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ABSTRACT

The Jos Plateau basalts are subdivided into two subtypes based on their textures and mode of occurrence viz,

Newer and Older Basalts. The Newer Basalls occur as cones and lava flows and are mainly built of basaltic scoria and
pyroclastics. The Older Basalts are characterized by small eroded, partly decomposed remnants, and with a number of plugs or
dome-iike outcrops. These two sub-types, however, present the same mineralogical composition (phenocrysts of both ilivine,
plagioclase (bytwonite-labradorite) and rarely pyroxene (diopside-augite) set in a groundmass of labradorite laths, magnetite,
ilmenite, biotite, minor k-feldpars, nepheline and volcanic glass.

Geochemical data show that the basalts are nepheline normative and have relatively low SiOz contents (39.8 - 46.49 wt %). These
compositional characteristics are typical of alkaline olivine basalts and are tonsistent with their mineralogy (biotite, k-feldspar and
nepheline), their deficiency in silica (understaturated) and their enrichment in incompatible elements (V, Y, Ti, Zr, Sr, Nb, to Th).
This alkaline nature is further attested to by the positive Nb anomalies exhibited by these basalts. The narrow difference in the
ratios Al04/TiO; (4.44-6.13); CaO/Ti0» (3.04-4.30); Al,03/Ca0 (1.07-1.61) and the very similar chondrite normalized distribution
exhibited by these basalts are in support of their formation by partial melting process. The Jos Plateau basaits, present Zr/Nb ratios
(2.4-3.0) comparable to those of the alkali basalts of the lower Benue vailey, and of the Cameroon volcanic line, suggesting that

they were possibly derived from the same mantle source.
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INTRODUCTION

The Cenozoic volcanism of the Jos Plateau outcrops withis, the
Pan-African Basement in form of thin flows or rarely as domes,
as in the case of Bokkos hill (Mackay et al.,, 1949; Wright,
1969). Radiometric ages obtained on these rocks constrained
a time intervai of between 2.1 to 0.9 Ma (Grant et al., 1972).
Their time of emplacement is therefore contemporaneous with
the formation of the Biu volcanic Plateau which forms the
northwestern branch of the Cameroon line (Grant et al., 1972).
The volcanism of the Jos Plateau represents an intraplate
&..aline series evolving from basalts to phonolites (Irving and
Price, 1981). In view of their petrographic, mineralogical and
geochemical characteristics, this valcanism is identical to the
Cenozoic magmatism of the Upper Benue Trough which is a
branch of Gongola, Biu and Longuda Plateaux (Carter et al.,
1983; Turner, 1978).

The petrography of the Jos Plateau basalts has relatively been
studied in detail (Carter et al, 1963; Wright, 1978).
Geochemical data on these basalts, however remain very
scanty. This paper presents the geochemical characteristics
of Jos Plateau basalts with a view to the understanding of
their evolution and relationship that exists between them and
those of the Biu Plateau (north of the Jos Plateau), the Benue
valley (south of the Jos Plateau), the Cameroon volcanic line
and the Ocean Islands in the Atlantic (to the southeast).

GEOLOGIC SETTING

The Jos Plateau lies precisely within the North Central
Basement Complex of Nigeria (Fig.1). The Basement Complex
rocks of the Lower Palaeozoic to Precambrian ages underlie
about half of its entire landmass. These rocks are represented
b, gneiss-migmatites and intrusive into these Basement rocks
are the Pan-African granites and the predominant Jurassic
non-orogenic alkaline Younger Granites (Turner, 1976).
Tertiary and Quaternary basaltic voicanics are the youngest
rocks in the area and overlie directly the basement and in
places the Younger Granites (Wright, 1976). Two main basalt
subtypes have been distinguished based on these periods of
emplacement and textural differences. They are the Older

(Tertiary) and the Newer (Quaternary) basalts (Macleod,
1971).

The Newer Basaits occupy nearly 150 km? in the western and
southern Jos Plateau. They also extend towards the
Kafarichan area and Southwards down to the Shemankar
valley. They occur as cones and lava flows characterized by
steep-sided central craters rising a few metres abov2 their
surroundings. The Newer Basaltic cones are aligned in NNW -
NNE direction, corresponding to the trend of dolerite dykes
(MacLeod et al., 1971). They are mainly built of basaltic scoria
and pyroclastics, ‘with the vesicles filied with a variety of
inclusions (olivine, lherzolite, websterite etc)..

Partly decomposed basaltic boulders, plugs or dome-like
outcrops represent the Older Basalts. They are very visible
from the Werram Valley southward of Jos extending to the
Keffi-Abo area to Rukuba, Ganawuri, South Ropp, Mbar and
Mangu. The lateritized basalt represents the product of
weathering of mainly the Older Basalts (MacLeod et al., 1971).

PETROGRAPHY

Petrographically, the two main basalt sub-units (Newer/Older)
exhibit similar mineralogical compositions consisting of olivine,
pyroxene (augite-titanaugite), plagioclase (labradorite) with
opaque minerals (mostly ilmenite and/or magnetite) and a few
guartz as accessory minerals. The Newer Basalts however
present higher percentage of olivine. Texturally however, these
two sub-types are different. The Newer Basalts are mainly
vesicular, riddled with small cavities attributed to eccaping
gases and water vapour. The vesicles are sometimes filled
with minerals like olivine etc. The Older Basalts are mainly
porphyritic, where large phenocrysts of one or more of the
major mineral constituents is/are set in a finely crystaliine
groundmass.

ANALYTICAL TECHNIQUES

Fourteen (14) rock samples were crushed and milled to a
grain-size of less than 125pm powder for geochemical
analysis. .
Major etement analysis (Si02, AlO3, Fex0s, TiO2, MgO, Cal,
K20, etc) was carried out at the National Steel Raw Materials
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FIG.(1) Simplified Map of the location of Cenozoic volcanism showing the location of the Jos Plateau. (After Fitton, 1980).
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TABL.EE .1: Major (in wt%) and Trace Element (in ‘ppm} Abundances of basaltic rocks from the Jos Plateau.

Wt | KG1 WPz | AMi AHY } KS1 HP1 [ apwi T ¥sa | HS2
Sillz 3964 | 4090 | @589 | 4494 “ . ). 3885 | 4043 3 39.08 | 4048 | 4275
H1203 118 | 1310 | 1240 | 1440 | 1aas | 138s | 10 | 1085 | 1345 | 1464 | 1428 | 1444 | 1367 | 1353
Fa: | 1292 | 9.93 036 | 975 | 1028 | 979 1288 | 1268 | 1585 .| 1385 | 1088 | 1363 | 1237 | 1218
T | 252 | o243 an 237 | 262 2.84 238 236 2.39 2.39 2.69 256 251 247
Ca0 1043 | 877 8.57 9.72 8.53 864 | 9.71 871 8.78 9.78 8,65 09z | w2e | 1066
Mg0 1879 | 2185 | 1782 | 1631 | 1498 | 1530 | 1587 | 1587 | 1648 | 1648 | 2944 | 1599 | 176 | 1533
Mn0 0.08 0.07 0.09 0.07 0.07 6.07 0.07 £.09 6.07 n.07 0.08 .07 4.08 0.08
K:0 1.64 1.64 0.97 1.43 167 141 1.96 1.80 1.96 184 0.67 1.84 1.50 155
P20 0.48 0.62 6.57 .48 .48 G.46 0.65 0.70 0.69 0.61 (.44 0.7 0.54 0.54
S0 0.02 0.01 0.04 0.01 6.02 .01 L0171 005 0.02 0.02 0.12 0.0z g1t 0.06
Vil Bd Bd 0.02 n.02 Bii 0.02 n.02 002 0.02 0.02 0.02 0.02 Bd 0.02
Na:0 038 0.62 082 0.77 0.76 0.85 0.86 0.88 0.76 0.63 0.56 0.63 075 0.85
Cr0 0.04 0.03 0.02 003 | 003 | 003 | 003 0.03 0.02 0.02 0.03 02 0.03 0.03
Towal% | 98.69 | 9979 | 9979 | 10028 | 9997 | 9097 | 9882 | 9977 | 9991 | 10014 | 9985 | 9993 | $9.87 | 1ong7
| Mg# | 7424 (8120 | 7731 | 7681 | 7927 | 7123 | 7125 | 7218 | 7021 | 8679 | 8101 | b1 7376 ] 7137

| 7731 1 7681 | P B ot
Cr 1110 | 541 794 621 AR 955 | 535 805 713 657 1000 786
Ni 227 | a7e 251 29 |2 ’ 299 398 2 | o0 184 528 236 509 ati
Co 438 | am 369 ais 253 395 595 478 319 425 317 304 304 334
v 1210 {810 919 877 1000 | 957 1000 | 968 1090 1080 | 952 1530 548 842
B 9a.1 | 65 94.3 70.2 70.8 76.3 56.8 935 103 59.9 721 0.4 748 74.2
Cu 150 | 151 175 146 134 138 167 141 141 144 158 144 208 157
Ya 185 | 248 347 234 275 265 243 245 272 242 257 252 250 24
St 1480 | 1310 | 2050 1130 1060 1254 1640 1900 1380 1660 | 2580 2040 1360 1310
Z 452 | 287 338 308 318 368 4n 520 279 411 297 365 316 322
2 151 | 834 163 189 104 102 248 321 137 145 | 165 210 154 223
W 193 | 171 279 244 231 Lod 173 187 2 182 229 274 193 180
As 568 | 59.2 §9.1 55.8 58.5 575 65.1 59.8 554 615 59.] 64.4 76.4 714
Pd 857 | 103 86.3 79.9 83.3 82.2 73.7 86.4 83.9 825 86.3 912 in 108
Br 08 | 194 2.2 213 %54 24.5 70.2 213 1.7 21 21.2 22 217 23
Rb 193 | 682 371 69.5 75.6 725 112 46.7 68.5 95.8 371 | 695 B0 83
Th 392 | 263 29.4 27.1 8.9 27.8 30.7 28.8 27.7 35.4 29.4 36.8 33.6 335
v 238 | 253 135 74.2 735 72.4 358 50.3 26.4 24.7 135 49.2 362 25.7
Nb 131 | 118 49.2 101 88.6 87 158 177 105 136 40.2 157 121 108
ZeiNg 35 |24 | #4 a0 38 4.2 30 29 27 139 74 2.3 25 W
LEGEND

Kt = KERANG
VM1 = VOM

* HP18&2 = HEIPANG

*KS 1,2 & 3 = KASSA *RHT =

(1.067-1.61) and in the similar chondrite normalized distribution
patterns exhibited by thess rocks (Fig.4a & b).
By their Alkali-Silica contents (Fig.5) (Irvine and Barager,
1971), these rocks are generally alkaline - sub-alkaling. In an
AFM diagram (Fig.6), the basalts fall in a domain
characterized by greater Mg enrichment and consequently
lower Fe/Mg ratio and therefore do not seem to belong to the
tholeiitic series, which on the other hand are characterized by
greater Fe-enrichment (increase in Fe/Mg ratio) during
fraotionation than the atkali series.

tie characteristic enrichment in incompatible elements
exhiblted by the Jos Plateau basalts is akin to those observed
in the Mid QOcean Ridge Basalts (MORB) and the alkali basalis
of the Biu Plateau basalts {Tables.1 and 2). {Carter et al,
1963; Thompson et al., 1970; Lar and Saidu, 2004). The
enrichment in incompatible elemenis does not seem to
conform to the relatively low SiO; content of these basalts.
This: will only leave us with the option of propesing that the
source of these basalts was equally enriched in these
elements before being partially melted. Most ofs the Jos
Plateau basalts also present incompatible element (Zr/Nb)
ratios (2.4-3.0) comparable to those of the alkaline basalts of
the Biu Plateau, the lower Berwe valley and those of the
Cameroon volcanic line.
The strong positive Nb and Th anomalies observed in these
rocks (Fig.4a & b) signify the alkaline nature of the magma that
gave rise to these rocks (Baudin, 1991). Furthermore, the
enrichment in incompatible elements and the mineralogy

*AM1 = AMPER * AHt = ASSDP HAUSA-
: RICHA

(hictite, k-feldpars and nepheline) of these rocks again attest

to their alkaline character (Stopler, 1980).

G881 = GUMSHIR

*RY182 = RIYOM
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TABLE 2: Major (in wt%) and Trace Element (in ppm) Ahundaiwes of basaltic rocks from the Biu Plateau, Benue Trough, island Are and the Mid Oceanic

Ridge (MOR3).
" Elements T 2 3 4 5 6 7 T8 9 1 [
(W%} .
SiQz X 45.37 43.85 45.86 44.44 45.50 43.98 45.32 51.57 45.55 46.57
AlzUa 16.98 16.58 13.95 16.46 | 18458 1470 13.51 i4.70 15.91 16.52 15.65
Fealla 3.61 2.95 2.60 3.93 471 6.82 5.9% 5.31 274 13N 4.28
FeQ 173 144 g.14 1.17 752 7.69 §.96 8.00 7.04 | 7.55 6.3
Tils 243 1.87 2.29 2.61 2.13 212 2.03 214 1.25 3.04 2.61
Cal . 3.83 4.1t 10.6% 10.22 8.93 8.88 8.37 8.50 1174 7| 9.42 7.50
MgD 7.00 8.26 10.13 7.90 5.54 6.22 6.59 5.59 6.73 5.99 7.48
#nl 0.18 0.18 0.21 0.17 0.20 .. nd. n.d. 0.17 0.15 0.18
K20 1.84 1.93 1.54 0.56 1.85 0.21 030 | 0.81 0.44 0.30 1.3
Pals 0.83 0.73 0.92 -0.28 .52 0.17 0.16 = |.0.18 0.1 0.57 0.77
Nz20 4.37 2.50 7 3.83 3.87 240 2.28 2.73 M 2.89 2.77
U 2.21 278 1.08 1.62 1.66 580 146 5.28 0.45 2.85 3.70
Total% 100.68 | 100.12 | 10025 | 100.83 | 99.82 99.53 89.31 98.56 10056 | 100.11 | 10643 |
or ‘ 40 50 40 65 192 !
Ni 55 60 45 72 129
Co 57 78 49 42 44 :
¥ , 450 580 450 236 158 i
Ga 19 18 21
Cut 50 140 178 51 83
S . ' 168 185 355 609 620
Pid 10 9% 145 204 319
7n o - 119 108
fb - - 12 23
Y 21 13 35
b _ . 32 55
ZriNp 7 | 6.4 5.8
15 : Basalts from the Biu Plateau (Source; Carter et al,, 1963) _
6 = 8 : Mid Oceanic Ridge Basaits (MORB) (Source; Tharmpson et al.,, 1870)
9 : Tholeiitic basait, New Britain (S ource; Jake and White, 1972) ‘
10~ 11 : Basalts from Bima Hills and Gwol, Benue trough (Source; Baudin, 1991).
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FIG.(6) Plots of the Jos Plateau basalts in an AFM diagram.
CONCLUSIONS

(1) The Jes Plateau basalis, despite their textural
differences, display very identical  geochemical
properties.

(2) They represent essentially the product of partial

Q)

melting of the same mantie reservorr onginaily
enriched in incompatible elements., ‘
They are clearly alkali continental basalts, with some
of them exhibiting tholeiitic tendencies. They present
geochemical and mineralogical characteristics
comparable to the alkali basalts of the Benue frough, ¥’
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the Cameroon volcanic line and the intraplate basalts
of Ocean islands of the Atlantic Ocean. o
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