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THE KIGOM PERALKALINE GRANITE PLUTON OF THE
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(Recewed 18 March 2002; Revision accepied 18 June 2002)..

ABSTRACT

The Kigom granites in ¢entral Nigeria are alkali amphibole bearing and peralkaline in natur@. They are
hypersolvus in character and contain mesoperthite in which the albite {Ori.2) and microcline are
present in approximately equal proportions. The albite is fully ordered while K-rich feldspar is
dominantly microcline. The extreme compositions of these feldspars suggests effective crystallization
and ordering by hydrothermal fluids at lower than 300°C. Geochemical data suggest thag the fluid
involved in the metasomatism was peralkaline in composition and resulted in the enrichment of Nb, Y,
and Th, in microgranite, and of Rb, Zn, Li, Sn, and F in the amphibole-bearing units suggesting that
the granites underwent long duration of rock-fiuid interaction in a peralkaline environment. ‘
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INTR
NTRODUCTION 1982). Alkaline members are more developed

in the central portion of the province. In several
of the complexes that have been mapped
{lacobson et al., 1958; Turner, 1976;
Bowden, 1982), peralkaline granite occurs
mainly as a marginal facies of a complex and

The Nigerian Younger granite suite
consists of several northerly trending granitc
complexes intruded during the Jurassic. The
granite complexes form part of a chain of

intrusions, extending from the Republic of
Niger to the margin of the Benue trough (Fig.
1). This chain is structurally controlied by the
existing Pan-African trend within the basement,
and continues southwards to Southern Africa
along the zone of inferred initial crustal
separation of the African and South American
continents {(Jacobson er &/., 195%; Turner,
1976; Bowden and Jones 1978). The
complexes occur as ring dykes, circular or
elliptical, varying in diameter from 2 to 25 km.
The southward progression is shown in both
their age variation and dominant rock type. The
granites’ range in age from 200 Ma for the
notthern complexes to 140 Ma for the
southern complexes (van Breemen and
Bowden, 1973; Bowden et al., 1976; Bowden,

its emplacement is intimately related to ring
fracturing and the outpouring of attendant
ignimbrite flows and sheet-like intrusions.
However, the Kigom complex (KYGC) lacks
the attendant volcanic rocks and ring fractures
do not seem to have been important during or
after its emplacement.

The KYGC is located in the Jos area of
central Nigeria. It is a small (8 km across},
well-exposed pluton located 40 km southwest
of Jos {Naraguta sheet 168, 1:100,000}, in the
ceniral part of the belt of the Younger granite
intrusives (Omada and Martin, 1995). In this
paper, we present basic information on the
petrography, feldspar mineralogy, and bulk
composition of the rocks of the KYGC.

J. 1. OMADA, Kogi State Polytechnic, Lokoja, Nigeria

R. F. MARTINS, Dept. of Geological Sciences, McGill University, Montreal, Canada.

S. |. ABAA, Ahmadu Bello University, Zaria, Nigeria.



1. 1. OMADA. R. F. MARTINS and S. 1. ABAA }

?Kann
a4

JURASSIC

8E00°€

e Voleanic Rochs

mkiﬂg Fracture
Pzralkatine Granites

QMIE

2

Banka
Gu!sefxiai @ Y/
@ Ririwai uku
o Kudaru ongele :
olungury schi
Bishiwa ! Zargrda B
-
Ty Keriey Buit Keandonlaya
10508 N Rukubx 2 -
® 450 0 4
ara-Fler
wfamnpan 37
i | 2 A Ryt
500N Weiwai £ l#ngfang b

)

Q % ADkm

WeoLE

el

Figare 1. The Geology and distribution of the Nigerian Younger Granite wﬁmlexes (modified after Bowden, 1976). Box shows

study area.

R Geological setting and field mapping
Field mapping shows that the complex
is somposed of four units (Fig. 2). These are:

1) fayalite-bearing aegirine microgranite

{FAG),

2) riebeckite granite (RG),

3) arfvedsonite granite (AFG) and

4) riebeckite-aegirine granite (RAG)
which has locally a biotite-bearing variety
(RABG). The AFG and RG form rugged

topography and the RG shows compositiqnal
gradations to RAG-RABG {(Omada and Martin,

1995). All the four units are compietely free
from enclaves and no cross-cutting contact

relationships have been found among the
amphibole-bearing units. Many dykes and’
pegmatites with northwest and north strikes
intruded the RAG, AFG and the country rack
{Fig. 2). Geological mapping reveals wiat the
intrusive has sub-vertical contact with the
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gneissic country rock exposed in the northem,
western and southern sides. Similarly, the
contact between the compiex and the
Ganawuri complex in the south east is sub-

vertical.

Mineralization in the Younger Granite
compiexes is largely Sn, accompanied by Nb-
Ta, Zn and W, and these are found in the
peraluminuous memblers, especially biotite
granite {e.g., Jacobson et al., 1958; Bowden
and Jones, 1978; lke, 1979; Olade, 1980;
Badejoko, 1988; Imeokparia, 1985). In
contrast, the KYGC is the only complex to
contain Mo mineralization {Omada and Martin,
1995} which is associated exclusivelv with the

rigbeckite granite along the northern contact.
The petrography and geochemistrty of the
molybdenite mineralization at Kigom was
presented by Omada and Martin (1995) and
Omada (2000). The study of the zone of
mineralization is now being exiended to other
parts of the Kigom complex.

il Sample selection and analytical methods

A total of 75 rock samples was
collected from the Kigom complex. After a
petrographic study {Table 1), representative
samples were selected for bulk chemical
analysis and feldspar mineralogical study. The
samples were analyzed for the malar and minor
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Figure. 2. The Geology of the Kigom Younger Granite Complex (KYGC). FAG, fayalite bearing aegirine micrograrite;
AFG, arfvedsonite granite; RG, riebeckite granite; RAG, riebeckite aegirine granite; RABG, ricbeckite aegirine biotite granite; F,
Pegmatite Dyke; GA, the neighbouring Ganawwrri Granite Complex; MG - Migmatite; ob, older basalt. representative samples

locations are shown.
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elements by XRF, suppiem&n;ﬁ"ﬂ by ammonium
metavanadate titration for FeG and an jon-
selective electrode technigque for F {as
described by Jenkins and van Geider, 1968} in
the Geocheristry Laboratory, Department of
Geological Sciences, McGill University. The
abundance of Mo, W, Be, Li, Sn, and Ag were
determined using ICP Spectography as
described by Thompson and Waish {1983} at
the ACME Laboratories, Vancouver. Detection
limit for major elements: 0.01%, Cu and Zn:
10ppm, Pb: 4ppm, other trace elements:

.f

2ppm. The results of the analyses are shown in
Table 2.

The aikali feldspar making up the bulk of
these rocks was characterized by powder X-ray
diffraction. Indexed and corrected diffraction-
maxima were used as input to a cell-refinement
program {Appleman and Evans 1973}). The

unit-cell parameters of 7 representative
samples were used to estimate the

composition and degree of Al-Si order of the
two feldspars making up

the perthitic

Figure 3. Photomicrographs of the units of the KYGC in Crossed Polarised Light. 1: mesoperthite (P), qifartz
(Q) and haematite (H) in FAG, 2:mesoperthite (°) at contact with arfvedsoniie (Af).in AFG, 3: mesoperthite
(M) with development of cross-hatchedtwining in RG, 4: richeckite (R) in RAGaltered in part to acgirine (A¢)
and biotite (B), 5: euhedral crystal of zircon(Z) in RG. Scale bar represents 0.6cm in ali cases
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Table 1 Mineral assemblage and tcxtw’ial develdmnents of the Kigom complex.

FAG AFG RG RAG-RABG Stage of cystallization
Quartz Quartz Quartz Quartz
iarge euhedral large euhedral large euhedral large evhedral
crystals associated crystals graphic poilkilitic crystals poikilitic crystals
with fayalite, also intergrowth with - having inclusions of  having inclusions of
present as subhedral  perthite. Also perthite, perthite,
crystals in present as subhedral  intergrowth with intergrowth with
groundmass (31% crystals in perthite. Also perthite. Also
by volume) groundmass and as  present as subhedral  present as subhedral
inclusions (25% by  crystals in crystals in
volume) groundmass. (27%  groundmass. (29%
by volume) by volume)
Mesaperthite Mesoperthite Mcsnpérghite Mesoperthite
Amazonitic, poikilitic, exsolved,  poikilitic, exsolved,  Poikilitic, exsolved,
exsolved. (55%, by  altered along altered along altered along
volume) margins at contacts  margins at contacts  margins and along
with arfvedsonite. with riebeckite. twin planes to
(60%, by volume) (60%, by volume) biotite (58%, by Magmatic
volume)
Arfvedsonite Riebeckite Riebeckite
oikocrystic (14%, oikocrystic (13%, Oikocrystic (9%, by
by volume) by volume) volume)
Magnetite Magnetife - Magnetite
Fayalite {accessory) {accessory) (accessory)
Buhedral crystals, '
altered at margins Zircon Zircon Zircon
and along cleavages  euhedral euhedral Euhedral
to hematite (6%, by  (accessory) (accessory) (accessory)
volume)
Thorite Thorite Thorite
(accessory) (accessory) (accessory)
Fluorite Fluorite Fluorite
(accessory) (accessory) (accessory)
Astrophyllite Astrophyllite Astrophyllite
(1%, by volume) (<1%, by volume) (<1%, by volume) ——————
Hydrothermal
Biotite Biotite Biotite
(accessory) (accessory) (3%, by volume)
Aecgirine :
(5%, by volume) Acgirine
(1%)
Haematite

(2%, by volume)
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Tabie 2 Bulk composition of the major rock units of the Kigom complex

Oxides wt% 1 2 3 4 5 6
Si0, '176.93 75.64 76.14 75.46 73.81 73.16
TiO, 0.11 0.07 0.08 0.08 & 0.26 0.27
AlOs 11.28 11.82 11.87 11.61 12.40 12.07
Fey(Oy 0.85 1.41 1.03 1.82 124 1.86
FeO 0.35 1.21 123 1.38 1.58 1.99
MnO 0.01 0.01 0.01 0.02 0.06 0.07
MgO tr. . tr. 1. tr. 020 fr.
Cad ¢.01 0.05 1r. 0.01 0.75 0.50
Nai» 4.06 4.76 4.51 470 4.07 4.57
K, 4.31 422 4.31 4.20 4.65 4,79
P05 0.01 0.01 0.01 0.01 0.04 0.02
L.OI 0.72 0.28 0.27 0.29 - 0.20
Total 98.64 99.48 99.46 99,58 99.06 99.50
CIPW norm wi%

Q 36.93 32.02 33.32 32.41 30.47 27.65
Or 25.45 25.18 25.70 25.08 27.69 28.63
Ab 34.01 37.68 37.41 36.73 34.72 35.84
Ac 0.2¢ 2.65 0.98 3.06 2.90
Hy a0t .62 0.60 0.69 0.60 0.58
Mt .84 0.74 1.02 1.14 1.82 128
it 0.21 0.13 0.15 0.15 0.50 0.52
Trace elements (ppm)

Nb 208 116 118 79 37

Zr 530 483 457 588 528

Y 52 G4 35 21 75

Sr 4 2 1 2 48

Rb 176 274 299 290 169

Pb 8 22 12 17 24

Th 34 21 34° 27 23

u 4 5 . 5 4 5

Cu 33 99 125 85 2

Zn 79 327 285 402 120

Mo 1 1 2 1 -

w 4 4 2 4 -

Li 48 78 137 111 -

F 560 900 960 1220 -

Sn 1 6 7 10 -

Ag 3 0.2 0.1 0.2 -

Be 4 4 7 7 -

Ba 4 3 -1 1 -

Ni 1 9 10 10 -

Cr 28 27 33 30 -

Ratios

Rb/S8r 44 137 299 145 3.50

Rb/Ba 44 97 299 290 # 050

ZxlY 10.2 7.50 13 28 7.00

Zx/Ti 0.8 1.20 1 1.27 0.35

Na + K/Al 101 . 1.05 1.02 1.06 i 0.95

1 FAG (sample no 034); 2 AFG (sample no 044); 3 RG (sample no 025) 4 RABG in RAG (sample no 023); 5 typical A-type
granite of Whalen et al, (1987); 6 arfvedsonite granite of the Sha-Kaleri complex (irace element data not determined) (Jacobson et
al., 1958).
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inergrowth in thesg samples (Table 3). Other
deotalls of analytical techniquas are provided as
footnoies to the tables.

. Petrography -
Table 1 sumwnafizes the petrographic

features of the representative sample§ of the
KYGC. Alkali amphibole (arfvgdsonite and

riebeckite), aegitine and astrophyllite are
present in many of the sarples reflecting the
dominant peralkaline character. The suite is
feucrocratic and mildly porphyritic. Quartz and
fayalite are well preserved in FAG. Fayalite
{FeSi0«) cocurs as pods associated with
euhedral crystals of quartz, the pods range
from 3 to 15 cm across and increase in size
towards the contact with country rock. The
fayalite has been altered to haematite along
cracks and at margins. The pods occur isolated
and have chilled margins with the other
minerals, suggesting that they represent the
early magmatic materials.

Arfvedsonite, riebeckite, quartz, zircon, and
mesoperthite show textures characteristic of
primary magmatic minerals variously modified
" by later hydrothermal fluids. Over much of the
area mapped as AFG and RG, arfvedsonite and
riebeckite are oikocrystic containing quartz and
feldspar suggesting crystallization close to
solidus conditions. Arfvedsonite in the AFG

occurs as prismatic orystals  with  blunt
terminations against quartz and perthite {Fig. 3)
and commonly has inclusions of primary
quartz. Riebeckite, in the RG and RAG, is
present as large oikocrystic crystals that
enclose crystals of mesoperthite, quartz, and
zircon. At the  contact with riebeckite,
mesoperthite becomes turbid due to alteration.
in the RAG-RABG, riebeckite crystals are

replaced along cleavage planes and at margins

by fine and oriented aegirine and bioctite
crystals, respectively. ®Albite is present
interstitially.  Astrophyilite  occurs  along
cleavage planes of arfvedsonite, riebeckite and
mesoperthite. Aegirine in the Kigom complex is

cenerally greenish and occurs as fine crystals
in FAG and as late-stage mineral in RAG-RABG.
Red-brown bigtite occurs at margins and along
cleavage planes of perthite and the sodic
amphibole inn RAG-RABG. Euhedral crystals of
zircon, thasite and fluorite are common
accessory minerals.

\") Feldspar mineralogy
All the granite rocks contain only
mesoperthite as feldspar. The Kigom granites

thus are hypersolvus according to Tuttle and
Bowen (1958). The albite is.very close to the
end member (1-2% Or at” most! and fully
ordered (Table 3). The K-rich feldspar is
micrecline and low sanidine is absent. The
degrees of order of the microcline ar'g close 1o
1.00. The composition of microcline is in most
cases more potassic than 98% Or. The FAG is
the only unit in the Kigom complex proper to
still contain orthoclase. It is present in minor
proportions only in sample 034 coexisting with
microcline that falls short of complete Al-Si
order. in sampie 038, there was no conversion
of orthociase to microcline. The other hwae
samples of the KYGC contain a range of Go iz
of Al-Si order and compositions. The paih of
crystallization of the feldspar is thus orthoclase
to microcline as crystallization proceeded from
late magmatic to hydrothermal.

Vi Geochemistry

The suite is characterized by a resiricted
range in  5i0s, content, (75-77%)}. high
abundances of Na20 and K20, and a relatively
low content of Alz02 (11.2-11.87%). MgO and
CaQ are trace amounts in the suite (Table 2).
According to Tuttle and Bowen (1958), the
major-element proportions cofrespond to the
“magma  residua system” or “the granite
system”.

Alt the samples are peralkaline with an
agpaitic index in the range 1.01-1.06 (Table 2).
This degree of departure from the plane of the
halpﬁogranit&@ system is minimal. The Fez03/Fe0
ratio of the granites follows the same pattem
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Table 3(b) Unit cell parameters of representative samples of the Kigom pluton.
K-rich feldspar Na-rich feldspar

S/Ne Description Nes $HO An Now $HO _13i

034 FAG 96.0 0.95 0.91 0 1.0 1.00 1.099
038 FAG 96.7 0.39 0 0 1.5 0.98 1.120
044 AFG 99.2 1.00 1.01 ] 18 1.01 ' 1.096
025 RG 96.0 1.00 1.01 0 12 1.01 1.097
03 RAG 98.0 0.98 0.95 0 03 1.01 1.088
PT AXG 97.7 0.90 0.82 0 0.8 1.00 1.084
PT PT 95.0 0.40 0 1 0.7 0.96 1.118

Composition N, is expressed in mol % Or and was calculated using the equations of Kroll & Ribbe (1983) relating unit-cell
volume to N, for feldspar composition that are structurally ordered [i.e. that belong to the low microcline (1,020.092) - low albite
series] or structurally intermediate. The degree of Al-Si order, expressed by 1,0 was computed using the equations of Blasi (1977).
The error in N, and t,0 is believed to be £ 0.015 in most cases. The obliquity of a microcline is equal to 12.5 (dys; - dyx); both and
40 should have a value of 1.00 for fully ordered microcline. The 131 indicator of a plagioclase is the calculated angular
separation of the 131 and 131 diffraction maxima, in %26 (Cuko radiation); it should be close to 1.10° in end-member ordered

albite.

as that of the agpaitic index resulting in the
presence of up to 3.06% normative acmite in
the RABG (Table 2). The units of the Kigom
have normative Q+Or+Ab>92% in which
Ab>Q>0r.

The units of the KYGC are enriched in
Rb and the HFSE, and are strongly depleted in
Ba and Sr. Among the units of the KYGC, the
FAG is the most enriched in Nb while the RAG-
RABG is the most enriched in F and Zn. This
indicates that the rock-fluid interaction
increased in intensity towards the RAG-RABG.

Vil. Discussion and conclusion

Among the mafic minerals of' granitic
rocks of the KYGC, fayalite (FeSiQ4) was the
first to crystallize from the initial melt. Some of
*he creregenry minerals like zircon and thorite
are among the early magmatic minerals in the
complex. Thereafter, the melt witnessed the
introduction of peralkaline magmatic fluids,

which ted 1o the crystallization of mesoperthite,
arfvedsonite, and riebeckite. The astrophyllite,
aegirine, and biotite associated with the
arfvedsonite and riebeckite invariably formed
late at the subsolidus hydrothermal stage as
products of peralkaline metasomatism. Al
samples thus consist of magmatic minerals and
variably hydrothermally altered minerals.

The feldspar mineralogy indicates that
the metasomatism involved the local removal
of Na consumed in the late growth of
riebeckite. The abifity of the K-feldspars to
attain the maximum degree of ordering may be
due to the presence of agqueous fluid beyond
the monodiinic-triclinic inversion termperature of
(450°C) which allowed for long duration of
rock-fluid interaction (e.g., Smith, 1976). The
feldspar compositions and ordering states are
also consistent with those expected for
efficient recrystallization in the presence of a
peralkaline fluid well within the field of stability
of microcline at temperature below 450°C. The
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compositions of feldspars in the AFG, RG,
RAG, RABG indicate temperaiures even lower
than 300°C {e.g. Brown and Farsons, 1989).
Arfvedsonite and ricbeckite from some other
complexes ir Nigeria which are chamicaily
riebeckite-arfvedsonite. are ususiiy found in
thoroughly recrysta o ter dowden and
Turner, 1974; Badejoxe, 1088} This suggests
that the KYGC is alsc a recrystallized member
of the Younger granttes of Nigera. The
enrichment ot the Kigom rocks in elements like
Zr. (>457 ppm), Y (=21 ppm), and Th
{>21ppm) coupled with wery high Rb/Sr,
Rb/Ba, Zr/Y, Zv/Ti and FfZr ratios is typical of
such recrystallized rocks and peraikaline suites
{e.g., Whalen et al, 1987; Bowden, 1982}. The
buik composition of the granites at Kigom
suggests that: {a) the crystaliizing silicic {>75
wt% Si0:2) magma differentiated early, low
solidus temperatures prevailed in the late-
magmatic crystallization and excess alkali was
available in the hydrothermal fluid le.g.,
Ludington et al., 1979; Hiidreth, 1979}, {b) the
interaction between the crystallizing melt and
the later aqueous fluid increased steadily from
the FAG, AFG, to the RG and RAG-RABG
members which had the greatest intensity and
longest duration of rock-fluid interaction, and

{c) that the enrichment of HFSE and other trace
elements. in the KYGC granites, initially
disseminated within the melt, was enhanced by
the increasing F-content in the hydrothermal
fluid during the period of rock-fluid interaction
{e.g., Haapala, 1985).

The KYGC provides evidence for
crystallization from magma later invaded by
“aqueous fluid. It is a good example of a
Younger granite complex which is exposed as a
single mass and in which rock-fluid interaction
is dominant and lasted for a long period of

time. The KYGC may in fact be a ‘late granite’

that represents one of the recrystallized phases

of the Younger granite complexes of Nigeria in

the Jurassic period. KYGC has intrusive
contact with the neighbouring Ganawuri
" Younger granite  complex  which is
contemporaneous with the Jos-Bukuru complex

dated 1860 Ma {van Breeman and Bowden,

1973; Bowden et af., 1976).
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