 ity P14
o 15 i1 4 bk Al
By 132 147 0k AR i35 bt
(& Y 44 &5 oy KA i%
Bh %{» 30 7 0 91 Ty
T 116 115 08 118 120 e
.37) 12 14 11 22 W 7
Ga 24 29 28 3% 3t 32

(Fe05) T= total FeO + Fe,0,

Compared with the quartzite, the mica schist samples
have higher A1;0,, K;0, and Nas0. However, all the
analysed metasediments of the Kazunare area are rich in
alumina and their potash content is in excess of that of
soda. Furthefmore, MgO is in excess of CaQ in these
metasediments, possibly md:catmg the carbonate-froe
nature of their parent rock'®.

As for the trace elements (Table 2),apartfromthe
mica schist samples which have the highest strontium
cmtentsamongthemctasemmem there is a general
decrease in Sr with increasing Si0;. Rubidium,
zirconium and lead increase to a maximum at the

33

composition of the mica schists, and then decrease in a

fairly regular fashion to the fine to medium grained and

massive quartzite varicties. All other trace elements

[Yttrium, Niobium, and Uranium] decrease -fairly

regularly or have virtually identical values. Sample UD

52hasthelowwtcontentsofl'b(ll ppm) and Nb (4

ppm) in the quartzites, but has the lnglmt U (56 ppm) .
content (Table 3).

In addition to the field and petrographlc evidence for
the nature of the metasediments®, geochemical criteria
are also considered here. Sevetal workers have used
discrimination diagrams based on_few elements or
computed parameters to indicate the protolith of rocks'"
%21 For example, on an ACF diagram (Fig. 1), all the
metasedxments specimens plot in the metamorphic
rocks field of shale-greywacke''.

e Shales and
yreywarkes

/ ~ g

by BETEIYY

A
\\uﬁdm ites
£, F

Br Alylly o Feglly- (Np0 s Kq0)
Cx Lan

Fu Fel) ¢ MgQ « Mn0

SYMBOLS

A~ Quartzite & -Mica schist

Fig. 1. The field of the Kazaure metasechmems in an ACF

" triangular diagram after Miyashiro''

In addition, the Si0, and TiO, composition of the
quartzite and mica schist specimens were plotted in a
TiO, - 8i0; discrimination dlagrmn’2 In this diagram
(Fig. 2), a clear sedimentary origin was also deduced for
the metasediments. It has also been noted that there is
an abundance of alumina and potash, gencrally in
excess of soda in an average composition of shale'?;
These features are indicated in the Kazaure

- metasediments and, as such, this is a further evidence
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vthattherocksﬁllswtﬂimthcrangeofanalysedm

(about 1-30X). Their chondrite mormalized plotted
distribution patterns are smooth curves of decreasing
- relative abundances towards the heavy Lanthanides
- (Fig. 3). Anpemﬁcaspeotbestlﬂustratedlsthehigh
Lay/Smy and low Gdn/Luy ratios of the mica schists,
ranging from 2.57 to 2.80, and from 1.20 to 1.27,
respectively. 'I‘hismdiomesthepmdmnanceofligm
- REE over heavy ones in the Kazaure mica schists, In
other words, the curves have a steep to moderate REE

W%‘Pmlﬂy

 shales!s!S. to Night REE (ILREE). =
REE (Table 3) have a special importasice in solving Allthe mmﬂmﬁlm
- the protolith type of metamorphic rocks as (EwEy* valuesofOS9-069),mdmnﬁngEudepl&cam
ﬂ:eyumgermetasedmm The
A 4 Table 3: Weight Percent REE contents in mica
S a schists from the Kazaure schist belt.
AN
~ A A Smnplzno
1.04. \\
N, s ——— UDIO UD3% UDS9  UDGO
\ . .
. _ ‘ o
S La 1837 2421 2943 1745
N Ce 4515 4920 5331 4391
M Nd 2324 2544 2683 2281
os] . AN Sm 431 5.13 6.34 432
N Ea 093 099 106 089
) AN 4 Gd 396 4.59 414 3.74
. lowovs AR N a Dy 423 4% 467 3.93
\\ Er 239 263 3.04 223
N 4 & Yy, 157 1.67 1.82 1.52
00 A k RN . Lu 0.37 0.43 041 0.26
50 60 70 20 90
sw,lwtﬁ) Total
REE 104.50 123.00 12600 108.86
Saumrittes Ain v " CHONDRITE - NORMALISED
La 455 731 889 5217
Ce- 519 56 613 50.5
Fig. 2. TiO, versus $i0, discrimination diagram (after Nd 370 404 4263 5.1
Taney ). Dashedfline separates sedimentary from Sm 216 257 31.7 216
igneous rocks. 118 126 13.5 114
Gd 14.5 16.6 15.1 13.7
Dy 12.6 136 13.9 11.7
oy s gy g w s o e B, 0 N3 B3 2
during diagencsis metamorphism ~. Lu 112 130 124 110
normalized ' REE in the Kazaure schists bave revealed ‘
their protolith rock type and the character of their Tl 2340 2760 2960 2276
source area. N indicates the chondnte normalised ‘
concentrations, Lay/Smy 2.57 284 2.80 244
All the samples have REE ooncentmuons that are Gdw/Luy 1.27 127 120 1.25
_slightly enriched with respect to chondritic abundances Eu 1700 2000 2300 17.00
069 0.63 0.59 0.67

EwEu*

curves of normalised REE contents themselves are
'gimilar to those of post-Archaen shales known
throughout the world””'***°, All post—Archaen clastic
sedimentary rocks (of shale composition) have a
mgauvc‘Bnamnnly(withEn/En*=066)whxchlsthe
averagempomﬂmofﬂwupwmmt'. Eu"xsthe

, Nigmm Jmal ofChm:cul Raaeamh Vd. 5, 2001
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Eu concentration obtained by a straight
interpolation between the concentrations of Sm and Gd,

line

By comparison, it is belicved'’ that a lack of an Eu-
;momaly (EwEw' = 1.0) or the presences of local

positive Eu~-anomaly indicates Archaen sodlmentary
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rocks. On the other hand, a negative Eu-anomaly in
post-Archaen clastic sedimentary rocks is sttribused to
detrital sources during the formation of Eu depleted
feldspar gmmtes after its formation by clmnka.l
fractionation®”, %
leneaxeqmvalenceofﬂwREBpsuemmﬂw
Kazaure schists- to that of post-Archaen
rocks is important for understanding the genesis of the
Kazaure schists, The comparable EwEu" values
between the mica schists and the upper crust suggests
that the rocks were derived from similar source areas
with typical clay scdiments. On the basis of the REE
geochemical parameter, ono can also conclude that the
younger metasediments belong to the metamorphosed
shale-greywacke sequence derived from the Continental
Upper Smst where acid magmatic rocks are
dominant'”! v

CONCLUS!ON i

The major and trace cloments ical
characterisstion has shown that the mica schists and
quartzites are derived from shale-greywacke sequences.
The REE pattern in the mica schists has also proved that
the protolith of the mica schist is represented by clay
sediments (shales) from continental upper crust with the
prevalence of acid magmatic rocks. ' Lastly, the
suggested post~Archaen age of the metasediments in the
Kazaure Schist Belt is in agreoment with the suggested
age of such metasodiments in Nigeria, -
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