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FEALER £l ( Bokeo) 2 B2 224 (Ban Houei Sai) fff
VT, Sutherland ZH R ZRENBEAPEHE ARG
FERA1.2~1.3 M"Y, RAIERZREERE. K
. MRt 240, HAP B Xuanlore #X X
AR EER N 0.65~0.70 Ma,

EZHEBEZRENPHFHFFHRE, B
BHE K 5.7 Ma £ERG2, AR Z 75 5 R A B SR
B RBIE S . BT 355 DR Y 32 8 L e 4
PRAPFHETRE, XRRETFERERELA
Tt HE =T R T, P LA BGR
B, RET 2 hH N ZTREFE S
(LR140, LR141), ¥ & # Na,0 + K,0 43510
3.25%, 4.01%, SiO, 7715 49.95% 1 49.54%
(F 1), BUBHEZRED (k%185 XLt 2+
Na,0 + K,0 RTRERIMR G HE) (B 1),

BB I RN TFAL 4 14°40' ~ 15°25' 2 6], T
T 6000 km*, HHREESHEHNERZSHKXZ
—, YR E 20.1 C, EFHYEWNE 3742.5
mm, EFHHXHEE 60% ~ 83%"™ . MR ZRA
ERERERERA. HIERARRK. HoKiEG.
BKBEFRMM TRBEWAERGT, 2R FM
RAERR, BT aOERIRKISE, HEXAT L
MREESRE L. X EERE L,

EZFEREGEABANREA, BEZTK
FHWEREG, KERAL T8RS 700 ~ 1300 m
28], BEIERERE N 1877 m. BRSBTS
KE (IR BETE 200 ~ 600 m) ¥ & R X R A #
B TR | BIRAT Hh, 25 3b P43 7 BLRL p $ e #
B, M B T TR o 5 SR AR BB Y Xekong T Ay 43 1tk B v
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Bl 1 4 Boloven i R X E ALK EHIH K
Fig.1 Classification diagram of Boloven basalt in Lao PDR

H, BIREE 100 m A4,
1.2 RALFEHFE

BB IE IR L R AT B L R XA T R
FE—f&H 25 ~ 40 m, BJRAFTHERTF 100 mo FJR
z b, Kbk RIEHEAS LT, ERLTTER
SR ZE REEGEAFRHRILERNLT=Y. &
ErEELBRRASESLPHNEE L, TRERA
5 ~ 60 mm RIS S5 . 45 R4 ML ER & K
W3, MHEM T 0.5~1m, ATRER. &R
EFRBET AR ER TR, N7 ERRE
MBI HABEF 0.2 m AW EEA
PREEFAL T AR 2 ~ 5 m BORE 4T 5 SoRERSR
Mt
2 FHEREfHN
2.1 HREEMMT

HEREARILFR NI 779.5 m b—T KK
BNAFELL, T W EKKRET 9 1R 5, HE
MEgIKR 555.0 m AbRET 2 R RERE o,
452 LR140 1 LR141(FE 2), REEFEEBCH 20
125 mo Brf BESLER (8.4 R EEARD 7 H BT Uk
O T4 - 200 B
2.2 H@mS

B ERTTRE MM LT R i Tolkdb
TR B e B, ERITE R HTE8 8 i =
FER TR AIE PW2404 X HTHERFEIEHIE . (U TIE
%M IR B0E (B HH B 1000 keps), K
IE HH e (B R 2000 keps), HFRIEH
TR (Xe) (B KR ITEUR 1000 keps) . TR INF
4 kW, FEE 0.0005% (SMEIEHEBNH 1 %HT), 4b
BRIR ARSI £ 10% . Hb Si0, 4HriRZE /D
F0.7%, HAWITH S FRZE DT 5%, B
HEHRWE 2,

i+ TR B4 728 97 H Finnigan-MAT 2%
F]H ELEMENT I %5 F IS (ICP-MS) . {X4%
TAEREE 25 °C, THEHXHEE 40% ., FFELEM
ERYETHRE TR, HiRENT 5%, a5
Pres R 3,

BEGHY pH EIREE N B 28R LN
HRF A PR A R A 7= 1) PHB-4 E# pH it
WA B AFRE S g BLE/NF - 20 B R GIMA
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Fetheh, IEBF/KE 25 ml, F AIBEEERSIBE
# 3 min 5, #E 30 min TR, Hb L140 F0
LR141 R - 200 H ik KMk, pH R4 R
W 2.

3 BHmETELHHE

3.1 REE&E
ACEHAH L TRAERELKETRAEES
pele-= 9 P E . BB E AR E KR
kit #2+ REE M- ERF ST £, REE 7%
AR R P EREHNEF A AT EE
$FME . Boulange B &1 B T B M E A LK
AR IS REE M4 I EERE, BAEK
HOERE RO+ RIS+, REE 72 X4k 5e T
WIS, (HETM T HHBEARBREESE, Ce
HBIERY, Eu i3 F %, HREE X LREE ¥
£, Boulange % #EJll REE MEE S8, B9 YW

UUVE . Wi -0 YRR %o

MR 1A, XA Na, Mg iRk B &
K, K, Cath kR BKRZ . HBEXNIESF, K, Ca
TR —ERER, WREEHE, X5REERH
BB ETRAE EEF RN LU, B H
LR157 #1 LR158 & Ti0,, P,0s 4> %1% 6.07%,
1.45%%1 8.43%, 0.82%, HBNHEFHRE
i, WERILFED NaO, K,0, Ca0, Fe,0; Fi ALO,
ZIBI 45y F H 3, AR R SE XU BE . B
0, Si, Al, Fe, K, Ca fl Na > T &4 5|4 16,
28.1, 27, 55.8, 39.1, 40.1 #1 23, #@Fi&E, &
T _E Si0, 43 T8 1 ALO, 4> FE HLE M T 1) K
WA 5.19, 4.23, 0.37, 0.10, 1.39, 1.90, 0.10,
0.362, 0.184, 1.10 #11.96, LR157 f1 LR158 It
i/, ULBA Si0, kK. 7 — P RALE
BER 48 45 S KUAL K 25 78 %0 ba = (Na,0 + K,0 +
Ca0)/ALO; A4 FHH5E, BT LR140, LR141

#1 =i Boloven REXRERULT N MERITBARSE(%)
Table 1 Major element composition of 11 samples in a basalt regolith profile of Boloven Plateau, Lao PDR (%)

Samples Na,O MgO Al,04 Si0, P,0s K,0 Ca0 TiO, MnO Fe; 0, LOI FeO S0, Total
LR151 <0.01 O 26.96 31.69 0.20 0.08 0.021 3.52 0.041 18.98 16.18 2.22 0.15 99.90
LR156 <0.01 O 26.16 31.39 0.31 0.11 0.026 3.47 0.067 23.41 13.98 0.95 0.17 99.87
LR157 <0.01 O 34.95 3.86 1.45 0.014 0.048 6.07 0.22 28.72  21.20 3.21 0.24 99.74
LR158 <0.01 0 23.04 5.01 0.82 0.021 0.039 8.43 0.21 42.50 17.48 2.23 0.24 99.78
LR155 <0.01 O 23.77 14.21 0.28 0.021 0.018 3.01 0.12 41.89 15.96 0.53 0.22 99.81
LR154 <0.01 O 27.27  31.19 0.33 0.075 0.029 5.27 0.04 21.39 13.80 0.52 0.20 99.91
LR153 <0.01 O 30.25 25.28 0.18 0.086 0.013 3.54 0.074 17.67 20.52 2.24 0.12 99.85
LR152 <0.01 O 20.36  12.18 0.66 0.026 0.016 2.11 0 46.77 17.40 0.40 0.22 99.92
LRI1SO <0.01 0O 22.33 4.91 0.62 0.017 0.014 4.25 0.036 49.17 18.18 0.3 <0.01 99.88
LR141 3.42 2.62 19.54 9.54 0.25 0.590 7.20 1.72 0.15 4.47 2.76 7.76 0.021 99.98
LR140 2.77 5.77 16.03 49.95 0.21 0.480 8.47 1.64 0.15 4.18 3.14 7.18 0.04 99.97
F2 i Boloven BRZXRERUETRERE., BT pH E
Table 2 Sampling depth, sample description and pH values of a weathering profile on Boloven Plateau, Lao PDR
Samples Sampling depth/m Sample description pH

LR151 0.1 Yellowish soil 5.33

LR150 0.3 Dark yellow soil 6.12

LR157 0.5 Lateritoid 5.92

LR158 0.7 Brownish lateritoid 5.89

LR156 1.0 Brownish yellow soil 5.53

LR155 2.0 Lateritoid 5.99

LR154 2.5 Lateritoid 5.49

LR153 5.0 Brownish yellow soil 5.23

LR152 7.0 Brown soil 5.98

LR141 20.0 Dark blue weathering basalt with vesicular structure 6.49

LR140 25.0 Dark blue slight-weathering basalt with vesicular structure 8.26
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S HEAtRE 5 B9 (Na,O + K,0)BL 0, R EARIK
% 0.9419, 0.6582, 0.0011, 0.0014, 0. 0008,
0.0019, 0. 0013, 0. 0030, 0. 0024, 0. 0018 F
0.0014, W] LB T & T # LR140, LR141 %},
LR157, LR158 M LEEENHIE P HRKR, RET
CaO EXH MM EERERR, X5 P,0;
SEREXHMESTEEREEARFENRS.
BT RAAZREBT NS, HR I ML
Fe’*/Fe’* 2} 0.007 ~ 0.13, [ #tH EALIFIE 85
M, KL RS BUR B Y Boloven B R X 2 XAk
FE KA B RFELIE

£ 3 ] ), Boloven &R X R A XALTE R HE X
L% AR S (LR140, L141) 2 REE 5 57.8 ~
87.9x 107, R FHAXRAE FME, BIKTF XA
FERIEH A K4 M. BEE XALBREmE, 3
REE LB R Z B, EREKIIEEE
37.9 x 107, Rl fb 7% b & ™ 4> £ & (LR157,
LR158) 2 REE 353 1003 x 107 °H1 775 x 1076, #|
TEAkSE [ b AN RE & (LR150, LR151) % S REE
BT RS 147 x 107°F137.9x 10°%, S REE 7£%
+ 5 LR151 FE& B F XK RS (LR140, L141)
TR, RUEHRFEXBSBEEMET, ZREE i
KA T Htk. KSR FTFE S, 2 REE
WA HFERU B R EEL, FEESHN
FEPEEBRME™Y, Ji Hongbing % (1999) #F
RIBMNFHAEE=BLEzE LN L EHH
WLt TEERE SR, 2REE BlMlgEA
SHEAME, NEAEB AN L, 2 REE 2§
m, EEHES. B mBREPHATEBEEE,
SREEXF] 31338 x 10°, > REE 7EHLFALFEAR,
ERXFEEAZATEE, MAERMELZHIL
WEZHE XTI E R A R, AT R AR
FRib AR A E F, Y LREE AR B E N B E£RE
o A XRAERNAF=YH pH E R 5.23 ~
6.12, R TEMEERNBSESLMHET, Boloven
BREXRELEERE RO LR, BRI
TERMIFET, REE ERREM BT HAE £,

XA 7€) 8 BT A K & ) 2 LREE/ 2 HREE 4k
EEN3.59x107°~14.9x10°%, ARH L EER
(A 2). KA Z A # 2 LREE/ 2 HREE & F X4k
FHEHAMRES, H3.59%107°~3.60% 107°, X

KPR MR EL RS, BER L EEEH®
—EMmK. XE5REILFRFERBEZLR S MK
HABEEER-FHERTRER LA HEA,
N2+ EER, Boloven BEZX A Ce AW
MEe EF%, WAHERBEZRERAH Eu
ERE, FEEEZXREN Ce Ml Eu A LAR
»%»[42,4310

(La/Sm)y A 1.71~5.70, (Gd/Yb)y K 1.41 ~
11.2, (La/Yb)y 5 3.77~52.0, HEFXAZXTRE
1 (La/Sm) v H1(La/Yb) y (R FHAMPTA A, RBR
TRREMKALT= Y 27 LB XL
BAERERAM M A, R ZRE# (Gd/Yb)y 1K
FHAKIS R, KRBT XAZTREWER -
SHBREARS.

8c.H 0.65~2.11, BEE XALTE B A BCELE R
B, Ce N RERERYE . ERHEEM. 7THE
ZHT Ce ERANEREMN Ce' MTKEEE,
FEHE Ce IERH . P FRIRESE L HRIEIFE,
pHE Y 5.23 ~ 6.12, # Wang Zhongliang %"
B, FERRMERK S HEE pH [EM 7.5 BB/
2REE #K, Ce'" b B B P 121, FEE
pH HFA &AL . X ZE N pH HKT 7.5 BT,
JEEAA ) o AR 0 20 2R R /L, T AR 0 T R AR U 4H
£ REE FERMEK, HMFIE=ERKILTES Ce
HHMARE, MEFFRELRE Ce WIERY,
5 Ce 7ERRPEIFEE T HYIGINA K,

8 H 1.10~0.66, KEH KL BHELER
%, Eu NIERE X AFE Tk, THER
FHEREEFCA . KA. BA. ARAFLR
BRAT YRR, B P AEREE R Eu HI R
5, WS FERTEMSAA R, XFRERET
B2 Eu A8 558 d Tsagaan Suvurga B FRPGE L
KT BH Eu MR EL B ES® S FH
R,

B 2 2 11 R AR + 0 R RERR BA bR i
ooy, K (a) ARZRE, (b)AHERL
T#E, () AR EEBEES, (DR P2H
b HETT At m A TR, BT BB fHT
R RAENEERIE. RMEXRE . ML= PE
BHRELHm TR oA, AR
BIEER, REUXMATIHRLETENIRE
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BE pak AN, A 2 B9 8 0] W RE E XA B
%, LREE B4 HREE &, Wt oMk h
FRRE B K, PESF R TERERET4
RBE & WHIBEZ B A FH A B 2 REE £ Boloven = R
ZRARS, FIN LREE E£8, A6 BwERE
FAEYS), ST Passa Quaro MIKBAEK AL T
AR KAILSEM L, BAEKSER 10 F
T ICEM S REE 4 736 x 10°°, Tz & T4 3CHf
RUZREN 4MHELTEELRE, MEFLEE
Wni%, SREE 2B, X EIHRERF
&, 5353 1239 x 1076~ 1295 x 10°°, # +4rA &
REA N LREE E£H, 7EE NN HHE L Ce
EREFRY, Eu 2RFEFD,
3.2 ZRERMUEDPSREE 5XEBRTEXFR
E43 Boloven B R Z A N ALT B REE 43
MHFERTEMSMA LR A, LR157T #
LR158 #* S REE { & &, FAXH MG P H
P,0s f1 TiO, & Bt & &. M 4L5 + LREE

HREE #4375 B AL (B 3), BaTLARE
ME > REE ¥4 LREE 5 X B TR ZEBER,
& 4 #1 6 24 X REE #1 P,0s, TiO, B & BEEXR
&, EshiEm 2R X REE 2515 P,0,, TiO, B4
HERA MM, BRSREE SXEMHFETE
REHFEMHERILEIT R, #—2PHHE T 2 REE
fME B ITE Na,0, MgO, ALO;, Si0,, P,0;, K,0,
Ca0, TiO,, MnO, Fe,0;, FeO 1 S0, WERE S
BREIMAHEXAE. RECHBHE MM 11 -
2=9 M1 WERFXET, WAMKXEER=
0.735, HA S REE 5 P,0,, TiO, X RBEE ST
SR, HAEXRE R 41504 0.8861 F10.7995( &
5, 7). Z54E 4 #1 6, £ X REE 5 P,0;, TiO, BIEX
HELEE S, I)FTLEH ZREE 5 P,0s, Tio, BA
B AR LS, L8 S REE 5 P,0s, TiO, BAH
ERIEMXRRER, Fa AN S REE & LR157
LR158 FHIBESS P,0; 1 TiO, W YIB BYVIX R,

%3 il Boloven EREXHARUEHEHM REE SR (10 ) R— &S HE"
Table 3 REE contents (10™°) and some parameters of 11 samples from the regolith profile

REE and some parameters LR-140 LR-141 LR-152 LR-153 LR-154 LR-155 LR-156 LR-158 LR-157 LR-150 LR-151
La 8.66 15.6 20.8 5.47 47.6 28.1 32.7 169 186 32.3 8.06
Ce 18.4 22.1 41.9 24.3 103 112 95.7 343 400 63.0 18.4
Pr 2.44 4.27 4.91 1.41 10.7 7.55 7.00 35.9 48.3 7.03 1.48
Nd 11.3 19.6 18.2 5.36 41.3 32.8 26.4 139 217 27.2 5.08
Sm 3.19 5.21 3.32 1.41 8.56 7.54 5.03 27.1 48.4 5.56 0.889
Eu 1.23 1.94 1.02 0.439 2.76 2.37 1.67 8.91 15.8 1.73 0.195
Gd 3.58 5.62 2.92 1.25 8.11 6.09 5.10 24.5 40.5 4.70 0.931
Tb 0.635 0.984 0.421 0.208 1.18 0.791 0.735 3.37 5.82 0.635 0.156
Dy 3.65 5.62 2.00 1.18 5.23 3.47 3.40 14.3 26.1 2.77 0.957
Ho 0.692 1.07 0.320 0.233 0.81 0.451 0.563 2.10 3.90 0.391 0.200
Er 2.00 2.93 0.829 0.668 1.89 1.09 1.46 4.81 7.48 0.958 0.668
Tm 0.247 0.368 0.106 0.099 0.201 0.11 0.185 0.419 0.62 0.104 0.097
Yb 1.55 2.23 0.754 0.715 1.20 0.658 1.30 2.19 2.91 0.666 0.726
Lu 0.219 0.318 0.099 0.108 0.168 0.082 0.184 0.24 0.32 0.081 0.109
2 REE 57.8 87.9 97.6 42.9 233 203 181 775 1003 147 37.9
2JLREE 45.2 68.7 90.2 38.4 214 190 169 723 916 137 34.1
2 HREE 12.6 19.1 7.45 4.46 18.8 12.7 12.9 51.9 87.7 10.3 3.84
2 LREE/ 2 HREE 3.60 3.59 12.1 8.61 11.4 14.9 13.0 13.9 10.4 13.3 8.87
Oce 0.96 0.65 1.00 2.11 1.10 1.85 1.50 1.06 1.02 1.01 1.28
Ogu 1.11 1.10 1.00 1.01 1.01 1.07 1.01 1.06 1.09 1.03 0.66
(La/Sm)y 1.71 1.88 3.90 2.44 3.50 2.34 4.09 3.92 2.42 3.65 5.70
(Gd/Yb)x 3.17 1.86 5.69 3.13 1.41 5.45 11.2 7.47 9.03 2.03 3.17
(La/Yb)n 3.77 4.72 18.60 5.16 26.7 28.7 16.9 52.0 43.1 32.7 7.48

% S REE, SLREE and > HREE mean 14 REE total amount, light REE amount and heavy REE respectively. ¢, = Ce/[ (Lay x Pry)"2] and 85, = Eu/

[(Smy x Gdy)'?]. (La/Sm)y means chondrite-normalized values ratio of La and Sm. Values of chondrite REE is referred to reference**! . REE were

analyzed by Analytical Laboratory of Beijing Institute of Uranium Geology with ICP-MS
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»
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Bl 2 3 Boloven FiJRZ E Wb 7e B I 170 2 207 el (BROBLIR A v MEAL R0 3R I SCHR (46 [HEFE B
Fig.2 REE abundance patterns to normalized chondrite of 11 samples of Boloven basalt weathering profile (values of chondrite REE

refer to Ref [46])

(a) Samples of weathered basalt; (b) Samples from deeper weathering profile ;

(c¢) Samples from upper weathering profile; (d) Samples from topsoil
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0
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B3 Z$d Boloven R KA KATTHH 11 MR ¥ LREE
5 HREE KJ R R &

Fig.3 A plot showing relationship of LREE and HREE in 11

samples of Boloven basalt weathering profile (data are

given in Tables 2 and 3)

12 1.6
g 10y -=-TREE —+P,0, 12
m 8
m v
o)
26 0.8 o~
4.
0.4
2-
Ol

o i ik i i e o ow W W s
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Fig.4 A plot showing relationship of 3REE and P,0; in 11

samples of Boloven basalt weathering profile (data are

given in Tables 2 and 3)
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Fig.5 Bivariate plot showing relationship of 22 REE and P,0s
in 11 samples of Boloven basalt weathering profile (data

sources are given in the same as Fig.4)

BICRE (2000) AR THEB A EHE LR
B RALTE B RS 413 P REE BIRFERZ, ¥+
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Fig.6 A plot showing relationship of > REE and TiO, in 11

samples of Boloven basalt weathering profile ( Data

sources are given in Tables 2 and 3)
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Fig.7 Bivariate plot showing relationship of >’ REE and TiO, in
11 samples of Boloven basalt weathering profile (Data

are given in the same as Fig.6)
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Rare Earth Element Enrichment and Its Relationship to Major Elements of

Weathering-Basalt Profile in Boloven Plateau, Lao PDR

Yang Shefeng''>?, Fang Weixuan"?" , Hu Ruizhong', Wang Side*, Wei Ning’( 1. State Key Labo-
ratory of Ore Deposit Geochemistry , Institute of Geochemistry , Chinese Academy of Sciences , Guiyang
550002, Chinas; 2. Beijing Technological Centre of Resource-Exploration , China Nonferrous Metals
Geological Survey , Beijing 100012, China; 3. Graduate School of Chinese Academy of Sciences ,
Beijing 100049, China; 4. Beijing Donia Mineral Resources Co., Ltd, Beijing 100012, China)

Abstract: Located in northeast Champasak Province,
Lao PDR and having erupted in later Mesozoic-Ceno-
zoic, the basalt of Boloven Plateau has formed a well-
developed lateritic regolith ( weathering crust) under
long-term tropical monsoon climate and tropical mon-
soon forest. In a site on Boloven Plateau 11 samples of
a regolith profile were collected, and then pulverized
to 200 meshes in laboratory. All the 11 samples were
analyzed for major elements and REE concentrations
by mean of XRF and ICP-MS respectively. The ana-
lytical results of major elements showed that Na,O and
MgO were leached the most, followed by K,O and
CaO with slowly leaching velocity while to some leach-
ing amount in the whole profile. TiO,, P,0s in LR157
and LR158 were 6. 07%, 1. 45% and 8.43%,
0.82% respectively which were the highest values in
all 11 samples, and the same as Ca0 in LR157 and
LR158. X REE in weathering basalt ( LR140,
LR141) were 57.8 x 107% and 87.9 x 107°, obviously

lower than most other samples. In addition, while

weathering and pedogenesis increasing, > REE were
consequently gradually enriched up to 775 x 107® and
1003 x 10°° under the top soil (LR158, LR157).
LREE/HREE ratios of all samples, ranging from 3.59
to 14.94, showed a typical pattern of enrichment in
LREE in chondrite normalization plots. When weath-
ering was developed, Ce gradually rose to strongly
positive anomaly from a slightly negative anomaly, and
on the contrary Eu gradually decreased to more strong-
ly negative anomaly from a slightly positive anomaly.
The extents of variation of Ce and Eu anomalies were
relatively significant in whole profile. There was obvi-
ous correlativity between REE and minerals hosting
P,0s or TiO,. And > REE reached to the highest val-
ues in LR157 and LR158 where P,05 and TiO, had the
highest values also. The enrichment of > REE and
positive anomaly of Ce were present under acid-oxidiz-
ing environment (pH ranging from 5.23 to 6.12 and
Fe’*/Fe’* 0.007 ~ 0.13). It suggested > REE could

be enriched under acid-oxidizing environment .

Key words: Boloven plateau in Lao PDR; weathering of basalt; REE enrichment
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