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ABSTRACT

Qutcrops of porpliyritic biotite granite in SW Zaria
were traversed for the occurrence of mnor dyke-like bodies.

Atotal of 176 pegmatites, 95 raicrogranite dykes and
110 quartz veins were located and their distribution and
m neral ogy were investi gated.

These mnor dyke bodies occur mainly in the porpliyritic
biotite granite in the formof dykes, veins and veinlets.
They naintain sharp contact with the host rock, cross-
cutting relationship with one another and have regul ar trends
I e.

Mcrogranites trends nost NHV and NN\E

Pegnatites trends nostly NNWand N- S

Quartz veins trends nostly N\W E NE and N - S.

The cross-cutting rel ati onshi p between each of the m nor
formations particularly mcrogranites and pegmatites suggests
that there occurred several phases of pegnatite and m cro-
granite enpl acenent in the porphyritic biotite granite.
Smlarly, cross-cutting relationship between the m nor
formations suggests that the mcrogrnites are older than the
pegnatites which are in turn ol der than quarts vei ns.

The presence of porphyritic biotite granite's xenolith
in these dykes, their regular trends and the sharp nature of

their contacts suggests that they were intruded into the



porphyritic granite. The sugary or aplitic texture of the
mcrogranites suggests crystallization fromnelt under high
pressure condition wthout formation of aqueous phase while
the coarse texture of pegnatites al so suggest crystalliza-
tion fromnelt under |ow pressure in the presence of aqueous
phase and sl ow cooling for the devel opnent of |arge crystals.

S mlar observations were nade by Jahns and Dur ham
(1957), Aibade (1977) and Hookah (1977) on WAnba pegnatites.

Judgi ng by the siliceous nature of the quartz veins, and
the age rel ationship of these dykes, there appeared a trend
of Igneous activity narked by the enpl acenent of m crograni-
tes, pegmatites and quartz veins.

O the basis of these observations, a nagmatic origin
was proposed for the mnor dyke |ike bodies and the porphy-

ritic biotite granite.



ClLa TR ONE
INTRODUCTION

Aim Of The Project:

The »rimary aim of this project is to [,ive students a
practical troining in the observation and interpretation of
geological phenomena and to ucquaint stndents with the method
of writing a geolozic.l repoxt.

It also aims at producing a report on the minor dylke-like
bodies around ‘aria that mi; 1t further throw liszht on the
genesis of “aria ;ranites.

"inolly, it is an attempt to fulfil one of the require-

ments for the cward of a Zachelor of Geience degree in geolopy.

Location and Access:

The project are: lies within longitudes 7° 38! to 7° Y5tE
and latitudes 119 03' to 41° 12' i, coveriny an area of appro-
ximately 50 sq. km. 1t ic pax: of sieet 102 waria SW, It is
bounded on the eastern side by River Galmo and the Ahmadu
Bello University (Ilain Campus) on the Horth-lestern side.

This area “eing densely oopulated has a net-work of
motorable roads aind is accessilble by rail and even air (see
Fig. 1.1). llost of the investirated outerops lies within
reasonable distances from the motorable roads and the few ones

that are far away from such roads are connected by footpaths.
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General rhysiograpihy

Relief and Drainage:

The arcza is a portion of the saria - Kano plains within
which there are hilly featurcs mainly ol granitic rock insel-
bergs and few lateritic iron stonc capped nesas. The insel-
bergs are scattered 2ll ovryr the arca and they vary consider~
ably in dimension and shape ranging froi dome shaped to small
whale backs. The highest elevation isg observed on Xufena hill
and is about 1,200m above sea level while the elevation of the
general plain is about 800m above sea level,

The drainage system here focusses on kiver Galma, a major
tributary of RNiver [faduna, It is being supplied with run-off
from a drainage basin estimated at 6,822 sq.km. (Thorp 1970).
The second major river is Kubanni which is itself fed by run-
offs, flows South-iactwards into Hiver Galma which unlike its
tributaries that are seasonal carries water throughout the

year.,

Climate and Ve:;etation

The climate of this area is such that there exist dis-
tinct wet and dry seasons. The dry season is practically
rainless and is from October to March. Raining scason, how-
ever, starts from April to September vith heavy thunderstorm,

the mean annual rainfall is 109 cm i.e. (mean of 1931=65
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The seasonul rainfall makes ite mark on the vesnetation

of the are. such that in the raining season there exist

extensive preen savanneai wita few scattcred trees vhile in

the dry se.son, tie grecn jrurses turn tc Lrown often yellow

-

leoa less trees. This is called the Northern

Ly

grasges with dry
Cuinea Zavannabh zone 4 desi nation which implizs a wood land
veratation type characuvevised by bthe presence of a tree which
will if left undisturhed, form o moderately tall closed wood

land on the interfluves wit: L grass cover,

Brief ‘leview of reviour ‘ork

llost of the previous works in this urea centred mainly on
groundvater investization (Ulowun 1967) and the geology of the
basement complex. Amouny the previoun workers on the bLasement
geology, are Yright and lcCurry (1970) who mapped Zaria sheet
102 54 on a scale of 1:50,000, and Melurry (1970) who mapped
degree sheet 21 on o scale of 1:100,000 using photogeological
interpretation with selected field traverses. Others include
debb (1972), Karefi (1972) and Iue (1974). All these workers
only briefly mentioned *ho existence of the minor fourmations
without investigoting them fully.

The most detiled previocus investipations of the minor
dykeTlike hodies 2re the work:s of Jlatunji{unpublished)on the

amelﬁyst belt (personal coumunicetion) and his recent paper
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on the "Structural setting and penetic sigrifances of minor

dyke-like bodies in C.!/. Laria“,

Method and ‘cope of 'resent Vor'

This investigation wos centred on the digstribution and
mineralogy of the minor dyke--like bLodies, Their field wrela-
tionships and structur.l orientirtion whick hwas hithairto been
neglected in previous vorks excapt that by Olatunji (personal
communication) & gmeoloricsl map on o seale of 1:50,000 drawn
by Wright and !lcCurry (1970) was used az basemap Tor the
location of outcrops and recordins of certain structural deta.

The field approach wasgs to visit outcrops and to observe
their geological setting mineralogy and textural features with
special regards to the minor dyke-like hodies., On each outcrop
traverses were taken such that the maximum number of the minor
formations were observed i.e. iy taking traverses perpendicular
to the gerneral strike dircciion of the minor dyke-~like bodiese.
Samples of the minor dyke=liiie bodies and that of the porphy-
ritic biotite granite were collectel (appendix 1) and described
for most localities especiall; vherce bthere exist either mine-
ralogical or textural variation to the known ~eneral trend.

Petrographic description wvas hised on macroscopic observa-
tion and staining test. Four s-omples of pegmatites were selec-

ted for stain test. Volished surface:s of the samples were
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etched usir.; concentrated Lydrofluoric acid ana then stained
by immersion in a saturatcd solution of sodium bicarbonate
after which the minerals exhibit different colours i.c. ke
feldspar becomes vellow, pl:-zioclase milky vhite and quartz
colourlens., ¥From the stained slibs, modnl anclysis of the

minerals was performed,
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CLAPYER TWO

GUNERAL  GROTOGY

Pore then L 1f of tre surface arec of Figeria is covered
by the basement complex rocks of paleosoic to pre-cambrian
age, which are represented br i series of older metasediments
and rmeisses believed to e of Lirrician age fleCurry (1970).

Larly workers believed thoit the basement has been through
two tectono-metamorphic ecycles (Lyawoye, 1959), so that they
have been larrely converted to mijmatites and granite-gneiss,
Younger metasediments believed to be upper proterozoic in age
were deposited on this granitise! basement and folded along
with it durings the ban - African Orogenye.

Intrusive into both tiie Lasenent rocks and the younger
supra crustal cover is ¢ series of basic, intermediate and
acid plutonic rocks known as the older granites. A widely
distributed suite of the older sranites in the project area

is the porphyritic biotite pgranite.

Nature and Distribution of lfajor Hoci: Groups
Yorphyritic BHiotite Granite

ilore than 50% of th¢ project area is covered by the pore
phyritic biotite ~ranite (sce fip. 2.7). Though the rock is

covered in many places by a thick superficial deposit,
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exXposures are renerally zooa and continuons oubtcrops are
common sometimes in form of isolated hills, inselbergs and
low whale hacks. The rock 1as 4 coerse poophyritic texture
with large white to pink prismatic microcline (averaging
2e¢m but sometimes up to 4cm in length) embedded in a finer
granitic groundnass. The rock shows distinel lineation de-
fined b~ parallel allignment of the feldspar phenocrysts and
black flzkes of biotite. The rock is essentially granitic
in compositior snd mineralogy include guarts, k- feldspar,
plagioclase and biotite, "'he lineation of the rock is in
the direction 018 - 01¢ and certain dark grey to black
xenoliths believed to be rclicts of the crystallirc basement
are also alligned in approximately North-South direction.
The rock contains several phases of microgranites and
pegmatites as evidenced by their cross—cuttin, relationships.
Similar observation nave deen made by Yripght and McCurry
(1970), Rahaman (1975) and Xayode (19%75) in his study of
Igbo-Ora complex,, S../. Nigeria. The rock ic fractured (sec
plate II) ard often faulted as evidenced hy the presence of
sticken-sides observed in the ficld, PFurther discussion on
the nature and charccteristics of the fractures is in chapter
four. A contact of the porphyritic biotite granite and the

biotite gneiss vas observed in the field around Rufena hill



Fig 24 GEOLOGICAL MAP OF PART OF ZARIA
0?2 S .

y Forphyritic Eiotite Granite

- L y 4 . ? ak ] Ies ooO
_.-~ | Biotite Gneiss

| —_|Geological Boundary Observe
/" [zeokgcal Joundary APPIOX-
Mﬁﬁitgg!e Ot Foliation

Ralvay  Lines
# | Major Roads

Major  Rivers
e iMinor Rivers




TARLE 1.
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and the contact 2ppeared very sharp with slight plastic
deformation of the biotite [ neiss,

In most of its exposures, the porphyritic biotitc granite
is being weathered mainly by exfoliation, insolation and che-
mical weathering.

Around most of the oulcrops, sheets of rocks breaking
into flakes are common «nd decayed parts where the feldspars

are already being kaolinized.

Biotite Gneiss

Outcrops of biotite gneiss are not vory common in the
project area, but they were located in the upper part of
River Xubanni Loc.4 (see table 1) and South-BEastern part of
Kufena hill. The observed outcrop is distinctly foliated
with gneissose texture. It is dome-shaped and is in contact
with the porphyritic biotite granite already described above,
It also contains pesnatites (tourmaline bearing) and quartz
veins which are largely discordant to the foliation and main-

tains sharp contact with it.

Laterite

Laterites are also counon here and taey are believed to
be erosional remnants of a lateritc sheet on an extensive
peneplain described by Du Preez (1956) as being possible pli-

ocene age., In locality (14) where Amethyst was found, the
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laterite is dirt- brown in colovr with simall white specks of
kaoliniged feldspor and as homogeneous texture. This is
most prohably a product of "in situ" lateritization of gra-
nite. Just close to thiz very ares, there is 2 laterite with
heterogeneous texture define” by lar. e grains of quartz em-
bedded in a finer wellow to hrown colourud ferrusenised matrix.
This is an indication that the laterite vas not formed *in
situ' rather it must have heen Transported.

These laterites nave been distinguisiced and described as

the older and younger laterites by Jright and McCurry (1970).
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CihPER TaRiS

Tk MIGK LYI-5 IKS 2ODIHS

The minoi dyke-like bodies in This report are microe-
granites, pegmatites and quartz veins wvhich azc closely
associated with porphyritic biotite granite. Irevious
workers like Mclurry (1970) reco nised the fact that several
phagses of pvepmatite =-nd wmicrorranite emplacement is associated
with the Zaric granites. ''hece minor dyke~like bodies are
described individually with special reference to their dis-
tribution, miner:logy and teitural relationships. On the
basis of field evidence, attemnt have been made to reconstruct

their mode of origin and emplacement.

The Microgranite Dykes

Distribution and field Relatiouship

The distribution of the micronrunite dykes will be con=
sidered under three sub-headines viz, (a) their spatial dis-
tribution (b) structural trend as shown on rosette diazram
and (¢) plot of poles to fracture planes infilled by micro=-

granite drkes.
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(a) Spatial Distribution of the microiranite dykes
Microgranite dykes arc widely distributed in the project
area ond apari from locality 14, they occur in 211l the othexr
localities (see fij. ‘1.,1)s The nuubesr of the microgranites=
dykes found in the diffcrenit localities vary (sce table 1)
and in few of the loealities i.z. (loc.1), the only outcrop
is a bis microgrinits dyke. (m the wholce, niunety five microe
granite dykes were located in the field, and they are generally
confined to areas of the porphyriiic biotitc granite as few
traverses on the laterites did aot reveal the occurrence of
microgranite dykes.
(b) OStructural trend as shown on rosette diazram
The rosette diagrom (fig. 3.7a) of the microgranite dykes
have two major trends, namely 340° - 350° and 000° - 010°
corresponding to NNV and NE& trends respeciively. Pige J.7a
als¢o shows no microsranito dyke toending ¥ - W, <There are two
possible explanatians to this observation.
%) Thaf the fractures infilled hy micrormranite dykes were
produced by E~V tmending forccs wioich arve possibly due to the
Pan-African Oropeny.
ii) That the fractures were producced by contraction due to
the cooling oi the mapgma that formed thoe porphyritic biotite
granite, The non-existence of I. - W trending microgranite
dykes covld =1so me 'n that at the time of emplacement of the

microgranites, tiere exist no I. = i trending fractures,
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(¢) Distribution in space using pele plots

The plot of poles to the fructure planes infilled by
microgranite dykes (sco fig. 3.3) indicates concentration
of poles between the o and o2 guadrants especially their
boundary, and the pole plots are far awvay from the centre
of the net. Fhe interpretotion is th « most of the micro-
granite dyles arc trending Vs and NNW, and they are dip-
ping at hizgh angle predominantly Yestwards although there
exist few thet are dipoing Rastwavds,

The onlv possible explanation is that the fractures
infilled by micropranite dykes are mostly dipping at high

angle Westwards ond trend mainly HNUE and NI'W,

Field Relatiouship

The microzranites usuvally occur in the porphyritic
biotite granitc in form of repgular dyke-like bodies. They
also comnonly maintain sharp contact with the porphyritic
biotite granitc. Their widths extend from few centimeters
to about 15m (see appendix 2) and len  th up to 150m was
observed in the field Loc. 1.

Xenoliths of porphyritic biotite granite are common in
the microgranite dvkes i.e. loc. 1 and in most cases the
xenoliths ulso have sharp boundaries with the dykes although
the lineation of minerals in the xenoliths are often not in
the same direction as that of the porphyritic biotite granite

host rock.
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The micro;canites usuelly, are found parallel to one
another, but tuey often raintein cross-cutting relationship
with one another (see fig. 3.2). They arc also commonly
found together with pe natites either occupying the same
fraciure or tho pegmatites cutiing acrosc the microgranites.
A parti.uvlar intercsting ohsccovacion is the occurrence of a
biotite rich pegmatitc ot the warpin of a stenolith of the
porphyritic biotite grunite in a wmicrogranite dyke (sce fig.
3.4).

The occurrence of a xenolith of the porphyritic biotite
granite in a microgranite dyvke supgests that the later must
have been intruded perhaps forceiully into the later such
that it breaks off part of the host rock in the process of
its emplacement. The fact that pegmnatites vere found cut-
ting across the microseanite dykes also sugpest that the
pegmatites are younzer than the microgranites i.e. the
emplacement of tae permatites must have been after the
emplaccment of the microgi-wnitcco,

The obseived occur:ence of biotite rich pezmatite at
the contacts of 2 nmicropranite dyle cor also be explained
thus: That the nmicrogranits droke up rart of the host
rock during its emplacement which remaiaged as a kenolith

and later pzgnmatite intrusior ntilized the weal zones i.e.
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the contacts, beticen the hozt rock and the microgranite,
wvhile th: enrichnent of biotite =i, ht bhe duz to reworking
or partiul digestior of the xenolith.

In irost locclities wnere microgranites and quartz veins
exist, the quartz veins usually cut across the nicrogranite
dykes and sometimes with little displacenment. This is also
an indication that the quarta veirs arce youngier than the

microgranites.,

Mineralo;x

Microgranites around Laria arc lizht grey in colour.
They are characterised by monotonous supary or anlitic tex-
turc with medium ~srained crystalline agzprepates of plagio=-
clase, microcline ond quartz closely intervoven and tiny
flake« of diotite deifinin.. a oor lineation. I'ew of these
dykes appear pinkish and this has Leen attributed to the

abundance of k -~ feldspar MelCurry (1970).

guartz, k - feldspar placioclise and biotite which arc des-
cribed individually helow,.

K -« feldspars:~ are the most abundunt minerals and are
pinkish to creamy white in colour, zrair size rangpes from
submicroscopic to about 9mm and are commonly intergrown with

Plagioclase, quartz and biotite foruing a sort of graphic textures




- 15 -

Plagioclase:= usually cicany white in colour and grain
size usually less thun Smm. Ther arc common in 211 the
microgranites bHut their prorortion very.

Quartz:= usually colourless and ovccur in crvstalline
agrrezates as well as intergrowth in othber minerals. BSize
ranges from sub-.iicroscopic to about 5mm,

Biotite:= ¢tiny flakes of biotite exist in all the micro-
granites and are less th.n ‘imm thick. They are oriented in
the direction of the micingranite's strike, thus defining a

sort of lineation.

3.1=4 Comments on Mode of Orizin ol

Many attempts have Uecnato explain the origin of micro-
grapites basicelly from their composition and mode of occure
rence Krauskpoff (1967). The monotonous sugary or aplitic
texture was said to nave hecn formed or produced under high
pressure condition that prevent the formation of an aqueous
phase, |

In their famous experiment designed to duplicate the
conditions of permatite formation, Jahns and Surham (1957)
heated a mixturc¢ of quartz, k-fcocldspar and Na=- feldspars to
melting with a measurced amount of woter slightly less than
that necessar~ foi saturation, and the solution was left to

cool slowly. It as observed that crystollization from
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homogeneous liquil be ins with separition of L fine-grained
quartz-feldspar aggregate on the walls of tiu: coantainer. In

the same experiment, it was founs Thot if the oressure is

high enough at all times te prevent the foraction of an
agqueous phase, thz crystaliinc produch his the fine grained
texture of aplite throuzhout., Althouvgh the nixture used in
this exverinent diffcer in one rvrespect from that obtainable
in natur:l condition in thut all anatural volatiles like
Hel, HF etec., thot are characteristic of migmas are not pre-
sent, nevertheless, the siwilarity of their mixtures to
natural residual fluid is sufficiently close to make a
generaliza tion rcasonably salfe that aplites represent a
residual melt vhich crjstillized witheuvt the separation of
an agqueous phase.

It can bec reasoned trom the siperiment described above
that the microgranites here ave the product of the residual
melt which formed the porphyriiic hiotite granite. They might
have been emplaced under hwigh pressure condition without fore
mation of aqueous phasc, cooled ond solidified in the NNE,
and NIV trending cracks produced by stresses in the porphyri-
tic biotite graonite, The idea about the existence of more thun
one phase of microgranite emplacement can therefore bhe accounted

for, by the resurgences of the residual melt due to variation in
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internal pressure at depth. Their constant association with
pegmatites also support this ide while the vresancce of
xenolith of the porvuyritic biotite svaanite commonly found
in the microyuvanite dy'.es iz suggestive that the microgra-
nites huv: & magmatic origin hence in agrecment with the

above experirent of Jahns .nd Burham.

Pegmatites

Distribution and ficld relationships

The distribution of permitites is treatcd here under
three sub-headings namcly: (i) Their spatial distribution,
(ii) Structural trend as shom on rosctte dia;ram and
(iii) Distribution in space usins pole plots.
i) Spatial distribution of tne pegmatites

Pegmitites are widcly distributed in this area, as can

be seen from the number of popumatites found in each locality
(se¢ table 1), Anart from locality 14, pegmatites occur in
all the otiher localities and they are coniined to areas of
granitic intrusions. Oa the vhole, 176 pegmatites were
located in the field and this give an ep roximate density of
three r~e-natites v»er stuare kilometer.
ii) Structural trend as shown on rosctte diasram

The trend diagram (fiz.3.7h) shows two major trends

viz, 000°-010° and 000°-340° corresponding to IINL and NNW
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trends respactivzly. The observed t»ends implies that the
fractures infilled by vesm tites ove the above aentioned
trends and this is the reason why most of the pegmatites
are either concordant or slightly discordant to the folia-
tion of the porphvritic biotile sranite. 1t is worth noting
that the rinor peaks i.o. 790° - 300° and 080° - 090° can
possibly be older taun the 1:jor trends of the pegmatites
vhich might have defaced the oldc: ones. This ulso suggest
more than one phase of nepmatite emplacement.
iii) Distribution in space unzinz pole plots

The plot of poles ({1, 3.6) to the fracture planes
infilled b posmatites shous concentration of the poles as
follows:

a) TPar from the centre of tie net i.e. close to the big
circle especially the eastern side;

b) Mogt of the poles are concentrcted hetween the NE and
SE quadrants. The d4mplic:tion is that most of the pegmatitgs
have high an'le dips general.y bhelveen &50 to 700 westwards
and lecs comnonl; ecstwards while the predominant strikes
arc Ni: and NIV, Thiz is sbout the most reliable information
from which we know the hehuvionr of the pegmatites at depth.

It then means thot the froctun es infilled by pegmatites
are treuding mostly NJE and NUW and this agrces closely with

the Van - African Ororeny. The pattern of the joints infilled
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by the pegratites according to liclCurry (1970) conforus with
a single epicode of fracturinr such as nmirht be expected to

accompany upliit, coolins <« contrcaction of ocks.

I'ield el~tionships

Pegaciites in SW Zaria have a charactevistic coarse
grained toexture and tney occur in form oi dykes, veias and
veinlets within tno porphyritic biotite granite. The pen-
matites wniatain sharp contoct relationsinip witia the porphy-
ritic biotite granite. Quite oufien, They occupy the same
fracture with the microrronites, (fir. 3.5), and souetimes
the pernmatites cuts through the nicrosranites (see plate 1),
l'e;matites occur not only in uorphyritic biotite mgranite but
also in sowe lagpe nicrosranite dykes i.c. loc. 1, (see
plates 3 and 6).

Migure 3.5 saows the ocenrrence of a microzranite xeno-
lith in & biotite pegmatite. This observation suggest that
the pegmatite is a likely later intrusion into the porphy-
ritic biotite granite emplaced aloap the weak zone or firac—
ture infilled by the nicrogranite.

Cross—-cutting relationship also exist among the pegmatites
particuvlaerly betveen the tourmalinc bearing and biotite bearing
pegmatites. In locality 10ii,a tovrmaline pegmatite veinlet

cut through a biotite pe matite, an indication that the later
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ANALYSIS OF PEGMATITES FROM DIFFERENT LOCALITIES

LOC. NOJ

LOCALITY DESCRIPTION

MINE

RALOGY

QUARTZ

FELD~
SPAR

RIO-
TITE

MUSCOA
VITE

L TOUR -
MAKE M

11°9,2'N 7°38,3'E
BeZ2., Outcrop near
' water tank

21°8.4'N 7°41.2'E
Kano road junction
outcrop

11°7'n  7%32.8'2
Hanwa Outcrop

11°9'N 7°38.2'E
OQutcrop in a river
valley BZ area and
area F

11°7.1'N 7°40.3'E
Outcrop in a river
valley near Ungwan
Mallam tsofo

11°8.9'N 7°42.6'E
Outcrop near Ungwan
Abarshi (Military
Shotting site)

——— e ——— o e mm e e

11923,5'N  7°43,75'E

11°10.4'N 7°40.6'E
Bassawa village
ocutcrop

Kongo outcrop

11°3.3'N  7%43.75'E
Kongo outcrop near
Zaria City wall




Table 2 Contd.

MINERALOGY
LOC. NO.| LOCALITY DESCRIPTION e
QUARTZ| FELD~} BIO-| MUSCO4 TOUR
SPAR | TITE! VITE| MARINE

104 11°3.3'N 7%43.251¢
Zaria City outcrop / / / - -
*10ii 1193,3'N  7943.25'E / / / - /.
11 11°0.55'N 7°41.5'E

Tukur=Tukur cutcrop
behind Barewa Colle-

ge (with water tank) / / / - -
12 11°05'N  7°39,.5'g

Kufena hill / / / - -
13 11%4.5'N  7940.5'E

Wusasa Outcrop near

Rail line / / / - -
14 11°3.8'N 8°40.5'E

Unjwati Bala Anethyst / - - - -

*Only one pegmatite contain tourmaline,
all others are biotite pegmatite.
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is older thin the former. Thic obscrvairion also sujrest
that there cxist .ore than one phase of poemmatite emplace-

ment.

3e2=3 Miner.:lo;;» and Clasgific tion of the Pe mutites
Ppaort from acrascopic deseription of hind specinen in
the field, four selected samiles of the pesmutites were
stained, The major minerals rece niscd are described here
under,

K- feldspar:=- ping coloured potassivm feldspar is the
most abundant mineral in "aria pegmatites., This was realised
from mod:l analysis of four stuined samples {see tible 3),
They are usually more than 407 of the pegmatites by volume,
Thev occur as erystalline aggre~ates rangincg from lem to
about 7cm across. TIntevprovths of quarts and plarioclase are
quite common in then,

Plagioclase:- wusually ocrur wiin k~feldspar and are creamy
white in colour. Grain size ranges from 1cm in k-feldspar
rich permatites to Sem in plarsioclase rich vegmatites.

Biotite:~ thin books of Hiotite are commonly observed in
saria pe matites, They have goliden ~ellov lustre and are
mostly embrdded in kefeldspar - ouartz intergsrowthoc. Grain
size ranges from 1cm to about 4em, Ta-ge flakes are up to

6¢cm in length, and do occur in souwe hiotite rich pezmatites.



TABLE 3 - MODAL ANALYSIS OF PEGMATITES AROUND ZARIA

LOCLLITY NO. _ 3 1 5 _ 6 12"

SAMPLE NC. MD/3C/78 MD/SC/78 MD/6/78 MD/12/78

ROCK TYPE PEGMATITE PEGMAT ITE PEGMATITE PEGMATITE

%HeF QUARTZ 21,74 18,18 28.57 25

w, Cr K-PELDESPAR »m.mw £3.63 40 55

% OF PLAGIOCLASE 23.90 13.64 14.28 13.9

¢ OF BIOTITE 7.61 4.54 - 2.4

% OF TOURMALINE - - 17.14 -
TOTAL 99,99 99,99 99.99 92,99




3.2=4

- 21 -

Quartz:~ Is the second post abundant mineral in zaria
pegmatites. They occur in anhedral cryst:lline aggregates
and arc menerally lossy in colour, urain size range from
2mm to about 2 cm acresz in the central core of some zoned
pegmatites. They occur as inteuvsrowth between other mine-
rals like k- feldspar and as intragrowth within the tourma-
line crystals (sec plate 9).

Tourmaline:-~ Euhedr:l crystzlline agire ates of black
tourmaline or schorl is common in some pe matites where well
developed crystals occupy the centiral core of zoned pegma-
tites (see plates 6 and 7). They often contain intragrowth
or infilling of quartz within cracks in their crystals
(see plate 4),

Muscovite:- Thin books of muscovite do occur in some of
the pegmatites. Thcoy ave less conspicuous and generally

less than 1em in length.

Classification

Aecording to Jahns (1955) pegmatitcs can be viewed as
holocrystalline rocks that are at least in part very coarse
grained, whose mnajor constitution include ninerals typically
found in ordinary irnecue rocks and in which textural varia-
tion in grain size is characteristic. IFrom this broad defi-

nition, permatites can “e divided lile all Ignmeous rocks on
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the basis of silica content as
i) Basic pe.gntites
ii) TIrnteormediate pe-matites
iii) Acid or pranite pesm.titos

The pegnatites vnder situdy belong to the lust group
i.e. acid or'graﬂitv pegmdcites, and they can be furcher
sub~divided into sia.le and conplex pe.matites on the busis
of their wminer:logy.

Landes (1933), defiued simple negmatites us those having
undargone 1o hydroticrmal replacement and couplex pegmatites
as thosc coantaining rare minerals introduced by late-~stage
hydrothermal fluids. Jut these definitions no longer hold.
These terms .ave heen rc-defined, i.e. simple negmatitcs have
simple mineralo;;y and no well-developed zoning; complex <peg—
matites heve an assemblarc of rare minevals arranged in &
zonal sequence (Vark and i.ac Diarmid 1964),

Mineralosicnlly, there cr: two t,pes of pegmatites in
S{ %aria, these are:

Biotite hearing pesmatitcs and tourmalince beayins pegmatites
apart from a pegmatite vinlet io loc. 10ii that contains both
tourmaline and biotite, there scems to be no other pepmatite

containing tourmaline end biotite.
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The biotite beoxinr permatiteos are the commonest in
BW %aria ond they are videly distributed, They have simple
mineralogy consistvin~ of k -~ feldspar, cuartz, plagioclase
and biotite and =oninj is uscoamon «mon> them, although
few of them aire zoned, (v the buasis of the definitinn stated
above, these permatites are considered in this rcport to be
simple pe~m tites.

The tourmaline hearirg pegmicites exhibit distinct zone
ing with euhedral crystals of tournaline in the cential core.
All the tourmaline hearing peomatites except the one men~
tioned ahove do not contain Liotite. They occur in both
microgranite dykes (see plate 6) and porphyritic biotite
granite (sec plate 7). They are considecred to be complex
pegmatites in cccowrdance with the deiinition stuted above
on the Lesis of taneir characteristic zoning and presence of
tournaline.

It is difficult to ascertain that the tourmaline bearing
pegmatites are restricted to any part of the project orea
because¢ thev occur in the same outcrop with biotite bearing
pegmatites i.e. (loc., 6 and 4), and in some localities i.e.

locality I there exist only tourmaline “eavring pe;matites.



3.2"“5

- 24 -

Comments on the Originr of tne Pegmatites

The oripgir of the pe matites have been variounsl; cone
sidered by previous workers oc vither due teo mevamurphic
or Igneous Pproces iesS.

Jacobson and =cbhs (1925) in their theory of pegmative
formation mainteined that the soteral history of the Higerian
complex permatites involves continuous differentiation by
fraction.l eryvstallization of pe matitic magma. On the other
hand, MeCurry (1970) supiested on in -~ situ metasomatic ori-
gin for pepgmatites and aplites and wvent further to explain
that recrvstollizotion undesr differential shearing stresses
produced the aplites while »e matites fored dvring an epi-
sode of syn-kinematic to post-kinematic recrystollizatien
and feldrpathisation.

From the proevious scectioas, it was shown that the peg~
matites are coanfined to tiie «icas ol pranitic intrusions,
they maintein sharp contuct with the host rock and have a
regular trend (see fig. .15 and plates 3 and 6). If they
had been metamorphic pegmatites, such [z2atures like irregu-
lar trends and pradational contact would have bheen observed.
Zonin;; vhich is characteristic of the tonrmaline pesmatites
and some few biotite pesmatitcs have been explaincd and three

hypotheses proposed are:



i) That zonal stiucture is formed by fractional cry-
stallization in place under disequilibrium conditions,

ii) 'That prorressively chanrinz solutions deposit minerals
along the walls of open channel, Yhis hypothesis does not
depend upon cxr:stal fractionation and conditions of disequi-
librium,

iii) That complex pe:matites are developed in two stages,
namely: by the formation of a simpgle permatite by the direct
erystallization of a ne natitic filuid and by the partial or
complete replacement of the simple pegmatite as hydrothermal
solution pass through it. Most wvorker:s aprees with either
the first or third hypothesis (Park and MacDiarmid 1958) and
these hypotheses supcest masmatic origin for the pegmatites
to produce zZoning.

On the cross-cutting relationship between a tourmaline
pegmatite and biotite pegmatite which indicates that the
latter is older th:n the former, according to Bateman (1958),
similar observations “ave “een nade by “many geologist who
have studied the complex pe,nctites and helieve that the
unusual minerals (tourmaline in this case) were deposited
during one or uore phases of hydrothermal replacement
following the oriminal formation of a simple quartz - felds-

par mica pegmatite",
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Similarly, on the obszrved Tfiecld relationsiaip between
pe: matites and microgranite dykes, Johus avd Burham (1957)
in their experinent desisned to duvlicate the conditions of
pegmatites formation showed th:f pegurtites represent a
residucl melt of a fractio-ally cryctallized o~me in whieh
two phases were present while cryat. ls formed. 4Whey (Jahns
and Burham) also nade two mzjior conclusions thot:

a) Pegmatites and aplites may {orm complotely independent
dykes, deperding on volatil: content and pressure-temp,
relation at various stapges of cooling histo:y,

b) Boiling wmay occui irregularcly during cooling so that
pegmatites and aplites form imuediatzly adjacent to one
another,

From the above, it is quite evident that the pegmatites
in £, °, dari: are most likely to be of magmatic oripgin and a
probable mechanism of their fornation can be reconstructed
as follows:

That the fractional crvstalliszation »f gronitic magma
that formed the prophyritic biotike rranite produced a resi-
dual fluid inade up esicntizlly of volatile, plus constituents
of alkali feldspar to cther with other rarc clements (parti-
cularly boron in this casz) undcr high pressure and varying

tempevature conditions forned aplites lecving o more water
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rich permatitic na mo with bigher concentration of volatiles,
The subsequent fractures dereloped in the coeling granite
causes nudder reduction in preusure and the emplocement of
mica - rich pesmatites, vhile more phases of hydrothermal
replacerent with froctional crystallistion in place under
disequilibriun condition produvced botl: $hu smonal structurc

and the complex or tourmaline bLeuariny pegnacites,

Quartz Veins

Distribution

The distribution of duartz veins is treated under three
paragraphs which arc: spatial distribution on manj structu-
ral trend as shen by rocette dicpram and the plot of voles
to the fractures planes infilled by <ua -tz veins.

Quartz wveins exist in ©ll the locslities visited (seec
fig. 2.1) and the number of the veins fourd in each locality
(see table 1) indicatec that they arc widely distributed.
The total number of quarts vcins observed is onc hundred and
fifty four, this is an averase density of 3 quartz veins per

2

-
The general structural oriertation of quartz veins can

be seen at a zlance on the rosctic diagrame (FPig. 3.1¢)e.
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There are three major trends viz: NW - S. (3000-3100),
ENE -/8W (070°=090°) and it - 8 (OOOO-OWOO) in dccreasing
order of promincncc, The NV - O and WNE -~ WoW trending
quartz veins are the commoancut and they cut through the
pre-existing micro wunitc dylkes and pegmatites somctimes
displacing thein (see plates 8 and 9),

The plot of poles Go the fracture planes infilled by
quartz veins (fig.%7) indicates concentration:;nle plots
within the K.ll. quandrant and far away from tl:» centre of
the net, This clearly implies thait the major trend is in
N.W. = $5.1,, and the quartz veins arc mostly dipping at
high angle towards the S.'!'. direction, ~lthough the number
of pole plots are very few, thev still provide an insight

to the behaviour of the veins in depth.

Ouartz Vein Types and Ficld Relationship

There are bosically two types of quartz veins obscrved
in the field, these are ;;lassy and cmethystine quartz veins,

Glassy Quartz Veins:- These are the comuonest quartz
veins in the projcct arca. 4hey arc colourlcss or glassy
and occur in the form of tiny veins and thin attenuated slabs
alon;, fault planes in porphyritic biotitc pranite and often
in microgranite dykes, They are generally small in size

(see appendix 4) maximum thickness is about 10em. They are
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peuslly veey short and discontinunus althourh a particular
vein was traced for more thon 30 neters in mafona granite,
The quartz veins are particuvlarly confined to the porphyri-
tic bhiotite granite intrusions and are mostly discordant
to its foliation. Ir 4ll the localities except loc., 14,
there occur$ tiny quartz veins cutting throuzh the pro-exist-
ing microsranite dykes and vegmetites (sce plates £ and 9),
The observed cross-—-cutting rpclationship suggests that the
quartz veins are younger than the other minor formations.
Amethystine vuartz Vein: Purple colourcd amethystine
quartz veins occur in laterite about 2 km. south of Kufena
hill loc. 14. The vein:s coantain small lenscs of hirhly
brecciated amcthyst .r.:dins in an anncaled silicecous ccment,
The brecciation according to Mclurry (1970) must have been
éue to the fact that the veins occupied a fracture plain
that is related to the regional joint patitern. The host rock
of the amethystinc quartz veins is o decomposcd rranite that
hag been lateritized. Despite the lateritization, the amoethy-
etine quartz veins appeared to nave retained its original

structural trend.
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Commonts on Origin of ‘uartx Veins

Quartz veins in South-le.t ,aria like all thc othex
minor forwnatione are confinnd to ar:as of ranitic intru.
sions vhere they h 've . general HY - T and ENE trends,
Their sharp contact relationship with the host rock and
siliceous nature tend to suzy ¢st that they formed from a
highly siliceous aqueous residuom of a fractionally cry-
stallizﬁig magma, that was emplaced, cooled and solidified
in a4 NW « oI ana Do trendin. fracturec in the porphyritic
biotite pranite. The strons attenuation of some of these
veins also indicotc that at thie time of their emplacement,
minor displucements occuired in the host rock along the
fracture planes “elore complete solidification of the
siliceous materizl., Tle ancthystine quartz vein could be
products of the same siliceous masma that was contaminated
at the time of emplacenent.

Dy correlating these facts with that of the other minor
formations, there appear to "o a trend of magmatic activity
punctuated by the empl.-cement of micropgranites, pegmatites
and the lust siliceous residuum formed the quartz veins.
Therefore, the qguartz veins of id.w. Zaria must have been
forimed from the same maime that produced the pegmatitcs and

micropranites, in wiaich case they are also of magmatic origin.
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STRUCTURE Al'L) PROPOS:D 110D OF ENELACEMUNT
OF T8 MINOR FORMATIONS

Structur:.l Relationships

The major structural trond that will be discussced here
are the joint: i.c. both japin;, and the oncs infilled by the
minor formations,

Gaping joints arc very comaon in OV “aria particularly
in the porphyritic biotite ;ranite outcrops (sec plate 11).
They are mostly very short, the maximua loength observed in
the field is about 20 meters loc. 5 and moot others arc not
longer thon 5m. They cut across thne pre-existing microgra=-
nites, pegmatites and are mostly discordant to the foliation
of the porphyritic biotite gronite. The number of joints
locatel in each loeality vary (sce table 1), however, one
hundred and fifty four =zaping joints werec located in this
study.

Fig, 3.1d is a rorctte diarrom of tue maping joints from
which three major trends awrc notable viz: 2900-5200, 070°--090°
and 350°-010° correspondin~ to Wi, Wi and ¥ - 8 trends
respectively., It shows that mos® of the gaping joints around
Zaria are trending NW, &N and -8 and it agrces with field
observation thot most of the joints cut across the pre-cxisting

minor form-tions.
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The plot of poles to the pl.nes of geping fractures/

jointe around saria (fig.4,.7) also indicatc concentration

e

4.1

of pole plots to the MNE gquandrant ard far Iwom the centre

of the net. 1t means that most of Lac gaping Jjoints/irac-
turcs arc trending NW - 3% and diopin, at 1igh angles Southe
Jestwards, Thic is ~etuilly vwhal was obscrved in the field,

A close look at the rosetie diagraans (fir'..}]) of the

ninor formetions and goping jointo (1so rovealed that

i) NNV and NVL trends ace comnon to all the minor formations
and the gaping joints, »ut they arc morc prominent in micro-
granitez and pegmatites.

ii) MU=l and CUE trends are not common or prominent in micro-
granites and pegmatites, but are relatively the major trends
of quartz veins and gaping joints.

FProm the previous sections, it waz shown that the micro-
granites are the oldecuit followed by pegmatites which are in
turn older than the qguart: veins. Therefore the NNW and NNE
trending joints are likel; to be the oldest joints formed in
the porphyritic biotite zranite and vere infilled by micro-
granites, permatites and quartz veins, the remnants are still
recorded as gaping joints. While the NV and ENE trending
joints wnich are wostly either infille:d by quartz veins or

left as gaping joints are mosi b2bly younger than the NNE
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and 1NV trendin:, joirnts. “he fact that in almost all the
localities quartz veins and raping, joiuts cutting across
the pegmatites and micro, vanites vore recocded,; 1180 cone
firm thic idea.
The major interpretation thercfore is thot there were
most probaly at least two jointinp episodes in the Zaria

porphyritic biotite gzranite.

Sequence of [vents

Porphyrbhiéotﬁa biotite pranites arc n part of the
Nigerian older [vanite which was intruded during the Pan =
African Orogeny of late proterozoic to early paleozoic age
into both the crvstalline bascment comple::r and the meta-
sedimentary belts and with this are associated scveral
phases of aplite and pegmaiite emplacenent, McCurry (1970).

Based essenti~lly on field observations, this author
is of the opinion that after the emplacement of the porphy-
ritic biotite granite, the roof of the intrusion started
first to s0lidif+ while the inner part of it wos still
esscntially molten, This molten naterial remain under high
pressure condition withovt foruation of aqueous phase. The
Last-lest tensional stressco duc to Pan-African Oruseny
produced high anrle Vestuard dipning, Jorth - Bouth trending

joints in the porphyritic bLiotite granitc which tapped the
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molten material in the intrusive poroh;ritic biotite gra-
nite, thot coole® rapidlv and formed the aplitic or sugary
textured nmicrosranites viaick are 2:1so cssentially granitic
in composition.

After the emplacement of microgranites, thce residual
fluid which was made uvp essentially of volatiles plus rare
elements like boron, (and probuably lituium, cesium which are
not commonly accomroduted in rock forming silicate structures)
and water similarly rose throush the Jjeints in the cooling
rock (and sore alread%*y infilled “y wicrogranites) as a
result of sudden pressure reduction and mica rich pegmatites
were emplaced, while resurcent or morc phases of hydrothermal
replacement with fractional cryst.llization in place under
disequilibrium condition procduced both the zonal structure
and the complex or tourmaline bearing pegnatites,

Further to the emplacement of pegmatite, the remaining
fluid was essentially siliceous and these were emplaced in
the joints developed in the porphyritic biotite granite to

form quartz veins.



nolten material in *he intrusive pornh;ritic Liotite gra-

nite, that cooled rapidly and formed the aplitic or sugary
textured nicrosranites vhickh are 2lso cssentially granitic
in composition,

After the emplacement of microgranites, the residual
fluid wvhich was made vp essentially of volatiles plus rare
elements like boron, (and probubly lithium, cesium which are
not commonly accommoduted in rock forming silicate structures)
and water similarly rose throuph the Jjeints in the cooling
rock (and some alreadily infilled by uicrogranites) as a
result of sudden pressurc reduction and mica rich pegmatites
were emplaced, vhilc resur-ent or morce phases of hydrothermal
replacement with fractional eryst.llization in place under
disequilibrium conditicn procduced both the zonal structure
and the complex or tourmalin: bearing pegnatites.

Further to the emplacement of pegmatite, the remaining
fluid was essentially siliceous and these were emplaced in
the joints developed in the porphyritic biotite granite to

form quartz vcins,
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COST AND USES OF

ZARIA GRANITES

SERIAL NO,

SIZE AFTER CRUSHING

PRICE

PER LORRY LOCAD

3.8cu.m
S5cu.yd

USES AND
CONSUMERS

Lumpstone

30 - 40 lump
#30.00

lumps

+130.00

1% - %" lumps

#60 -~ *70.00 (:#65.00)

— - —

Used for build-
ing

Building cul-
verts and con-
crete works in
general.

Railway bala-~

sts

4

lumps

%120 - #150.00 (i#135.00)

Building and
road metals

- — i ——

T

C 3/8' stone dust

+130.00

Concrete in-
dustry for
blocks

(After J.A. Olatunji (In Preparation))
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CHAPTY PIVE

ASPICT OF 1C0u¢ 1.LC GLCTOGY

Discussion on the ecoucnic inportance of the rocks
mentioned inr this report is »ased oa their present econo=
mic value and their anticipnated economic iuportance,

Vresently, the most economically iuporlani rock in the
project area is the porphyritic biotite grarnite. Juarrying
activity of the zranite by Luildia; contractors provides
employment for an estimatid labour force of about ‘1,400
people (Dr. J.A. Olatunii, pevsoncl communication). Majority
of these people are involved in rock blasting and crushing
using principally explosives whiclh causes major cracks and
blasting of larpse chunks of rock vinich are then broken into
various sizes and gathered inte lar:c heaps for onwurd trans-
portion by lorry to the consumerc. The consumers of the
various sizes differ and the cost of lorrv load of each rock
size as well. A table of the cost per lorryv load of each rock
size and the uses is attached herevith (see table 4).

In order to appreciate the profit being made from this
buginess vhich invelves private business 'en and the govern-
ment, below is a revieuv of monetary worth of wm outcrop.

A single outcrop i.e. Hanwa outcrop loc. 3 (sec fige 1.1)

L4

- 2 . .
cover|an estimated area of about 10,000 m~ and its height
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above thoe cenercl terrein is about 20me Yhercfore the

volume of rock thut can e gquariied conviniently above the

meneral teryain = 200,000
"Yhe volume ofi a lorry load of rock = 5 wf
«’e the tot-=l number of loriy loadc that can be obtained
from this sinrle outerop = EOO;OOg n’
2 m

40,000 lorry loads,

From the table, ascuming an averapre cost of i¥50 per lorry
load of rock, irrespective of rocik size, then the total worth
40,000 x A50

= #2,000,000

of the erposed rock

There are wmore than 20 ovtcrops of porvhyritic biotite
granite around .aria of difrerent sizes, thercfore, it may
not be out of placc to say that this business is rezlly a
lucrative one. "he expenses on this business can be in the
form of wages for the labourers, tawx, cost of instruments,
licences and possibly insurance cost. Since the rocks are
exposed, there is no necd to pay consultancy fee for their
location,

It is therefore not svrprising that neerly every outcrop
around Zaria iz now being quarried and in fact, it provides
an opportunity to obtain fresh samples. +he simple fact that

this business i3 increasing daily means that the people
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involved are making 2 lot of profit out of it. Basically,
the rocks are »eing used for building, roac work, daan and
rail ballast.

Laterite:- 1Is another econowic raw mate:iol which is used
mainly for road svrfocing and buildin:, of loccl nousces,

Minerals =

Amethyst:~ Occues in velns abeout < kre Bouth of RKufena,
Althoush it is hrecciatoed and colouvr variatvions exist in it,
it could still be of Zemi=-prccious quulity. Jrarticulsrly in
making ornaments, Jewellerv aud for decorative purposes.

Feldspars:= Is the most abundant mineral here bhoth in the
granite and the pegmatites. Although it plays a minor role
in industry ac a component of glarzes or pottery, their
weathering product are of primary importarnce in ceramice and
agriculture,

Tourmaline:-~ 2lack iron bedaring tourmaline exist here in
some of the pegmatites. It could e a major source of boron
and for services in cuvch articles of jewellery as pendant
ear-rings and brooches,

Apart from the potenti.uls in cuarrying econonically,
the permatites in this region could yield major economic
minercls, Pepmatites "1ove '.wen variously considcred by many

geologints as sources of waterials for detailed meneralogic
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investiration, bscauss it serves an host rocks for many
economically valuable deposits,

In fact, pesmatites according to lark and Maciiarmid
(1964) are the only source: of some met.ils. They contain
tantalum, niobkium, berylliun, cesium, Uranium, cerium, lan-
thanum, thorium, Ytlrium, «ard maay oth:: rarc clemenis in a
host of uncommon and complex nminexrsals as well as the better
known collectors itums such as topoz, arnci, spodumene,
monazite, tourmaline (which occurs in the pegmatites here),
cassiterite, tantalitc, coiumbite, beryl and lepidolite.

In Nigeria, 98" of the cassiterite »roduced is mined
in younger sranite masses in Jos ilateauw, Bauchi, Zaria,
Kano and Benuveprovinces. Some amount are also won in gra-
nite pegmatites in the former» I'latcaun, Kabba, Benue, Niger
and Ondo provinces (lfoghe and Obialo 1976)., The Uluvgurv
mica pegmetites of former Tangayike apart from mica yields
sphalerite, Talc, Uranium, Arscnopyrite, Apatitc, Beryl,
futile etc, ©OSimilarly pevmatites of Petaca district in New
Mexico that lies within precambrian rocks of San Juan noun—
tains accordins to Juhns (1946) contain significunt concen-
tration of the followins minersls, SBeryllium, Columbium,
tantelun, bismuth, Urenium, thorium and thc rurc-earth

metals, The economic importance of these minerals listed
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above that exist in pegmatites are too well known to be
recalled here. The fact thot permatites in Laria appeur*
barren at the present erociounil level doas not mean that

%; contains no economic mineral devesit down below. In
fact, Jahn (1946) explained (it pegmatites thai appear
barren at the surface might be very complex with distinct
zoninz and concentration of economic mincerals decp down.

It is therefore the opinion of this author that there might
be vervy valuable economic minerals in these permatites

deep dovn.
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DISCUBGION A'D COHCLULING RV IUSD

Discussion

On the orisin of the lMinor DykFe-=Jlike Lodies

in Thapter thrvee, the availuble Tiel. evidences vere used
to .establish for <c.ch ninor foguation a porsible magmatic
origin. But, McCurrvy (1970) su;.esved thit microsrunites
were produced by recryvstaollization undexr diffcerentioal
shearing strescces while permatitces formed during an episode
of syn=kinewmatic to post~kinem.tic recrvstallization and
feldspathisation. In other words, McCurry felt that the
pegmatites and microgranites have metamorphic oricin.

Tn order for this assertion to be true, thc said recry-
stallizution undexr differcnti:]l stresses thal produced the
microsranites must have occurred veforce an episode of syn~
kinemetic to post-=kinerpstic yecrystallization and feldspathi-
sation thot formed the pe-matites since the eross—cutting
relationshiy Letuveen the pesmmatites and nicrosreanites suge
geste that the latter is older than the former. The observed
concordance and often slicht discordance of the pegmatites
and microge:nites to the generul lineation of k-feldspar in
the porphyritic biotite granite tend also to support this

viev,
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However, the other m-jor ficld cvidences like repular
trends of the minor formations and their sharp contact
relationship 7ith the vorphyritic bHictite «ranite instead
of iriegular trends and diffused or pradational contact
sugrest a magmatic rotaer than a netamorphnic origin. Simi-
larly the presence of porphyritic biotite sranite zenolith
in the microgronite dykes and pegmatiter paysically sugpest
that the pegmatites and nicrozranites were intruded into the
porphyritic pgranitc. The intimote association between
microyronites and pepmatites, their compositional similarie
ties with host pgranite favour the view cxpressed by Jahns
ané Burhem (1957) that pesmatites and aplites may form
completely independent dykes depcnding on volatiles contents
and pressure-~temperature relations at various stames of
cooling history or boilin: mav occur irrepularly dvring
cooling so tnat pegmatites and aplites moyv form immediately
adjacent to ose another., In which case they are products of
the same fractionally crystallised gaagni and are thus of
magmetic origin.

The ame relationship between the minor formavions based
on their cross—cutting relationshiap i.e. the microgranites
are older than th? pepmatites which are ir. turn older than

the quartz veins, is morc in confornity with the expected
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trend of a fractiounclly crystallized magme which tends to
be progressively siliceous and marked by tlie enplacement cf
microgranites, pegmatites ard lastly quartz. Therefore it
is obvious from the foresoing that the wminor formations are
genetically related and most unlikely to Lo of metaworphic

origin.

Concluding Remarks

Conclusion

The field cludy of the minor dykc~like bodies in S.W.
saria revealed that there exist cross—cuttingz relationship
among the microgranites (fi;.5) and amonr, the permatites,.
These relationships ougz est that therce occurred several
phases of microgranites and pesgmatites emplacement in the
porphyritic biotite zranite. 1 lso on the basis of crosse—
cutting relationships amoni;; the minor formations, it was
establisied that the microsranites arc the oldest followea
by the pegmatites vhich are in turn older than quartz veins,
Considering the predominance or HNW an¢ NIE trends of micro-
granites and peguuatites, the NW and ENE trends of quartsz
veins and the gening, joints, and the cross—cutting relatione-
ships between the former tad the latter, tiere must have been
at least two fracturing episodes in the porphyritic biotite

granite.
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Although the origin of the porphyritic biotite granite
is ©till controversial ac [icCurry (1970) proposed that the
feldspur mesacryet grey by porphyroblastesis while Kayode
(1976) surgested thuat the feldspar megacrkysis in both
variants of the Igbo«Ora porphyritic older . ranite were
formed by phenocrystic crystallization from melt, this author
have tried to establish a genetic relationship between the
minor formations and the porphyritic biotitc granite based
on their mineralogical similarites and close association,

un the basis of this genetie reclationship, if the mag-
matic origin proposed for the minor formatlons is acceptable,
then the conclusion of this report is th« the porphyritic

biotite granite is mo=st likely To he of masmutic origink.

Recommendation for further work

In order to get more reliable information on the origin
of the porphyritic biotite mrunite, it is recommended that
further investiration be carried out on certain dark coloured
xenoliths that exist in the rcck and the causes of their
allignment. As Kayode (1976) pointed out in his paper on
Igbo-Ora complex, G../. Nigeria, that in order to give satis-
factory explenation to tihe origin of the porphyritic biotite
granite, this author feels strongly that the origin of the
feldspar megacrysts could provide the so’ution to the origin

of the porphvritic biotitc gwrinite.



- il

This i< betier done by electror microprobe analyses
which w1l reveul tue trace eloment ratio in the pheno=-
cryst and the zroundnass and from which one can infer
whether tiie feldspar nezacrysts formed by metasomutism or
by ervstallizaticn from melt. The nature of the contact
of the porphyritic biotite prunite and the biotite gneiss
should also be ianvestirated.

Further investi_ ation of the complexity of “aria peg-
matites and indeed the other minor for avions like that of
Olatunji (in preparation) is alsc necegsary.

Since pegmatites arc so widely distributed in this
area and there are evidences that they contain rare mineral
like tourmaline, it is possible that at lower erosional
level there are more economically important minerals like
Uranium, thorium, bheryl, cassiterite etc. It is therefore
recommended that further investigation be carried out on the

pegmatites,
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APPEIDIX 1 LIST AND DESCRIPTION OF SAMPLES
SAMPLE No, | DESCHIPTION OF | MAP SIEET| wyyn uvD DESCRIPTION OF ROCK SAMPLE | GEOLOGICAL SETTINGS [STAINSD | REMARKS
LOCALITY WUMBER
MD/1a /78 :M@cm.z Zaria Tournaline beering pognatite in cond Toumaline pegnatite
7°38.2'E 102 sW tact with nicrogranite dyke with in a nierogranite
BZ Outerop coarse grained and euhedrzl tourmé- | dyke found in situ
line crysialo
MD/1b/78 =40 ~d0= Tourriz line bearing pegnatite's cen- | Zoned tourmaline
tral core with predoninant tourme- | bearing pegnatite
line and quarts found in nicrogra-
nite
¥D/22 /78 11%8,4'N " Porrhyritic biotite gronite with Large whale boas
qoﬁ oty large nicrocline negedyat anbed- found in situ.
e S ed in a matrir of biotite
outcrop
1D/2b /78 ~do— " A fine grained nicrogranite with i big dye in the
sugery texture asg light grey in country rock wiich
colour is porphyritic biow
tite granite
1D/2¢/78 " " A coarse groined biotite pegnd- Zoned biotite pogmae
tite with large crystals of gquartz | tite found in pore
in the central core phyritic biotite
_WH.mbu.,.wma
ND/24/78 " " Thin glab of quartz that is Shered quartz vein
gheered or stretched and glasay in porphyritic
in colour biotite granite
MDD/ /78 11°07'N, " Shiny bleck coloured anphibolite
7 42.8'E that is fine-grcined Xenolith in cowntry
Hanwe outecrop rock
near Prinary

School




Appendiz 1 = contd, RWU
y DESCRIPTION OF MAP [ . ST ™ v em . :
SAMPLE 0. LOGALITY SHERT NAE AD IESCRIPTION OF ROCK SAMPLE | GEOLOGICAL SETTINGS STAINED REMARKS
#D/6/718 .:om_.m-zuqo&m.m.m Zarin| Coarse grained ftournaline bearing Poumaline pegnaiite (\\
Quterop near 102 Sd1 pegnatite in cowntry rock with well | in coundry rock found
. Ungwan Abarshi developed crystals of tounmialine in situ
- Mbfeefre iﬁo,..om.m.m - ~3ow | Pine grained nicrogranite, light Hicrogranite dyke in -
" T 43.T3'E Kongo grey in colour with sugsry teiture he counbry rock “in
Quterap situ®
H,G\.w.c\.\m =& O " Coarse grained pink coloured pegnae | Pematite in comtry
] tite containing biotite rock found in situ
D1 00/78 ﬁoou..w,..,.._q - " Cozrse grained jpink coloured hio= Pegratite in country
. O metm o tite nemeatite. roclk found in situe
T 43250 Zaria +
Citr Onteron -
Ko /110/78  111%05,507,7%1 50 o Jnarse grained biotite pegmative. Pezmatite in country
Tukur-Tulmnr out- : R rock found in situe
crop behind Birewn B
Collcge .
m/i2/78 {11°05'8,7°39.58 & Cocrse grained biotite pepnatite Pegactite in country L
Fufenc hill rock founn in situ
UDA3a/76  {119%.5'N,7°40.50E] © Coarse grained biotite pesmotite Peguatite Jyke in
_ country roclk found
oo | in situ
‘MD/13b/78 =dO- n Glagsy quartz lwp containing Quertz voian in couairy
crystalline aggregate of quaris rock
‘uDA4fs | 11°%03.8', "

7°40.5'B

Rose/pink coloured brecciated
anethyrtine quartsz

Anethyat vein in late-
rite found in situ




Appendizx 1 - contd.

-
DISCRITTION OF |MAP SHE0T

| LOC TITY NoBTR

SAMPLE Q.

e

ﬂ,q JIZ AND DEICRIPTICH OF ROCK 3MPLD |GEOLOGIC.L SIPTINGS }STAINED RIMIRKS

MD/%t /78 11 %7, Zaria  |Pine grained nicrogranite in contact| Microgranite 4ri-

7%42.8%3 102 89 |with porphyriblastic biotite gesaite| in the porphyritic
Yea Juterop biotite granite
uear Prinary found "in situ®
Schecl
w.mu.\ur_.\qm - 0w e Cocrze zrained blotite pesaatite Pormictite in th
with pink colour porphyritic bio-

tite goonite found
in situ

MB/34/76 " " Conroe greited pink coloursd pegaa- | Permatite in the

tite (oncller gran size tuan wom gcountsy rock not

! in situe. |
11D/52/78 117714, . Porphyritic biotite granits with Hzpoosed in & river

negecrysts wdcrocline eabsddo chamiel

-
T 40e504 in o finer notrix

Cuterop near
Unzwan Mallan
Taofe near

PR iy

atss =4

MD/5%/78 ~L0m . 1 nierosranite with A dyke in tho g
xhwe ani light grey in countiy rock,
MD/50/78 i it Coorse srodng’ pesatite with Permatite in coun—
interloc’dns vtz exysials and fry found in situ

nieroline

MD/54/78 # L Glasoy coloured cuariz Quartz vein in
country rock

- — —



APPENDIX 2

Strike/Dip
000/62\

348/60NE
000/90
168

03is
030/1
016/58NE
000/59NW
008/90
000/90
352/90
338/535W
352/69v
006/48W
003/66w
019/55w
346

358

000
002/90
011
003/90

- ATTITUDE AND WIDTH OF
AROUND

width

1.5m
im

2.3m

Strike/Dip
000/90

010

333

166

332

340

340

332

013
024/53E
159/55W
153

040
030/39NW
028/30/Nw
126
160/20wW
013/41W
349 /72NE
332/57NE
310/15NE

342

width
70cm

40cm
3m
3.2m
2m
3m
2m
4m
60cm
2.5m
15¢cm
10em
im
40cm ¢
40cm
40cm
1m
40cm
10cm
16cm
70cm

70cm

Strike/Dip
010/504W

057/67SE
336/49W
351

330
000/70W
330

140
020/60E
160/70W
000

162

004
345/238W
327/53NE
345
000/77W
002,
176/31W

004/61W
\

1?8/4?:
035/55NwW

MICROGRANITE DYKES
ZARIA

width
&m

4m
S5m
3m
40cm
50cm
20cm
20cm
S5m
4.5m
30cm
15cm
6em
30¢em
S5m
4m
13cm
40cm
50cm
S0cm
3.5m

70cm



Appendix

Strike/Dip

001
048/32Nw
000
356/78v
354/73wW
350
347/73w
342

017

352

245
000/59E
037

006

2 Contd.

Width

80cm
20cm
2m
im
22cm
10cm
1m
70cm
1.2m
1.0m
8cm
2m
B5cm

15cm

Strike/Dip
329
170/46W
174/71E
011
346
350
156/65NE
014
152/78s5w
193/63w
344/41wW
350
000/66W

352/55w

Width

40cm
1lcm
15cm
50cm
5m
80cm
6cm
6cm
1.5m
15cm
45cm
2m
30cm

65cm



APPENDIX

Strike/Dip

147
018/62KW
032/62NW
000/43NW
172

172

149 /47NE
061/23NW
010/90
016/8TNW
136/70NE
164/90
003/52w
001/47W
004/48W
D44 /57TNW
267/78s
203/57NW
098/90
345/90

- ATTITUDE AND WIDTH CF PEGMATITES AROUND

Zon-
ing

Widthi
16em
10cm
11cm
18cm

1.0m

ZARIA
Strike/Dip J Width
355/90 10¢em
112/90 30cm
160/73W 40cm
040 25cm
340/845W 10cm
345 Scm
338/535W 5¢m
| 342/645W 7em
344 Sem
3de 22am
340 20cm
176/70E 22cm
340/90 20cm
326 5cm
330 40cm
340 10¢em
018 35cm
334 12cm
340/65W 30cm
343/90 3cm

Zon=
ing

striked Widthi?ﬁ;—
bip

340/65W { 4cm

343/90 | 6cm

003/~

350/-

354/-

160/605W

180/90

124 25¢cm /
154

258 5cm
147 20cm
154 65cm

258 30cm

147 30em
154/90 25¢m

038790 | aocn
324.\ 10cm /.
320 - |10 |7/
316 10cn

294/90

30cm



‘ Appendix 3 - contd.

Strike/Dip

310
230/585E
316

300
348/81NE
016/60FE
210/49E
 140/82N¢
020/70E
004

004

242
018/55E
007/593L
035/593E
018/43Nu
022
030/39NW
014

028/ 30NW
Q11/537Nw

004/60L

Width
35cm
&60cm
10cm

10cm

sem !
35cm+
20cm
4Qcm
10em

40¢m

ZONe=
inc

Strike/Dip

1€1

167

088/90

016/73NW

177
033/90
178
015/67E
032/675E
030/555K
004/69W
320
D28/64N
314

446

168
0%2/70Nw
076

292

346

(ofe]¢;

346

width
50cm
7Q0em
30cm
1acm
2Cm )
2m
10cm
20cm
50¢cm
65cm
10cm
Scm
40cm
10cm
15cm
7cm
30cm
3C0cm
4cm !
dem
6cm

15cm

Zon-
ing

Strike/Dip
026

176
85/59N
162/705W
000
004/90
000

168

322

354

347
105/38N
010/208
300/403wW
362/ 31w
35G/45W
A37/558wW
110

011
005/69W
018

178/43W

dcm

2cmi

Scm

'10cmI

65cq
S5¢cm
40cd

65cm

Zon—
ing



. Appendix 3 -~ contd.

Strike/Dip |Width 323" Strike/Dip| Width ?ﬁg‘Strike/nip widt ?22'
347 50¢m 010 32cm 157 35cm ’
174 50¢cm 006/51W 45cm 310 14cm /
020 70cm 008 5cm 009 15¢m
016 15cm 032 5cm 282 10¢cm
034 20cm 017 25cm 204 35em
000/61wW 20em 343/61G) | 18cm 006 30cm
191/65w 15cm 010 £5cm 208 30m
Q04 20cm 021 45cm 354 3cm
354 10cm 010 18cm 000/56W | 8cm
010/64W Scm 011 20cm 010 10cm
350 10cm 012/65w 25cm 162/708 10cm
142 /685w Tem 006/80F 30cm 320 im
000 S5cm 002 50cm 357/69E dcm
313 10cm 013 15¢cm 000 10cm
000 20em 352 25cm 357 15cm
006/49% 19¢m 009 8cm 080 15cm |

Q0% 6cm




135/55NE

APPENDIX 4

Strike/Dip

129 /60NE r
128/920
1137658
126
124/805W
146/90
124/6535W
152/10NE
182/48w
110/90
014/46W
002/90 1
310/90
265
270/90
255/628
325 F
320/90
293/665

o .

019

137

L 5.5Cm

1T 7Tem

-

Width

5,.5cm |

ARCGUND ZARIA
Strike/Dip |Width
012 5cm
024 Tem
00/50E 2cm
019 dcm
007 3cm
308/483W Scm
111/90 3em
091 icm
106 | 3cm
089 Ilcm
0ES 1cm
086 }2em
109 yScm
126 rao;m
112 icm
080 1cm
251 3cm
090 $SCm
240 Y2em
258 dcm
250 3cm
262 lcm

4

Strike/Dip

262
249
244
243
251
302/55w
326
176
050

176

044

010
336/27d
350/82w
252
298/635W
267

256

270

251

259

083/5058

ATTITUDE AND WIDTH OF QUARTZ VEINS

widt{ Strike/
Dip
2Cm 088
Acm 095
2¢m 088
2cm 289/858
d¢em 296
3cm 291
dem 273
3cm 281/65S
2cm | 965/65SE
{3cm | 078
2em 121
40cm § 304
40cm" 305
‘ SoSCq 298
1 1cm 304
scm 107
Scm 293
5cm 326
4cm 352
3cm 0086
3cm 311
2cm 314

Width

2cm
P « SCM
F.Scm
3cm

cm

1cm
3cm
2cm
I3cm

dem




Appendix

Strike/Dip

133
015
327
314
304
002
127
304/725w
310/645wW
305
321/768w

039/64NW

4 —~ contd.

Width

5

i

2.5cm
icm
4cm
3cm
5¢cm

6cm

Strike/Dip

118/765W
312
271/G9N
3116
250/675
302/718wW

132

016/9p
00/72w

Width
2cm
2cm

3cm



APPENDIX 5 - ATTITUDE OF GAPING JOINTS /AROUND
ZARIA
STRIKE/DIP | STRIKE/DIP | STRIKE/DIP | STRIKE/DIP |STRIKE/DIP
121/79NE b o7azers | 092 P10 329/835W
123/85NE 106/87NE L say 110 311
040/82SE |  067/83SE 097/885 092/90 014
018 309/90 041/90 160/90 102
026 t 346 130 000 022
284 286 088 155 264/77N
284 ? 320 000/90 000/90 018
134/825w | 266/90 000 140/885W | 273
085/90 | oo1/66W 097 142790 298
094/90 i 284 342 004 | 304
000 L oeas90 044/ac 1 105 L 320
o63/g2nu | 073 040 105 327
160/90 i 079/90 056 006 022
128/885v! i 162 136 005 318
078/60N 076 082 355 324
148/90 076/90 120 123790 058
114/90 160 010 {174 303
104/80S {150 i 310 é 296/585 E 050
070/675E 353/80NE 317 | 277/70N 224
070/68SE 276 020 % 296 258
076/70SE 126 /90 000 i 343 022




Appendix

STRIKE/DIP

342
271
104/825
103
107
280
101
263
262
053
016

-

5 - contd.

STRIKE/DIP

260
295
317
043
282
106
290
281
313
290
116
000

- — g

el —

. bem o w

STRIKE/DIP

197
260
130/658w
304/728W
291/508w
176
296/808W
300/77Sw
291
286
000

STRIKE/DIF

110
308
121
000
298/80Sw
170/708w
190
117
019
016
012/73NW
128/50Sw



PLATE 1 - Cross-cuiting relationsnip of younger pegmatite with an
older inicrojranite dyke, Boll are minor formations in
t=e porphyritic older “ranite of Zaria

‘fror~ Loc, 10ii)
Py - pesimatite, Mg - Microsranite
Pbg - porphyritic biotite granite

-
Note the sharp contact (frorm Loc. 11)

pegmatite, Pbg - porphyritic biotite granite



PLATE 3 - Structurally controlled younzer pegmatite in a large
microgranite dyke.
Pg - pegmatite, Mg - microgranite
'from Loc. 1).

PLATE 4 - Stained slab of tourmaline pegmatite in contact with micro-

granite.
Mg - microgranite, T - Tourmaline,
O - quartz Fsp - k-feldspar.
Note: quartz infillings in the tourmaline crystals
(from Loc. 1)
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PLATE 5 - Stained slab of biotite pegmatite .
B - biotite. Q - quartz, fsp - K-feldspar,
PL - plagioclase
fromn Loc. 3)

Example of a zoned
microgranite dyke
from Loec. 1)

tourmaline pegmatite in older

"



PLATE

L 24 R, L -4
! - Example of a .ourrnalin: pegmatite pod within Zaria
porphyritic siotite jranite.
)
(from: Loc. 05)

~ross-cutiing relationship vetween an older pegmatite and
auartz vein in a microgranite dyke.
Mg - micro;ranite, Pz - Pegmatite, Qv - quartz vein
(frormm Loe. 1)



PLATE 9 - Example of a younzer quariz vein cutiin~ an older micro-

rranite dyke.
(frorrr Loc. 1)

PLA 0 = Dapiod as : _ .
e Part of a younger quariz vein penetrating the porpayritic
Note the sharp contact.

biotite rranite of Zaria (Loc. 10ii).
‘ranite.

—

Ov - quariz vein, Pup - porphyritic viotite



PLATE 11 - Example of parallel jointiing in Zaria porphyritic biotite
sraniie
..... ' (Loc. )

PLATE 12 - Erample of parallel jointingy in Zaria microjranite dykes.



PLATE 1. - A pezmatite modified by deformation after emplacement
in the porphyritic biotite granite of Zaria
(Loc. 2).



