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Abstract: In this study, nephrite samples from Alamas and Karakash Rivers were collected. Also, serpentinite-
related green nephrite samples were selected for comparison in colors. Methods such as electronic microprobe analy-
sis and back-scattered electron images were employed to study the genesis and color-forming factors of nephrite.
Based on whole-rock chemical analyses of nephrite obtained, the authors studied petrographic characteristics, min-
eral composition and color-forming factors. In this study, besides tremolite, associated minerals such as diopside,
chlorite, actinolite, spinal, zircon, apatite, garnet, barite, pyrrhotine, graphite, calcite, and Fe ( OH), were
found in nephrite. All samples have low concentrations of Cr, Ni ( <100 x107°) and spots of Mg/( Mg + Fe’* )
—Si, suggesting all these samples are dolomite-related nephrite. According to the whole-rock analysis of nearly all
data obtained, the data TFe, 0, =0.33% ~1.42% ,TFe,0, = 0.43% ~0.96% and TFe,0, =0.77% ~3.97%
were found in white, white-green and green nephrite, respectively. Also, values of Cr and Ni in these samples have
low concentrations below 60 x 10 ™® and 20 x 10 ~° respectively. These chemical compositions suggest that the in-
creasing content of TFe, O, in crystal structures in tremolite leads to change of the colors in nephrite from white to
green. Large amounts of graphite and veinlets of Fe( OH), lead to the black color of nephrite.  Although both ser-
pentinite-related and dolomite-related nephrite samples have predominated tremolite, serpentinite-related nephrite
might have emerald color. In order to further study the coloring factors of Hetian nephrite, the authors collected
samples of serpentinite-related nephrite in Canada for comparison. With serpentine-related nephrite in Candia as an
example, in addition to the amount of Fe, a large amount of Cr (1400 x10°° ~5 100 x 10™°) was found in them.
The emerald color of serpentinite-related nephrite is related to 0.01 ~ 0.03 a. p.{. u. of Cr in C site in tremolite.
By contrast, there exists nearly no Cr in C site in tremolite in dolomite-related nephrite. Based on the geological
field observation and petrographic characteristics, the authors hold that the formation of Mg-skarn has experienced
metamorphism, metasomatism and sulfur stages and tremolite formed through the replacement at the expense of the
dolomite marble, diopside and other minerals. Multiple replacement of coarse-grained tremolite by fine-grained
tremolite leads to the formation of nephrite.
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Fig. 1

Geological sketch map of the Hetian nephrite ore belt ( modified after Tang Yanling et al. , 1994)
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Fig. 2 Plan view of Alamas nephrite veins ( modified after Chen Baozhang, 1986)
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Fig.3 Representative green domolite-related nephrites (a ~d) and serpentinite-related nephrites from Canada (e ~h)
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Fig. 4 Representative green and black dolomite-related nephrites from the Karakash River
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Fig. 5 Photomicrographs and backscattered electron ( BSE) images of dolomite-related nephrite samples from the Alamas primary
deposit Ca, b)and the placer dolomite-related nephrite samples from Karakash River(c ~j)
Di—E A s Tr—IENA s Ap— KA Gp—FA5H; Tim—440f; Chl—4gf
Di—diopside; Tr—tremilite; Ap—apatite; Gp—graphite; Ttn—titanite; Chl—chlorite
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FE il 1) 32 5 70 32 20 e 7 o 1R M R 4 B i
ZEYSHIT 9T A ) TXA-8230 B Wt 1 ¥R EF 4 M 3k 45 .
WRACIINRALE 20 kV BEAEIREE R BEAT, Tk R 25 A4
A 15 kV ERAERREE N HEAT, LU 20 mA, 3
KRS wme KR DR NEN D)0 FHVERRHET )«
WA a4 =) KA ZAF B IERR P T8
1E o AdH i ZREHINH ) o0 2= 4 i), 32 T B
NERERT W AN A i, NaKao, TAP; BERRHE £
MgKa, TAP; il &, AlKo, TAP; 5 &, FKa, TAP; 4 K
£1,KKa, PETG; #E 7K 41, CaKaes SiK, PET]; 7R 207,
FeKa, LIF; 45 4147, TiKa, LIF; B % 47, PKa, PETJ;
Cr,0,, CrKa, LIFH; MnO, MnKa, LIFH; NiO, NiKo,
LIF; V,0,, VKo, LIFH; NaCl, CIKa, PETH. .

WAk 2E Ak HR A MINPET 2.0 4% 2 (Rich-
ard, pers. comm. , 1988 ~ 1994 ) i iz tH -1 15 2058 vI
S, KR 2 B, Y R MINPET 2.0 504 A4
R Mg/ (Mg + Fe** ).

B 2 r 3 A (R I A T A2 AT 7.94 ~8.09
a.p. f.ou. CHh2s0P394ED 19 SiL C 7 4.36 ~4.50
a.p.f.u ) Mg, B4 1.76 ~1.86 a.p.f. u [fJ Ca
(KD BERMFEPRENALLT A 7.90 ~
8.04 a.p.f.u. M Si,C i 3.79 ~4.89 a.p. f.u. If
Mg, B AiFH471.85~2.0 a.p. f.u ) CaC K2). BE
FEit MYHS1 FE N A LE T A7247 8. 00 ~8. 08 a. p.
f.ou. [ Si, CAif54.61 ~4.73 a. p. f. u. [f] Mg, B {7
£ 1.88~2.0 a.p.f.ulf) CaC K 3) ., H'&HEEMM
HE N ATAE T AEAT 7.93 ~8.09 a. p. f. u. [ Si, C
Rifi4.42 ~4.89 a.p. f.u. () Mg, B A4 1. 81 ~
1.97 a.p.f.u ) Ca(FE 3).

Fic SRR s T ) 27 B 43 6 A T A 1 i 44 R,
Mg/ (Mg +Fe’* ) >0.9 Ni&E [N A1, Mg/( Mg + Fe’* )
<0.9 NPHE AT BIRIH K 1) Mg/ (Mg + Fe®*)
B V3920 0.96, m AL e 28 R0 R 11 N A A,
BESIEEBEN A X CE 6). 5 Fm P F K1
Mg/ (Mg + Fe’* ) {4 0. 81 ~0.99, L4 4 AMH
<0.9, BEH VAL BT A7 X, HoR LMY > 0.9,
BB V& AEE N A X k. 88 K FE S MYHS 1 Mg/

Fx1 WRBHMAESEPHENGLE
B T4 R wy/ %

Table 1 Chemical component analyses of tremolite in

dolomite-related nephrites from Alamas

FE il QYZR2-5-3 QYZR2-54 QYZR2-5-6
Si0, 57.03 58.46 57.91
TiO2 0.04 0.02 0.09
Al, Oy 1.74 0.49 1.71
FeO 1.54 1.41 1.83
Cr, 04 0.02 0.00 0.00
MnO 0.07 0.09 0.16
MgO 21.49 21.81 21.17
CaO 13.26 13.54 13.19
Na, O 0.29 0.10 0.25
K,0 0.06 0.04 0.08
Total 95.50 96. 00 96.40
TSi 7.94 8.09 7.99
TAl 0.06 0.00 0.01
Sum_T 8.00 8.09 8.00
CAl 0.23 0.08 0.27
CTi 0.00 0.00 0.01
CMg 4.46 4.50 4.36
CFe, 0.18 0.16 0.21
CMn 0.01 0.01 0.02
CCa 0.12 0.25 0.13
Sum_C 5.00 5.00 5.00
BCa 1.86 1.76 1.82
BNa 0.08 0.03 0.07
Sum_B 1.94 1.79 1.88
Sum_A 0.01 0.01 0.01
Sum_cat 14.95 14.89 14.90
Sum_oxy 23.00 23.00 23.00

(Mg + Fe’* )Pk 0. 96, T A £ K s L ¥ 7EiE N
A X IR

B[4 34 4 5 K 1) Fe/(Fe + Mg) {4 0.03 ~
0.06,34)/NF0.06, ZH(AE 0. 04(n = 12), B 45 H
BRYETAHEEE 7). BERHEEN Fe/(Fe
+ Mg) ffik0.01 ~0.19, Z %4 0.04(n =12), #
B4 L W IR B D BOLANFE I RS, R S
FIHE . 85 FE 8 MYHS1 () Fe/(Fe + Mg) {H{E
0.006 ~0.04 Z[], %J/NT0.06, 2% 4 0.04(n =
8), B mi A TR KX .

HL TR 20 i 45 R o, Bl B M f 595
) Cr &840 ~500 x10 %, Ni &0 13.1 x10°%;
R E LR Cr 58 0~266 x10 °,Ni A
10.1~200 x 10 ;& K88 KA Cr S84 0
~266 x10°°,Ni & &K 13.7 ~300 x10 °, it
Cr — Ni $2 &, ISR 5 43 94 70 A0 B R YE LA, A
IR AR R 2 R Z WX IRCE 8D,
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Table 2 Chemical component analyses of tremolite in green placer dolomite-related nephrites in Karakash River

v o MYH MYH MYH MYH MYH MYH MYH MYH MYH MYH
i 50-1-1-1 50-1-1-2 50-1-2-1 50-1-2-2 50-1-3-1 50-1-3-2 22 23 24 2-6
Si0o, 58.09 56.04 57.89 55.97 58.03 56.40 56.00 57.52 57.90 57.49
TiO, 0.00 0.00 0.00 0.06 0 0.07 0.00 0.18 0.00 0.00
Al O, 0.03 0.78 0.25 0. 80 0 0.84 0.01 0.71 0. 60 0.98
FeO 0.67 8.03 1.08 8.76 0. 8. 11 8.20 1.15 0.67 0.81
Cr, 05 0.01 0.01 0.00 0.00 0 0.01 0.00 0.01 0.01 0.01
MnO 0.01 0.09 0.02 0.07 0 0.11 0.01 0.08 0.09 0.05
MgO 23.61 19.37 23.56 18.79 23.85 19.53 19.02 22.80 23.57 23.32
Ca0 13.45 12.24 13.23 12.17 13.20 12.12 13.59 13.57 12.48 13.45
Na, O 0.03 0.08 0.05 0.05 0. 0.05 0.00 0.05 0.08 0.11
K,0 0.00 0.04 0.02 0.02 0. 0.02 0.01 0.03 0.02 0.03
TSi 8.04 7.91 8.00 7.92 7. 7.90 7.96 7.99 8.02 7.94
TAl 0.00 0.09 0.01 0.08 0. 0.10 0.00 0.01 0.01 0.06
TFe, 0.00 0.00 0.00 0.00 0. 0.01 0.03 0.00 0.00 0.00
Sum_T 8.04 8.00 8.01 8.00 8. 8.00 7.99 8.00 8.03 8.00
CAl 0. 00 0.04 0.03 0.06 0. 0.04 0.00 0.11 0.09 0.10
CFe; 0.00 0.21 0.03 0.21 0. 0.26 0.03 0.00 0.04 0.00
CTi 0.00 0.00 0.00 0.01 0. 0.01 0.00 0.02 0.00 0.00
CMg 4.87 4.07 4.85 3.97 4. 4.08 4.03 4.72 4.87 4.80
CFe, 0.08 0.67 0.08 0.76 0. 0.61 0.91 0.13 0.01 0.09
CMn 0.00 0.01 0.00 0.00 0. 0.01 0.00 0.01 0.01 0.00
CCa 0.04 0.00 0.00 0.00 0. 0.00 0.03 0.01 0.00 0.00
Sum_C 5.00 5.00 5.00 5.00 NN 5.00 5.00 5.00 5.00 5.00
BFe, 0.00 0.07 0.0l 0.07 0. 0.08 0.01 0.00 0.03 0.00
BMn 0.00 0.01 0.00 0.00 0. 0.01 0.00 0.00 0.01 0.00
BCa 1.95 1.85 1.96 1.85 1. 1.82 1.99 2.00 1.85 1.99
BNa 0.01 0.01 0.01 0.01 0. 0.01 0.00 0.00 0.02 0.01
Sum_B 1.96 1.93 1.99 1.92 1. 1.91 2.00 2.00 1.91 2.00
ACa 0.00 0.00 0.00 0.00 0. 0.00 0.05 0.01 0.00 0.00
ANa 0.00 0.01 0.00 0.01 0. 0.01 0.00 0.01 0.00 0.03
AK 0.00 0.01 0.00 0.00 0. 0.00 0.00 0.01 0.00 0.01
Sum_A 0.00 0.02 0.01 0.01 0. 0.01 0.05 0.03 0.00 0.03
Sum_cat 15.01 14.95 15.00 14.93 14.98 14.92 15.04 15.03 14.95 15.03
Sum_oxy 23.05 23.02 23.02 23.02 23.01 23.02 23.03 23.09 23.02 23.04

B 10 AN 35 5] 1R 3K 6 A € 49 J5it 20 AT G R, a2 B

4 g )BT AN 0 b 35,2017

4.1 FHEEMTHERMBEREER

TS F 6 A T LOREA ORI RIS, R A
1 = B2 B 3 A SRS, IR DR e
Y. WS KRE, MIHES WAL AL H
TR B RS, TR R b g AR o A AN
45, DAL S 6 A0 FH S B AT 50 T R B A o R A X
TCRAMSAN G A 1 I idie B, AR HE K B N A
H Fe0(0.22% ~1.34 %) [ 8 am sz o
TFe,0,(0.66% ~1.27 % ) [ &1, RILAS A i
IR ETIENAM Fe &5 A —0 BN § 3

AU G R 5 R (1) A 2E AT T IR AR,
H B EMOEETRA 3 M. O AR0E S,
FEORFE M T Fe, 05 7 B ARAK, {HZ A5 88 1) LA {4
RO A @ A SR 5 IR &% 511 TFe, O,
( >17% ), 1) Fe 70HE L Fe(OHD, HIE IR,
DAKCER T 2t IR 1 i, 50 o o A 3 R o v
PRETI N B 5 —Fh B A2 TFE & R SR
DRI COF N A ALK, BUE T R S Fe J0 3 & 511
Z K.

FRIEXT RN 1 A B L B R A s B R
HICEMG 450, Fe  CofllMn— H. 4 A 42 A H
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Fig. 7

green nephrite and black nephrite from the Karakash River and

The total rock chemical composition comparison of

green nephrite from Alamas (modified after Sigin et al. ,

2012)

EME i, WIS H I E Y (Liu et al.,
2011a, 2011b, 2015, 2016) , &5 & A KW 5L CraNi
EREASE B, M T CroNivFe S RITEEK (K 9.
K10). Cr # 5 ERMEEA I, 9wl
EFIH B, CroNi & & IF BRI, S & 550
FHTLKFR. HE 10 AU, KK Fe,0, F1 FeO 5 &
HEmTHEHEarRE, H LK Fe,0, f1 FeO
TR TEEME T Fra R I o 4R
71 H AT e TR A R T 5 3 R A 5 28 o (1 A
5 (Cr,0, =0.07% ~0.43 % ,NiO =0.08% ~0.36
% ) (Douglas,1996,2003; Wilkins et al. , 2003 ) 2 i
K .

RIS ) B e A, 5ATH K Kt
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FKM A CroNi HIAEI (5] A Adamo and Bocchio, 2013)
Fig. 8 Cr and Ni discrimination plot of dolomite-related
nephrite from the Karakash River and the Alamas deposit
(modified after Adamo and Bocchio, 2013)

I8 Ji DT B S AN [] T DA R 3 € (1 222 031 v R
O I S5 18 . O, P TR R AN TR, R
HAETE TIEN A S BB T E Fe FERA T
Ted 2 3% N A i AR S5 /T AR D5 1 CruNi JT 3.
AR CroNi JC# K 3 T A Bk iU A,
KU R EEIRAE TIENA T C ALK 4K 5,
BHEEWNAT C AL Cr FEH & 0.01 ~0.03 a. p. f.
w, MH KIEWNAY C A Cro WA F 1EN
A1 B 21 C AT Fe (1 Ji 1R A7 2200, 35 K i
A1 B AL Fe (5N 0.24 ~0.78 a. p. f.u. T H &
H1 B AV Fe % (0.00 ~0.08 a. p. f.u. ), 3 L&
AT C AL Fe %N 0.00 ~0.32 a. p. f.u. K T7
£ C A7 Fe %0 (0.01 ~0.76 a.p. f.u. ). #
R AR 37 N A AR S5 A8 A [ R 3 e T
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K4 MERBELETE(w,/ %) WETE(w,/10 ) #iE
Table 4 The major (w,/ %) and trace (w;/10 ) element
composition of tremolite in serpentinite-related nephrite
from Canadian deposits

T b Can-5 Can-6 Can-7 Can-8
Si0, 56.07 57.27 57.32 58.00
Al, 05 0.34 1.06 1.15 0.82
CaO 13.27 13.95 13.02 13.25
Fe, 054 0.74 0.09 0.57 0.33
FeO 3.40 5.17 6.32 3.45
K,0 <0.05 <0.05 <0.05 <0.05
MgO 21.54 19.80 18.53 21.23
MnO 0.19 0.27 0.40 0.07
Na, O 0.12 0.03 0.14 0.17
P, 0s <0.01 <0.01 0.02 0.03
TiO, 0.01 0.03 0.02 0.02
Co, 1.56 1.31 1.38 1.45
H,0* 2.03 1.10 1.56 0.91
La 0.55 2.58 7.63 0.20
Ce 1.07 5.08 17.1 0.43
Pr 0.12 0.58 1.88 <0.05
Nd 0.46 2.15 6.23 0.19
Sm 0.09 0.44 0.76 <0.05
Eu <0.05 <0.05 <0.05 <0.05
Gd 0.06 0.45 0.45 0.05
Th <0.05 0.07 0.06 <0.05
Dy 0.06 0.51 0.33 0.11
Ho <0.05 0.14 0.09 <0.05
Er <0.05 0.59 0.37 0.12
Tm <0.05 0.12 0.07 <0.05
Yb 0.06 1.04 0.55 0.12
Lu <0.05 0.18 0.07 <0.05
Y 0.45 4.27 2.80 0.85
Cr 1 400 3900 5 100 2 400
Ni 1200 1 300 1 500 1200
Rb 1.08 0.40 0.53 0.32
Sr 3.41 2.67 4.07 6.84
Ba 14.9 8.14 10.3 6.01
Th 0.12 0.11 <0.05 <0.05
U <0.05 0.20 <0.05 <0.05
Pb 1.26 0.48 0.53 1.36
Nb 0.29 1.04 0.76 0.07
Ta <0.05 0.05 <0.05 <0.05
Zr 1.00 7.57 1.30 0.31
Hf <0.05 0.27 <0.05 <0.05
Be 0.66 0.50 0.84 0.40
Sc 5.20 12.8 6.85 5.19
Vv 20.6 39.2 42.6 20.6
Cu 2.09 0.21 0.81 0.89
Zn 76. 1 90.0 190 36.3
Ga 0.13 0.31 0.57 0.94
Mo 0.11 0.13 0.15 0.10
Cd 0.12 <0.05 0.06 0.15
In <0.05 <0.05 <0.05 <0.05
Cs 0.42 0.28 0.61 0.08
W 0.18 0.12 0.16 0.06
Tl <0.05 <0.05 <0.05 <0.05
Bi <0.05 <0.05 0.06 <0.05

BB 225 . 1, CroNi HUFE 28 555 TN A P i
C Ao .
4.2 FMHBEEMEBEERME
T2 WA & ARG AR, Tk
HAT P AR e B AT R 8 il R . i, — 48
WY AFAE, WS AL R A S il A IV BERT L
BRA™ LA R N A A AR S AT A, XA D A2 R R IR T
AR BT T o 755 RIRE il 1R S AH 2% 1 AFE I 5
Befith b, ASCE B S S IR AnAE TR R )T O AR
(1) PRSI N IRE] 3 2 5K B S 305 M A
AR, B NAIENA AR (Liu et al. , 2016),1X
— RGN R © AR SSE AT+~
fHoBENAY KA @ AR S >EN AW R
g AR U
Ca (Mg) (€O, (H=f1) +2 Si0,aq—
Ca,FeAl,(Si0,)(Si,0,)0C0H), (4E7ii41) +2 CO,aq
Ca (Mg)(CO.),(H=A1) +2 Si0,aq —
CaMg( Si,0,) GEAT) +2 CO,aq
Ca,FeAl,(Si0,) (Si,0,)0COH) (L7 A1) —
Ca, Mg, (Si,0,,), OH),IEINAT)
5 CaMg(Si,0,) CGER A1) + H,0 +3 CO,aq—
Ca, Mg, (Si,0,,),(OH),CENA) +3 CaCO; +
6 Si0,
5 Ca(Mg) (CO,),( FI=41) +8 Si0,aq + H,0—
Ca,(Mg);(Si,0,,), OH),GENA) +3 CaCO, +
7 CO,aq
(2) PLERRRERRAEIR 20 R a h B mT LU
I, AEEATY AR AN B A RE AR FE (1) B R, R A AT 1
WORLAE R A0 /o WFFUR I, 2 0d 22 IR )& TN A A8
A TE RS R M (P 40 K52 TN A CTe- 11D BOAG T 288 4
FRPRHREIZE N A CTe- 1) 5 d5e S T BSGH 40 /)N 325 T A RRE
ST o XA F 20 TR .
(3) Gie A1 75 G S 24k 2 A8 A7 A A -
Ca,(Mg)4(Si,0,,),(OH),ENA)—
(Mg, Fe), (Al Fe'™), Si, 0,)(OH) (£ A1)
F R P o S g PN A A FAGRE 0)
FR) 2 A 328 L0 I O A2 ARG TR A, R R s 5 AT
UN(ER
JRITEE s DX PR R AT PR, a8 S g ] ) K
HAMN ST WA &, WIS N A E A B
FBEIRAT S O A A SR A A B R A TR B
W LA A SRR . R A S B4
EEFNKEV KT iHREY, RE2—MSAashR
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Table 5 Chemical composition of tremolite in green serpentine-related nephrites from Canada

Ff b Can2-q2-1 Can2-q2-2 Can5-1-g4-1 Can5-1-q4-2 Can6-q1-3 Can6-q1 4 Rus6-q1-3 Rus6-q1 4
Si0, 56.25 55.49 55.73 57.33 55.56 56.06 56. 67 57.39
TiO, 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
AL, O, 0.30 0.30 0.25 0.20 0.25 0.42 0.26 0.22
FeO 4.85 4.86 4.75 3.95 5.58 5.92 2.86 2.73
Cr, 05 0.24 0.23 0.12 0.09 0.15 0.19 0.13 0.15
MnO 0.06 0.08 0.07 0.10 0.11 0.09 0.03 0.04
MgO 22.31 22.10 22.05 22.86 21.81 21.93 23.91 23.74
CaO 12.81 12.80 12.22 12.53 12.35 12.77 12.67 12.95
Na, O 0.04 0.04 0.09 0.04 0.00 0.06 0.02 0.02
K,0 0.01 0.03 0.04 0.02 0.02 0.01 0.00 0.00
F 0.03 0.19 0.00 0.08 0.11 0.32 0.00 0.27
B 96. 66 95.89 95.20 97.11 95.79 97.61 96.42 97.36
O_F_Cl 0.01 0.08 0.00 0.03 0.05 0.13 0.00 0.11
O_F 0.01 0.08 0.00 0.03 0.05 0.13 0.00 0.11
TSi 7.95 8.41 7.91 8.16 8.19 8.81 7.87 8.71
TAIL 0.05 0.00 0.04 0.00 0.00 0.00 0.04 0.00
Sum_T 8.00 8.41 7.95 8.16 8.19 8.81 7.91 8.71
CAl 0.00 0.05 0.00 0.03 0.04 0.08 0.00 0.04
CCr 0.03 0.03 0.01 0.01 0.02 0.02 0.01 0.02
CTi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. 00
CMg 4.70 4.92 4.66 4.85 4.79 4.90 4.95 4.94
CFe, 0.27 0.00 0.32 0.10 0.15 0.00 0.04 0.00
Sum_C 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
BMg 0.00 0.07 0.00 0.00 0.00 0.24 0.00 0.43
BFe, 0.30 0.62 0.24 0.37 0.54 0.78 0.30 0.35
BMn 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
BCa 1.69 1.30 1.75 1.62 1.44 0.97 1.70 1.22
Sum_B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
ACa 0.25 0.78 0.11 0.29 0.51 1.18 0.19 0.88
ANa 0.01 0.01 0.03 0.01 0.00 0.02 0.01 0.01
AK 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Sum_A 0.26 0.79 0.14 0.31 0.51 1.20 0.19 0.89
Sum_cat 15.26 16.20 15.08 15.47 15.70 17.01 15.10 16.60
CF 0.01 0.09 0.00 0.04 0.05 0.16 0.00 0.13
Sum_oxy 23.24 24.64 23.00 23.65 23.92 25.86 23.00 25.33

FHOC I F2 Al S ARAZ ST R (Jin et al. » 19935 Noh et I ] I 42 il A% B BE B B T /b 8 4% i 1 560090, AL

al. , 1993),

HTHRAN A O A I 30 AN JEAE AT
FAIR, He B R 5 R A R R RS R i AR A K
SR, 1 BRI SCRRAR R 82 20, I FLR A= R R
REV IR WA G LT A NAT RG T,
DAE R 50000 5 AR08 T B, g W A RE [N
A CHEIEREE, 19945 Liu et al. » 2011b) o

FH oy TR A7 3K R I 5 S A A A R
KA NBE UK 25 A 00 M4 DA BRI %
DRy LT WL S SR~ RN 0PI N R
D3 T PIANBY Bt s B2 AR o R B i A AR AR T B, 7

FL 1 b AT ARAR T BOE B AR P ) 2 15 Ao A
AIRUE AT o AEIXABY BUE A ) IF AN 45 1
K, BRI R B2 AR BT INN , BT & 4 1)
IR R 40 32 0 T2 e, 491 & 5 A s RHURE 3% TN A Te-
O Mg, X5 UK S G RY R ey KT
M4 (Meinert et al. , 2005) 2881, 75 AN Wi 1) 44 3 7%
R NS YN U S LS S TR SIS R A= iap s
AT CTe- LA Te-T00 B B, FF HAS B A2 X 2 48 %
FSCFRVRERE PR 325 A A CTe- 1), 33 30 i 3K R TR
J8o T RSN e B IR I R AL 0 I Al kAL . AR
I RT3 3 $ LA SR A PR IR W 8 R B, B X
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i Ryt P AR 7 o [ I S X L2652y A0 5 1
Ha) 3 3 2 AN URT BL3 BURAT A (13 82, o m] B fie
HERRH™ 3 S8 P RDRLZ TN A 4 40 k05 TN A s A
n, A2 CATHE T AT LS 2 3 032 TN 47 22 8] HAH
A . BRCELET T2 W RE A
FEEWT B I B, 0 W AT B AT A AT AR
RERE 15 LUOR A7, B UL T e b Nl DL AL AT
Ao TRIIRF, TR IfE 17 22 T2t R AR 28 T8 B 1) &
W, BN A PR i g LLUR AR 2 V48 JE IR AT
HH R SRS RA , T O R R

5 ZEig

C1) 5 5 0 EH DX 3 ) AT EE & 3 22 & A 4l
B 3B A /D S I ANREIE RE A1 SR e A T R A A AL
AT BRI AT O A ST A A BH R A
RN RGN ARG 5. AR B 2
LB 5 FeCOH D, 78358 1) 40 ik B 5 77 88 3
B N R 235 1 K 23 K, TRe,0, Fil FeO 1175
HBWITE, Fe &£ E R ERBGE I E, eI
RARRGO SR B BB 25 TE BT E N
AH Cr M NI & SR EN AT C M EH Cr
0.01 ~0.03 a.p. f. u. &3 K H IEFHE Y 4 A 1) = 22
JEA

(2) FAHEE R IR B 1 B 15 B iy &
FHAK AL LU BRIER: A A—-EMEAH
AR IEE A B NA BN A CHEBLD — 1%
WATCHIRD o« B R I O = AR R B 35—,
SR T3 AR TN A R 284X CV & T R % iy
RET PO A B AT ST A HRDE N A .
F—/NERE R MR TR, 2 8 M AR TR
2 B IR TN A 2 D P AR A8 AR S5 3850 o o 1 4
A I% N AT CERCRD (R B
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