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BR, EF 1. AFFOBRELHRD (EHFIH)

i TERMEEETER, RRLHE.

TRAEEREESE) IME3ER (WPh b ERSEE)
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TABEFER) ML 3 F,



EWA L. KERAE (1843) AKMBNSHEBRL TRELEEY GRT) LEAYT. T0%E
WEERc & UTIME3F (1846) {i BILA OEKILICEIDIL 44 4 ABEL~B -7, FELE L
TR, HEEMEFELTRE6 H 6 BBHILALERNRELE L EELTNS,

2 BLOE1EERR

NABEMPED BN OBILICED T\ Z L I3FEETH B, AARIIE R Lk s 1 B
0 OF OB T, RRUFIKELZEFLIEEN ) DIREY THE. HEEMSELH O
RO D BD TN Z & #MBANIBS, L cis> THARPIBBIRIRIE LI 81 TV &
WO ERBE<OEBTH 5. HUIRHROT TRO L S ITBRATWE, "ABBIFAREBEE. Eo
HEHEWREIC TR EHXBETEVEER. FEKUFOERLHERY ) LW, WNHEEE O
SHREFCBFREBEIRVEERES>TNEZ L 2HELTW3,

3 EEGMOE2EEEE '

FFRBRREWTHRERY L WAL T 5, FBIIEMES 47 AP (GUEEITTH) o
Bl (L2Z5RF) SILEEHL, SMEAE3 AN DBMUICED - L. B ILXE AR 3~
TV, SF4ARIEBL 581 GML2 EERBBBERHEFATICKELUBDERE L HY . FEL
DFR) EBRRUKBE, RARFI LRI E 2RI EBESIL~BXEFI L 2 tkbic, 207-HF
DEZBRBLU~EYVRAD6 A6 AICKEL~EVELZE WS,

4 EUOE2EERR

FIBYIHABEEAILSILL O BERIL~RETH Y. A ILSKLICHD TV LS DIIFRETH
2. BERILRESVREC S s TWAEESKIITHY, HBEITREDOFRTHS, bbb
TORBITBICHS 2 L IFEKILEE LHEL<RVOT, HEFEADETCELTCIB LS
%Kﬁﬁwiéoﬁ%d%%m%%&éma,4@@%ﬁ&%tomf%ﬁ%ﬁmﬁ?ékworw'
55, BIICH L CTRESOFRICER TS L5 2 L THEHELZENE PE 68T E,

LE, BILAMASH EEREZHITAS) THELEEL, 8 SR I0MEs ASIELE2
TRES LRI EALERIL (PIEAD) - ABILEKIL (BH) ~EATREBLL Tz, b LEBIHSR
R ~AM & OXISIAE U CHLE S S HIGEVAT NG Z L 2RISR LTV,

EETHE OEE - KR <A, HEILIRE YL L TEESLO S E O 2L EDBEITE
L2, BOMATHREL L EBLUOTREANBEEEZ L > THEBETTS LI FEVHE S 0T

H5. (=)

E P g

INEEST (K(TcTeb) O Ty MEMNOE 2] E#ILE A ERE, 199

BRIER "5 5 SREOBFEL EFFH, [LERMAT @8M] EFEH, 2001
BRIER "AIE - KEMoS & e E EER [ EFEME BeR) EEEA. 2001
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E3H R OEEH I REDEBENHAE

B3 BROEMH SR OSBROTE
~%Ekk6%&i%ﬁ%&%%ktf~

) 72 7 V¥ —F - TACEVF—
X 2 E B

1. 3

18 B T SR VL R 1L 1L P B BT I FTAE L 19HHAR RT3 A BRI 1) TR E SN KIRAER TH B,
WIEHF L HNERS CKET. KM B HToskE2REL TROAPHL PR T,

(1) KEBBEEe0EIX. B EIARIE & Uk (MBANER T, KRR T IOBIAHR A
57, BITILFEM L7 E R MY 25 TREHEL) OFRMPIRE L R REBEEZIT o BOPNETH S,
@@Fm‘ET%‘$%ﬁED\ﬁ%:hm%ﬁhr%fﬁ%m%ﬁ%ﬁ%itoETﬁdﬁx¢4
M icFe—TirH# % b BARAEARS (Ti. V. Mn) 3% <, FFEEEATHY 72 ARG D 80D
(2) SEOHWMARIX., YAZA b (Wistite : FeO) &. WK RS (Ulvsspinel : 2FeO-
TiO2) E&HIT5. E7. AbSMAE, 0.52~2.23%TiOz2. 0.03~0.11%V, 0.10~0.15%MnO% &
B B 53 VB 1 3 5 |

(3) —F. 1. IBICBET3KREBEFEOR D Fici3gusisg (1. 7km EROKXR IS - EREH) SR
AL TWe, ZHhOOHEMMRRIE, VAVRAERINVERICT AT A NBOERET 5, (LRI,
8.30~10.82%TiO2. 0.17~0.28%V. 0.83~1.75%MnO & IRFA RS DE VLA & 725,

(4) ANBEHOKRET. KHHE, BEOLXBHE L8 fROEHORGEEIC, 1B LL
W ThHB, L, ABORSBEOMREFMICBET 5 L, FRBHKORA R ICEL ORI BD
Hhd,

2. MEHE

HHH

Table. TR t, BROEHIZE, K& FEPF3 A, ARMEED 3 &, BEEWR2 R TEF20R0
HAETH DS,

HAEES

OWIREZE. @~ 7 vk, OEMBER, Qv v 1 —RWEHEE. OALFMRIT

3. WEMR

EROEMELA

(1) HKM— 1 : &G (P 5t - A5

HEORBE=ZATIR CHEEZ H2604g DEETH D, LYUHERIHBIREZOV AT A | E¥
IREBRERDT 7 A Y T4 NBBREY 7 AER 7 7 PICEET 5, BAEORETHS. BER
WRESOBEMITASIHVT T AT A FMCRIEESNS.BY (LEMKIIES (Total Fe) 251.15% &

%
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@<, H7RERS (SiO2+ Al20s+CaO+MgO+ K20+ NasQ) 1328.89% S5, 2D 5 Lzt
EEpS (CaO+MgO) #1.81% % 55, WEBERS DT ¥ > (TiO2) 130.64%., S+
VUL (V) 0.04% &472<, Bilb<wrHF Y (MnO) $0.10% L EETH B, &90% < TIRERK
ABEL, COBERETHEIVLERERLSETRERETHS,

(2) HKM— 2 : 8§ (fF5 i - FESR)

FTERPABAHR CEFOFERH (800g33) Ths. SWHEMRIT. AX<HEELEBESEE
SRAMMBRBOTLRRACRVEEIL, BLBBOAGBRERDT RS 1 F ERKEBRERD T 7
AXYTA MPERET S RAERAT JHICRETS, 2HLERRESMNSEORETHD. BB, BEE
BEAREROBEEMIZTOOHVTY VR R CRARRIEEND, KBEOEEE L L ICBA S hi-a
BREOANREL 8ol (LFMBIT, ABEFICERTEHEAEIRARS BEZWERE S D, &5
(Total Fe) 345.23%IC3¢ LT, #T7 AEMAINE26.31% T, 20 5 bITHEEMS (CaO+MgO) %
1.82% & &l WHIHFBED_ELT ¥ (TiO2) 8.30%. NFT A (V) 0.28%72¥%< T, Fick

ft=B (MnO) $0.83% EEmDTHD, EHOMSGEZEE & LrBlSEOH N EREINE, 1.7
'miﬁwkim%m%kbwﬁﬁﬁwﬂ%ﬁﬁbéo%@ﬁ&#%ﬁﬁéhtﬁ&@%ﬁ?%%ﬁ&
nN3TH55,

(3) HKM— 3 : 8k ($&RiE%R) (F5HL - ETFEDR)

BRAEROSBERR (625g) THD. METHNBCHZEFL TEEREY Lo, SEOEWMARIX
TRZA b, ~N=VFA b, 774754 bR ETHRENS, BBEORBETHD, KITIBNE
- B#iZPhoto. 1 D@BIZFRT, T @QOLEMPREBRE. EBUIAL 7254 F (Ferrite :
HER) . E~EDICONEHOEL A5 1 FBEML T E, 2E/—F 4 FO*HE (0.77%C)
2725, ETHTORKKIS TELEREMBETH D, £z, QELEREINTTI 254 NEHE
EORRBBFIHES WREDS—F 1 N OBRFERILEZFT. BOETFHCHESNLETSHS 5,

Efe, By —RUEREMER, £E/—7 A4 MBS T204Hv, 7= 74 FFBIE79.0HvTH o 7,

(4) HKM— 4 a1 (F6 it RiprEs)

TFAPFBEMROBERBEGEOHT TH D, 415¢ 25, GHHRITTAFA M, 774 ¥
A NBERBH T RAEAZ SRR TS, BREEOEETHS, £z, ABKREROY v 1 —
ABEEEEIS3OHv ThH oo, ZORRITZ~ TR Z A FOAEENEEZ LD, {LEMRITES (Total
Fe) 52.10%. =@k ¥ v (Ti02) 0.63%. SFTV U A (V) 0.04%. Bfb~>H> (MnO) 0.10%
IS EMAERG D2, FIBLIEHKM— 1 #RBRICHEL 2 b D TABER SEENS,

(6) HKM~5 : S8k (&A% 1 F5 - 6 AUit)

BEDBFRMICM O D RFERRTUBIEE (1460g) TH5. QIFEHO 2 EIBE. SEHRRITT R 5
A FT, BNICEHBEBOFe—TUHLEH EHTHE TS, THRZILERERL, 774%5( k., &
BETHRIND., BIEEORBCETEHIZAEEINL S, £BEKRICOOKTT. OIXaGsiR T
=274 MLRN=FA4 FVRBLBDNTEREKEZT 5. 1300CHZOBIBMEA L ST -G TET
LTORBEZRT . £-QTELE —F A4 MUOHATHA (0.77%C) THY., ZZTHLEE
AICER 7 = T4 M BRIT 2, ETIREBBMKMREE LA TI»A5,

(6) HKM— 6 : BEk8KE (G5 455 - 6 AOIL+)

FRAREZAFIGENRO/NY (156g) TRIERBEETH D, SRECHEMMERITT 2 24
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FIH RBROERH LSEO&BENEE

b (RiNFe—Tilb &M H) ETAVRAERN, Z7A4¥ 54 b, HILEETHEREIND, BIBED
RECTETEICHEINS., Eio, §HbEkidPhoto.2@ic Mk @K (4.23%CLLT) HEESMESD
BHEED, Be@iA—74 MEMIIZEHRE A V¥ 1 N ETHT 285478 (0.77%CLL L) OR
BEET. Znbid, BRETAEOBE COMBETH-> T, ETEHRLHETE S,

() HKM— 7 : @88 BRIE% 5 - 6 @A L)

SEOBEREPEVCTNTHELERLOREEE b DETH D, HlEO 2 @HMKE TL125g D/
B, SHHERIIT 7 A ¥ T4 FBEL, TREA FedREHL, Sk (FLER) 280, BnF
DFEEREY L SO TH D, TNHLETERIESEENE S,

(8) HKM— 8 : #ifi%E (JF5 - 6 B 1)

FHOSFERIHROETHS, MEO 1EPAEE TWD2¥RS 3 HidRkE T175 g O/NRIGE
Thd, FYWHRIZT 74 Y4 M T AT A FRHTS, BERORBHTHD, BB, TAIA
REREINICIE, Fe—THEAM 2, ETECHEEND, RIKEMIKIEROBEERE 217>,
EIFETTHVTH D 77 A ¥ 74 PZRIEE S,

{LPHER I, $54r (Total Fe) 7348.43% %L T, IRAEKRSPETHOEMICH Y. Z#{bF#
v (Ti02) 1.89%. /AF YA (V) 0.11%. Bt~ H > (MiO) 0.14% Thol, HAMICE
AL TEZHKM~ 1 - 4 XD 3@ TH->T, EFRCHEEND,

(99 HKM—9 : a¢kekiE (e F3mt)

KEPBE O THRERAK ZH VLR OSHEE T4 g 2R 5. SREOTEYEKITY = —F
TN—H4A b (Pseudobrookite : Fex0s:TiO2) & ANV FA M ZBFRANT 7 RE AT JITRHETS,
BRI OMSBSIEDBIEEY Th5, Photo. 30QIIRTE Ui SEME & . S/ —F 1 b DLW
R (C:0.77%) kTS, Fz, QT =2T4 b EZORRICIE L HED/X—F 4 b ETH L&
WH, DUEEPRT = T4 |k £3—T A | DBIERE OB IR THRIEEERICAT Y ¥ 1555,
ZOEBHOBEEMITBKA Y = 7 1 AL TOHY., £E/X— T 4 b O EATFHHARE T200Hy T
Bote, RSB RE - HEEETSH 5.
~ (10) HKM—10 © 3gkeki# (GBEH 3 tHL)

FEPTEGROKRIBIGE (2120g) OBATH 5, SYMMITIT RS A b (BAFe—TiHkE
M) L7 7A4%Y 74 F2RBEET I AERZ 7P @it T5., EVEOEBETH 5. MR
7 x 74 MULTRERSNMPRET D, BERRET (BLRBHOALAOER) 28Hb¥S, 7=
54 FOBEEERTIVTH ok, EHEOBE[ETHS. Photo.30G~DBE.

(LA R I8R5y (Total Fe) £352.92% L& <. 222, kAR LLLEDERICH D, BT
v (TiOz) 2.23%. N F P v A (V) 0.10%, Bk~ FYy (MnO) 0.15% 7 EIXETEL LT
DA FTH D,

(11) HKM—11: #gE (2l

REGER CEE LUSEREORA (121g) Thd. BRECHTIHEME L TRY BT, 4
PRIV VRRAERAL T 7AX T4 FTHEDOND, BHRREEORMETH S, TR DE
EEIRT05Hv Ch o1, YN KRR EFARFEEN S, Photo. 4DDBMR,

{EFEER TR DD 2 MRAE T OZ VW ERREIEREO LD TH S, T7bb, 4 (Total Fe) i3
36.25% & EBIBIHICIE B L K& <Dl BEEERSOZBILF ¥~ (TiO2) 10.82%. STV U
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Fa4E &

3

L (V) 0.17T%7%eE &, Bk~ (MnO) b4FHIE <1.75% 2 &1, ARDHIT S IOESRBUSRIED T
Bk,

(12) HKM—12 1 ATSHiiRegsE GERLHhHt)

FHBERIRD600 g DEBEEHETH D, SRRV AIA VT FAXFAYBIFTRERT S
FIZEHT 5. BINEORETH D, VAT A MIGIHVOEEMEIE S iz, 1LEEMRIT51.61%
L85 (Total Fe) %< T, IRARMETBIEF ¥ v (Ti0) 0.52%. /SF T4 (V) 0.03%. B
b=y (MnO) 0.11% 72 E{EMETH D, ML 7ZHKM—1 « 41CiFE3 5, AEEESESL
%, |
AXESTEMHLIS

(1) HKM—13. 14, 15: WgRGE (FLLERLEI VL)

SRR A, FFEENS. WMHEE T, WTNLEKRTH D, SWHERIZ S H3t, BEE
BERRBEREDOINKRACR NV LRKERIERERO T 7 A Y54 P 2RET 2. BEisEo R
THD, BHHIOSBRBMBIIREE Y = 54 P BIHT 5. BIRKIGORE S RIORTOEKT
5. LFEMEIFER (HKM—13) 4845 (Total Fe) 51.83% & & <. MHIEIEI37.00% & &V,
L LKA IERER LS, ZB{bF ¥ (Ti02) 6.25~7.46%. NF Y7 A (V) 0.30~0.46%.
Bk~ %> (MnO) 0.55~0.95% DFFEH CHH LIET 5, M@ L L8E DM O 2 TR
B OEESEESNS,

KIRIBEE LS

(1) HKM—16. 17. 18 : Bb&k#lgkis (ML rFHE) |

K FEY & KEEBIA0mB OB 23 A THM T2 2 O RRBICI T 5, HEM TR TLE,
SECREY. FAREBEDCSETH S, SEOBEOTWMBRIT, WFhLYALRAECERLLE T 74
Y74 FOMEE THHMEECHFIND., £BMAKE. 260 bREBET, BEREHIARY 5 5
S DEKITHE L T W, (LA ILE & FARHE CRE L -, mEIXR—FNEEHY O
FREMEE DD, RIS O —B{ET ¥ 2 (Ti02) 6.33~6.38%. /SF T A (V) 0.21~0.22%. BE
~ YAy (MnO) 1.11%DEME %Gz, K FTEY & RFMED TORMEEEL. IRARSITELO
EEPRDLI, BREROBBEREDLIS,

BEEHELT R

(1) HKM—19, 20 : ®&kRsE (F Lo FHD)

@&@ﬁﬁi&wétb%BORﬁﬁkm&ﬁbb%%Oﬁmﬁ@ﬁ%ﬁﬁﬁkLtoﬁ%ﬁﬁu
MmEEX, FVRAERAVET 7 A ¥ T4 b THRSND, BHUSEHORETHD, TILERAERL
OFEFEEIT64THY. 680HVMG BTz, MH DILFEMAIIES (Total Fe) 1343.7%H. —EbF 4
(TiO2) 8.75~11.85%. S+ A (V) 0.47~0.87%. Bfb<>H > (MnO) 0.89~1.04% & Bk
B PBE S WBRBEEKSEIND, 28, ZEOAFPT A (V) BoOEFOBRO, k&
T KEME Y b@E O CREBSOMESERE NS,

4. ¥&

WAERLEE, KF 5y - SMEODSHEREL, BXTIH5H0LETRARIMBTEC, &
CERHEZELIEEN, RWECHE LB THD. R - Pl - STHIC T TORE - 85 0ETE
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M BROER LSIE 0L BEHHE

BT 58! 2% <ET. Y BROEHIIZAZPTIOCERENSBEIIHIT TORIBIEETH -
Teo ETDLAGEEIMTONIEGHEBTE /. Table ICHAERRO L LD ERT,  FDHEBO
KB TEPFPAWIED - BR8N 2 & O H#BERVWTR O BESREETH - 2,

*

1 ZIZIC, EFHLARBEODECONTHNATEE LY., KBIEHEOEEIZ, $0lo/ N L2 kE
(BRIGN) THREEBRTS. ZORMSKORERT FOBAARRAT . & LICILFMH B s 8RR &
BEFT - EHEL T, @&k (BTE) 2WET S, Z0HE RESHESKETONIE, ETBIUORE T2 ERE
EET D2, MOBEIT1IREEL 2B,

BEOEBKTIX, 2EOFNEy MEEROT, St2FEB L LIZETLAED 2RAREEENEESNS,
RBEXEOLETIE, GOBRRKEFEYORE., BREZEORGIT, LOMELZ BT TRIRELH T EE
26D, TORICHHIND L, ETEILVIRERS (Ti. V. Mn) %< RBEIERE D 0K
BHREOLNE S, . SKiFOEBMRIL. IRERDSBEZVDOT, Bfbgk (FeO) ITIIREIEH D HskD
Fe-THLAMERTF S ¥, RGIEICRD LHEE BT TEEER (FeO) B CRINHTILAZRL) &3, Zh
PHRAMBEETRS L. MIEBTAFZ A b (Wistite : FeO) &, R/ 7 VR X ¥k )V (Ulvospinel : 2FeO
s TiO2) D&Y, BEIRTREZ A FEMITHE 2B, _
UEOBBREBR OB HLBHETHETSL FTORDCL IR D, B2EE CIRBSEFEOMKE TMAL T,
ZEOREABRICER L TWeEE ey, BEPLBEO2EORELRZERD &, DS OINRA KD
ThoV, M2 EDRLTHREFB—BERKRICEND, £k, SWHROETHLRIARTH 5,

—J5. TOET. RFOMFEKOEREE. COBEY (KRGS CTOLRBOMEELZET D2 LRELA
W IEFEESPEROMMRICIE L TEMSOMBECRESBEINIOTEENLETH D,

Bl X EAR RERG AR ATFE OMIR TR Tk, A TH (KIBE?) OHWMRIE, vARAERLVEGHL,
ZEMEF & (TiO2) 134.0% % 2R LTz, BEAT OO KERIEHIT IV T b JRBHE O R HEY O P < v
DOMHENED L 5 EFRBDOPHEIXTERY, LIL, HALEBROTESERIICIILI LELD
o, '
KEIED - KT R 1B LA ERY O BEMHFAE, [FBERY AER T EMANEE TLE 5
mAEREEL] SMRAELZES. 2002

BROEBHEIOREELHEEE (T - F15) OMEMLER

‘ Mok P .ﬂ: 2 M K (% _

# Bl 284} (Total Fe) TiO2 \Y% MnO CaO+MgO
B E|YARIERAL| 36.3~45.2 8.3~10.8 0.17~0.28 0.83~1.75 1.8~2.5
T | VAL MEAEY) | 48.4~52.9 1.9~2.2 0.10~0.11 0.14~0.15 1.6~2.0
7 % wlY A # A4 b | 51.2~51.6 0.52~0.64 0.03~0.04 0.10~0.11 1.8

2 BFITESML MERAEMEER L ORBIIE] 1968. T AF A b idd50~500Hv. 774 ¥ 7 A b
1X600~700Hv, ~ 7R & A b iZ500~600HvO &M RENTWS, Tk, VAR CRVITHEEESEO
T2V, EPMAORRAE L HEB 2RI 2 L600HvEA LR VAR RV EREEI RS,

3  JBMac chesney and A Murau : American Mineralogist,46 (1961) ,572 A /354 b (llmenite) .
Va— FNT)N—Hh A b (Pseudobrookite) . /LF /1 (Rutile) @ dbHiidFeO— TiO 7 EEIRIEX D & BB b3
PHEEENDS, (REKIIKEDOTable. 1OMICEERL TH5.)

4 FEITANRHEBOBEIKDOSOLRH S,

(i) SMrsRer, (i) WmERR. (i) ARRER. Sk, BRAE, thicBENAFTEESHAECAEE
FEEEFIENR 2 L5, WThL AR EEERP,
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