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ABSTRACT

Comparative geochemical study of the 1982 volcanic eruption in Cameroon with the 1999 eruption was carried out to
determine if a link exist between the magma compositions of the two eruptions, establish if a common parent magma could be

~ attributed to the two eruptions and interpret their genetic model based on geochemical similarities and differences.

Data for the 1982 eruption were sourced from existing literature/studies, while analysis of rock samples for the 1899
eruption was carried out using X-ray fluorescence spectrometer. Initial screening of the rock samples were employed prior to
detailed whole rock analysis.

Interpretation of the resuits obtained from the geochemical analysis of the 1999 eruption with existing geochemical
informatior: on the 1982 eruption revealed that the 1982 and 1999 lavas- are alkali basalts. The differentiation index ~ major oxide
plots for K0, Na20, Al20s, MgO, CaQ and TiO; for the two eruptions show a strong correlation for K,0, Na2O and Al2O3 with a
general increase in these oxides content with differentiation index. Variation diagrams for selected trace elements Ba, Sr, Zr versus
La for the 1982 & 1999 eruptions show a general similarity in variability in Ba, Sr and Zr abundances with increasing differentiation.
Co-variation plots for K, Sr and Y reveal that a correlation exists between K and Sr and absent in K, Sr and Y. Spider diagram
pattern for the two eruptions (1982 & 1999) shows that the basalts are enriched in incompatible rare earth elements, with a general

peak at.Nb.

Generally, the abave results may probably suggest a common parent magma for the two eruptions.
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INTRODUCTION

Mount Cameroon is located on the coast of West

Africa, in the southwest of Cameroon, on the coasta) belt of
the Gulf of Gumea It lies between Latitude 3°57' — 4°27'N
and Longitude 8%58' - 9°24'E, and the highest mountain in
Central and West Africa, rising up to 4,095m (Fig. 1). it is
part of a chain of volcanic mountains that starts about 100km
southwest of Cameroon (Fig. 2) from the Island of Pagalu,
Sao Tome, Principe, Bicko, through Kupe. Manengouba,
Bambouto, Oku and Nkogam to the Adamawa highlands and
ends with the Kapsiki Plateau (Ngonge, 1988, Njonfang et.
, 1992). Mount Cameroon rises abruptly from sea level at

the coast 10 reach the summit about 20km infand. The main
Plateau is about 50km long and 35km wide and covering an

Kount.

Caomesroon

MYk

Maala

area of about 1800km? running SW ~ NE (Ngonge, 1988).

Despite thz considerable scientific interest that
surrounds volcanic eruptions and their effects, coupled with
the increasing scientific concern about the origin, nature and
sources of magma that causes eruption, there is dearth of
scientific  writing concerning the geochemistry and
petrogenesis of the 1999 volcanic eruption in the Mt
Cameroon. Most of the literature consulted prior to this study
dealt with preliminary data evolution and petrographic
studies of the eruption. Additionally, some of the existing
literature on the geochemistry, petrogenesis, seismicity and
palaecomagnetism of the Mt. Cameroon volcanic eruptions
include (Fitton et. al., 1983; Fairhead, 1985; Ambeh et. al.,
1989; Ubangoh et. al., 1997).

]

Fig. 1 Location of Mount Cameroon .
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Fig. 2. The Cameroon volcanic line

The main objective of this study therefore is to " magma compositions of the two etupt_ions,'estabhsh whgther
comparatively examine in details the ‘major and trace a comman parent magma could be attributed to the two .
element data from the 1982 eruption with the 1999 eruption eruption products and interpret their genetic model based on-.

. (this study) with a view to establishing a link between the geochemical similarities and differences. - :
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'~ Geology/ Physiography
he origin of the Cameroon volcanic line has been
discussed by many authors. Some people have attributed it

to a hotspot due to the deep source character of its. magma -

{Ngonge, 1988; Amboh, 1989) and Moreau. et. al., (1987)
have proposed that the Cameroon volcanic line is fracture
zone. However, this fracture zone model does not offer any
explanation for the cause of partial melting in the mantle.
Also Fitton et. al., (1983) have proposed that an upweliing
asthenospheric hot-zone which was emplaced underneath
the Benue ftrough, but bécame displaced relative to the
lithosphere by the rotation of the African plate, and has been
located beneath the Cameroon line and the Guif of Guinea
may have ariginated the voicanic line. The general view for
the origin of Cameroon volcanic line till date has been {!
closed spaced hot spots (Zogning, 1997).

Tectonically, the crystalline basement of the
Cameroon volcanic line, forms part of a mobile belt between
West Africa and the Congo cratons (Fig. 2) and comprises
Pan African granitic rocks that yielded Middle Proterozoic Nd
mode! ages (Nzenti, 1998). To the north of the trend of the
Cameroon volcanic line lies the Benue trough of Nigeria
which is a 1000km long depression that extends from the
Niger delta to the Chad Basin (Fitton, 1980), and to the south
is the Foumban shear zone which is considered to be the
continuation of the Pernambuco lineament of Brazil.

~ Mount Cameroon is a large volcanic horst which
belongs to the Cameroon volcanic line and it~is one of the
largest volcanoes in Africa. It is composed of alkaline
basalts and basanites interbedded with small amount of

pyrociastic materici (Fitton, 1987). The lavas range in
composition from almost aphyritic to strongly porphyritic
types, Many recent volcanic cones found on the mountain .
are aligned SW-NE. The oldest basalt of mount Cameroon
is. assigned an .age of 9Ma while the oldest lavas are

- estimated . to be of Upper Miccene age (Fitton, 1987;

Lockwood et al., 1989). -Mount Cameroon is the only
presently active volcano in the Cameraan volcanic line, with
about eight eruptions in the iast century (Ubangoh et. al,,
1997).

The step-like morphology of an ovoid shaped mount
Cameroon (Horst), comprises; the lower flanks at the base

.and three superimposed plateaus above each, separated

from each other by escarpments. They are the hut Il Plateau,
hut i1l Plateau and the summit Plateau (Zogning, 1997).
Mount Cameroon forms a watershed for some rivers -and
streams. It has a drainage pattern with main Rivers like
River Mame, Limbe River, Ndongo River with a deep gorge,
Bimbia River, Yoke River and River Mongo all taking their
rise from the top central relief of mount Cameroon and
flowing or radiating in different directions (Fig. 3). The
surrounding lowlands of mount Cameroon comprise a
diverse mosaic of soil types including ferralitic clays formed
by the weathering of igneous rocks, ash deposits, deposits 'of
outwashed material from conglomerates of water-worh rocks
and flat poorly drained plains of recent alluvium that is sandy
or silty in composition (Ngonge, 1988). The vegetation on
mount Cameroon is based on two main approaches. The
phytogeographic approach, this is related fo broad
vegetation zones or belts (Ngonge, 1988). The second
approach is based on local occurrence of plant communities.

Bunmq

Atlantic
Ocean

Fig. 3. Mount Cameroon Radial Drainage pattern (After N'g\Wa, 1978)
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Annugl mean rainfall decreases in a SW-NE direction of the
mz_ass:f to about 8,650mm at Isongo close to Debundscha
(Fig. 4). Short dry season occurs between December and
February.'However, humidity remains high at 75% - 80%

9 oy

~ throughout the year (Ngonge, 1988). The persistent cloud

cover and mist on mount Cametoon greatly restricts the total
number of sunshine hours received per year, which is 900 —
1200hrs at sea level and decreases with altitude. .
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Fig. 4. Climate in the Area of Mount Cameroon (After Ngwa, 1978)

Volcanology of the 1982 and 1999 eri‘ptions
The 1982 mount Cameroon eruption started on
October 16, and ended on November 10, 1982. Residents of

Buea, approximately 10km SE of the summit were frightened

by rumbling sounds and saw red glow on the west flank. Two
active fissures were identified, one at 2, 600m altitude and
the other 2, 500m alfitude (Fig. 5). Steam was emitted at the
upper part of the fissure, which began at 2, 600m altitude
and. ran NNE — SSW, parallel to the general tectonic trend
(Fitton et. al., 1983). Basaltic lava from the 2,500m aititude
maved down-slope at 20km/hr in a 3m wide flow that
reached forested areas. By October 19, the active vent had
built a cone 20m high and 50m long and was emitting steam,
ash and lava fountains. Volcanic activity fluctuated between
October 20 and 22, with periods of vigorous degassing
lasting for about 50mins (Fitton et. al., 1983). Short noisy
explosions at every 5 - 10 seconds made talking difficult
200m from the crater. By October 24, the lava had moved
through dense mountain forest to about 6km from the village
of Bakingili on the SW flank. Vent activity continued during
October 22 ~ 30, and was audible 15 ~ 20 km away. By
October 30, the flow was about 200m wide and 20m thick,
and its front had apparently stopped at 1,200m above sea

level. However, the eruption was reported to be continuing
and by November, 7 — 9, it had declined to very sluggish
trickle, the eruption apparently ended on November 10,
1982. The total lava output of the 1982 mcunt Cameroon
eruption was estimated at 10'm®, the eruption plume
reached 4000m altitude and total SO> output was about 1000
tons/day (Fitton et. al., 1983). :

The March 28" April 17" 1999 eruption in mount
Cameroon was felt by the inhabitants and villages/towns
along the slopes of the volcano and 70km away from the
volcano, in Douala, Mbango, and Kumba. More than 200
seismic events were detected, causing the destruction of
many structures particularly buiklings and roads, popular
among them was the library biock of the University of Buea
at Molyko, the main block of Bishop Rogan Cuiiege Soppn,
Saint Joseph's College Sasse, and the Presidential Palace in
Bokwango. The greatest deastating effects were observed
at Poto-poto quarters at Bowango (Lockwood, in Press,
Ngwa, 1999). The 1999 eruption took place on two sites
along the southemn flank of mount Cameroon. The first site is
located along a SW — NE trending fissures 500m long and
100m wide at an altitude of 2,650m at latitude 4°9'13"N; and
longitude 9°7'46"E. Along this fissure fourteen (14) vents
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1. The 1999 lava flow
2. Registered historic lava flows
3. Pyroclastic cones

4. Historc hvaﬂowsnotmgxsww

5. Etindites of Mt. Cameroon
6. Vokanic rocks

7. Limit of sedimentary rocks with occurance of

basaliic lava & quarternary alluvia.

8. Fanlts or open cracks
9. Lahar deposits
"~ 10. Bituminous road

Fig. 5. Geological map and historic activity of Mount
Camercon (Afiexr Nono et. al., 1994)

mﬁmmedbymmdmemm some of wiich are
reackivaled wvoicamic comes (Fig. 6)  The second sile
.ooouwed 2t abitude 1,400m at lattude 4°797'N and
fongitude $°5BTE. ¥ is located 2iong 2 1.2km, SW — NE
tremding Essures, wilh twenty-sight (28) vents ideniified. The
lava fowed in a SSW direction through demse forests
wwanis the coastal village of Balkingli The Lava flow
estended & ~ Tk from its sowce and sfopped approvimaely

200m from the Allenitic Oosan shoreline affer crossing Limbe

BETHODOLOGY

Resuiifs of premms Shdies on the chemical
mmmmmmnwmmmmmm
oivizined from sxisfing Mersbuwefechnica papers (Fitlon €.
al, 1983; Thomion & Tultle, 1960). However, the results of
mummmmmmwwm )
embadking on an initicl field work between January and
Felbruawy 2000, which oconsisted of oolleclion of
represenitative samples along the lava flow. Samples were
collected =t the lava fromt, and close %o the vendt (Site 2).
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Preliminary geochernical studies on representative samples
were carried out at the Petrology workshop/laboratory of the
‘Department of Geology, University of Nigeria, Nsukka, prior
to detailed bulk rock composition analysis using X-ray
Fluorescance Spectrometer at the Institute
-lsotopengeologie/Mineral. Rohstoffe Sonneggstrasse 5 ETH
Zentrum, No F 62 8092 Zurich, Germany.

DISCUSSION OF RESULTS

Chemical composition of racks from the 1999
eruption (this study) is presented in Tables 1 - 3. Previous

Fig. 0 Location of the cones and lava flow area of the 1999
eruption (After Wandji et. al., 2000 in Ngwa, 1999)

study on major element and norinative compositions with
calculated differentiation indicas for the 1982 eruption after
Thorton & Tuttle, (1960} compared with this study is
presented in Tabies 4 - & The trace element composition for
rocks from the 1982 eruption after Fitton et al., {1983} is in
Table 6. The cheniual compasitions of rocks from the 1989
eruption (this stuay) are compared with those of similar
compositions of the 1982 eruption in the literature, 21d then

"interpreted for their appropriate petrogenetic significance.

r
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~ Table 1. Whole Rock analysis of Basalt Samples (B - By) for this study

B, B, B B2 B
Concentration Limit 1 Limit 2 Goncentration | Limit 1 Limit 2
Si02 45.34 0.00 1.68 45.66 0.00 1.68
TiO, 3.12 0.00 0.01 3.12 0.00 0.01
AlL,Oy 15.11 0.00 077 15.06 (.00 0.77
| CrOy 0.02 0.00 0.02 0.03 0.00 0.02
| Fey0y 12.30 0.00 0.07 12.32 "1 0.00 0.07
Fel 0.00 0.00 0.00 0.00 0.00 0.00
Mn( 0.19 0.00 0.01 0.20 0.00 0.01 o
MgQ 6.53 0.00 0.34 0.51 0.00 034
NiO 0.00 0.00 0.01 0.00 0.00 0.01
Ca0 10.71 0.00 0.10 10.71 0.00 0.10
N&,0 3.87 0.00 : 1.01 3.88 0.00 1.01
K0 1.55 0.00 . 007 ' 1.54 0.00 0.07
P04 0.68 0.0~ 0.02 0.67 0.00 0.02
CO2 0.00 0.00 0.00 0.00 0.00 0.00
H.0 0,36 -0.00 0.00 0.57 0.00 0.00
Total 99.78 - 94.27
Rb 38 3 5 38 3 5
Sr 975 3 8 967 3 8
Ba 514 1 14 501 1 14 |
Sc 20 [§ 2 18 0 2
v 326 3 10 291 3 10
Cr 192 8 11 151 8 11
Co 43 3 4 43 13 4
Ni 78 3 4 73 3 4
Cu 81 3 4 80 3 4
Zn 110 2 11 108 2 11 )
1 - 386 3 7 381 3 7
Nb 107 2 2 105 2 . 2
Y 43 - 3 3 41 3 3
La 130 3 8 122 3 8
Ce 208 . 28 18 216 28 18 ,
Nd 89 17 9 . 81 17 9 .
Ga g 1 3 7 1 3
Pb_. |10 3 4 4 3 4
Th 13 8 6 0 8 6
U |0 7 1 0 L7 1
S 101 11 38 1138 11 38
F 132 0. 270 15 g 270 ;
7
Table 2. Whole Rock analysis of Basalt Samples (B; ~ By) for this study
Ba 83 B4 : Be
Concentration Limit 1 ~ Limit 2 Concentration | Limit 1 Limit 2
Si02 45.58 0.00 1.68 45.30 0.00. 1.68
TiO, 3.16 0.00 ~ 001 3.15 0.00 0.01
A0, 16,42 0.00 0.77 15.09 0.00 0.77
Cr0Ox 0.02 0.00 0.02 0.03 0.00 0.02
Fe, 05 12.31 0.00 0.07 12.40 0.00 0.07
FeOQ 0.00 0.00 000 10060 0.00 0.00
MnO 0.19 - 0.00 0.0§ 0.21 0.00 0.01
MgO 0.53 0.00 0.34 6.52 : 0.00 0.34
NiO 0.00 a.n0 0.01 0.00 ' 0.00 0.01
Ca0 10.72 0.00 0.10 16.73 : 0.00 0.10
Na,0O 3.86 0.00 101 1385 0.00 1.01
K0 1.56 6.00 0.07 1.54 0.00 0.07
P05 0.66 1 0.00 0.02 0.69 R 0.00 0.02
GO, 0.00 0.00 0,00 0.00 i 0.00 0.00 ~
H0 0.45 0.00 0.00 050 0.00 0.00
Total 94.17 . — 99.69 ’ :
Rb 37 3 5 40 3 5
Sr 970 3 8 970 3 8
Ba - 512 1 14 502 1 14
Sc 19 0 2 19 0 2
v 320 3 10 : 320 3 10
Cr 180 8 11 190 8 11
Co 44 3 4 44 3 4
Ni 75 3 4 7% 3 4
Cu 81 3 4 83 3 4
in: 109 2 11 111 2 11
Zr 384 3 7 382 3 7
Nb 1106 2 2 1104 2 2
Y . 42 3 ~ 3 41 3 3
La 126 3 8 125 3 8
Ce 206 28 18 210 28 8
Nd 88 17 9 86 17 9
Ga . 8 1 3 8 1 3
Pb 9 3 4 5 3 4
Th 12 3 6 10 8 [¢]
Y] 10 7 1 0 7 k]
S 100 11 38 130 11 38
F 130 [4] 270 110 0 270 |
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‘ T Table 3. Whole Rock analysis of Basalt Samples (55) for this study

o Bs Bs -
: s Concen(rahon - | Limit1 Limit 2
Si0; - 14540 - - 0.00 - - 1.68:
TiO2 1313 {000 0.0 .
Al20; 1 16.07 . 000 - 077 Yo o
Cr,04 0.02 | 0.00 0.02 .
| Fe:03 « 12.31 0.00 - 0.07
. [FeO 1000 - 0.00 0.00
s MnO o 1021 0.00 . 0.01
C e MO 6.51 '0.00 034
NIiQ Qoo - .1 0.00 - 0.01
Ca0 ‘1 10.69 . 0.00 - 010
-Na;Q - 1.3.88 -] 0.00 . 1.01
K:Q 152 0.00 007
P,0s 0.69 : 0.00 T 002
CO; .1 0.00 ~_1oo0 000 ¥
HO - 0.39 0.00 . 0.00 o
Total 99.82 i -
Rb 40 -3 ‘5
Sr ar? 3 8
Bea 507 1 14
Sc 20 Q 2
\ 1290 3 10
Cr | 155 8 11
Co . 43 3 .4
Ni 70 3 4
Cu 81 3 4
Zn_ 105 . 2 A
VA 384 3 7
Nb 107 2. 2
Y 43 3 3
La 125 3 8
Ce 210 128 18 .
Nd 87 17 9
Ga 9 1 3.
Pb 6 3 4
Th 10 8 6. i
U 10 7 1 %
S 126 i1 38 ] ;
F 128 0 270

Table 4. Results of Analyses for CIPW and differentistion index based on Thoh\ton and Tuttle (1960) for the 1982 & 1999 Cameroon Valcanic
Empnon (Source of the 1982 major element dala from Fitton el. al., 1983}, with results of this study (By ~ By)

1999 Analysis (this study) : 1982 Analysis (after Thornton & Tuttle {1960)
, B, . 8, B : Ciss Cugy Chgs, Cioz Cor -]
2 Si0; - 4534 -~ 4566 4558 4481 - 4480 44.87 44.70 44,72
Tio; 3,12 312 316 340 3.40 337 3.39 344
A0y 1511 15.06 16,12 | 1533 15.10 15.14 15.07 15.45
Fe,0, 12,30 1232 1231 332 481 381 384 221
FeO 000 . 0.00 0.00 "9.14 7.82 8.64 8.70 10.12
MnO 0.19 0.20 0.19 1020 0.20 0.19 0.20. 6.20
MgO 653 651 . 653 6.01 6.11 6.21 6.02 591
€ad  [671 1071 10.72 , 11.92 11.96 1193 11.86 11.48
Na;O0 [ 3.87 3.88 3.86 T 366 3.54 3.68 -394 ,
KO~ 1.55 T 154 1.56 1,28~ 127 1.27 1.31 1.40
P05 068 0.67 0.66 0.55 0.54 0.55 0.56 0.61
.0 0.36 057 6.48 - - - - -
€O, 0.00 0.00 0.00. - N - - -
TOTAL | 99.76 10014 100,15 99.37 9967 9952 99.34 9948
or 92° 91 9.23 76 7.5 75 17 8.3
Ab 232 246 3265 0.7 123 138 133 113
An 192 19.1 1827 192 - 199 196 19.7.
Ne 135 - 28 - 08 100 87 97
Wo 6.2 14 1256 14.8 150 - 143 1456
En_ 150 61 - 185 110 805 8.1
Fs N . 55 3.7 44 4.6
En - - - o WIBRERSERLN - —d T
fo ~ - S T : - I
T “1es 5.9 . 8.07 83 .92
Fa A i : 49 22 T4 36 5777
) N 139 - 48 50 55 48 32
it .:{’48 T4 - 155 5.5 54 54 55
Ap” 16 16 . 155 13 ~ 13 1.3 13 14
| D! 368 365 —4v88 - [ 201 29.9 300 - 307 . - 315
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Table 5. Results of Analyses for CIPW and.differentiation index based on Thomton and Tuttle (196 J) for the

1982 & 1999 Cameroon Volcanic Eruption

Source of the 1982 major eiement data from Fitton et. al., 1983

1999 Analysis (this study) 1982 Analysis (after Thornton & Tuttle (1960)
B4 Bs .| Cipa Ciss “Cigs Ciaz Cror
Si0, 45.30 - 45.40 44.81 44.80 44 87 44.70 44.72
TiO, 3.15 3.13 3.40 3.40 3.37 3.39 3.44
AlLD; 15.00 1n.07 15.13 15.10 1514 1507 15.45
Fea0s 12.40 C 231 3.32 4.81 3.81 3.84 2.21
FeQ 0.00 Q.00 9.14 7.82 8.64 8.70 10.12
MnO 0.21 0.21 0.20 0.20 0.19 0.20 0.20
MgO 6.52 .51 6.01 6.1 6.21 6.02 5.91
CaQ 10.73 10.69 11.92 11.96 11.93 11.86 11.48
Na,O 3.85 3.88 3.62 3.66 3.54 368 3.94
K20 1.54 1.52 1.28 1.27 1.27 1.31 140
| PaQs 0.69 0.69 0.55 0.54 0.55 0.56 0.61
H,O 0.50 0.39 - - - - -
CO, 0.00 - 0.00 - . - - - -
TOTAL | 99.98 99.8 99.37 99.67 99.52 99.34 99.48
Or 9.12 8.99 7.6 7.5 7.5 7.7 8.3
Ab 11.75 16.56 10.7 12.3 13.8 13.3 11.3
An 19:31 19.18 19.2 19.9 19.6 19.7 19.3
Ne 11.27 8.80 10.8 10.1 8.7 9.7 11.9
Wo - 12.48 12.45 14.8 15.0 14.3 14.6 13.8
En 10.76 10.73 8.5 11.0 8.05 81 6.5
Fs - - 5.5 3.7 4.4 46 4.8
En 7.87 9.54 o - - - -
Fs - - - - - - -
Fo - - 6.8 5.9 8.07 8.3 9.2
Fa - - 49 2.2 4.8 3.6 57
Mt - - 48 5.9 5.5 4.6 3.2
0] - - 55 5.5 54 5.4 55
Ap 1.63 1.63 1.3 13 13 1.3 1.4
DI - 32.14 . 34.35 29.1 29.9 30.0 30.7 31.5 ‘
Table 6. Trace Element Result of Analysis for 1982 Eruption (Data Source: Fitton et. al., 1983), with results of this study
PPM 1982 1999
: Cis Cios Cigs Cioa Cioz B4 B, By
Ni 83 52 - 54 54 49 78 73 75
Cr 56° 56 57 55 39 192 151 190
\i 337 345" 335 347 336 326 291 320
Sc 27 29 27 27 23 20 18 19
Cu 101 99 101 101 100 81 80 81
Zn 111 102 108 104 117 110 108 109
Sr 886 837 885 871 974 978 967 970
Rb 29 28 29 29 33 BES 38 37T ]
Zr . 308 298 307 304 335 38 381 384 |
Nb 72~ 70 72 73 81 107 o7 08T
Ba 397 414 414 410 443 514 501 512
La 60 61 59 61 66 130 122 126
Ce 129 120 129 124 143 208 216 206
Nd 57 51 55 54 61 89 81 88
Y 29 28 - 29 29 30 43 41 42
U 1.54 1.56 1.56 1.77 0 0 0
_Pb 2.98 3.46 10 4 9
PPM 1982 1999
Cias - Cies Ciss Cie2 Ciar B4 Bs
Ni 53 52 54 54 49 78 70
Cr 56 56 57 55 39 190 165
Vv 337 345 335 347 336 320 290
Sc 27 29 27 27 23 19 20
Cu 101 99 101 101 100 83 81
Zn 111 102 108 104 117 111 105
Sr 886 837 885 871 974 870 977
Rb 29 28 29 29 33 40 40
Zr 308 298 307 304 335 382 384
Ny 72 70 72 73 81 104 107
Ba 397 414 414 410 443 £02 507
La 60 61 59 61 66 - 125 125
Ce 129 120 129 124 143 210 210
Nd 57 51 55 54 61 86 87
Y 29 28 29 29 30 41 43
Ly 1.54 1.56 1.56 1.77 0 0
Pb . ‘ 2.98 3.46 5. 6 ]

. with results of this study (B4 - Bs)

(By-Bs)
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" Rock .nemenclature’ of 1982 and 19;991lavés'was

based on the Harker-(1904) variation diagram of weight

percent NaO + K0 (Total alkali) versus wei
€ )+ f ; ght percent
-8i0z. Cox et al., (1979) chart was used, while the dividings,

line (X - ) separating alkalic from sub-alkalic megma series

is that of Miyas

1970). The.1982 and 1999 rocks are

alkali basalts, as they plot within the restrictéd fiel ali
magfng\ series above the “Miyashiro line" (Fig. 7). Tgeifrgﬁgg
from picrite basalt through basalt to Hawaiites. The basalts
are: nepheline ~ normative (2.8 ~ 12.21%), which: is
characteristic of alkali magma series. KyO vérsus NaxQ
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weight percent plot
basalls belong to th
index - major oxide diagrar
Al,Os, MgO, Ca0, and TiOz is presented in (Fig. 9). The
diagrams show a streng corre
_with a general increase
differentiation index. The K
in the 1982 lava compare
AlCs contents increase sharply in the 18 ,
1999 lava. A strong correlation exists for MgO and Ca0 as

e Na sub-series (Fig. 8). Differentiation

i = hawiite

mug = mugearite -

ben = benmorite

bst = basalt + tephrile

pht = phonolite + tephrite
ph = phonolite

i"ig,. 7. Momenclature of Basalt from 1982 (A) nﬁd 1999 (=) {this study) of

Mt Cameroon cruptions. (Based on Cox ct al., 1979 chart). The dividing
fine XY between alkalic and sub-alkalic magma series is afier Miyashiro
(1970 ‘

of Migdlemost (1973) shows that the
s for weight percent K20, Na,O,

\ation for Ka0, NazO and A3
in these oxides content with
O and NazO contents are lowest
d to that of the 1999 lava. Also
82 lava than in the

parent magma (Thompson et. al,

phenocryst phase in these rocks.

shown on the diagram. MgQO and Ca
from highest in the 1882 lava to the 1999 fava. Gene
MgO and CaO contents decrease with increasing
differentiation index. TiO, content shows an inflexion. The
variation in major element content can
different degree of fractional crystal

MgO is linked with ofivine fractionati
Ca0 is linked with augite fractionation a

&

O decreases sharply
enerally, the

be related to the
fization from a common
1984). The decrease in
on while a_ggtrease i
i of which form a

¥
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Fig. 8. K20 Versus Na)O) (wt%) diagram showing sub-division of the 1982 (A)
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Three variation diagrams Aor selected - trace
_elements; Ba, 8r, Zr versus La all in parts per million for the
1982 and 1999 basalts show strong correlation (Fig. 10). A
general similarity in variability in Ba, Sr and Zr abundances
with increasing differentiation \is observed. Similarity in the
variability’ of this nature can be linked with an origin from a
common’ parent magma enriched in incompatible trace
elements (Hall, 1967, Allegre et. al., 1977). Co-variation plots
for K (wt%), Sr (ppm) and Y{ppm) versus SiOz (wi%) as
fractionation index for the 1982 and 1999 basalts show that a
correlation exists between K and Sr but absent between K,

600 -
500 -+ :?&A
Bu [ ppm)
PRy o JR A
300 -
Y 30 60 90 120 150
Latppm)
1200
' <
900~ 8‘0’0
Srippml}
600
300+
) r
Y 30 50 90 120 150
La{ppm)}
500 -
o 400 4
Zr (ppm) : ; XN
‘ . -3
300 32
2 Q0
Q 30 6O X6 120 150
La{ ppm)
Fig. 1. Ba. 8, v versus La plots l‘né the 1982 (#) and 1999 (A)

Mt Cameroon eruplions

Two dimensionai Zr — K variation plot (Fig. 12) fo
test for compatibility with a mixing hypothesis and to identify
the end-members show a clearly defined straight or mixing
line along which a linear array of the 1999 and 1982 lavas
plot. Spiderdiagram pattern for the 1982 and 1999 basalts
that have been chondrite-normalized according to Thompson
et al. (1984) is presented in (Fig. 13).. The normalized
constant used is given in (Table 7). All the basalts show
clear enrichment in incompatible rare earth elements, with a
general peak at Nb. This suggests an incompatible rare earth
element enriched mantie source for these basalts (Puchelt &
Ermmermann, 1976; Bowden, 1985, Parsons et. al., 1986).
The decreased enrichment of Y’ relative to the light rare
earth eclement (LREE) in these pasaits suggests ‘th~e
presence of residual garnet in the source. The char_actgnst«c
troughs at Ba and Sr result from fractional crystallization of
plagioclase (Allegre et al., 1977). The bqsalts are
considered low strontium basalts (LSrB) due to their negative
Sr and P spikes. The spiderdiagram pattern also invokes 2
low degree (2%) differential partial meiting of a garnet

" peridotite mantle material rich in incompatible trace element.

S{ ar)’d Y (ng. 11). This is evident in a fall in Y", coinciding
with increasing K, Sr and SiO.. The ‘Y’ fall can be linked with
buffering during the separation of progressively greater
amount of residual garnet at depth (Hall, 1967; Allegre et. al.,

: '1977; Thpmpson et. al,, 1984). The behaviour of Sr as an
- incompatible element (paralleling K) rules out significantly

e
(g pend 1000

{apmt e

low pressure fractionation, since plagioclase is a
. , phenocryst
ghase in these rlocks. The observed co-variation invokez a
eep process close to the magma source at depth
100km in e mantle. pif below

CEIRNTEN

Fig. 11. Co-variation plot of K. Sy and Y with Si0; for the 1982 ()
and 1999 (A) hasalts (Picrites. Alkali hasalt and awaiites)

CONCLUSION

This study has provided an insight into the
geochemical compositions of the 1989 mount Cameroon
volcanic eruptions. Comparative interpretations of the resuits
obtained from the geochemical analysis of the 1999 eruption
with existing geochemical information on the 1982 eruption
has shown that lavas of the two eruptions are alkali basaits.
KO versus Na;O weight percent plot shows that the basalts
belong to the Na sub-series. A strong correlation exists for
K20, Na;0 & Al:Q3 in the two separate erupiicns (1982 &
1999). However, TiOz content shows an inflexion. Trace
element plots of Ba, Sr and Zr versus La also show strong
correlation with a general similarity in variability in Ba, Sr and
Zr abundances. This may probably suggest anorigin from a.
common parent magma enriched in incompatible trace
elements. Also the spiderdiagram pattern suggests a low
degree differential partiai meiting of a garnet peridotite
mantle material which is also rich in incompatible trace .

elements. .

.
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Fig. 13. Spiderdiagram pattern for 1982 (@) and 1999 (A) basalt

Table. 7. Normalized constants used for the Spiderdiagram pattern (based on Thompson et. al., 1984)

Element Normalized Constants

Ba 8.9

Rb 0.35

K 120

. Nb 0.35
i La 0.328
Ce 0.865

Sr 11.8

Nd 0.63

| P 46

Zr 6.84

Ti 620

Y 2.0
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