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MECHANISM OF WATER QUALITY FORMATION OF
NATURAL WATERS IN DESERT

——A CASE OF MU US SHAMO DESERT, INNER MONGOLIAN
AUTONOMOUS REGION —

By Ryuma YosHIOKA, Takenobu OkuMURA and Yoshihiro HIRAOKA

Synopsis

27 water and 5 soil samples were collected to investigate a mechanism of water quality formation
of natural waters in the Mu Us Shamo desert, Inner Mongolian Autonomous Region. The chemical
and isotopic compositions in water samples were analyzed.

Quartz, feldspar, muscovite, chlorite, slate, chert, calcite and magnetite in soil samples were iden-
tified by means of both the polarization microscope and X-ray diffraction data. And also the chemical
composition in the mineral was studied using X-ray microanalyser.

The results obtained were examined from a geochemical view point. The minerals reacted with
CO,-contained water in this area. Chemical constituents such as Ca®*, Mg*", Na™ and K were dis-
solved from the minerals to natural waters, and the Na-HCOj3-Cl water type of final evolution in this
area was formed through ion exchange, precipitation and evaporation processes.
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Fig. 1. Sample localities in the Mu Us Shamo desert. Dotted part shows desert. Arrow indicates
the Mu Us Shamo desert.
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Fig. 2. Hexadiagrams used to represent milligram equivalents of major constituents of natural waters
in the Mu Us Shamo desert.
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Fig. 3. Water types grouped using a expanded Durov diagram for natural waters: (D, fresh recharge
water; (@ - (3, ion exchanged water; @ - (&, simple dissolution or mixing; ®, brachish
water.
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Fig. 4. [Ca?* +Mg®*] and [Na* —Cl™] relationships with referrence to chemical evolution through
ion exchange process.
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Slc 3 X U°SIp A50 DERI AR TE (Baf) 12HAZ L 2HEKRL, AOBIREN, %L TEORILEMH
FTHHZ EXEKRT D,
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Fig. 5. P(Ca?*)(S03~) and SO~ relationships with referrence to anhydrite (CaS0,) and gypsum
(CaSO4'2H20).
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Fig. 6. SIC(calcite saturation index) and SID(dolomite saturation index) relationships. Many samples
show supersaturation with respect to calcite and dolomite.
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Fig. 7. 6"®0 and &D relationships for natural waters. Evaporative influences can be seen in pound

water.

PEBRICHLOI L E2WETE->TwbH, Z0iMlKD 6D & 60 OEEILLEHETHE, FAEKANo. 14 b
HELEREZII TR DOLEZLNS,
*H OBEOFERIE, 1~193TU LBD TRV, IORRBBENL ZATHTH), SHBOBEE LIv,

4-2 XOHEBICONT

KEZHETHIEELANFO—2L LTHIENH LY, 22T, HEDLFEMEANL-HIZ, Bigd
DEAD2 TS KB EHRMLZ T#HAT, 0~5emiEDL (I, £35), 5~15emiE (s); I #45T0
~5cm i (o), 10~15cm i® (L), 30~35cm (I3)). HEE & b LHEEY — DMK DK TF (106~425
pm DREE, THET61~68%, 1B TE3~H%) o2 bt THoT:e FREFRORBOLEIID
WS B LR TEBRLALIARDEBYTHo72 1 B, I BRE, L KAVER
i, Iho ! ICAVHEBR, I KEBE. SXHOM 1g #HkE, 149~250 xm OREDHW % SHLL,
TURT— MIHALREEMBCHRELAERICIDE, SR ELEEHE, AELEREL, HBREL
PLEBETHLDTHAZ LHhh o7 (Table 2),
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Table 2. Minerals of soil samples in the Mu Us Shamo desert using a polarization

microscope
Samples No Quartz-Feldspars Slate Chert Mica Magnetite
I +++ + - - +
Is +++ - + - +
1L, +++ + + - +
I +++ + - - -
Iz +++ + - - +

+ + +: strong, + +: moderate, +: weak, —: non-identified

ek I, & I, ORBOFEWD S H 250 pm L EOREOHEME QBEY EHRIEM L IZTHL, TL
L% Tzl oy by (A UBIBE (4180, $600) TRE 2 HFER, - KU BEEEZT-oTXR1 /1
754 F—CREM L7 BBEEYW ELHH 122V T Na0, K0, Ca0 B¥EhEThERA
(NaAlSi;Og : Ab), # JEF (KAISi;0 : Or), JKEHR (CaAlSi;Os: An) BHHKTE DL LTEHEYOD
ElmERh EEESRCSAEEICTTy b LAON, Figs.8a, 8b Tho, AL, I & b—HiZH
VERAZDLNLLDOMERIESTHY, 12 An 220~50% L HVe THhHIBPURELEZOLN
Bo F77, RB I, ODSHEEORREBMHEIITO Y FENDELORRAEISNDS DO TH L WHENEA
Vo

GO S bR THRERATAEY (AELT5), BEa0sl (BF), €vraflasy (CH)
12 ONWTHH Lk R % Si0,, ALOs, Fe05 TiO, (F 721 MnO,), Na0, MgO, K;0, CaO {22V ToD#*
S E ALY TS MR LI-DD Figs. 93, 9b TH S, 48, $kizefke LT Fe03 TRLA, BLIZEM
SRFEOEEEOEM A5 L, AE (BEEN) SWiE Fe,0; % 5%, MgO 2 2 %EEEHT A
LA TAH Y, BE (BR) #4913 Ca0 & Mg0 2iF L A LRI &z vas, Na0 & K0 128 b
ledhote $7°, CH (Y2 aEH) 443 BB & 1382, Ca0 & MgO IZE A Na0 & K0 2 &
B LAEWEEAD D, & 512 Fe,05 20BBELEHL, 20728 Si0, EHEASWNBIZ#H 2T L2
BTHb, COBEMITRLE 2HEATOTHILIBDLI LB TE,

Bagyw (EGHE BIUEREW (A, B, CH) 1220w T Ca0 & KO0 L DRBREALLDIZTT

N \".A N L G
Ab > o) 2 > An

© © )
Fig. 8a. Or(KAISiz0g) —An(CaAl,Si,0g) — Fig. 8b. Or-An-Ab diagram for feldspars in
Ab(NaAlSizOg) diagram for feldspars Ilo sample.
in Io sample.
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80 60 40 20 O 20(%) 80 60 40 20 O  20(%)
n Na,0 Naz0
Mg0 MgO
K20 K,0
Cal Ca0

Na,0

Si0; I Naz0 Si0;

MgOo

Bgroup Fe,03 K0

Ti0, Cal Cal
50, Naz0 3o, Nago'
Al303 MgO Al203 MgO
Cgroup C group
F9203 K20 FeZO KZO
MnO; Cal MnO, > Cal
Fig. 9a. Octadiagram for coloured mineralsin  Fig. 9b. Octadiagram for coloured minerals
Io sample: A group, black and in Ilo sample; A, B and C groups are
magnetic mineral; B group, brown same as Fig. 9a.
mineral; C group, pink and transpar-
ent mineral.

FLZDDFig. 10 Th b, SORE VKD EHEHTES R EEY (BRAH) X CO KELLO
WEBTHD, DAKE (Bf) 13 CaO CEL LN L KO LELLDOWMALDH ) ZOH» 5 I34EHH
HkE L, B (Bf) #1912 K0 108 A Ca0 122 Ly, (WCH (Kv 7f) #4it Ca0 IZE A
K,0 122 Ly,

HE L, I, b FotmeEd e BT oL, KRK O Sr (321~325ppm), Ba (735~746 ppm)
DEAALEFL TV A Y EETEICEOHFE LA TS (Rb 55~56 ppm) 1Py = DfbF4EMH X, H4 OHWT
BAHV LR ECELODLFETENINSBPETHY, IV T LCELHREAPELRGSTHL S
LitRETALDLEZ LD,

T XREF Oy, BERE) OERICLAL, BEAEMEOBREERE LA BR REETEHKE
L, BER, RRGEEASEAEL TV ZLTHBRIR L, LABICOAREL S, L LiYS
AN-HCL BT A Mick B, WFNRORE b KEESY (CaCOs, MgCa(COs), 7 &) DIFEMHER ST
(Table 3) .

4-3 KEWREBICOWT

FHIROKBEHRIZEFES LT HEWEITIE, 4-1, 4-2 DEREISLFRE, #ER, BRiBA, BER, ¥
BE, Fa<wf baEsELohs, ShoDEWPLBHLTL 2ES %, BA4 Y RIChIITHBE,
ROEIIZFEDHOEND,
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Fig. 10. K,0 and CaO relationships for feldspar groups and black, brown and pinkish

minerals.

Table 3. Minerals of soil samples in the Mu Us Shamo desert using X-ray
diffraction and HCl solution

Sample X-ray diffraction g(l:{uggrl
No Quartz-Feldspars | Muscovite Chlorite Calcite Calcite
I +++ ++ ++ +4++ +++
Is +++ ++ ++ ++ +++
1L, +++ + + - +
Uso +++ + + - +
Iz +++ ++ ++ - ++
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+ + +: strong, + +: moderate, +: weak, —: non-identified

D Na* BEERDRD L) RBERETHRESI NS,
2Nag sCao.sAl; 5Siz 505 +3C0,+6H,0 — 1. 5A1,5i,05(0H), +Na™ +Ca®* +3HCO3 +2Si0,
INag 5Cag sAl 5Siz 505+ 2. 54C0,+2. 56H,0
— 1. 29Nay 35Al, 3355 67010(0H), + 0. 57Na™ + CaZ* +2. 54HCO3 +0. 27Si0,
@ Ca®t BHEAOLROBEMRKCRICMA T
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CaC0;3+CO,+H,0 — Ca?* +2HCO3
CaMg(CO4),+2C0,+2H,0 — Ca®*" +Mg?* +4HCO3
CaSQ, — Ca?*+80%~
@ Mg" BQo Fu~/ OBEEEIGIIAZ T
Mg:AL,Si;0,6(0H)s + 10C0,+ 3H,0 — AlSi,O5(0H), +5Mg®* +10HCO3 +Si0,
@ K"k
KALSi50,0(OH), +CO,+2. 5H,0 — 1. 5AL,Si,05(0H), + K* +HCO5
KAISi;05+ CO,+1. 5H,0 — 0. 5AL,Si,05(0H), + K* + HCO3 +2Si0,
ZLTC, ROAF BB E 5T
Ca®** +Na-Clay — 2Na* +Ca-Clay
RHEASBPO Na©™ (I L 4-1 TR L) A DBROKEFBE IR TV 6D LERIND, i, #
DEREH S DKDERIZL - T pH FSHEMEIZE L %5 &, CaCO;, CaMg(COs),, Mg(OH), 7% EASit# L,
IS DKE X Na-Mg-HCO5+-Cl 12 ), &5 pH 255 < 45 &, Ca(OH),, MgCO,;, CaSO, & &A%tk
L, #OKEIZ Na-HCO; Cl BIICE Db > TV b DEHEFEE NS,

ChoDBAR% Fig. 11 IR L7, BIRo®, @, QOBEBRKICTHLIEY 1) v eE2rE )4 F
AN) PEBEENEIE, FLTAAVKBIUSHBIAIERELTWADY, ThOHDOHEMIZFE SR
ol Fhit, SEOXKREHOEBEINSN 2 ZHERIZLTHW72DICRE, BEREDTEENE W
DI, HBE, A1) o ERTR73N50TE 20l EEET L, 2OHHME, 3N-HClB#E /3
ZRHIETLBEIS, R 1, I, TCO, DEBBEBHEALN LD 57245, 75 m LT ORFIZ
IN-HCl B EBETTH5LThoORES CO, OREABBALNLT EIZL S, LT, 2hHo
KD OTRERB YRS %08 L CXBREFOBRI 2 BIL ) ZEPSHROBETDH 5,

INHDORIERIIMA T, KOEBBREROFSHERIIHNI L4bHh D (Fig. 7)o

Evaporation
COy CO2 r’-
3 ’\ 1 \vi 1 7

CaCo; Ca-HCO3 " HighpH

CaMg(C03), Ca-Na-Mg-HCO; mmp Na-Mg-HCO;Cl
NQ~Mg—HCO3'Cl nghel’ pH

O
T o
~N

Supersaturation

Dissolution Na-Mg-HCO3-CL-S0, et N -HCOCl
Nag,sCapsAly 552508 — Na etc
Caco; N
= Ca
CasSo, —, A
CaMg(C03), Precipitation
MggAl,Si;0,4(0H)g —> Mg CaCOs3
KAL;Si30,0(0H), CaMg(CO3),

KAlSigOe - CQSO[.

Ion exchange
Ca?* — 2Na*
Fig. 11. Processes of water quality formation in the Mu Su Shamo desert.
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