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SaTto, Y. (1981) Heavy-mineral composition of Tertiary sediments at Deep Sea Drilling
Project Sites 445 and 446, northeastern Philippine Sea. Bull. Geol. Surv. Japan, vol. 32
4), p. 241-251.

Abstract: Heavy-mineral analyses were made for 39 samples, 27 from DSDP Site 445 and 12
from Site 446. About one-fourth of the samples were so loose that they were easily disaggregated
in water. The amount of heavy residue and the magnetite content of the heavy fraction were very
high, 0.2 to 44 per cent and (on the average) more than 20 per cent, respectively. Among the
non-opaque heavy minerals, common hornblende (0 to 80%) and augite (0 to 989%,) are most
abundant. Pale-green and bluish-green amphiboles (around 10%) and the epidote group (a
few to 489%) are next in abundance. Euhedral apatite and biotite and irregularly shaped
chromite are not abundant, but are present throughout the sequence. Hacksaw structure is
developed in pale-green amphibole and augite.

At Site 445, a fair amount of chlorite and a few glauconite(?) grains are present from
Core 445-81 downward. The content of common hornblende and opaque minerals also changes
from Core 445-81 downward. A geological boundary may exist between Cores 445-77 and
445-81.

Source rocks of the sediments at both sites were basaltic volcanic rocks (possibly alkali
suite), schists, and ultramafic rocks.

The degree of lithification and amount of heavy residue, and the content of magnetite,
non-opaque heavy minerals (excluding mafic minerals), and mafic minerals in the cores were
compared with Eocene, Oligocene, and Miocene sandstones of southwest Japan. In many
respects, the sediments at Sites 445 and 446 are quite different from those of southwest Japan.
From the early Focene to the early Miocene, the area of these sites belonged to a different
geologic province than southwest Japan.
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1. #

9788 1B, Zuw— Fy vy —BXRERA
5 (DSDP) Leg 58— L LT, MAHRBDOESH
200 km, 7k#E3, 377m DKWL (445M15) ROEDOE
BETEH100 km DEWETEE, KR4, 952m (44641,5) o
AT, WHIEZITY, EEEERZhZh092m, 628mic
ELz BELEETHOMBOMERMIL, E=kHh
Hitch B,

LB, MEEE~ o 2 7RO RS ST EE
B, ZOMREAL»IT B Lk, ZoREEIE

il

Ju, HHEAR, BERECOMT 3HEMBREROEL
WIiRR & OB £ 17 - 7.

T O 58 R
Drilling Project, Volume 58,

Initial Report of the Deep Sea
1980, wHESh TS
B, MEOHBEIPZIBLATNE LERDRBDT,
DB TR 5.
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4463115 ¢

K% 3,377m

L7 4 VY CVHREE T T 2 EEROEHMEAR (EERR)

FHIZER  892.0m
a7 ERE 69%
ETHoE BEDE
HERR  FPEihAT EED

Jes 24°42. 04/
FE132°46. 497

KT 4,952m

Sub-bottom depth (m)

JENIZEE  420.5m
a7ERR 47%
ETHOME Hiis
HERR AT
ZOBBERBEDD, A TEFET, Tok RE
372m OHERRY - LRAERE S D IMH 2 HHR L T,
628.5micE L 7.

446 A Hi 5 - 446 L [Rl—HE
=
— Ia Light-gray to pale-brown nannofossil )
-t ooze and interbedded foraminifer- Pleistocene
50— —+—, ——,—H nannofossil ooze
I 1 1
= —t—, +=]
——, —t— *I:F Ib Light-gray to white nannofossil ooze 2 §
100‘;_ R z with  foraminifer-nannofossil ooze 08’
=, —t—, —t—=2 2
= : [ =
e —t— = S
150——T"—FT"—"7T"— >
L————1 1 1 Ila Very pale-brown to white nannofossil
1 - ) —— L chalk with graded sequences
200 1 1 1 1 = 3
1 ! I : ] Il =
J;I L - ' - L
250 — @
. L Il . o
300 S —— '_ IIb Very pale-brown and brown nanno- s =
) —L = fossil chalk and frequently interbedded E
PR} clayey siliceous nannofossil chaik, with
1 L graded sequences
350 I —1 1 o
- Il : L L : 1 : §
e ——— | 1 Very ‘pale-brown to pale-brown nanno-
400 . 7 ! . : — fossil chalk and clayey nannofossil chalk,
TS locally with diatomaceous nannofossil ®
- : L chalk at the bottom, with graded ks
1 ; L — sequences °
450 — 2
1 1 [
S
& | 3
5 |
Pinkish-white and pinkish-gray, siliceous,
fossil rich nannofossil chalk, with graded
sequences early
Gray, siliceous nannofossil chalk with
radiolarian mudstone o
k]
Brownish nannofossil radiolarite; light-
brown, light-reddish-brown, and greenish-
gray, silicecus limestone and “chert”
Greenish~gray and dark- greenish-gray
nannofossil mudstone, limestone radio-
larian nannofossil mudstone in the upper 2
part, with graded sequences 8
(e} @
w o
=4
£
Dark-greenish-gray mudstone, sandy
mudstone, sandstone, and conglomerate,
with graded sequences
Dark-greenish- gray conglomerate and
sandstone

900~

# 2K 445 5 o B AR K (Shipboard Scientific Party, 1980)
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Percentage of nonopaque heavy minerals, heavy residue, magnetite, and opaque

MEAETABRERE B 45

heavy minerals.

Mafic Minerals '7‘3 .
Amphiboles Pyroxenes ,*g g . i
o Sample . g gv . N mE _ %"/ =
< (Interval in cm) g ,:'g @% E% ‘E—g ,2_—:8 + 8 £ % § = é
PEERE IR RIS P R I
HEI R R L ES PR R R SRR
AIOL A< B KT |« AL B m< 0 NO&KODR|L = O
5 (145342, 7476 317 16 17 9 22 410 |20 2 + + 12919
2 36-4, 98-100 3371 33 10 3 + |33+ 8 9+ 1 3.3 13
= 39-2, 12-14 3620 30 10 3 2[40 4 6|+ 2 + 14123
48-3, 45-47 4490 30 14 5 22 411 |12+ 14 21
S 51-1, 97-99 475 4 11 5 2|55 34| |17 3+ 1.0 23
& 53-4, 98-100 499 3 13+ 452 8 5 + +185 9
o 54-3,116-118 5071 6 9 1 4|67 4 6|+ 8+ 7.4 17
57-2, 60-62 B3 7 + + 83 + 5 3 + 2.4 44
66-3, 28-30 620/ 11 4 2|74 4|+ 8+ 6.0 45
68-1, 80-82 636| 23 15 15 4|18 4 3|+ 13 + 3 3.0 32
69-3, 40-42 648| 48 5 6 4[26 1 4+ |4+ 6+ + + [8.369
70-1,136-137 656/ 80 5 4 74+ |H+ 1+ +16.049
71-1, 92-94 665 50 13 3 4|16 + 4 |[+| 2 2 0.8 64
72-2, 6-8 675 78 5 6 5| 1 2 2+ 1]1.542
73-1, 98-99 684 75 3 3 4| 8 4+ + 5|8.0 57
74-4,134-136* |698 51 3 5 3| 6 5 4 2 + 12 0.4 71
9 75-5, 104-106 7090 68 + 3 3(20 14 |4+| 1 + 1 35
g 77-5, 37-38 727 68 3 4 3|+ 4+ 414 1 2+ 210.2 50
= 81-1,143-145 760 23 2 + 7| 2 +|2 + 8201|1061
82-4, 148-150 775 81 11 8 2| 4+ 13 4 3 8 217|0.783
834, 52-54 7830 2 12 4 4 2 48 + 2 4|27 4
84-3, 78-80 791 48 3 3 1| 3 4 |+ 1+ 1 3|1.974
85-1, 20-22 797, 56 3 3 + +-+{9 9 3 2(1.675
85-1, 97-99 790| 43 7 8 3| 3 1|14 2 +12.369
86-1, 75-77 807 4 6 5 1| 44 4| |18 2 + | 1.6 61
88-2, 32-34* 827 15 12 5 10 2 700972
91-1, 50-51% 8551 10 1 3 1 6 1 3.3 66
446 -20-1, 4-6 173 80 7 2 4|52 2 4 [+ 1+ 44 35
21-2, 8-10 |184 39 10 2 24|10 4|4 9 4 o1 21
23-1, 33-35 | 201 38 19 4 13| 9+ |+ 14 3 + + 18 19
24-2, /-9 213 18 1 1 4|75 |+ 2 1]9.6 40
33-2,134-136 | 298 + +198 + + 27 28
g 34-4, 50-51 | 3il 59 2 8 2| 3 413 + 4 2(58 12
g 36-1,112-113 |36 4 + 33 6| 8 2 2 34 + +19.1 9
8 38-CC, 30-35 [353| 6 -+ + + (8l 44+ |+ 5+ + 1.6 23
446 A-12-3, 70-71 | 471 46 + + 29 + 8 3 5 5.8 30
13-CC, 2-4 |48 17 1 + 4|72 11 4 + + 210.5 29
18-2, 53-55 | 5u6 2 + | 93 2 2 + 105414
22-1, 37-38 | 562 2 4+ 2|60 | 425 4 2 +1]032

*Number of nonopaque heavy mineral grains few.
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E7 4V CUBEETICHEET 28220 BRMHER (EERR)

YERE 628 5m
o 7EREE 256, 5m
a7 EIEE 469,
BETHomE HitE
AR SIHRET A

2.2 =3

445H R DFREL27ME, 4468 OB 2ME O A 3R £
S L. RBoEEEBIE, 4450 ks 45 28
mPRNCIOmENRE . B ST HE OERE (Ei
BLLE) BIEELRVETTC, 67-87m{ [Hkgs B A
EES b dH 5. 446H T ORBIRR L I8m PN &
DBEVR, 27-85mDES b B, £REOETHETHI0
cm®, BEEF 53—, BRERE, DHEHES Bk
Wi, THIWET, RICHEBR2WLEREZELXSZ
V5. REOMEEAI IS I b P E i
bltoTnWs (8 21).

2.3 #HHSRAk

FBHE, SASPCREPP IR L. BREOK
/4%, KeBL T o Lo8F 2 ick Y, HE
CHRELZ. ZhiZBAOREEAHT A HE=R0OR
BTz bhR2nIThy, BEIET .

WEFE L7k, 0.25 mm EOBFICEL, BBL 2 WY
D 5B, #0.06 mm PUTF ORBBIERSIIAK O ek o TH
BEL7z, cocBonicfBoERIE, 2-3g LFER
Thle e, BERSHICE L TREOSEEEFERAL
. BIRCIET VI T usxgy (RES2.9) 2,
SoyfRER s e, BEHEWME T & b THRY, HEkELE
BRACRW. BESMO—BEEBERATA FH5 2
i, ERBEE (V=95 7) 2AWCHALKL., BHE
SE % 20001 0) FEEMEE T CEIE L, ESRYERE K 0
7o, BlcLBEWI00bi2 B2, * ORCREHEGY
DEDIEEERDE. ThbOERE, 81RIRL
Thp. E445-74, 445-88, 445-91ZBHEGNOK
DI, FRERILLE, 438 738CH o T,

. B & 9!

FE L icEgmE s, TRANEG, Rgaals &
wemla, FEAANE, LEER BEG, KEE
A, BER (RERVHER), RIUAA+TIISNAR, B
KA, 7re<A N, Unay, £AAE, BLRA, ER
A, A7=xz—Vv, JEA, kA TH 5. SEOREF
2k, ZTHECTOMETEHED o722 LOENGEHNL
EUIEHEEL, EMEOACRRAE LEWZY, FER
e LC—HE L.

3.1 EfmE

HMSH R DO HEREY R O ESLENL, 20863 1-8 %,
2BBI 8 %L E, SERES I UL T Chof. 4464
KT, 1288 0 98B 2T, S %ULEEEALTY
5. WS LARGOREP0%UEZT Fh T
5, BHMESCHSEEEO N LOMEE, LEAMNCE
BHEEOHE ZRROPHIERET Oz h L8BRT, JE
B2z 5,

3.2 BHHORERUE

2tk L LCoRRIX, 0.25-0.06 mm ORIz
TebiFTthBH, MENVEETE, ThihkEnio
VEELES. AR ERE BERARLOEE
ek, BeARBEMS0.4mm itE T3 bR LIFLIESR
bha (#3, 4). 0.20-0.15mm D40 ik BET
5. TOMOFEIIT, AT 2 —rERNT, —BIZ/N
SV, BkhrfEi30.15-0.08 mm BETH Y, 0.10 mm
B2 D b DL,

& A EREGOEGWN, B, R, RNEARE
ELTRY, BEOBEALNARY (B5, 6, TH).
LirL, BERNORICE, FECHBEORNL DM
FETH, ThIIERRTCELS, © L 1T Ex#
<, TOREITHTHS (& 8X).

RRFEANA RS BES B REESIEE R
CEELTRY (59, 10X), BEK I X55EE07F
EERLTWS,

3.3 EPMA [z &34

SHEA LN REEYICT, ANRIEENEE=ZR
e 2B CHESNZILOEVWLOR, 220 dH
ofe. BEFEWEO T CREEIL—BORELTF-
B, FOREEF=v 7 3TBBEILL, BEOb -7
BP0 EEOH LT, EPMA &3 % fT-72. 4
WIGBEAEEZED Lt BRI ESGWITRD
BYTHB.

BEH445-34-2 . FRaANE, 727 F0F, Yo

A b.
BE445-53-4: v xFH A b, BHER, Y x A
& TrFBR, BEANE
2B446-38, CC : & ¥ LY BIER (TiO, E=1.1-
2.8%), ¥EANG, ~FrER, =V A —
x4 b,

34 R x—v

BBM46A-12-310i3, #EG, BHEREF T, BREO
BRABELZA 72— VvREPRYVEETS. BSIREK
0.50 mm ¢, 0.20 mm FEOLDOREETH 5.
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$4M HEME, £ 0.38 mm (445-755)

#HO5E BEEOBEKE, E& 0.22 mm (445-84-3)
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BOM ML o BER, K& 0.32 mm (445-77-5)
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BION EREREELBoEaAKREA, £& 0.36 mm (445-53-4)

#HI0X EEREEORELLEBEER, E& 0.34 mm (445-70-1)

L EHDT

EQa, FolaaNaE, SHERE, SiE
B, NERAGYEOS DD, MUSHETIL 4H, 46
HETE3HERILE (FE2R). Larlaer b 445
1%, #45-T%, KROMSH S TORBIMRL, 2740 %
EoThodd, BFHOEFRPHBEBFVEERLRE-> TV
BZO0E 5 PIXHRETRVY,

LU, 445-MI8 K O445-IVEr i o pUBHE RS 1T
7 VA S HABITCH S, LiedSo T B IVE~
DB —EBANA L EBER 2B L, BEa L
wEa (2) PHEL, FEREYORIENERT 52—
BEREHFOLOTH D, Thbb, 445-M#L4M45-IV
BOBRANE (445-77-5 2 445-81-1 2 ) ik, L

POYRBEMEOER Do LBL OIS, ZOERIC
P 445-81 1 445-8200 [ (YEEETE8.5m) Ik, | T 0
EHREIRRLENE B 5 e ®d, JAfErT2=v
VA (EFeLTRSE) &VB (BEESE, RBE B
DERB PN TS (The Shipboard Scientific Party,
1980).

5. BEHPOER

HimAapa, SWmER, Mg, REtAaRNa BE
B, #BKARKRECEROGHTHY, Blcroki
ERXW b, RWBERIIKUERESEZRLEZ 2 b h
%, REM45-TT-50FF TIX, BELEZRE (bBW
TEERILE) OERBRALR, MERPRIEATRr—
FANMELE, EREBPCEAAT I TAT 4 v I HE
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67 4 U E VIR T T 2 B=ROEIMMEE (EERE)

®2R EEYHLTOTHER

Heavy mineral groups and their average composition.

h%?rfﬁﬁ%e augite hypersthene opaque
445-1  (Samples 445-34-2 to 48-3) 27 27 9 32
445-11 (Samples 445-51-1 to 66-3) 6 56 — 32
445-1IT (Samples 445-68-1 to 77-5) 60 11 — 28
445-TV* (Samples 445-81-1 to 91-1) 34 2 — 72
446-1  (Samples 446-20-1 to 36-1) 32 36 — 11
446-11 (Samples 446-38-CC to 446A-13-CC) 23 61 — 37
446-IIT (Samples 446A-18-2 to 22-1) 1 77 — 87

* Also: chlorite (21%) and glauconite(?) (2%)

RH T AOEEPEESNE (MNERFE, BME). T h
BAKHCEH L2 EREORGRENES D Tho
T, ZORRERPD LRESFMIHEE LD LE X
bha. HRESEIEPA DARPEEL TWedS, Bk
ERORICEE LT UE - A BERS 5.

ESmh oL BaNRA, TEEs (KFeg s ¥ VIE
H), BERFOHEADYE, FLTEREANEER 2V
T L, ZOHHRIRAZ, TAh UERIIO ZRAE KL
BThottbD LEEENS.

BhAR, RRARUEREAKREOR IR IZ, R
B, BICERRETHSH. EM45-34-291TiL, b
Wiz7 75 RaeE-s tBERGAREPEEL TV
(B, FME). Yuasa and Waranase (1977) iz L h
¥, ZOBOERKEANE R, FtEARREERAE
SREHEE LoARF AR, SBCRH &, &
7o, TORBEEROEGYI, MELLERAANT,
T7F R, BRhAR, AVAFAL, AT7=—k
DT L ThDB. O, KEMEECHER I EEL
SO, BEeE, FLEIRA, RUERE U
TIRERE - MRER EOBREEAEBE ERESHh
TW3, Lo TIhbDEERD, 445 4680
BEHoPiad b —8k, UBHIICFEEL Tz L
Bohs LR EREI,PODZLENTEL D TH 5
5.

YaZA b (rrhwAf ), BER —VREF A
b, BEEEEEFETHSS.

6. FEEAAB=RETLVER & OLLE

AHIR TR N e EGYRAE, RHMERR oML
WO RE OME (GhErit, Wil ), Wi
EOFEBRE (hEit), EREOAELBE: (9I# & %
i) PoEh LB LT, MR T, iRy

\z Nummulites boninensis DSEAET 505, THIZERED
CAFERERTRY UNES, 1973), %7z, Nummulites
amakusensis HS, FLINFERHEO FTEIETHE» ML T
W3 k¥, 1977). BEEHARBIT 5 Zh bR,
HEOHM LR ->TRY, HERELEZTAThEL -
TWBR, WETOESGMERITIE, FEERBEPIESS
bha. ToRE<cl, FEE IhbHis (HE
PEDT) & “BEAK L—EL R, R#ke o
H#z1T5. ok, BEELMCE, HHE=E» 5P
TEE TOEBRMARHEREY LA/ LTV E R, B
OWTOIET — FREN D, Z 2 TERETF T
RV,

6.1 A{tiERA

B HAOE =W ICEL, ThEmid2
Cid, AEVFINERANWTY, »RYOBEELEL
F5. LaLais, Aoy i, B0 #1/4
EFTH, KKBLTTARTRLLOETZ LiICXY,
BIZHEL. £B%) oREL, ARESERES D
MpeEEEEZ b3z i l, SIS TES M
Pt Bz ERTEE

6.2 2ENYERUHSAILE

S LR 5D s ESYE (BEE) &, TEmEA
ACIE1I%UTTHY, 0.1%UTObDbEREIC A b
e, BEGWRCED BHMEGEORIT, BEALYERT
= HRELMEELE (B3E). —F, MoHcl
27500t 2250, 4461 T I 1230 108 £ A%, 1
WU LOEGFHEER LTS, MEHEOR L 27
{, 9-83%LEELTVWS. ARTINII L E D
BEW, RESEENL LN LHREL, FHE=RERUSEM
TROBRIKBEDWETHS.

6.3 BWEAENY (FESPERJ)

FE A ARE=RTOBAESYIE, Ivary, K5
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MEREFARERE B4 5)
EIXK FEHAEAEZROTHEFZEHHER

Average heavy mineral content (%) in Southwest Japan.

.g ’3: ) 3
" g ) V, = 2 58
g 0 F o2 f 5 & i
N 3 o o, ) H < 55
S (&) = 5] @) o = Zw
€ B oM
R B (hEE, ERERE) 17 76 3 0 4 0.3 0 22
MW R (Wi, ERgEE)? 6 68 21 2 3 1.2 31
FoamB (W, EERRE)S 61 16 16 0 7 0.07 12
TEHER (GhFt, XERE) 62 5 12 + 21 0.1 15
B OEH % B
AEWLEH (PHE, mxE)® 37 33 0 22 0.6 14
E B B (A, WEE) 87 10 0 3 0.06 0 4
1 D8Rk - £, 1978 2and 3 D ERE, 1964 4 : HERR, 1961 5 : OuaRra, 1964 6 : f7E - 880k, 1977

H, BRA, BhARO4BECER ST b h (553
), Zhbo 4 MR TEEREREY HO80%LL L% b
TWB5DREETH B (Sato, 1969), 2L TZh bE
BMoOMT, BEOKE BEHFWCEEROZPELLT
W, ZhbEGFORIRIE, EHEE 7—a—X,
—HRERE (FGaRFAE) LA (1969) B#EL T
w3,

—F, AHIRCIHRNAFOLR, 2BL2EBE L TEE
MR BNED, VNva el 5/ EH k) ©b
Y, BRARSRALNARW.

5.4 HELY

TZCHEGASEY LY, BER, ANRE EaEES
LT3,

B AAOHEZRAME TV T, BAEWOFER
E|ETEB LV o TIV. RESkEE L FRE, HREMNRE
SR OBEERRRS LR B0, FHEEZRROENR
DERBEWEPLTHB. FLTIORETLEEES
BIEE G BUCHEETS. FAEHORLYBITAHDL
oAb ERE, FEANG-REEG, RRER-LE
BA, SEANG-RHEL-SEELGTHY, Thbik
YA, INT c TAHYEROBHEENLS.

THIK L TAMA T, REEA R R TR
EWoT XL, ZEFOEYL, ANAELLBES >
bloTW5, ficbiithiceds, ELBEANA-LEEE
(RricgF 7 v 5EEn) -REROEADELZAR B
BEENEETHI LR, ThbBTAD VERR (b
W7 e TVHVERTRL) BTz L TW
5.

1. #%

1) DSDP, Leg 58, Sites 445, 446 afk =t 7 3% %}
(R, WEHL, WETR) B oW TESEM SR
fTote. ZhbRBOK/4E, AP ToEBIHE S ¥
DT ENTE, ALEERABE LA VA TR N,

2) REHoOESYE, BEHEYT ORGSR, Hfic
EFITEL, BIECL%UE, #%ET0% (FE) i
> TW3, BHESWTIX, LBANRA (0-80%) 1
BIEA (0-98%) BbhobkbBv. Zhitk DL, ¥
FaROEREANAE (W10%) LiEkhAFE (3k-48
%) ThoH, HEOBKELEER, FHARFO I v
<A NI, BRIFEORVY, SEREEZEBLCE
BRFEL TS, FREANARCEEEG ICIZE
ERBENFEL TN, Ivav kS A00HT,
BRARLR LNV,

3) MSHR T, RBM4-8ID TR, w2y 0 &
DRFFEA L, ErRPoiHFEa (2)BEELTVWS, T
ORBE D TH~Z, T, T@EANR, LEBEL, &
FHRGHELELL TS, 445-771445-81 L o [ i©
I, MEPOMBRERNEET S LBbhs. =0
BRI, BELEOY 2=y P VAL VBORIZEE—
15,

1) EFPoMERIE, IRAEEKLE BELLT
Wb VERE, RERTE BEEMETHS.

5) BEAOAOERE, REPoEHYE, EHpTh
DRESRGLE, BRESYE (REaEw), FafY o
HpkE, WERHAICSAT S ABEROWEROZR L
B LT, AHSOEBY T OEEHIT, +TToRICE

gg
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b7 4 U EVHREE T EET 5 RO EFYER (EERE)

WTHEBEAAROBEFOLD LER-TRY, KEEE
2 LRI 2T TORMIRE, TEEEAROE=ZRHE
LT, @B HBERICBLTWEbLDLELD
ha.

B OB AWFEODO 2 7RENL, KERZEMEO
Bk Y, BEErZTk. AERZTICHRY, W
BNW5 L HBIE R E 2 NERFE, EfEho EP
MA SHF&1TV, ARRHBERE TS B EEAE
B, TXERTEN ZAHERARRKER ¥ —0
D.J. Lyons {#ic EL LR L LT 5.

X B

Konsur, K., Ismmasur, T. and Tsuruvama, K.
(1973) Find of Nummulites and ortho-
quartzitic pebbles from Eocene turbidite
in Shimajiri Belt, Okinawa. Sci. Rept.
Kanazawa Univ., vol. 18, p. 43-53.

Mizuno, A. (1977) Paleogene System, in TANAKA,
K. and Nozawa, T., eds., Geology and
Mineral Resources of Japan, Geol. Surv.
Japan, p. 214-232.

Omara, J. (1961) Heavy mineral associations in
the Paleogene Systems of some coal fields,
North Kyushu, Japan. Memoirs Faculty of
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