oooo
Journal of Geography
121 500732-749[111T]

ogdooi 4600 ED0OULLULUOLODLDO0OOOOg

00o00O0oO0O0® OO0 0O 0oOoo° poooooaobe
00000000 MRAL-KHIRBASH, Salah™t®

Petrogenesis of E-type Mid-Ocean Ridge Basalts near Longitude 46° E, the Gulf of Aden
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Abstract

O O We report major and trace element compositions for 45 fresh basalts from 13 dredge sites
between 45.5°E and 49°E along the Gulf of Aden obtained during the Aden New Century
cruiseld KH-005: R/V Hakuho-maru, ORI, University of Tokyo[l The basalts from Aden New
Centuryd ANCO Seamount at around 45.5°E, discovered by bathymetric mapping during the
cruise, have the highest Nb/Zr[J 0.22-0.270 and La/Smy1 3.1-3.700 and show the strongest OIB
signature among those in the Gulf of Aden. The longitudinal variation of Nb/Zr and La/Smy of
the dredged basalts shows two enrichment peaks, i.e., first* keen” enrichment peak with OIB
signature near ANC Seamount( 45.5° EJ and second“ broad” enrichment peak with E-MORB
signature along the ridge axis from 46° E to 48°E, and at 49°E, N-MORB is dominant. In spite
of variable Nb/Zr and La/Smy, the estimated pressure of magma segregation and degree of
partial melting from the dredged basalts, using reported results of experimental melting on
spinel lherzolite, are relatively constant and almost similar to those of N- and T-MORBS in
Pacific, Atlantic, and Indian Oceans. This suggests that the longitudinal variation of the
dredged basalts reflects mantle compositions equilibrated with their primitive magmas. Nb/Zr,
Nb/Y, and La/Smn systematics for the dredged basalts suggest binary magma mixing of the N-
MORB source with the OIB source, composed of FOZOO or CO mantle component with the
incorporation of minor, if any, HIMU components.

0O O Recent studies] George et al., 1998; Orihashi et al., 19980 have suggested that two mantle
plumes might be impinged beneath the Afar province in Eocene to Oligocened 45-30 Mall and
Miocene 19-15 Mal times. Considering the above, two enrichment peaks of the mantle in
the Gulf of Aden must be produced by two mantle plumes impinged in the Afar province and
spread sideways sequentially, with the front of spreading first plume head corresponding to
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the broad enrichment peak. This broad peak is formed because the plume head emplaced

beneath the lithosphere, producing a Large Igneous Provincel 30-26Mal] was progressively

defused into and diluted by the upper mantle componentld N-MORB sourceld over time.

Key wordd] Gulf of AdenOAfar, rift systemObasaltOMORBOmajor and trace element composi-
tions mantle plumeld mantle plume/lithosphere interaction process
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Fig. 10 Tectonic map of the Afar-Arabian province.
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Table 10 Locations of dredge sites on the Gulf of Aden during Aden New Century Cruise KH-00-501

On bottom Off bottom
site Sampling location Latitude Longitude depth Latitude Longitude depth F:ﬁ;f::}:id
ONDO OEO omo ONDO OEO omo
KH-00-5 DRO1 Central zone on the ridge axis 12°56.64' 48°53.76' 2551  12°56.86" 48°53.89' 2580  Fresh basalts
KH-00-5 DR02 Central zone on the ridge axis 12°21.49' 47°12.91' 1846  12°21.82' 47°12.97° 1788  Fresh basalts
KH-00-5 DR03 Central zone on the ridge axis 12°30.78" 47°45.63' 2122  12°31.16" 47°45.06" 2076  Fresh basalts
KH-00-5 DR04 Central zone on the ridge axis 12°16.29' 46°45.24' 2017  12°16.90" 46°44.93' 1838  Fresh basalts
KH-00-5 DR0O5 Northern flank of outside the ridge axis 12°22.84' 46°49.18' 1462  12°22.70' 46°48.67' 1428 Altered dolerites
KH-00-5 DR06 Central zone on the ridge axis 12°06.76' 46°13.35' 1755  12°06.82' 46°13.60' 1861  Fresh basalts
KH-00-5 DRO7 Central zone on the ridge axis 12°05.10" 46°13.84' 1961  12°04.60" 46°13.78' 1609  Fresh basalts
KH-00-5 DR08 Aden New Century (ANC) Seamount 12°04.11' 45°37.37' 557  12°04.25' 45°37.27' 539  Fresh basalts
KH-00-5 DR09 Northern flank of outside ANC Seamount 12°08.16" 45°41.23' 1023  12°08.47' 45°41.24' 900  Fresh basalts
KH-00-5 DR10 ANC Seamount 12°04.79" 45°37.78' 766  12°05.15' 45°37.92' 456  Fresh basalts

KH-00-5 DR11 Central zone on the ridge axis near ANC Seamount 12°04.64' 45°43.85' 930

KH-00-5 DR12 ANC Seamount

KH-00-5 DR13 Northern flank of outside the ridge axis

12°04.64" 45°37.26' 782
12°42.48' 47°23.10' 1770

12°05.01" 45°43.82' 721 Fresh basalts

12°04.73" 47°36.64' 820 Altered basalts

12°42.95" 47°22.52' 1177 Mud
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Fig. 200 Map showing distribution of volcanic rocks related to the two-stage plume activity.

Distribution for syn-rifting and pre-rifting volcanism is based on Bayer et al.00 1989[] as long as the dispersion
rate of the Afar mantle plume is 5.1 cm/yeard Orihashi et al., 199801 Distributions of two dispersed Afar mantle
plumes are shown by the two circles, of which the center is at the same position as proposed by Schilling
[0 19730 Lake Abhe 41°25' E, 11°15' N[

all Mantle tomography for central Africa to Arabia along NE-SW direction Zhang and Tanimoto, 19921

b0 Proposed new model of the two plume activities ; i.e., modification of the Afar plume dispersion model

proposed by Schilling et al.[0 19921 After Orihashi et al.[0 199801
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Fig. 30 **Nd/*“Nd O **Pb/**Pb ratio diagram of Cenozoic basalts in the Afar-Arabian province.

Data compiled from Altherr et al.00 1988, 1990 Barrat et al.00 19900 and Volter et al.J 1993, 19970 in Red Sea,
Barrat et al.[J 19900 and Schilling et al.00 19920 in the Gulf of Aden, and Hart, W.K. et al.0J 1989[] Deniel et al.
[0 19940 Chazot and Bertrand 19950 and Baker et al.00 1996b0 in Yemeni-Ethiopian Traps and Afar province.
Extreme mantle components shown here are as follows ; DMM : Depleted MORBs mantle, HIMU : High p
mantled Zindler and Hart, 1986[1] C: Common componentd Hanan and Graham, 1996[] FOZO : Focal Zone
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Table 200 Major and trace elements for the dredged MORB on the Gulf of Aden.

Sample DRO01-01 DR01-02 DR01-03 DR02-01 DR02-02 DR02-03 DR02-06 DR02-11 DR03-01 DR03-18 DR03-19 DR03-25 DR03-26 DR04-25 DR04-26 DR04-30 DR04-32 DR04-36 DR04-37 DR04-42 DR06-01 DR06-02 DR07-01

SiO2 49.76 49.86 49.53 50.52 50.89 50.40 50.76 5057 50.70 50.74 50.69 50.36 50.14 49.73 49.76 50.00 51.11 49.99 50.05 49.88 50.43 5059 50.29
TiO2 1.15 112 1.14 1.46 1.48 1.47 1.49 1.48 111 1.08 1.08 0.99 1.02 1.17 1.16 1.16 1.30 131 1.16 1.14 1.07 1.08 1.13
Al203 16.96 17.46 16.95 14.38 14.35 14.31 1429 1439 1456 14.62 14.63 1443 1432 1459 1472 1477 1456 1425 1474 1501 16.15 1596 14.64
Fe203 9.32 9.16 9.26 1212 1243 1237 1222 12.19 10.08 10.22 10.14 9.84 10.65 11.24 11.14 1121 1175 1180 11.21 11.01 10.38 10.60 10.75

MnO 0.14 0.14 0.14 0.18 0.18 0.18 0.18 0.18 0.16 0.15 0.15 0.15 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.16 0.16 0.16 0.16
MgO 7.23 6.92 7.03 7.11 7.05 6.73 6.98 6.99 7.89 8.16 8.22 8.26 8.20 8.65 8.72 8.63 8.41 8.47 8.82 8.56 6.87 6.74 8.40
Cao 13.04 13.20 13.07 1142 11.30 11.38 11.42 11.37 1275 12.89 1291 13.02 1289 11.73 11.73 11.82 1129 11.33 1175 11.87 12.14 1213 11.97
Na20 2.28 2.16 2.25 2.40 2.38 2.38 241 241 2.21 1.95 1.90 191 191 2.21 2.18 2.10 2.20 2.18 212 2.06 1.99 2.03 212
K20 0.19 0.20 0.18 0.29 0.25 0.31 0.27 0.30 0.28 0.26 0.25 0.24 0.23 0.23 0.23 0.21 0.26 0.25 0.21 0.23 0.27 0.29 0.44
P20s 0.10 0.10 0.10 0.14 0.14 0.14 0.14 0.14 0.11 0.12 0.11 0.09 0.09 0.11 0.11 0.11 0.13 0.14 0.11 0.11 0.11 0.12 0.15
H201 -0 0.11 0.14 0.10 0.16 0.18 0.26 0.14 0.18 0.25 0.18 0.17 0.22 0.15 0.15 0.17 0.11 0.14 0.15 0.11 0.16 0.18 0.21 0.29
LOI -0.37 -036 -032 -057 -0.60 -042 -050 -051 -0.30 -0.39 -0.38 -0.26 -0.33 -0.61 -0.62 -052 -0.58 -0.51 -057 -050 -043 -0.39 -0.33

Totall wt%[ 100.16 100.31 99.66 100.03 100.46 99.69 100.17 100.01 99.83 100.19 100.08 99.29 99.61 99.84 99.92 100.19 101.18 99.88 100.34 100.03 99.58 99.68 100.04

FeO*/MgO  1.16 1.19 1.19 1.53 1.59 1.65 1.58 1.57 1.15 1.13 111 1.07 117 1.17 1.15 117 1.26 1.25 1.14 1.16 1.36 1.42 1.15
Mg# 60.6 59.9 60.0 53.7 52.9 51.9 53.1 53.2 60.8 61.2 61.6 62.4 60.4 60.4 60.8 60.4 58.6 58.7 60.9 60.6 56.7 55.7 60.7
K20+Na20  2.47 2.36 2.43 2.69 2.63 2.69 2.68 2.71 2.49 2.21 2.15 2.15 2.14 2.44 241 231 2.46 2.43 2.33 2.29 2.26 2.32 2.56

Cr 222 209 211 103 104 107 105 109 110 255 260 114 134 338 336 323 307 314 341 324 191 186 335
Co 41 44 42 50 46 46 46 46 47 47 43 43 49 49 47 47 46 49 47 49 45 44 45
Ni 61 60 60 55 56 56 54 53 66 80 81 66 63 130 129 128 121 122 137 127 71 65 108
Rb 17 2.3 1.8 4.1 4.7 5.8 4.3 4.1 4.0 4.8 4.9 3.1 2.5 4.3 4.3 4.1 5.2 4.9 4.0 4.1 4.7 5.0 8.3
Sr 133 133 134 103 103 105 104 104 111 102 103 107 106 96 96 97 98 98 96 97 117 116 148
Y 22 22 23 30 30 31 31 31 22 21 21 19 20 24 24 24 26 26 24 23 20 21 19
Zr 73 71 73 83 85 84 85 85 61 60 59 53 54 64 63 63 74 74 63 62 62 64 70
Nb 18 19 2.1 6.8 6.7 6.5 6.7 6.8 4.8 6.7 6.7 4.2 4.0 6.1 6.1 6.1 7.4 7.6 6.2 6.0 6.9 7.0 13
Ba 13 16 26 49 40 53 46 48 48 52 48 36 37 50 37 44 62 57 49 47 47 52 116
La 3.08 3.19 6.72 7.38 4.86 6.39 5.75 7.55 6.08 6.39 11.4
Ce 9.07 9.34 135 14.4 1.1 12,9 125 15.0 13.3 13.0 22.1
Pr 1.28 1.56 211 2.26 1.65 1.78 1.67 211 1.80 191 2.65
Nd 7.51 8.50 10.4 11.9 7.72 8.96 8.19 10.8 8.67 8.76 11.8
Sm 2.69 2.87 3.66 3.59 2.35 2.69 2.52 3.17 2.70 2.49 2.86
Eu 1.01 121 1.32 141 0.89 0.91 0.99 117 1.04 1.00 0.93
Gd 3.36 3.65 4.57 4.92 3.16 3.07 3.87 3.95 3.51 2.99 2.55
Tb 0.59 0.67 0.79 0.87 0.60 0.56 0.63 0.74 0.55 0.52 0.50
Dy 3.58 4.34 4.59 5.82 3.94 3.69 4.10 5.05 3.31 3.55 3.17
Ho 0.82 0.92 0.99 1.30 0.83 0.83 0.90 111 0.74 0.81 0.71
Er 2.20 2.48 3.06 3.61 2.29 2.25 2.37 3.19 1.98 2.28 1.92
Tm 0.32 0.37 0.41 0.55 0.34 0.33 0.38 0.45 0.31 0.34 0.28
Yb 2.26 2.56 3.08 3.57 2.49 2.36 2.63 3.17 2.12 2.36 2.08
Lu 0.34 0.36 0.46 0.55 0.36 0.34 0.42 0.45 0.32 0.37 0.30
Hf 1.50 191 2.03 2.33 1.47 1.50 1.59 2.09 1.24 1.55 1.74
Ta 0.13 0.21 0.40 0.46 0.30 0.42 0.40 0.47 0.44 0.44 0.77
Pb 0.37 0.51 0.43 0.56 0.84 0.47 0.46 0.55 0.43 0.48 0.74
Th 0.17 0.21 0.59 0.74 0.50 0.68 0.57 0.78 0.65 0.67 1.14

U 0.22 0.17 0.32 0.32 0.26 0.46 0.20 0.28 0.21 0.19 0.28
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Sample DR07-06 DR07-08 DR07-09 DR07-10 DR07-11 DR08-01 DR08-02 DR08-03 DR08-04 DR09-01 DR09-02 DR09-03 DR10-01 DR10-02 DR10-03 DR10-04 DR10-05 DR10-07 DR11-01 DR11-02 DR11-03 DR11-04

SiO2
TiO2
Al203
Fe203
MnO
MgO
CaO
Na20
K20
P20s
H@l -0

50.63
1.13
14.87
10.56
0.16
7.96
12.20
212

Totall wt%O 100.2
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71
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