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Abstract : Geochemical and Sr-Nd isotopic compositions and K-Ar ages are analyzed in volcanic
rocks from Weno Island, Caroline Islands. Seven Weno lava samples of alkali basalt and
basaltic trachyandesite are aphyric or sparsely phyric comprising olivine, plagioclase, and
clinopyroxene phenocrysts. Whole-rock geochemical variation of Weno lavas reflects main frac-
tional crystallization of olivine and Cr-spinel phenocrysts. Newly determined K-Ar ages of
Weno lavas range from 6.7 to 11.3 Ma (late Miocene), indicating their formation during primary
volcanic stage of Chuuk Islands. Trace element compositions of Weno lavas are very similar to
those of typical ocean island basalts (OIBs), suggesting their formation during intra-plate
mantle plume activity. The plume composition is isotopically very similar to that of Hawaiian
hot spot. However, the age span of Chuuk volcanism is longer than that of the other individual
volcanoes in the Pacific.

Key words : 7122112 %(Caroline Islands), 9=A(Weno Island), K-Ar Ai(K-Ar age), A+3F8
(Geochemistry), 2% (Hot spot).
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Fig. 1. (a) A map showing the position of the Caroline Islands in the western Pacific, (b) locations of three major volcanic islands (Chuuk, Ponhpei,

and Kosrae) in the Caroline Islands, and (¢) Chuuk Atoll.
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Table 1. Analytical results of K-Ar whole-rock ages from Weno lavas.

Sample K “Ar radiogenic Air Age
No. (wt%) (10-%ccSTP/g) (%) (Ma)
Cl 1.57 58.26+0.07 39.76 9.55+0.19
Cc3 1.54 58.61+0.08 37.16 9.76+0.20
C5 0.51 13.17£0.52 70.94 6.68+0.29
C6 0.56 24.62+0.08 50.24 11.29+0.23
C7 0.63 24.99+0.08 73.53 10.16+0.21
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Fig. 2. Photomicrographs showing petrographic features of Weno lavas. (a) Holocrystalline, slightly differentiated basalt including plagioclase and
clinopyroxene microphenocrysts (C3, x5, cross), (b} plagioclase-, olivine-, and clinopyroxene-phyric basalt with plagioclase microlites in the
groundmass (C4, x2, cross), () poikilitic plagioclase phenocryst with anhedral, embayed shape (C4, x2, cross), (d) clinopyroxene phenocryst
containing olivine and secondary serpentine in the center (C5, x2, cross), (e) holocrystalline, vesicular basalt with plagioclase and

clinopyroxene microphenocrysts (C6, x5, cross), and (f) olivine-phyric basalt showing flow structure in the groundmass (C7, x5, cross).
Abbreviations: Cpx, clinopyroxene; Ol, olivine; Pl, plagioclase.
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Table 2. Analytical results of major and trace elements from Weno lavas.

Sample No. Cl 2 C3 C4 C5 Co6 C7
Major elements (wt%)
Si0: 50.23 51.15 50.28 44.03 42.32 46.71 45.24
TiO. 2.62 2.68 2.64 3.07 3.00 2.64 2.87
ALO: 1641 16.71 16.37 14.55 14.28 14.34 14.77
Fe:0s 9.77 9.87 9.80 15.28 14.83 13.68 12.95
MnO 021 0.22 022 0.13 0.13 0.17 0.15
MgO 323 3.42 342 9.83 9.08 4.85 8.46
Ca0O 6.82 7.00 6.89 10.70 10.22 10.23 9.37
Na:0 498 5.13 5.06 224 2.01 3.16 2.87
K:0 2.03 1.94 1.97 0.55 0.54 0.69 0.79
P:0s 1.12 1.18 1.15 022 0.22 0.31 0.33
LOI 1.60 1.53 1.55 1.02 1.26 2.51 1.83
total 99.03 100.83 99.35 101.62 97.89 99.29 99.62

Trace elements (ppm)

Sr 1093.3 1109.7 1122.8 461.0 421.0 307.8 455.0
Ba 570.8 540.1 546.3 103.6 96.0 103.2 194.4
Li 10.5 10.8 104 3.6 3.7 52 10.8
Sc 8.9 9.1 8.9 24.4 20.1 26.8 20.7
A% 108.1 108.9 109.4 352.9 332.0 321.1 284.5
Cr 23 23 2.6 271.6 293.0 40.7 259.0
Zn 130.4 134.7 132.7 95.1 973 114.5 106.6
Zr 3589 367.2 363.4 129.1 115.3 158.1 170.7
Co 133 12.8 12.8 62.6 73.8 422 54.9
Ni 4.8 49 45 262.7 356.6 44.6 232.4
Cu 317 30.7 30.1 137.9 1243 106.8 100.5
Ga 229 222 222 18.9 16.7 19.8 18.6
Rb 370 36.1 36.4 9.5 59 122 5.8
Y 40.8 40.7 40.4 16.3 14.0 245 18.1
Nb 54.8 54.1 53.8 16.6 15.0 18.9 22.8
Cs 0.3 0.3 0.3 0.1 0.0 0.2 0.0
Hf 8.2 83 82 34 3.1 4.2 4.4
Ta 43 4.2 4.1 1.3 13 1.5 1.8
Pb 32 3.1 32 0.9 1.0 1.4 1.6
Th 43 4.1 4.1 12 1.1 1.5 20
U 1.3 1.3 1.3 0.4 0.4 0.4 12
La 429 41.8 41.7 12.3 11.2 14.5 18.1
Ce 832 82.5 81.7 243 21.8 29.1 34.9
Pr 11.7 11.8 11.6 3.6 32 4.3 4.9
Nd 51.7 511 50.9 16.1 14.5 19.4 21.0
Sm 11.5 11.4 11.5 4.1 3.6 5.0 5.0
Eu 4.1 42 4.1 1.5 1.3 1.8 1.9
Tb 1.7 1.7 1.7 0.7 0.6 0.9 0.8
Gd 11.9 11.9 11.8 48 4.1 5.8 53
Dy 9.5 9.4 94 3.8 34 53 4.5
Ho 1.6 1.7 1.7 0.7 0.6 1.0 0.8
Er 44 43 43 1.7 1.5 2.8 2.0
Tm 0.5 0.6 0.5 0.2 0.2 04 0.3
Yb 32 32 33 14 1.1 2.2 1.5
Lu 0.4 0.5 0.4 0.2 0.1 0.3 0.2

* total Fe as Fe,0; LOI: loss on ignition
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Fig. 3. Chemical classification and nomenclature of volcanic rocks
using TAS diagram of Le Maitre et al. (1989). The boundary
between alkaline and subalkaline series is taken from Irvine and
Baragar (1971). The previous results of the volcanic rocks from
Chuuk Tslands (Mattey 1982) are also plotted for comparison.
CMLS, Chuuk main lava series; CTLS, Chuuk transitional lava
series; CNS, Chuuk nephelinite series.
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Fig. 4. Major element variation diagrams of Weno lavas. The previous results of the volcanic rocks from Chuuk Islands are referred from Mattey
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Fig. 6. Th/Yb versus Ta/Yb diagram showing the "within plate”
character of Weno lavas and their lack of subduction zone
enrichment. Vector for within plate and subduction enrichment,
and fields for oceanic and continental calc-alkaline rocks are
from Pearce (1982).

& 2AE 7120 Y AT Yol st} Fol 23} A
A7I(TIMS, VG54-30)2 2433}, £A8 “Sr/*Sr H]
O} "3Nd/*Nd B]& 242 %Sr/*Sr = 0.1194, “*Nd/*Nd =
0.72192 EF38IT A 5 S4E #EAR NBS 987
o] #8r/*Sr HlE= 0.71023740.000007(N=14)0|1, La
Jolla®) “Nd/“Nd = 0.511843+0.000005(N=19)°|c}.
Sro] vhEErE 9x10 g, NA9} B2 1.2x10 °go 2 &

1000IIIIIIII1|IIIIIIIIIIII

L

L

100

T T IIII11'|

10

Rock/Primitive Mantle

TR N T TN N T NN NN SN NN N O N AN N T T S N
CsRbBaTh UNb K LaCePbPr Sr P NdZrSmEuTiDy Y YbLu

Fig. 7. Primitive mantle-normalized diagram of Weno lavas. The data
of primitive mantle are taken from Sun and McDonough (1989).
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Table 3. Analytical results of Sr and Nd isotopes from Weno lavas.

Sample No. ¥St/Sr 20 error N/ Nd 20 error
Cl 0.703359 0.000011 0.513000 0.000015
C3 0.703317 0.000012 0.512989 0.000014
C5 0.703323 0.000008 0.512995 0.000014
Co 0.703448 0.000010 0.512989 0.000013
C7 0.703500 0.000012 0.512962 0.000013

Total procedural blank levels were around 200 pg for Sr and 120 pg for Nd. Running average of "St/*Sr of NBS987 standard is 0.710237 £0.000007 (N=14).

Running average of “*Nd/*“Nd of La Jolla Nd standard is 0.511843 £ 0.000005 (N=19).
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Fig. 8. (a) The MnO-TiO»-P,Os discrimination diagram for basalts (after Mullen 1983). OIT, ocean island tholeiite; OIA, ocean island alkali basalt;
CAB, island arc calc-alkali basalt; IAT, island arc tholeiite. (b) The Ti-Zr-Y discrimination diagram for basalts (after Pearce and Cann 1973).

The symbols are the same as those in Fig. 2.
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Nakamura (1974).
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Fig. 10. ""Nd/"*Nd versus ¥Sr/*Sr isotope correlation diagram of
Weno lavas. Shown for comparison with the main oceanic
mantle reservoirs of Zindler and Hart (1986) and the
representative ocean island basalts (OIBs). Data ficlds are
from St. Helena (Sun 1980; White and Hofmann 1982),
Walvis Ridge (Richardson et al. 1982), Tristan da Cunha
(Cliff et al. 1991), Kerguelen (White and Hofmann 1982;
Storey et al. 1988), Hawaii (Stille et al. 1983, 1986), and
Samoa (White and Hofmann 1982; Palacz and Saunders
1986; Wright and White 1987). The data of mid-ocean ridge
basalts (MORB) are from White et al. (1987). Abbreviations:
DM, depleted mantle; BSE, bulk silicate Earth; EMI and
EMII, enriched mantle; HIMU, mantle with high U/Pb ratio;
PREMA, frequently observed PREvalent MAntle
composition.
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