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HEXY, REEFMTHAMTERAEER: (1) BARERERFTH LA (2) FRTRAERRE
it (3) BRABLFHRECOEB LB (4) RIEERATHL (&R B,
(HOBETREEET HRBR. BHLZREEAET REE MIE, HRMIERREFREIHL
RTE IR Y. RSN pH R Eh £&4F. REERHR T BEH RHALF SR R AL+

T R TP B T S BE
EHEiA: REERAFHR LEREER HF-—EREUR EkiBX

REE WybBRILF R E RS Z A THRH RS A8 R, B F—&% U A%
REE 7E #lfi — i $hHF R B0 2 UL SR b B0 47 2hE 47 T HFEC 219719, BRfi, € 4% REE
FERALE R A BRI TF R TAEAIT REAEBD, X T ARt A B TEREEXE
FEMCPERCKMA TR, TRMITEAILE, HEqRBREFHENEMSEEN. 43
RN IEEREILAE, 7R, | EMERE LIRS REE $RMEHR THERTES
B,

1 PHI B — iy KL 52 R T AR E

P X AR Cledhi26°~22°) BEHMFRE, REMLLERL EEBTAR
TN TERE, ERERAERGEENNIE BEAHhdr. £ FHEERRM E K 16 TEH X2
283CHEA, FREHE—HEL600~2000 mm*?, MARRBRERERAMEDST, M. &
B, oH, HIUABEKREER ‘gt B EawLi, Ea., Rea (T4 AE,
PEEXAEAE. BEALY. FHA. FRHAGNERS. EELCRER K, A LT TR
HARLE. ERABERERLER, bl Ly okkEdigs, IREBIKRA. ARH
£, MRREM pH{EH4.6~5.2 BHHE 6.5%°%, I R ML MEL “a1

» HRSABNZEESGFERSTH (4549000039) HESRE
BREE, B, 1957FEN4E, B, BIWRR, TBENERE. BLRESBCKEERTBRALEN K. BBR
. 100037
1991-6-23 e s, 1991-7-304 [
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B QAL —RETILRULE, KERFKEEMBRELY, HRAVSREEEL
v, LEERE., CTEBREHNBESERSHERT ZR AR ERE LT (3K
%, 19830, FEHNE, 19810)

2 AL REE fy& &7

MEFLENKE. BEE, ZREVUREMIERTAS (BRETRIER S, ZKEXA,
BEERE. ARZRKE. AXERA. BERHAKE. B8, BEE% ZEHILHAR
LB R 2 R RS IE 2 RARE SR ICP Ko T REE £ 80, Hi{g%
£ T-180 x 1076~2000 x 10™¢, =Ce/ZY. Y/IREE #1 Ew/Eu*EALIEH &, 2r540.2~
10, 0.05~0.6F10.007~0.5, ‘BATEZER G FRILSE B A EfRIL 3 5 b REE 4@
fEH, FICEHEBRITZRAENN. —fRE, Co/Ce*HEXRLBRIE R .5~4.7),
LR EN AR (0.6~0.13), HREE E¥E T A £, I B ¥ 2E1E AT &R
REE S8R E R A m 2~ 5%,

3 REE gyifFER

3.1 TXH/RE

HT&MELTHREEREREGBEFRHGE N, B REE XUREEMRLE &8A
HRBMB TR, Bk, BTSSR . KREFFTERC2102, TRk
AFERAESEARBRIEA (TA) THHEE, XFRAWERE; REE ZH AHE A%,
A R IIA L. K6 REE % Fte D i pH S ¥ ot. £ 15 St
MAREERIEESEMERMAS % (NH),SORKER T REE & 512 £ 3 BR
(%), BrCe 2, HETHT2%~98%, ZHEERT, MEFFHINKA, REEEL
PG EESIEMBERBERE RS ERWNR RO RLEER S5k R 1R, Cemi
B o <1026, A-AIRik56 %, F AR R HIBR AT B HIR T,
3.2 REBEEMLY

AL p ekt S A LR EE BN, OBWERBER k. B, =HIE
B EHX A ZFH K- K 18K A R D kI E B R IR Ik, HofizhEs
PREEH, BiI9267°281°, Bk¥E0.5~2cm, HAEHH, RABE, XHEAHIITRHEO,
FTEHRRET MO BRARAR, RMEAER; OhERE. ANASEAT W RIGHH
ek, BRSHLERMEHERE . PlnfElLES 2ERIRIE KIS LR hEEX
FEBAHREH, RARL0.56~1cm, ERKR, B, FF. 5HBRL: G+ ER
R, FERSOE ALO; 20.2%, KO0 6%, Fe.05 4.4%f1MnO: 4.8%©®, £ X 5tk
M50 fEHR SO RERT Y AERA,. Ak, KETMEE ARy @ELLH

0. ® IHAETE: @ mHIBEFNRFRFZER
O HEFE. TUAZE @ B HET AR ICP
Q@ HIvA. BRETHR @ HPBIUETR
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£ 1 ERHEXREEHRLTSE LPREEHBEE (%)
Table 1. Leaching ratios of REE from clay in weathering crusts of different protoliths,

Nanling area (in percentage)

REEM R RAERE HRE La Ce Pr Nd Sm Eu Gd b
[ e AXERE NH-4 83.8 1.2 74.7 74.0 64.0 70.0 64.9 |47.9
{LPE &R EHEE YK87~1 72.6 7.6 78.4 94.3 70.2 77.7 65.2 |{65.2
LHE& S AR =3 LA87-1 56.3 13.7 62.6 63.5 65.3 67.3 78.6 —
IR N = XC87-1 97.4 56.6 96.2 93.4 90.5 93.0 85.5 —
I HREN ¥ G A HTL37-1| 98.4 55.1 95.8 — 93.9 97.7 88.4 |90.0
FHEALE | AEUREENE | Zhr-4 75.1 4.9 80.7 76.4 68.6 74.2 67.7 |63.4
Rl BN K87-1 35.2 1.6 41.2 48.6 51.9 60.2 59.2 | 68.4
TEaRE)) REZRE QwW-8 55.4 5.8 63.1 67.8 671 73.9 64.3 |51.9
EESTT | RS H89-8 79.3 34,2 70.8 78.3 7540 81.5 70.7 |85.2
RRER R HEE B2 | by | Ho | Er | Tm | ¥b | Lu v |82
oLEIFY AEERE NH-4 49.8 47.6 52.2 33.6 32.2 35.7 63.6 |51.3
T4 EREs YK 87-1 54,9 57.3 48.9 43,5 44.8 25.6 53.6 |51.8
ITESE N & Bk LA87-1 80.1 79.4 80.5 72,0 75.3 73.2 85.3 |61.7
I HRE FEar XC87-1 74.8 65.7 62.5 53.9 47.8 50.5 70.0 |82.1
I A -] HTL87-1| 79.1 76.8 94.4 92.9 77.0 80.2 79.2 | 88.6
T"HRAE | B ERKEIERE | ZhP-4 59.6 59.4 55.3 50,3 44.5 43.7 70.0 |61.7
TAREL BBERE K87-1 56.8 57.9 78.3 | 82.6 67.1 79.6 54,7 | 42,0
JERE) LEZRKE QW-3 57.7 57.8 67.0 60.7 61,2 5641 67.4 |55.6
wBELFT | RS H39-3 74.6 74.7 74,0 68.5 62.9 73.8 84.3 {65.7

P HHE T WA RAICP H MR AR AR 5 % (NHL), SO, B REE & RS 5

RALEREUHRIBRIBR MR b, RLEBPEBR—BBRRAELER, FlniEESm TR R
ERERAERLTE S, BERAELAAMCR,/ HRE 1I~2cm, EEHER ImDINEEE, &8
AK10%~20%, FEERSAFRBET AL,

25 ERZFMARPRIE. EEMAYRELTERMATEH LB REE & B, LA
.

(1) PTREne i Xl 2 KA R Ik EE I L AR E 4
TREE, & B4y HIik2625 x 1075113707 x 1076, 4% T/ Bk L E R B T1.2~80
i P A FIR R R R A5 B WK REE B4, HESRETREFHRMLLL, BT RRBRT
BT REE SR ZIMIEER.

(2) FEP P REEQAURXNHEHXBRFHRMLAFTE LM HEL (A1), ¥ BEkEk
¥ % HREE, ififlRE4 A& LREE, ECe/EY WG4 BI00.1714.3, BT Mtk Kk
S RIZHE (0.25F15.0) BBARIK. £HEERREARINBIIELET LREE, =Ce/LY
He{EEik43.3, TMIERIMLFERLRMN2.7, XUPRAKED Y LREE HRERFHER
EEME, WA MEERES, 2EARDPEEH TODRYSH (EH1) K THE HE S5
R, MRBT RIELETIORYBRET . BERRYV-NERARDYAE BE (Ce/
Ce* 1.5~2.9), XG5 AEHELERBHBEE -,
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% 2 BHWBIBRNCREELCHPHREESR (107°)

Table 2. REE contents of ferromanganese oxides from weathering crusts in parts of

Nanling area

SRR T 7t ® Lla | Cc| Pr | Nd |Sm | Eu | Gd | Tb | Dy | Ho
Z85-18 RALEZBR AR wk| 22.2 | 94.9 ) 9.2 | 63.6 | 39.6 | 0.13 1100.1 | 27.7 |215.9 | 52.8
JIVE /| Z35-18A EH’.‘:%(D 6.5 | <1 | 2.0 | 12:5] 6.5 ) 0.06 | 2605 | 5.5 | 44 9.5
QJ03-4 HEFHR SR 19.1 ) 27.2 1 7.59 | 37.3 | 21.8 | 0.13 | 37.2 | 9.52] 52.5 | 9.69
YK87-2 =4t SRtz 1409 | 9794 [415.4 | 1502 |261.4 | 15.8 |101.0 |[<1.5 | 60 | 9.8
s YRe7-24 | Bhad so4| 12| 55 | 180 23 | 3 | 11 ] — | 4« [ov
YK87-1 AR ML 81.3 | 122 | 16.0 | 63.2 | 13.4 | 2.82 [ 12.8 | 1.98 | 12.7 | 2.60
R | H89-5 YR n 13.3 | 24.5 | 2.1 | 9.0 [ 2.0 [0.31 (2.2 | 0.38] 1.25/( 0.24
F 5= | H89-2 HEHRAET L 16.1 | 52.3 | 2.8 | 11.8 | 2.4 | 0.18] 3.0 | 0.39 | 1.33| 0.39
REEHE RS 1t R Er | Tm Yb Lu Y = ZEC; Eu/Eu* | Ce/Ce*
Z35-18 RAARB P RARSET 8%|151.5 | 24.3 |158.8 | 20.0 | 1644 |2624.7] 0.10 | 0.007 1.5
7LV B H|Z85-18A ‘E,’;H%CD 24.5 | 3.0 | 14.5| 2.0 [563.5| 721 | 0.04 | 0.01 [<0.06
QJo3-4 EEHRAL R 28.3 | 4.35 | 30.5 | 4.47/279.1 | 568.8| 0.25 | 0.02 0.47
YR87-2 BEEHE - s 25.4 { 2.5122.110 2.5 | 84.6 [13707 | 43.3 0.26 2.9
LB YKI7-2A ;‘g’%&j§® 2 [<C0.2 [<C0.8 |<C0.2 ] 11 505 20.6 0.55 0.02
YK87-1 EHENRAER L 6.7110.92 | 5,76 { 0.78 | 65.7 {408.7 2.72 1 0.71 0.79
HBE R | H89-5 SREEL 0.84 [ 0,15 | 1.0 [<0.1| 5.7 | 63.0| 4.3 0.50 1.0
H 5| H8e-2 EEHRIEEL 1.28 | 0.20 | 1.55 [ 0.12 | 9.0 |102.8 | 5.0 0.23 1.7

. B EET-RRARA ICP FENE © BABIERE—2008, RH 3% (NH),SO, BFRER
(3) H3 BNH) SO BRFTHHHOREER TR (GR2), RUEAFL0%~30%

HIREE #E#ki St yrh 2RECRE. SEEMRK, Co AARPURTEMIN 21 5 #l (Co/Ce*
0.02~0.06) (K1), T Ce AR MM, REE RN Y Bzt BIR &, SRR
WES S AR R ERE, HE HREE W ETF 5 O RBEREB T,
3.3 REBLITHOERLMAS

R — WAL R LT, HRBBEKY pH ETERES~6.7, LML M e
WL HEBEREARERC2T, RHERERT (A1) v-iya M . B ATREEK
— e h it e, R RREREF A, X% (1988)0 ££ ] BT A4H: X W hiE
M RibsEh R B, ERAFARNREEEMMARBERTHRRO A, EF5EER
LR LT WARBRA Y. EEELELEEXREHRLTEE<ouvmpl gt RESSH
HLBE P2 F — o B0, 1~0. 2 bmP G ER R Mk (BR 1, 2), a2 &l & CeO,
69%~83% MThO. 8% ~14% (5 3),MAlRERFH A AMEA YK KR EH.

EWG LR R BRE NG KA Y. Bk (1986)8 & {L I L EHBX AR E
KBRS T RE A BB A {(La, Ce)(POJ(H.0)}, HEHRE—HEOITR, G400~

0. O B9viEiHHE
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Fig.1. Chondrite-normalized REE patterns of ferromangzanese oxides from weathering crusts

in parts of Nanling area (sample numbers as for Table 2),

30um) FRARBEAE, SHE~SSBRMNALNELDTEN L P, BEERIAS5g/t.
PRI LA (19800 F-REmMALE S £ B<<lvm b f b L2 H e84 5
{CeAL (PO, (OH) s} I X K125

FIFIMTILARTE. TRILEM G IR <o vmir SRR+, dEshhE
(10000~36000f%) AWML HIEENERLRAWEIERS. BNEHELIHRE,
£Si, Al, PAIREEZ (B 3, £3); AHBmSEsk (0.10m) #RH/D Kk (R 4),
FFHFe,0:(60.9%) FIREE 41X (%3, 8304-C13); HWHURLUFHE RB K (BE
5), & Y,0s 13%~16%, ThO; 3.5%~13%, 34 Si, Al, P, Ca, Zr EL & (%3,
8118-A 4 F18132-A10) . J"HRABFHRE V.0, BK54%~T74%, Hi 2—& Si0, 28%,7
AR (7 ) {Ys(SiOJ:(0H) s} (HA6,7; £ 3, 9546-B f19535-A) . J & i JilGY
BB XRFARBERA (0.8~3.58m) , B& ALO;(43%~49%) A1 BaO(11%~15.4%),
UKRREE. Ca%% (HBH 8, 935 #3, 2279-C#12283-D), "WEERAE=/KEH (7). kR
AMIEMLEOEEE, HTHA/D, SERD, BEEEHLEE. SHEH TRTRE
R—HEEREY.
3.4 BREWLT (EBRD TH

BEA. BEY. BA. KB, 4% ERAERPEALREN, KkEHTE
PFMREY%E, BISTUERERTRET k. fln/ REKXK “H—0” X FESU

O KEEH
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%, RERBARLIDE, BEAMBLY HEETA80~150 g/t GBJIA TI9AME 4
935BA) o JUREEGEE L FE60ERIF R ML FBZET . RELEIERLET Y, £8H
B&HET, BNYTSHERA. By —EMMTERE, RABEDTHEERE.
3.5 BREAKETHRE

ERAZRE T, £2BHEA. =8, ANASEEV DRERLZ, HhUasH
—EREXRFRARRTHMAKERN REE, HEMEXFRARS, M TERREE
Kk, FTEBETDREGREESH SR/ E. Bk, BERLT B3 REE B35
B G EEA

4§ REE Mg ot iEny L ERH

4.1 RuRPTHHREN

MFERBEER, REEZERFTEMBEL (&L ByHh, T £ 560,
WER. ARG, BaBRTHRAMERYY, Hit, ERT-HERMEMS B REY
*F REE fBEBMEBET XBUEMBHIEHR. BLyHHERLEDIHZ2BIEFh: Bt
BERIE (EA. BEY) SHLMRE (M) >RLRamiid LRy . R
. 2ERAS >Rt (SR BRBE GBWA. BBy . Btk ey /M etk
WY, HA. GiRA) >HLEARKRER EREY . ARSHY. ARSTYr®.
4.2 N E$pHIERF S

W2, REE B TERESE TRBIE, TERBKREFRERRE2, &
—HEHTHLY WERMEFREhERENIERE, T RE.(COy)s FIRE (OH) s T 5K
PIRSE P UTBES 2y F5— AL 0 PH B T AR B RE B A B A pHL [ 3 o T 2 55020
B X 2 AL R E RS pHEA B Y& E, REE NAHE K&K LB ¥k
ELRMBEFTHELESY, EHEFRED, FHREE B+3 4, ifiCe* #h BENHHK
CeO:, MMiEHE REE R4 2. Eu ETREREMEBITEIREHTE +24t, B L%
X, R ABEETRERETF.
4.3 REE R FEEZH

Ce*MIEV* MR ENEETH 4 f AT BRI hLTRETHIRMRERRE %, %0l
FREHTL 4/, XTEER Tb AXEREH (maEEREHN HIATAHRE BIEE.
HTb**(1.05 3) A Th**(0.88 ) B, BWFEBAKE/N, SRR THLEAE HMRE,
Wi B THETH. Y ARFEEREMEEREE /M3E, MHE 4 f BRATFE, BT HER
AR LR, BHERE, BRTFEMERTAMK, THE MR, N T &R HREE
@, THAMEE. |
4.4 HItAEFTHRERFTREENERE

Ly HRHETFRBAR (CEC) 47104 (meq/100g): BtEH3~15, REA(TA)
5~10, W¥EA (103) 40~50, FFAL0~40, EF100~160, 5B F60~120023351, Fik
W RATER L IR E B T5~47" MR EERY, 2XHBRERFTHL P REE
TR S TR L RRB R . ATTHRXAFEHEAHREE £ LA REEZRIBRR
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SERABO (10°~10°) ZEEAXTEREMEME (1.9~24.D), XEPHFLBERT BFRH
fEHE KK REE RE R A B R,

B A3 REE B EMEMAIZZREW, xR & a8 K.
Rankin ZUORE T HE2 P - R4 REE &5, RAFERMER: (1) BRCe
Z MO E REE M3 FRABEK L EESE: (2) FiFREEHESE, HCe MTh EEBRKEE
Mo BHEBIRHRGT BEAAMT LRE -FFER, HHAHFE Cely 54 K g
R R R THE RSN, BT EREREY FEEREEHBTEMAR, NE 28
HEE LA HETHG. REFZPEREE Y REE ER FEEE D TR kK
e, HHLEEMNATSEB.

5 & B

FEE IS Bt — R KL, REE HFHMEERMFBR: (1) EHLhETRHR
& (2) BETHREAMDT (3) BRAERLVOHECURE; (4) RMEBRARL(E
Bl By (5) BMAETREEET WA T REE a8 75 % FRER
M, DARRAEFE Rt AE GnpH, Eh %) MER, bk ARE &8 i
RAAMRKRELR, HhE (1) f1 (4) MENEZ,

AW TAEARE . SR ER MU SRS WA, 43 T AP R ik,
b R PO AT th

& ¥ X B

1 F=, B KOERR A DR Do E SR ETR PR SR (5, 1986, (3). 225~234

2 RET, ®ME, B TR E KL S R R R TR AR (2 0 R 2 R, 1989, 63 (4.
349~362

3 REX, BEN, BEF, Flod.HbBREBHMREE BRER.ETS, bR MR HK K, 1987.436~
459

1 hERERERIEARIT. DE R R, B R, 1978,

5 Mg AL%E oH EIRERERAERRKERGER -7 02iR R AR, 1985, (2):72~76

¢ Rz, HHRIEEBEEOUERESHELTORAEREGOTHE . 2R, 1982,(3):1207~212

7 WO REERERT LR R T ER S, 1987, (1):70~80

8 MBS, BE.ERELER RN CIEERBNED HhEENEHE, 1965, 4(2):55~67
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12 FBE¥E, R KoL EHERERLIRLROTRFAR.L,: BRESHEGFEERET £ (0. o5 #BRE
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B &R ® 9

i1 IHEEEERE R ERCRPORER (72) HEal) FERRE WA (o188 um)fE

& @), WELFEA (2 ) (83, QJ08-4, 8306) x22000 C(EHHE

Bhe THEHEREALRZLERIBEREEE (Ka) MERHME (Ho.18um) & A% (C5), K

SRF 3, QJ08-2, 8299 x17000 ~ CESHRE)

Bh3 IHEAEEREREREZLBIR®E (K. G8FR®BERL (72) Eal) MELHE si.Al,

P, REE URA (B8), MiE#Ho.2um (F 3, 0J03-2, 8162) x17000 (HEEHE)
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A PRELIMINARY STUDY ON MODES OF OCCURRENCE
OF RARE EARTH ELEMENTS IN THE TROPICAL-
SUBTROPICAL WEATHERING CRUST OF NANLING REGION

Wu Chengyu, Lu Hailong, Xu Leiming and Hou Lei

Unstirute of Mineral Deposits, Chinese Academy of Geological Sciences, Beijing)

Abstract

From a preliminary investigation into REE characteristics along tens of
weathering profiles developed on the basis of different rock types in a tropi-
cal-sutropical climate of Namnling region and Hainan Island, it is known that
rare earth elements have at least five modes of occurrence in the weathering
crust: (1 )REE in an exchangeable state in clay, accounting for 30%~90% of
the total REE amount; (2)those enriched in ferromangamnese oxides, which
could make up 1.3% REE with enrichment coefficients ranging from 5 to 80
relative to the surrounding clays; (3)those in secondary REE minerals or,
likewise, in REE-rich colloidal particles; (4)those in residual REE (or REE-
bearing) accessory minerals such as monazite and xenotime; and (5) those
accomodated in residual rock-forming minerals. Factors controlling the dissolu-
tion, transportation and precipitation of REE under the chemical weathering
condition include stability of REE-hosting minerals in the parent rock, pH
and Eh values of environments, bond types of REE and anions, and species of

clay minerals as well as their cation exchange capacities (CEC).
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