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This study was carried out to investigate the composition and diagenesis of the carbonate rocks from
the seamounts in the Federated States of Micronesia, Central Pacific. Most of the samples were dredged
from the water depth of about 1000—3000 m mainly in Chuuk Island, Hunter Bank, Caroline Ridge and
Yap Trench. The carbonate rocks are either pelagic sediment mainly of planktonic foraminifera or
shallow-marine sediment of corals, calcareous algae, mollusks and echinoderms. The rocks are altered
texturally and chemically, except for those from the Hunter Bank and Yap A. The presence of shallow-
marine cements suggests that the carbonate sediment has been subsided or reworked to the present water
depth after deposition in shallow-marine environments. The texture of the carbonate sediment is
reminiscent of meteoric diagenesis; however, the stable carbon isotopic composition of the altered rock
samples shows affinity with that of sea water and the oxygen isotopic values are slightly enriched or
same as compared to those of unaltered samples. These stable isotopic data suggest that the carbonate
sediment of the study area has been diagenetically altered in the present deep-marine environment.

N B Hd e Bl BB WAl s 2, P A A4 2
HeFog doju Y B2 §34E Fo] a7l
A9 AGBANA DU N o] BESE A9 AA ARSI

F oz PEa, e F2 Ao L oldn Age) e F % aug Bl Y Takwe e F, e 2
A-g0) QofLb MBI T, THE Shi 24 vIAEe] i Uls] CO, Ealel Te) Bebath dud o Ay 2 ok
"ol MM AR HAZGo] doh YAl AFAX o] B wE LE, e 4 L ke CO, Boz s
UG B Az 22 240) G0 QUG HARS T of LE GUY FE ol A Aol ek AT Gk

Hol B2 a7 disix &is] F3Eo] gt A ©at
ool disjr= HZol oj2 Aol e £ BHqMY &

214

emE gadta gEe Sk COo, ¥y
o) obdl a5t B % o thel BT 3 ool o= €



LERRE

THMorse and Berner, 1979). @A gt X = 2] 3734 ¥
HEe T A olgavolEg amlave WEMoes

olFolz] glon, thekst Jelo] mvtauvie HaM I ofgtn
ol E o] YEldTH{James and Choquette, 1990). 413} 2H7
(sl ek rAldysoding i thls 45 gAY B4 S (carbonate
compensation depth)® U} ©] @& E)32- BAME FEe £49
Axo] FAlo dojuhis AFor F£7 ofg}ante] g} vl
dlg WhaiAo] EAmn, 2Rl &9} Wajae] og X&
2D A el B 2EwR8-o] dofdti(Bathurst, 1975).
299 A5 ool Bl W) A %Eﬁr Fejel 3l
Zet e Al sl FaEs) Adeid ok ol 1E £4
24} vl Bl ShEHE o tk(H-9) -f, 1997).

FUHH LA DA T $ES A AR AP

_I.LXE]

T TRHos gadddel E¥s8ta Sltk ool E Ay
o] A%, MR, AAEE 9 FYURE olF ol HEH
B3 AGHHEe] g 2hEh B AFoME o] AGelA
A St ke] AR B4 22 B, o9 By A
B A& Tkl Saul ok ofeiol e et HAE
o) SAALAE WAk k. o] A= Aol FAE HA
2ol A= olF gl wel WA He £A4%89 W o3
ghH =20l E Aot

ool B AL

215

AFANGde Zgegey wnlolmzEZY Aol P (Federated
States of Micronesia)?] *Zo) 9213k Yap 3} 9} Caroline 3
2 B9 sAat ddelthFig. 1). o] AFL 1990 =3l
AFae) e FTYUAAAFAL(USGS)t TER Prhx)
Ae HFEE AA FEAYY FE HBE setsr] 9o
EALE ash X o)t} Yap #1752 Mariana 3]--9} A
z-¢] Palau s]77} G4 HE SO A} YAsh=d €48
ol glon, 418 7~8 km Zolo) 1, FEZ e Caroline 3=
o] 9148 QithFig. 1). o] A G| A7} HAGES YR FAt
ko 2 o]Fojx Qlth. o} & A} FHANEL 1,40091d FH-H

stolo] dxel Mz FP3A wig=] I3, ol
AL Caroline X| 99 Ax} s 44teo] =gl olsia A
A ¥4 8-8 A A 8r}Jurrard and Clague, 1977). o€ SAHAE

-E’: FhslE AN BAXEA sNeke olFE YALe] &

2ol ola) A3} AL, A doel whe Aol o
3ﬂ 8l 4 A seamount)o] 1t #HE (guyo)Z ¥ 318}$] © v (Schianger
et al., 1987), 453 U2 FH 92 =28 A5 $x(atoll)
2 A3 A9 PpRels HAelBael Bysle] F4e
Aszel WEs) G50 dojuth ¥ AT AHSE A7 A)

HAWATT
z - =
B TV E 1%
{BPHILIPPINES *Saipan
b ' Guam L
= 3 "% Marshall fs.
"t Majuro
. % Gitbert la.
Nawru L * =
R - g
120 14de 18d'e 18d 16w 145w 120w

148 °W

Chuuk Istand

Fig. 1. Location map of the study

area (Top). Topographic map of the
study area (Bottom). Dots represent
dredge sites. Contours are in meters.
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Table 1. Rock types, cathodoluminescence (CL), and skeletal and
nonskeletal compositions of the carbonate sediments. pkst= packstone,
wkst==wackestone bdst=boundstone, gnst= grainstone, mdst=mud-
stone, PF=planktonic foraminifera, BF (D, H, M, N, O)=benthic
foraminifera (discocyclinid, Helimeda, miliolid, nummulitid, others),
Ech=echinoderm, Mol=mollusk, Co=coral, MC (A}=marine ce-
ment (aragonite), Bv==bivalve, Ga==gastropod, Pel==pellet, Br=bryo-
zoan, CA (A, E)=coraline algae (articulated, encrusting), RA (E)=
red algae (encrusting), Os=ostracod, Wt=worm tube, Ic=intraclast

Sample no. Rock type CL  Components

D3-6-1 pkst 1—3 PF, BF, Ech

D3-6-4 pkst 1—2 mostly PF, BF (D), Mol, Ech

D3-7-1 wkst/pkst  2—3 mostly PF, Ech

D5-1-1 bdst 1 Co, acicular MC (A)

D8-9 bdst Co

D9-10-1 bdst 1 Co, PF

D9-10-4 pkst/bdst 1 Co, PF

D9-10-5 bdst 1 Co, PF, MC (A)

D9-11 mostly BF (H), PF, Bv, Ga

D9-14-1 bdst 1 BF (D, N, 0), Co, PF, Ech,
Homotrema

D9-14-2 pkst 1 PF, BF (D, H, N), Mol, Ga,
Pel, Br

D10-3-1 pkst 1—5 PF

D10-4 pkst 1—2 mostly PF, BF (D, N), Mol

D11-5-2 PF, BF

D14-2-1 pkst 2—3 Ech, CA, BF, Pel, Br

D14-2-3 pkst 1—2 BF, RA, Ech, Co

D14-2-3" gnst 1—5 CA (A), BF (H), Ech, Br, MC

D14-2-4 bdst/gnst 14 Co, Algae, BF, PF, Pel, Ech,
Mol

D14-3 breccia 1—2

D14-5-1 gnst 1—5 BF, Algae, Ech

D14-5-2 gnst 1—2  BF (N, 0), Ech, RA (E), Mol

D14-5-3 bdst 12 Co

D14-5-4 pkst 1—3  BF (D), Co, Os, sponge (7)

D14-5-5 gnst 1—2 PF, CA, BF (H, O), By, Ech

D14-6 PF

D14-15-7 bdst 1—3 Co

D14-15-8 gnst 2—5 CA (A, BE), Mol, Ech, MC

D14-15-12 bdst 12  Co

D14-15-14 bdst CA (E), Wt, Pel, Ech

D14-15-17 gost 1—4 BF M, 0), CA (A)

D14-15-18 pkstbdst 1—5 CA (A), BF (H, M), Co, PF,
Ech

D14-15-20  bdst/pkst 1—3  0s, Co, CA (A), Mol, BF,
MC

D14-15-21 mdst/wkst 1—3 PF

D14-15-28 gnst 1—5 CA, PF

D16-14-2 bdst 13 Co, CA (A, E), Ech, BF (H)

D17-2 pkst 1 PF

D22-2-1 mostly PF, BF, Bv

D22-2-2 wkst 1 PF

D22-4-1 BF, Mol, PF, Br

D22-4-2 gnst 1 BF (A), Ic

D22-10-1 PF

D22-11-2 pkst 1 PF

D22-13 PF

D23-4 chalk 1 PF, coccolith, discoaster
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Fig. 2. Photomicrographs. (A) Unaltered coral. Intraskeletal pores
are filled with equant calcite cements and internal sediments
(Sample D9-10-1). (B) Unaltered coral. Intraskeletal pores remain
vacant (Sample D9-14-1). (C) Benthic foraminifera (arrow) in
bioclastic packstone (Sample D9-14-1). (D) Unaltered Halimeda
(arrow) and mollusk fragments in bioclastic packstone (Sample D9-
14-2). (E) Pelagic sediments composed of planktonic foraminifera
(Sample D11-5-2). (F) Peloidal and bioclastic grainstone. Peloids
occur within the intraskeletal pore as well as in the matrix between
bioclasts (Sample D14-15-8). (G) Bryozoan (arrow) in bioclastic
packstone (Sample D14-15-8). (H) Bioclastic grainstone (Sample D
14-5-5) showing two stages of marine cementation. 1st stage is
characterized by growth of acicular aragonite, followed by infilling
of 2nd-stage, fiberous high-Mg calcite.
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Fig. 4. Photomicrographs of cathodoluminescence. (A) Biocl;Siic grainstone mostly composed of benthic foraminifera (Sample D14-2-3').

Benthic foraminifera shows well-preserved texture. (B) Cathodoluminescence photograph of (A). Benthic foraminifera shows dull to bright
luminescence, suggesting that it was chemically altered. (C) Marine cements which grew on encrusting red algae (Sample D14-2-4). (D)
Cathodoluminescence photograph of (C). Five diagenetic stages can be discerned. 1st stage=red algae (CL4), 2nd stage={fiberous marine
cements (CL2), 3rd stage=micritic cements (CL5), 4th stages=dog-teeth calcite cements (CL1), Sth stage=tip of dog-teeth calcite cements (CLS5).
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Fig. 3. Photomicrographs. (A) A syntaxial overgrowth on echi-
noderm fragments (arrow) (Sample D14-5-1). Note that the
overgrowth is rich in inclusions. (B) Fibrous high-Mg clacite
cements in the chambers of agglutinated foraminifera (Sample D14-
5-4). (C) Altered coral (Sample D14-15-12). Skeletal morphology
can be recognized from micritic envelopes. Skeletal parts were
dissolved out and then filled with equant calcite cements.
Intraskeletal pores were also filled with equant calcite cements. (D)
Fibrous high-Mg calcite cements on echinoderm fragments (Sample
D14-5-8). Note the bore (arrow) showing the geopetal fabric. (E)
Bioclastic grainstone (Sample D14-5-1). Originally aragonitic
skeletone (arrow) is texturally altered but its original morphology is
preserved due to micritic envelopes. Originally skeletal part has
been dissolved out and replaced by micritic and equant calcite
cements. (F) Bioclastic grainstone with acicular and equant cements
in the interparticle pores (Sample D14-5-1). Originally aragonitic
skeleton (arrow) was dissolved out and replaced by equant calcite
cements. (G) Bioclastic grainstone (Sample D14-5-5). Interparticle
pores were mostly filled with marine cements, which were
followed by equant calcite cements. (H) Dog-teeth calcite cements
grown over fibrous marine cements (arrow). Note that marine
cements are rich in inclusions, whereas dog-teeth calcite cements
are free of inclusions. The remaining pore is filled with marine
sediments (Sample D14-2-4).
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Table 2. Diagenetic stages of carbonates asserted in this study bas-
ed on the cement zonations of cathodoluminescence

Stage Luminescence Altered component
character
1 CL4 Coralline algae
2 CL2 Marine cement
3 CL5 Marine cement between marine cement
and dog-tooth calcite spar
4 CL1 Dog-tooth calcite spar
5 CL5 Tip of dog-tooth calcite spar
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Table 3. Isotopic and elemental compositions of the carbonate sediments. Carbon and oxygen isotopic data are in per mil (relative to PDB
standard) and elemental data in ppm. A=altered rocks, U=unaltered rocks, UA=mixture of unaltered and altered rocks, bioclastic Is=bio-
clastic limestone, PF=nplanktonic foraminifera, Mx=matrix, Co=coral, MC (A)=marine cement (aragonite), BF=benthic foraminifera,
CA=coraline algae, BLC=equant cement, Ech=echinoderm

Sample no. Description U/A ’c &% Sr Mn Na Fe K Mg
D2-6-1 whole rock (bioclastic Is) U (?) 998 325 2020 2106 647 2445
D2-6-3-1 whole rock (bioclastic Is) A (7) 605 395 381 447 108 4088
D2-6-3-2 whole rock (bioclastic Is) U (7) 1436 1864 2514 4517 1347 3356
D3-6-1 whole rock (PF & Mx) A Q) 1.84 0.27 528 204 782 635 264 4117
D3-6-4 whole rock (PF & Mx) A (U) 1.88 0.41 577 377 399 417 136 4413
D3-7-1 whole rock (PF & Mx) A (U) 790 1753 1533 1678 546 4742
D3-1-1-1 Co & MC (A) U 186 —096 12312 29 950 264 81 1569
D5-1-1-2 Co & MC (A) U 1.65 —1.09 10419 41 1091 433 169 1564
D%-10-1-1 Co U 1.64 237 11546 52 1290 316 108 2094
D9-10-1-2 Co U 11036 50 1276 373 140 2510
D9-10-4-1 Co U ~0.22 ~3.69 8645 77 1178 438 72 2744
D9-10-4-2 Co U 7050 103 1152 602 96 3329
D9-10-5-1 Co & MC (A) U 8981 98 1075 498 135 1969
D9-10-5-2 PF U 037 -208 528 7 168 328 67 4519
D9-14-1-1 Co U 2956 134 612 718 106 9717
D9-14-1-2 PF U 2572 187 679 875 85 5688
D9-14-2-1 whole rock (bioclastic 1s) U 2.32 253 2196 91 566 440 82 8183
D9-14-2-2 whole rock (bioclastic Is) U 2270 85 643 488 98 8147
D10-3-1-1 whole rock (PF & Mx) A (U) 0.27 252 804 449 803 2402 442 8587
D10-3-1-2 whole rock (PF & Mx) A Q) 712 676 803 2486 424 8746
D10-4-1 whole rock (PF & Mx) A (U) 084 -—1.22 1108 86 1954 387 5346
D10-4-2 whole rock (PF & Mx) A (U) 1305 127 1078 273 4715
D14-2-1-1 BF (A) AU -174 -351 4844 599 5745 1854 370 24115
Di4-2-1-2 sediments within primary pore U 1872 256 842 1139 305 6018
D14-2-1-3 whole rock (bioclastic Is) A (U) 033 -18 852 156 417 368 59 7034
D14-2-1-4 cements (7) 948 123 508 326 21 3331
D14-2-3-1 CA A 1.85 —0.24 874 179 195 217 34 6449
D14-2-3-2 whole rock (bioclastic Is) A 1.96 0.65 759 253 548 232 45 5698
D14-2-3-3 BF (4) A 1.88 0.45 1176 413 1897 745 142 5780
D14-2-4-1 Co A 18 0.33 1373 420 166 285 43 5764
D14-2-4-2 whole rock (bioclastic 1s) A 1245 358 199 373 52 5093
D14-3-1 whole rock (breccia/bioclastic 1s) A 192 —0.89 1140 233 467 335 65 5605
D14-3-2 whole rock (breccia/bioclastic Is) A 1158 241 295 405 32 5076
D14-5-1-1 whole rock (bioclastic Is) A 026 ~177 1169 224 345 264 50 5736
D14-5-1-2 whole rock (bioclastic 1s) A 1272 180 405 316 16 5167
D14-5-2 altered allochems & MC (C) A (U) 1175 175 753 456 63 4793
D14-5-3-1 altered Co & BLC A 1.65 -0.05 1951 255 351 432 30 4294
D14-5-3-2 altered Co & BLC A 1302 192 215 233 28 6093
D14-5-4-1 BF (A) A (U) 212 0.51 3594 801 3340 1461 270 17031
D14-5-4-2 whole rock (bioclastic 1s) A 225 0.04 505 266 364 346 52 5751
D14-5-5-1 whole rock (bioclastic Is) A -024 -15 591 331 337 573 51 4712
D14-5-5-2 whole rock (bioclastic Is) A 812 220 487 525 48 4889
D14-15-7-1 altered Co & BLC A 22 0.7 867 339 251 513 45 4298
D14-15-7-2 altered Co & BLC A 655 208 224 300 18 3682
D14-15-8-1 Ech A 2.07 0.14 975 153 429 533 9 5770
D14-15-8-2 CA A 211 0.43 926 221 453 460 63 5647
D14-15-8-3 Co A 1.9 0.17 586 263 293 418 52 6615
D14-15-8-4 MC & BLC A 753 194 258 233 89 5843
D14-15-12-1 altered Co & BLC A 1.56 09 1782 208 349 415 17 5789
D14-15-12-2 altered Co & BLC A 1581 211 314 266 31 5865
D14-15-12-3 altered Co A 761 134 166 374 69 6773
D14-15-14-1 whole rock (bioclastic 1s) A 243 -034 947 180 386 320 29 6776
D14-15-14-2  whole rock (bioclastic ls) A 917 167 358 405 88 6043
D14-15-17-1  whole rock (bioclastic ls) A 077 -3.09 853 106 380 195 38 7239
D14-15-17-2 whole rock (bioclastic 1s) A 697 116 364 282 28 5833
D14-15-17-3 whole rock (bioclastic Is) A 1040 155 488 324 24 6770
D14-15-18-1 whole rock (bioclastic Is with PF) A (U) 195 0.93 934 130 196 220 16 5657
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Table 3. Continued
Sample no. Description U/A §°c &0 Sr Mn Na Fe K Mg
D14-15-18-2 whole rock (bioclastic Is with PF) A (U) 891 105 265 299 52 5901
D14-15-20-1 altered Co A -1.72 196 1139 138 860 676 106 333
D14-15-20-2 CA A —-0.37 -—1.61 1088 192 586 552 55 5893
D14-15-20-3 CA A 1110 97 933 213 13 393
D14-15-21-1 whole rock (PF & Mx) A 500 189 150 411 61 6683
D14-15-21-2 whole rock (PF & Mx) A 471 212 168 416 98 7382
D14-15-28-1 whole rock (bioclastic ls) AU) 251 —0.06 1089 199 181 428 38 6104
D14-15-28-2 whole rock (bioclastic Is) A(U) 841 188 179 389 14 5442
D16-14-2-1 altered coral A 1.61 0.84 1624 1669 2898 6844 6478 6194
D16-14-2-2 altered coral A 1213 2333 2142 5029 4961 3860
D16-14-2-3 CA A 1264 1071 2326 2867 6264 5481
D17-2-1 whole rock (PF & Mx) U(A) 0.73 1.5 1442 178 767 523 80 4770
D17-2-2 whole rock (PF & Mx) ua) 1667 273 623 877 233 5458
D22-2-2-1 whole rock (PF & Mx) U 141 -1.59 1522 123 5946 1135 2174
D22-2-2-2 whole rock (PF & Mx) U 1062 823 2982 2577 7198 3468
D22-4-2-1 whole rock (bioclastic Is) A —0.54 0.61 660 104 514 102 3944
D22-4-2-2 whole rock (bioclastic Is) A 1053 188 264 517 115 5983
D22-11-2-1 whole rock (PF & Mx) U 144 0.16 1136 1697 5059 5335 2167
D22-11-2-2 whole rock (PF & Mx) U 1422 1114 4846 4910 2590
D23-4 chalk {PF, coccolith & MXx) U 1.09 -0.17 1929 168 2088 1258 603 2855
14000 14000
(‘A) 0 A/SS (B) . + UiCo
12000 - . A ADS 12000 + 0O UPF
o o uass + ® UICo+MC (A)
10000 4 o UADS 10000 hd O U/WR (PF+Mx)
. * uss . ® U/WR (BioLs)
-~ 14 . +
2 8000 - + UMDS E 8000 -
é * g +
¢ 6000 - ¢ 6000 -
o
4000 o 4000 -
. . 5 +
2000 - i: a . 2000 R .
% © 8 © u]
0 . : . y , 0 , ; . r .
0 5000 10000 15000 20000 25000 30000 o 2000 4000 6000 8000 10000 12000
Mg (ppm) Mg (ppm)
5000 2000
1 o E
(©) (D) A
4000 N
a 1500 -
° A
el J
_ 3000 - _ . ° o P
E g % o
& £ 1000 4 "
e & ®  AMBF A o ,°
s 2000 - e * ACA o
@ a v + AfEch 20 8 °
A o A/Co [e] ]
. 500 4 (@ aMCHBLC o vy
1000 &(}3 o O UA/BF (&) A A/CO+BLC
g‘ 4 4 UA/WR (PF+Mx) ¥ A/WR (PF+Mx)
O UA/WR (BioLs) O A/WR (BicLs)
0 4+— : . o . . i
0 10000 20000 30000 0 2000 4000 6000 8000
Mg (ppm) Mg (ppm)

Fig. 5. Scatter diagrams of Sr vs. Mg contents. A=aliered rocks, U=unaltered rocks, UA=mixture of unaltered and altered rocks, SS=
shallow marine sediments, DS=deep-sea sediments, Co==coral, PF=planktonic foraminifera, MC (A)==aragonitic marine cements, WR=whole
rock, Mx=matrix, Biol.s=bioclastic limestone, BF=benthic foraminifera, CA =coralline algae, Ech=echinoderm, BLC=equant cement.
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Fig. 6. Scatter diagrams of Sr vs. Mn contents. Abbreviations as in Fig. 5.
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Fig, 7. Scatter diagrams of Na vs. Fe contents. Abbreviations as in Fig. 5.
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