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Petrological characteristics of Dark-colored silica veins in Tertiary rhyolite (the lozen Formation)
from the southern part of Ishikawa Prefecture, Japan
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Abstract

Anastomosing networks of massive dark-colored veins (Dark-colored
silica veins hereafter) ranging from a few millimeters to 8 cm in thick-
ness occur in a fault zone of Tertiary rhyolites (the Iozen formation)
from the southern Ishikawa Prefecture, Japan. Optical microscopic
observations combined with SEM and XRD studies revealed that the
Dark-colored silica veins mainly consist of very fine-grained quartz (10
um in size) with minor amounts of feldspar and Fe-bearing unidenti-
fied phase. Angular to subangular lithic clasts derived from the host
rhyolite are frequently embedded in fine-grained quartz matrix of the
Dark-colored silica veins. The Dark-colored silica veins are apparently
abundant in SiO: relative to the host rocks. Chondrite-normalized rare
earth element (REE) pattern of a Dark-colored silica vein is similar to
that of the host rhyolite for middle to heavy REE, whereas light REE
(La and Ce) concentrations are higher in the Dark-colored silica vein
than in the host rhyolite, resulting in high La/Yb ratio in the Dark-col-
ored silica vein. The Dark-colored silica veins might be originated by
extreme crushing of the host rhyolite in fault zones followed by the
selective enrichment of SiO: (+ LREE) coupled with diluting of other
elements. The outcrop including the Dark-colored silica vein was final-
ly suffered from low-temperature alternation (< 100 C) , leading to
form clay minerals, particularly along the fault zone.

Key words: northern Hokkaido, Koetoi Formation, Yuchi Formation, diatom
fossil, fission track age, Neodenticula koizumaii Zone
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Fig. 1. (@) The studied area plotting on a map showing distribution of active faults in the central Japan simplified from Kanaori et al. (1991).
ISTL = the Itoigawa-Shizuoka tectonic line, TITL = the Tsurugawan-Isewan tectonic line, MTL = the Median Tectonic line. (b) Sample local-
ities (YSN1, YSN2 and OGC1) of the Dark-colored silica veins at southern Ishikawa Prefecture on the 1/25,000 topographic map “Ichihara”
provided by the Geographical Survey Institute of Japan. (c) Simplified geological map around the sample localities after Ishikawa Prefecture

(1998).
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0, FEJISHRORBERI - )20, 2R3, &
#1000 m FREOILFEMFETH S Fig. 1). AHBIIRET
SALERIZ AN > TR S AL OHIE - AL Thb
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BERICIISCE A A 2 1 & D IRRRCEEN T 5
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Rl d 205, Mt sl DA A D RRIKAIBIfRIZARIA T
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EHT D&, FRUBHPICET2H0DED LD EE
GEOHAEERZZT TWAS AN TFEEINS. Ko T,
AEFZETIE, #%EOEFLRE OB AIRIRE G 2705
LU FRERHORAIIRKE G DN TIEkD THRET
LTETHS.
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S OEFILRENSIE, 14 + 1.2 Ma D2 K-Ar 4803
(Y5, 1973), SIRTTEMOEELREMS1E, 15 £2.1
Ma BEU16.5 + 1.4 Ma D)L a2 FT FERMHREZINT
W5 (fER, 1983). K-Ar U LTI, aanZEEL T
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Fig. 2. An outcrop and its sketch of
locality YSN1 (Fig. 1) including the
Dark-colored silica veins. The sample
points for XRD and XRF analyses are
also shown. Dotted lines are planes
where dip/strike between massive por-
tion or tough part of altered portion
and soft part of altered portion were
measured. Dip and strike of these
planes are also shown in the sketch.

\/w’
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HERIRA G EFBCER: 2 mm—25 cm) ANEFEL, T
wF v —IRICETZHEHH D (Fig. 3b). /=, HEED
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Ty F ¥ —RITE>TNWD, HEEEEDSIIE A
MNHO, WEEEH SR & O5SAm (NE EM S
B BT B, oA, WEREL - EAEL
IZHET DREEIRIRE A DB B LFOMESME DL TN
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Fig. 3. Occurrence and macrotexture of the Dark-colored silica veins from the locality YSN1. DV = Dark-colored silica vein, H = Host rock.
(a) Field occurrence of a thick (7 cm in thickness) injection vein of the Dark-colored silica vein (see Fig. 2), which is accompanied with the
thin (less than 1 cm in thickness) veins. (b) Field occurrence of a complex network of the Dark-colored silica veins. (¢) Sawn surface of a thick
Dark-colored silica vein. Note that contact between the Dark-colored silica vein and host rock is very sharp. No deformation structures were
observed in the host. (d) Sawn surface of a Dark-colored silica vein containing many lithic clasts derived from the host rock. (e) Sawn surface
of Dark-colored silica veins associated with deformation of the host rock. Note that the Dark-colored silica vein underwent shear deformation

(indicated by white arrow).

R affiRE G ORI, BEAEEO SR O—303,
R HT, WEHAER - MEAENE L L IAn
TR < B S 25T L, BEEARIRA 1 O — AT
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Fig. 4. Microtextures of the Dark-colored silica veins showing no flow structure. DV = Dark-colored silica veins. (a) Photomicrograph of a Dark-
colored silica vein. The vein is cut by thin quartz-veins (Qz-vein). Note that dark-colored parts occur at the margin of the layer as shown by
arrows. Plane polarized light. (b) and (c) Secondary electron microscope images of a broken surface of a Dark-colored silica vein showing
occurrence of angular quartz (Q) and clay minerals (indicated by white arrow) . (d) Back scattered electron image of a Dark-colored silica vein
without flow structure. Fe-bearing = unidentified Fe-bearing phase (see text).

JXA8800 ZfEH L#MIE L (IMHEE 156 kV, EHifE 15 nA
E—A% 3 um).

REE OGS OB St S ARORNES (7>
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AL i B EEILRBIIZ/ S — T MilfkERD
Ao AEIRBCEDNEET D (B - G, KakT—5). #
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WEEEINS (Figs. 4b, 4¢). ZDZEMNS, AIERITDD
75 < & BT E 2T TATES TV OIXRENR N,
iz, WHEER OMERO—ERIE Z DIEF YT TZ iU %R
FDHEDITH I TH 2 DN S,

FRLELSIE, BaRiEaIcE, LIXUIZREENS
BEERET L BEE) SEAIGENT) EOE) &
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Fig. 5. Microtextures of the Dark-colored silica veins showing flow
structure. (a) Thin section of a Dark-colored silica vein (DV)
showing wavy-like structure by dark-colored and light-colored sub-
layers (within the circle). (b) Contact between a Dark-colored sil-
ica vein (DV) showing flow structure of dark-colored and light-col-
ored sublayers and host rock (indicated by broken line). Plane
polarized light. (c) Back scattered electron image of a dark-colored
sublayer in the Dark-colored silica vein with flow structure (b).
Note that bright spots (some of them are indicated by arrows)-1,
which are unidentified Fe-bearing phase, are abundant in the dark-
colored sublayer than in the light-colored sublayer. See Fig. 4d.

M EARIRE A I IRICERT S 2 M7 2 KRG TR ek
B LIXLITESR I NS (Fig. 4a).

AR A NERICIE, LIS ULSHRERME & 1= R kD
RKaND (Fig. 6). EEKICHET2EMIEICE0 um IF
DHIKLY VN B DEGERTLED 10 pm LT OATEE T
JEGEENS OFEHMIC L > THREKRIN TS (Fig.
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Fig. 6. Microstructures of an augen-like structure (a) Photomicro-
graph of an augen-like structure (A). Plane polarized light. (b)
Crossed polarized light of (a). (c) Back scattered electron image
of the augen-like structure showing aggregate of fine grained Na-
feldspar with small amount of K-feldspar and quartz (see text),ina
Dark-colored silica vein.
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Fig. 7. X-ray diffraction patterns of bulk samples from the locality
YSN1. See Fig. 2 for sample points. (a) Dark-colored silica vein
without flow structure, (b) Massive portion, (¢) Relatively tough
part of altered portion and (d) Soft part of altered portion of the
host rock.
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Fig. 8. X-ray diffraction patterns of the <2 1 m size fraction of the
samples as the same as Fig. 7. (a) Dark-colored silica vein without
flow structure, (b) Massive portion (YM-0), (c) Relatively tough
part of altered portion (YT-2) and (d) Soft part of altered portion
(YS-1) of the host rock. EG = ethylene glycol treatment
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OB, 14A I K 2 FF O & GOREHCB LT, LD
FHLLFEETBEDIC, TFL 27U a—)VIE BG UHE)
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BEEIRIRESG (Y-DV) DNV il BHI A D [ AT E A
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A DRFTRD 5D, BEIMAFENSIZA AT S
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T UikahEDEND (Fig. 8). WEAEE (YS-1) ©
NV G HTIEBIRER (YM-0) DO#EREELL TWBH, %
W BLDICEEIITHD A 28, E£i= FILPA
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BICK > T H4A KB ITATICS 7 "3 52 En5, £H
DL MAATZA N THBH I ENREEINS (Fig.
8). 7z, WELOLENSAHFY Vb EENTNS &
WA D, BEEERO_DOHE (YT-2, YT-5) 13EAMIC
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TidN%, BEAEI (YT-2) O/NVVZiENE, V9 b
DREDTERL, A% A, BESRLORRNEDoNS, 2
BREEDN S XL DEESE L THZY ZmeEH 5
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Table. 1. Whole-rock major and trace elements compositions of
Dark-colored silica veins and the host rock.

FeO*= total iron, Y-DV = Dark-colored silica vein. YM-0, YS-1, YT-
2 and YT-5 are Massive portion, Soft part of altered portion and
Relatively tough part of altered portion of the host rock, respec-
tively. See Fig. 2 and text for details. LOI = oss on ignition. n.d.=
lower than detection limit.

HIFFN

Y-DV YM-0 YS-1 YT-2 YT-5
wt. %
SiO, 92.12 62.33 55.67 40.22 43.29
TiO, 0.17 0.61 0.94 0.56 0.65
Al,O, 4.45 15.18 19.16 9.82 12.11
FeO* 0.89 3.54 6.44 6.94 7.52
MgO 0.33 0.68 0.64 0.54 0.51
CaO 0.41 3.75 4.59 21.52 17.52
Na,O 0.53 2.98 1.51 0.59 1.60
K,O 1.07 1.86 2.34 3.07 2.10
P,O;s 0.03 0.16 0.21 0.16 0.17
LOI 1.22 9.51 9.94 19.42 17.08
total 101.22 100.60 101.44 102.84 102.55
ppm
Rb 60. 41. 66. 77. 50.
Sr 37. 476. 116. 66. 63.
Cs 3.2 24. 18. 3.2 3.2
Ba 239. 673. 563. 522. 358.
La 87. 34. 67. 32. 49.
Ce 96. 69. 106. 59. 77.
Pr 71 7.4 1. 6.5 8.2
Nd 23. 29. 42. 25. 31.
Sm 3.8 5.6 8.4 5.7 6.5
Eu 0.87 1.1 2.0 1.5 1.8
Gd 4.3 5.6 7.6 6.2 6.8
Tb 0.65 0.81 1.2 1.0 1.1
Dy 41 5.2 7.2 6.1 7.0
Ho 0.9 1.05 1.5 1.2 1.4
Er 2.7 3.2 4.4 3.4 41
Tm 0.38 0.48 0.63 0.49 0.57
Yb 2.8 3.1 4.1 3.1 3.7
Lu 0.4 0.48 0.63 0.47 0.55
Cel/Yb 34.3 22.3 25.9 19.0 20.8
Nd/Yb 8.2 9.4 10.2 8.1 8.4
La/Yb 31.1 11.0 16.3 10.3 13.2

N5, EROVWTNOREHIBNTH A T MUIL T
W,

Ex =25

XRD Zr#r CTHEA U 2R RIS A O IS 5> (Y-DV)
BROREDOBIRES (YM-0), #EZELE (YS-1), BEZAE
B (YT-2, YT-5) DIb¥mtialiolz. aFEnH s
HTIE S IR KB D HOE X B (Rigaku,
System3270) Z#FAL, GHIEN (1998) OAELHARE
058 PFRTEUFILS g DFERHTTAE—REHWLH
ETH o7z, BREUE (LOD 3SR FEHAEIRE D EE)
RURBEKAE (Rigaku, Thermoplus TG8120) 2L,
10 mg Okl & N2 FHKTEEN S 1000 CET10C
/min OEETHEL, £D 55 80°C—1000 COHEHEEL
TR, 2amMEIEE5H REE, Rb, Sr, Cs, Ba)
13, BEHRF TR EORER S 77 A0
& (VG Elemental, PQ3) ZFHAL, #EED (1999)
IZE B EOHARE 100 mg ZEEMR U 72IAHRIC X D HENER
HETHEE Uz, BIE I FERHCRARE & U T AT O
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Fig. 9. Chondrite-normalized rare earth elements patterns of the
Dark-colored silica vein (Y-DV), Massive portion (YM-0), Soft part
of altered potion (YS-1) and Relatively tough part of altered por-
tions (YT-2 and YT-5) of the host rock. See Fig. 2 for the sample
points. Chondrite value is from McDonough and Sun (1995).

JB-la BHEL, EitOFICBEL T, #ERMED 10 %AW
IWNE 7. 53#fEi% Table 1 1TRT.
1) EFXS TR

WHERIRA AL LOI A8 1.2 wt. % T, SiO: Y90 wt. % 2tk
A%, ZOENOITLHETEREDHERNZWITHIT ALOs,
K:0 T, TNZEN45wt.%, 1.1 wt. % TH5. ThLI DI
FELwt.%LUFTHD. £oT, XA 7ORT—)LOBIER
EHMNT, AR OREERKAEEZIZIFEEED SRS N
THo, PEOEGEZMED OART, B/KEYS Y
IREEHSE DO RITDT2 N ENZ B,

REAEH (YS-1), WEEAEH (YT-2, YT-5) O LOIiZ
10—19 wt.% T, AFHEHE T LA ZR L TNnS
A (YM-0) THLOIA 10 wt. %IE<ITEL, WIhoA
GHLEDHEL BRI ZITTVDIOIEZHNTH S, WIEER%
ZHRLUTODIREE (YM-0) OFEITHEHMERIE, Si0: A% 62
(68) wt.%, AlLOs A3 15 (17) wt.%, FeO (=28k) 2735
(3.9) wt.%, CaOA33.8 (4.1) wt.%, Na:0 233 (3.3) wt.
%, K:0271.9 (2) wt.% Ths (FHEMOF O FIIMAT
100 BITHBE L EZ2DMHE). INEHKT 2 EHEAEE
1% Ca0, FeO (&28%) DEHEMNEL, Si0:, ALO: BHE
ARV, AU AE SI I REE IR, SEkEIE <
RENTERENTNE D TH 3 EEDNS. WTHIZL T
b, BEEIRREAIIREE ORECE I3 EBAL AR &
<HEBD, S0 IKEDEVIHMEET 5.

2) WMERH

a2 RIA METHBEL 72 LEtHE (REE) D%
— VIR ED, REEEDIC, BFLETHE (LREE)
WEOEENODINY -2 L Eu DEDEENEHTH S
(Fig. 9). REIEEOMEIZL 5T, REE /NY—143ng
NHFEYUL TS, Nd LD bEWTLHE LR, MREE-HREE
EIESR) ITBIL T, BliREA ERERIZEAERIUNY
—2ERT (BERRES, A Nd/Yb 32 R0 Mk
hsEhEh, 3.0 £2.8-3.6). Lil, BEIRKEGOSH
MNEFEICRELZD NSO REHOEHFEN DR (Fig.
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9). —J4, LREE 3RARIREGDAIEHENL Y (YS-1
D Ce HHEZKR<). REE /NY — > T AIRINAE G AL
DEAEICE EATD QAN ED L 25> T (AIRIRES,
RAE®D La/Yb 2> R4 Mg ZENEN, 21 & 7-11)
(Fig. 9). MMOMETLHICEAL TIX, Sr, Ba, Cs IRk
WECDEHERPRAEDEIUTTHS (Table 1). KK
FEIRIRAEAH D Sr EEEIIREED 0.1 fFLAFTH 2 (Table
D.

Z -

1. ZEEHROEE
AR O ANRE G, REE TH DIRECE DR &5
ATNDZ L, WARIREA ORI > TEL T
WBZEREMNS, WFER &RFEIRIRE A ORI BHED
HBZEERBT D, T, BEKES, FECEREE DM
Fe, NOAYA N, AU Y, AATYAL N, BV
T A N EOEBIMOTFAENRD 5N, AEEHOHE
EZITTVWS, TITET, BERREGOBKIZDONTS
RKIDANT, BEEHOZEIDONWTERETD.
FRROEEEYIEHER, 100 CLAFOERE (kR
B) TRIhD G5H,2001; 3 F 2003). RFEETOLEY
OREEL, T TOBHEBREOR Sy GRIRED - WO -
WEZEER) ERLTHBO, MiORE RN REEY
- BEAETSE DB AR LZE NS ETHHAWGETH
5. ¥, WEAGIHE, WEEEHEOBIIVYA NCE
DEVDIEEMNH D, FIVTA SOIKORIICE<EFEL T
WB70IZ, BEEBOHTH NS & L TRk
TLEEZ LGNS, BEREETIE, REARE, SR
FHEBELSEDICET D2 HONEEL, WIRTICET b0 X
DEELRETITET 2HDDHMESNN. TDITENDS,
BEIRIREGD ZORIROEEEH O EEZ T L EEAS
N5, DED, AHITII0F: W EIREREZICRIEDOEE
TERZFBEEERSH > THY, LEEEOZIHORREIC
KELTWD EfRDT 65,
EECESHTIC X DT, REAREOEELHRIT K
IR AEEIY VYA N, EEILRE) OFRRICIENKE
KL TWBA (Table 1), HEILFETHS REE /XY —
NIFEAVERIUTHS [Fig. 9). ZDIENSE, READOMH
BILRIIEEICEDHR - BEOIRIC I DIREDOE O
I ZF720%, REE NNY —ICKRERENEHGZDIFZED
BRI CROBENIEN > EB 2 615, —TF, WAk
WEGIRFREICENREE OTAUE &R E EARD Sio. 1T
W A&, REE /%% —> % LREE/HREE kAs@ s Efrs
HILFRIRF M ERT D, REEMNMRIROABEIFEMIZX S REE /¥
= OEFEZT TN E2EETDE, ZORAIRK
WEEGD REE Ny — > OF#IS, REAIRIRE AR DK
BOBEEROEETER LD TIIEL, HREHIES
U725 Cd B aTREMED = W,
2. BERREGORBEAEFNHIHEEUSHL DR
AR O AIRE G, BEa-—RMettzET 585k
BAT, IR, Fv hT—=24K, BETH 2508 OBEH
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BTy Fr—RIET . —F, BENELREZ
FTWRWEANRRDEIRE 2T 5D 0B EENICELR T
=, ZOHEF, REIRIKEADHHRE B OACE DEINn
HREITH-> TBE) - FALREZ EBRBT S, £, A
IIADIRAER D BN SRR I N TNT, M) S i EE S
BRSO E AR L < BT ENBEINS.
NSORMIL, > a—RYF T4 MO RS BT,
Sibson, 1977) &ML, L LENSAREG DY
&, BTUHEMEEEZE, XRD 7, 2AHMERORENSHS
ML DT, FITHIRLOAIETRL S N TV 2 APk & IEN
BEAT, Ya—RIFIA MEIFHLNITERRS.

AEA CPENTEEE - ROV T 5HDE LT, HEE
WEIRDER & FROREZ R THEERI DT NS (B
Z1E, Hayashi, 1966; 3k, 1982). #EANREE T —MRICRERE
TR & 2 < EOHEFEE RIS RIh 5 Z &1tk >
THREYOHREMLL, BEAFEOEINE Mg i MK EIC &
DIFEASNZHDEMREINTNWD BT, 3K, 1982).
EXBEICBNT, ARERELITIE, ZORAIRIKOERZNEG
TR E72 D %25 R E R R D2 o TnZatn,

WiEEBICBEL, > a—R¥FIA FEIFRDLZHOD
BARREEZRUEOERETSEAE Ca—RIFT1 Mk
) W, BINEILETFEOERHICET HEMEET
(Inokuma et al., 1989; #Mi5L - @A, 2001; EEEA, 2003)
B K ORTRFR LIS DU Rt OERPIRE - (ARZ
M, 1994; BEARIED, 2004) MEREINTNDS, ZNSDE
G, RSO XA RS ATBD, —HTA
DR G 2 RET AR LR ER L T
(Inokuma et al., 1989; AfMIH, 1994; MK - #iA, 2001; &
BHUED, 2003; FRAIFAN, 2004). D7D, NS DEAE
IFRE B SR E R T HEIEH > T, AR
BIRIRE G DI D ICFE L < Si0: ITEDL Z &I/, A%
DEAKEAN 51X, ZOEADBRRICE U TiRiARY 7R
HENE U REHIIERTE 50 (ESECEATRER
L), AVE GRHE) OFEEE/RTIHIUIHRBE TRHET
N7,

—h, RAGIRIAEMIZSI0: FTHD, Fr—h&EY
LTW%, H25OF¥— hOkKEL T, Bk s DR
AU75 Si0: OHTH! - ILBDMRE I N TS (B 21, Peterson
and Von der Borch, 1965). Kato and Nakamura (2003) T
{Z Pilbara Craton @ Mable Bar greenstone belt Uiz 534
T 2EIRT v — b OFEHIREAFAEEZITY, WEICH-> T
silica vein MHEIND Z L 2WEL, T D silica vein 235
¥ — N DLR & 72 53K D hydrothermal feeder Th5b &L
. BEECRE A ORBICHAENBEEG L ThzEs LT,
Kato and Nakamura (2003) 5 Did#k L 7za6a &3k &
B U7z A A OFESAKIEEDRENKRE BisbH k&
MO BT ER N,

3. BelRKEaDOERET IV

FiRU7=&51, BEIRIKE S ORI RS ORI
HLTWSEEZOND., BERIKES SRS DLF R E
[t#%9% &, MREE-HREE fl) REE /X% — VI3RAETH
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HIFEHEEIFEFRLCTH D, £, BORIRAEGIIREELD
% Si0:, LREE (+ Rb) IZEH, fMOTHRIIHELIDDE
ARSIV, BARKE G OMKIZ TE S Z SR 2D
FRuzalBHo s U THElE L 721 HBH 53, MREE-HREE
INY —DREE SR TS Z &1, BRIk E G DR
ICREEZEBR L TOW2WEDBES L TS alHeMEZRIZ L T
W3, XoT, BEBICBWTIE, BaRREGDERET
NEUTIE, FEARMITRES DR - B8 & ReREd U <3k
etz OBINEEELIERIC X D BRI Nz & 5 nlREMED R
HEWEEZ D,

£, AEAHVWIEERD STk o TSN, ThIckE
W, PRI P B SRR & U TR E 2 3 T2 5
BADENBREIFEALE. ZOXITBPERODEGELT,
MIERIED > 12— R F 510 MdITons GRiFh, 1994;
Lin, 1996; f87iEH, 2004). HEEO SOt 1213, Si ot
DRGA F > DIERIC K DB & Si M 2 A3 A8
ETED WA, 4, 2001). BEEIRREAOSS, Hl
12 Si0: DEM/ZV)T/2<, LREE OEEENHAELD HE
<, HEIBHEORE RS OB TIZ/2<, SRS Si0:
EMDTEEDPTIMO DMINETH D EEZ 5NS. KOk
RAEGHOCFER ORI, - OIS M7
Si0: DEENNIZ X 5 MREE-HREE OFRE LU CHRBIWRETH
5. LinL, ZToMmoMEt# [Rb, Ba, Sr, Cs/2E) D%
FCRI L QIR Tl I T & Ia .

GHEN 19998 &, ANIREEEICE 5 HEROHRSGEE
VEAE RS DIRIARE R E B E TN EYy FA =28
U7 —YRE, EWESEICEEICEL, InS50R
GOFEMMEES T o /2. THUCKD, LRlOBERED
[ —D KRR TH B ITHEO ST, LIRS E IR S
JE &L T, UV 7« —EEld, Rb, KIZEH, Sr, Ca,
CslicZl<L, EvFAR—=2BTRE<HFEOE[ND S Z
LERLUZ ZLT, UV T —EBEMNSiO: ITETNRIKRD
WERZTUBREINZEL, ZORKRIMEEEZEIC D
BEEZEEZX T AEADEE E#B LU TRD, Sr, Cs 72
ERE LI ERL TS, BEaRINEROEELD
Ot X & U TIEUKRD 5 DEERERYZS Si0: DT - TS &
NEZSNDM, 5, TEDETEEZZT THRNHE
A, BIUOLEOEEZZELZRHKENY > T oLy
Wi« ANIED R E2T B EICK- T, AAOHELD
Ot 2, BREENIED LHRBEREEZHSNTTEI L
NN D,

ERUAZELSIT, SREERE LRIk E G & PRIk
FAFIRASELI L TW DA AN, ARHIEE OFHUE
B OHRAPZNICE AT 2 AREPICHBIRIND. £
7o, wol, REREBOWBCE EVARSRICE P ITERI DA G D
FET 2 2 Enbhoiz Gidk - B, fME). Zhs oA
TNEZ DREAE DR 5 WS il g LRI TR
INEZEA NS, SEERE Lz EIRIR S G5 & FkIC
IS DEGHENFE U K DA G DO & BB EMA TRR
INZBHDTHDETDHE, TNTNOHIE TR L TiRZ
SRR D0, FNE D RPN E IS & 72 5]
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RKTHHDONEWS MR EDGROFETDH .
S & ®

ARG NIRRT 2 =RE LR ERECE I
PET 2 EICHIRIAEL DR S N TV A AR EG 2130
TR L. EORHEE AN - HEMEEE LT @
WO THS.

(D FEEIRIRE AR BB > THEL, ED2<
B % 2T TORBRWEAMKROBER, #E4 a1 X0k
HEREZE0TL v F Y —ROERPBEI NS, B
IRIREAIREE DRSNS, P F DRI R
INzEEZLNS.

@) WEEIREAEEICHIR B um =8 10 pm) DR
ICES THERRENTED, GHRORFUT/DEOR LI
ML TW5B, AEODEL EB—ERITmWick DA
E>TWS, £/, 1 umBLFOXT—)VDFe & Ti %
EORFIEDHMNEEEL, ZOHMASWERMNIEEE R
L, LIFLIZEOEWICX 2 EIREENBRTE S, Z
DO—HIIIHE - PAREBED L D ITRA 5.

@) WEARIR A Si0: 2890 wt. % LA BT, o
ALOs, K:O NEER/» TH S, T2 R4 METHHKL
L7z REE ®/$% — >3 MREE-HREE TIdEHAEDZN
ML THY, B THEIEDEENDDINY—2T
Eu OFWAOREZET. B &L T, Rk
A1 Rb, LREE IZE#, Sr, Ba, Cs IZZ Ly,

@ REEAREE DR, (LERVRHEN S, AaEE, R
B L, E OB DSERIRIIC Si0: DA INE 2%
T BB EREF DD TH D EEALN
5. Lnl, BEEAORHMAS TOr X, Z3uctE>d
TLHEBEICEI L THBRETIIRETH 5.

6) BaiRkEa - BEES, BEEMOHASHEIZED
100 CUUF COEEMEHAZZIT TS I EAVREREN
5.

il 53

ABRFEINERL 13 5 SRR A IR ER AR B A1 A 5
BORRDO—%E D &I, TOBROMTT—F EMAT=BD
TH5. OB, FEES, WAKRDE, SHEE M K
B —fEICHE R E 2T /2. KAEAKE, IiiesamE, e
B, BRI, HIEFNL FE 55, ENEFo&KIIa
JINREFE IO IZ DWW T THRWEEE, HE#HED—
Fichi 1 L CnWizisnwiz, BEFIESERICIE X BREHT 4T &
BEL TWEREWe, MEETFRIQE/ MRS OE FIL
RRBIZOWTH A TW=2W e, HIBFITLEKIZIX EPMA 43
WOFEEZER> TWeZnwie BREKR, /NE—A, BHE
g KRBT, JESIAHOZKIZIE EPMA, XRF, XRD, =
BEGT O 27> TH 5ok FHBRRIIAERIT
B B2EIESOFEEICEHL TS 2002 R
2, a—RYFIA FOREERLE L THES N,
BRI, KMENAORIRICE 2 TS8R ET, kRS
TR OARNIHEDEL 2 —RYFITA N TRV ENHS
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NERVEMRFNINZHDOTH S, MEROI A MIFHIC
ARz RAETABICORESE I o7z EARICHTS
BEAYE—ER, B HROBROEFRI A > MBXURESRE
OENEBRDOOA > MIARZHES TS L TEEETH
o7z U EOHZIELSHILEL LT 5.
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