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M5 IHEeie! i ¢ siT-HxAQ dix SHFE
CHSE oA JIx) o &=31st
wEy - AAE - OEB* - 2T
At =) A gz}
*ghas] okl A sl FHEAE ATA
2 of: o] °3-7'—‘E A e AR e dEH oF s dm A A HEAQ
1370 A At b7 2 FEIEA B5AS Rasta, whabEA ubd el sEAda-g o)
4-3bed A °] staha &3 9 272 33S FEIE 72 ARE ATwch 3 wyge 24
A E.e “]rEP oF7ke] Aol UARE Fogs® v+ 7FAH, AFEA b2 AAH S E Angs:o vl
°]EL¥°]E-E}EE}EE} [R=X0 ?SH“W}"/} ALF A wbAL ol -7 8 AlBo|A ElvlAelelE, ErfE-
WA ARl A F3A- E%E g, S-G9 E AR o] FAate]|Eol sidEe] AHE Ao
upz} 747] ’“v:} 5 Halth o)E WAL MEez R M9 3std £A 9l Apx
738 534 (Leterrler et al., 1982): (1) A% 7Hiﬂ-°1 el olE Q2 /\]g_._ ‘*H-‘?* 37 9
adelgre] 5AS 7HA, olv A HuEe] I FF NS siE ARt Hgee 2
v3la, (2) A FAATEC] v oF IS AEE A5 YA 24 Ee]olo)Eof Lalo]
719 3A4dEe] §AdT) T&Ed% “’}1‘:’} 5ol AH-E vehdoh e, 3) EfE-wia A5
chAb3] A o) g o] 83 AT ER-EA MR FHE HFs] FEs] ofei), ol o5
Aale] E3HghE AlAbshe Ao R oA zITh
Bpo| : AR AEeiQlElE, oF &l F-dxA, A dR), BEE
Moo 80% ol 4] A2 7pA% shaste] shate) 5
9 2Tz #$7AE FFshe oys Atk @
Syeageld 298 shpyRe vhavke) s FAse) A SR o)gsl A2d B
s, AT, &5, o, YHEE Sl 9 = 83 A oded glert (Wilson, 1990), |
A A9, T FelM 2 vhavh Aum W Fo) wAe (o, deole He W o)
At #AIE 7F3Ict (Hess, 1939). dnbxo g o A e meetA & 5 ek gl 29
Zte] wlzo) 7]819] AL £ejolo]lEA w1 BE 5 53] gAML o E FEHTE 3H4kgto)
ale] 173el vlsh Cry0,, Si0, ko] vl Na,09} FE3 o]Fol FAA He HARAHAE Aol
ALO; TiO, ko] =& 7lo] EAHolr} (Fodor Al wlaA dee] 2AE 4 BB Ye
et al., 1975; Schweitzer et al., 1979). SiO, AlQ;, Rno g delx glc} (Vallance, 1974). HAR HF
TIO, ke Aol el WEd whanhel e gbAee] A9 oSl Sad B4e gl 4ol
Si0; FEX (activity) 2 Q8] AE=EE ghr}3] e REE, Nb, Y3} 78 ulfEAq vlgdi 257}
Ab A 22l E A Sie] ko] W& uwha, Al 7b &3] o]4-% 1 g)A%k (Floyd and Winchester,
afo] =ow, w3 Uy} FIHE o]F 7] 93 1975; Pearce and Norry, 1979), wt2}3141e] $e}
usbdoz WAl Aol Ti gekel F7lela] W 28 AW BE FATLRE B4 et 5
o], % ATFE BEE FR0) o P Aol o]
o139 wiael 4¥el wel EEE AN dgel, WY So owds drqhghls 481
AqR-0] zjo)= upawmbel whAb]A Aol 4 B 4 9lt} (Nisbet and Pearce, 1977; Leterrier et al
uljell 23k 71 © &, Nisbet and Pearce (1977)¢} Le- 1982).
terrier ef al. (1982)= wALF Ao MEozm e gharal oFd T A bz W AgakE o) Als) A
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Fig. 1. The physical provinces of the studied area. Dashed curve, andesite line; hatched field, Philippine sea
plate; arrows, general plate movement directions; dotted field, the area of Federated States of Micronesia.

Box area (solid field) represents the studied area.
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Fig. 2. Atoll, island, and seamount names within the Exclusive Economic Zone of the western Federated States
of Micronesia, including the Yap Trench and the west and central Caroline Ridge. Hatched lines are basins.
Contour interval=500 m, quoted from Hein ef al. (1991). Arrows and stars indicate dredge sites.
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Table 1. Summary for the descriptions about dredged sites and representative samples from Micronesia (KORDI

1990’-91" cruise report)

Sample number! Dredged site

Water depth of
recovery (m)

Dredged rock type

West Caroline Ridge

90D13-7 Sorol Guyot 3000-2700 basalt, gabbro
91D1-3 Woleai Atoll 2140-2000 basalt
90D18-3 Sorol Trough 2950-2600 basalt, green metaigneous rock
90D16-6 Fais Trough 1950-1385 basalt, siltstone
91D3-4B, 6, 7B Fais Trough 2400-1900 basalt, silt-mudstone
91D6-15 Fais Trough 2200-2000 basalt, turbidite, limestone
90D4-1 Tarang Bank 2900-2774 basalt

Yap Trench-Arc
90D8-7 Hunter Bank 2000-1500 basalt, breccia, gabbro
90D11-12, 13 North Ngulu Ridge 2300-2280 breccia, basalt, serpentinite,

skarn, metamorphic rocks

91D11-3 Ngulu Atoll 2650-2450 ooze, andesitic rock (greenschist-facies)

1; the repesentative samples used in this study.

wt% o)At ul= 2% uluk 1-5 wt%el| A 5% v
Tk 0.1-1 wt% -2 10% =gk 0.1 wt% w|atel =
20% ©lake] A 22k1o)E 2 Belnh ohapd) A
o] AR A4 dubgo g AMEEE wle o)
£-3lo] (Wass, 1979), AA A kS FeOR 714
sto] Ak 7ol hgh F2A 0T Aty A
ARE AR FAR) go] 100+ 2 wt%, AFHA
24e) 8] oko]-& (Si, MAl) Fo) 2, WA Ao oF
o] (Mn, Fe, Mg, Ti, Cr, V'Al) &}o] 0.98 o4,
M2 =jz]o] ofo]& Jto] 1.0+ 0.02, & ofo]& 3ol
4.00+0.02¢1 =71 3ggk AE Pzt AAs

Ak

Az o 2MT|xY

A X AL 2 A A8 uhel o) glor}
SAle sA oF 3000 mel 4 1500 mel] s =a},
FHR ARE ) AFUd 3 Wil 72
olF T 9] AR HAHY, 2GS TS
WA, oIk AR, SHGF 2T ik <
U= A=} (Table 1). o] A7) A& 409

4l
o] AR AEekel ] 7o) Ao, ke
37 Ao A 1308 AdAdsided, MEetd H
e Aol we} ofE-7]e, Eetz, Waw
A #-sle] 7]&3it} (Table 13} Fig. 2). ©]& A9
4714 Table 20, X=§4 Z¥= Table 3e]
vieht qlek

A& F SIS ol Aol 4 FH o) JEE
A

ZFAH, wlaA AR Am glon, dukxo g n|

A ¥ of| upE xpolol] FAglo] A&l wha} wk ek
Y zAe] x| E Hlr) F, 30-45 vol% 2] AHg A 2}
ARSI A (32 bgA)e]l Fubd F2 o7
ZAE o]FE A1, 10vol% wiele] Ay (32
T ehabg Aol FHubal 22& o] Fe= 4§, z2Elw
ZE7 3 vol%o] WA (AP + kAL A+ ZhE A
£ /M= AR s (Table 3, Fig 4). A
71N AP A E B} o) hAS A, ElRbA A
g Aol e E2 Ik 2AL v+
Aot freld Aol 35 o)k fyA 229
H7le dFE ARk AV WA s gl o
=57 e A% 74 (91D6-15) % AkEEl o)
sF A9 = Ame wegkahe R FRle) kAl
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Table 2. Summary of petrographic descriptions of the dredged basaltic rocks in Micronesia

Sample Grain Degree of

No. size weathering Petrography
A) West Caroline Ridge Samples
90D13-7 F M vesicular, cpx-tpl-porphyritic texture, and intergranular

groundmass (pl+ cpx+ opaque)

91D1-3 F A intergranular (ol+ pl+cpx)

90D18-3 M M intergranular (ol+cpx+pl) and secondary (ch-+ep+serp)

90D16-6 M W pl-glomeroporphyritic texture and intergranular groundmass (pl+ cpx-+opaque)
91D3-4B F W pl-glomeroporphyritic

91D3-6 M W pl+ol-glomeroporphyritic texture and ophytic groundmass (pl+cpx)

91D3-7B F W vesicular and pl-glomeroporphyritic

91D6-15 F F ol + pl-porphyritic texture and ophytic groundmass (pl+ cpx)

90D4-1 F W vesicular (filled with Cc+ch) and pl+ cpx-glomeroporphyritic.

B) Yap Trench-Arc Samples

90D8-6 F pyroclastic (cpx -+ ol+ opx+ carbonate + vitric fragment)

90D8-7 F-M M intergranular (pl+cpx+opx) and secondary (ch+qz+Cc)

90D11-12 M W gabbroic, granular (pl+cpx+opx-+ol), and secondary (amph-bi+ch+serp)
90D11-13 M W cumulate mela-gabbro and granular (ol+cpx+pl)

91D11-3 F M ophytic (pl+cpx) and secondary (ch-+amph+ Cc)

Abbreviations: F; fine, M; medium, W; weak, M; moderate, pl; plagioclase, ol; olivine, cpx; clinopyroxene,
opx; orthopyroxene, ch; chlorite, Cc; calcite, ep; epidote, qz; quartz, bi; biotite, serp; serpentine, amph; amphi-
bole.

Table 3. Modal compositions of selected sample from dredged basaltic rocks in Micronesia

Sample No. OL CPX OPX PL 0PQ GDM AM? 2nd.min
91D1-3 2.8 9.2 24.0 0.2 63.9
90D13-7 8.0 42 87.8
90D16-6 13.3 86.7
90D18-3 19.8 38 64.7 11.7
91D3-4B 9.2 90.8
91D3-6 1.7 19.8 24.0 54.5
91D3-7B 10.7 89.3
91D6-15 0.2 0.5 2.1 97.2
90D4-1 104 242 654
90D8-7 5.1 9.3 45.3 40.3
90D11-12! 14 23.0 2.0 51.3 19.0 3.3
90D11-13 57.7 16.6 11 234 11
91D11-3 n.a.

Abbreviations: OL; olivine, CPX: clinopyroxene, OPX; orthopyroxene, PL; blagioclase, OPQ; opaque oxides,
GDM; groundmass, AM; amphibole, 2nd. min; secondary minerals (ex. chlorite, serpentine), n.a.; not analyzed.
1; gabbroic rocks, 2; including serpentine, 3; origin not clear.

t} (Fig. 3D). E v = glxut Ae] FUs= R, Table 4, 5,
63} 7904 8 FEo Afe F HFHE U
2 MF IZRsieA=

AL Table 4o Ueh} ek 2t
2 ARe) A ZePYES ¥ o0 FFE  ARAE wol: AFelel Al ofF B ol
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Fig. 3. Photomicrographs of the dredged basaltic rocks showing various textures. A; Plagioclase (pl) phenocrysts
and clinopyroxene (cp), plagioclase, and olivine (o) groundmass minerals show porphyritic texture. B; Ophytic
texture, large clinopyroxenes (cp) are bisected by plagioclase (pl) laths. C; The specimen showing cumulated
gabbroic texture mainly consists of olivines (o), which are serpentinized (sp) along the cracks and rimmed
with anhedral amphibole (am) and clinopyroxenes (cp). D; Altered porphyritic texture showing relic clinopyro-
xene (cp) glomero-phenocrysts. Scale bars are 0.5 mm.

Eg}x A Rej4], o}E A (91D1-3)°] 47| (For) o} @geke] 2N F-H4 4 2=dl (Fodor and
2 AYstus vy F& A47¢ A%l Fogel Vandermeyden, 1988), 54z EfZ Ass
FAF AR vk 4 23E 7HE F AR ok weieh-FotelE A% e &AL
x| ekl A B2} FA1%F Foswwel & 7FXIEh 8] AlmES o] o wpgtel FHAIKIh MEE]
o)5 arA AR By Algfo] dFelAstd #= r|do o} E-7]12 AlgE Or AHo] 05 oA
2 z)A)g}) o0& thE AR5l ule] M, dygql 4y 3}

ARA L] e A OR AngssOrye2] 1}l AbEHz o) AbE-Ql shelo)e] hudFotat ket
Ev}ole.gluglralo] Bl s]edste] (Table 5, Fig. olojolE o] ApAFA AH-H 2] (Fodor and Vander-
5, 7 Auom uFo] AR gy} A meyden, 1988)9} f-Atsltt. 53], stefolofolE o
Azjol A2} zro] HFohAelglE& AlAbebe (Hynd- o] 45l o} A& (91D1-3)= OnAng 9] 4#&
man, 1985), uF&el wls] Al7]9] A¥ol4 An & 7FAick, Zevb o} E-7]|8 A8 elele] B EE
ko] 7+43kw Ab B Or Ffol F7hshe bl Agell A Or &aFo) 05 ol5ke) e 7Axl=dl o=
78kS Balch AP o] AdRel digh An-Or A At (whole rock)e] K,O gefol g8 wheddich
A3 BAE Fig 50 vehidch o] 2ol A s (Perfit and Fornari, 1982). @3 A8 3 <FAd ul
ofA whelgk-Fotaf el ot AP A AEE #lok-Fotsla) ATk dde 2% HA Fel
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Table 4. Average chemical compositions of olivines from the dredged basaltic rocks in Micronesia

Caroline Ridge

Yap Trench-Arc

Sample No. 90D1-3 91D3-6 91D3-7B 91D6-15 90D11-12  90D11-13
P(7) G@) P(5) G(5) G() PQ10) G4) GL(3) GL(11)
Si0, 40.83 38.16 40.63 40.02 40.28 40.28 40.29 40.04 41.05
FeO(T) 15.69 26.09 17.09 18.87 16.18 16.65 17.51 17.02 13.08
MnO 0.27 0.50 0.29 0.36 0.27 0.27 027 0.27 0.22
MgO 44.43 35.57 42.98 41.77 44.08 43.86 43.06 42.84 46.30
Ca0 0.21 0.37 0.31 039 . 036 0.36 0.37 0.08 0.03
Total 10143 10069  101.30 10141 10117 10142  101.50 100.25 100.68
Mg/(Mg+Fe) 083 0.71 0.82 0.80 0.83 0.82 0.81 0.82 0.86

Total Fe as FeO(T). Abbreviations: P-phenocryst, G-groungmass, GL-granular. Number in parenthesized unit

indicates number of discrete analyses.
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An in PL(mole )

Or in PL(mole v)

Fig. 5. End-member An vs. Or diagram of the ave-
rage compositions of plagioclase phenocrysts and
groundmass from the dredged basaltic rocks in Mic-
ronesia. Dotted fields (after Foder and Vandermey-
den, 1988) : M-oceanic gabbro and MORB field, A and
T-average compositions of plagioclase in alkali basalt
and in tholeiite from Maui, Hawaii and H-composi-
tions of plagioclase in hawaiite from Mauna Kea, Ha-
waii. Symbols : triangle; atoll-guyot, star; bank, circle;
trough, square; trench-arc. Groundmass compositions
are shown as open symbols and tielines connect the
compositions of coexsting phenocryst and ground-
mass phases. Sample numbers (small numbers) are
same as Table 5.

o] A% (7—3'7L Ang T} Angs) A ghe}. g, W H A o
= E3HE Holi= 90D8-7 A7 A7
B 2L olubol E. (Anyell sl (Table 534
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Table 5. Average chemical compositions of plagioclases from the dredged basaltic rocks in Micronesia

Caroline Ridge

Sample 14 2 3 4 5
No. 90D13-7 91D1-3 90D16-6 90D18-3 91D3-4B 91D3-6
P(2) G@4) P(7) P®) G@®) P) G@) P(8) G3) P() G(3)
SiO; 50.38 52.59 55.12 48.39 48.86 48.36 50.54 48.29 50.26 48.67 5249
ALO; 3087 2872 2878 3183 3189 3262 3130 3312 3115 3295 2931
Fe;0; 047 0.73 0.53 0.61 0.64 0.73 091 0.54 0.72 0.51 0.84
CaO 14.74 12.90 12.12 16.58 16.42 17.06 15.24 17.33 15.34 16.91 13.80
Na,0O 3.04 4.06 4.75 2.06 2.15 1.78 2.95 1.96 3.39 221 4.36
KO 0.12 017 0.30 0.01 0.02 0.00 0.01 0.01 0.00 0.01 0.02
Total 99.62 99.17 101.60 9948 99.98 10055 10095 101.26 100.86 101.26 100.82
% Or 0.68 0.99 1.71 0.07 0.11 0.00 0.07 0.06 0.00 0.07 0.11
Ab 27.04 35.93 40.79 18.35 19.10 15.88 25.87 17.02 28.60 19.06 36.32
An 72.28 63.08 57.50 81.58 80.79 84.12 74.06 82.92 7141 80.87 63.57
Caroline Ridge Yap Trench-Arc
Sample 7 8 9 10 11 12 13
No. 91D3-7B 91D6-15 90D4-1 91D11-3 90D11-12 90D11-13 90D8-7
P(8) G(2) P(8) G@) P(7) GB P) G®) GL(10) GL(6) G(5)
SiO, 4845 5268 4830 5364 4884 5204 5167 5863 46.86 46.75 67.50
AlLO; 3281 2968 3217 2869 3169 2894 3054 26.86 33.04 32.97 20.06
Fe,0, 0.61 0.83 0.59 0.94 0.72 0.88 0.68 0.26 0.53 041 0.39
Ca0 1753 1442 1662 1239 1626 1354 14.38 9.59 17.62 17.97 0.75
Na,0 1.84 3.61 1.93 4.27 2.10 3.60 3.84 7.14 151 1.74 11.22
K;O 0.01 0.03 0.01 0.04 0.05 0.11 0.02 0.06 0.01 0.04 0.09
Total 101.25 10125 99.62 9997 9966 99.11 101.13 102.54 99.57 99.88 100.01
% Or 0.04 0.17 0.03 0.24 0.29 0.62 0.11 0.32 0.06 0.23 0.48
Ab 1592 31.10 1733 3831 1893 3230 3255 5721 13.44 14.85 95.97
An 8405 6873 8264 6145 80.78 67.07 6734 4247 86.50 84.92 3.55

Total Fe as Fe;Os. Abbreviations: P-phenocryst, G-groundmass, GL-granular, Number in parenthesized unit
indicates number of discrete analyses. a; sample numbers are used in Fig 5.

TiO,
et al.,

&)

2ko] 3 wt%
1963),
T-AEdE AR

of whe} EEgr AJie

A 8=

vk Ti, Al, Na
W3 Al
3l Mg

- o xn.o
- X

o=

o)Akl E]El
Egizol3 A5e —r#” BE34,
Aol Aol =R 247t 2]
afo] & Helct,
thE A9 A5l w3l Si, Cr, Mg o] s&
Aol 2 EAE Holx, B
-z AdE Algel vlsl Ti, Fex
7}t (Table 6).

o].i 71 [+]

F

H
243

olE-7]8 A
2] #%9} (Keating et al.,
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Fs

Fig. 6. Mole percent Ca-Mg-Fe plot of the average
compositions of clinopyroxene phenocrysts and grou-
ndmass from the dredged basaltic rocks in Microne-
sia. Dotted fields: A; data from Caroline Islands
(Keating et al., 1984), B; data from Sorol trough (D21,
Perfit and Fornari, 1982), C; data from Yap-Mariana
trench (1438C, Crawford et al., 1986). Symbols are
same as in Fig. 5. and tielines connect the composi-
tions of coexisting phenocryst and groundmass pha-
ses. Sample numbers (small numbers) are same as
Table 6.

3 En82 Fsl159] B.EZEX}o]Eq
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s =35} (Table 7).
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A4 ek ebsle) 244 (Fig. 3C)2 Spear
(1981)9] 5ol olatd, ]2t AT-o shrhate] EA
23 Aol siedgbe} (Table 7).
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Table 7. Average chemical compositions of orthopy-
roxene (Opx), serpentine (Serp) and amphibole (Amp)
from gabbroic rocks in the dredge 90D11

Opx Serp Amp
Sample No. D11-12 D11-13 D11-13
2) 2 2
SiO, 55.56 40.77 4341
TiO, 0.17 0.01 2.81
AlLO, 1.14 0.18 11.24
Cr:04 0.10
FeO(T) 9.80 3.76 6.59
MnO 0.25 0.04 0.04
MgO 30.21 39.28 16.62
Ca0 1.29 0.02 12.03
Na;O 0.02 0.01 2.78
KO 0.00 0.00 0.02
Total 98.54 84.07 95.54
% Wo 2.52
En 8248
Fs 15.00
Mg/(Mg+ Fe) 0.85 0.95 0.85

Total Fe as FeO(T). Numbers in parentheses indicate
number of analysis.
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Fig. 7. TiO,-MnO-Na,O plot of clinopyroxene phenocrysts from dredged basaltic rocks in Micronesia. Boundaries
(dotted fields) discriminating different magma types are from Nisbet and Pearce (1977). Abbreviations : VAB,
volcanic arc basalt; WPA, within plate alkali basalt; OFB, ocean floor basalt; WPT, within plate tholeiite. Sym-
bols : solid square, atoll-guyot; open square, bank; plus, trough; asterisk, trench-arc.
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Fig. 8. Discrimination diagrams of clinopyroxene phe-
nocrysts from dredged basaltic rocks in Micronesia.
The dividing lines with more than 80% confidence
and the outermost frequency contours (dotted line)
are from Leterrier ef al. (1982). A) Ti vs. (Ca+Na).
B) Ca vs. (Ti+Cr) for non-alkali basalts. C) Ti vs.
AKT) for orogenic basalts. Symbols are same as in

43 d| M= dxge 2t} (Fig 834 9).
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Fig. 9. Major oxide plots of some dredged basaltic
rocks in Micronesia (XRF data quoted from Hein ef
al., 1992). A) (Na,0+K,0) vs. SiO, : dividing curve
(dotted curve) is from Irvine and Baragar (1971). B)
FeQ*/MgO (FeO* is total Fe as FeO) vs. SiO, : divi-
ding line is from Miyashiro (1974). Symbols : solid
square, 90D13-7; circle, 90D18-5, -6; triangle, 90D16-
3, -7; open square, 90D4-1; open circle, D21-R, -Z
(15.5 wt% Mg0) (Sorol trough sample from Perfit and
Fornari, 1982); star, 1438C (Yap-Mariana trench sam-
ple from Crawford et al., 1986).
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Petrography and Mineral Chemistry of Some Deep Sea Basaltic
Rocks from the Western Caroline Ridge and
Yap Trench-Arc System

Jun-Beom Park, Sung-Tack Kwon, Jung-Ho Ahn* and Jung-Keuk Kang*

Dept. Geology, Yonsei University, Shinchondong 134, Seodaemungu, Seoul 120-749, Korea
*Marine Mineral Resources Laboratory, Kovea Oceon Research and
Development Institute, Ansan P.O. Box 29, Ansan, Kyeonggido 425-600, Korea

ABSTRACT : This paper reports the results about the petrography and mineral chemistry of 13
representative dredged basaltic rocks from the western Caroline Ridge (WCR) and Yap Trench-
Arc system, and provides the chemical and tectonic informations based on the compositions of
clinopyroxene phenocrysts. Compositions of olivine phenocrysts in some analyzed samples are
Fogsg0. Plagioclase phenocrysts have variable compositions ranging from Ang to Anss. The composi-
tions of clinopyroxene phenocrysts vary according to geological environments; titansalite in atoll
and guyot of WCR, diopside-augite in trough and bank of WCR, and endiopside in Yap Tre-
nch-Arc system. Application of the discrimination schemes proposed by Letervier ef al. (1982)
suggests : (1) the samples from atoll-guyot belong to within plate alkali basalt, implying that western
CR could be the continuation of eastern CR formed by hot spot magmatism, (2) the samples
from the Yap Trench-Arc system with no present-day magmatism clearly indicate the occurrence
of orogenic tholeiites presumably related to early island arc magmatisms in this area, however,
(3) the samples from the bank and trough do not provide definitive informations, which might
indicate the complexity of their origins.

Key Words : Western Caroline Ridge, Yap Trench-Arc system, deep-sea basalt, mineral chemistry
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