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Abstract : The axial seamount basalts in the P3 segment of the Phoenix Ridge were obtained from dredging
and the K-Ar age determination and whole-rock geochemical analyses have been done for understanding
their origin. The K-Ar ages for PR2 basalts sampled from 1,000 m below sea level are 2.6 - 2.2 Ma and
those for PR3 basalts from 800 m are 1.6-1.5 Ma. The younger ages towards the crest of the seamount
indicate that this submarine volcano has been grown by central eruptions. The youngest age of about 1.5 Ma
for PR3 basalts corresponds to the final eruption period of this volcano. The seamount basalts contain small
amounts of normative quartz and olivine. They have transitional geochemical nature between alkaline- and
subalkaline-series basalts. Trace and rare earth elements compositions of the seamount basalts are very
similar to those of ocean island basalts (OIB), and indicate that this seamount has been formed by a hotspot
activity, not in association with a seafloor spreading. The melting degree from the source has decreased with
time, and finally the volcanic activity has stopped when the basaltic magma reached mild alkaline
composition.

Key words : 553|484} (axial seamount), K-Ar1tH (K-Ar age), 848 34+85 (hotspot-type volcanism),
2 3% (Phoenix Ridge).
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Fig. 1. Tectonic map around the Drake Passage. The
gray area is the Phoenix Plate and the double
lines are the ridge axises which are inactive or
active. Solid lines represent the fracture zones.
APR, Antarctic Phoenix Ridge; WSR, West
Scotia Ridge.
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Fig. 2. Bathymetry of P3 segment of the Phoenix Ridge
(named by Livermore et al. 2000) obtained using
Simrad Seabeam 2000.
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Table 1. Analytical result of K-Ar ages for Phoenix Ridge (P3) seamount basalts.

PR2-1 PR2-2 PR2-4 PR3-1 PR3-3 PR3-6
sample wt(g) 0.2140 0.2309 0.2139 0.1997 0.2179 0.1994
K conc(wt.%) 0.95 0.85 0.79 121 1.29 1.32
SAN(E cc/g) 3.34 4.00 3.20 2.17 2.95 3.29
DAr(E ¥ cc/g) 9.34 7.23 7.91 6.89 7.97 7.41
Error 0.52 0.43 0.49 0.48 0.50 0.48
Atm.YAr(%) 51.5 62.1 54.5 483 52.4 56.7
Age (Ma) 2.53 2.19 2.58 1.47 1.55 1.45
Error 0.16 0.15 0.18 0.11 0.11 0.10
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Fig. 3. Chemical classification and nomenclature of vol-
canic rocks using TAS diagram of Le Maitre er
al. (1989). The boundary between alkaline and
subalkaline series is taken from Irvine and
Baragar (1971).
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Table 2. Major elements and CIPW normative mineral compositions of the Phoenix Ridge (P3) basalts (in wt%).

PR2-1 PR2-2 PR2-3 PR24 PR3-1 PR3-2 PR3-3 PR3-4 PR3-5 PR3-6 PR3-7 PR3-8
SiO; 50.80 4989  50.50 4997 5098 5038 5149 5185 5173 5138 5029  50.82
TiO, 2.47 248 2.35 2.39 2.22 2.43 2.43 2.42 2.39 2.54 2.50 2.36
ALO, 16.45 16.73 16.72 16.98 17.55 17.41 17.80 17.85 17.68 17.68 17.40 17.25
FeO* 9.82 9.68 9.40 9.45 8.44 8.90 8.63 8.58 8.54 8.99 8.97 8.48
MnO 0.20 0.26 0.19 0.21 0.15 0.20 0.17 0.15 0.15 0.16 0.18 0.16
MgO 5.95 5.69 6.01 6.06 6.00 5.53 4.50 4.92 4.89 437 4.52 5.54
CaO 9.92 9.94 9.77 10.03 9.32 9.49 9.57 9.52 9.43 9.68 9.66 9.34
Na,O 324 3.15 3.20 3.16 3.59 3.52 3.83 3.73 3.89 3.82 3.60 3.68
K,0 1.15 1.02 1.10 0.95 1.45 1.38 1.55 1.59 1.56 1.60 1.47 1.42
P,05 0.42 045 0.41 0.33 043 0.50 0.47 0.33 0.36 0.57 0.51 0.45
Total 10042 9930 99.64 9952 100.14 9972 100.43 100.92 100.61 100.78 99.11 99.49
normative minerals
Q 0.8 1.1 0.9 0.4 0.1 0.1 0.1 0.2
or 6.7 6.1 6.5 5.7 8.5 8.1 9.1 9.2 9.1 9.3 8.8 8.4
ab 27.2 26.7 27.1 26.7 30.3 29.8 32.1 31.1 32.6 319 30.6 31.1
an 26.7 28.6 28.0 294 27.3 27.6 26.6 27.0 259 26.1 27.1 26.4
di 15.5 14.3 142 14.6 12.6 12.8 13.9 13.9 14.3 14.1 14.1 13.5
hy 11.7 11.7 124 12.3 8.1 9.3 6.9 7.8 5.9 6.6 7.4 8.4
ol 2.6 1.0 1.2 1.0
mt 5.7 5.8 5.6 5.6 5.4 5.7 5.7 5.6 5.6 5.8 5.8 5.6
il 47 4.7 4.5 4.5 42 4.6 4.6 4.5 4.5 4.8 4.8 4.5
ap 1.0 1.1 0.9 0.8 1.0 1.2 1.1 0.7 0.8 1.3 1.2 1.0
*Total Fe as FeO.

Abbreviations: Q, quartz; o, orthoclase; ab, albite; an, anorthite; di, diopside; hy, hypersthene; ol, olivine; mt, magnetite; il,

ilmenite; ap, apatite.
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Fig. 4. Normative Ne-Ol-Q triangular diagram shewing
the boundary between alkaline and subalkaline
fields after Irvine and Baragar (1971). The sym-
bols are the same as those in Fig. 3.
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Table 3. Trace element compositions of the Phoenix Ridge (P3) basalts (in ppm).

PR2-1 PR2-2 PR2-3 PR24 PR3-1 PR32 PR3-3 PR3-4 PR3-5 PR3-6 PR3-7 PR3-8
Be 1.0 1.0 1.0 0.9 1.0 1.1 0.9 1.0 11 1.1 1.1 1.1
Li 6.3 6.9 6.1 6.1 6.8 6.4 6.5 5.8 6.7 6.7 6.7 6.5
Sc 281 288 275 275 223 234 244 232 235 226 234 233
Co 377 609 399 484 289 419 346 240 235 254 343 293
Cr 186.8 1835 1897 1962 996 893 885 961 960 8.7 913 957
Cu 502 475 436 389 494 440 367 379 381 548 450  44.1
Zn 119.6 1331 1166 1198 997 1117 1063 924 970 1041 1056 101.2
Mo 2.8 2.9 2.9 2.7 2.9 32 1.7 2.5 2.1 2.8 2.7 3.2
Ni 864 907 914 987 670 598 457 457 463 398 470  53.9
Cs 0.2 0.2 0.2 02 0.3 0.2 0.1 0.2 0.1 0.2 0.1 0.2
\Y 3231 3338 3200 3266 2357 2624 2905 2741 2713 2916 2821 2742
Ga 207 210 207 204 178 186 189  i88 185 189 182 183
Rb 168 141 157 128 239 209 228 223 233 109 189 210
Sr 2586  273.0 2651 2711 3944 3956 3874 3832 387.8 3823 3858 3912
Y 303 325 298 258 212 264 222 189 181 242 247 244
Zr 2140 2201 2138 1987 2045 2243 2120 2174 2244 2315 2215 2275
Nb 40.1 419 402 393 510 541 545 534 542 563 542 544
Ta 4.2 3.9 35 33 43 45 4.4 4.4 45 4.7 4.6 4.6
Hf 5.3 5.6 54 52 5.0 5.7 5.7 5.6 5.8 6.0 5.9 6.0
Ba 191.9 1923 1878 1764 3118 3127 3336 3221 3322 3343 3299 3231
U 0.8 0.9 0.8 0.7 1.0 1.6 0.9 0.9 1.0 1.4 12 1.1
Th 2.6 3.4 2.7 2.8 4.0 4.7 44 3.5 39 43 4.7 4.4
La 186 207 181 145 214 258 183 144 139 205 224 229
Ce 395 484 384 339 414 516 415 297 286 435 464 450
Pr 4.7 5.2 4.6 3.8 4.7 5.9 4.6 3.6 3.6 5.1 53 5.2
Nd 198 218 193 163 185 231 188 148 149 212 218 208
Sm 4.9 53 4.8 42 4.0 52 44 35 3.5 4.9 5.0 4.7
Eu 1.8 1.9 1.7 1.6 1.5 1.8 1.7 1.5 1.5 1.8 1.8 1.7
Gd 6.1 6.6 6.1 53 4.8 6.2 53 43 43 59 6.0 5.7
Tb 1.0 1.1 1.0 0.9 0.7 0.9 0.8 0.7 0.7 0.9 0.9 0.9
Dy 6.0 6.5 6.0 52 43 55 48 4.0 4.0 5.4 5.4 5.2
Ho 1.2 13 1.2 1.1 0.9 1.1 0.9 0.8 0.8 1.1 1.1 1.0
Er 35 3.8 3.5 3.1 2.5 32 2.7 2.4 23 3.1 3.1 3.0
Tm 0.6 0.6 0.6 0.5 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.5
Yb 3.4 3.6 33 3.0 2.5 3.1 2.7 2.4 2.4 3.0 2.9 3.0
Lu 0.5 0.5 0.5 0.5 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4
8l The] o g o Rales 218 53] 4y st AMYA(LILE)So] $849] 3143} %ol (HFSE)S 1.
HAES ol Je €8 A% dgor A€ o Axges yaiso) gx Avtdos 223 JHg
(Pearce 1982; McCulloch and Gamble 1991). 594317 Rt} o]¥l AFH L BaPNALE] TAHANULE
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g 71dMERYE v & FELG 2482 Ta fE
7] gt wehX sy 28 s ERete) sepo}
= 2 sdae] A R Gl gl BN
3

IJEFUE
AlEAQL 4 ol 2231 BERYs
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MORB)Z= 43<2l°]
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Fig. 6. Primitive mantle-normalized diagrams of the

Phoenix Ridge (P3) basalts. The data of primi-
tive mantle, N-type MORB, E-type MORB, and
ocean island basalt (OIB) are taken from Sun
and McDonough (1989). (a) PR2 basalts (—-1000
m) and (b) PR3 basalts (—~800 m).
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Fig. 7. (a) The MnO-TiO,-P,0Os discrimination diagram
for basalts (after Mullen 1983). OTB, ocean
island tholeiite; OIA, ocean island alkali basalt;
CAB, island arc calc-alkali basalt; 1AT, island arc
tholeiite. (b) The Th-Hf-Ta discrimination dia-
gram for basalts (after Wood 1980). The fields

e : A, N-type MORB; B, E-type MORB and
within-plate tholeiites; C, within-plate alkaline
basalts; D, volcanic arc basalts. Island arc tholei-
ites plot in field D where Hf'Th > 3.0 and calc-
alkaline basalts where Hf/Th < 3.0. The symbols
are the same as these in Fig. 3.
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Fig. 8. Chondrite-normalized rare earth element pat-
terns of the Phoenix Ridge (P3) basalts. (a) PR2
basalts (<1000 m) and (b) PR3 basalts (~800 m).
The chondrite values used in normalizing REE
are from Nakamura (1974).
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