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Fig. 1 Polished thin section of granodiorite shows several miner-

als by polarizing microscope, and plagioclase is sericitized partial-
ly,Qz: A3, Hb: AINA, Po: KA, Pl KA
Qz:quartz, Hb: hornblende, Po: potash feldspar, Pl: plagioclase
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Table 1 Mineral composition and pH values in the weathering crust profile of granodiorite

®es BRE i B% FEY YL H b2 AR 1
Sample No. Depth(m) Description Minerals and its percentages (wt% ) P ClA
& kKBafakt
LR20 5. 66
Top soil Grayish white soil
& Ry gt |
LR121 Qz(77.3), Ka(18.9), Fe(6.1) 4.35 0.940
Top soil Yellow soil
AR o Ka(40.4), 18.7), Ii(15.7),
LR120 5 * al ). Qu ) ( ) 5.05 0. 906
Red soil Fe(11.4), Mt(4.3)
EHRA-Saaat
LR119 8 5.22 0.910
Yellowish brown-red soil
BRREE\ALT Ka(28.3), 19.7), Fe(17.6),
LR118 10 ( ) Q@ ) Fe ) 5.21 0.928
Taxitic yellowish brown soil 11(10. 1), Pyl(10. 1), Mt(7.53)
BHRREBOAAT Ka(44.6), Qz(23.1), 11(7.56),
LR117 13 5.08 0.933
The same as LR118 Pyl(5.04), Hb(4.78), Mt(3.78)
kaeat
LR116 15 4. 87 0.920
Grayish white soil
FMTEKAKE P1(54.8), 29.9), I1(8.04),
LR25 21 * (54.8), Qz(29.9), IL(8.04) 9.90 0.599
- Lightly altered granodiorite Hb(5.25),Ka(1.95)
LR21 7x=E FHBERNKE
Bedrock The same as LR21
AA3L ®E AL RINKE
Bedrock The same as LR21

HE(DPL #HKA, Qz: A%, I A, Hb: AIRA, Ka: HEA, Fe: T W1, Pyl: MG, Mt RRA

Pl; plagioclase, Qz; quartz, Il-illite, Hb: hornblende, Ka: kaolinite, Fe: iron oxide, Pyl: pyrophyllite, Mt: montmorillonite

(2)CIA = ALO,/(ALO, + Na,0 + €a0 +K,0)
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By EHMEARDAEE, SR AMEELY
EXNAETRETRER AHRETERMK, XLTF
HEE S LR120 R i A S &R 40.4% & TH EH
AR (LRI21) M A& (LR119) B & &, AT RER
ITREEATYETRITEESR. EHEWEARN
EWARWELAG T s BMKA B, M
REEEREAETHAZERA, 5 A FzHK
T RALFE R BB S A AR B R 3R AR
WEHRARBRA
2.2 ERRERS
R2UREZEMRLZY S Na EFBTE S
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B Ca il Mg kR B /N, KKK EE Ca fl Mg B
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1.3% ,Algg Smie o MEAOREFEER X, XHH
EPEETMEM T, Na B4 BRI FEH T Ca,
Mg K ERGWMEATEMAMFTETLEERE, B
MEASWR. P HIADSEMKE, BLHMERALT Y
BEIRATERH ST ARAE A Tt 0 B 3 R 8 P bRk
Mo RRER/N, TRESHREREIBREEELY
AR, Si EERALTY R BR/D, 2ERE-FEE
BONEER B S ERK, EERLIAT, 5K
AN T AR, KA Y Fe Ti A1 Al
HEH ,Fe,0, 71 ALO, AN HHENELE,H
ARLPEERE, 5 X HRE G5 P&y
Y a, WA ERE EXNESEEMHT Fe,0,
M ALO, fEM R BT WeIE B Fe Ti #1 Al EE L+
hE BN TN, S ERTERAEGTE
LM Fe Ti #1 Al MK EAR, EEHS
HEOHREELER EED SO, FEURKY MRk
BBy BRI E, MERAER IR, %9 M
BB S SO, Wik, XL P SO, MEEWREY
PEEMARNEY R E YA X, FeO BREMR-T -

RE-FAEds, ARLIPEABESHE, BBEERL
FTRLIPEFEAYR, &4 S0, EXRLPHES
B ENSHEYETHBREBRIERSR X,

E1 4 S0, FEMXFAE, MW Fe,0, A ALO,
EERMXTREAL, K4+ R AE, TR B o
A Sio, B, HRMIK L, A
FW AR FT LA B HAFIE

fe il AR HE ¥ CIA B R AL R i, B A B A
K% CIA 25 0.599, 5 F # K F| T Toorongo 7£ i [N
KED HHEAABRARSR, KL= CIA X
0.858 ~0.943 , B FRE® K& RAE" ,HH
Antoun #b X 75 i [N & 8 KAk 7= ) B9 AL T2 BE B0 IR

HAFTMAERKINKE Fe' /Fe’* X 0.301, K,
BT P EB Fe’' /Fe* 35 0.011 ~ 0. 068, fz B i &
W GR A E AL IR, KALE TRE Fe'” /Fe’ b
0.012 ~0.492, H 3L T A8 X3 & 1k 3F 55 F A X & R 3
¥, %kt Fe’ ' /F HXBHEEREMO0.49, 5
SO, BB M pH BIEK R, KMP W EWHHERLAEA
AT IR IR B R FR R,

*2 AHAKERAFZHEPERTESR
Table 2 Major elements contents in the weathering crust profile of granodiorite( wt% )

e "R
Sample Na,O MgO Al 0, Si0, P,0s K,0 Ca0 TiO, MnO Fe,0; Ignition FeO S0, B Total

No. loss

LR25 3.95 1. 65 15.8 65.1 0.230 2.46 4.45 0.43 0.084 2.99 2.08 0.81 0. 058 99.9
AA31 3.73 1. 44 15.0 67.8  0.145 1.82 3.97 0.41 0. 085 2.46 1.64 1.18 — 99.7
LR116 <0.01 0.33 26.8 54.5 0.013 2.05 0. 08 0.53 <0.01 5.87 9. 54 0.23 0.018 100
LR117 <0.01 0.53 26.0 47.6  0.014 1.47 0.18 0.97 <0.01 11.33  11.4 0.36 0.019 99.9
LR118 <0.01 0.45 - 25.2 43.9 0.051 1.55 0.17 0.89 0.017 14.35 12.5 0.88  0.034 99.9
LRI19 <0.01 0.59 25.8 50.4  0.059 2.20 0.12 1.03 0.051 9.79 9.84 0.10 0.017 100
LR120 <0.01 0.41 27.3 45.2 0.049 2.66 <0.01 1.31 0.042 12.56 10.3 0.14 0.025 100
LR121 <0.01 0.32 22.8 55.9  0.090 1.30 0.03 0.93 0. 041 5.51 10.6 2.44  0.072 99.9

2.3 BIREERUERSTH
FITR, MEHMELKNKSS Y REE
H84.4 ~ 111 mg kg ™', & Tt 1y h e 5 AL
B0 AR T 3R R AR R e A R R S R
#£1%) Fdt S REE 5§ F 3 R R 7 £ K 5 A
NEFEL AR R, BE L
K10 b REE 2 725 -FE R A8 5, 75 4L 55 o 38
BAHEE, AP 290 ~318 mg kg ERTBEERM
4 72.8 mg kg™', Antoun #b X 76 & & M 4L 5%
Y REE 5 Fezox*ﬁ%%ﬁ r=0.848 2, LA & W

LY
y

BHELLR(BEXE 1%, KkRHXLEHO0.833),
Rl Y REE £ % {8t B4 ALO,/Fe,0, $ &
B, WAANEWIERSXILFES REE FELIE
WS BELESNANEESSHEED, Rk
St REE BRI VEH . Bt Antoun 31X
AR REE EEN SREALY AR LT
YR B RA %, AL 3 REE EE TR L

¥ REE JlE4 R, ), REE B B{E 0B Fe’ /
Fe’ * AH X 4555 43 & (0. 035 ~ 0. 068) , ¥t B3 6 x4 & Ak
IR Aff REE B4, Y, REE 888t it B7E pH
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Fig. 2 Chondrite normalized REE patterns of the weathering crust profile of granodiorite
A BRAEABEL; B RAEESBHER,; C KALT LIEMS; D. EHRFESR

A. samples from slightly altered granodioritel; B. samples from the lower part of the weathering crust profile; C. samples from the upper part of the

weathering crust profile; D. samples from topsoil. Sources of the data are the same as given in Table 3
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Fig.3 Variation of 8Ce and 3Eu values with depth in the weathering crust profile
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FEth §5Ce 37 1.044 ~1.053,Ce 2EER¥ ., K
L= 3Ce H 0. 587 ~ 1. 699, Ce 7E | H hEB 2
RE ENEHEEMTREERFE (B 3), Ce 7EH
HEMERERE, RENEMIFE Ce L Ce*”
myEEE""" . Y REE BB {HHIRE Ce fi F
HEMNE, WA REEEMN TIBEELED,Ce I8
BREHEMHB L TR/, FHN THEIBRIEFSH
fBH L TESREBANTHR,

FHE g §Eu=1.003 ~1.056,Eu 2 FF %, A
A= 8Eu 2k 0.69 ~ 1. 117, %) E " Eu % 45/
HCeREMMEM  HEHNEIRERRE , 7R
HERAMTHREERH (B 3), Eu 7EHH LI
RERE , EENELIFET , Ee BRAE R Eu’" T
5E MEMBLETESR. KAKER Eu it B
#,MANAEER Eu ER% ,Eu EH S H IR
RETRERESKARLAEYEES MANA XL
PELAEXR, Y REE BH{E M HRE Eu i 7

WAL, UL REE EX B EHE LB P ,Eu 5 Ce ML,
S5HMB IR EIBIBFPREDR, K&

) REEBEEMEHAETE.

3 4 #

R ETMAREBRMAT, B8 Attapeu B R
# Antoun WX —BLAERAKECERE T #A
RN, NEE 2R, RAEHMKEO A%,
MNAFFETYENLERFMNG KBE.&
WAMKERYERET Y. KIEERLEKA
G, ARRAHR, ORTEMENBETRLT IS
FERAMBTRLT . REMYAEKASE
HXHEF T #RALT= 9, Fe,0, & BMHX KT T &
RALF=8y . X8 XA TE R -0 Y BRILE R AE
B, R HAKHABIKILKFE, Na,Ca Mg I K i
KRBEEZRHREL. P BB BMREK, R EXLT
VoK 0 7E $HT 2 TR B T e B4 A o

MAL5E REE 2 i JE X b 2% + & 8 REE 7
RALFTRFMEERERS, ER LM, ¥ REE
MRALE L3 E TER, PRI EE Kb
HE PN T @ E,Ce fl Eu R IEFH M7 HMIE
RESMME, REE 5 Fe,0, RH HH B MHXK

%, Y REE BEEH I Ce A Eu AR BB
Fe'" /Fe’ " (AR AT Be T (3 B , 5 0k th 76 1 4 AR X 46

3FIE T ,REE HIALBEE, EEVNHEN Y ELY
ME LB YR

BT Antoun H#i X £ K N K A XL TR L HFAE
REFRES,REEWEXNAET YMITESH, K
HAREMEETARREREMH T HTHERILFT
ERT, FE#HTHIRALEHE T ERE, BEMHX
LEFIHEESRKERMUMRERENXER,
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DISTRIBUTION OF MAJOR ELEMENTS AND REE IN WEATHERING CRUST OF
GRANODIORITE IN ATTAPEU PROVINCE, PDR OF LAO

Yang Shefeng'>’ Fang Weixuan'” Hu Ruizhong' Wang Side’ Wei Ning’
(1 State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemisiry, Chinese Academy of Sciences, Guiyang 550002, China)
(2 China Nonferrous Metals Geological Survey, Beijing 100012, China)
(3 Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The composition and distribution of mineral, major elements and rare earth elements ( REE) in the grano-
diorite weathering crust in Antoun area in Attapeu Province of PDR of Lao was determined by means of rock thin section,
XRD, XRF and ICP-MS etc. Results show all the samples, except for granodiorite, are acid. There is a thin siliceous
crust on the top soil of the weathering profile. Quartz content reaches the highest in top soil where kaolinite and iron oxide
contents are lower than layer under it. These are some typical characteristics of Spodosols. With intensifying weathering
reaction, Fe,0,, TiO, and Al,Q, are enriched, and Na,0, Ca0O and MgO, K,O are leached in weathering material. It is
assumed that some clay minerals in the top soil are washed away by rainfall and leached by acid solution in wet season,

and that Si0, moves up to the top soil from the lower layers in dry season. The Chondrite normalized REE pattern shows
typical enrichment of LREE, with z REE peaking up to 318 mg kg™' in central layer of the profile. Both Ce and Eu
have a similar trend of variation in the profile, i. e. positive anomaly-negative anomaly-positive anomaly from bottom to
top. The highest z REE value occurs where negative Ce and Eu anomaly and relatively higher Fe’' /Fe’* values also oc-
cur. Furthermore, there is a relatively significant correlation between 2 REE and Fe, O, throughout the whole profile, re-

flecting that REE enrichment is related to adsorption of iron-aluminum oxides and relatively reductive-acid environment.

Key words PDR of Lao; Latosol-type weathering crust; Major elements; Rare earth elements



