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ABSTRACT

Megacrysts of feldspar occur randomly and abundantly in pegmatite veins hosted by gneisses in the Oban massif
(SE Nigeria). Earlier work has shown that these megacrysts are k-feldspars and magmatic products, formed at
liquidus temperature in the presence of enough liquid that allowed the crystals to flow. Megacryst size, frequency
and other physical characteristics were used to unravel their nucleation and crystal growth history. Analyses of over
400 megacrysts present in the pegmatite veins, showed that: (a) larger megacrysts occur closer to the middle of the
veins, while smaller ones occur near the vein wall; (b) the smaller grains have larger angle difference between their
long axes and the vein wall, while the longer grains have smaller angle difference; and (c) the wider veins contain
larger-size but fewer grains, while the narrower veins contain smaller but more grains. It is deduced that the large-
size megacrysts, which are also fewer in frequency, are most likely crystals that nucleated and started growing
during a small degree of temperature change (during the cooling of the magma melt). Under favourable conditions
they grew to large sizes, while the more abundant and smaller-sized megacrysts nucleated and grew during a
greater degree of temperature change. Since under such conditions nucleation and growth rates are high, with the
crystals competing for solute particles, more abundant but smaller sizes of megacrysts were formed.
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INTRODUCTION

Feldspar megacrysts abound in the basement compiés of the Oban massif. They are either in theplpgritic
granodiorite or present in the pegmatite veins civluccur ubiquitously in the area. A more detaidedcription of
the pegmatite and host rock is provided By

The study area is a part of the Precambrian mdigle of Nigeria, in the western part of the Obanssifa SE
Nigeria. This area is traversed by the coordin&fe80’ — 8° 30'E and 5 00’ — 5° 30’N.

Information on the origin, source and formatiortdnig of megacrysts in the Oban massif is scd@suggested that
Na" and K" enrichment was as a result of the rejuvenatiornefdasement rocks during the Pan-African Orogeny,
which possibly triggered off Kand N& metasomatism, that must have led to crystallipatid k-feldspar
megacrysts|3] later estimated that it took long (about 108 Ma&)the host rocks to cool which indicates very slow
cooling rate, which explains the abundance of Bdplr megacrysts in granodiorite of the Oban massif

MATERIALS AND METHODS
Over 400 megacrysts occurring in about 28 pegmatias hosted by gneissose rocks were studied. dBite

collected include grain length, width, and distafroen the vein wall. Also the angles between theglaxis of the
crystals and the vein walls were measured. Eviderfoem physical observations like; shape and siakes
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megacrysts, alignment of megacrysts in rocks, alstegnpattern of megacrysts, and also petrograghiclies,
chemical and structural characteristics had easlierwvn that these megacrysts are of magmatic offdienocrysts)
and were formed at liquidus temperature in thegires of enough liquid to allow the crystals to flox¢suming no
dissolution took place, crystal size would be dejgen on its time of nucleation and subsequent draate[4],

which means that the frequency of crystal sizesiges a record of the nucleation and growth histdrgin igneous

rock. This paper aims at unravelling the nucleatiad crystal growth history of the megacrysts igrpatite veins
using their physical characteristics.
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Geologic map of study area

Geologic setting

The Oban massif is an area that has been affegteshjor, tectonic, magmatic and metasomatic evehish are
common also in other crystalline basement areadigdria[5], [6] [7], and[8]. Consequently, the Oban massif has
been identified to be made up of three main litgaaunits: (1) Migmatitic and sheared gneissic mcchists,
phyllites, meta-conglomerates and quartzites, abgbihés and meladiorites, deformed pegmatites gotitea, and
pyroxenite — which forms the basement rocks agheroBasement Complex areas of the country; (2pQO&tanite

intrusive series comprising meladiorites, granatisr adamellites to granitic rocks; pegmatitediteand quartz
veins; (3) Unmetamorphosed dolerite to microdioiititrusives.
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Fig 2, Large pinkish megacrysts in the middle of @egmatite vein (pen is 15cm

Fig. 3. Randomly oriented megacrysts in pegmatiteain(pen is 15cm),
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RESULTS

Description of pegmatite veins

The pegmatite veins are hosted by bandedgranite gneisses. These veins run sometimes caattycand a
other times discordantly to the general trend efftiliation of host rock (fig. 1). They vary in lgth and width, the:
sometimes exceed 200 m in width; widths also vesynfas small as 3c to more than 50 cm. These undeforr
pegmatite veins are generally barren of any rar¢éalmia economic concentration, except for very fgreen
tourmaline grains.

160 -

120

80

40

Number of megacrysts

1.6-3.0
3.1-45
4.6-6.0
6.1-7.5
7.6-9.0

o
-
'
=
(=]

9.1-10.5
10.6-12.0
12.1-13.5
13.6-15.0

Length of grains (cm)

Fig. 4a: 3.1 4.5 (cm) is the highest frequency of grain lengthsf the megacrysts; megacrysts frequenc
increases until megacrysts length reaches a maximuat 3.1-4.5 cm. After that megacrysts frequenc!
decreases with increase in length
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Fig. 4b: the megacrysts vary in frequency (%) withincrease in grain length; megacrysts frequency in@ases
until megacrysts length reaches a maximum at 3-4.5 cm. After that megacrysts frequency decreasestiv
increase in length.

Description of megacrysts

The megacrysts present in the pegmatite veinsaseconspicuous and abundant. They are best studiguaarries
where blasting has helped expose them (Fig. 1)sd Ineegacrysts are pinki— whitish in colour, with square «
rectangular subhedral-eedral shapes and sizes ranging from 0.6 cm xm.4oc14.5 cm x 1.4 cm (Fig. 2). Th
occur randomly, with no preferred orientation (F3j. In thin sections these megacrysts show unifdistribution
of crystals with simple twinning. Mineralogical aigeochemical analyses have shown these megacrybes I-
feldspar[1]. Megacrysts with lengths between 1.6 cm and 6.0ammount for more than 70 % of all gains stud
even though the highest occurring length size tsvéen 3.1 cm and 4.5 cm (which is about 30 % ofy&dins)
(Figs. 4a and 4b). The grain widths betw 0.6 cm and 2.5 cm, account for more than 80 %lajrains, while the
highest occurring width size is between 1.1 cm &fdcm (Figs. 5a and 5b). The average length adthvaf the
megacrysts in each vein increases as the pegmatiiesizes increas(Figs. 6a and 6b; 7a and 7b). Similarly,
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distances from the central line of megacrysts éovéin wall increase as the length of the megaeiso increase
(Fig. 8).
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Fig. 5a:1.1 1.5 (cm) is the higlest frequency of grain width of the megacrysts; mexgrysts frequency
increases until megacrysts width reaches a maximuat 1.1- 1.5 cm. After that megacrysts frequenc
decreases with increase in width.
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Fig. 5b: how the megacrysts vary in frequency (% with increase in grain width; megacrysts frequency
increases until megacrysts width reaches a maximuat 1.1- 1.5 cm. After that megacrysts frequenc)
decreases with increase in width.

10 -
g O

O DD o
Bt 700

2 10O O

0 T T T T T ]
0 10 20 30 40 50 60

Average length of megacrysts (cm)
N

(o))
[

Pegmatite vein width (cm)

Fig. 6a the average length of thmegacrysts in each vein increases as the pegmatresn sizes increas
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Fig. 7a Scatter plot of how the average width of #h megacrysts in each vein increases as the pegnmtiein
sizes increase
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Fig. 8: Megacrysts length increases as the distanfrem vein wall increases so that the longer grainare
found in the middle of the veins while the shortepnes are closer to the vein wall
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Fig.10: increase in vein width has no effect on thangle difference between the vein wall and long &xof
megacrysts
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Fig. 11a and 11b: More megacrysts are found occumg closer to the vein wall than at the middle of via
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DISCUSSION

Since crystals grow and elongate perpendiculahéadirection of maximum stress, the megacrysthénpegmatit
vein all ought to be aligned parallel to the veiallwBut this is not so in the veins. The plot ofjles between the
vein wall and long axis of megacrysts against #mgyth of grains (Fig. 9), shows that the smalled€ngth) grain:
have larger angle difference while the longer grdiave lower angle difference. This shows thattatysizes
(length) pay a role in the degree of rotation of the grdimshe melt during flow. It is proposed that as thelt
flows with formed megacrysts, the smaller grains agadily rotated, while the longer grains show saign ol
resistance to the melt rotating fe and therefore better aligned with the vein walNo correlation was found
between the average angle between the vein wallrendentral lines of crystals and the vein widih. (10). It was
initially expected that as vein width increasesalibws more space for the grains to grow and rotate aaceby
causing the larger megacrysts to have a wider aregl@een their central line and the vein wall. thi$ is not the
case Maybe the thickness, hence viscosity has a rathign(as this may affe the flow rate and therefore the abil
of the forming crystals to rotate).

There is a corresponding increase in the lengtimegdacrysts as the distance between the vein waltrencentra
line of megacrysts increases (fig 8a and 8b). Tiesns tht the larger grains are further away from the weail
(closer to the middle of the vein), while the srealyjrains are closer to the vein wall. It is bediévhat since th
melt loses its internal heat faster nearer to thi@ wall (by convection andonduction), there is less time 1
crystals there to develop to large sizes, comptredystals in the middle of the vein that had eatéd earlier an
had enough time (due to slow cooling rate) to grovarge sizes
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An attempt is made to show how the frequency of aoggts varies with increasing distance from thia veall
(Figs. 11a and 11b). It is observed that more graicur very close to the vein wall than at thedigdf the vein.
Again if the relationship between the megacrystesiand the pegmatite vein width was deduced (Bayglb and
5a-5b), it is observed that the wider the vein,lilgger (longer and wider) the megacrysts are dswthe fewer the
grains. That is, wider pegmatite veins have bidggrfewer megacrysts, while the smaller pegmatiies have
smaller but more megacrysts in them. The followgegeralisations are possible from the observatistesd above:
(1) the rate of cooling is not the same acrossgampdite vein. It is higher at the vein walls thartle core of the
vein, for reasons of heat transfer and related gimema of nucleation and grain growth; (2) widerrpatite veins
only provide more room for grains to enlarge, rtnucleate; (3) grain size and grain number seefetdhe
parameters that are traded as the width of a péignvain changes; (4) since grain size depend$etotation of a
grain in a vein as well as the width of the veihere is therefore no equilibrium grain size for artigular
environment, like gneissose, schistose or otheir@mwients. Rather the variations of grain size wigin width
(figs. 6a and 7a) should be sensitive to the hogirenment. According t§9], measurement of the frequency of
crystal sizes provides a record of the nucleatioth @ystal growth history of an igneous rock. Tlere the most
likely reason for all these observation in the noegsts could be traced to the nucleation and drgstavth history
of the rock, which is based on some nucleation@mstal growth theorieglQ]; [11]; [12]; [13], that: grain size is
dictated by integrated number of nuclei forming pait volume relative to the crystal growth ratéiigh nuclei
population will yeild finer-grain crystals; rate$ mucleation and crystal growth increase with uedeling below
the freezing temperature of the crystal, come twaaimum, and then decrease; the rate of crystalthrdepends
on how fast particles can attatch to the growingstad face or upon how fast latent heat of crystaion can be
dissipated from the face. For better understandireggraphs in the study were compared with resfif8] and it is
clear that for very small degrees of undercoolthgre is little or no probability of forming nuc)diut the few that
succed in forming, eventually grow to large sizesause of a fairly high rate of crystal growthhas tstage. But in
the case where the change in temperature is bighh¢derate undercooling), the nucleation rate imesogreater
and the rate of crystal growth is also greaterth®oe is a tendency for more crystals to form amavgBut because
these forming crystals compete for space and s@atgcles, the final grain size is usually lesarttin the first
phase of undercooling. And this results in fingrstal grains which most likey explains why the lEggiegacrysts
in this study are fewer in frequency and the smajitains are more in number.

CONLUSION

The larger megacrysts, which are also less freuecturring, are most likely to be crystals thackeated and
started growing during a small degree of tempeeattiange (during the cooling of the magmatic maltd under
favourable conditions they grew to large sizes. Bwg smaller-sized megacrysts, which are more imbar,

nucleated and grew during a greater degree of teaanpe change. Since under such conditions nuoleatnd

growth rates were high, with the crystals compefingsolute particles, more but smaller sizes ofjaweysts were
formed. This study has been able to show thateiddne megacryst sizes (length and width) carskd to unravel
the nucleation and crystal growth history of rockise results from this study agree well with simgtudies done in
other parts of the world 14]; [4]; [15] [16].

Reccommedation
It is suggested that similar work is carried oubther host rock type like schists, granites arfteit, to compare
using the slopes of the graphs (as in figs. 6a7aydny similarity or disparity in megacrysts bebav.
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