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BRES 9914 ,
hE, FEEVA FVARROBERICBAET B0 nICRbhs
IR O ﬁﬂ%&o)ﬂzﬁi&% & TR AR Y o Tt A 2R Rt

B « Rk HN (BULEFEATERT RmM#T=)

FEREFRE % B (TERFGHRAE RS TR
% % (P EREBEEE A R IR SEET)
wAR A GORBRIRYE R

XL ®IT]

#14B (Populus diversifolia) 1%, PEE MM E T I2HE Y « FVABKOWERDIK.,
BIZFANOLBERICEL T LT ABMBBBRORKREATH S, ABORIT S
PHEBROBELZZ TR OHTL 2BKIZEE 5 L HBR (poplar salt) & FRITH 5 R
B, BERBELORIAVEREOHEED, AR BHIZ, BIBRIZ OV TEFR,

SREMT 70— F BT, AIBROAREE LR L. MBRETRT 2 EMEIROK

FEMC OV THMBRRMEIT 2 LICh B, 1997 EE LV HIEHRER T, BB
C.HBER. REBK. ABOREA (R, X, B Y) 2ERL. #BROKSDIT.
BB OREETole. TOME. MBRIIEREX LA TNBE> 2. T MY U A
DERBEOHNDRBbOTRRL FEECT DY < TAN Y LELBORE. BR
BEPEStZ LAHLNTR o7 (Yabukietal, 1997), Lrb, THLHOTNAHY « TV
B ) HEEBORE - BEREBEGYIZ. RRICBITBEEARFKRLRESLTHRNLD
NEL Ldb, ZhoDTAHY - TAL ) LEEBOKRE - ERBESGWIX. RARICB
B EEANRTELBE SR TRV LORE L FTH,KHCO:MgC0s-4H:0 TR END
LEamiZ, RRCBITAEESERBEN TV ARVER THSZ LKA LE, 1999 FE
X, ZOWEEEICHT. AR KHCO: MgC0s-4H20, A B KDCOs-MgCOs: 4D:20 & i
BT az Lic KV IBERITERAT.

(R L EBE)

X REITIZ & 27 RBIT LERR. XER/RER EH D, KHCOs»MgCOs 4H20
IX. A KHCOsMgCOs4Hs0 LR—ThH Z L MHUBA LI, i, HRIVRIR 2 b
NORRIT, FrFICEBICR MRS M EFT, RERSTOKRIE, 95COH L
CATHBEMKEI RERZERE -7 2F2, BRABIOALFTIXTINL
KHCOs-MgCOs-4H20 %, HBREER LEHFICH2AT, BUAL AL L, Ba D
TEMRIC L B L. BHEDRE. ERBA T 1. SBSHIRE S L% T RS
FhBERBEIML BHOTAL Y TAh) LEEBRREKTORBY A EBEET 5
TriRkoTHRERELEZLNS,
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BRES 9914
hE, FEUA IVER E@@Yﬁhﬁkﬁﬁi‘?‘éﬁﬂ%D*ﬂJU AcRbhS
IR OMERGY, W DA REE L TR AR O R AR R

Bysmrsed - Rk HAV (BME ERTIERT RmT =)

FEREIFSEE © B B (TERFEEETEA RS ISR
% J5 (hEREGETEA R G- BT SRR
AR A GORRTIRE R

1. BWFEBRY

FEEIL. FHEY  JVEBRIZBWTIX, 4V A2, Vo VL AEoRNES
WD R ERIZ IR BIER I IVEHIR 28 L T 5, BBl b Shakix, BHD
izl BEHOBRERBROEHTICH o THLWEARERZZ), HEREZHEL, 2
HANDW5 L ZAIEROEENRR LIS,

- H4B (Populus diversifolia) 1%, FEFEALEICALE T 5 HEY 1 7V AER OREEDIR,
RPN ORERIZIELS T LTV D IENBIER OB KRB R TH D, HIEORIT -5
CHBHBEEZZ T BN b T 2HKIIEE 5 L #5IR (poplar salt) & MEITh 5 R
B, ERBE»OZ2AVEREOREES (H, 1978),

D HEL, SABRIZ OV TRERN, SEHFERNT 7 —F 21TV, HiiEER O LR
BRI L BB 2R T 5 ENRIROEELEDIC OV CTHAARNERT Y 2 LiTh 5,
Bxld, BHITBO T HHG®R, IEBRHE. IB OSSN (R, X, Ehy) 2BRL. #
BER DR DI, BWEREEEMOREEITolz, TORKER. BIBRIIEEEX ST
BEIRT YU AOERBEOHR DSR2 bOTRERL, SBEOTAHY - TAHY
THESBORE EREEXELZ EBNALNMITE o7 (Yabuki et al, 1997), L b, Z
NoDTARY - TAY) TESBORE - BREESYIT, KRBT DFERBGE
@%éhfw&m%®m§<ﬁﬂﬂhmmmMgDﬂmorién5Mﬁ%m\f%hh
ITRAFEPER SN TWRWEN THDZ EMHALE, 1999 F£EIX, ZOWEEZEIC
1T, = D34 4 I X TV KHCO;-MpCOs4H,0 %, HBRFBEM L BHicbRAT, &
fim sl Ammmmmwmum)A&Kmmmmmﬂmokw&ﬁﬁfé b
I & D EERRIT AR T,

2. B
2.1 ZEHA KHCOyMgCOy4H;0 D4 HE

HABRT OENAIL, EEHL, bPMCHHALEOEHKI s nrnb 100370y
DI F 72 IR DRSS T2 DR R 2T H b BREE T CHEBINAS IHRITE 570,
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2-2 KHCOyMgCOy4H,0. KDCO3-MgCO3-4D20 D&/ ,
KHCOyMgCOy4H,0 DA, 7 AV Y « A K7 v/ (Gmelin, 1939) > TUT

DEITATHTz, BB, BEREBAINYV Y LAEEIE~ IR A EENMLITLT 31 ITE

DLy, EEAICEMRT S, 1 B LKETS &, B O KHCO;MgCO54H,0 #& & ASHT

HLTL %, Thik, L RKICTESET 2,

3KHCO3+MgCly+3H,0= KHCO;MgCOy4H,0+2KCI+CO,

KDCO3"MgCO034D,0 DARITIE, K,CO3 ZEAKICHEAE L, IREEN 2 & faFn S W2 RIC

MgClL 2z 7z, B, UTO LS R EFALL,

3(KoCO3+CO,+D,0)+2MgCl,+6D,0= 2KHCO;MgCO;-4H,0+4KCI+2C0,

Ak L7z KHCO;MgC03-4H,0, KDCOyMgCO054D,0 IZ2W T, X BT & B2 iz o7z,

2-3 X MRARAT
EHAIIHARERLEY ChH DD, EREMET CEMEZEIL. TMEICL > T
FEZITO HEFBELTWD, REHIMWY F 21 (FEH0.1mm) OEMICEEL. ER
114.6mm F 721X 57.3mm OHF Y RV 7 4 W AT EEHALTNI 74 VE —%&H BV, CuKa

I LD X BETTRE 7 4 VA EICRE LT,

Fo. ERABRKRIZ OV T, MEh B LS B B X R EH4EE (ENRAF-NONIUS, CAD-4R)
ERWT, BEREERITERAR,

2-4 BRI HT

EHAEORINIL. UTORIT o1, Thbb, B4y (Na', K, Mg™, Ca™) %
ICP BXSHHIT (AARY ¥y — VAT v = ICAPSTS-ID ., A A (CI, SO%, NOy) #
AFvra~ 57 4 (B HIC6A), kB, ERBERIIT VLY ERE (BRERIC X
HEE) IZXVRDT,

2-5 FROJILANT hv
BHERUAR KHCO;MgC0;4H,0, KDCO3MgCO034D,0 DFRIMEIL AR T bV %
FTIR (Perkin Elmer Spectrum 2000)% FiVN THIE Liz, A7 b A D53 REEIL dem™ TH
5o

3. WRLER
3-1 ERADER

BN, KRBREEEEN THB 5 (Y 2% v 7 FH (NayC0;CaCO35H,0), ./ /A
Ru i A¥ A F(CaCOyH,0), T4 BV 77 A M(AMgCOs3Mg(OH),5H,0), T ¥ R 7 # )V
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£ 4 N(MgCOy5H,0), F— =25 A F(NaHCO;).F b 5 A F(Na,CO3). ¥ —FF L5 A b
(Na;COyH0). 7 U & (KCI), FHFA (CaCOs)&F & & b ITHIBIRE TR L TV 5, Table 1

B B TR T B HE M O —E & LT,

Table 1 ~ Salt minerals observed in the poplar salts of Xinjiang, NW- China.

Luntai in Tarim Basin

Kuitun in Zhungar Basixi

Trona Na,C0O3-NaHCO;-2H,0

| Sylvite KCI '
Baylissite K,CO3-MgCO;-4H,0
Eitelite Na,CO;-MgCOs
Calcite CaCO,

Gaylussite Na,CO;-CaCO;-5H,0

‘| Monohydrocalcite CaCO;-H,0

Calcite CaCO;

KHCO3MgC03‘4H20

Unknown pahse composed of K-Mg-CO3-H,0
Dypingite 4MgCO;Mg(OH),-5H,0
Landfordite MgCOs-5H,0-

Nahcolite NaHCO;

Natrite Na2C03

Thermonatrite Na,CO3-H,0

Sylvite KCl

32 BB IB~A 70T 54 Pl LB

- Figl X-ray distribution map of poplar salt -
Ac:carbon, B:magnesium, C:potasium, D:calcium, E:sodium, F:SEM image, K kuitunite
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Fig2 ICHBBO TR~ v BV 7 &FT, BRI v/ XYV AT VA RFIZHIG
L. T hY DAZEERWED, BHICHBIN O, Figl THREKENDIX, #YvLAET
FY O LADRHENRELRCHE LTI ETHY, —RORBEFHEMIIROND IO
FRY T AO—ERHY T AZI o TEBEND X 572 Lidlewn,

3-3 X MREHT _

Table 112, ZBHAED X GHEREFORKREE LT, RROEEAD X REF/F —V
1%, AR KHCO;"MgCO3-4H,0 & —E 3 2, Eﬁ%ﬁ@ﬁ%ﬁ&f:b‘n&\ Fa Y 2 THORKD
EHEIT. REEFHRL TR BRI L RERTFEREEH T2 Z LidHkanr
of,Table2 12, BREHFRAF -V oHBELEERFORTFERL., /K
KHCOyMgCO5-4H,0 D BiiE AR IZ X D FEL % LdT, Fio, Table 3 I21d, JLFEME
EEOTRT,

Table 1. X-ray powder-diffractiondata for kuitunite
Indexed according to the triclinic space group P1

Kuitunite KHCO;-MgC0;-4H,0
(This work) (JCPDS 24-876)
d (&) . d(4) Ul hkl
6.25 5 6.23 4 100
5.68 23 5.68 75 110,100
5.03 30 5.02 60 100
4.67 12 4.66 5 111
4.29 52 428 25 _ 011
3.62 5 3.62 3 011
3.49 83 3.48 25 120,110
3.40 62 3.40 20 121
3.26 33 3.24 Y 111
3.17 60 3.19 10 210
3.16 11 211
12.954 53 2.95 . 80 221
2.885 100 2.88 100 021
2.884 28 2.85 35 220,200
2.698 13 2.70 25 201
2.671 32 2.67 8 112
2.525 55 2.52 40 121
2.468 'y 247 8 021
2.383 28 238 8 211
2.365 30 131
2.356 68 3.500 30 231,212
2.295 5 201
2.229 21 2227 2 210
2.156 73 2.151 16 102
2.147 . 15 121,022,
2.106 10 2.106 6 211

2.094 80 2.092 10 202
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2.058 4 112
2.049 5 2.047 16 031
2.042° 16 232
2.025 5 . 2.020 3 331,112
1.959 8 1.956 2 322
1.899 8 . 1.895 12 330,301
" 1.855 2 332
1.829 8. 1.827 3 231
1.787 5 1.786 2 113
1.755 2 032
1.735 8 1.730 4 223
1.724 4 341
1.702 10 1.699 4 103,242
1.665 5 122,131
1.624 10 222
1.612 5 310
1.600 10 1.599 15 311
1.581 5 1.576 15 133
1.558 10 1.558 14 040
1.554 14 013
1.525 5 1.523 2 113
Table 2.  Crystallographic data of kuitunite
KHCO5-MgC05-4H,0
Natural kuitunite Synthetic JCPDS Fernandes
kuitunite 24-0876* (1988)
a 6.715(8) 6.707 (2) 6.713 (3) 6.697 (1)
b 7.345 (10) 7.332(3) 7.337(3) 7.267 (1)
c 5.375(5) 5.369 (3) 5.364 (1) 5.336 (1)
A 2142 (4) 214.0 (2) 210.6
a 107.29 (4) 107.3 3) 108.18 (3) 107.04 (2)
B 107.92 (8) 108.0 3) 108.92 (3) 107.83 (2)
Y 59.57 (8) 59.6 (3) 59.57 (2) 59.88 (2) -
z 1 1 1 1

*(Stephan, 1970)
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Table 3. Optical and physical properties of kuitunite

this work Bayliss and Koch (1952) -
system biaxial biaxial .
sign negative negative
a . ‘ 1.430 2) 1.430
B 1.510
v 1.542 (2) 1.542
2V 37(2)
dispersion r>v r>v
density 1.99 (2) 1.993

3-4 RS

BMETTAY FE XU 7LV DB L BB ORI R % Tabled I LT, 7T
ENMREREPL AL I 5 I ERAEDOHERIL. KoosMgosrHoss(CO3),93.98H,0 & 72
v, KHCOsMgCO34H,0 & L < —&7 %,

Table4  Chemical analysis of kuitunite

weight % moles/100g  mole proportions Theor. weight %
Mg* 928 Mg 9.28 0.38 0.97 9.48
K* 1459 X 14.59 0.37 0.95 15.24
COz** 2392 COs 23.92 0.40 1.02 23.40
HCO;** 2351 CO; 23.12 0.39 0.98 23.79
H 0.39 0.39 0.99

H,O*** - 2812 H,0 28.12 1.56 3.98 28.10
Total 99.41 99.42 ' 100.00
H¥** 3.49 © 354

CHx* 9.38 ' ‘ 1937
0 62.38

*  Magnesium and potassium were determined using ICP emission spectrometry. '
¥ C0Oj5 and HCO; were determined by titration using H,SO;4
#*%  H,0 was calculated from the H content estimated by elemental analysis
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3-6 REELHT
CBWA OTRERGIERE Fig2 1277, Z|R2DH S00CETT HMIC. 3 E (95C.
397°C. 435°C) OWEKIG &, 1[E (339C) ORARKIEE LT, BEMNH 110°CE TIZ,
H30%DBENDHY ., TDOZ, FFIZS2%E THET 5,

HO0CTRIE L Ie XBRETERIL, SER2HEREICELT D, Bb, EHLANEL, 100Cil
K CRERAKERD ZLITE-o T, ELITHEDEILT D,

DSC
120 -0.2
110 | 4 -0.4

{ -o.6
100

{ -0.8
90 [ | -10
80 | { -12
70 4 -1.4

{1 18
60

{ -18
50 4 20
40 | 1 -2.2
30 4 -2.4

4 26
20

-2.8
10 1 -3.0
0 1 1 1 L I} i) I} L _3~2
50 100 150 200 250 300 350 400 450 500
Temperature (C)

Fig.2 Thermal analysis of kuitunite (5°C/min)
a: DTA curve of kuitunite b: TGA curve of kuitunite

33.6 KHCO;MgCO54H,0

BT T & 512, KHCOs MgCOs 4H,0 IXEAMGER o O EERFEI M D 1 D TRRIC
BOTIREFESHER SN TWRWEETEY TH 5 (KUK, 1999 ; Yabuki et al.,1998),
REE. EREYEDIMIT KHCO; MgCOy 4H,0. bk @ J-[NaHCO3'Na,C03-2H,0], ~X—72
% AT F 4 N[3NaHCOyNa,CO3] DA TH Y, HCO;. CO; DFFEIREBIZE T 2 FMHIE
BFIZRRELTWS, Fxix. KHCO; MgCO;y 4H,0 OFRINFRULA N T M REFTTHZ &
IZE o T, FEEF O HCOs. CO; DREAREOMIT 2R A 7c, RRDEGRT DOFRIRINA
A7 bV, B KHCO3yMgCOy4H,0 & —F&E L L, £, brf e IR
~y FVERT(Fig. 3). fETHER % $ & % T Table 10 ITR T,
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Absarbance

| | | l
1000 2000 3000 4000

Wavenumber (ctn ~D

Fig.3 Infrared absorption spectra of kuitunite .
a: natural kuitunite, b: synthetic KHCO;-MgCO5-4H,0 c: trona separted from poplar salt of Luntai

Table 10. Assignment of Vibration Frequencies of Infrared Spectra

Position of Absorption Bands (cm™)

Kuitunite ~ Kuitunite Trona Trona* MgCOs** KHCO;** Assignment
natural synthetic natural literature data
3413.79  3413.79 3485.29 3530 OH stretch
3080.45  3137.93 3102.94 OH stretch
2385.71  2328.57 2367.65 2620
237143 227143 2338.24
1644.15  1644.15 1691.18 1690 1618 HOH bend, CO strech
145475  1454.75 1477.94 1472 1436 1405 CO asymmetric stretch,
OHO in plane bend
1367
1179.26 1185 1205.88
1078.57 107143 1058 _
1042.86 1014.29 ~ 1037 1001 Mixed CO stretch
998 OHO out-of-plane
) bend
846.37 846.37 857.14 851 876 830 CO; out-of-plane bend
806.19 800.45 COin-plane bend,

OCO bend, CO stretch .
and O--H stretch
747 CO in-plane bend
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698 mixture of CO bend,

CO and OH stretch
685.66 685.66  664.29 681 . 655 mixture of CO bend,
- CO and OH stretch
634.01 628.27 614.29 :
* Huang & Kerr (1960)
4 White (1974)
8
3
g
8
<
| ) 1 ! | ] L
500 1000 1600 2000 2600 3000 3600 4000
Wavenumber (cm—1)
Fig.4 Infrared absorption spectra of synthetic KHCO3-MgCOs-4H,0(a) and
synthetic KDCO5-MgCO;'4D,0 (b)
5. Kbz

3ERICEY YV b YA T AFREROBRE W IEE | SIBROTRELED D Z
LARTEE L, HAE, SIS OREERSGEORAICE TED B TETLEN, RA
DEMR, HERLE - EHETHBIEND, 5 LTH HIBREBRT 2EMTOLO
KHFEDEREBL Z LR TLENE L, ZORKERE LT HBITH TR ORE
A AV ERINT 5 bOTIRARL  HWENEBIERB YT 2BETIBROT ALY - T
B LBEBN . EETORBIAZEET D LIC Lo T, R4 RIRER - BERRIEIY %
AT B2 LB L, $ 7, SIBRTIC, RRICBIT 2 EENHR S T2 43
RSAEERTHI L NHKRE L, TOALFIXSABHEORRIL. RADOKER
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Poplar salt, biogenic minerals found at the cut section of Populus
diversifolia around desert area, Xinjiang, NW China
-Its formation mechanism and physiological features of salt torelance-

Sadayo Yabuki (The Inst. Phys. Chem. Res. (RIKEN)),
Zi-Li Fan, Ji Fang (Xinjiang Inst. of Ecology and Geography, CAS) and
Tasuku Akagi (Fac. Science, Tokyo Univ. Agric. Tech.)

Summary

Populus diversifolia (Populus euphratica) is a halo-tolerant plant, known as
predominant vegetation on the flood lands in desert peripheries in Xinjiang, NW China. The
name comes from their diversiform leaves. A white-colored, massive salt material named
poplar salt is produced at the mechanically démaged part as well as the cut section of
branches. ‘

We collected poplar salts at the river basin of Tarim River at Luntai area in northern
periphery of Tarim Basin, and at Kuitun area in south-western part of Zhungar Basin, NW
China. Mineralogical and chemical studies revealed that the poplar salts are composed of
various kinds of carbonate and hydrogen carbonate of alkaline and alkaline earth elements.

Potassium magnesium hydrogen carbonate hydrate [KHCO;- MgCO;3-4H,0] was found
as one of the major components of the poplar salt. It occurs as small colorless and
transparent crystals, platy and columnar in shape and ranging from a few microns up to 100
um in size, coexisting with sylvite [KCl], lansfordite [MgCO;-5H,0], dypingite [4MgCOs-
Mg(OH),'5H,0], calcite [CaCO;], monohydro-calcite [CaCOs3H,O], natrite [NayCOs],
thermonatrite [Na,COs-H,0], nahcolite [NaHCO;] and gaylussite [Na,COs:CaCOs-5H,0].
This is the first occurrence of KHCO;-MgCQ;-4H,0 in natural environment, and we named
this biomineral as kuitunite after Kuitun City, where the poplar salt was collected.

Crystallographic parameters, chemical composition, physical and optical properties
were determined and the results were consistent with those of synthetic ones. Infrared
absorption spectra of kuitunite are very similar to that of trona [NaHCOj;-Na,COj;-2H,0].
Thermal analysis showed a strong endothermic peak at 95°C corresponding to the
amorphization.

There are three possibilities about the origin of carbonate and hydrogen carbonate ions
of kuitunite: 1. Populus diversifolia takes carbonate and hydrogen carbonate ions from
groundwater and secretes them from its salt glands. 2. Some organic compounds such as
oxalates decompose to carbonate or hiydrogen carbonates. 3. When secreted sap is exposed
to the air, organic acid is decomposed and the excess alkaline and alkaline earth elements
absorb carbon dioxide from the atmosphere. Our experimental results support the third
possibility as the most likely origin.
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