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The Petrdlogy of the QOlder Granites

around Bauchi, Nigeria

Abstract.

The area studied is situated in the North Kast
of Wigeria and consists of a rock complex known as the
Older Granites to differentiate it from the granites
of the ring - dyke complexes, termed the Younger
Granites. The rocks in the district are classified
as metasediments, migmatites, Biotite Granite, Biotite
Hornblende Granite, Fayalite Quartz Mongonite and
Quartz Diorite.

In the field the rocks were‘examined in detsail
and a geological map of the area conséructed. The
contant relationships of the members of the Older’
Granites are described and results of detailed
petrographical examination given. 1In particular, a
study has been made of the microstructures, including
rerthite amd myrmekite; from various considerations
the microstructure appear to indicate a metasomatic
origin for large microcline crystals found in these
rocks, Various lines of evidence for and against
both magmatic and metasomatic origins for the Bauchi
rocks are examined; the equivocal nature of nmech of

this evidence is stressed,
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The weight of petrographic and field evidence,
backed by the plutonic setting and spatial distribution
of the different rocks, is thought to indicate a
metasomatic origin for the migmatites, the Biotite
Granité and the Biotite Hornblende Granite. The Quartz
Diorite and the Fayalite Quartz Mongonite are
demonstrated to be related the Charnockite series;
they originated by a sosking of the Biotite Granite
and the Biotite Hornblende Granite respectively with
dilute basic magma or solutions under deep seated
conditions. It is suggestéd Bhat the basic solution
could have originated from the basic material displaced
in the zones of granite and migmatites. The petrology
of the Bauchi rocks is considered.in the light of
problems relating to granites and charnockites in
general,

The account includes ten chemical analyses of
rocks from the Bauchi area, as well as optical data on

the minerals and numerous modal analyses.
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CHAPTER I, INTRODUCTION.

Location and Topography.

Bauchi town, in the centre of the district under
study, is situated in the north-east of Nigeria, It is
in the middle of one of the extensive outcrops of the
Older Granites which, with the Archaean Schists, |
amphibolites; granulites and calcsilicates are, generally
termed the Undifferehtiated Basement Complex in the
provisional map of Nigeria, (Fig. 1). The area studied
lies between longitude 9945' and 9955' Bast and
latitude 10015' and 109251 North, immediately East
of the central plateau of Nigeria and the Younger
Granite ring-dyke complexes.

The district is generally about 2,000 feet above
sea level and according to Bain (1926) the general fall
of the country is to the Egst and South. The country
appears as a flat plain broken only by inselbergs or
island hills, but this plain is actually a number of
low domes which is only truly appreciated as the crests
are reached and extensive views of the surrounding
countr&side suddenly emerge (Frontispiece).

The inselbergs occur in seperated clustered
groups of warious shapes among which whale backs,

turtle backs, snd cones (much resenbling volcanic cones)
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are the most common. (Plates 1 and 2.) ILess commonly
the Older Granites form jagged chains of hills much
resembling the hills of the Ybunger Granites; the Buli
hills being the most prominent example of this (Plate 2
fig. B.)

All the hills, whether whale back, cone,or jagged
chain, tend to be elongated in a north-east south-west
direction, parallel to the general strike of the

foliation of the rocks. (Big.2)

Field work and nature of outerons.

Two field investiggtions lasting eight and five
months respectively were carried out, both during the
dry season when the grasses were burnt laying bare the
surface and thus enabling the writer to study
pracfically all expogsures. The outerops are very
widely seperated and almost entirely limited to the
hills and their immediate surroundings. The degree of
exposure may be appreciated from the accompanying map
(A) on which the principal groups of outerops are
indicated.

Mapping was done on aerial photographs, transferred
directly on to a preliminary map of the same scale and
subsequently on to a reduced copy of the same mop. The

aerial photographs were supplied by the Survey




Department of the Northern Region of Nigeria who also
prepared and supplied the two maps. The district has
many good roads and numerous foot paths (see Map A)

all clearly shown on the photographs.

History of Geological Investigation.

The Older Grenites of Bauchi district were first
investigated by Falconer (1911) who described them
during the general economic survey of Borthern Nigeria.
In 1926 Bain mapped and examined them in some detail.
Since that date the granites of this district have
not been examined, but some study of Older Granites
in other parts of Wigeria has been done, mostly as a
subofdinate investigation of the Younger Granite
messes which they surround. In 1949, the Osi area in
Tlorin province was studied by DeSwardt and Xing (1949),
gnd more recently, the Ilesha district by DeSwardt
(1955)° BEven from this scanty information the great
similarity of most of the Older Granites extending
over nearly two-thirds, of the country, is very
striking. Some of the descriptions of the Older
Granites by King and DeSwardt (1949) and DeSwardt
(1953) could be used word for word for certain of the

granites of the Bauchi district.



Geological BSetting,

The gneisses, gneissose granties, granites,
granodiorites, diorites and migmatites in this complex
are collectively known as the Older Granites., This
distinction appears to have been first made by
Falconer (1911) to differentiate them from the Plateau .
Granite ring intrusions known as the Younger Granites.
He believed that the Older Granites were collectively
an ancient igneous complex. Stratigraphical age
determination of both the Younger and the Older
Granites is impossible and very little can be said
beyond stating that the latter are older than the
former. For no stated reason it is commonly believed th
that the Older Granites are definitely PreCambrian
and the Younger Granite eithér late PreCambrian or
early Paleozoic (Macleod, personal communication), -

Apart from the more obvious fact that the Younger
Granites are ring-dyke intrusions and the Older
Granites are of doubtful mode of emplacement, various
distinctions have been made between the two elasses.
Raeburn (1926) suggested that the Younger Granites
ere, in contrast, soda-rich and this chemical
difference was expanded by Mackay (1949):- "Chemically

the older have less soda, somewhat less potash and



more lime than the younger". Genetically, the Older
Granite, unlike the Younger, is held to be more deeﬁ
@ecated and there is considerable doubt that théy were
ever molten (Mackay, 1949). The Older Granites
generally show some foliation (Falconer, 1926) and are
less resgistant to erosion, weathering to isolated groups
of inselbergen, whereag the Younger Granites form a

high dissected plateau with steep escarpments (Jacobson
end others, 1958).

The oldest mewmber of the basement complex are
granulites, amphibolites and calcsilicate rocks. The
granulites, associated with subordinate calcsilicate
rocks, occur mostly as thin lensoid relics in the
gneisses, sometimes sharply demarcated and at other
times grading into them. Commonly they form irrvegular
elongated gtrips intercalated between quartz-feldspathic
bands thus forming lit-par-lit gneiss; irregular
patches showing microfolding are common but too far
apart to be correlated to form any intelligible picture.

The calcsilicate rocks in general appear as narrow
elongated bands in the %;gﬁifg; Sometimes they can be
followed for a few yards, but in general are rather
short and discontinuous. Their contacts with the

surrounding granulite are sharp but comformable. North

of Miri, the largest calcsilicate body forms a wall-like




-6 -

body about 18 inches wide, standing nearly three
feet above its surroundings and almost twenty-five
vards long,

The gneisses in which these rocks form patches
are of two types, feldspathised and unfeldspathised.
The latter was probebly that designated "soft gneiss"
by Falconer (1911) and the former is termed "hard
gneiss"., Palconer's statement that no boundary can
be definitely placed between these two was confirmed.
The "hard gneiss' has developed prominent microcline
porphyroblasts from 0,02 sqg.cm. to 0.1 sg.cm. in
size and the "soft gneisses'" form scattered patches
within it.

The "soft gneiss" is generally strongly lineated
and is more or less always deeply weathered (probably
why it is called "soft gneiss" by Falconer, since he
gave no reason for so designating it). The '"hard
gneigs" is much fresher and in most cases it is nearly
free of gneissose handing being more homogeneous and
grenitic. This led Bain (1926) to descPibe it as the
"feldspathic" granite. In the present work it is
called Biotite granite (Map A). The vock is
characterised by extremely variable distribution of
biotite and microcline, the former increasing locally

where granulite or amphibolite ghost relics (schlieren)



are commorn,

In some places the rock has been baked along
narrow zones by underlying basic dykes becoming brick
red in colour, more feldspathic and with decomposition
of the biotite.

Quartzo~feldspathic dykes are common and often
agssociated with veins., With increase in the veins
and dykes, the rock gradually givés way all along a
north-western front to agmatitic gneiss where the
gneisses are dissected~into angular blocks of various
shapes. (Plate 3) Bain described this as
brecciation (Bain 1926). In this agmatitic mixture
the dyke rocks are as abundant as the gneisses.
Several generations of the dykes and veins cgn be
observed and the later ones may appear to displace
the earlier ones slightly. They vary considerably
in width from a few inches to two feet and in length
from a few yards to several tens of yerds. These
dykes may be pegmatitic, coarsely granitic, or aplitic.
When pegmatitic they usually show a zoning from a
central line of pegmatite, laterally into granite.

Generally they are never sharply demarcated from the

gneisses, though the colour contrast gives the contrary

impregsion. The enclosed Dblocks show no relative

displacement as result of being so dissected by the
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"metatectites" (the dykes and veins, Barth 1951,

D. 365) and the foliation in one block is concordant
with that of the surrounding blocks. (fig.3) Large
microcline porphyroblasts no doubt of the material

of the metatectite are commonly present in these
blocks., (fig. 3).

Purther north the agmatitic gneiss graduvally
merges with mixed gneisses and pegmatlite dykes., The
dykes strike approximatély 2800 and are concordant
with the general lineation of the gneisses. They
are chiefly composed of microcline with some quartsz,
and may contain some muscovite, They wvary in width
from one to three feet and may be zoned with muscovite
and quartz towards the centre and microcline on the
outside. ILocally, there may be more pegmatite dykes
than gneisses.

Bhe feldspathised gneiss, the agmatitic gneiss
and the mixed pegmatite dykes and gneisses are
collectively regarded as migmatites by the present
writer,

Surrounded by an aureole of Biotite granite,
there are the rocks of the "Bauchi Batholith". They
consist of three principal members: The Fayalite-
Quartz Wongonite, the Biotite~Hornblende CGranite and

the Charnokitic Quartz Diorites. Between these, local
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variations occur which do not fall into this broad
classification (Map B).

The Fayalite-Quartsz M&nzonite covers the whole of
‘Bauchi town and extends north~westwards end eastwards
into the Xwini and Dumi Hills respectively, an area of
nearly twenty square miles. Another exposure covering
Baskin Hill and extending southwards for nearly two
mileg is about two square miles in area. Smaller
outerops occur around Miri and a chernokitic phase
appears around Yelwa bridge on Kwalanga river (Map A),

The rock has avsomewhat crughed appearance around
Bauchi town. dJointing is poorly developed and
weathering is largely by exfoliation resulting in
whale backs (Plate 1 fig.B), with individual boulders
forming large cannbn balls due teo onion weathering.
Lineation, so common a feature of rocks in this-
district, is weak or totally absent.

Inclusions are common. These are of a dense
fine grained granitic rock (Plate 4, Fig.A.) which
microscopic examination reveals to be a microcline
granite with low mafic (biotite-~hormblende) content.

The rock was called Porphyritic Older Granite,
"syenitiec type" by Bain (1926) and described as a
pyroxene syentie -~ thd fayalite being mistaken for

"engtatite" and ferrohedebbergite for "magnesium
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diopside" Bain 1926 p.47).

In the north-east the rock grades into the
Quartz-Diorite, patches of which are to be found
inside it all along the esst and south margins (Map B),
The Quartz-Diorite is extremely wvariable in texture
and sporadic orpurrence of large microcline crystals is
common, On the east side of Kwini Hill and on Inkil
Hill considerable areas can be seen where these large
microcline erystals are so abundant the rock approaches
the Quartz Monzonite in appearance. From such areas
the microcline usually diminishes repidly in size
and sbundance and soon regain the appearance of the
usual diorite (Fig, 4).

The Biotite—Hornblende Granite grades sharply into
the Fayalite-Quartz Monzonite which it surrounds like
a jacket. No common contact is known between the
diorite and the Biotite Honﬁblende.Granite; the two
are dsually seperated by the Fayalite—Quarﬁz Monzonite.
The Biotite~Hornblende Granite is strongly lineated
~striking about 2200 except in the North West, where
it turns east-west. Generally this lineation is
concordant with that of the surrounding gneisses. As
in the monzonite, fine grained granitéc inclusion are
comnon, principally of quartzo-feldspathic rocks with

a scanty amougt of biotite. At times the ineclusions
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may appear aplitic, and vary in size from a few sguare
inches to several square feet.

Two other rock types occur in the distriet. One
is a medium grained Biotite-Hornblende Grenite which,
covering half of Ran Hill and running transgressively
southwards, fades out into the gneisses gbout two
miles Borth of Bauchi., A smaller narrow outcrop near
Kundum village strikes east west. The other is a
medium grained Biotite Granite and occurs like a rooif
vendant situated between the diorite and the fayalite

quartz monzonite.

Structual PFeatures.

The Fayelite-Quartz Monzonite with the diorite
and the Hornblende-Biotite Graﬁite to which it grades
form a body of batholithic dimensions. Together they
make up an extensive mass with a known surface area
of about 80 square miles, while about onother 80 square
miles may be inferred from the map between Bauchi
town and Miri Village. Their southward extent is not
known but eastward they appear to continue to Kangeri
(Fig, 5). They sre of undeterminable depth and deep
seared, and show mani other batholithic characters

such as variable colour and composition, porphyritic
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texture, and indefinite bhoundary. This complex could
thus be called the "Bauchi Batholith."

No major fault is directly observed, but some
may be inferred from possible breccias and from the
aerial photographs, (Plate 4, fig. B), these are shown
on Map (B). Small fault displacements are frequently
found in the migmatites. They are usually short,
often less than a yard long with a displacement of
from two to eighteen inches, The faults strike in
three directions; 10-20°, 340-350° and 310-3200,

Several zones of cataclastic deformation are
marked by augen gneisses. They are indicated on Map (B)

Jointing is not prominent in the Bauchi Batholith
" but rather common in the migmatite, (Plate B, Ffig.A),
the different sets are represented diagramatically in
fig. 6.

The general foliation is north east - sbuth west,
but local variations occur, and it is generally
concordant with the foliation in the schists and
granulites, ©Shading in Map B shows this foliation,
as reconstructed by the writer from information shown

on Map A (arrows).

Contaclt Relationship

Contacts Qetween the rocks of this district are
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of very indefinite character and poorly exposed. The
contacts between the different gneisses and also
between the Biotite Granite and the Biotite Gneiss
are ungquestionably gradational. The nature of the
contact between the Biotite Granite‘and the Biotite-
Hornblende Granite is rather more varied: East of
the Zungar hills and east of Miri, outerops showing
gradation from one to the other can be seen, but
south of the Agricultural Department farm and just
east of the Yelwa Bridge a definite line of contact
is seen, but thig is actually a line of textursl
contrast.

The contacts between the different menbers of
the Bauchi batholith are gradational. Gradation
from the Biotite-Hormblende Granite to the Fayalite-
Quartz Monzonite is rapild but can be seen in the Dumi
hills just north of the village. The contact between
the Quartz Diorite and the Fayalite~Quartsz Monzonite
is for a large part obscured by Medium-grained Biotite
Grenite which sits like a roof pendant over both, but
in those places where the diorite is within the
monzonite, the contact can hbe seen to be gradational.

The contacts of the medium gfained Biotite

Granite are sharp all round but unchilhed (Plate 5,fig B)
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In the Ran hills, the medium grained Biotite-Hornblende
Granite has similar contacts with\the.Biotite Gneiss
but towards its southern end, in the neighbourhood
of WNeriamma Hill, it changes character and the rock
merges with the surrounding gneisses.

The Charnockitic Diorite where it occurs within
the gneiss, as in the west part of the area around
the Jos road, frolm the closeness of outcrops belonging
to the different rocks,appears to have a sharp contact.
Here afain the contact may be no more than a line of

colour contrast.

Dykes.

In the north-west of the area a number of soda-
trachyte dykes cut through the migmatite, but none was
found in the rocks of the Bauchi Batholith. These
dykes are approximately vertical with good rectangular
jointing. They are usually two to five feet wide and
can in some cases be traced for a mile or more (Plate 6
fig. A).

Dolerite dykes, usually about 18 inches broad, are
themost widespread. They eut across all the rocks in
the district and strike rather consistently in an east

west direction. The larger dykes may carry numerous
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blocks of the country rocks; the inclusions are
altered both texturally and mineralogically. Three
wuch dykes are known and are marked on the accompanying
maps. (A and B).

Few granitic dykes are observed, (A1l the dykes

are indicated on map A, )

Seguence of Geological Events.

The carliest rocks, now represented by the

- amphibolite, granulites and calcsilicate rocks, are
believed to be sedinwﬁtary in origin and were once
widespread (Bain 1926, Falconer 1911). Assuming

these to be the ancient sediments; the sequence of
geological events leading to the present exposed rocks
are summarised in Table 1. The sequence as interpreted
by Bain (1926) who regarded all the rocks as intrusive
is shown in Tsble 2, eonstructed by the present writer

from information given by Bain (1926, p, 61-63).
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IABLE 1

Ancient Sediments

Sedimentation

Schist 1. Schists Folding and Progresgive
cycle, 2. Quartzite faulting of Metamorphism
3. Meta~lime- the sedi-
stone lenses. ments.
Bagic Dykes
4, Cneilsses Period of Migmatization
5. Pegmatite dykes injection microcliniza~-
6. Quartz-feldspar and wide- tion.
+ velns. spread
7. Reliect rocks: diffusion of
Migma- granulites Si and X
tite amphibolites Faulting on
eycle (from basic  a small scale
dykes)
calcsilicates
(from meta
lime-stone)
8. Migmatites
Bagic Dykes
9. The biotite~ Period of Intense micro-~
hornblende inereasing clinization and
Granite granite. diffusion of recrystallization
Cycle . 5i,X,Na, Mg,
Fe and Ca.
10, Fayalite quartz-
mongonite.
11l. Quartz-Diorite
12. Massive quartz- Period of Silification

reefs, alteration

Epidotisation

Soda Trachyte Dykeg, Dolerite Dykes, Granitic Dykes

Weathering since Precanbrian forming Inselbergs and
low=lying domed plains.

For the same district the sequence as visualised by Bain
is shown on Table 2 drawn from information given by him,
(Bain 1926) He regarded all the rock as definitely

intrusive,
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TABLE 2

Ancient Sediments

1.
silicate rocks).

Caleic rocks (Calc-

Recrystallization
from dynamic and

Schist 2. Biotite Schigts. to a less extent
cycle 3, DBiotite garnet thermal

gschist (granulites) metamorphilsm.
Granite 4, Primery banded Injection of quarts

cycle

(Mignatite
cycle, )

gneiss (Lit-p
1it gneiss).

Biotitic granite
(Piotite gneiss).

ar-

B,

-feldspar veins,

Intrugion of acid
rocks.

Injection of
massive pegmatites
with tourmaline
and brecciation

of older rocks.

Porphyritic
Granite
cycle,

(Granite
cycle),

of Wuiescence (no evidence given)

6. Hine

pathic granite

(feldspathise gneiss;

biotite granite).
7. Porphyritic Older
Granites with
syenitic types
(Biotite Horn-
blende Granite,
Tayalite~Quartz
Monzonite )

Grained feldg-

ntrusive activity.

Ta, Syenitic dykes.
8, Granitic and
Trachyte dykes.

9. Bagsic dykes,

Dyke intprusions.

The above table is from information gilven by Bain
The lithologilcal claggification from
Table 1 are ghown in brackets against Bain's.

(1926 p. 61-63)
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CHAPTER IT THE DESCRIPTION OF THE BAUCHI ROCKS.

Classification

The rocks of Bauchi can be classifiled as shown in
table 3. They are arranged in order of probable age,

with the oldest at the bottom. (Note: dykes are excluded)
TABLE 3.

7.  Quartz Diorite (charnockitic) (Youngest?)

6. Fayalite~Quartz Monzonite (variable within quartz
syenite and adamellite)

5, Biotite=Hornblende CGranite.
4, Medium Grained Biotite Granite.
B Medium Grained Biotite-Hornblende Granite

2e Migmatites: a., Biotite Granite.
b. Biotite gneiss.
¢, Mixed gneiss and pegmatites.
d. Agmatitic gneiss.
e, Lit-par-lit gneiss.

1. Metasediments:

a. Arkosiec Quartzite.

b, Calesilicate Rocks.
c. Amphibolite,

d., Hornfelsic granulite,
e. Granulite, (Oldest)

Degseription of Metasediments

The Granulite has a salt and pepper greyish colour

with reddish spots of disseminated garnet. Pegmatitic
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knots are common, usually surrounded by a feldspathic
halo.

Under the microscope the rock is seen to have a
lepidoblastic texture (Plate 7 fig A) and is composed
largely of plagioslase, biotite and quartz (Table 4).
The biotite is pale brownish green in colour, and the
plagioclase is oligoclaée. The latter has a crushed
appearance and generally shows very poor twinning.

The gquertz has very strongly undulatory extinction.
Garnet porphyroblasts occur in scattered ragged grains
with inelusion of, and intergrowth with, quartz
vermicules and blebs. The outline of the garnet is
amoebo;d, and it embays adjecent minerals appearing
to be preferentially replacing plagioclase and biotite.
It is identified as almandite.

| The Hornfelsic Granulite appears to be a granulitic
relic which has been locally baked (MEL79). Only two
small patches are known in the area and these occur in
the south-ecast of Bauchi town and just south of the air
strip (Mep A). The rock has acquired a purplish hue
from the red colour of the biotite and the garnet, and
has developed gquartzo-feldspathic veins.

Under the microscope the rock is seen to be

hornfelsic in texture and to have been recrystallized.
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The plagioclase and the quartz show far less marked
crush effects. The biotite is reddish in colour, The
guartzo~feldspathic veing are seen to be lensoid in
shape and composed of coarse aggregates of oligoclase,
potash feldspar and biotite. Small areas of myrmekite
may occur at the border between plagioclase and potash
feldgpar (Plate 7 fig. B).

The only occurrence of amphibolite is that about
half a mile norith of Bauchi town and Just inside the
road fork. Here the amphibolite has been dissected
into plocks and partly digested (Plate 8 fig.A). The
rock is dense and black in colour in the central
portion of the blocks but towards the borders againgt
the encasing grenite it becomes coarsely biotitiec.

As seen under the microscope, the rock is
granoblastic (Plate 8, fig. B)'and composed mainly
of hornblende, plagioelase and biotite (Table 4).

The hornblende 1is strongly pleochroic from pale
yvellowish green to deep bluish green., The biotite
is yellowish brown in colour and pleochroic to dark
brown.

The plagioclase 1s of the momposition of oligo-~-
clase (An80 Ab20) and may show zoning. The biotite

zone near the border with graaite is seen to be a
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coarsely recrystallized aggregate of biotije, oligo-
clage and quartz. It contains more quartz than the
amphibolite core and some calcite and sphene appear as
accessory minerals.

The Arkosic Quartzite is the least common of the
Archacan metasediments and only one exposure,near the
air strip (Map A) is known and this is so limited that
the structureof the rock cannot be determined. It is,‘
in hand specimen, a grey massive rock with disseminated
pyrrhotite.

Under the microscope, the rock has a granoblastic
texture (Plate 9, fig.A) and it is composed of
| microcline (41%), plagioclase (34%) and quartz (25%).
Opague ore, présumably manganous 6xide, oceur as
patechy clots and as an intergranular stains (Plate 9,
fig. B).

The Cobdcsilicate Rocks are.usually dense and
glmost flinty. Commonly, they are banded in tints of
green and red, corresponding with alternativé gonegs of
pyréxene and garnet, or less frequently in green and
white, corresponding to the zones of pyroxene and
quartz and feldspar. Iilassive calesilicate which is
not banded is mottled greenish and reddish due to

patchy concentrations of pyroxene and garnet.
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The mineralogical asserblages are shown in
Tahle 4.

The pyfoxene ogeurs in large egquant grains or in
large poikiloblastic masses (Plate 10, fig.A) It is
identified (Table 7) as a Fferrosalite with MgSiO6 26%,
FeSi0 43% anmd CaSiOg 31% corresponding o asbout 1:1
proﬁ%;ion of diopside and hedenbergite. (Hess 194.9)

Scapolite is abundant especially when the
plagioelase is not appreciable and presumably has
occurred in place of it under some special conditions
not fully known (Fyfe 1958 p.160). The plagioclase is
a bytownite (about Ang Abz)‘ In some specimens (ME
257) it mey have a checkerboard sdtructure, containing
small cubes of what appears to be a plagioclase of
lower refractive indices. The parallel extinetion of
thesé cubes suggests Oligoclase (Ab75 An25). Many of
the crystals show weak zoning. The garnet hag a
refractive index which varies between 1,752 and 1.768,
and it is believed td be grossularite. It occurs in
equant grains or irregular poikiloblastic masses which
may contain any of groups of the other minerals
(Plate 10, fig., B)., Quartz and calecite are commonly
present in varying proportions and the tﬁominerals

may occur contiguously wilth no reaction zone., For
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some reason calcite tend to occur mostly in or
associated with grossularite.

Sphene is the titaniferous phase in all specimens
andoccurs commonly as disseminated grains and,

occasionaly, as clotted granular aggregates.

Deseription of The Migmatites

The Migmatitic rocks of Bauchi had been variously
described as gneisses, gneissose grantie, lit-par-lit
gneiss and igneous breceia by Bain (1926). The present
classification is shown in Table 3.

The lit-par-lit gneiss consists of alternating
parallel bands of granulités‘and granitic rocks with
some intercalated quartz veins (Fig. ®). The granulite
bands as well as the granitic bands vary in width
from fraction of an inch to geveral inches, Narrow
elongated bodies of calcsilicate rocks may be found
associated with the granulite. As seen over a Wide
area, the structure is one of parasllel handing, but on
close examination, the granglitic bands may exhibit
varying degrees of folding.

The granulite component of this gneiss has been
previously described. The granitie portion is
composed mostly of quartz and microcline., The texture

is often irregular due to sporadic development of
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of pegmatitic phases. A thin band only an inch or

less wide may sometimes be traced for nearly a hundred
vards and the quaftz veins and stringers which are very
widespread .can be equally persistent over a length
guite out of proportion with their breadth.

Th sgmatite gneiss has two components also, the
angﬁlar blocks of gneiss and the dissecting granitic
dykes, (see Plate 3) The gneissic blocks vary widely
in their appearance. Generally they are grey in
colour and show foliation which is best appreciated in
the field, especially on wet or old surfafes., This
foliation is consistent from one block to the other.
Large, sparsely distributed microcline porphyroblast
about 3 sqg.cm., across are freguently present,

Under the microscope the rock is granoblastic
and ig composged prinecipally of oligoclase, quartz and
biotite, (Plate II fig A), and microcline
porphyroblast may be present. The oligoclase is
about AnBO Abgo average composition. It is generally
very poorly twinned. The quartz is in irregular
larger masses and most grains show strong undulatory
extinction., The biotite is greenish brown and
pleochroic from brown to derk brown. It is more or

less arranged along parallel zones and, as seen under
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the microscope, appears to be the only mineral
affecting the folistion structure as observed in hand
specimen.

The microcline porphyroblasts, (Plate 11, fig B.)
show strong gridiron as well as simple Carlsbad
twinning, microperthitic'structure is abgsent but
inclusions of quartz, feldspar and biotite, which are
presumably relics, are fairly sbundant, especially
round the margins. Though oblong shaped and rather
sﬁbhedral looking, its margins can be seen to be
sutured with those of the surrounding minerals. Smaller
grains of microcline and ragged pieces of muscovite
occur in the immediate viecinity of the porphyroblasts
though absent in the main portion of the rock.

The metatectite is composed largely of microcline,
guartz and a subordinate quantity of plagioclase.
Rarely garnet crystals (almendite) may be found and
migcovite 1s not uncommon, egpecially in the more
pegmatitic dykes. The microcline is commonly
microperthitic snd clear while the plagioclase is
often clouded with alteration. Quartz has strong
undulatory extinction. When present muscovite occurs
in plates with ragged edges.

The contact between the metatectite and the
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gneigsic block is gradational though the strong colour
contrast gives a contrary impression, especially when
viewed from a distance, When closely examined (ME, 259,
plate 12 fig A) there is mutual interpenetration of the
metatectite and the gneiss components.

The Mixed Gneiss and pegmatites differ from the
agmatite gneiss in that, in the former the dykes have
a consistent strike direction, about 280° and are in
general concordant with the foliation of the gneisses.
Locally a small area may be wholly of pegmatite
developed from the union of many dykes.

The gneiss 1s the same as that described for the
agmatite gneiss. The pegmatite often show zonal
distribution of its mineral components. Quartz
frequently occurs along a central line surrounded
outwards by large microcline crystals. Not uncommonly
gquartz may be completely absent, or nearly so, the dyke
congisting almost wholly of microcline. Occasionally
muscovite may be oresent, it is localised in the
central zone with quartz. In rare instances large
crystals of almendite garnet occur. TIn one locality,
a8 dyke was found consisting entirely of interlocking
crystals of quartz and muscovite (MEF 117).

The microcline crystals average about 10 cm. sgquare
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some crystals wmay be two or three times larger

(Plate 12, fig B). They are generally flesh pink

but white crystals are sometimes observed under the
microscope, %he feldspar is perthitic conteining vein
type blebs of plagioclase which form a high proportion
of the crystal. The blebs have parallel extinection
and are believed to be oligoclase, The miecrocline
shows strong gridiron twinning. Few and small
inclugiong of quartz may be present.

In handspecimen the quartz is crystal white and
massive and the muscovite is colourless but usually
stained by dirt and limonite, The muscovite is
rerely more than 7 cm. long and 4 cm. wide. A Dbook
of muscovite is rarely more than 2 cm, thick,

Pegmatite is found widely distributed in the
migmatitic rocks though in much less concentration
gutside this area. In the neighbourhood of Guru,
%lack tourmaline may be associated and some crystals
are up to 7 cm 1Qng and 4 sg. em, in cross section
(Flate 13, fig., A). Rarely they are found taking the
place of feldspar in a graphiec megmatite (Plate 13,
Tig. B). |

The biliotite gneigses are very variasble both in

the proportion of biotite and in degree of foliation.
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Frequently the foliation is strong and the rock shows
bending (ME.185, Plate 14 fig. A). The darker band
consists of thin parallel strings of alternating
biotitichLartzomfeldspathic aggregates, The light
bands are~dominant1y aggregates of quartz and feldspar.
The different bands are not as regular as the
illustration may suggest, being inconsistent in width
and rather discontinuous. Occagionally the banding
is vague (ME, 188 Plateld, fig.B) and the light and
dark areas are irregularly distributed. The gneisgsose
structure in such can readily be appreciated only over
large exposures and on an old surface.

Under the microscope the first type is meen to
be of xenomorphic granular texture and composed of
plagioclase, microcline, biotite, quartz. (Plate 15,
fig. A) The plagioclase is an oligoclase, often
clouded and altered. The microcline generally shows
strong gridiron twinning but a few perthitic
untwinned crystgls may be observed. The microcline
is intergranular and sutured with the surrounding
minersls. Quartz occurs in large masses and elongated
bodies, and is weakly undulatory extinction, Small
blebs and vermiculesgs of quartz occur over most of

the plagioclases imparting a corrosion appearance to
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the rock as a whole. Some myrmekite is present.
Biotite plates are arranged alongpparallel lines and
some muscovite is present as ragged plates., In the
case where the banding is vague, the rock is composed
of plagioclase, biotite and guartz gwhich appears to be
much recrystallised. (Plate 15, fig. B) Patchy
areas, Tree of biotite, are observed to héve inter-
granular microcline,

These two rocks are evidently quite different
from each other in texture and modal composition,
however they are not unrelated but are two extreme
local variations within the same group.

The Biotite Granite is, texturally, the most
granitiec of the migmatites. The roek is less
congpicuously foliated, but on wet or falrly old
weathered faces a foliation can be discerned.
Schlieren or ghost relic are abundant and pegmatitic
knots are common. The rock, like most of the other
migmatitic rock is widely veriable in colour, grain
size and modal composition; “éven in the hand soecimen
this variation may be appreéiéted, Its chief unifying
characteristic is the presence of a large number of
small porphyroblasts about  sg.cm. (Plate 16, fig.A).

Occagionally the porphyroblasts may become numerous
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and larger, attaining % sg.cm, in size (Plate 16,
fig. B). Then, the groundmass becomes coarser and the
resulting rock is hardly distinguishable from the
biotite hornblende granite of the Bauchi batholith.
Garnet (almendite) may occur as segregated bodies
surrounded by quartzo-feldspathic zones free of biotite.
(The principal field characters of this rock are /
summarised in Fig. 8. ) |
Under the microscope, the rock has a granoblastic

texture and is composed of microcline, oligoclase,
quartz and biotite (Plate 17, fig. A). The larger
microcline porphyroblasts are nearly slways
poikildblastic enclosing relic minerals from the
groundmass. Gridiron twinning is pronounced and
there is some tendency to develop microperthitic
texture and myrmekitic fringes. Generally the outline
of the porphyroblast is lost in sutured interlobing
with the fringing minerals and the development of
myrmekite, ‘

~ The plagioclase is oligoclase (Abgo Anzo) and
i clouded to variable degrees. Quartz occur
principally in large irregular masses, and may show
gtrain effects, but guartz vermicules and blebs

associated with myrmekitic activity are also abundant.
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Biotite is on the average very scanty. Commonly,
there may be slight alteration to chlorite and over-

growths of muscovite may sometimes be observed,

The medium grained Biotite granite

The rock is similar to the Biotite granite in
most of its features except that it has slightly
larger and more c¢losely spaced porphyroblasts. Further
it has a darker greyish colour. |

Under the microscope, the rock is composed
principally of plagioclase, potash feldspar, biotite
and. quartz, and the texture is granoblastic (Plate 17,
fig. B). The plagioclase is in plates of various
sizes, many of which show strain by their bent lamellae
and wavy extinction, some are clouded'with alteration
and a few show weak gzoning. The averagé composition
is about Ab25 An75e The microcline porphyroblasts
contain small guartz inclusions and are surrounded by
small areas of myrmekite., Bilotite is abundant, and
arranged along clustered branching lineg surrounding
the feldspars. It is a brown biotite and may be
partly altered to chlorite. Quartz occur in large

magses showing varying degrees of strain extinction.
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Medium Grained Biotite Hornblende Granite.

The rock is extremely variable. In colour many
shades of grey and reddish grey are present; in
texture, it is generally about fine to medium grained
with microeline porphyroblasts varying from sbundant
to practically absent and from 2 sg.cm, t0 & sq.cm.
in size. In the opmcurrence to the south of Bauchil
- very large porphyroblasts about 4 sg.cm, may occur
sproadically.

Under the microscope the rock is of granoblastic
texture, (Plate 18) and is composéd of microcline,
plagioclase, biotite, hornblende, quartz, orthite
and ore,

The microcline is of two types, one which occurs
as small irregular grains in the ground masg, with
strong gridiron twinning and no myrmekite or perthite
agssociated with it, and the other, which occurs as
porphyroblagsts in large irregular grains with poorly
developed gridiron twinning but good £ilm and pateh
pefthitic structures. Inclusions of gquartz, biotite,
hornblende may be present and myrmekite is commonly
developed around the fringes.

The plagioclase, an oligoclase, hasg zero to

slight extinction. It may show slight strain and is
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generally clouded with alterations producits. Biotite
and hornblende occur in irregular plates with the
former generally more abundant and the latter rather
variable, sometimes nearly absent. The hornblende is
generally as overgrowths on the biotite.

Quartz is common and may show very strong strain
extinection.

Orthite and opaque iron ore are other accessory
minerals, the former in irregularly coloured brown

plates,

Deseription of the rocks of the Bauchi Batholith.

The outer zone of the Bauchi Batholith is composed
of a very coarse granite with large microcline crystals
averaging about 4 cm by l. 5 cm and set in a coarse
matrix of quartz, feldspars and ferromegnesian
minerals. These microcline crystals are arranged more
or less parallel imparting a slight lineation to the
rock. (Plate 19) Locally the rock may appear crushed,
becoming strongly gneissoid, and the microcline
crystals crowded and elongated., The distribution,
size and colour of the microcline is also variable in
this rock. This feldspar is generally light coloured,

white, pinkish or yellowish brown. The quarts is
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MODAL COMPOSTITION OF THE MIGMATITIC ROCKS.
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invariably colourless.

Under the microscope the rock is composed of
microcline microperthite, plagioclase, quartz, biotite
and hornblende, and it is of allotriomorphic granular
texture (Plate 20, fig., A).

The microcline is crystaloblastic: it has
amoeboid outlines, interlobing with the surrounding
minerals. It is micropertﬁitic, the plagioclase blebs
are of stringlet type (Alling 1932) and barely
resolved under the low power (X5) objective. In the
larger blebs, string end film types of perthite are
oceasionally observed, The microcline crystals are
phenocrystalike being generally much bigger than the
other minerals present. They may be fringed by a chain
of myrmekite or a garland of a fine mosaic of quartz
and feldspar. Inclusions are commonly present but
are not abundant. Gridiron twinning is wesk to absent.
The optic axial angle is negative and generally very
large (2V=84°), corresponding to a high soda content
or maximum lattice structure order., (Laves, 1952)

The plagioclase is oligoclase (Abgy An It

20)°
occurs in large to small plates and generally show
some strain effects, most evident of which is the

bent twin lamellae, Weak zoning may be noticed in
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gome grains. Along the contact with plagiloclase,
when myrmekite is not developed, a narrow selvedge
of reversed orientation of the twin lamellae may be
observed, (ME 233, Plate 20, fig. B).

Quartz occur in large masses. Some show undulatory
extinetion while others have rathef even straight
extinetion. Vermicules and blebs of quartz occur in
myrmekite and as inclusions in the feldspars.

The ferromagnesian minerals are biotite and
hornblende, They are of very variable distribution
and proportion., The biotite occurs in clusters of
flaky plates and may be ragged. Rarely it occurs in
large irregular mass that is optically continuous
and pleochroic from pale brown to dark brown. Horn-
blende is commonly associated with the biotite. It
is a greenish brown in colour, and Pleochroic X =
greenish brown, Y = brownish green, 2 = bottle green.
From the refractive indices (Table 7), it is identified
as an hastingsite.

Other lews common accessory minerals are orthite,
which are euhedral to subhedrsl and strongly pleo-~
chroic brown to deep brown, and iron ore which is
commonly associated with biotite though rather rare.

Zircon and apatite may be present.
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The gradation to Fayalite-@uartz monzonite is
rapid but it is marked by increased abundance of
hornblende and to a lesgser extent by(the gporadic
opcurence of fayalite,

The Fayalite-Qaurtyg Mongzonite is the most
distinetive of the rocks of Bauchi. It is massive
and very coarse, the dominating large microcline
erystals averaging 3 cm, by 2 cm. (Plate 21), It is
characteristically brownish green with a peculiar
resinous lustre., The large microcline crystals are
unevenly set in a subordinate matrix of ferromagnesian
minerals, quartz and plagioclase.

On oxidised surfaces the rock is dark brown,
this is often seen and is what led Bain (1926) to
describe them as "dark brown". However, at blasting
siteg the rock is found to be greenish on fresh
surface., A fresh greenish gpecimen heated strongly
for an hour turned to a dark brown colour similar to
the oxidised surface in field, an indication that
iron impregnation may be responsible for the colour.

The rock is of xenomorphic granular texture,
(Plate 22, fig. A) characterised by mutual inter-
lobing of the aggregate minerals, If is composed of

microcline, plagioclase, quartz, fayalite,
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orthopyroxene, hornblende with apatite, zircon and
magnetite.

Bhe microcline is microperthitic and the grid
twinning is very poor. The microperthite is commonly
of stringlet type, just barely resolved by the low
powered (X5) objective and giwing the crystals a
velvety texture. The individual microcline crystal
appears to be subhedral to euhedral in hand specimens,
but on stained surface and under‘the microscope they
are crystalloblastic, amoeboid in outline, and
characterised by lobes and tongues with which they
tend to enbay other minerals, (Plate 12, fig. B) It
may also be sutured By fine mosaic sggregates of
quartz and feldspar. Inclusions of quartz blebs,
and rounded plagioclases with reaction selvedges of
incipient myrmekite are invariably present though not
abundant. The 2V is 69° optically negative, smaller
than those observed for the microcline in the
migmatites and in the Biotite Hornblende granite
and suggesting lower soda content or a lattice
structure of lower order.

The plagioclase is oligoclase-andesine (average,
Ab65 Angs) It occurs in various sizes and irregular

shapes; some are crystalloblastic, Bent crystals
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and grains with crush fractures are commonly found
(Plate 28), though many crystals show no strain at
all. Small eguant grains of feldspar may form a band
of mosaic aggregate between microcline crystals, and
skeletal bodies of optically continuous plagioclase
may occur in microcline towards the margin, forming

a type of pateh perthite similar to those found in
the Quartz-Diorite.

Quartsz isg typically of resinous greenish brown
colour in hand specimen and variasbly distributed.
Under the microscope it occurs in large masses, some
showing strain undulatory extinction while others are
only weskly or not a%t all 80, QRuartz also ocecur in
myrmekite as vermicles and as small blebs included in
other minerals.

Fajalite is the distinguishing ferromagnesian
mineral, The composition is about 95% FeZSiO4. (The
optical data are shown in Table 7), it is rarely
found as discreet grains but most commonly in
clustered aggregates with other ferromagnesian minerals.
These clustered aggregate of ferromagnesian minerals
are almost always agsgociated with vein-like bodies of

guartz and arranged in the following generalised |

pattern (Fig. 9); Iron oxide, if present occurs
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along the centre in the quarfz, the fayalite crystals
then occur as disgreet grains arranged round it
followed outwards by crystals of pyroxenes, horn-
blende and plagioclase (Plate 24);'but the pyroxene
is not always present., The individual minerals occur
as detached crystals which appear to be primarily
crystallised and not as reaction mentles, except
hornblende which may fdrm an outer sheaf round the
whole'structure, and even these do not appear to be
reaction mentle product on either the fayalite or the
pyroxene, and may be seperated from them partly by a
zone of quartz, They appear to have formed by
reaction on the surrounding plagioclase.

Commonly fayalite may occur in a long-rod like
body of optically discontinuous grains, wedged in
between the large feldspar crystals (Plate 25, fig.A)
but such bodies will be seen to be connected to a
larger mass associated with other ferromagnesisan
minerals arranged as described above.

The elinopyroxene 1is commonly pale greenish with
no appreciable pleochroism, It is indentified as
ferrohedenbergite (Taeble 7). Inclusions of parallel

needles of magnetite may occur in gome grains to
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form schiller structure. The mineral has rather
irregular distribution and it may be absent from
gome sections, probably because of the coarseness of
the rock,

Orthopyroxene is sometimes present and in some
sections amounts to a considerable part of the ferro-
magnesian minerals. It may be found interlocked with
the fayalite.

Hornblende is the most sbundant of the ferro-
magnesian minerals., It may be found discreet but is
usually associated with fayalite, surrounding the
latter like a mentle as previously described. It is
identified as ferro~hastingsite. (Table 7). It is
greenish brown and strongly pleochroic as fer that
degeribed earlier. Magnetite is the common inclusion.
Biotite may be associated but is rather uncommon in
this rock except near the transition gone towards the
biotite hornblende granite,

A charnockitic phase of this roeck occur around
Yelwa bridge, on North band of river CGwalangs south-
east of the aerodrome and near the Ran Gate, forming
patehes in the Marginal zones. This rock, (Plate 25,
fig. B) is‘essenﬁially like the fayalite quartz

mongonite in hand specimen but tends to be richer in



- A3 -

in ferromagnewian minerals. Under the microscope
fayalite is absent and the mafic mineral asseMblage
Tayalite-~hedenbergite~hornblende is replaced by
orthopyrbxene»hofnbléndeﬁbiotite, The orthopyroxene
is identified as eulite about, MgSiOz 20% and FeSiO5
80% in composition, (Table 7, Wahlstrom 1955 p.160),
It is strongly pléochroid X = brownish pink to
-4 = green and presumebly contains appreciable
T1810z. It may occur in large masses that are
optically continuous or in elongated plates. Generally
there is a tendency to be localised in linear zoﬁes
and associated with hornblende (Plate 26, fig.A).
Inclusions of clinoépyroxene are sometimes observed.

The hornblende is very abundant and may occur in
large masses but usually ragged with assoeclated
pyroxene, It is a deep green amphibole. Tt is also
a ferro»hastingsite. |

The biotite is gbundant and occurs mostly as
ragged plates or masses asgociated with hornblende.
It is a brown biotite with inclusions of apatite.

The plagioclase is andesine and slightly less
clalcic than that in the fayalite quartz monzonite,
(about Ab An_ ).

67 99
The Quartz Diopite, to which the guartz mongonite



appears to grade, is a dark blue-black fine grained
rock in the fresh hand specimen. It may be of uniform
texture but quite commonly poorly defined area of
what appears to be a larger crystal of mierocline
may be seen (Plate 87, fig. A). Stained surfaces
show that these areas are of potash and plagioclase
feldspars (Plate 27, fig. B). Occasionally, they
become larger, numerous and better outlined. The
rock is then hardly distinguishablé from the Fayalite-
Hornblende CGranite to which it grades. Some specimens
show lineation of these "ghost'" microcline crystals.
Under the microgcope the rock is seen 0 be of
grenoblastic granular texture (Plate 28, fig. A) and
to be composed of plagioclase, potash feldspar, micro-
perthite, ortho-pand clino-pyroxénes, hornblende
and some guartz with occasional biotite and rare
Payalite, The plagioclase is andesine (Ab6OAn40)°
Zoned crystals are common and these often have an
irregular calcic core or cores (Plate 28, fig.B).
In one case the outer zone gives 2V = 870 and the
inner zone 2V = 76°%; optically negative. Deformed
crystals are not common but some crystals may show
distinct bending of the lamellae (Plate 29, Ffig.A).

The plagioclase in some specimens is characterised
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by parallel inclusions of numerous needles of iron
oxide (Plate 29, fig. B), but generally they are clear
off alterations and sharply twinned on ghe albite law.
The potash feldsgpar is invariably microperthitic.
The perthite blebs are extremely fine and Just
barely discerned under the low powered objective (X5)
Commonly, irregular patches of optically continuous
plagioclase may be observed encloged within it, and
these patches may be found to bhe optically continuous
with 2 larger plate of plagioclase outside at the
bbrder of the potash feldspar (Plate 30, figs, A and
B).
The optho pyroxene is the most common ferro-

magnegian mineral. It ig strongly pleochroic;
X = pale reddish pink, ¥ = reddish green, Z = green.
It 1s identified as ferrohypersthene ((T1) FeSi0,,
5% Mg8104, 267 (Wahlstrom 1955, p. 160))

| The clinopyroxene is green with no appreciable
pleochroism, and it 1s identified as ferroaugite
(Cas:'L% 40%, PeBiO, 89% and MgSiOy 21%, (Hess 1949))
The two pyroxenes always occur together associated
with magnetite and amphibole, the former in clots
and latter in shreds. Either magnetite or the

emphibole may occur in minute needles arranged in
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parallel zones forming schiller structure (Plate 31,
figs. A and B).

The hornblende is ferrohastingsite. It occurs
in ragged masses invariably assoclated with a core of
pyroxenes, Blotite is rare in most specimens but
locally gbundant biotite may occur, associated with
the other ferromagnesian minerals,

Some quartz occurs interstitially and rarely
myrmekite ig developed at the margin of microcline,

Magnetite is usually abundant and associated

with the dark minerals.,

Chemical Compomition of Bauchi Rocks.

The Bauchil rocks sre intermediate to acid in
composition (Table 6) and only the Quartz Diorite
shows normative @livine., Generally they show fairly
high wnotash, average alumina and low magnesia contents
and the ferrous iron ratio relative to the total iron
plug magnesia, is very high.

The composition of the rocks plotited on Harker
diagram (Fig 9) shows some peculiarities: The Alumina
gshows peculiar fluctuation but the values used are
not sufficiently reliable to be regarded as conclusive.

The potash has a peak in the Biotite Hornblende
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TABLE ©

Chemical Compositiong and Norms of Rocks from Bauchi District

1 2 3 4 5 6 7 8

3102 75,0 Tl.2 68,4 69.5 66,1 70,1 70,0 52,6

ATLOO,ZS 13,0 12.8 13,0 12.2 1256 13,4 13,70 11,7
£t .

Fe 203 0.3 0,9 0.6 1.9 1.5 0.8 0,492 0,6
FeO 1.2 1.6 Bed 2.6 4T 2. © Qe 80 14,7
g0 - 0. 8 C,7 Q.7 0. 7 0. & 0, 51 &, 1
Cal 2e8 2.1 2o 1 ©e O B 2 Co L 3. 9L 6.7

Na20 Be 6 3e 7 3. B %6 O B 4 2e 9 e 50 2. 8

1{20 4o 71 5. 4 6.9 6.6 B, 7 Go 4 7.28 3.1

T102

P205 0,08 0,13 0,11 0,17 0,23 0,07 mn.d. 0,57

0,87 0.44 0,47 0,45 0,76 0,38 0,33 32

MnO 0,09 0,07 0,07 0,10 0,12 0,08 n.ds 0,16

}120 9 Nede Neds n,ds n.ds n,de mnoeds mn.ds mn.d.

Total
99, 04. 98, 84 98, 95 98, 92 98, 91 99, 03 99, 87 99, 23
Norm,

Q = 26,2 22,6 15,2 20,2 10.7 20,0 20,5 36 8
or = 28,5 82,6 41,5 40,5 43,0 39,5 4% 0 19,5
ab = &3.0 34,0 80,5 28,0 25,5 27.5 20,5 26,5
an = 5.5 0.5 - - - 490 5, 8 9,3
di = - - - - - - - 20, 4

ac =  )e - 1.2 - 4y 4 - - -



wo = S 4 Be2 . 4 4,0 6o 4 ©e O B, 2 -
fg = 1.6 1.8 5,0 2.6 7.2 Be B 2 -
en = - %e 20 20 20 068 L4 -
fa = - - - - - - - 13. 6
fo = - - - - - = - . O
mg = 0,3 069 02 20 00 09 085 0,6
il = 04 06 06 06 1.0 06 0,4 5,6

Qe 3 Qs & Qed Q4 0,8 - - 1o~

i

ap

Total 101.2 98,6 100,8 100,83 100,565 99,1 100,565 103, 2

1., ME 11A Biotite Granite, opposite Gurn Hill.
2. ME 136 Biotite Granite (Tara Type) Tara Hill,

b ME 111 Biotite Hornblende Granite, below
Yelwa School Hill.

4, ME 94 Fayalite Quartz Monzonite Bagkin Hill.
5, ME 102 i " i Yelwa Bridge.

6., ME 222 f " "  gouth of Kofar
Wombai Hill,

7. ME ODON LR it 1t ! i "
8 ME 133 Quartz diorite North of Xofar Wowmbai Hill,
(Ssee also Teble 10)

Analyses Nog 1 - 6 and 8 by R. P, Hollingworth, Dept.
of Geology, Science Laboratories, Durham.

and No,7 by J., Cobbing and W. Layton of the Dept.
of Geology, Science Laboratories, Durham,

Norm Celculations by the writer, after the method

proposed by T. W. F. Barth (1951, p.76).
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granite and then shows decrease with increase silica,
while Calcium curve tends to show the reverse trend,
both representing some sort of abnormality from the
Biotite Hornblende Granite towards the Biotite Granites,
Between the Fayalite-Quartz Monzonite and the Biotite-
Hornblende Granite, Tthe iron and magnesia curves
indicate an gbnormal rise in the amount of these

oxides in the Bilotite-Hornblende Granite over the

Fayalige-Quartz Monzonite.
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TABLE | 7

Optical Dats for Fayalite, Pyroxene and Iornblende,

. & & 4 5 6 T 8 9

s (o) s

Z ned. ned. L7658 1,742 n.d, L.709 1,715 1,712 1,712
Y Nede L, 73L 1,747 1,735 1,716 1,709 1, 7LL 1,718 1,712
z 1, 8. 1n.d, 1742 1,727 n,d. 1.689 1,692 1, 692 1, 690

Z-%X n.d, MNode 0,016 6,0L6 mn.d. 0,020 0,080 0,020 0,022

A ~-500 4559 ..830 ~B30 +53  Node 1. d, Ne do 1o do
BT O 470 0 0 1n.de 1n.d, 200 260 140
(x ©)

1. PFayalite from Payalite Quartz Monzonite (MELOL)
2. Clinopyroxene from the same specimen above,

%, Ortho-pyroxene charnockitic monzonite (MELOR

4, Ortho-pyroxene from quartz diorite (MEL53)

11 ] it i

5. Clinopyroxene

6, Amphibole from Biotite IHornblende Granite (1E1e4)

7o i I Fayalite Quartz lonzonite (MEL1O0L)
8, " " Chernockite variation of "7" (ELO2)

A " " Guartz diorite (MEL35)
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CHAPTHER TIT. MICRO~STRUCTURE OF THE BAUCHT ROCKS.

Becke, Bederholm, Spencer, Eskola, among many
'other petrologists, have given a great deal of
attention to the problem of petrological structures
such as myrmekite and microperthite; since these
structures wgy in many ways hold the key to petro-
genetic classification of most rocks of indefinite
origin in which they are commonly found. In this
work, a specilal study has been made of these
structures because their genesis is intimately tied
up with that of the potash feldspar, a very
congpicuous and important constituent of the Bauchi

rocks.
Myrmekite.

Myrmekite is an intergrowth of guartz and plagio-
ciase. It was first described by Michel Levy about
1874 and the term myrmekite was proposed by Sederholm
a few years later (Anderson 1937). lyrmekites are of
vermicular structure and when well developed, they
sgrongly‘resemble coral growth. (Plate 32 fig.A)

They commonly appear based on a plagloclase plate,

referred to by some authors as the core, with a convex

S
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front invading the potash feldspar. (Fig.10).

Three stages may be observed: early, late and
decline, (Fig. 10) The early stage is marked by a
narrow albitic selvedge which grades on the plagio-
clase side to a finely shredded incipient myrmekite
invaeding the potash feldspar. Later, a stage is
reached when two or more of the fine guartz vermicules
join, rivulet-like, to form more definite ones. At
this stage the front towards‘microcline has achieved
a definite convex outline and the typical myrmekite
form has emerged. Finally detached blebs of quartz
may then appear to mark the decline stage.

| Not uncommonly all three stages may be observed
on one large myrmekite area but far more common are
combinations of either early and late stages (Plate
82, Tig.B)., forming 'matured" myrmekite, or late
and decline (Plate 33, fig.A) forming "old" myrmekite,

Almost invariably, very old myrmekite is
associated with marginal quartz, especially when
only the decline stage is present. This marginal
quartz is "excretory" being forced out of the plagio-
clase by its higher force of crystalligzation. Some
plagioclase crystals enclosed in potash feldspar may

have dnly this excretory marginsl quartz (Plate 33,
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fig. B) to indicate that they are post-myrmekitic.
Thusg as it were the growﬁh of the myrmekite 1s a
procesg.of collecting the quarts together for
expulsion by a plagioclase clearing itself of
inclusions. '

Myrmekite is most commonly located at the.contact
of microcline and plagioclase where it appears as
inflated cauliflower-like masses into the former.
Nearly all the myrmekite observed in Bauchi rocks is
so localized, Plagioclage enclosed in microcline may
be wholly or partly myrmekitic§ commonly they are
not, but post-myrmekitic as shown (Plate 33, fig.B)
and with associated execretory quartz.

A narrow rim of a myrmekite~like body is often
observed at the border of quaritz with microcline,
and a chain of myrmekite may be located at the
contact of two microcline crystals or fracture line
in a crystal., In no case is myrmekite observed on
plagioclaée which is not contiguous With microcline
except where such relationship with a microcline
could be inferred. In all cases the size of the
myrmekite is subordinate to that of the microeline
with which it is associated.

Tn the Bauchi rocks myrmekite occurs in all
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rocks in which potash feldspar is present, excepﬁ
the Quartz Diorite and it becomes progressively
abundant with increasing microcline content,
indicating some quantative relationship with the
microcline. (Fig. 19)

There is widespread agreement among petrologists
on certain characters of myrmekites some of which
the present writer has also observed., - As stated by
Sederholm (1916), most authors agree that myrmekite
is almost always invading microcline and & core or
"pedestal" of plagioclase is invariably present or
inferreble. (The term "pedestal' is proposed for
the plagioclase on which the myrmekite 1s sitting,
This term is more descriptive of the relationship of
the myrmekite 1o the plagioclase, sitting on 1t as
it were. The writer objects to the term "core
because this term may suggest that the plagioclase
is of inner or central part of the myrmekite and one
with it, whereas the plagioclase on which this
structure is rested, as will be shown, is necessariiy
primarily crystallized before the myrmekitization.
Some authors have observed contrary features, for
example, Bskola (1914) claimed to have observed

myrmekite with a rectilinear boundary against
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microcline. As was noted by Sederholm (1916), these
contrary observations are so rare and éasily explained
that they do not invalidate the generally accepted
characters of myrmekite as stated above. MMyrmekite
with such rectilinear boundary against microcline is
not observed in any of the Bauchi rocks; however, such
rectilinear boundaries against microcline could very
well be attributed to the later truncétion of the
myrmekite by the microecline.

Spencer (1945) in agreement with Barth observed
that there is commonly a decreasing basicity from
the core (pedestal) to the rim and that the plagioclase
of the myrmekite is generally more acidic than the
primary plagioclase., In the rocks of Bauchi this
tendency has been obsgerved but it is not uncommon to
find some myrmekite which has plagioclase uniform
in-composition through to the pedestal.

Spepcer (1945) further observed the scarcity of
myrmekite in pegmatite microcline and in orthoclase
of soda gyenites, but in the rocks in which they occur,
as Sederholm (1916) 6bserved, myrmekite is usually
widespread but is never large enough to replace a
whole microcline., The study of myrmekite in Bauchi

rocks confirms this.



Origin of Myrmekite.

Becke (1908) who first made an elaborate study
of myrmekite concluded that in the »® replacement
of potash feldspar by plagioclase, the albite
replaced the potash feldspar molecule for molecule,
but the anorthite portion, on replaoingbpotash felds~
par, yielded four molcules of quartz, He justified
this by showing that the proportion of quartz to
feldspar in a myrmekite is always within what might
be expected from such origin. This has since been
the most acceptable explanation of myrmekite and
explanationg given by Esgkola, Sederholm and Spencer
given below have used it as the bagic assumption.
This explanation appeared to satisfy all the different
strucetures and charactérsstics of myrmekite desdribed
above, but in the Bauchi rocks in which myrmekifes
are most common a late-gstage soda-lime metasomatism
is most unlikely and does not appear to have occurred.
Rather, a late stage potash metaéomatism appears to
have taken place.

Schwentke in 1909 (Spencer 1945) suggested that
gsome lime feldspsr are held in solution in potash-
soda feldspar in the form Ca(AlSiﬁOB). He found

that analyses of alkali feldspars showed excess
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silica and deficient feldspar. Schwantke therefore
concluded that on seperation the lime feldspar would
take its usual form releasing silica., Spencer (1945)
examined more recent analyseg and showed in support of
Sehwantke's that potash-soda~feldspars show excess
silica. Bven though this is a very tempting solution,
the localization and distribution of myrmekite in
Bauchi rocks cast much doubt on the role of such
high silica feldspar in the formation of myrmekites.
Myrmekites should, for instance, have been more
abundant enclosed in alkali-feldspar, especially in
those of pegmatite, rather than invading.

Eskola (1914), =agreeing with Becke, maintained
that the rectilinear boundaries against wmicrocline
he observed associated with the ordinary curved
myrmekite was anfidiomorphic form which originated
during the processes of congolidation. Mo rectilinear
myrmekite was observed in the Bauchi rock and such
primary crystallization of myrmekite seems most
doubtful, |

‘Sederholm (191.6) believed that myrmekites were
formed by amlate magmatic phenomenon which he termed

"deuteric action'., Before the final consolidation
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of the rock, solution and gases circuiating from
neighbouring or distant parts of the rock caused
replacement of potash~soda feldspar by lime on the
line postulated by Becke., He maintained that material
from without must be available., Applied to the

~ Bauchi rocks, Sederholm's explanation encounters

the same difficulty as that of Becke, on which it is
based. In addition such late-stage circulation of
gases and solution if causing a lime metasomatism,
should fornﬁ.reaction rim of myrmekite round some
albitic plagioclase, This explanation will not
satisfactorily explain the "pedestal' plagioclase
which appears'to be essential in the formation of
myrmekite,

Anderson (1937) stated that myrmekite appesred
to have been formed "as an accompaniment of
replacement of potash feldspar by plagioclase" in
agreement with Becke's theory which he considered
the best substantiated amd most widely accepted
explansation, He showed by their occurvence '"in
contact gone in partly re-crystallized rocks, which,
beyond gquestion, never were molten," (p.9) that
myrmekite was not invariably due to magmatic

crystallization. He did not indicate the source of
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this replacing plagioclase,‘but, he first divorced
myrmekite from late magmatic activity.

Drescher)Kaden (Bugge 1943) thought that
myrmekite wasﬁorm@d by replacement action related to
the formation of potash feldspar paving the way for
the conclusions of Edelman (1949) that a K - Al
metagomatism causes a Ca-Na-95i metasomatism. His
equations for these process are given below.

I Kf + Na AL 81,05 =K AL 81,0, + Na*

IT Xt + 8i + Ca AlgBi O, = K AL 81,0 + Cat+ + ALFEY

2 8 38

IIT XY + AL + 4 81 O, = K AL Si%Oé 4 Gitt

2

The Nat, Catt, AL+++ and Si++tH+ thus provided
caused a reversed reaction in some other parts of the
rock thus forming myrmekite according to Becke's
theory. He maintained that there was a quantatative
relationship between microline and the myrmekite
fringing it and concluded that myrmekite was formed
by ané contemporaneous with granitigation.

Most authors as seen from above review, accept
Befke's theory in principle but differ over the source
of soda-lime necessary to replace potash for the
formation myrmekite. TIn the rbcks of Bauchi, the
microcline appears to be replacing other minerals,

lobing into them and embaying them. Some of these,
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minerals, especially the plagioclase, show strain,
while the microcline show no evidence of such
deformation. The order of formation is therefore
plagioclase, microcline and finally, the myrmekite.
In truly magmatic rocks an alkali-rich phase is the
more reasonable end of crystallization, Concentration
of goda and lime over potash cannot be widespread in
the late magmatic stage to cause large scale
myrmekitization., This sccounts for the invariable
absence of large scale myrmekite association with
orthoclase,

\The suggestion by Drescher-Kaden (Bugge 1943)
that myrmekite was formed by replacement action
related to the formation of potash feldspar is more
in accordance with the writer's observations of
myrmekites in Bauchi rocks. Endelmsn's hypothesis
§1948) and the reaction eguations given by him
partly explain the myrmekite in these rocks, except
that he has ndt explained the role of the "pedestal"
in the formations of myrmekite. _

Endelman's (1948) equation should be modified
as follows:

= 2K Al 8i_ 0, +Catt

° - +‘- L3
IV: 2K*+Ca A1281 70g

208 + 4 8102

This reversible reaction is controlled by the
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concentration of cationg, since; in whatever phase
the reaction is teking place, certain minimum
concentration wuould be expected for either Catt of
K+ before the reaction takes place one way or the
other,

In microeclinization, soda and lime are being
released both of which are soluble to a limited
extent in microcline, This generation of Ca™ and
Na* would accelerate rapidly when a plagioclase is
being replaced by a microcline and in most cases the
critical concentration of Ca*t and Nat relative to
K+ would be reached and thus the reverse readtion
would be initiated with the consequent formation of
myrmekites due to simultaneous production of quartz
and feldspar, Once this reverse reaction sets in,
it attracts more soda and lime from the surroundings
where microclinization is in progress and exchanges
potagh for them according to the concretion principle
of Hskola (1932), Thus a potash feldspar may build
itself in one direction at its own expense. It is
also concelivable that the microcline being now
replaced by soda~lime feldspar would seige the
opportunity to unload itself of excess soda and lime,

Thus the plagioclase initiated the growth of myrmekite,
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and acted as the pedestal for this "petrological
coral™ but does not aid its growth once initiated,
Microclinigzation may continue oa both sides of
the growing myrmekite, supplying it wath more material
for its own grewth, and eventually the microcline may
enclose the myrmekite as occasionally obserﬁed. Less
commonly, a fluctuation to a more vigorous micro-
clinization would cause the myrmekite to be replaced,
thus may be formed a truncated myrmekite with
rectilinear boundary observed by Bskola (1914, )

As soon as the myrmekite is formed and growing
the process of "guartz-clearing" by the vlagioclase
brings the quartz together as described earlier, In
prolonged metamorphism, such as is essential for the
replacement formation of microecline porphyroblasts,
many crystals have successfully cleared themselves
of quartz and whether poikilitically enclosed or not
thqexcreted guartz is commonly found in its typical
association with the plagioclase which has gone
through the completé cycle of myrmekitization, (Plate
35, fig. B).

The myrmekites in Bauchl mocks are formed in
this mannery and whether they are subsequent and

consequent to microclinigation or a late stage action
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in magmatic crystallization they are essentially a
product of subsolidus phenomenon., Their abundant
and even distribution through all the mewbers of
Bauchi rock complex rich in microcline rules out a
late stage magmatic action, and the widespread
evidence of decline myrmekitization is suggestive
of replacement under the condition of a prolonged
dynamo-thermal metamorphism, as the origin for the

A}

microcline.,
Perthites

Perthite was originally defined in 1843 by
Thomas Thomson as the parallel intergrowth of
orthoclase and albite, but the term has been gince
extended to include all sorts of irregularly shaped
intergrowths of potash feldspar and plagloclase
(Anderson 1967); Various types are now recognised,

Anderson (1928) made a systematie study of
perthite anq&ecognised several textural types;-
string type, film type, vein type, and patech type.
Alling (1932 and 1938) has proposed many generic
types, not favoured by the writer since most of these
are already covered by Anderson's (1928) textural

types. Two of Alling's (1938) textural types,
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stringlets and rods, are not covered by Anderson's
and are used together with Anderson's to classify
the perthites in the Bauchi rocks.

The varieties encountered in Bauchi rocks include
the following: The stringlets whigh are of very fine
blebs Jjust barely resolved under the low powered (X5)
Objective. They are frequently oriented parallel to
(100) and often give the host feldspar a velvety
texture (Plate 34, fig, A). The perthite in the
Quartz-Diorite is finer still and may be called "“sub-
stringlet”,

The string type appears to be formed by the union
of two or more stringlets; The blebs are long needles
about 0,03 to O, 1L mm, in length and in width average
about 0,01l mm., (Plate 34, fig., B). The prientation
is as for stringlets.

The falm type is of thin lamellaec, Llonger and
broader than string type and, contrary to Alling (1938),
‘sharply outlined (Plate 35, fig. A). They are oriented
parallel to (00L).

The rod perthites (Plate 35, fig. B) are most
likely a special section of the film type or the vein
perthite., The vein perthites are of coarser and

longer blebs and are oriented parallel to (100).
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Though maintaining this general orientation they
branch irregularly (Plate 36, fig.A) The less coarse
type which might be called veinlet (Plate 56, fig. B)
is termed "Streak" by Anderson.

The patch perthite (Plate 37, fig, A) is formed
by patchy plates of plagioclase in the potash feldspar.
These blebs tend to be elongated at right angle to
the length of twin lamellae and not uncommonly these
optically continuous patches are connected by blebs
of the vein or string type. A type of patch perthite
in which the blebs are more like inclusions (37 fig.BY
may be called "poickiloperthite". The blebs may
be optically continuous with a 1arger grain of
plagibclase contiguous and sutured with the host
votash feldspar. In this type, it is not uwnusual to
find one of the blebs optically discontinyous, and
there is no elongation in the direction perpendicular
to the lamellae as in the patch type.

When a plagioclase host contains blebs of potash
feldspar it is termed an antiperthite (Plate 38, fig.
A)., The blebs form irregular patches and are them—
gelves perthitic (Plate 38, fig. B) thus forming a

compounded~-perthite,
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Distribution in Bauchi Rocks,

The stringlets are found mostly in the Fayalite=
@pértz Monzonite and the substringlets in the Quartz-
Diorite. The string, film and rod‘perthite are most
common in the Biotife-Hornblende Granite and the
Biotite Grenite. The vein perthites are asgsociated
with pegmatites and the patch perthite with strained
vorphyroblaests, Poikiloperthite and Antiperthite
occur almost exelusively in the Quartz Diorite but

are rarely observed in the Fayalite-Quartz Monzonite.

Some charaecteristics of perthites:-

On heating perthite of average bulk composition
at about 850° or lower temperature under condition
of high (HZO) pressure, for a few hours the feldspars
become gradually homogenized (Spencer 1967 and 1.938)
possibly passing successgively through cryptoperthite
and "X-ray" perthite stage. On being slowly codled
the feldspars uomix again to give a perthite feldspar.
"Low temperature cryptoperthites having composition
near Ab50 OPSO refused to mix compleltly on heating
near the liquidus (Tuttle and Bowen 1958), Chayes
(1952b) demonstrated the effect of stress on perthite

and concluded that shearing stress favour if it did
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not actually induce unmixing of the Feldspars to
give perthites. The writer's experience with the
cataclagtically deformed rocks of Bauchi supports
Chayes' suggestion, The "augen" frequently develops
mach coarser perthitic structures than the microcline
of the undeformed rocks, but at en advance stage of
cataclastic deformation the effect appear negative.

Alling (1932 and 1938) has variously ewmphasized
the effect of inclusions on the perthite blebs.

In the Bauchli rocks, the perthite blebs may
become definitely more abundant around a plagioclase
inclusion or any other inclusion in the potash
feldspar, but they may also avoid marging of such
inclusions creating a barren halo round them, and
most frequently they ignore inclusions completely.
Pefthites of relatively high temperature rocks tend
to be very fine with sub-stringlet perthites and
cryptoperthites, while perthites associated with low
temperature rocks such as simple pegmatites are the
coarser, less regular vein type of perthites, However,
rocks originally crystallized at high temperature and
slowly cooled in the presence of water vapour may
develope coarser types of perthite blebs than those

in the string type. (Bowen and Tuttle, 1988).
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Anderson (1928) recognised this temperature control
of perthite and his textural classification used
above represents dohdition of decreasing temperature.
The distribution of the various types in Bauchi

rocks may thus indicate successively lower temperature
condition from the Quartz-Diorite to the Biotite

CGranite.

The Origin of Perthite.

Four main theories have been proposed to explain
the origin of perthites in rocks: exsolutions,
simultaneous crystallization, replacement and
solution filling.

The exsolution theory has appealed to memny
petrologists as an explanation of perthite and today
it is probably the’most accepted and the most
substantiated, The principle of exsolution has been
the subject of various types of phase diagrams.
Those of Bowen and Tuttle (1958) and Laves (1952)
(fig, 11) are the most recent. According to these
diagrams,when first crystallized, potash feldspar
carries in solution an amount of soda feldsbar which
it eould hold at that temperature, and with cooling,

it continuously adjusts the amount it holds in
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solution to the falling temperature by exsolution
and thus perthite is formed, All the characteristics
of Bauchi perthites discussed earlier can be‘explained
by this theory and it is also justified by the
congideration of the mutual solubility of Na Al 81508
and X Al 81508' Most of the perthites in the Bauchi
rocks, other than some’vein and pateh types were most
likely formed on this principle. Warren (1915) made
a quantitative study of feldsper, and concluddd that
those perthitic feldspars with more than 28% albitic
plagioclase, which éould not have been formed by
unmixing of a previously homogeneous feldspar, are
formed by "original intergrowth". Though he appeared
to have changed his opinion later (1945), Svencer
(1938) suggested the term cotectic-perthites for
vein perthites and claimed that they were formed by
simulteneous crystallization, Simultaneous
crystallization, limited to perthites in low
temperature rocks like pegmatite, seems a valid
conception. That the albite component of most
perthitic pegmatite is far in excess of what they
could previously have held in solution, make this
mechanism prohable. The Bauchl pegmatites appear

to have been emplaced either‘by direct crystalliza-

tion from very low temperature solution or by
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replacement process. In either cage, relatively low
temperature high pressure condition must have
prevailed over a long period. Under such condition,
intergrowth by simultanecous crystallization appears
a reasonale explanation, Attempt to attain
equilibrium must have caused the feldspar to -
rearrange themselves by diffusion into a form which
imposes the least strain on the lattice thus giving
the usual vein perthite form., Here there is no limit
to the proportion of soda to potash feldspar snd
the emphasis is on the feldspar being ordered to
equlibrium

A replacement has been claimed by many petrolo-
gists for certain perthite (Schaller 1926, Anderson
1937), In the Bauchi rocks the patch perthite,
poikilo-perthite and antiperthite could have been
formed by pseudomorphic replacement processes, but
the augen gneigses in Bauchi district demonstrated
that some pateh perthite might be formed by exsolution
under the influence of stress.

Anderson (1928) suggested that certain perthites
are formed by recrystalligzation in contraction cracks.
This is considered an unlikely origin of perthite in

general, It is, at least, not supported by the
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characters of perthites in Bauchi rocks. One would
wonder why such cracks are not sometimes,filled by

other minerals, say quartz.

Perthitic Porphyroblasts,

It appears that the large microcline crystals
formed under metamorphic condition by replacement in
go0lid rocks could be perthitic. The solubility of
Na Al 81,0, in K Al 8igz0

578 8
and the diffusion of Na and X is equally dependent on

is a function of temperature

temperature. As shown in the equations by Endelman
{Bquations I-II) considerable amounts of soda and
lime are released as a result of potash metasomatism
during the formation of the porphyroblast, and some
of this soda and lime will diffuse through the
porphyroblasts and, depending upon the temperature,
an amount may be held in golution. On cooling the
attempt by the crystal to maintain equilibrium
according to the principles explained by Laves (1952)
will regult in unmixing and consequent formation of
perthite, Such perthite would hardly be distinguishe
able from that formed by phenocrysts crystallized
directly from magma. Howeffer where the thermal

condition hss not been maintained over a sufficient
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period of time the diffusion may not be thorough and
the soda and lime content of the potash feldspar would
be uneven, higher in the immediate areawhere a plagio-
clsse has been replaced and low where, say, quartig

has been replaced. Such, on cooling, would unmix to
glve unevenly distributed perthite blebs these being
clustered in arecas of high soda-lime content and
sparse in areas of low soda-lime content. Though one
would hesitate to say that such uneven distribution

of belbs could not occur in perthites of magmatic

origin, it is considered rather unlikely,

Origin of the Perthite in Bauchi Rocks.

Of the wvarious origins proposed for perthites
the most acceptable and the best substantiated in
Bauchi are those which are based on the principle of
"unmixing" {(exsolution). Unmixing as a phenomenon is
" the attempt of soda-potash feldspar to attain
equilibrium on the line explained by Laves (1952)
(ordering of Al and S8i, and the unmixing of X and Na, )
This follows from the difference in the atomic sizes
| of ¥ and Na which renderg them only limitedly mutually
soluble at the low temperatures. Perthites formed on

this principle should be regarded as true perthite.
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These, even when irregular as in the vein type or
Anderson's streak type, have an overall uniformity of
pattern an orientation characteristic of it such
being dictated by the rate and length over which
exsolition has taken place, the presence or absence
of water wvapour, the bulk composition and structure
of the hosf@eldspar and to a less degree by the
magnitude of ghearing stress; manf of these variables
are interdependent.

In deep seated Pre~Canmbrian rocks, such as the
Bauchibgranites, which are of uncertain petrological
history, distincfion could hardly be made on the basis
of the type of perthite, betweeh a rock of direct
magmatic origin and one which hag been formed by
metasomatism and granitization. As shown above a
porphyroblast may develope perthitic blebs quite
similar to those of phenocrysts crystallized from a
magma, since the principle is the same. Where the
perthite blebs have a tendency to be irregularly
clustered and are of non-uniform proportions from
grain to grain, one may begin to suspect, with
regservations, that the rock was of replacement
origin. Applied to Bhe Bauchi rocks, the Quartz-

Diorite would appear to have had relatively a higher



temperature origin., The Fayalite-Quartz ionzonite
and the Biotite-Horablende Granite with stringlet
and string type of perithites which are irregularly
clugtered and distributed, the potash feldspaprs werée
probably formed by rveplacement at Talrly high
temperature, while those of the Biotite Granite,
with eoarser but irrvegularly distributed blebs, have
possibly been Fformed by replacement under the
conditiong of prolonged dynamo-thermal metamorphisn,
such ag must have favoured the development of the

pegmatite dykes with bold vein-perthitic hlebs,

The Pseudocataclastic Structure,

The term pseudocataclastiec structure was proposed

by Anderson (1939) to describe a sugary to fine mosaic

aggregate of minerals surrounding the large crystals
of feldgpars and forming a texture which is similar
to that of cataclastically deformed rocks.

A gimilar texture has been observed in some
sections of the Bauchi rocks. (Plate 39 fig., A) That
they may not be related to true cataclastic structure
is shown by the foliowing characters of the texture:;
They follow the outline of the larger minerals which

frequently are sharply angulsr, unlike the rounded
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augen in cataclastic rocks with the granulated
material sweeping round them., Their mineral
aggregate 1g guite different from what would be
expected if they were ground off from the larger
crystals in their immediate vicinity and the guartz
grainsg are not as elongated as would be expected

from a cataclastic vock,

In the Béuchi’rocks the mineral principally

forming this structure are guartz and plagioclase

in a fine gfanular agegregates with the latter the
more abundant. Some small amount of microcline may
be present. Freguently, the minerals form a very
fine sugary-textured mass in which the individual-
minerals cannot be identified, but which soon grade
into a mosaic of larger grains, The plagioclase is
oligoclase, The qguartz occurs as small grains, vermsa
icﬁles and blebs corroding the feldspars, and masking
the granular texture. Microcline ig rather variable
and is frequently absent in the aggregate. Vhere the
structure adjoins a microcline it may be festooned by

a chain of myrmekite.
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The Distribution and Origin of the Pseudocataclastic Structure.

The pseudocataclastic structure ié most abundant in
the Biotite Hornblende Granite, least common in the
Fayalite=-Quartz Monzonite and not found in the Quartzge
Diorite,

Anderson (1987) attributed this structure to late
stage solution effects in which secondary material was
introduced along the boundary of the larger mineralsg
which were corroded as the vein-like mass widened. This
is not the case in the Bauchi rocks. The fringe of
myrmekite, along éome of the veins, as concluded from
the study of myrmekité suggest that the microcline was
repdacing the minerals of this structure. Such a late~
stage solution effect is admittedly possible in the
Bauchi rocks.

Where the veinlike aggregate is wider (Plate 39,
fig. A) the similarity to the ground mass of a fine
grained Biotite Granite is striking., It is therefore
probable that the structure is formed by narrow zone
of relic mineral remaining between two advancing
porphyroblasts., In some ingtances (ME 140, plate 39,
fig. B), the pseudocataclastic structure could represent

the relic of what was actuslly a cataclastic ground mass.
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Thus this structure further points to replacement as
the probable origin for the large microcline of the

Biotite~Hornblende Granite.

Zoning in the Plagioclase.

-

Normal goning is commonly observed in the
plagioclase of the Quartz-Diorite, and this tendency
is also noted in those of the amphibolite. The zoning
in the quartz diorite is of an inner core of calcic
andesine with an outer zone of more albitic andesine.
The crystals are anhedral and are usually lobed into
by the surrounding ferromagnesian minerals (Plate 28,
fig. B).

Normal goning is commonly held to be a magmatic
phenomenon, In all cases it is interpreted as
representing uastable condition in the magma chamber,
(e.g. Phemister, 1934),

Dunham (1958) mentioned a case of zoned andesine-
oligoclase feldspar in amphibolite from Sierra Leone,
"which could not, because of the textural relations,

_ be other than of metamorphid origin' (p.8.) Through
the kindness of Professor XK. C. Duhham the writer has
been able to compare the goning in the plagioclase

of these Sierra Leone amphibolites with those of the
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Quartz-Diorite and the amphibolite from Bauchi. They
all have a characteristic vagueness of definition. The
zoned feldspar of the Quartz-Diorite show better
defined cores which are very irregular and they may
have more than one core in a crystal. (Fig. 12)

These characteristics of the zoning in the plagioclase
of the guartzdiorite are difficult to explain by any
theory based on instability or changed conditions in
a crystallizing magma but may be explained either by

magmatic resorption effect, or else by metamorphism,

Origin of Zoning in the Feldspar of Bauchi Rocks.

Plagioclase zoning comnonly accepted as a magmatic
phenomenon is not necegsarily such. As proved in the
plagioclase of the amphibolite from Sierra Leone,
gzoning can be induced in plagioclase by metamorphism
under conditions of amphibolite facies. Magmsatic
zoning is more sharply defined, frequently oscillétory
and are in outline subhedral to euhedral. Those less
sharply defined gzoning, especially with irregular or
disjointed éores, are probably not of magmaltic origin.
The zoning in the plagioclase of the amphibolite might
have originated by exchange of lime for soda, the

plagioclase losing the lime to the growing hornblende



by ionic diffusion in solid or vapour phase. The
zoned plagioclase of the Quartz-Diorite with the
disjointed and irregular cores could be due to
regorption or otherwise to loss of lime to the

pyroxenes and hornblende hy metasomatosis.

Checkerboard Structure.

The (?) calcsilicate rock specimen (ME 137) from
near the air strip, which may be called a pyroxenefynnuut@
graenite containg abundant plagioclase with a peculiar
checkerboard structure (Plate 40, fig, A). This
structure is formed by rectangluar to cubic blebs of
a mineral of much lower refractive indices than the
host plagioclage. The bleb mineral is believed to Dbe
a plagioclase feldspar because the twinning, in some
cases, appear to be continuous across it and of
oligoclase compostion from its parallel extinction.

This checkerboard structure is believed to
originate by exsolution of albite from the host
feldspar, resulting from the necessity for the latter
to adjust its composition to high temperature and

pressure condition of metamorphism.



- 79 .

CHAPTER TV, EVIDENCE FOR THE GENESIS OF BAUCHT ROCKS.

Bain (1926) who was the only person who had
previougly studied the rocks of Bauchi in great detail
concluded, that the Bauchi "granites" were intruded
bodies. He suggested three periods of intrusion, as
shown in Table 2. He claimed that a long period of
quigence prevailed before the last intrusive phase,
so that the Bauchi Granite series and the fine‘grained
Biotvite Granite series formed two major intrusive
cycles. He claimed further that the Bauchi Granites
differentiated in place into two types, Pyroxene
Syenite and Hornblende Biotite Granite corresponding
to the Fayalite-Quartz Mongonite and the Biotite-
Hornblende Granite of this account.

Bain did not mention any evidence in support of
this view, but thoge features could have led him to
conclude that the Bauchi "granites" are intrusive and
differentiated in place can be readily appreciated in

these rocks.

Evidence for Magmatic Origin of the PBauchi Granites,

The rocks of the Bauchi Batholith, the later
intrusion, are Quartz-Diorite, Fayalite-Quartz and

Biotite-Hornblende Granite. They form a gradational
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series and could have been formed in place by
differentiation from a common megma. IFrom the
composition of the three principal menbers of this
series, a diagramatic representation of the course
of differentiation has been constructed (Fig.l&) In
the plagioclase, there is a progressive increase of
Ab ratio, and in the pyroxenes there appears to be a
progressive increase in theFe/Mg ratio as would be
expected of a differentiated body. Such variation
in soda and iron is however not necegsarily due to
differentiation as will Dbe shoﬁn subsequently.

The Quartz-Diorite member of the series
frequently shows normay@oning in the plagioclase,

As ghown in the preceding chapter, this may be regarded
as a magmatic phenomenon, even though similar
structures may be produced or preserved in metamorphic
rocks as demonstrated by the amphibolite from Sierra
Leone (Dunham and others 1958, p.8) and the amphibo-
lite from Bauchi (ME 206),

According to Buddington (1948) the phenocrysts
of a porphyritic rock crystallized from a magma are
usually well formed. Superficlally the large micro-
cline crystels of the Bauchil Granites are strikingly

well formed, and their arrangements very regular, so
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that as seen over a large area they makebpattenns of
Walybaper regularity, Moreover, the linear
distribution of these large crystals in the Biotite
Granite could suggest the effect of magmatic flow.

The contacts of the Bauchi Batholith series with
fine grained biotite granite, rarely seen, are some-
times sharp though not chilled at the margins, The
absence of chilled margins could be attributed to
the intrusion having taken place at great depth so
that the country rocks were hot when they were
invaded.

The large inclusions of fine-grained dense rock
found in the Bauchi granites (Plate 5, fig. A),
could be xenolithic blocks of biotite granite which
were immersed in the magma during stoping and
subsegpently recrystalligzed.

The Medium-grained Biotite Granite resting
partly on the Quartz-Diorite and partly on the
FayaiitemQuartz Monzonite resenbles a recrystallized
roof pendant, The Fayalite-Quartz Monzonite in its
western margin contains relict granulite which has
been recrystallized and appears hornfelsic,

These and perhapg a few other lines of evidence

could be evoked to suggest that the Bauchi granite
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serieg was a product of differentiation of a magma
in place, If wuch an origin were assumed, certain
features of the wock present considersble difficulties;

these are discussed below.

The Pogsible Nature and Origin of the Magma.

A magma differentiating in place to give the
Bauchi Batholith series would not be very bhasic
and at least legs basic than the Quartz Diorite,

the most basic member of the series, except 1T there

_are more basic members of the serieg still unrevealed.

It Would also have to be somewhat less acidice than
the Biotite-~Hornblende Granite, the most acid member.
The Fayalite-Quartz Monzonite and the Biotite-IHorn-
blende Granite which made up about 98% of the rocks
in the series are compoged on the avefage of |
microcline perthite 5l%, plagioclase 25%, and quartsz
16%, the remaining 8% being fayalite, hbrnblende,
biotite, apatite and’ore. The magma of the present
Bauchi rocks would therefore have had to have been
very rich in the congtituents of microcline, inter-
mediate plagioclase and guartz at the beginning of
differentiation, even if it were originally more

basic, and would probably be chemically about the



compogition -of the Fayalite-~Hornblende Granite (table
9).

The presence of fayalite suggests that the magma
was dry. From the absence of chilled margins, when
the contact is a sharp line, it can be inferred that
the surrounding rock mugt have been nearly as hot as
the invading magma. By the absence of evidence of
rartial fusgion of this wall rock this temperature
could not have exceeded 10250.

The viscosity of a silicate magma at a given
temperature can be estimated from the wiscosity
which is characteristic of its components (ngt.1925).

which ¥
The magmaLwould give Bauchi granites s8s shown earlier

is very largely of K AlSiSOB, Na AlSiBOB’ Ca A12S1208
and 810g components (92%); with the exception of

Ca A128i208 vhich is of’medium viscosity, these
components are extremely viscous even when heated

some hundred degrees above their melting temperature,
(Vogt, 1923, Bowen and Tuttle 1958 p. 77). Since the
magma would be dry as shown earlier it would be more
viscous than average granite magma. Granitic meltls
are extremely wviscousg &ven when heated as much as 3009
above the temperature of crystallization (Vogt. 1925);

According to the same author the effect of pressure



- 84 ~

would have been to inerease this viscosity.

In conclusion, one must assume that the Bauechi
Magma if there were one would most likely be potash-
rich, of a temperature not above 1025°, poor in
volatiles, especially water and extremely viscous.
Yuech dry granitic magma would hardly be fluid (that
is it should be crystallized) at the probable
temperature and it is therefore doubtful if it could
exist, If it could, it would be unlikely to
crgstalligze into rocks of guch extreme coarseness as
the Bauchi granites even given a considerable length
of time; for an efficient diffusion of material is
hindered in such dry, viscous material. Hypothetically,
the most that could be expectéd of such magma is
intermediate grain size. (Vogt 1923). The coarseness
could bf course be due to later recrystallization
by metamorphism,

There is the additional diffhculty of generating
such a magma. If it could be derived it Might originate
in the following ways:- Differentistion and fractiona-
tion of a primary basaltic magma according to Bowen's‘
theory, selective fusion of rocks at depth (Anatexis)
according to Eskola and Sederholm, or wholesale fusion

of some previously existing rock or rocks of granite
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composition —ee—= Palingenesis. (Sederholm and Daly).

Considering Bowen's theory of deriving granitic
magma from a primary basalt magms, the argument in its
favour and the serious objectibus to it aré too well
known and thoroughly discussed to be reiterated, It is
gufficient to say that the large extent of Bauchi
"granites" and the totsl absence of basaltic rocks
makes that source doubtful for deriving the magma of
the Bauchi granites. Bowen and Tuttle (1958 p. 124)
suggested the derivation of granitic magma from
andesgiftic liquid derived from partial melting of
basalt. In their own words, the process is as follows:
" e.e.. at depths of 35-40 km. basalt could become
partially liquid and the liquid would have a
compositioﬁ not far from that of andesitic rocks. IT
the unmelted portion then settled out, and the andegitic
liguid, displacedupward, crystaliized in an environ-
ment where an opportunity for settling of crystals
still prevailed, liquids of granitic composition
could result,"

This will not yield more granite, possibly less
than that from fractional crystallization of basalt
magma. It is doubtful whether fractional melting of

basalt will yield a liquid in any way near andesite.
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Rocks are not molecular but wmineral aggregates. Most
of the soda, potash and, egpecially, silica in basalt
are locked up in minerals which wiil not release them
until completely melted. Gorasson's experiment (1932)
suggests that partial melting of rocks does nof mean
fractional melting.

The minerals of granites have the lowest melting
or crystallization temperature of all ignheous rocks
(Vogt 1923),as also can be deduced from their eutectic
position., Thus granite magma of the composition of
the avergge of the Bauchl Granite series can
conceivably be generated by partial fusion of the
low melting materials of granitic rocks and the
squeezing out of these melted materisls during
orogenic movements -~ differential anatexis (Eskola
1932). The various ways in which this couldbe generated
were described by Eskola (19%2a, 1932b, 1933) and Daly
1933, Such a pore magma if dry would be very viscous,
andwould require much higher temperature, the nefessary
amount of water to bring it to reasonable viscosity
and temperature of melting is normally sufficient to
cause complete fusion of granitic rocks. (Goranson 1932)
Thus partial fusion of rocks near granite composition

is unnecessary and partial fusion of diorite is open
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to the same objection as Bowen and Tuttle's Andesitic
magma.,

Daly (1933), Sederholm (1933), Kennedy and
Anderson (1956) have shown the various ways in which
granitic magma could be derived by wholesale fusion
of part of the granitic layer during orogeniec
mountain building. According to Daly's hypotheses
(1983), during mountain building the Sial is downwarped
and founders into the substratum with consequent
rising of vitreous basalt, the mountain roolt being
thus invaded by basaltic magma, "The deeply sunken
blocks, and slabs of sialiec rocks" are melted after a
congiderable time. This he termed "abyssal palingenesis!
Some of this abyssal palingenesis magma 1s taken into
solution by the hot basalt but most rises to the
bottom of the mountain where, if it is more basiec
than granitic compogition, there may be differentiation.
it is known from Geovhysical evidences that the Sima
ig not a ligquid and the foundering of the Sial is
improbable., Xennedy and Anderson (1956) with much
petrological and geophysical evidence in support of
this principle emphasized that such primary fusion of
the granitic layer could only take plafe in orogenic

areasg. There is hardly any doublt that granite magma
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could be formed from such abyssal palingenesis, but
modern experimental work (Bowen and Tuttle, 1958, Ryfe
and other, 1958) indicates that water and fluxing
volatiles are neededy. and we have no evidence of these
in Bauchi rocks other than a little tourmaline, and

the dry nature of the Bauchi rock has been demonstrated,

The Differentiation of the Bauchl Magma.

The differentiation of a granitic magma to give
rocks of such contrasting composgition and texture as
tthuartz~Diorite, the Payalite~Quartz Monzonite and
the Biotite Hornblende Granite is another problem. If
the magma were, as summed up earlier, viscous, not of
exceptionally high temperature and of low water
content, its ability to differentiate into such
rocks is doubtful.

If it could differentiate, the course of

differentiation would be as shown diagramatically

- (Fig. 13). The abrupt change from crystallization

of Ferrohypersthene and Ferroaugite to Fayalite and
Perrohedenbergite is not quite uwnderstandable, but
is accepted as probable. The main difficulty is the
mechanism of effecting such differentiation,

Daly (1933) treated exhaustively all the important
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mechanisms by which a magma could differentiate.,  These
are, fTractional crystallization; regorption, liquid
imnicibility, diffusion of molecules and ions, pure
melting and differentiation. It is not intended to
discugs these various mechanisms elaborately but only
in so far as they are ﬁelated to Bauchi rocks.

Bowen 's work has established fractional
crystallization as oﬁé'of thevmost accepted mechanisms
by which a magma can differentiate, Hés wel known
recactlion series suwmnarised this theory of differentiation.
Since the magma had presumably differentiated in place
gseperation had to be by either gravity or ccnvecltion
currents, It ig doubtful if the densities and the
crystallization tempergtures of the different minerals
involved are sufficiently different to allow these to be
effective in a viscous magina.

According to Daly (1933), as crystallization
beging along the walls the esrly crystals will sink
and, if the temperature is suitable, they would be
regorbed as they pass through the par®d of the Magma
with higher temperature. Thus there would be three
different 1iquids of contrasted dengities: "magma yet
unaffected by crystallization, magnma modifiéd by

re-golutbtion of crystals sunken into it and magma



e 90 -

regidual from partial crystallization"., IHe suggested
that the effect of gravity would prevall over their
migeibility and they would he arranged accovding to
dengities and would be crystallized before diffusion
can effect wniformity., This Daly called differentiation
by resorption,

Since the early crystallized nminerals are those
of higher densities and basicity, then the initial
magma modified by re-golution of sunken crystals must
be more basic and denser than the magma yet unaffected
by crystalligation and since the former lies above
the latter, il must displace the latier gravitatively.
Such displacement ig doubtful in two very miscible
liguidsg slowly brought together,

It seems more probable that the continued
re-gsolution of early minerals in the deeper part of a

magma will cause a gradual lowering of tenperature

~

T
Je

in that part and as soon ag the crystallization
temperature of these carly minerals is again reached
they will be reprecipitated to continue their Journey
towards the bottom of the magme chanber. This will in
no practical way be differvent from gravitative

seperation in a fracltional crystallization, Thus



ig an unnecesgsary recasting of Bowen's "fractional
crystallization" theory, which has been discussed in
the preceding paragraphs. It is not considered a
probable mechanism.

Bowen (1928) has considered the role of liguid
lmmiscibility and advanced powerful arguments against
it The mechanism as a means of magmatbic
differentiation is now taken to be a "Speculabion!
with very "liﬁtle direct sanction" (Daly 1933), In
relation to the magma of the Bauchi Batholith it can
completely be ruled out since at the temperatures
demonstrated for these rocks, the different menbers
s0 close in composition would be completely miscible,

Diffusion of molecules and ions can take place
under the influence of gravity, @ chemical gradient
and a temperature gradient according to the Soret
principle. Bowen (1981) has shown conclusively that
such diffusion can be of no practical value in the
differentiation of an individual magma. WMolecular
diffusion as a means of producing rocks of contrasting
conmposgition is considered reasonable, but such
differentiation probably falls more within metasomatic
field than that of magmatism.

In conclusion, it does not seem proabable that



the vocks of the Bauchi Batholith could have attained
their varying compositions by magmatic differentiation.
If the rocks had any magmatic past, they could
possibly have been produced by composite magmsa.

This is highly hypothetical, but certain features of
the rocks favour it; the rapldity of gradation, the
contrasting colour of the Biotite-Hornblende CGranite
and the Fayalite-Quartz Monzonite and the occasional
independent occurrences of Quartz-Diorite and Biotite-
Hornblende Granite in the field. The essential
problem in this is in accounting for the source or
sourceg of the different magmas and the mechanism of

their emplacement.

. The Space Problen.

The large dimensiong of the Bauchi Batholith
have been described earlier. As an intruded mass,
the space problem for a magme of guch huge dimensions
is formidable; - magmatic stoping (Daly 1933) notwith-
standing. This problem disappears only if the magma

is considered palingenetic.

Some Petrolgraphic Features againgt a Magmatic Origin.

e

Most of the plagioclase gshowed strain effects



characterised by bending of the lamellae and
corresponding wavy extinction., BSueh strain effects
are not exhibited by the microcline and some grains
of plagioclase. Pregsumably the rock was solid enough
to be deformed before the introduction of some later
generaion of plagioclase and all of the microcline,
This could however be explained as due to deformation
of early crystals in a partly crystalline magna,
This is unlikely from the ocecurrence of the microcline
as phenocryst-like crystals., So far we have
congidered the rocks of Bauchi Batholith, the
migmatitic rocks can now be examined. Bain (1926)
showed that the boundary between the Fine-CGrained
‘Biotite Granite (Fine~Grained Feldspathic Older
Granite - DBain 1926), and the Biotite Gneisses
(Biotite Granite and CGneisses «~ Bain 1926) is
gradational or inderterminable, snd yet he recogniged
three distinet intrusions within them. The same
gradation is Tound by Falconer (1911) and by the
present writer. The contrasting aspect of the two
rocks is the presence in one of numerous medium gized merochng
crystals and thelr absence in the other, features that
can hardly be attributed to magmatic dilfferentiation.

In conclusion, if the Bauchi rocks are of magmatic
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origin, then the rocks, as far as they are known, do

not bear anyhnequivooal evidence of this.

Some HEvidence of a Metsgsomatic Origin.

That a metasomatic transformation can result in
igneous looking rocks of batholithic dimensions has
been shown by the work of many geologists for example,
Termier, Lacroix, Sederholm, Holmes, Read, Eskola and
Reynolds to cite a very few; Most adherents of
magmatic theory conceed that such phenowmena commonly
termed granitization, can take place to a limited
extent around an intrusive mass, Such admission of
small scale granitization also implies 1ts possibility
on a large and intensified scale. MNetamorphic
transformation of roeks into varieties of igneous
éharacter may be accepted ag avalid theory in
petrogenesis and for the Bauchl rocks in particular it
is & probability.

The geological map of Bauchi, (Map B) shows that
the Fayalite-Quartz Monzonite forms the core in a
plutonic series arranged in an sureole. Such a
petrological pattern‘is typical of granitization as
demonstrated in the several w:itings of Read, Reynolds,

Backlund snd other authors. The writer thinks it
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probable that a granitic rock mass surrounded by a
zone of migmatization has been made 1n place as
suggested by‘Read (1940) more especially if the
contrary cannot be demongtrated. This spatial
relationsghip is, at least a corroborative evidence of
metamorphic origin.

The contact of the Bauchi Batholith is rather
indefinite, It is rarely seen, but where exposed it
is characterised by development of irregular migmatites.
In few localities it is sharp but without a chilled
margin. In some places there is complete gradation
from one type to the other. Such apparently intrusive
contact features are better explained by localised
mobilization, The Biotite~Hornblende Granite of the
Bauchi Batholith has a lineation structure ( from the
linear arrangement of its large microcline feldmpars),
which is invariably concordant with that in the Biotite
Granite. (lap B) Some specimens (ME 101, ME 208)
showed that this lineation is present in the Fayalite-
Quartz lonzonite aﬁd the Quartz-Diorite as well. The
conclusion seemg Justifiable that this lineation
structure might be inherited from gome previous rock,

The study of myrmekite, perthite and pseudo~

cataclastic structure in the rocks of Bauchli suggested
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the probability that the microcline of the rocks is
of metasomatic replacement origin (Chaper 111).

The microcline crystals look somewhat euhedral
and uniformly distributed when viewed C““Udlly in
ordinary handspecimen or over a wide areca in the field,
but a stained specimen (Plates 19 and 21) showed that
these are crystalloblastic and irregularly distributed.
Such textures have been described by King (1943) and
Reynold (1943, 1946) and, according to King (1943),
by Spurr and Garney (1908) and Anderson (1934) as
evidence of a replacement origin Tor the microcline.

In the angular blocks of the agmatites, large
microcline porphyroblasts in all detalls similar to
thoge of thc Bauehi granites are often developed and
obviously formed in the golid gtate, A Gvkcﬂi e body
of cataclastiec rock Just north of Tlruin village,
demonstrates a similar case of microclinization (Plate
41, fig. A): After strong cataclastic deformation

the rock, a fine grained Biotite CGneiss, has deve Lopbd

(&3]

large microcline porphyroblasts glmply twinoed

1

accord] to the Carlsbad law, some of the porphyro-

i—~‘

ng
blasts are about 2 inches by 1 inch and mony are set
right across the deformation & plane (Plate 41, fig.B).

Under the microscope the introduction of the microcline
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after deformation is further confivmed., It 1is thus

-

guite clear that these large microcline crystals are
developed in solid rock, being so strikingly undeformed
and frequently lying across the shear planes., These
porphyroblasts are very similar to tle microcline of
the Bauechi “granites" showing similar myrmekite and
perthitbe structure,

In the Biotite Granite patches are Tfrequently
found where thege large porphyroblasts have been
sufficiently developed so as to look like the Biotite-
Hornblende Granites (Fig., 8) and all gradations ave
to be found. It is significant that at such
localitlies there 1ls often evidence of some previous
deformation (where diffusion, permeation or recrystal-
lization are to be expected to he greatest. It is also
guite evident that in most cases these microcline
porphyroblasts have not participated in the deformation.

Examination undér the microscope showg that in
all the gbove cases the microcline porphyroblasts
are crystalloblastic. Thus all around the rocks of
Bauchi Batholith, are developed, even 1€ only
spar Clj, microcline porphyroblasts exactly similar to

those found in the rocks of the bhatholith and producing

rocks that are hardly distingulshable from the
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batholithic rocks. Similar evidence for replacement
origin for the microcline of batholithic rocks has
been cited by Read (1940) and Perrin (1956).

All over the Pre-~Cambrian of Nigeria, Older
Granite rocks with large microcline porphyroblasts
are described by Falconer (1911, 1921), King and
deSwardt (1949), deSwardt (1953), Mackay et al (1949)
and others. Their descriptions could be usged word for
word for the rocks of the Bauchi batholith. The
writer has seen the rocks of the Ilesha digtrict
descPibed by deSwardt (1933) and some granites near
Tlorin close to those described by King and deBwardt
(1949), these rocks are in no way different from
thoge of the Bauchi Batholith. The granites of Ilesha
and Tlorin are stated by these authors to be formed by
microclinisation.

Some of the microcline granites Trom Sierra
Leone, described by Marmo (1955) and from Uganda by
King (1943) from Portugal by Schemmerhorn (1958)
seem to he in no way different from the roeks of the
Bauchi Batholith. According to Marmo (1956) such
potassic rbcks aré widegpread in the Pre-~Cambrisn of
Finland., Rocks characterised by extreme coarseness

due to large porphyroblasts of microcline perthite
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are probably very widespread in the Afrvican Pre-
Cambrian, and everywhere it is evident from the work

of wvarious authors that the evidence points to
metamorphic transformation in place which is essentially
a microclinization process,

Turning to the migmatitic serieg, the Biotite
CGranite as described earlier is extremely irregular
in character, with great variation in colour, mineral
content and texture, even within a few yards., The
common occurrence of ghost relics of schist and
schlieven, (represented by biotitic patches) puts
thege gneissose granites within the nebulitic granite
of Sederholm. (1926) and explains the irregularity of
the character of this rock. This explains the wmystery
of the absence in the Bauchl district of schist and
guartzite which according to Falconer (1911), are
abundant in the surrounding provinces,

It could be argued that such variation could be
attributed to varying degree of agsimilation by the
granitic magma (Bain 1926), but assimilation of so
much schist and granulite by a granitic magina
presents a serious energy problem, except if the
magma be derived in situ by palingenesis.

1

Generally all the "granitesg" of Bauchi district
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show great variation and irregularity in the
distribution and development of the microcline
Ccrystals which can be noticed even in hand specimen
and which is believed to be congistent only with a
metagomatic process.

If a metamorphic origin by transformation in
place is assumed many of the problems facing a
magmatic origin could be solved. The space problem
is reduced to accounting for the loss of only some
ions ( i.e. Fe, Mg.), the texture of the rock
becomes easier to explain by microclinigation, and
the problem of generating such magma is reduced to
finding the source of the microlinising '"ichor"
(Sederholm 1926).

Much of the evidence cited in support of a
metasomatic origin is not entirely unequivocal,
Just as many lines of evidence pointing to magmatic
origin can bhe equally explained undef certain
circumstances by metamorphism, go could many of
these lines of evidence pointing to metasomatic
origin be explained by magmatism under certain
conditionsg.

The general plutonic setting together with

other field and petrographic evidence discussed above
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leads the writer to conclude that metasomatism hag
‘played a large part in the evolution of the Bauchi
rocks,

However, the Quartz-Diorite and the Fayalite-
Quartz Mongzonite have some very disturbing features;
the distinguishing colour of their feldspars and
guartz and thelr general pelrography sre strikingly
lgneous, while the microcline porphyroblasts with
continuoug lineation through all the rocksg and the
gradational contacts from the Quartz-Diorite through
to the Biotite Gneiss suggest some common hisgtory,
This coﬁld probably be due to all the rocks having
netagomatic origin, with these two rocks modified by
sofiec near igneoug conditiong not shared by the other
rocks.

The important problems Tacing a hypothesis of
metamorphic origin for Bauchi rocks are; the source
of the materials for microclinization, the mechanism
by which transformation is effected, the source of
energy required to drive the necessary reactlon and
the disposal of surplus material., It will be shown
in the next chapter that these problems can be

adequately met.
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CHAPTER V. THE GENESTIS OF THE BAUCHT ROCKS.

The Archaean Metasediments.

The schists and guartzites which are abundant in
the provinces around the Bauchi district were
attributed to dynamic metamorphism of an ancient
sedimentary series by Palconer (1911). They are
repregented in the Bauchi district by granulitic
relic roéks which occurs as small patches throughout
themigmatites. Bain (1926) believed these granulites
1o be product of dynamic, and to a less extent thermal
metamorphism.

The calcgilicate rocks are probably not all
derived from limestone but Lfrom gome basic dykes,

Many of them contain enough diopside and garnet to be
called calegilicate rocks, but in some plagioclase
feldspar is abundant, garnet is absent and the genersl
texture 1s granulitic; then, the rocks may be descfibed

as elaeic pyroxéne granulite (M 237).

Migmatization in the Bauchi District.

The infrequent occurrence of the schists and
guartzites around Bauchi, referred to by Falconer

(1911) is the direct results of intense migmatization



producing biotite gneisses, lit-par-lit gneiss,
agmatite gnelss, and mixed gneisses and pegmatite
dykes and ultimetely granites,

The term migmatite was first proposed by
Sederholm (1207) and according to him (1928) they
are hybrid rocks originated by mixture of older rocks
and a latler erupted granitic magna and he hag
emphasized the intrusive charaéter of the later rock
and designated them "arterite'. Holuguist (Bskola
1932) on the other hand regarded this later rock as
of metamorphic segregation, exuded from the surround-
ing voek, designating them "venites. ™ A aon-genetic
term for this injected or segregated portion of a
migmatite is "phlebite" (Barth 1951 p. 364) and the
older purujoﬂ off the rock may be called paleosome
(Barth 1951 p. 365).

The phlebites in the Bauchi Higmatites could
not have been injected foreign granite magma., They
congtitute gbout half of the areaof the migmalite
and the injection of go nmuch grenitic meaterial as
thin leaves poses a more sgerioug space problem than

Lee since

i...

that of granitic mass of cowparable gl
gtoping cannot be involved., Quite often a narrow

phlebite only ebout one centimetre broad could be
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traced over geveral hundreds of centimetre. In
agreement with the Observation of Currier (1947) and
other authors there ig no discernible sgueezing aslde
of the paleogome bands of granulite in the litepar-1lit
gneiss. In the agmatitic gneiss, the biotite gneiss
has been dissected into numerous angular bHlocks as in
the case of the agmatites descrived by Heing-Yuan-ia
(1948) from the Shetlands. The angulap ﬁlocks retain
their regional orientation and are not gharply
demarcated from the phlebites.

The writer therelfore considers injection of
granitic magma as suggested by Sederholin guite
unlikely, On the other hand, it is conglddred
improbable that thesge are gimple cascs of metamorphic
segregation asg propoaed by Holmguist (Bskola 1932),
The segregation of o0 much quartz and microcline
would leave a resgidula rock guite different from the
original granulite. From thin section of the gneilss
in which the phlebites are clogely spaced, one can
discern digtinet alternating bands of granulite and
phlebite and the general lupression is one of a mixed
rock. The granulite bands appear to he impregnated
with microcline andguartz and not gecreting these

minerals, 'The phlebite could only have been



introduced by metasomatic replacement, the granulite
abgsorbing potash and silica as it were from a
golution like a "blotting paper" (Barth 1933), in
exchangé for surplus material from ilts own couponents.

The wvarious migmatitic gnelgses in the Bauchi
district differ Tfrom one another only in the varying
degree of development and arrangement of the phiebites.
In the Lit-par~lit CGneiss, the phlebilles and the bands
of granulite alternating with it are relatively broad
whereas in the Biotite Gneiles there ig intimate and
closely spaced inter-leaving of the granulite with
the phlebites. In much of the Biotite Gneigs, there
are only a faint trail of biotite flakes remaining
from the original granulite bands,

The Agmatitic Guneiss on the other hand is of
blocks of Biotite Gneiss, in which the phlebites are
lrregularly introduced ag veins, velnlets and sporadic
microcline porphyroblasts. The Blotite Gneiss
digsected by dykes which are relatively wide and
frequently are pegmatitic. In the Biotite Gnéiss,
some of the phlebites are seen to have branched offl
from these large dykes, which may be called
netatectite (Barth 1951, p. 365), and are therefore

genetically related. In the MMixed CGneilsses and
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pegmatites, the metatectiltes are arranged parallel to
each other and concordant with the guneisses. The
metatectites in the abvove two cases congist of granitéc
and pegmatitic dykes and may be regarded as broad

phlebites, Their genesis are discussed later.

Granitization.

"Granitization is broadly defined as a process by
which rock formations have been changed into rocks. of
granitic composition and texture without passing
through a magmatic stage', (Currier 1947). It almost
always involves the introduction of XK-Al-S5i and removal
of Ca-Fe-ig (Eskola 1948), at least at the early
stage. MacGregor (1938) claimed that the ultimate
product of granitization is quartz diocrite.

Granitigation in the DBauchi distriét fits more
te the broad definition but it is generally a process
of microclinization, The granites were forwmed from
the gneliss dominantly in this way., The Biotite
Granite which cannot be demarcated from the Biotite
Cneiss is distinguished only by nuwnerous small
porphyroblasts. Though they tend to grow "with their
two, longer axes within the S plane' (Harry 1951),

the genersal tendency is to subdue the foliatlon, by



decrease of blotite, making the rock more granitic
looking. The microcline first appears as a number of
small intergranular grains that are optically continuous
(Plate 42 fig, A) and as these grow towards one another
and coalesce they form bigger porphyroblastic grains
with inclusions of other minerals (Plate 42 fig. B).

As the microclinization is intensified, presumably

P

directed by the differential distributions of free
energy (Perrin 1956), still larger plafes of miecro-
cline up to dems long are formed., Blotite appears to
be partially altered to hornblende, contributing
potassium to the growing crystals., The resulting

rock lg the Biotite-Iornblende Granite. Increasing
amount of pore fluid could Pave contributed to the
levelopment of thege large porphyroblasts. Petrographic
inspections of the plagioclase show that the Blotite-
Hornblende Granite had been glightly sheared previous
to the introduction of microcline. This is in agreement
with the experience of Marmo (1955, 1956) who has
obgerved similar relationships between zones of
shearing and shattering and the large potagh
vorphyroblasts in the syonkinematic granites of Sierra
Leone., Presumably the shearing, apart from

facilitating the movement of material, has raised
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the free energy level thus favouring the crysta1~
ligzation of large microcline porphyroblasts.

The course of granitizatidn of the gneisses
through- the BiotitemGranite towards the Biotite-
Hornblende Granite is reflected in sige and proportion
of microcline and the conseqguent textural changes;
this was also the experience of King and De Swardt

(1949).

The Nature and Origin of Migmatizing and CGranitizing Fluid.

Potash metasomatism by which sedimentary and
metamorphic formations become granitic is known
world wide in the Archaean. (Eskola 1933) It has been
described from various parts of the world, (Querke
1927, King 1943, Marmo 1945, 19565 and Schedmerhorn 1956,
to mention only a few). The abundance of such potash
metagomatism in thé earliest rocks in the deeply
eroded zonesg of the earth 1lg significant, suggesting
that it is essentially a plutonic process.

The source and nature of the emanation responsible
for this potash metasomatism or granitization has
puzzled petrologists for many years, as revealed in
the excellent reviews of literature of granites by Hotmés

(1945): In 1824 Ami Bone attributed veins and



disseminated crystals to heat and gases coming from
the earth's interior. Devile, seventeen years later,
introduces the 1dea of mineralizing agents. French
geologists were amongst the earliest to be convinced
of the process of feldsgpathisation and granitization.
Following other geologists before him Virlet d'Aoust
expressed the 1ldea that igneous materials have soaked
into sedimentary and metamorphic rocks and so altered
them to granites; and he designated the process
"imbitition" which he later spoke of as
"oranitification'.

Michel Levy and Lacroix towards the end of the
19th century proposed a granite magme as the agent
effecting granitization designating it "Corteges
d'emanations" (Currier 1947). This was later termed
"Colonnegs Fitrantes" by Fernmier (Holmes 1945) who
explained that these highly eﬁergized emanations only
became granite after combining with the existing
rocks, and that they originated from the depth.

From these emerge the present-day ideas on the
problem, among the leading views are thoge of Sederholum,
Egkola, Backlund ands Reynolds.

Both Sedernolm and Eskola, appear to favour a
magmatic gource for the granitizing material, Sederholm

D

(1926)
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(1926) proposed the term "Ichor'" to denote a magma
diluted with water and containing other mineralizers
percolating through older rocks like an oil gpot and
digsolving some of their minerals and replacing thém
with others. The ichor is derived by melting or
refusion of the lower part of granitic crust, a process
which he termed anatexis (Sederholm 1928 and 1933),
Bskola's ideas are sllied to those of Sederholm. He
congidered granitizetion and migmatization to be due
to granitic magma produced by squeezing out the lowegt
melting“méﬁérials of gilicate rocks during orogenesis
(Bskola 19%2 a, b and ¢, 1933)., The granite magma
permeates bthe rocks impregnating them with granite
minerals and ag a rule rising upwards.

In regpect of the rocks of the Bauchi district
such-granitic magme may be regarded ag being
essentially a solution of alkali feldspar and guartz.
Ag this solution rises upwards permeating the granulite

with its granitic materials, as suggested by Lskola,

Lts
h
o~

t would have to receive the surplus fewmic material,
as Sederholm also realised (8ederholm 1926). As the
solution "as a rule " (Bskola 1933) continue to rise
upward it will have eventually to dispose of the

pagic materisl with which it ig becoming saturated
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into the over~lying rocks, There is no evidence for

thige Such a solution could hardly e ordinary

granitic magma, for it should, presumably,possess

superheat and be highly attenua

ted to be capable of

'Y

guch c¢loge ilmpregnation of the granulite; fhether i1

4]

ieient means of digposing of the

fa Wal
Tk

should poggess an ef

basic material 1t has "dissolved" (Sederholm 1926)

»

without iteelf losing its power of continuous

-

h alkal

=t

lwpregnating of the wmetamorphic rocks wil
Teldspar. So simple a granitic magma as degecribed by
Sederholm and Egkola could hardly have been operative
in Bauchi. |
Reynolds, Backlund and Bugge on the other hand
believe that granitizatlon is egsentially a processg of
ionic daiffusion in the solid state. According to
Reynolds 1947, the transformed rocks, in general,
undergo a change "far intimetely woven in the rock
to be atiributed to fluids', and the process of
transgformation are dependent on some Torm of physico-
chemical control in solid state., HEmanations are thus
a "migration of ions within solids by way of structural
faults, deformation, crystal discontinulties and by
means of potential difference of lattice energies"

(Backlund 1946) Ionic diffusion in this way has
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been evoked by Bugge (1945), Marmo (1955), Perrin
(1L986) and several others to ekplain large bodies of
gr&nitic TOCKS,

One of the strongest experimental information in
support of this process ig that published by Adams
{(1950). Two meguesite bricks of different compositbions

fa

were heabed in an oven and. one had softened and bent

e

over to touch the other along a knlfe edge through
wnich diffusion had taken place with the result shown
diagramatically {IMg. 14) by Read (1948). Bven in
thias there is congliderable doubt 1 the Jdiffusion
1ws not been in a fluid phase. (Read 1948) Bxperil-
mental work hag shown that diffugslon in solid state
do take place but it has not been sullicicatly
cncourcging for the application of sueh process to
cxtensive migmatization and granitization {(Walton
1955) sueh as that illustrated
for ag pointed out by meny authors, dry lonic diffusion
ig too painfully slow to effec
mebasomatisi.

On the other hand, dry ionic diffusion as

cmonstrated by Bugge (1945) might have played
inportant part in the wetasomatic reconstitution of

individual minerals; as for example in the



- 118 -

pscudomorphic develovment of horoblende on Dlotite

or pyroxzene, bub the long distance transportation of
meterial or even of exchange of long betweeinn adjacent
minerals geemns more probably to be through a f£luid
medium. In any case, the Tormation of the pegmatitic
and granitic dykes in agmatite, intimately coanected
in genesis with the impregnation of the gurrounding
schiwgts and gnelsses with microcline and guartz as
seen in the Bauchi district ave obviously difficult
to relate to dry ionic diffusion of the element. The
rock poreg must constantly be filled with fluid
whether in gaseous or liguid state, for the fluid
pressure 1s coanstantly not far from the load pressure
(Fyfe and others, 1958p. 18L) ensuring the constant
presence of this pore fluid, Exchange of material
through this pore fluid is more provable,

Falling beltween the various views expressed
above, many petrologlsts in discussions on migme-
tization and granitigation, commonly refer to
emanations, solutions and gases associated_with
hypothetical magmas.

It is doubtful if the procegg of large Soale-
plutonic granitization and miguatization can be

attributed to emanating fluidg originating Ffrom a
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magile. and woviag upwards., It has been observed by
Lacroix as far back ag Lifty years ago that the

23

srenitizing agent only produces granite after combining

with the older rocks; and as comuwonly accepted, the

process involves dominantly the introduction of

[ess

potash'feldspar and silica: In many instances it is
guite evident that only potash has been introduced,
wnile in others a limited amount of Al and Si might
have becn introduced as well., DBroadly conéeived the
.process as stated earlier is one of introduction of

BwAL-~Si and removal of Ca-Fe=lg. If the agent were

(€3]
E—v‘.

simply a fluid emsnation, 1t would itselfl get
progregsively cooler and more altered in composition
towards a basic one, and it can hardly be expected to
effect so deep and extensive sn impregnation of the
older rocks with microcline and guartz as is observed
in the Bauchi district. Bott (1956) has demonstrated
i

Trom geophysical evidence that such an hypotheses

involving upward and sideways disposal of basic

erial is incompatible with the struciture

o>

surplug ma’
of granite bodies. Thus this solution, gases or

emanations like Hskola's granitic megma as a rule
ever moving upward musgt necesserily conflict with

Bott's geophysical evidence.
geopny



Read (1944, 1946, 1948) classified rocks as

(the sedimentary rocks, mostly marine),

Q

Neptun

i

volecanic (the magmatic igneous rocks, dominantly
effusive and bagic) and Plutonic (the metamorphic,
migmatic and granitic rocks) and "saw the granite
problem as one closely tied up with migmatization
and metamorphism ~ as a plutonic problem, "

The evidence furnished by the Bauchi rocks is
more in support of Read's theory of granite genesis.
The gpatial arrangements of the rocks could be best
explained as of a plutonic series. Therefore, the
introduction of potash Ffeldspar and quartz and remowal
of femic components must have been by some plutonic
brocess, Since the transportation of components is
presunably not by dry diffusion, it must be through
the medium of pore fluild irrespective of the physical

ate of this fluid.

[rag

g

]

The writer congiders that the hypothesis of
Korzhingky (1936, p. 58) offers a hopeful solution to
the problems

"Let us conceive the mechanism of metasoma-
tosis as Ffollows: along a network of fissures
through rock flow solutions., But the rock doeg

‘not react with these flowing solutions, it reacts
with an immobile solution permeating the sub-
microscopical pores of the rock and serving sd

an intermediary between the whole rock mass and
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the flowing solutiong., The introduction or

leaching of rock components are affected by

diffusion through this lumobile subcapillary

medium which we shall neme "solution" irrespec-
T

o
of its liquid or gaseous state,
It is necessary to distinguish two cases -

"The diffusion of certain components may
proceed go yapidly that the councentration of
these components in subcapillar solutiong and
in golutions flowing through flssurcs may remain
all the time at the same level, independently of
the course of the reaction between the solution of
and the rock; in such a case the rcaction proceed
ag 1f the rock reacted directly with the flowing
solution. Such components will be called the
Mdeally mobile'. Slowly diffusing components
cannot maintain their concentration in the
stationary golution at the same level as that of
the concentration of the flowing solution. This
concentration will vary depending on the
abgorption or loss of components by the rocks and
the difference between this concentration and
that of local solution saturated by the rock
mineral will be infinitely small. Such component
may be called inert, "

Korzhinsky then went on to make two propositions:

"Proposition 1. Let the mineral aggregates
be in chemical eguilibriuvam with the solution at
arbitrary temperature and ypressure. Then:

1) The maximum oumber of minerals is egual
to the number of inert components (and does not
depend on the number of ideally mobile components)

2) The mineral composition is fully
determined by the guantitative corpelation of
inert components.

Proposition 2, Let the mineral aggregate
remain constantly in chemical equilibrium with
the golution at arbitrary lemperature and

Pressure.
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1) If the existence of geveral mineral
agsocilation with the different content of the
mobile component is possible at a given
correlation of inert component, then with an
unlimited increase (or decrease) of the
concentration of this mobile component in the
solution successive formation of all these
mineral agsociationg without exception will be
observed to occur, these associations renlacing
one another with the increasing (or decreasing%
content of the mobile component in strict order.

2) 'These substitution reactions will occur
at singular concentrations of the solution. At
intermediate concentrations there wmay occur only
enrichment {or impoverishment) with the mobile
component of the minerals of varisble composition.,"
Thus the migration of elements during metamorphism

or metasomatism could be through the mobile solution
and their reaction with older rock minerals to fovm
new mineral may then be through the lmmnobile solution.
At a given tempersture and pressure KPO is relatively
"ideally mobile" and 8iOg and AlpO?3 are relatively
o
"immobile", (Korzhinsky 1936, pg. 60)., During
microclinigation the concentration of K?O in both the
mobile and immobile solutions should be congtantly
maintained and that of $i05 and AlgO8 less so., Thege
last two components, however, arc largely supplied by
the older rocks being replaced, (The chemical
composition of the Bauchi rocks show progressively

lesg ®ilica with advanced granitization while the



alumina ghow Little variation)., In any case their
mohility would also have been influenced by chemical
potential and other physico-chemical law, for as
pointed out by Korzhinsky (1986, p. 60) the greater
the intensity of metasomatism the greater the nunber
of components that are mobile.

Dupring granitization, the resulling rock dépenﬁs
on the replaced rock Tor the bulk of itg inert

L4

compounents, l.e. 510g and AlgOg but not for the mobile

'

component i.e, Kg0. Thus rocks excesgively poor in

one of Si0gp, ALgOs or both {as foy cxample guartzite

.

and limegtone) are relatively resistant to granitization

Yol

(Reynolds 1948, Eskole 1948). Thus the process of

&

granitization 1lg justifiably described as one of

potassgium enrichmentd,

The Source of Potash.

] S

If the process ig viewed, ag the writer belileves
it ghould, as belongling to plutonic wetamorphism, the
source of potash becomes easier to understand., The
mineral assenblage in the amphibolite facies is
characterised by the prev alCﬂCL of amphiboles and
mica that of granulite facles among other minerals

is characterised by perthite potassiuwm Leldspar.
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Potassium bearing winerals are not represented in

the ecleglte facles, and the potassic icn mﬁst

relatively unstable at the greater depth.
Viewed in terms of structural layering of the

1.

carth, Geophysical evidence points to the stratifica-
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tion being according to dengity and
stratified condition of the earth rust have been
attained early in ites history even 1T imperfectly,

If the ideal state had been attained, the distribution
of the principle cations 6f silicate rocks can be
hopthetically represented on a dimgram (fMig. 15).

Thig ideal stratified condition is congtnatly upset
by the extrusion of basic magma from depth which on
weathering is incorporated in sedimentary rocks of
large geogynclines, later to form metamorphic series
more basic than the granites they overlie. This
relatively basic mantle of metamorphic rocks is now
demonstrated by geophysical evidence (Bott, Personal
Commmication). In terms of the diagram (Pig. 15)

the overlying metamorphites may bhe congidered
structurally unstable and the femiec components would
be digplaced downwards by potash when the correct
thermodynamic condition was reached.

The down warping of the crust during orogenic
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movement or during sedimentation in large geosynclines
could initiate upward migration of potash. The
metamorphic aspect of this process can be appreciated
by congideration of the metamorphic facies: with
depression into deeper part of the carth, the
amphibolite passes to granulite fscies and the
granulite towards eclogite with congeguent migration
of potlash.

In the Bauchi rocks in the transition from
granulite to Blotite Granite, wost of the early potash
feldspar is formed et the expense of biotite,

chemically only about a guarter of the potash in

<

the granite came Ffrom outside, (¥ig. 18) and this

appears to have come from the zone of transition to

Lude

diorite., Congequently when viewed broadly, the process
ag possibly operative in Bauchl district 1s one of
reorganization under plutonic metamorphism as long
maintained by Read.

The view expregsed above is sumarised by

Walton (19585): "The Alkalis are less capable of

entering stoble solid phases at depth in the earth's
crust than ferromagnesien elements, and a potential

existe Tor their relative movement upward.
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The Source of the Driving Inergy.

Several sources of heat for drlving the vrocess
ofmetagomatism have been suggested. licst invoked is
the geothermal heat, Bskola (1933) Sederholm (1928)
and many otherg. Sowme authors have suggésted
radioactive heat, among them, Bugge (1945) who
pointed B0 the possibilily of heat emitted by
digintegration of K40 to Ca40 especially in the Pirst
milliard years of the earth's history.

Backlund (1946) suggested that much energy is
not required. According to him: "minor Iinflux of Na
and 8i associated with suitable thermodysnamic
condition geems to be all that ig necegsary to start
a whole chain reaction'., This view is more directly
expressed by Perrin (1956), that granitization
governed by the tendency to lower the level of free -
energy necessarily involves heat emission, therefore
granitization is an exothermic metagomatism.

Radiocactivity as a source of energy in
migmatization and granitization is highly hypothetical.
The spatial arrangement of the Bauchli rocks, at any
rate, does not appear to favour this suggestion. On
the other hand, the view that granitization is

exothermic is doubtful; so much heat would have heen



generated in the Bauchi area that the rock would
eventually have been melted, Conceived as a metamorphie
process, the source of heat energy could be essentially
geothermal. The spatial arrangement of the Bauchi
rocks probably corregponds with increasing temperature

inwards; but such need not necegsarily be due to a

natic effect, for the most dépressed zone should

have likely reached higher temperauture.

The Disvogal of Ca-Fe-lilor in Granitization.

Reynolds (1947a) demonstrated the hypothesis of
the "basic front" by which he showed that the Ca-Fe-lg
released during granitigation was being fixed along
the fronts of granitization. The amount of basic
materials so fixed is, however, comparatively
insignificandt when compared with the vast amounts of
Ca-Fe=ilg released during granitization of some rocks.
As stated earlier, Bott (1956) had shown that such
dideways or upward migration of the basic material is
in conflict with the available geophysiéal evidence,

In the Bauchi areg, the writer has no evidence
which could lead him to believe that there had been
any substantial migration of basic components outwards

at the front of migmatigation though this is not
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disclaimed. Pregumably these components have been
exchangeé for potash; as such it is quite likely that
a little quansity has been fixed in the gurrounding
rock but most have probably migrated down in the mobile
solution to the depth from whigh the potasgh is
originating. In respect of the minerals forming at
such depth, CalO, MgO, FeO and FezO5 are in term of
Korghinsky's hypotheses the mobile components. The
writer is thus in agreement with Perrin (1956) +that
these components '"mogtly have moved down'. This view
is in accord witht the geophysical evidence of Bobt
(1956)., Just as a potential exists For the upward
migration of alkalis from the depth where they are
unstable (Walton 1955), there must be some such
potential Tor the downward migration of the femic
elements even though this has not been ag convincingly

k]

substantiated as that of the upward movement of the

alkali,
The Origin of Pepmatites and Metatectites,

A large nunber of pegmatite dykes are to be Lfound
throvghout the migwatite area., They are particularly
concentrated in the north of the area where they form

nearly half &f the total exoposed rock surface. In
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the agmatitic gneiss, the granitic and pegmatite
metaccllite are also of ag wmuch surlface area as the
gnelss blocks, Despite this, no sgueezing or
crumpling is to be obgerved in the gurrouading rocks.
This ig egpeclally gtriking in the agmatites where the
blocks retain their orientation ag demongtrated by
the continuity of lineation. The conbact is usually
indefinite and il ig gradation into the gneisses which
are themgelves iupregnated with gquartz end microcline.

Liskola (1932) regarded the metatectites as being
1e§kbehind aftep granitic magme. formed by dilfferential
Tusion had been squeezed out along these pagsages during
orogenesis., CGenerally this suilte of granitic and
pegmatite dykes appear to overlie and sgurround the
large granitic bodles, not underlie thein as implied by

Eskola's hypothesis. These dykes are obviously not

T

injected bodies 1f only Tor the great overall volume

-

involved, They most probably have been formed by

peacelul reconstitution or replacement of the gnelsses,

B

Y. ]

Simple wmagmalic soaking, as suggested by Kemp (1924)

will not satisfactorily ezplain the structure of all
pegmatites, As pointed out by Hess (1925) a long
n o ).

o
X

continued Tlow of solubtion must bhe agsoumed and thisg

miet hawve been concentrated along

Ch



The dykes might have been formed by the same
processes of metasomatism ag was dlscusged carlicy
under granitization, sud based on Korzhincky's hypothese
and Hess's long-continued-Flowing solution might be
identical with the mobile solution of Hovzhinsky's
(1936), The concentration of metasomatism along
certgin channels to form uylu bodice may be due Lo
the effect of distribution of mechanical preggure ov
frece energy on the diffuging components. The process
of granitization involving intrgduotion of some K in
place of Ca, Fe and Mg could have resulted in some
volume ineresse contrary to the conclusion of Qurrier
(1947), This volume increase might have caused slight

doming of the overlylng rock, and the distribution

n

of gtre in the overlying rocks could have regulted

2

in the ereation of numerous zoneg of low mechanical

pregssure ’3“0.16) which may not be actual open Tissure.

Towards such gones, dilffugion of components in the
ke

gsolution ghould tend LoLconcethatod to Torm pegmatite
and granite dykes and veins iacluding quartz velins,
By some sueh process s0 mmeh dyke pocks could foru

0o

without in any way disturbigg the sure

s
f
5

nding rociis,

U

633



The Evolution of the Bavehil Rocks (Sunig
Most of Nigerla was probebly once covered hy
sedimentary rocks vwhich were metamorphosed to
guartzites, amphibolite, and calegilicates in the
normal eycele of vegional metamorphlism durving the Pre-
Canibrian times, These sre gtill found over mogt of the
country where not obscured by Creltaceous scedluentary
rock or completely granitized, ag in the Bauchi district.
In the Bauchi digtrict the wetasedimentary rocks
gppear to have been converted gre
irregular

gl
silicate rocks., Irom these

granulites, the evolution of !

beg

he present Bt
the

interstitial developuen
a corregponding

biotit

of mic ne
and in the proportion of
of the

decre

ase

he early components for the wmicro-
cline are taken from the biotite and the dowaward
migration of the basic

~ial must have started very
early. This process, 1f it could be €alled granitize-
nlanes of schistosity and
development lea

o

ad to the develope
s=par-Llit gnelss

tion,

~

was controlled by the

lo

differential rateg of
ment of the

isse. Ag lhe orocess
advanced, bthe interveaing bands of granulite algo
succunbed to granitization and

and only shor
streaks of biotite and few schlieren were lelt
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:'r_’)C'i e thelr Tormer presconce, Thus the Dilobtite
gneliss wag evolved,

From here on, the course of granitization is

i~

reflected in the Tield meinly by textural changes.
There is a marked and progressive, thought not
entbirely gradual, disappeavance of the original €
grained granular texture and the emergence of medium
to coarse porpnypoblastic aggregates. King and de

Swardt (1949) remorked on a similar srend of

development in the Osi area of Wigeria, Although
themicrocline porphyroblasts tend to grow with theijrd

.1

longere azxes in the plane of foliation of the origiaal

rock, the gencral e¢lfect of their development is to
obhliterate the gneissose appearance asnd alter the rock
vrogregsively towards one of granitic aspect.

These bransforination are believed to fall within
the normal eycle of reglonal metamorphism and to have
been under the temperature and pressure coundition
eguivalent b0 the amphibolite~granulite focies. The
intensity appears to be normally a function of depth
(fige. 17) though subject o meny vapiables whose
influences are not well known, among them: extraneous
heat from consolidating abyssal magma, fluid emanation

£

change of

affecting

temperature and or Tluld pregsure,
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L.

gtresg and the bulk composition of the metam@fphitcs.
(Fyfe and others 1953)

Acting seperately or in concert, these would tend
to make the intensity of granitization complexly
varied, at a given plane in a plutonic series. Thus
in Bauchi oune is still able to obsgerve the various
stages of dJdewelopment from Litepar-lit Gneigs to the
Biotite=Hornblende Granite degplite the deep erosion,

The principal stages in the development represent-
ed in the diagran (Fig., 17) form aureoles avound the
core of Quartz-Diorite (iap B) from where, it would
appear to emanate heat and solutions.

The mineralogical changes (Fig 18) show that the
entire process is a metamorphic'redistribution of
rock components in an effort Lo reach o state of

equilibrium under plutonic conditions.
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CHAPTER VI. HIE QUA?TV=JIORLUE AND THE PAYALTTH

QUARTYZ MONZONITIH

The Bimilarity of the guartz-Diorite Lo Gi arnockite.

The Quartz-Diorite which has been degcribed
earlier, {(p43-46) is a meuber of a series of
charnockitic rock winich arc now known to be fairly
widegprecad in the Pre-Cambrian rocks in Africa. In
the Bauchl area it comprises a small part of' the
batholith,

'"'was propoged by Holland

The term "charnockite'
(1900) for an Indian rock, composed of quartz,
microcline, hypersthene and iron ove; "@& rock which

would have been ordinarlly called hypersthene granite

(Pichamuthu 1953). It is now custowary to classily
hyoversthene bearing rocks of plutonic associaltion
with greenish Lo blulgh brown colour as acid
charnockite (about the composition of a granite),
intermediate charnockite (about Quartz diowite to
diopite in composition, basig charnockite {of basgic

composition) and those of ultrabasic composition as
ultrabasic charnockite.
In addition, a murber of gpecial varictics are

cecribed in the 1it erature though not all of these
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have been generally accepted; among these variebies

are Arendalite described by Bugge (1943) as a series oF‘“ks

of Mpopitic charnockite" char acter, and Inderbite
describe& by Tilley (1938) as a type with distinctly
Low KQO and high Cao and 5i0g and composed "of anti-
perthite (53%), quartz (48.5%), hypersthene (&%) and
negnetite (1 “c) | |

The specimens Trom Bauchi, though of Lfalrly
variable compogition, fall into the intermediate
charnockitic norite division except Lfor a few
specimens (i.e. MELOZ) which correspond more with
the acid division. The similarity mey bhe appreciated
by a comparison of the Bauchli rocks (Table 8) and

some intermediate Charnockites from India (Table 9).

Comparison of the Charnocklte Rochke from Bauehi with

Intermediate Charngckite fvom Tndia,

The Bauchi Quartz-Diocrite rocks generally have

[al i)

legs free quarits but slight)y wore potash Teldgpar
4 < £ £
and lesg plagloclase then the Indign intermediate
2

sl tes. lypersthene is dgbout equelly abundant

T have a nwch

in both groups but the Bauehi roc
percentoge of hornblende and biotite. Cre and apatite

R4

are present in apuroximately the sawme proporitions but .



The Modal

Commogivions of

AT IR

Guartz-Diorite Lrom the

Baueahi

Digtrict,

Quaprtz

L 2 g £ 5 ) L g
0.9 1.0 271 8.4 B4 86 49 80
.6 0.0 0,7 0,0 03 0.0 00 0.8

Hyrmekite

Micyroperthite 11.1 87 18,2 0,0 11,6 16,1 Ce O 3819
Plagioclase 57,1 50,1 45,0 4B,0 b3, 3 b7, 2 320 &L.6

Ferrohypers-
thene 20,3 19,2 26,6 17.6 1G.1 8 B 23,9 Se 3
Clinopyroxene e 9 O, 5 0e & 14,0 2o 1 22 10,8 0,0
Hornblende 2.9 12,3 6e2 4,0 Ge 8 80 10,6 11,6
Biotite 0. 2.2 2.1 120 0,2 1.2 99 94
Legnetite % 401 6.0 4B 44 B8 2.2 0.5 1.5
Zivcon/Apatite trace trace 0,9 itrace 0B 0,9 itrace 0.5
99,9 100, 0 99,9 100,4 100,71 99,9 100, 3 101, 2

1. MELLS Central Valley, North Kofar Wombei Hills,
Bauchi, I, "Tl’Cl".Ldo
2.  HMER07 South of Tiruin Village, Bauchi.
-Z’). 224 Tast of Yelwa Road, S, of Agricultural farm,
Bauchi.
4o WER26 Near Guandun Hill. 8. of Bauchi Wall,
5, HEZ08 8.W. side of Kwiaah hill. Bauchi.
6, MER0Y North end of Kofar Wombai IHill, Bauchi.
7, ME225 8, of Jos Road, Village about 8 miles W.of Bauechi.
8e HME About 100-160 yerds W, of Yelwas Bridge, Bauchi.
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TABLE 9

The Modal Compositionsof Sowme Intermediste Charnockites
) from  India,.

i ° %) 4 O
Quartsz S 7 B, O G 1 15,5 4"
K, feldgpar Mo 4 <6, © de 8 4

BB, b

Plagioclage 6l, 2 49, 7 52 9 2
Hornblende G L e Lo 4 - -
Biotite 0.1 - e 9 o -
Hypersthene 17,6 8o O De & 236 6 18
Augitle - Go @ 1.7 = 1B
Garnet - - - -
Ores T4 6 Ao & 4o 6 Sa & 18

Green Spinel

Apatite Qs 3 0, &
# Tpom Howie (L955) p. 98 Hos,

-4
©

Shevaregy Hills, Hadras.

s Intermediate Rocl,

vl

Anal,

Tinnevelly distelet,

1.1

1821 and 27,

J. . SBcoon.

Anal,

B. A, Howie,

Lie

% Intermediate Rock, Salem, ladras, Ancl, J.i. Beoon.
4, Intermediate Rock, Shevaroy Hills, UWadras., Anal,

5, Morite' 8t., Thomas Hount,

3
. 8. Waghinton,

nr Y "
HMAAYa8.
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but there are small amounts of gircon in Bauchi roéksq

Both: the Indian charnockites and the Bouchi diop-
hand sgpecimen and the guartz is of greasy brownlsh
green colouyr, but the Indian rocks have yellowlsh
tinge (Howie, private commmication). Io section the
guartz in the Bauchl rocks ig clear dbul show strong
undalatory extincetion, Thogse of the Indian charnoc
kiteg are of xenomorphic granular texiture. Pilchamuthu
(1953 1. 9) mentioned that the quartz in Indian
charnockite, in general, contain dusty or acicula:
inclusion, but according to Howie (1955 vz, 759) this
is only occagionally so. Thelr plagloclase ranges

Trom oligoclase to andesine and it is freguently
antiperthitic. The potagh Teldgpar is invariably
perthitic (Pichamuthnl953, Howie 1955)., Thesc

characters are observed in the Bauchl rocks, except

that the plagioclage is only occasionally antiperthitic,

-

Thin hailr-like inclusiong like clogely spaced dashes
were observed in the plagioclase crystals of one
gpecimen (MES26) while the quartz is usually clear,
The orthopyroxene in the Bauchi rocks is ferrohypers-
thene and the clinopyroxene is ferroauglte, so it

appears that the pyroxenes of the Bauchi rockshave a
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higher proportion of iron to magnesia than those of
ndisn charnockite. In one specimen (MER26) the ortho-
pyroxene ig generally clouded with brownish acicular
inclusions which Howie (1958) recorded from Indian rocks.
As in the type charnockites, the hornbelnde of the
Bauchi rocks lils usually pale greenish and pleochroic
with X = pale greenigh, Y = dark brownish green, % =

brownish green.

Qeccurrence and Distribution.

Nigerliat= he Lirst note of a rock of charnockitic
affinity in Wigeria was made by Falconer (1911) in Toro
about B0 mileg west of the digtrict at pregent under
study. Xing and DeFardt (1949) described a norite from
Osi in Ilorin province which is very similar to the
Bauchi rocks, Apart from these no other occurrence of
charnockite rocks is known in Wigeria, with the excep-
tion of the rocks at present under investigation in
the Bauchi distq:ict. It seems not unlikely that
further examples may come to Llight with increased
geological knowledge of the country.

In the Bauchi OCCUrrences, their relationship to
the Pre=~Caubrian gneigsses in which they occur is

vally indefinite since the contacts are not directly
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observed, but 1t appears that this must be sharp
from the suddennegs from which one may pass from
outerops of charnockitic rock to those of the country
rocks; but it is doubtful il they have intrusive
character for they are usually elongated bodies
generally concordant with the foliation of the

gurrounding gneigses.

Africa:~ Charnockites and charnockitic rocks
are becoming increagingly known in the Pre-Cambrian
arcas of Africa. Pichamuthu (1953) gave an impressive
list of African charnockites and recently Howie (1958)
gave petrographic detailg of some ATrican oCcCUrrenCces.
They tend to have ﬁhe'same indefinite relationship ©

1
=

<

the surrounding gneisses, bub Groves {(1935) mentioned

gome intrusive characters in the charnocckites of

Uganda.
Others

Pichamuthu (1953) gave a list of world
cccurrences of charnockite and related wrocks which
need not be repeated here.

in general charnockites appesr to e most

sbundant in the Pre-Cambrisaa terralus, thus Tfallilony

into the Read's (1948) plutonic group of rocks.
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The Fayalite Quarty Monzonite

Thig rock would also he classified as a Charnoce
kite except that hypersthene is generally absent. In
many of its other petrological characters it
resenbleg Cha fﬂ@@j'té Tor example; the greenlsh to
yellowish Dbrown colour of the rock, the reglnous

greenish brown colouf of ils quavrtz, wicrostructure

it
P

ch ag perthite and the mineral aggregate ltexture,

o

i

In contrast to charnockites proper, this vock hasg
fayalite ag 1ts characteristic Terronagnesion mineral.
The agsociated pyroxene 1g Lferrchedenbergite; ortho-
pyroxene 1lg not common hut occasicnally it may be
locally abundant,.

The rock is variable in modal couposition; this
ls difficult to determine because of the coarse grain
gize, From a congideration of the potash feldspar:

plagioclase: guarts ratio, the rock normally belongs

to the mongonitic serics and verics from quartsz

[wa]

syenite to agamellite. Thig wvarisltion igs rathewr
e SR 3 e i - B 2 - e .y e B - - ,'_’) da -
sporadic and may bhe observed in hend gpeelmens (Plate

21 fig., B)e Thus the rock would ordinarily be

desceribed as a Foya(j,‘whbdunbgfglurwwudr by Tl0T 201

T™he wvoclk has certaln dlstinctive chemical
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Teature. The chemical peculiarity of lfayalite
bearing rocks in general woas sumnarised by Tomkeielf

(1939 p. 246); accoding to him the average and range

e

-

of composition, of 10 analyses by Hawkes and 12 by

ta )

himgell, of fayalite bearing rock was as

A

oy e I4
b‘_x O{) 606858 659 Z(J ‘\(')Og 3)9 el ’?50 929

e - ~ A
N&‘BO ® 286 06 :) L‘ \Oo /3- = Uy 59/

t«\f

20 G B o6 e ’.1: 58 (]—.e 59 e 63 65)

FeO (Peglg) : ¥eO (Feply) + HgO 0, 95:1

This, he concluded "shows that fayalite bearing
rocks are alkaelic and range from intermediate to acid
and in the majority of caseg are gquartyz besaring', The
compogition of the BRBauchi Tayaelitee
gupports this conclusion, bul ia this rock there iz
a higher proportion of potash to soda., ost of the
Beitish Teprtiary rocks contalning Tayalite have
relatively higher potagh than goda (Bumeleus Oral
Cammunwcaulon>. The most digtinctive chemical
agpect of Ffayalile bearing rocks appear to bhe the
high FeO:iig0 ratio. Both the Bauchi rocks and the
Layalite beapring rocks of the Younger Graniteg afe
characterised in addition by high FeO:ie 30 (Table 10)

In meny of. the occurrences of Cay seheariog

~rocks, hedenberglte 1s often the typical clinopyroxene



[
5

and the colour of the réek ig almost invariably green
T

to greenlsh brown. Thus the rock hag distinguishing

~

fering Tron,

-~
1

uwite asg bold ag and di
a charnoclkite. The rock cannot be degeribed
ags a charnockite without iransgro<'ju< the usual
£ the type; the descrintive term Fayalite-

=

definition o
Hedenbergite~guartsz Hongonitic rock is more explicit
and will be usged although cuwbersome and not fully

conveying the special peculiarities of the rock., If
there is any Justification for naming rock wvarieties
however, this prock ought to he a Pseudo-charnockite,

from its elose resemblance to the normal charnockite

all characters except in the presence of Tayalite,

Occurrence of Fayalite bearing rocks in Higerisa

Fgyalite-bearing granitic rocks are a common
nenber of the ring intrusion serics of the Plateau
Younger Granites. Since Bain degeribed them from
Tudaru in 1934, they have been described, by iackay
(1949) and more recently most of the occurrences in
the Younger Granite Cowmplex have been described, with
petrographic and chemical detalls, by Jacobson and

others (1988). COccurrences within the Older Granite

Complex outside Bauchi are not known, but the Older
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TABLE 10

CHEMICAL COMPOSTLION OF THi RAYALTTE RUCKS WROH Wi

YOUNGER AND THE OLDER GRANITES.

-

= & 2 =
8100 67, 96 70, 69 68, 65 Tl BL
AlgOy 14,777 13, 90 13, B0 12, 91
FegOg 0, 98 1.1 0. 93 1o 14
FeO 2. 83 2s 30 3e O 20 87
g0 O, 41 0, 30 0. 55 0. 15
Cal 20 O 2. 08 2o 14 1.16
liao0 3o 25 Be 30 4,18 4, 17
Ko0 5. 75 5. 65 4 85 5 12
HoO+ O, 36 0. 33 0. 87 0. 16
Ho0- 0. 16 Q. 14 0, 09 e Go
Ti0, 0. 38 O, 83 0, 54 0. 50
Po0g 0,12 0,186 0, L7 Q, 04
HigO 0, 04 0. 05 0,10 0. 09
Bao Oq 44k 0,13 - -
el 1, G N Ga 0. 03 Ca 02
i e de Ne Jo 0. 22 . 0. 08
L. ME 101 Kobi Hill, by water concrcte tank, Bauchi.
2. ME 223 oot of Kofar VWowbal Hill by the Shaughter

douse, Bauchi.
. - ’ . 4 .
L, 1623 (see Jacobson qnd others 1958, pO.uoz
B 851, it i 1t 1
L

JeNE e
[

°

neipal,

Analyses 1 and 2 are Dy kindness of the Pri
al Survey,

Hineral Resougpces Division, Oversea Geologica
London,



granite areas have not been investigated in any

detall so further examples may well ap

EN

pear.

.

Occurrences of Favalite-bearing Rocks in the VWorld:-

e Wigera)

N
<
;3
T
e
L.J

Howie (1958) mentioned occasional occurrences

ot

of fayalite in charnockitic rocks in the Sudan.

S Buddington {1952 pg. 58) gave the chemical
petrology of a Fayalite-lledenbergite Granite and
a Fayaelite Gr ”mlbe pegmatite from the Adirondack
complexes and Chapmen (1935) deseribed fayalite-
hearing syenite from the Fercy Ring Dyke Complex
of New Hampshire., MHurdoclk and Jebb (1940) noted
the occurrence of fTayalite crygtals in litho-
physae infhyolite in California (Inyo County)
and, wmore recently
Palache (1950) described Ffayalite at Rockport,
Magsachusetts and mentioned Tour occurrences ol
fayalite granite o) Cape Ann, neay Boston, in

nordmarkite xenoliths within a later granite,



Fayalite Gebbro with hedenbergite was
described from Australis by Simpson {1938)

BURODE

Mokand: Savolakti (1956 p, 56) described o greenish
yellow granitic rock with fayelite (B.1%)

Trom the Ahvenists lMassif.

Great Britain: Professor F. M, Stewart (Private
Commnication) mentioned several occurrences
of fayalite in the Tertiary acid rocks of
Scotland among them the well knovn Tayalite-

bearing pitchstones from Arran (Tyrell,1928)

Greenland: Iayalite occur in later bhasic and ac

-

=t
jah

rocks of the Skaergaard intrusions.,

Iceland: Noe~llygaard has reported fayalite in liparite
(Professor Campbell, personal coumunication)
and Hawkeg (1924) degscribed fayalite dacite
from the Tertiary Vohcanic Series of Basltern

Teeland,

Treland: Dr Emeleus also mentioned (oral cowmmnication)

L

the occurrence of Tayalite in the Povphyritic



Granophyre and Felgite on the Slieve

Gullion ring-complex originally degeribed

by J. B, Richey and H, H, Thomas. (1L932)

JAPAN:
Kurio {1940) described the occurrence of
fayalite in some dacites from Horth Izu and
adjacent areag.

]

Host of these occureences of

Cg

fayalite~bearing
rock will be seeﬁ to belong to high level idntrusgion,
end as mentioned by Professor Campbell (Private
Commuaication) weny of th@m cceur in ring-dyke complexes,
The Bauchi rock with a deep seated plutonle setting is

therefore peculiar

The gpatial pogition of the charnocklitic
oy JENE PR ol \,n} S ey T eyee | e L" S > YR £ s TIPS e
s wne dy alite~bearin rOCH LI e Care ol a mgms

titie aurcole is such ags Lo suggeslt them as heing €
centre of activity, occupying as it were a position
from which encpgy and substences enanated to transform

the metamorphiltes to migmatitic granites.

Letter into this role concelved ag a zone of relative

higher temperature and pressure, Lo any one seelng

them casually in hand gpecimen or in sechlon the two
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rocks Would suggest an origin by direct crystalliza-
tion from a magme, yelt they have sone very disturbing
features which make one cautious to assign to them such
a genegis. These featuresg have been ecarlier reviewed.

The dominating feature of these rocks is the
equivocal character of the petrogenetic evidence
fTurnished by their structure, much of which could
individually, be cited for magmatic or metamorphic
origin. This could be due to the rock having a mixed
origin.

Two possibilities suggest thewmselveg: The diorite
was crystallized from a magma and the PMayalite-~Quartsz
Monzonite was Formed by microclinigation of the diorite
at a later date Just as the Biotite-Hormblende Granite
was formed from the Biotite Granite. Some aspect of
the rocks indicate the probability of wuch origin,

For example: The diorite, as described earlier (fig.,4)
meay develop locally 1érge phenocryst~like crystals

of potash feldspar and then the rock regenmbles the
fayalite-bearing rock, in the same way that rocks
resembling the Biotite-Hornblende Granite occur as
sporadic patches Within the Biotite Granite.

The rapid gradation between the Biotitemﬂornblénde

£

Granite and the Fayslite-Quartz Monzonite observed by



Bain (L928) and the present writer could be explained
s being due to microclinizstion of two sharply different
rocks like the Biotite Granite and the QuartZwDiorite,
It is, however, difficult to see why, 1f such
were the origin, theve should be so much difference in
the colour of the microcline crystals Lfrom the Biotite-
Hornblende Granite and that from fayelite-bearing rock
in spite of their great similardity under the micro-
scope., Hurther, the contact between the medium grained
Biotite CGranite and the Fayalite-Quartz longzonite shows
that the latter had behaved intrusively towards the
former: and this suggests a second possibility, namely:
that the fayalite-~bearing rock was formed by hybridisa-
tion of the Biotite~Hornblende Granite with a sgolution
rich in ferrous iron. This is supported by many
features of the rocks. The microcline of the fayelite
rock is very similar to that of the Biotite-lornblende
Granite snd a stoined Specimen-(Plaﬁe 2L, figs. A & B)
shows that in both the crystals are arranged in
approximately parallel lines, though this is legss
marked in the PFayalite-Quartz Mongzonite, This suggests
that the rock when sosked with the diluted hasic
solution remained ag solid crystals in a mush not

mobile enough to disturb the orientation of the
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i

eldgpars. The plagioclage with bent lawellae could

o

1=

have been deforwed at this stage and tvhe gwall
clugstered nosaic aggregate of eguant plegioclage are
possibly Tormed at the same time.

The arvangeunent of the ferrouagnesian winerals of
the Fayalite-Guart? lonzonite suggested crystallization
or rvecrystallization in limited spaces bounded by
quartz and feldspar (Plate 24),

The green colour which, as sugeested carlicr,

-

wag due to ferrous lron staining the Celdspar and
guartz could be the result of long impreguaulon by
a pore fluid rich in Lerroug iron.

The diorite is thus either crystallized directly
from a magma or by an adwmixture of basiec material
with the surrounding rocks., AL the great depth at
which solidification took place, & great problewn of
volume ig iovolved except 1T the magma were of small

amount. It ig therefore conceived that the magma
Trom which the guarly dlorite was crystallized wight

have gradually worked 1lself into some pre-existing

rocks, displacing unwanted pinergls such as the Adkalil

Teldspars and guartz and incorporating others that
are more stable in 1leell, Ffopr example the plagioclase

and ferromegnesisn umincrals. This incorporation would



involve partial or whole recrystallization. The

lrregulear zoning described from this rock could be the

ol

result of this as might the presgence of bent and
deformed plagioclase crystals. The large porphyro-
blast-Llike ghogt microcline crystals describeé from
.the rock may be relic skeletal crystals; and such
pseudomorphic preservation of thelir original outline
by vlagioclase is believed a corroborative evidence
of thig. Further some of the diorite retained the
gneissoge structure of the Biotite Granite or Gneiss
which was displaced by basic material (ME 208, Plate
45 £, 0),
ilacCGregor and Wilson (1939) made a study of
many arcas of granitization and demongtrated that
the general trend in this process is the transforma-
Ction from pelitic and metamorvhites through granite
towards the composition of diorite, They concluded
that granitization is effeched by this upwards,
advancing diorite magma. The petrogenesgis of the
Bauchi rocks is in accordance withh this view and the
writer is partly in asgreecment with it.
The source of the dilute magme ilself is not
gquite understood, but while this can not bhe concluse-

ively substantiated the hypothetical representation

0
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of the evolution of these vocks (I'ig,19) showed that

it is quite conceivable that the basiec material
releaged in orﬂﬂlLJzaulJn hes 1avu >ly contpibuted this
bagic material. Thus further suggesting that the whole

process 1s one or I"(’OT‘JQDTZ tion of COl’L].}_f)Oll@ll'{}S 1 an

ettempt to gain equilibrium, This view ig partly in

Y

j&

reement with Ramberg (1951), but it appears that
these rocks have gome pore Lluild iwmparting to them a
degree of mobility. This increased pore fluid may
originate from rocks undergoing transformation.to
eclogite in the deeper zone and such a solution may
carry excegs Lerrous iron since ecloglite is character=

ised by high Mg0/FeQ ratiow and very low water,

Metanorphic Facieg Control of the Fayvalite ¢k and the

e

Charnockitic Quartz Diorite,

The metamorphic facieg conecept is not restricted
to metamorphic rocks Dut ls equally aonpliceble to
rock cryétaliizilg from magma or '"migma'. The Charnoc-
kitic suite has been held ag beloaging to gronulite
-facies and cheracterisgtic of such an environment,

The calecgilicate pocks comnonly ‘intercealaled

with the schists within the migmatites area gave ain

indication of the grade of reglonal metomorphic facies



scgpolite - plagloclas (bytownite) - guartz., Feprpro-

to high Fe/ilg ratio. In some specimeng scapolite
appears in place of pome plagioclasce. The genegilg of
geapolite ig still 1ittle understood but its occurrence

in place of anopthite is common under conditiocn of

granulile facies (¥Fyfe et al, 19568). The above

asge whlage ig analogoug with the apsenblage diopside -

grossularite = hytownite -~ quartz which ig characterigtic
e ) .« n . ., . = = ! o A\
of the sillimanitc almandine facics, (Yyfe ets al 1958,
Myam oy 3 € 0] a5 P atthe ' ¢ i T4 2 gt pene ao

The presence of sgubow ate gecapolite partly represer-

ting the plagioclase however, suggests a transition

into grenulite Tacles perhoaps not completely attalined,

Again, the quartzo-Teldspathlic asscublage, microcline =

oligoclase - biotite -quartz almandite also re

s

the almandine amphibolite « granulite Tacies and the

Teehle development of some perthites polnts o lLransi-

tion towards granulite facies,

The asserblage dn the chornockitic guartz-Diorite
i microperthite - nlagiocclage - feprrohyvergthona
e mice reperiniie plaglocLas L €2

Terro-sugite - hovablende - biotite and ls to a de



analogous with the quartz - opithoclasge - Hypersthene
(gornet - vilagioelasc) asseublage of geanulite focies

et : 1, " P N FE / (aY oy - iq 3
and corregponding to charuockite \(Turner and Verhoogen

" s -1 e S % -, s o ny e PR T ) P S T .
L95L), but complicated by the presence of horablende

and biotite. "Charnockites, however are not always
granulite facics“ (Pichamuthu
1953 . 147) but arve nevertheless oroducts of th@
metanorphisi.  Apart frbm their
mineralogy, their colour distinguishes them from the
surrounding rock which are usually claimed as belong-
ing to the same general metamorphic facies and this
may indicate that they have undergone some special
conditionsg not experienced by the surrounding rocks,
The assenmblage in the fayalite-bearing rock is
andesine -~ fayalite - hedenbergite ~ hornblende -
microperthite - quartz. This has no analogy in the
assenblages listed by Turner and Verhoogen (1951) and
in those given by Fyfe, Turner and Verhoogen (1958),
but the presence of microperthite, normelly associated
with rocks of charnockitic affinity, and its colour

suggests conditions not far from granulite facies.

Stobility of Fayalite - Hedenbergite - Quartz.

Bowen and others (1933) made a study of the system
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Ca0 - FeO -~ 5i0g and show that hedenbergite is stable
at temperature below 9659, "Above this temperature it
inverts t0 a homogenious solid phese" whieh is nne of
the Wollastonite solid solutions. This inversion
temperature can be expected to be lowered by water
vapour under pressure, but it is significent that
hedenbergite is formed as a solid phase from Wollag-
tonite solid solution. The inversion temperature under
natural conditions, especially with the presence of
water, could be expected 1o be lowered, coming within
the range of temperatures attainable in the pyroxene
hornfel facies. (fig.21)

Let a2 suite of rocks be in eugilibrium at
amphibolite~granulite facies, the removal of load
pressure, and the introduction of fluid from the
dehydration processg in the transition zone towards
eclogite will tend to bring the .rock suite in to the
broad transition field between amphibolite-granulite
and the two hornfelses. (The exchange of Ca ~Fe-lg
for X-Al-81i in the overlying rocks to form migmatites
and granites might have resudted in a. lowering of load
pressure in this way. ) During the formation of +the
Fayalite~Quartz Monzonite and the Quartz-Diorite both

of the above conditions are probable, and it may be
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suggested that the charnockitic assenblage represent
such superpostition of hornfels facies on amphibolite-
granulite facies and that the stippled area (Fig. 21)
may represent the field of charnockités and the Fayalite-~
Hedenbergite suite. The exact relationship between

the two is unknown.

The Medium=-Grained Biotite Granite,

This rock has all the characteristics of the
Biotite Grenite in the migmatitic series: microcline
vorphyroblastsg, lineation structure, and numerous.
narrow granitic dykes, sometimes agmatitic. Unlike
those of the Biotite CGranite, the porphyroblasts are
slightly larger and the roeck to a certain extent
approaches the greenish colour of the PBayalite-Quartg
Monzonite and the Quartz-Diorite on which it appears
to sit as a proof pendant. Generally it 1s much
richer in biotite than the fine-grained Biotite
Granite, '

The vock was described by Bain (1926, p. 46) as
a hybrid rock resulting from part absorption of "the
magma' by the country rock and he described it as
hornblende rock. Actually the hornblende occurs oty

loecally and biotite is the most abundant and most
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persistent ferromagnesian mineral.

The Fayalite~Quartz Mongonite ends in an unchilled
sharp contact against this rock. It is therefore
suggested shat at the margin with Tthe Quartz-Diorite
where the Fayalite-Quartz Mongonite was sufficiantly
soaked with water to become locally mobilised it
behaved intrusively towards the Biotite Granite,
impregnating it with some of the fluid though not
enough to achieve complete homogenigation hut
sufficient to alter its general appearance and texture.
Under the conditions of soaking abundant hiotite has

crystalliged,

The Medium-Grained Biotite Hornblende Gronite.

This rock does not feature in the map or
clasgsification of the rocks of Bauchi district by
Bain (1926), Its position in the rocks of Bauchi is
uncertain, but from the variable texture and colour,
and from the nature of the contacts which in some
places are sharp and unchiled and in others indefinite,
it is thought this rock could represent the result of
local mobiligzation of the Biotite Gneigses and
Granites in which they occur.

Under the conditions of Amphibolite-Granulite
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facies in which these rocks are formed, the addition
of sufficient water and volatiles might cause loecal
mobiligzation, There is no evidence in the rocks that
these conditions are met; the suggestion is only

tentatively advanced.
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CHAPTER VIT THE PETROLOGY OF DYEE ROCKS.

General Statment

The age relationships of the dykes in the Bauchi
district are difficult to establish due to lack of
definite stratigraphic horizon. No dependable age
classification was thus possible. The principal

dykes include dolerites, gabbros, and trachytes.

The Dolerite Dykes.

The dolerite dykes are probably the youngest
rocks in the area (Bain 1926) with the possible
exception of the Soda~-Trachyte dykes. The?l%ound
cross~cutting all members of the Older Granites.

They rarely exceed one foot in width, the majority is
about 10 inches wide. Frequently a displacement of
gbout the width of the dyke occur (Fig.20a) Commonly
some of the larger dykes branch, enbay the country
rock, reuniting again to form a single intrusion

(Bain 1926)., The best example of this is north of

the Zungar hills where they fan out into cataclastic
blocks and then re-unite (Fig, 20b) Come of the 1argef
dykes are shown on Mapv(A).

Three of the larger dolerite dykes contain large
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_xenolith of the country rock, One is immediately
south-east of Tiruin, snother is 2 miles north-west
of Tiruin and the third is about 1% miles west of the
Baskin Hill, These dykes are indicated as xenolithic
dykes (Map A), They show baking effects on the

enclosed rocks; these are described below.

Petrography of the Dolerite Dykes.

In hand specimen the rvrocks are dark, denge, very
fine grained and frequently porphyritic. Under the
microgcope diabasic texture is seen. When porphyritic,
phenocrysts of plagioclase, pyroxene and olivine
- (commonly altered to antigorite) occur in clusters.

The diabasic ground mass is composed of small laths
of plagioeclase, scales of brown biotite, fibrous
flakes of antigorite and small grains of pyroxene,

The plagioclase is andesine (Ab47An55)’ It occurs
in small laths in the ground mass and as elongated
plates, frequently with combined Carlsbad and Albite
twinning. The pyroxene is identified ags ferro-augite
(Table 8), of composition MgSiog 32, 0%, Cabilg 23, 0%
and (FeTi) 810y 45% (determined on Hess's (1949)
diagranm), Olivine'is almost always altered to anti-

goxite in part or completely.
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The xenolithic dolerite dykes contain fragments
of the surrounding biotite gneiss. These inclusions
vary from about 26sg. inches to microscopic xenocrysts.
Under the microscope the diabasic groundmass remaing
the same but in addition to the usual phenocrysts
there are numerous xenocrysts of guartz and feldspar.
The gquartz xenocrysts are remarkably clear. Thye are
regorbed into rounded grains and are invarisbly
surrounded by felted mass of biotite, sericite and
possibly chlorite. The xenomrysts of feldspar on
the other hand are not so sheathed but are more or
less always clouded with alteration products.

The xenoliths are composed of guartz and feldspar,
both with amoeboid outline, Intepgranuliar corrosion
ig indicated by sugar-textured veins of quartz between
the grains and by the reaction mentle around the
feldspars. DBiotite was scanty and has been decomposed
into unidentified mass. All the feldspars in the
inelusions show some clouding and cracking and the
plagioclase near the contact is recrystalliged into

a fTeathery aggregate.

The Trachyte Dykes.

There is a system of striking trachyte dykes



- 167 -

occupying a narrow belt in the north-west of the
district (see Map A).

The dvkes vary in width frogm one foot to ten feet,
and in length from twenty yards t0 over one mile. They
are generally vertical with pronounced block-jointing.
The Jjointing and their beautiful greyish-green colour
makes them the most valuable buklding rock in the ares,
the most worked dyke being that running past the Bauchi
administration bullding and crossing the Jos road
towards the village of Shadawanke. (see Hap A)

The rock is very fine-grained, dense and of greyicsh
green colour. It may show xenoblastlc structure. Under
the microsceope it is seen to be composed of alkali
feldgpar, aegirine,.riebeekite and a small amount of
quartz. The rock generally has.trachytic texture and
may show flow structure (Plate 44 £, A).

The feldspar is in small subhedral plates twinned
according to Carlsbad iaw, It has parallel extinction.
It is the only feldspar present except when the rock
contains xenocrysts of other feldgpars clouded with
alteration. The pyroxene is aegirine and the amphibol-
ite riebeckite; these are the only ferromagnesian
minerals observed. Quartz ocecur in small pools,

sometimes, with a fringing cluster of epidote. A small
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amount of gfeen biotite was also observed.

This rock isvevidently sodic, and is unusual in
the Bauchi district where the rocks tend to be more
potassic. HMacLeod thought that they might be related
to the Tertiary volecanic rocks of Benue Valley i.e.
Wase @ock (privete communication). The writer is
more inclined to clagsify them ag being related to
the rocks of the Younger Granite cycle, soge mewmbers
of which are very sodic. The nearest intrusion of
Younger Granite is only about fifty miles to the west

of Bauchi.

The Gabbroic Dykes,

Two dykes of gabbro were found.. They are of
interest partly because of the profound alteration of
the adjacent gneiss snd partly because of thelr
petrography. In hand specimen the rock is medium
grained. The feldspar’has been altered and is coloured
greyish or reddish., Under the microscope the rock is
composed of clouded feldspars, titaniferous clino-
pyroxene, red-brown amphibole, brown biotite and
olivine altering to antigorite. Accessory amounts
of apatite and iron ores are present.

The feldspars are orthoclase and plagioclase,
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The latter are completely seusuritized and the
composition cammot be determined; the intense altera-
tion of the feldspar indicate a high water content

of the megma. The presence of orthoclase in
association with the assemblage biotite - olivine -
clinopyroxene makes the rock closely related to
kentallenite the only recorded occurrence of which
“are known in Scotland and Siberia.

The pyroxene is weakly pieochroic from lavender
or pinkish colbur to pale yellowish-green. it has the
same optical character as the pyroxene of the dolerite
 dykes (Table 8) but-is of deeper pink colour and is
therefore titaniferous ferro-augite of the composition
MgSiOS, 32, 0%, CaSiOg, 23, 0% oand (FeTi) 810z, 45%
(Hess (1949) diagram). It is partly altered to
chlorite giving it a ragged outline,

The olivine is in equant grains and may be partly
altered to antigorite and is more or less always
enclosed by pyroxeneo Biotite is reddish Dbrown and
occurs in large eloﬁgated plates, partly altered to
chlorite.

The amphibole is deep reddish brown and comnonly
pleochroic to a pale yellowish colour. This unusual

colouration is especially merked in one specimen
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(ME 219) It is believed to be a lambprobolite
produced by the oxidation of the iron of common horn-
blende probably through the action of hot gases.
(Rogers and Kerr 1942 p.289)., It may, like the
pyroxene, be of ragged outline with alteration to
chlorite.

Apatite is a common accesgsory mineral and occurs
in long narrow rodéf‘cutting acroés or contained within
the other minerals.

The imnediately overlying gneiss is baked brick
red end the potash feldspar recrystalligzed into
irregular pegmatitic masses. Further‘out, on both
gides of the dyke sporédic porﬁhyroblasts of micro-
c¢line are developed. Under the microscope the over-
lying rock was found to be greatly altered. The
feldspars are turbid and are rimued by a felsitic
selvedge at their contacts with quartz (Plate 44 f£,B).
The biotite is decomposeddto chloritic pafches and ore,
Quartz appears to have been recrystalliged. Some
sections show strong development of micrographic
texture (Plate 44, f.B) indicating the action of hot
gsolutions. These ftextures are very much similar to
those described by Reynolds (1948) from a granophyre

on Slieve Gullion, Ireland.
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- Other Dykes.

Some granitic dykes are found just outside the
mapped area., One is a fine grained biotite granite,
similar in appearance to some of the Biotife Granite
of the Younger Granites Complexes, especially in its
paper—-white feldspar, Tﬁe other is a porphyritic
granite closely resewbling some of the porphyritic

Younger Granites.



- 162 -
TABLE 11

Optical Charactersof the Pyroxenes and Amphibole from

Dykes.
% n, d. n, d 1. 7138
Y 1,710 » 1,710 1. 695
X n, d n, d 1. 693
Z~X n, d n, d 0. 02
2v %469 +4:6° ~720
EXT X C s70 580 140
X Light green Light green -
Y yellowish yellowlish -
green green
7 lavender light -
pink pink

1. Pyroxene from Gebbroic dyke (ME 164)
2, " " Dolerite dyke (ME 166)

%,  Amphibole from Gabbroic dyke (ME 219)
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CHAPTER VIIT THE CATACLASTIC AND ALTERED ROCKS,

Cataclastic Rocks.

Several gzones of cataclastic deformation
representing varioug degrees of crushing are observed
in the fieéd (Map A). One such zone at the west of
the Zungar Hills and about a mile south of Rugar Ju
inselberg, falls outside the maps (A and B) but lies
within the Bauchi Batholith. It is described here
because it represents an early stage of crushing not
found in the area covered by the map and thus fills a
gap which would otherwiise be missing between the
intensively deformed and the underformed rocks.

This cataclastic rock (Plate 45) shows large
pinkish lenses of feldspar visibly crushed, surrounded
by strends of quartz and dark min€rsals which appears
to flow round.the feldgpars. Under the microscope
the rocks has a groundmass of cataclastic texture
with seriate augen of Teldspars. The larger of the
augen are of potash feldspar and are coarsely perthitic
with patch perthite developed. The smaller augen are
of plagioclase; these are more rounded, frequently
untwinned or poorly twinned, and are slightly clouded

by alteration product,
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The groundmass is of rather granular texture and
is composed of quartz and feldspars. In the microcline
of the groundmass gridiron twinning is often very
conspilcuous. Sparse, finely-shredded greenish flakes
of biotite are disposed in parallel lines, and
occasional clustered plates of biotite and hornblende
may be found. There has been gome recrystallization
and the augen and the groundmass are commonly soO
mutually intergrown that it is difficult to say whether
the groundmass invades the augen or vice versa,

The groundmass is divided up by elongated,
optically discontinuos aggregate of quartz. These rod-
like aggregates of gquartz often show sharp truncated
borders agéinst the groundmass, contrasting with
relationship between the augen and the groundmass.

The gquartz exhibits sbme glight wavy extinction,

The specimen from Miri village (uB 159, Plate 46
£.A) represent a more advénced degree of crushing.

.The augen are small, more uniform and seperated by
wider area of crushed groundmass. The eye-like
feldspars project along their longer axes into tail-
like trails of crushed fé&ldspar. Large irregularly
scattered patches of hornblende can he seen and the

groundmass is dark with biotite. Under the microscope,
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the augen are less coarsely perthitic, beilng mostly
of string type. They show similar replafement
ﬁtructurés towards the groundmess. The groundmass is
ags described for the carlier specimen but strewn with
fine plates of biotite with parallel orientation,
Biotite also occur in large clustered masses asgociated
with rounded knots of hornblende. It may also occur
in narrow, ragged linear clusters,

The quartz rods are shorter and arc much more
undulatory than in the previous specimen; they are
algo not quite as sharply demarcated from the
surrounding groundmass. An idicmorphic mineral with
strong relief, believed to he gircon 1s present,

Fagt of Tiruin village a more intensely deforimed
gone involving the biotite gneiss is found (MELEZ),
The rock has become. banded and consists of alternating
dark and light (pinkish) zones. Wo augen is discern-
ible in hand specimen but uander the microscopne
could be seen and aré mostly plagiloclase of almost
an oval shape., IMine plates of hiotite lie £lat around
them forming a thin discontinuous mantle. The plagio-
clase shows marked strain extinction.

The groundmass is lepidoblasgtic and consists of

alternating biotite-poor and biotite-rich bands. In
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the biotite~rich part, fine plates of bhiotite with
narallel orientation are generously strewn over the
groundmass. In the lelcocratic zones sﬁare ragged
lines of muscovite are present. The quartz is
elongated and arranged in parallel lines forming
disjointed rods. The crystals show very strongly
undulatory extinction.

Hear this zone 1s a still more intensely
deformed rock, nearly a mylonite (ME 163), The crushed
groundmass is of a very fine sugery texture with the
individual minerals difficult to distinguish., Long
rod-like aggregates of optically discontinuous quartz
have strong undulatory extinction and show a parallel
arrangement. A few augen remain and these have
attained the perfect oval shape (Plate 47, f. A) by
which they are Bble to resist shearing stress,

As in the preceding gzone, dark biotite-rich
rones alternate with light bands containing muscovite,
The other deformation areas indicated on the
map (A and B) are examples of one or the other of the

varieties described above.

Discussion of the Cataclastic Deformation,

RQuartz is the mogst freely soluble mineral in
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non~calcareous lgnecous rocks of the types degcribed
above, (Tarker 1932 pg. 170) In the carly stages of
sgtress it is therelore not survrising that it is the
earliest mineral to bhecome re-oriented, lying in the

o .

position of least strain in elongated rod-like ghape

D

Thisg recrystalligation has probably been cffected by
golution at points of greatest pregsure and
redepogition along points of lowest wmechanical stress.

This may account for the gharp truncating contact with

e
@
b}
O

est of the groundmass, Such & process may
necegsarily involve digplacement of other minerals
and their recrystallization until perfect adjustment
to.the strain is achisved. ’
Intergranular fluids might be very important to
rock adjustment during cataclasism, not only Tor the
gsolution and redeposition of the more soluble minerals
but as a medium for diffusion of the components of
the legg soluble material during reconsititution,
Turner and Verhoogen (1951 De 373) attributed
cataclastic rocks, augen gnelsseg and mylonites to

kinetic metamorphism in the strictest sense and

‘emphagized that their cataclasgtic structure is

"determined by crushing and differential movement of

the component grains without important recrystal-



- 168 -

ligation of old, or growth of new, minerals'"., Such
crushing and differential movement necessarily involves
recrystalligation; this is demonstrated not iny by

the elongated rods of guartz but also by redistribution
and orientation of biotite flakes. Fyfe and Turner
(Fyfe et al, 1958 p, 180) have suggested that the
influence of stregg-pressure may be considerable'
though it cannot yet be evaluated and suggested that
"increase in stress at constant load and water pressure
and constent temperature' could cause the transition

of amphibolite to granulite facies, such a&& transition
1L really achieved would necessarily ianvolve the
breaking dowvn on one set of minerals and the crystal-
lization of others. The development of muscovite in
the more seriously deformed zones is the Bauchil
cataclasites is evidence of this as is the development
of sexflite and chlorite in some others. Harker (1932,
ps. 172-176), mentioned several types of such
mineralogical changes. It is considered that cata-
clastic deformation is likely to be attended by

recrystallization.

The Altered Rocks.

Apart from the altered gneisses overlying basic
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dykeg already described, some altered rocks are found
locally., 'The most extensive of thege 1s the area 6f
gilicifTication near the Jog road to the south-west of
Miri village (lap A).

A gmall conlcal hill marks the centre of thigs
alteration gone, Quagtz bearing solution appear to
have been injected into the Biotite-~Hornblende Granite,
The alkali feldspar porphyroblasts are closcly
injeéted with thin strands of quarts (MEL49) and
are themselves altered 1nto a yellowigh powdery
mineral which thermel analysis (Mig, 25) sghows to he

S

sericite, Open cavities are Tilled

-

with quarts

HA]

crystals,

Under the microscope the altered vock (MEL4A9)
igs geen to be made uw of euhedral to gubhcedral crystals
off quartsz (Plate 48, Tig., A) which are frec of
inclusion, fractures or strain extinction. Some
euhedral crystals may have a narrow turbid selvedge
of altered avppearance along and Just inside its margin,
Telty patches of sericite are dusted over the large
guartz masses.

Lower down on the gside of the hill the quartz
was injected as branching veins sbout 7 - 1% inches

wide into the granite ewbaying, impregnating and
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altering it (ME 148). The original Ffeldspar crystals

are marked by reddish oblong areas, found to be sericite

impregnated with haematite. Under the microscope it
is seen to be much similar to the first specimen (ME
149),

This alteration is continuous in a south-westward
direction marked by a number of low hills., Towards
the edge, the large alkall feldspar porphyroblast
appear to be still intsact but altered to a brick red
colour (ME 150)., Small bodies of purplish-red
haematite and yellowish patches of sericite can be
seen giving the rock a veriegated appearance., Under
the microscope large masses and microveins of quartz
are found surrounding the altered feldspars. The
microcline is still recognisable and is clouded with

haematite~impregnated alteration masses (giving the

brick red colour) and injected with thin microveins

of quartz. Dark patfhes of haematite can be secen
within it. As in the other examples no trage of the
original ferro-magnesian minerals is found except

rare patches of limonite and haematite staining. A
similar gone of siliceous alteration was found between
the aerodrome and the south end of the Bauchi city

wall, and smaller areas occur south of Kasuna hill.
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In general they are quite similar to the above

alteration and are therefore not described seperately,

Foidotigation,

This alteration covers about 100 sg. yards at the
west end of Buli hill (Map B). In hand specimen, the
Biotite Hormblende grenite is altered to a handsome
rock coloured pink and green. The pink corresponds
to feldspars end the green to epidote crystals, while
quartz is colourless (ME 151).

Under the microscope, the altered rock is seen
to be composed of microcline, plagioclase, quartsz
and abundant epidote. The microcline porphyroblasts
are perthitic and clouded by alteration products,
possibly sericite, The plagioclase, in grains of
various sizes, 1s algo so turbid with altered material
that the outline of the grains may often be indefinite,

Quartz occurring as clear pool-like grain, is
‘ within idself optically continuus and shows no strain
shadows.

Prom the surrounding feldspars swarms of long
plates of epidote project into the pools of quartz
as though into a cavity (Plate 47, £.B) whiles

clustered plates may form "islands" within the quartz.
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Sericite is present in bent fibrous to felty material
on the feldspars. There is no iron ore and no trace

of any original ferromagnesian minerals.

Tourmalinization.

Tourmaline crystals are occasionally found in the
pegmaetite dykes (Plate 48, f.A) and some graphic
granite dykes show complete replacement of feldspar
by tourmaline (Plate 48, f£. B) These are probably
not alteration in the stricit sense, but about half
a mile north-west of Guru hill, in the Biotite
Granite, tourmeline is observed replacing the plagio-

clase of this rock.

Chloritization.

Zones of hot solution alteration are occagionally
found in small narrow patches in the area. These
probably reflect the intrusion of dykes below the
present level of erosion. One specimen (31m 246). from
west of Maguyma hill (Map A) is the originai Biotie
Gneiss altered to a greyish colour. Under the micro-
scope all the feldspars are seen to be deeply altered
to an unidentifiable sieve~textured mass. Quartz

ocecur as veinlike bodieg of granular mosaic. Surround-
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ing the feldspar broad rims of micrographic texture
are developed.

The ferromagnésian minerals are altered to
chloritic masses with segregations of iron ore. Some
vermiculite is formed after biotite.

Another. specimen (253) from the eastern foot of
the Inkil hills is Vefy-similar to the above except in
the absence of the micrographic selvedge round the
feldspars. Shreds of vermiculite may alternate with

biotite.

Discussion on the Alteration in Pauchi District.

In the silicification, the biotite and hornblende
are decomposed and reduced to hasematite in the early
stage to give the partly altered feldspars a reddish

Y

colour, but in the more intensely gilcified sonecimen,
there ig no trace of the original ferromagnesian
minerals. Though the metamorphic conditions are not
definitely known, it can be inferred from the
decompogition of ferromagnesian minerals to haematite
that the silicification is a high temperature, while

the epidotization possibly indicates low temperature

alteration.
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CHAPTER IX  CONTRIBUTION TO PETROGENESIS.

The Relationship between the Clder and the Younger Granites.

The absence of definite stratigraphic horigzons
makes age determinations of the Older and the Younger
Granites difficult. Dating by radiocactive methods has
been attempted on the Younger Granite; so far the
results are not satisfactory. (Jacobson and others,
l956,_p.6.) No age radioactive determination has yewb
been attempted on the Older Granites. |

Jacobson and others (1958) mentioned that the
Younger Granites cannot be related to any orogenic
cycle; the Older Granites are not known to belong to
any. On basis of the intrugive and disconcordant
contacts between the Younger and the Older Granites
it is commonly held that the later are older and
belong to an entirely different petrogenic cyéle,
the usual assumption ﬁeing that the two complexes
have nothing in common. The present investigation
showed that the Bauchi older granites sre most likely
evolved by a progressive metasomatic transformation of
metasedimentary rocks, and that there are certain
similarities Dbetween the members in one complex and

those in another; the mogt striking being the
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occurrence of Fayalite-Hedenbergite-~amphibole acid
rocks in both.

Under the high temperature and pressure condition
of metamorphism corresponding to amphibolite-franulite
Tacies in which the Bauchi rocks are believed to have
been formed by metasomatism, granitic rocks are not
far from melting if enough flux snd water were present.
(Fyfe and other 1958, Goranson 1932), One distinctive
feature of the Younger CGranites is the high content of
volatile in their magma, some of the granites have as
high as 1. 69 per cent content of fluorine, many show
normative fluorine, and the mica from the biotie
granites have as high as b, 02 per cent fluorine, (Jacob-
son eta al, 1958 p, 14-16)., They are also associated
with abundant topaz tourmaline and some cryolite. From
the common occurrence of greisen zones, and other
features, the magma giving rise to the Younger Granites
most probably contained much water and other volatiles.

The areal proportions of the different rock groups
of the Younger Granites can be summarised as follows:

(Data by Jacobson and other (L1958, p.7))

[#%

Biotite Granite cveocc cocvccooaccascco DOV
RhyOLite ceveoorcocve oooacovacoovones LR

. . ,
Riebeckite granite ceeccocscoosoaccoocs o
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Amphibole~Ffayalite granite seoeococesoes &0

Basic and intermediate POCKS cecoocoeooo O

This order of abundance, excepting the Riebeckite
Granite, is comparable with the order of abundance of
similar rocks in the Older Granites, especially in the
abundance of Biotite granites in the Younger Granites
corresponding to the vasf amount of migmatitic Biotite
Gneigses and granites.

Through the kindness of Dr. Jacobsoh, the writer
hag been able to see some sections of the Amphibole
Fayalite Granite and porphry from the Younger Granites,
They have structures which the writer is inclined to

believe might mean that they were crystallized from

‘magmas derived by incomplete melting of the basement

complex:

In the hornblende fayalite granite (L1,1683) from
Sha, the plagioclase occur mostly as oblong cores with
irregular rounded outline, and surrounded by micro-
perthite with dusty brown staining, (Plate 48 £, B).
The irregular shape of the ferromagnesian minerals
and that of the plagioclase is typical of resorption
effects, ALl minerals show‘intense corrosion with
gquartz developing large areas of micrographic texture

(Plate 48, £. B).
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According to Bowen (1928 p. 229-230) such
mantling with orthoclase indicateg a reaction
relationghip between basic plagioclase but such
relationghip "must disappear before a sodic plagio-
clase is reached". This Bowen explained by a ternary
diagrem (1928 p. 231) of the system, orthoclase - |
anorthite~albite. The orthoclasc manﬁling“in this
rock of the Younger Granite is at wvariance with the
deductions of Bowen. For one thing the magme of this
rock was obviously not potash rich and for another the
core plagioclase ig sodic and not basic, most being
oligoclase {Ab80) This mentling might be interpreted
as due to some plagioclase crystals, only partly
regsorbed in a potash rich mesgma which could be expected
to result 1f all minerals but the plagioclase of guch
a rock as the Fayalite Quartz Monzonite were completely
melted.

Of the Younger Granites members, the Riebeckite
Granite has no counterpart in the Older Greanites. Both
the Older and Younger Granites have low magnesia and
the essential chemical difference between the two is
that the Younger Granites tend to be soda-rich, (Table
10), This does not alter the probebility that the

magma of the Younger CGranites were derived from the
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rocks of the OlderGraniteso There appears to be a
condition inthe nature of the mechanism leading to
the generation and emplacement of ring-dyke complexes
which favourg the accumulation of soda and with few
exceptions, ring-dyke complexes of graniteg or
carbonatites have goda-rich phases; and this may be
due to high relative mobility of soda which favours
its conecentration in volatiles and water.

The sequence of petrological events leading to
the development of the present rock series in Bauchi,
described in Thils work must have occurred over a wide
extent of Nigeria as dedmonstrated by the similarity
of rocks and petrology evident Lrom the works of
{ing and deSwardt (1949) and deSwardt (1953), In
areas now containing Younger Granites, the metasomatic
processes might have bheen complicated by the
accumuilation of large smount of water, fluorine and
other volatiles, fluxing the rock with consecuent
partial to com.plete‘meltingo The reéulting magmas
would develop high internal (F,HzO,COQ) pressure,
resulting in a series of explosions, subse;ueﬂt
subsidencesg and emplacement of the magmas as cone
sheets and ring-dykes in higher level ag desgscribed

by Jacobson and Others (1958),
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Thus the magma of the Younger Granites could
have been derived from some Older Granite rock series
similar +o those of Bauchi. The nature of the contacts
off the Younger and the Older Granites, sharp but with-
out contact metamorphism suggest that the magma was
intruded into preheated rocks and it is possible that
the magma might be the culmination of a metamorphic
process which had hesated the rocks.

The occurrence in the Younger and Older Granites,
of rocks of similar mineralogy, though different
texture and structural setting hecomes understandable
if the magmas of the Younger Granites were derived

from the rocks of the Older Granites as suggested.

Granites and Granites,

Read (1948) discussed the problem of granites of
different genesis and recently it has been more
closely examined by Walton (1955); Perrin (1956) and
Marmo (1956),7 Most geologists are now agreed that
there are granites and granites, some formed '"one
way", others by some different "ways'. The points of
disagreement are essentlally two; the extent to which

the different "ways" are operative, and the relation-

ship between the different processes by which rocks
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of granitic composition are believed to be formed.

During the discussion on the genesis of the Bauchi
rocks, it is suggested the increasing degree of meta-
morphism with depth should ultimately involve upward
migration of the alkalis into rock of granulite and
amphibolite degree of metamorphism. The stability of
the alkalis presumably become sgharply limited at some
point beyond the granulite. This alkali metasomatism,
especilally of potash, is the dominant process in
granitigation and migmatization in Bauchl and through-
out the Nigerian Pre-Cambrian plutonic granite areas,
and produces rocks that are strikingly alike, Similar
processes are belived to have produced large bodies of
granite in other parts of the world where Pre-~Cambrian
plutonic granites are exposed. Therefore, in agreement
with Read, these 1érge bodieg of granite are congidered.
to be the products of regional metamorphism.

Under the metamorphic conditions of Amphibolite-
Granulite facies in which the Bauchi "Granites” were
formed, rocks of granitic composition are not far from
melting in the presence of abundant water and volatiles.
IMany of the high level grenites, termed disharmonious
granites by Walton (1955) often show evidence that

their magmas are vich in volatiles; and these magmas
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might have resulted from the complication of the
regional metamorphism by local concentrations of water
and/or other volatiles,

Thus though "experimental study" (Bowen and Tuttle
1958) confirms the relationship between magmatism
and metamorphism, contrary to the implication of
Bowen and Tuttle (1958,p.126), magmatism might be the
product of regional metemorphism which has been
complicated by accumulation of volatiles.

Bowen believed that magmas rarely contain amount
of super-heat and actual measurement and wmarious other
determinations (Larmen 1929) supports thisvview and
showed that temperature of granite’magmas are of the
general order of what could be expected if they mostly
have originated from highest degrees of regional
metamorphism. The writer is thus readily in agree-
ment with Read (1948) that most granites "mey likely
be of one connected origin', and finds it difficult
to imagine the generation of large quantity of granitie
magme or any magma except by melting of related rock.

The procesgﬂeading to the melting of granites in
the upper crust, depending on local accumulation of
water and volatiles appear to be much more thimited,

and granites of undisputable magmatic origin (i.e.
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the Younger Granites) are 6f mich smaller extent than
the plutonic granites of metamorphic origin. This ig
true of Afvican "Later Granites" which are generally

of much smaller area than the plutonic series in

which they may occur (iMap G).

Emplacement of Granite.

Cne of the problems of petrogenesis is the room
factor in the emplacement of large messes of granites,
The present study showed that Bauchi Batholith has
most probably been emplaced by metasomatic processes
under conditions that were not far removed Trom a
magmatic state, so that until closely examined and
studied in relation to the migmetite, its metasomatic
aspects are not revealed and several of the rock types
could readily be interpreted as having crystallized
directly from a magma,

There has possibly been a slight volume increase,
but this could have been vrelieved by doming of the
overlying rocks with consequent development of sones
of tengional fractures.

In the Bauchi area such tensional zones probably
occurred, though were not as open fractures; these

have controlled and induced the development of
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pegmatites. The constant association of outlying
swarms of pegmatites with large granite betholiths
showed that similar operations may well have been in
force in the emplacement of many gfanite bodies.

Under the conditions of large concentration of
volatiles and water the internal pressure is possibly
sufficiently high not only to fracture the overlying
rocks (being higher than load pressure) but also to
move the magma upwards by stoping of fractured frag-
ments. Thus there mey be inherént in the forces which
generate granitic magmas a mechanism for the emplace-~
ment of the magma.

Large'bodies of granite could be Tormed in plsasce
in a condition sufficiently near magmatism to possess
some mobility but the writer does not congider that
such rocks have been sufficently molten to be called
a magma and they could never have moved far from the
place where they were made, if at all., The undisput-
able magmatic types could only be of comparatively
small bodies; ring dykes,‘étocks, pipes angd
lacoliths, ﬁhéy could attain a batholithic size only

by coalescence of such small bodies.

Grenitic Rock of Contrasting Composgition.

The contrasting composition of Bauchi rock is
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believed due metamorphic rearrangehent of rock
‘components. The writer believes that many bodies of
granites of contrasting composition, normally regarded
as differentiated bodies might be similarly explained,
The writer guestions the possibility of granitic

maogma differentiating to produce three or more granites
of different composition, mainly from the cotectic
nature of its mineral aggregates, if possible it must
be under some rare and unusual conditions.

The Nigerian Ring-Dyke Complexes might be cited
as an example of differentiated granitic magma,
Jacobson and others (1958) appeared to favour this,
(see wvariation diagrams, Jacobson and others 1958;

. 27). The repetiﬁion of the gamwe series of rocks
rresent in the volecanic cyecle during the intrusive
cycle might equally well be accounted for by composite
magmas derived from the melting of rocks of contrast-

ing compositions, similar to the Bauchi rock series,

Clagsification and Nomenclatures of Granites.

Granitic rocks are generally classified according
to the proportions of plagioclase, alkali feldspar and
gquartz, and sub-divided on basls of ferromagnesian

minerals (e.g. acid charnockite). Rocks are often



- 185 -

described and discussed under thé nomenclature of
"granite" rocks which classified properly would be
called granodiorite, adamellite, or even diorite and
mongonite,

The writer's view is in sympathy with Chayes (1954)
who suggested the need for a review of the clesgifica~
tion of granitic rocks, but could not wholly share his
view that "no eclassification or naming of granites
should be attempted without abundant and relisble
modal data"., Not only are modal compositidns only
approximations, they vary, using the same specimen,
from one thin section to another. When rocks are
unuswally coarse, as with the Bauchi rocks, one would
need for each rock some hundreds of sections spaced
over all outcrops, in order to have a reliable average
modal composition and the coarser or more foliated the
rock becomes, the more difficult becomes the problem
of getting "relisble modal data',

The petrology of the Bauchi rocks suggests to
the writer the need, in the clasgification of granitic
rocks, for a nomenclature which represents easily
determined rock characters and which can bhe usefully
employed in the field mapping of granite complexes.

Such a classification calls for the simplification
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'confused" system,

and clearing of the present '
(Chayes 1954)., Thug a rock could be classified as
granite when alkali feldspar ig the dominant mineral,
except when guartz is scenty and it can be called a
syenite; dicrite when plagioclase is the'dominant
mineral except when gquartz is very abundant and the
rock is a granodiorite. Rocks with roughly equal
proportions of plagioclage and alkali feldspar may

he called adamellite ag is currently used.

Unusual mineralogical, textural or colour
varieties may then be indicated by prefixing the.
special point of peculiarity. The above names are

‘very well established in the Lliterature and recognised
ag described abhove; what is being proposed is the
elimination of straight line boundary and such terms
agalaskite, charnockite, arendalite, endebite,
shonkinite and several others which may be considered

~superfluous. Where granitic rock is abnormally dark
coloured and with significent genetic implication as
in the cage of charnockites and the Fayalite~Quartz

Monzonite, the term "melanic" or some other term may

be subfixed. Thus acild charnockite will be HMelanic

Hypersthene Granite and the Bauchi Fayalite~Hornblende

Quartz Monzonite simply Melanic Payalite Adamellite.
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These may usefully be employed in mapping and

petrological descriptions.

Criteria in Petrogenesis of Branite.

Grout (L944) gave an impressive Llist of criteraa
that must be confirmed before the petrogenesis of a
rock could be established. As Currier (1947) has
remarked, 8rout is not heing realistic about the
problem of granite fenesis. The petrology of Bauchi
showed how frugtratingly equivocal the evidences
available in s rock complex can be., As in most cases
neither magmatic nor metsmorphic origin of a granite
can be gbgolutely proved, what could only be done is
to weigh the various evidence in relation to more or
less establighed Physico~0hemical facts.

The problem arises from the fact that most of the
characters often obsefived in rocks of either penesis
are functions of temperature and pressure, indirectly
of depth, and only to a less degree, of the physical
state of the rock mass at the time of formation. The
knowledge that with only a little pore fluid; rock
mass may be mobilized to have intrusive character has
further complicated the problem,

The use of experimental data as criteria in
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petrogensis may be misleading. Experimental studies
only serves to confirm or explain what has been
observed in Petrology but do not rule oﬁt Petro~
logical phenomena which it cannot explain., That
there is a close genetic relaionship between magmatism
and metamorphism is well appreciated and there is good
evidence for this in the field, recognised before
experimental studies, but contrary to the suggestioh
of Bowen and Tuttle experimental studies, has not
established which gave rise to the other. While
regional metamorphism has stopped at the threshhold
of magmatism in Bauchi, it may well have transcended
to this field in the central part of Nigeria leading
to intrusive activity and what has made the difference
is the gbundance of wvolatile concentration in one and
lack of it in the other., Thus magmatism may be
different from metamorphism only by degree of mobility.

These phenomena are functions of meny variables
which are imperfectly known (Fyfe et al, 1958 », 202~
203) and therefore could not be accuratdly taken
account of in the experimental studies of Bowen and
Tuttle (1958).

A set of cpriteria such as that assembled by

Grout (1.944) could be applied as reliable guide to
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study granites, but individual body of granite must
be studied by itself and the criteria for its genesis
derived from field studies and careful mapping and
lastly from petrographical and chemical studies.
Granites in general, like the Bauchi rocks do
not give absolute evidences of their origin and in
the discussion of their petrogenesis, even with
edperimental studies, they do not give room for

absolute assertions,

The Qrigin of Charnockites.

The origin of Charnockites i1s ag controversial
ashhat of granite, again because of the lack of
unequivocal characters. Holland (1900) who first
described charnockites, concluded that they are
igneoug rocks, but conceded that some features of
the rocks were disturbing.

The problem of charnockite are recently reviewed
by Ramberg (1951), Pichamuthu (1953) and Howie (1955),
Ramberg {1951) suggests that charnockite are produchs
of degranitization, they are left behind after the
rise of the granitizing fluid, and further basified
by moterials migrating downwards from zone of migma-

tization., Pichamuthu (1956), studying the WMysore
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charnockitic rocks made an extensive review of
charnockite broblem which led him to conclude that
charnockites are producss of high~grade metamorphism,
"the basic bands and lenses in the gneisses were
converted into basic charnockite and the accompanying

' a process

gneigsses received a charnockitic impress,'
he termed charnockitization. Howie's conclusions (1955)
are closely allied to that of Pichamuthu believing'that
these rocks represent plutonic igneous rocks which have
undergone slow recrystalligzation in the golid state

on heing subjected to conditions of plutonic metamdrphm
igm, "

The exclusive assgociation of charnockite rocks
with rocks of granulite (Remberg, 1952) and Almandine
Amphibolite facies, (Pichamuthu, 1953, and Bauchi
charnockitic diorites), suggest that the rocks are not
simple igneous types as proposed by Holland (1.900),

If they have had igneous origin they must have been
later subjected to metamorphism under high temperature
and pressure condition as suggested by Howie (1955).
The occurrence of acid Charnockites which can be
described as hypersthene granite mekes 1t improbable
that Ramberg's degranitization hypotheses is the

.

dominant process in the production of charnockites.



e LOL -

The origin of the Quartz Diorite and the Fayalite
Quartyz Mongonite is related to the general problem
of charnockite genesis. It was suggested earlier
that these rocks originated by infiltration into
granites and gneisses of basic cpmponents under a high
temperature and pressuge conditions of metamorphism,
The greenish or bluish yellow-brown colour of the
feldspar and quartz is an iavarieble character of
charnockitic-norite rocks and presumably bears some
felation to their genesis. (From the piece of the
rock which when subjected to heat turns brownish red,
it had Dbeen earlier concluded in agreement with Howie
(19655,1958) that the colour is most probably due to
lmpregnation with ferroué iron. ) In any case, the
colour shows that they have undergone some conditions
not shared by the surrounding rocks. Thus some
charnockites might have originated through the
infiitratioa into gneisses of basic materisls rich in
ferroug-iron with consequent migration of the alkalis
which effected granitization at the higher levels,
and go produce more basic components. Obviously,
such rock will bear a mixture of metamorphic and

witkh
igneoug characters and couldequal credibility De

interpreted as originating from metamorphic
1 .
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recrystallization of igneous rocks (Pichamuthu 1953,
Howie 1955), but the genersl conformable shapes of
charnockite bodies (Pichamuthu 1953) shows that the
charnockite might be originally part of the surround-

ing gneigses.

lletamorphic facles of Charnockites.

Charnockites are generally regarded as belonging
to granulite facles of metamorphism (Rarberg 1951).
Picharmuthu (1953) has demonstrated that Charnockites
gre not invariably associated with rocks of Granulite
Tacies but may also be agsociated with those of
Amphibolite facies. The Charnockitic rocks of Bsuchi
support the observation of Pichamuthu.

Though the rocks of Bauchi belong to the Almandine
Amphibolite facies (in transition to granulite) if the
charnockitic members of the rocks of the district
have orviginated by infiltration of solution from
below, it is unlikely that the charnockitic rocks
themselves represent this metamorphic facies but would
have heen formed under a metamorphic condition to be
found in the transition field between the Amphibolite-
granulite Tacies on one side and Pyroxene horfels on

the other as discussed earlier. (¥ig.21); This
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suggestion is not comsidered proved and is only
tentative, but it appears probable and follows from
congideration of the independent variables in
metamorphism as presented by Fyfe and others (1958,

Do 180-185),
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APPENDIX

DETERMINATION OF MODAL COWPOSITION OF BXTREMELY COARSH

CGRANITE ROCKS.

.The Biotite-Hornblende Granite and the Fayalite-
Quarty Monzonites are extremely cosrse, some of the
large microcline porphyroblasts measuring nearly
4dcm, in'lengthe To get a reliable modal perecntage
of the microcline in this rock, large hand specimens
measuring about 6 x 4 inches were ground until flat
and fairly smooth, and the smooth faces werce then
heteched for about 1 minute with hydrofluoric acid
fume at about 3009, The specimens were stalned by
Keith method with sodium cobalti~nitrite solutiog
(Keith 1939, Chayes 1952). The potash feldspar was
stained yellow colour, ‘the decompoged plagloclase was
white, guartz was not effected and the ferromagnesian
minerals are of greenigh colour due to the biotite
clustered with them. The stained surfaces were
photographed and the results printed on 8 x 10 paperS;
the potash areas, stained yellow, appeared black, due
to filtering effect of the yellow colour, and thus
énhanced the contrast. The plagioclase appeared as

white areas and the quartz as grey while the ferro-
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megnesians were of a slightly darker grey. With the
aid of the hand-specimen and & magnifying glass, the
contoct lines of the constituent minerals were traced
in ink,

The modal oroportions of the different minerals
were caleulated from the results of point eounting on
the photographs using a ruler at ¢ square per point.

In addition, some

0

tructures of the rock not
previously noticed in ordinary handspenland difficult
to appreciate in thin séction were Dbrought out strongly;
ag for example, the lineation and crystaﬁﬁlastic

atructures of tThe microcline,
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