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F1 EMNMITHEKENLE REE EMEN REEBRSRER 5Ce fH

Table 1  Maximums end mumimums of the total amounts of REE end the values of 8Ce in some carbonatite rocks weathering profiles

n Gwmzhon province, China

Bl e & HEAE # B2 ZREE 6Ce HEA R EEEH HE EREE 5Ce
K4 A=% Tia 1. 1% 0. D09 Bk ¢ HZ & €: als 1 1% 0. 046
B4 HEA Tia 2 7% 0. 007 R H=& Tra 0. B9% 0. 028
HMEER ®E = Tid 2. 4% 0,013 HEHEFRX S Tia 0. Bd%h 0.033

H: € ds AP LERE LR, Ta W T IR XN, Td X T =K KHE,

S B e —— (J.f““ T, SRR,
N o of ETERME S %, B L TKE
Lir W R AR RMESHT - A
wl ¢ Jae  (ICP-MS). MIEHRHHNMAERER, £
. FHWRER +2% HLAERT (0% 3
PEVAS ER AR, BRREAFHRAERE
T Ay N 2 ¥ (CV): La, Ce. Pr. Nd, Ho f1 Er % %
£, W9 J <10% ; Sm. Fu. Dy F1 Tm B4 <15%; Y.
ol / |,. Lo GdRITh%5<20%,
t.
"1 2 RALEE® REE @4
*r al & itk 5N
DL
YT T T TR T7s 2.1 REE M5 T
B #rREime s kA E
Fig. 1 Geological map showing the location FR2MEFISFGH THRFFE Y
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Fig.2 Schematic cross-sectian of the Pingba delomite rock
weathering profile and the sampling positions
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#2 EEHEREE SR (ng/gp) RS RESH
Table 2 REE contents {pg/ gl and some parameters of the limestone weathering profile in Huax

B HY1 Hy2 HY3 HT1 HT2 HT3 HT4 HTS HTo6 HT7 HT11 HT16

d (em) 540 - 5500 525~ 530 515~525 513-~5135 505~513 495 ~ 505 480 - 495 460 ~480 440 ~ 460 420 ~ 440 300 ~ 330 110 ~ 160
pH - - 8.34 7.65 6. 48 5.45 5.33 5.19 5.26 5.42 5.23 3. 44
La 4.00 7.17 60.14 8 360,63 507.31 11204  78.67 69. 6 80,53 4366 8737 30.92
Ce 7.31 B.48 6. 50 22135 298, 00 148. 86 187,14 123. 68 130. 35 108. 07 122. 60 155. 03
Pr 0. 84 1.17 14,62 2151.60 17916 25.00 16 71 13,17 14. 34 7.97 14,18 7. 43
Nd 3.63 5.78 7177 9192, 43 757.97 93. 00 68. 15 47. 80 51.22 30.4 47. 06 23.51
S 0. 64 1.40 2410 1869.70 1700 19.73 14. 04 9.74 10. 26 5.97 9.24 4.44
Eu 0.17 (.43 7.95 36021 39. 29 3.94 3.0 1.92 2.03 .31 176 1. 00
Gd 0.62 4.7 3242 176.97  176.89 17.01 13. 51 8.39 8,97 6.25 7.56 4,63
Th 0.10 Q.78 8.95 173. 59 15.99 .39 1.94 1.30 1.27 (.89 I.24 0. 69
Dy 0.71 5.84 55.35 T85.98 146. 78 14. 01 11. 350 T.43 7.92 6.03 7.32 4.64
He 0.15 1.34 140, 53 124, 30 25,88 160 2.29 1. 48 1.57 1.13 L. 44 0.91
Er 0.39 135 26. 38 303. 53 65.73 7.24 6. 35 4.26 4.34 3.53 4.48 2.76
Tm 0.07 0.35 3.48 41.96 8.80 1. 06 098 0. 63 0.61 Q.57 0. 62 0.43
Yhb 0. 34 1.67 19.19 249, 43 9. 74 6.57 6.23 3.99 4.30 3.63 4.10 2.9%
Lu 0. 05 0.22 259 34.45 6. bb 0.93 0. 84 0.55 Q.53 Q.50 Q.59 0.39

ZREE 19 02 42,69 363.97 24 146.15 2 459. 10 454,38 411, 37 293.94 318. 26 219.97 309. 36 259. 76

LR/HR 6. 84 1.33 1.03 14). 60 3.86 7.77 8.43 9. 49 9. 79 8. 76 10,32 1391
5Ce 0. 9% 0. 70 0.03 001 0.24 Q.68 1.24 0.98 0.92 1. 39 0.84 1.92
SEu 0.82 0. 51 0. 68 1.31 0. 69 0. 66 0.67 0. 65 0. 65 0. 66 0.54 0.67

H: HYL HY2 RUHYS 5309 F 8RS IR SRS, HT1 ~HTlo B+ 8 " - %% pHE%EM; LR-HR {23 LREE/HREE H{f;
e =Cex/ | Lan ¥ Prnt' %, 8Eu=Eun/ (S » Gdw) "3, d B FRIEHE , Rl

#3 FPRE REE FHER (ng/ Q) RESRESH
Table 3 REFE contents {pg/g) and some parameters of the dolomitite weathering profile 1 Pingha

#£RE  PB-YI PB-Y¥2 PB-Y3 PB-T1 PB-T2 PB-T3 PB-T4 PB-TS PB-T6 PB-T24 PB-T30 PB-T37
d fcm) 644 -6%4 594 - 644 584 ~ 594 583 - 584 578 ~ 583 568 ~ 578 557 ~ 568 547 ~557 537~ 547 273 ~283 206 - 236 66 ~ 106
pH - - g.40 8.03 7.89 7.76 7.31 6. 68 6. 50 5.76 3.50 5,65
Ls 3.02 3.33 1599 10463.36 1146, 88 246.63 173,21 11536 11589 7123 83.52 74,79
Ce 2.02 1.10 2.14 20011 206.30 343.43 450,36 29206 203.25 17461  269.44  140.45
Pr 0. 78 1.03 5.73  280L.25 32414 11484  54.39 27.50 28.52 14. 25 12.15 15.30
Nd 4,32 6. 77 3502 11 656.32 1 401.01 534.91 227,65 97.35  100.98  41.20 49,52 44.80
Sm 1,84 373 16,88 2144.57 296.00 199.91  63.60 18. 43 18.76 6. 09 6.98 6.39
Eu 0. 65 1.29 5.59 435,65  62.89 41.91 11. 89 113 3.20 0.97 1.27 1.13
G4 3.0 7.72 25.86 1B52.04 308.67 164.75 4527 12. 66 12. 38 4,71 5.94 5.00
Th 0. 48 1,11 3. 86 21116 36.37 23.37 6.60 1.49 1.62 0. 58 0. &6 0.79
Dy 1.68 1. 70 12.61  7172.27 163,28 92,97 29, 89 7.80 7. 67 4,54 518 4. 65
Ho 0.22 0.53 1.36 76.98 19. 66 11.90 4,20 1.50 1.50 1.02 1.20 1.07
Er 0.48 1ot 2.36 150,38 41.22 24,15 10. 07 4,07 3. 87 2.97 3.39 314
Ten 0.07 011 0. 37 17.52 4.91 3.71 1.76 Q.66 0.61 0.47 0.35 0.54
Yb 0.43 0. 65 1.80 108,10 26.45 24.21 13.27 4,26 4.18 3. 13 3.45 1.37
Lu 0.07 0.8 0.26 13.58 172 3.38 1. 86 0.64 0.63 0. 50 Q.57 0,52
LREE 19.08 3317 129.83 3084829 4 041.50 1830.07 109422 586,91 3503.06 326.37 449,02  301.94
LR/HR 1.96 1.47 1.68 8.80 5.69 4,25 8. &9 16. 74 14. 50 17.11 20.24 14. 83
5Ce Q.32 0. 14 0.05 0.01 f.08 0. 49 1.12 1.25 Q.85 1.32 1.71 1.00
&Eu 0. 84 .73 0.82 0.67 0.64 0.71 0. 68 0.863 0. 64 0.35 0. 60 0. 61

. PB-Y1 PB-Y2 MIPB-Y? 2RI AHHAOL S RIEAZEHEWE PB-TL ~PR-T37 H 44 “ - "#m pHE%*M, LR/HR &% LREE/
HREE L1 &Ce =Cen/ | Law x Pra) "2, 5Eu = Eun /) Smon = G}t 2,
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mZ Ly BRI EAE, MEE
24246 14 pgsg MY H
26072. 80 pg/g), T30 848.20 pgseg (MY H
31 338,15 pg/g); B L, REE S BETEERR
W, T+ om RIS E LB TN E R
4, EIEFEE 200 ~ 300 pg/g T, FHEY A 300 ~
400 pg/g. SEEHE . &AHE REE & B8R N
THILE IS L EERFEA LT .L
T THME SN k7% REE # g EREN L
™REE SBEEMHFRY . La #INd £FFE REE #H
SEBEARMNTE, WTESEW 5 REE BE M
W% UL B EFEME. i 5HEERL
SR, WAL S MALTH REE RrE £ M ERE
{o FRlE FaL, AR L3 - fAE
E2EH, ZHEELE TRt om, HERZ
HESERHEZB—F R B MR,

2.2 REESRESHER

B 3fE4 B 7RSS mE REE &
R, AE3I E4ME LR 2TUFH . FHEWH
RS, B E®+ (LREE/HREE) #i & 4 T
SR, R AE - D ¥% E HREE, LREE/

100 000

10000

HEnh /BRI
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Fig. 4 Ubondnte-nomalized REE distribution patterna of the delomitite weathering prafile 1n Pingha
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0.0126#0.0089, MFIEEAHFEEND L,
TEE R 6Ce (H7 0.96. 1S F7E Ce BFF ;T FMH
FE R Ce AFH, 6Ce (X H 0.32, AR S 1Y
SEu HEE NI . SR 08201 %) 0. 84(F
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_ MBRTERTERR.
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Fig. 3 Chondrite-normalized RFE distribation patterns af the rathonate rock

weathenny profile in Huau

Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

SRSEREERES R

wtie | ALHTE M REE B HEE Y,
FEULREE B X E, WHF
FEIRFLH) Ce MITH]. RIHBER
thE Ak REE T s 2,


http://www.cqvip.com

S

£ OO0 http://www.cqvip.com|

FhEE. BEREERAE LIRS REESF T ER Ce BRI RAMMBLENE 123

R,

3 REE @HEE£ FRHBRILZEVHE

AR R E R T LA S R R
B dh i WAL 5T B A ki 2% REE 8% &R
b U138 (1) REE (o {BEE, B AR S . L
HERAMKBE AW REE A3 BER, ENRET
BB 24 REE #9387 (2) REE @M APH
REERERTAFI TR IEME (%7 (3) WERLE
BRAEES , RHHEEIRT REE T A%
MRLBEETHEEEEN Ce WBAUTH?

31 BHExE

HMNERFLIEEZTENS, R1#ETL2E
F_ofi. HEMBITFIESHT 4, TERSK
RMEAEE CSERAN T ERAMNBLHEE
BEE, HRPEANBLFTENLTE, HTER
AR L, MABTHEREAT RO SRE
WAK. n{EREHNE K 0. 30% ~0. 67% 5 FHIEIE K
0.016% ~0.36% . 1% REE ¥ 8 —EmBiL a2,
Mg A X wsE, I 2 REE MEEH A SEMW
F A, FTRAEEME T REL. B4, Ak
TR+ RS R X SRR (XRD) 41
BRER, TRVWEHMERYENSS, ¥BET
REEHERTEH W FEIHETLY, AT EE
ARFEAS M A R ZNEr, AT, B
A EEENR T ERE SME LR TE
52,

nHG AT R A IR R SR SRR R,
R E PRGN —KE0 . EFHANLT wg/e,
FE R -0 A PR R KT S R
TR RATEESE H MR EL AR FiM AR SRR
Bkl RERE RV 88 R A%
B, TEMARY (TEANIT . KA
BHB) ZBRN4.32%, BENN0.63% ., FHE
EAREE REY TR 20 pgg: REMBEE AT
REE & B, HinREAKIEY, mREYH
BREEMHE, MREEXLBWTE, 4, B
ERBRFHEITHE (£4), ABERKERFMAESE
MEEMBEMRL P, REE & 23 9 & 5
440. 28 pg/g M3 028. 57 pe/g, BH THHEREE
MERHFEE(S R 360. 81 1544, 38 pesgl, &
WXRD 7RI, NEMEIRLEEE Lem i)

LER, FEAMAZALExEHE. BR REE
AR ERE TERLP BLEBRITE RS,
PGB EN S REEEBTLHEERRLE S
REE B MR ER,

R4 RERSARFNNNERTEY REE SR
EHELE REEM R EHE R
Table 4 Contents of REE 1n acid insoluble phases according to
mass balance calculation and the weighted average contents
of REE 1n the whole wemhering profiles

#l \m i€t | F o
#FEEEE REE S 8¢ Crneellpg ) 12,02 19,08
FHELSTETENESR(Coa) (%) 4,32 0. 63

TERETHTHEY PN REE 88| Cu.ner)
(pg/g)
REE #EH i + EHMINTEH T B Comnue }
(g7 g)

440, 28 3 028. 57

360. 81 544, 38

e HRMEH TR ST Max Coonee = Max Co, i % Car g, o 1,
M fREHRHEEEHEE. MRTHAHLRA: Co e =
Z0Comeex A)/ZR SN, € o ERFH L EFG—HE R
REE £ &, h 4G -HATRINEE, EEANELR L8
B HWEEEEMEERCREREIME 2 Fr, Ka8l%
20 ~60 cm T3 FMAWEELE W T RLTREHEL N
FZHEEWNRIFF HRES5~20 cm £ 2,

ATABISL B, BER b A P ) REE X Eh =&
SHEB - ERERS EEHBRENB LM ITY
ME: —RUBETEXRKFE LYY EOREE
M —RARERAEIRTERY (&) H L mm
HEHERE. SHREANETHR T RERE A%
+H FEA N KRR A AT BRI
THARRH, PHAZETHEER LT EEEY
91.35% ;LR AKE K i 91.09% ., Balashov et al,
BT RA, EEA P TER L PR A, —
Bk 43% ~95% A KEBEEAR LT L,
B BEERSWHEIT =BHEKEE TWH K
MR ERE, TR HeHERLTEEN
93. 1% M 90. 4% '), FERBEEEL A KT EF X
SAARER L TSR I8,

A, 21 mol /L M REH BFL3 K AL, REE B
EETTH REE G HB g, MENH TR
Al ik 88.85% . EHHENELN AR T EELEK
H, TEFE -HPHE)CGEEAR 1 pm £,
0.0n pmfH, £ ZWH /) §) REE BRRET S, ¥
EEHR. AR RERESE LA, BH U La,
Nd.PARE, PEIPTSPEN Ce, WHHERX
PRI MBRETYITRERKBHN (R 7
[({La,Nd.Cel PO, - H:O] (HEERBE LG L HAA
HAMF LY. B EEEZPH REE ATRREE
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Bz, WBtE FFH. REE SERINMHKEL S
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HafBmLEERPHBTRERE, SEKRNH
FEENH L ER TRALER R LT RMIEL
RitH.

3.2 FEETERR{LH L5 REE K

FRAE X B R £ A AL FE 8 B IR TL PR H o B2 4 B 4
WERT Y sl FNHE, EHESENTH®
B 2L A 1) P B B AL Ab 18, B o o T A PR AR
AFYT EREE R E SR R LR
B E LB B, R — BB 2 e R
oA A g Bl

REE # &% th B i f B EE g, R
WHBRASE (WHE4) BrELFS a0 AL -
EREE(CREEVNE. i—MBRMAZENES
F, EERKEMMILT 90 W KT E REE E8|
W E & B—FrBy A I REE EREE:
T AKMREEATHETI ST R mdiiEaEE,
E—a (HWE SEfELERIRE-BN,
R R B A LT P REE M99 B AFIEE
HEE MRt REE 4 REFEN T EIRHE.
b E AR LA ETE P, BT R LA kAR L
FHE KRR DRI, HERBRLE TS
+ R R -, ATH F T REE )%
MIMESE: E-MEAER LM KSR, (5358
A F T REE MBI HER LTS ®
HNRPIEEE.

3.3 RBANRNRS REENERESR

it e R— R 2 hEM M T AR
MrEn B TEAARTF TR — T A M T
Hofin A 5 88 Hoa WAL FrER b BR L 2E REFTHE . 1X
THERTEMNER. TSRS THERET Y S5H
mayy (THESRETY) FREEXNER,
Lasaga et al. B Xf— L8 W #WitiT 7 KA B L
B, ZHRRU, FEHLTE pH Y 5 MRER
T, lmm BEX|HHTEANFO e, B4
L 6 a BEOT LASE S8, Al B L H b AR ER T

MELBRILER EEARKL L,

Airid B, mBETHIREREER T K
REEREM A NSRBI TE., XHETE
KBRS TR, RIOINEHNER(K/ BN
2.5:1) WRSEMTX—&: HEXENFHE
HWERR (AR4dMIBafEsa), RAT
30 min B FEREAKEDFH. pHETHHY 8.4 M
8.35, 5EKRKHPHUKS F®AAD EHEH pH
FIEE (4925 8.30) —8'", XH, MBS A MWL
HHE TR ELREFEEERT — kK, F
B OETABAaR(A SR ER®E, fEslE
BERAFIMHLEPRENSL, BE—1-#HxH%
B(HZRAE B EETAMEE(ES) . Wik EpH
ERTH—HHIAIRERETES REEGRNE
FEHEREA ", KERRSEEERS, edhHEE
B RS L REE 80 M Gk 5
ERE-e FERTMHRET RS/ LYY
EPHEMEMRPEERE. B, RERLEER
PR L 5 — - i BT B B R IR R, AT i LR A
FA R (B R EL DR B B ) RR A SR A B U A ML AL B
BT F¥EM REE 3% E F k.

—-— 1

200 | - 2
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Fig. 3 Relabonship between pH and 1g REE of the soil semples
in the Pingba and Hnau weathering profiles
I. pH: 2. 1g REE.
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k5. R A Nl B REE ©E B E R Co M T H r7 3k {kF .28 125

‘B I 1 I S e B Bk A T 224, T L) REE MY €
BEERRFER .EREEBHMAF 10~50 cm) , 3K Al
BERMEL AN LT T REE A T H S
MEERE, &% pH HEILER FHHEHEL R
LA REE R RS54 H pH BN THXERE T+
SFEW. ZERNMCRE AL 0.869 5(-F1H
0.991 2(EEVE6). XM—PHEEE. migd
aM AT REE NEREERTZMNEIER
A F B S O R

3.4 B ERLISRE Ce REMS

341 B ERL R
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Formation mechanism of the superhigh concentration of REE and the strong
negative Ce anomalies in the carbonate rock weathering profiles
in Guizhou Province, China

SUN Cheng-xing. WANG Shi-jie, JI Hong-bing
[ Stecte Kev Laboraior of Emarenument Geocherzestr  fostriwle of Geocherustry,  Uhinese Academs of Seiences, Guryang 550002, China)

Abstract: As well known, the REE concentration is very low in carbonate rocks, However, superhigh concentration
beds of REE, where the REE concenlralion can be up 1o about 31 000 pg/g. are found at the weathering front of
carbonate rock weathering profiles in Guizhou, China. The strong negative Ce anomalies are also found in those
REE enrichment beds, whoese 8Ce can be luw to 0. 007. The phenomena of Iow background, strong enrichment and
strong fractionation of REE have some certuin universality in the carbonate rock weathering profiles in Guizhou.
According to the results of mass balance calculation. it is considered that carbonate rocks can supply enough REE
sources. The soluble existing states of REE in the purent rocks and enrichmen beds. which are found by chemical
leaching experiments, are in favor of activation and transportation. A sudden change and narrow alkali barrier,
which is considered that it is the result of rapid solution of carbonate minerals, is also found according to the
variation of the pH values of samples along the weathering profiles. The alkali barrier may be the most important
factor that causes the REE enrichment. During the early stage of carbonale rocks weathering, the alkali barrier can
preserve lhe REE effectively. which is released by weathering. And the barrier can also cause the complexes and /
or ions of REE thal were carried from the upper part of the profile to weathering front in infiltration water to
precipitate and adsorb on clay. The =trong negative anomalies of Ce in the stndied profiles ~uggest that significant
fractionation has been occurred between cerium anid other rare earth elements during weathering processes. The
soluble Ce’* is oxidized to Ce’~ and precipitales from solution as very insoluble CeQ.. Consequently, the solution
shuws a negative Ce-anomaly. However. there i not a weathering profile or a groundwaler sample in weathering
profile having such strong negative Ce-anomaly as our sludied profiles. And this imply that the fractionation between
cerium and other rare earth elements by oxidization from Ce’* 10 Ce*' and precipitation from solution can not
explain the formatiun of the strong negative Ce-anomaly in the studied profiles entirely. In alkali solution, Ce’* can
be oxidized to Ce*~ easily. and it has great mobilization (compared with other light REE) results from preferential
formation of complexes with carbonate ligands, which are released by dissolution of carbonate minerals at weathering
front, Therefore. the fractionation between cerium and other REE is not only occurred in the upper part of the
profile during the later stage of weathering, but also occurred at weathering front during the early stage of
weathering.

Key words: carbonate rock; weathering fronl; REE superhigh concentration; slrong negative Ce-anomaly; alkali

barrier; formation mechanism: Guizhou Province
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H%x— FEHREEAAEHERSIBEATIIRER(%)
H&¥  PB-T37 PB-TId0 PBT4  PBTO PB-T5 PB-T4 PB-T3 PB-TZ PB-T1 PB-Y3  PB-Y2  FPB-Y1
dicm)  66~106 206 ~236 273 ~283 537 ~547 547 ~ 557 557 ~568 568 ~578 578~ 583 583~ 584 584 ~594 594 ~ 644 644 ~ 694
S10, 33. 67 34. 60 35.39 37.13 32. 21 35. 56 33 25 36. 90 34. 79 D. 85 1.04 1.46
Tils 0.82 0.88 0.94 0.72 075 0.72 0. 77 0. 76 087 0. 06 0.02 .02
ALOs i1.96 32,44 3053 31.92 3. le 26,58 33. 40 29,67 27.53 238 0.47 0.05
Feils 13.23 14.16 10.28 11.32 9,72 9. 64 10,94 .60 8,85 0.76 0. 06 0. 10
FeO 0. 17 1.44 0. 82 0. 98 1.48 0.76 1.06 €. 60 0.55 0. 10 0. 05 0.05
MnO 0.03 0.04 0.03 0. 06 0. 10 0. 39 0. 40 0.29 0.57 0.03 0. 004 0, 004
M0 0. 70 0. B2 0.92 0.80 0.50 1.30 1.10 1.30 1.70 19.00 20.5 19.90
Ca0 0,20 0. 30 0. 10 Q.50 0.50 0.41 0. 49 0. 60 1. 40 15.6 35,20 30, 60
Na:O 0. 47 0,42 0.27 0. 45 0.58 0.45 0. 49 0. 83 0 18 0. 06 0. 04 0.06
K0 1.63 177 2.07 1.50 2,00 3.49 1.95 2.12 1,26 0. 16 0,03 0. 02
P:0s 0.9 0. 35 0. 15 0.15 0. 36 0.18 0.25 015 0. 47 0.04 0.03 0. 03
CO: 8,70 4036 a0 17
g 16,81 15.91 17.77 14. 10 17.50 16. 84 15.35 17, 34 18. B8 1,70 1. 40 6.70
R OXK 99,28 99, 13 99, 27 99, 63 99, 35 9932 99, 36 99, 1§ 99, 05 9944 99, 20 95. 16
W RS MERERRE JWE2,
MEZ #REZALEHTEIEAICRESE (%)
o B HY1 HY2 HY3 HT1 HT2 HT3 HT4 HT5 HTé HT7? HT11 HT16
Sis 4. 47 5.57 6 12 48 70 44, 36 41.90 44,54 4214 44,22 41.17 43, 09 40. 54
Tith 0. 32 0. 45 0. 47 1.27 1.25 1. 50 1. 65 1.50 1.05 .27 1.37 .22
ALO: 047 0,71 2,43 18. 66 23,62 26, 45 2433 26, 63 25.98 26, 58 27.37 28,34
Fei0s 0. 62 0. 60 0. 80 8.42 10. 0O 10 20 10. 15 10. 65 9,50 11. 43 10, 34 10.75
FeQ 0. 1o 0. 16 018 0. 48 0.53 0. 20 0. 55 0.35 0. 50 0 17 0. 56 0. 35
WMnO 0. 001 0.01 0.02 0.18 0. 16 0. 21 0. 34 0.24 0.13 0. 37 0.09 .15
MgO 1.20 0.7 0.70 1.50 1.20 1.10 1. 10 1.10 1.12 120 1.20 1.20
Cal 52. 10 51.50 50. 02 1.80 0 50 0.10 0.30 0. 20 0. 30 0.50 0,22 0.32
Na;0 0.12 011 0. 12 0 35 0. 55 0. 56 0.25 0.2 0. 21 059 0. 39 0.71
K20 0.42 0.51 0. 61 5. 70 4.78 2,25 2.35 2121 2.0l 2,46 2.04 2,05
Patks 0.37 0. 13 0.20 0. 67 0. 50 0. 40 0. 41 0. 63 037 0. 47 0. 40 0. 40
CO: 38,70 38, 40 38, 0O
wER 0. 45 0, 65 0.22 11.75 11.89 14.10 14,00 14.01 14. 35 13.45 12,32 13. 49
JSl o 99. 34 92, 50 99. 89 99, 48 99, 34 99, 67 99, 97 99,68 99, 74 95, 86 99, 35 99, 52
F: FREHIBERE ¢ AF2; HYLLHY 2 A H A AR RAEHFEES AL KENSBER, HTL ~HTI6 AMAE L R TII®
IEMmIERE.
= HREANAENTEL EHRARSS5EETETHRE (% 3L
RS BB (m) A kR #HE wmEa 3.8 B®EA Hew Lk
HT13 0. 20 ~ 0, 80 45, 86 - 22,41 4, 41 4,02 6.05 6.33 8. 00
HT12 2,30 ~2 50 51,98 6. 45 b I 6,59 - 3.52 3. 69 4,27
HTE 3,00 ~4. |0 48,22 6 86 25.21 5.07 213 3.56 5.36 3.59
HT2 4.90~4.98 28, 01 36. 68 17.65 2. 58 3.19 6. 04 2.08 3.5
HT1 4,98 ~5.00 22.39 39, 60 19. 15 5. 16 2.42 5.8t 1.89 3,15
HYT3 5.00 ~5, 10 36.73 41,32 15, 10 1.72 2,54 - 2.61 -
HYTt 5.50 ~ 5,50 39, 99 41,52 12,13 2,22 2,48 - 1. 65 -

HoOHTI AT AN SEREENERENRRSEY, -1~ HTIB ZUE T AT X IENTRHES PR SRE Y XRD £ ER
SHER:; -TRERENE,

RN ARG H RS ERR TR L

Lid ks HYI HY3 HT1 HT2 HT4 HT6 HT? HT12 HT15 HT18
Ti/Zr 66.83 58. 17 63.62 63. 32 67. 08 60. 62 62.70 60. 49 63.56 64, 40
Nb/Ta 14.45 tl. 62 12.54 13.53 14.58 13.78 13,74 11.54 14. 31 14, 09
Zv/ HF 29.33 25. 60 25.95 2398 3079 31. 00 31.05 30, 44 30. 83 30, 50

H: HYLAHYI AW AN ESHS LA NEHES, HT1~HTIR AHE=5.
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