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Nanoparticles Features of Groundwater in Kaxiutata Deposit and Its Significance

Wang Caiyun'?, Cao Jianjin'*** , Dai Dongle'"*

1.School of Earth Sciences and Engineering s Sun Yat-Sen University , Guangzhou 510275, China

2.Guangdong Provincial Key Laboratory of Geological Processes and Mineral Resources Exploration s, Guangzhou 510275, China

Abstract: In order to get a better understanding of the deep orebody information of Kaxiutata deposit in the Inner Mongolia, the
groundwater particles were collected near the mining area. To have a contrast, the well water particles away from the mining
area were also collected. It is found that the samples of groundwater in the mining area contain metal particles, and a high reso-
lution transmission electron microscope was used to study these metal-bearing nanoparticles. The anomalous metal particles in
the groundwater of this deposit are mainly Fe, Cu and Zn particles. The contents of Zn and Cu particles in the groundwater of
the deposit are up to 80.3% and 22.7% respectively, and there are no Ag, Cu particles in the well samples in the background
area, and the metal elements in the mining area are much higher than those in the well water. Metal-bearing nanoparticles and
deep orebody (magnetite, pyrite, sphalerite. yellow copper ore, etc.) have a good correspondence. It is also proved that the
groundwater containing metal particles from the deep orebody can carry the information of the deep orebody, which provides
both a new perspective for the exploration of the deep concealed orebody and reference for the future exploration of the same
type of deposit as well. In addition, the study also shows that the groundwater near the mining area may be affected by ore-
forming particles, which may also affect the quality of underground drinking water, and the research method of groundwater
containing metal particles can also be used to detect contamination of underground drinking water.

Key words: Kaxiutata deposit; groundwater; containing metal particle; single particle analysis; drinking water pollution; envi-
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Fig.1 Geological map and sampling location of Kaxiutata mining area, Inner Mongolia
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Table 3 Data for EDS analysis of nanoparticles in well water in background area (%)
. YR ARL S — B 5 G
THE

44-C3 45-C4  46-C5 47-C4  48-C4  49-C5  50-C5

51-C4 52-C4  53-C3  54-C3 55-C3  56-C3  57-C3
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Sia 1.0 9.4 2.9 3.6
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Caw 0.5 0.6
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Na;w

Naa

Kw 0.7
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Znw

Znp

Mgw  15.8 0.8

Mg  12.7 0.7

Pw

Pa

Sw 0.1 7.8

Sa 0.1 4.8

Clw 0.4

Cla 0.2

Mnw 0.4 0.8 29.8 13.0
Mna 0.1 0.3 11.0 9.7
Crw 15.7
Cra 12.4
Baw 14.5

Baa 2.1

Tiw 0.3

Tia 0.1

Srw 1.1

Sra 0.2

42.0

73.8 68.1 71.0 72.0 71.6 68.9 56.7
90.4 87.0 85.1 89.7 84.8 85.9 79.7

4.9 2.1 10.8 4.1 14.0 4.6 0.8
3.4 1.5 7.3 2.9 9.4 3.3 0.6
2.5 0.7
1.8 0.5

25.6 12.9 0.5 10.0 19.8 36.4
9.4 4.4 0.2 3.4 7.1 14.6
0.5 2.1 0.6 2.1
0.2 1.0 0.3 1.1
1.1 4.6
0.9 4.5
0.7
0.3
1.6 0.4 1.1
0.5 0.1 0.4
1.1 0.8 0.5
0.9 0.7 0.4
0.4
0.3
6.8 0.1 7.8 0.1 0.2
4.2 0.1 4.8 0.1 0.1
0.2 0.8 0.4 0.3
0.1 0.4 0.2 0.2
0.8 0.4
0.3 0.2
0.7 1.6
0.3 0.6
14.5 14.5
2.1 2.1
0.3
0.1
1.1
0.2
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Fig.2 The nanoparticles of the groundwater in Kaxiutata mining area: (a) EDS analysis results, (b) TEM high-resolution

transmission photographs, (c¢) selection diffraction pictures, (d) high-resolution photographs
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IZIORE 2 AN Af BE A 350, BORE K /INZ 250 X
600 nm, EDS 43 #7 . 78 i ok H % 0 (69.1%) . Fe
(30.9 %) 70 Z % MORL /) 358 DX AT S A6 FE R R B s I
R B i R BT B R R R ORI TR A
A3 Fr i RO A A AR R

& 2k foRE Sk FLRE G B2-2, % B0k 2 A HLDE
Tof B A 4550 Ok C /NZ 400 X 800 nm s EDS 43 #T ik

NIZSOR KA 0(20.6 %) (Fe(79.4 %) J6 R Ok
()18 DX AT SR AR A R S s O 485 0 R AP A L B
IR E R TR I = I il TN T}
b UK.
3.1.8 & Fe-Cr-Mn fif#r & 21 bk A FF i Bs-
8-0002 , IZ FURL 2 N LI IR JE , Aok BE S 243 59, ok K
INEURCK S EDS 23 B 45 SR B 78 2 OR 5 Fe(55.8%0)
Cr(14.5%),0 (14.5%), Mn (13. 1%), 2> & 1Y
Si(2.2%0) JUE L X AT I AL FE B R W R R £
a4 DU TRORE 3 22 B 53 8 & Fe, Cr.Mn 1Y A 1k
W R 5 ek S AR R 5 A Al N B Al Bk I
[Fi) & 8 L A
3.1.9 NaCl#&#L & 2m fkiok A FE S A3-3-001,
TZAHORL 5 AN KL R AR, o B A v s BB R /NS 2 X
4pm.EDS B T B R xR EE TR R
Na(38.3%).0(32.4%) . Cl(21.8%), LA /> & 1Y
Ca(3.1%).S(2.5%) Mg (1.1 %) . IZ Wk 1 1% X A7
SHAERE B R 10 7R H O 45 R — R BokRE Y Na Cl
) DR 4 PO AT 1 ¢ 1L ] DU 2 I ORI
F 51 H NaCl.
3.2 EBEEXHKFBEHKRN

T o XK i 32 & A RE R 3 B B L) K
A AT L. & & @ ok 2 & FeoMn, Cr 1
KL, FE S TR RIS CuAg BYBORL AU 3 Zn
MIIORL . Zn JC R AR W IR E 4 & i 0.5 %.
T IRCHR 43 WAV SORE SR AT 40 R A
3.2.1 & AlFFe-Mg ffL [ 3a {0k ok A A
C3-5-0001 , WKL 52 AN KL 7 JE 4 BE AN 38155, kL
KN 250 X 250 nm, EDS 43 #7 25 5 8 7R % ok &
0(61.4%) Mg (15.8%) ,Al(10.5%) .Fe(10.0%)
DL R R Si(1.4 %) . Ca(0.5 %) 2550 & . % X AT 4
AEFE BT W 7R A2 HORE S 22 i o A T 32 OB 3 AR 43
Hh T Fe AlLMg WAL Y - BRI 5 85 Ak G 9 TOkE
SR NN IR € e Ei N Wl g e
3.2.2 SR K 3b ROk A AR C3-3-0001,
ZAORLIE B 3K TE B 224> /INEROE 20 B+ JE AR 5 57
R /NZ 100 X 150 nm s EDS 43 7 5 7 1% 80k &
O(71.6%),Si(14.0%) . Fe (10.0%) ., & A /L& 1
Mn(0.8%) . Mg(0.8%),Al(0.7%),K(0.7%) ., Ca
(0.6 0) % JLER X WORL %) 18 XA S 464 B R i 7
o SRR R B AR BORL 1 T R A 4 i AR AR
D2 ARORE 32 22 1 43 oA i TR 42k WO T BB Fh ek R K RN
FLAth 7T 2 19 48 Ak 2 ) 2 1.

&l 3¢ ORIk A BE &L C4-3-0001 , 3% Uk T (8] 5K
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Fig.3 Nanoparticles contained in groundwater in background area: (a) EDS analysis results, (b) TEM high-resolution trans-

mission photographs, (c¢) selection diffraction pictures
P grap P

a. 7 Al-Fe-Mg 9K kL s b Fe GRBURE ; o AL SR AR TORE 5 d s e. BaSOy K BURE 5 L. MnO2 UKL 5 2. Fe-Cr-Mn 44 K UKL

T AT BEAS 5T B0 K /NE 200 X550 nm, EDS fig
T T B R X ORE A O(74.2%) (Fe(25.8 %) 7t
B Z ORI B K XA 5 AEAE IR B LA A AR B R
GF AR TR A Ar S 8RR A WO ORI )
H AR
3.2.3  BaSO, & #r & 3d & Rk A OFE
C3-2-0002 , WKL AN LI BRIE L Ak BE A 245, SOk
KNG 400 X 600 nm, EDS 83 43 #1878 % fok: 3=
FILE N O(72.0%) . Ba(14.5%).S(7.8%) , /L &
) Si(4.1%).Sr(1.1%) . Fe(0.5%) JL & . IZ WKL 1)
TE XA S AEAE BR 7 s Oy 435l A B B AR A0 T
B4 O R AR HE D SO 9 32 B 4y R BaSO,.
& 3e Rk A FE S C5-3-0001 , 12 fURE 5 A F1L

DUPHR A B 48 5 BiORL R /N2 500 X 700 nm, EDS 43
Brfk R Z ok B O (50.9%) . Ba (42. 0%) .
S(7.1%0) TG % ORI 32 DX AT 5 46 A B] 7 il s L
R Es e RIS, AR e BRIt R A &
R AE H B OB 1Y 32 2L A5 A BaSO,.

3.2.4 MnO, #f & 31 WOk SE @ 55 C4-5-0001 ,
ZORL = KA TE , #F R , EDS 43 07 45 R R %
ok K& O70.2%) \Mn(29.8 %) 3% X 17 5 46 A% 1]
S N ORGSR A R TR E A
TR H1) W7 32 SOk 3 B2 1l A — AR A

3.2.5 FeCr-Mn {1 & 3g ki ok A # &
C5-2-0001 , I AWORE 52 A KL 7 I | Ao BE AN 1 57, fokE
KN BB K, EDS 4 B 45 R B R % o &
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Fe(56.1%).Cr(15.7%) . Mn(13.0%).0(12.8%) .,
Y Si(2.5 %) TR ER LB X AT 5T A6 RE B R R % B
K 22 i A ORE 3 B B4 0 & Fe Cr.Mn
AL BRI B kA TIORE 5 5 A0 /D 1) Al £l
r e ) 2 B R

4 He

4.1 FRHTAKEESXHKDBBAEFEXLE

M 1 MFE 2 FiR, TEM 304 R iR, 0 X
B 30 b T 7K AR AR 3 A ORI KRR
SRR AR & i SRR A T R R RO
F18) H [) 2« TRl 5 3l hy 409 oK 1k 22 30T 9 K G ROk 1)
EEZARN, G50 ER BB LR EEH
& . & B 4 Ja ok LT 4 2 ok 2 A 1.

WX b T 7K ke B R S YRR R 4 B T R
Fe.Cu,Zn fHEM#" 4 )& JTCE Ti.Cr.Mn.,Ag, %
WA 4 B TT & Ok ) B EAF AR TR XN H AR . Fe.
Mn, Cr FEAE AR T 7] — 4> fokE A, ok 10 A Y
Fe-Mn-Cr-Ti ##0kz s NBCKE 7 HmT DL H L H R 7K AR
it i Fe ZEROR o 1y 7 4 — A 2455 % T Min, Cr #il
Ti;Mn.Cr Ml Ti & RS Fe & BE - ERE L
RIFASE R R EROR 11 B 4h. & Cu fokidt 4 4,
MITEEHG IR FE . Cu £ 5 S.Fe.Zn %0 £ R
17T i — ki b ok 365 W3R 1.3 2 Rl LLE
th, Cu TR AEGORL A 3 & i 28 SR, e B R
W PRH 46 7] RE RN Y 5] & Zn SO, R0 2 Ok 7,
THEIL 3300, WL R A A FRIERFE  BR T Ok 32
SN, JLF- A WOkL P Y Zn JCR LR 5 Fe o0 R R
AEAE [A) — A TORE v, 38 B IR & 5 K n] BR A7 72 8% — B
WAk, & Zn TR RE 05 I LIRS0 AR RRAE. 45 & 07 X
ok AR 4 JB ST R AR R A L AnfIOkE 1.2.13 FE B AL
ST, ERRERA TRA MR 5,14 F%
B AR SR, B BEk B T8 BE o B R 3,14
FEB S R A RER R T REck B THIK A, R
SETRORE F BORUE T S BRI RE R AR LK A SR
FEAR G DX b o5 P S 56 Tl b 50 48 45 L R KA A B X
Bl E2ONWY R A AT BUE OB X R 7K i
YRR BIORL T B A [ 25 A — 22 1 4R R

T 37 X0 I K SOk B 4 B ok 32 O
Fe.Cr.Mn.Al ###i, FeMn-Cr X R & A 575 X
TR — B AR T KA A R L Cu T JT &R OKE 15
R TG RE S P — 5 Mn Bt Fe B9 808L, H K P&
Fe BHORL & &t 45 i B A fORE 14 (25,8 %) LKL

16(56.1%) . X YL HIE FB I K iy Mn ST R R &
SRR & T URERIF KA Mn B BERE . T =
XK b ORE £ 4 T AR T DXL DA BRORE B B
R T S O K R A R A K ROk 42 R OT
R EEM. 0 AE.

42 T RHTAKMHSTEHXER

AR IE K A DB 3 R oK H % FelZn,
Cu %5 42 J& JCZ BORL , M 5t XK th I A & siAR >
FA X ORI b T K RO AR AE B G R Y
LN oS QN N 2 T I NI 1 = = N g R L7
ED TR DXCHL K ROk & B & Ag 55t 4
J& B SOt R L 5 X K AR B w5 Y
BR CGHFZR T 55, 2006b)  BF9E XA IR BR T 20 4
W WK A, AL 6 W R W R N RS
T, WL E B Fe.Cu.Zn.Cr 54 J& 7 K M flOkL
FEk B AR X 26 ok 1 IR B9 WORE RE 7R HL R
K FEATIE RS, i Tk TR s A N T R TR UORE
MR TR B Ak, BB &R TR S
R AP B R . A XS L AT X TR K ROk S T
e IX IR K BORL B 25 5 . T LA /2 & Zn . Cu T0kE
FIRZHM & Fe Jo E obi &k A TEH ™4, 1 1n
TORL 7.8.10 19 FEZE AL & 8 B 0 B ALY R 43 T g
K H T RERRT 822 2, RISk U5 T S A s ok
47T W FEE RS SRR ATRESE B T INEFA; fORE 6 %
WJCER L ATRESR A T U 5, a0 v A A3 E
G IORL 5 WA R A R B R, BE IR I TR A
WAL HFAE.

e 1 MR 2 hIoo R & 5 R DL SO SORE
FRIEM AT EEH K0 X H K& &8 o 5 87
PR BAT — 5 B B AH DG i R B 8T KRR AE AT
DI 3o 1 4 TORE B R AE R AR B, X B 5 RS
AR B R ) & B A m ORI R AT A0 R 43 A
4.2.1 SHEBA  EHXCREMH KRS T, K
BB AT ORE 28 B — 2w BT R L A 13 AN A fORE
FrAR R . R KT 60 %0 M UKL 4 1 R Ok
20(86.3 %) JHOkL 24 (79.4 %) (BUKL 33(68.4%) , 1
ki 2 LS AP IR XA AR AR SIORE T 28 A 3 & 4
D55 A Ok AT e R U5 T IR R A A v By T W, AN
PR RS BRI S XOR B IR A
b P SR R T B DX b 2 A o Y kT R R
HE & XN &M Fe TRZL Y Zn.Cr T
FEA R0 IE ARG, 5 XS & 8 Mok Fe
JTLE L5 Mg.S.Mn % ICHE M C, e h a7 X % 4
Ja& FORE T I A B i O AR AR BT R B R AR T S X
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A3 %

{18 5 R AHORE T 22 Hb S W BBl 1) SRR
4.2.2 EEWA FETXOREM M T KEE R b
AT ARE OB S B SRR R B N Sk Ok
7(33.2%0) AL 17(10.5 %) kL 32(80.3 %) » AR 4
HITZE G 1 E S & e RRE AR I H T R Sk R O TR B
W AT KA SRR P . Zn TR £ 5 ST EM K,
AR AT BE S Fe,Mn JC & M6, WNBOKE 4., B0k
176 A RE S Fe,Cu JC R AHC, WKL 25, fOKE
36310k 38 WAL T Zn-Pb-Fe-Sb LR A &, BA
SR ) G A A T XOR R A KRR b R
BT 3 AN EEtoRn . BT E A E & B UL
R A AROR S g b S B R B T X
IR ARORE Hh B4 5 A SO R AR S TR T T IR T AR g
PR B GETR AT REE A6 HH OC 1Y RRAE.
4.2.3 EHEBAL AETXORE MM T KEE S AL L
A4 ORL R R L A R BORE 6 (15.3%4) .
21(22.7%).25(3.5%).36(3.6 %) R4 H T EH 4
PR 43 R A A 0 R T BB R R S AR L R
AU ESE T KNG EBHKE S Cu i £
S.Cl L E BA — & WA Gk, 5 5 1, f0RE 25 A9 o0
EEEHSIE R R B TS S.Cl L&A, i85 Fe ot
FAR, BORL 36 IR S EFFMEH T RES S.Zn Fe
S5 T8 2 A G B OB R RE A 76 75 5 X b s 3, 106 B
5 XA AOR S gl b S A AR R e T X
IR HR 1R 5 R BORE SR VR T T IR A BE AR B
TR (AR Ab A 56 (9 R AE.
4.3 HTKMKBAERBRRT EHET =

X HC AT X MR KRR R S X IR KRR A e
F ok e A A BRI 2200, & Fe.Cu.Zr.Ag 5
5 R R At B A0 AT — B0 5T R 1 TR A AR X M T
KA & B S KRR R R &R OB
Fe .Mn.Cr. Ti.Ba.Zn UKL, H /K o & 07 fCRL 1) Sk
ZTRERG R T H 50 X R G A T 0 22 5 0] LU
HE B F 9T X T K is T ok A Rk R
W RORL, 515 S KA F A 25 B S 1) ORI S

I iR K v 4 K OB SR AF B 5 BRUR R L R
Wl FAE G 3 T oo R & 2 M /K SCHL R 1 2 $20,
B NCRLRRAE CRL 4G T 550 L 25 44 L 38 & 04 L TOUL R AE
) 1 R R R R b T R 1 B AR 4 A i AR R
Hb T K BORE R R 2 1) AT A o B o S R AR AR AE
S5O ORI ARE 5 B AT IE BE BRI kAR
R A5 T A GORE 14 43 A7 >F 4 B R0 B AR 0 4 1) 43 A
T PR d5 2% Bl S R A s [ oy A 0 L BEE b REAE
T 45 /N DXL ROk T DL A 2 R A R T

B Qi BR ) BRI AR | B Oy AR IR T
KA B R AR

i 3 A SCHY W s A AL AR T R BT 4
o KL R B  75 T M K BE 4 A 5 7 6 J TRORL
FriE#% .ok A TRHR LR 7K B 5 <6 T 9 K UKL RE 8
S W R 4 I A5 B, 5 25 4 J 4 oK BORE o RE XS 7 4L S+
“H DA o 137 R T AT A B 4R B AT 48 7R S
4.4 FREEREMAX M TRAKGRAEN

AR SCHT A 0T LG T 357 XA KRR i 7R 4 DX R
AT B 3R KRR v A B R ROk g s
By, PP B A2 2% X BB % < Ja ROk T RE 2 BB T
IR I F T A A K 388 4n SR e AR RTK B IXC R
2 AT BEZ 0BT DX R I AR K 7 AR S Gy AT X 73X
— DX A T A Bl AR W A L T BE R WA A A )
PR IR AR R TR L 2T R UM AR A R

AN [5) £8 45x Jis oL T BE 7 Az A X AR ) 1) 52 0 AT
Jr 22 5 AN BE A S 2L AR B A A0 AE L 3 el i
PRARENEZ RN WS T SHAEASG 2
51 7 A AL G AR O B i 21 B B A A
B WL 35 A% AR s BT DL 5 52 ) HDACs 15 14 2k
SR AL F 98 i GO BRI 60k 3. 20110 R/ D
SE(2008) HEATHY 3 Fh 4 J A AL AR BlORE K A 25 g
PRI R W] 757K B W R o S B X B 200 i 2 35 1Y
BEPER T AR, R AR B R T = A —
B RV, A Ta] 9 A 08 <6 TR S A 0 4 R ARORE 19 SRR
PE A

AU FER WY A8 Al Al 7 DX BRI A9 3R K 5
4 J8 TC R ORL 7R L % DX R K AR AT REAZ 2 1S G
Br 7T EROT RS A R T R T R XK
X T XU T K B9 75 G 2 51 R S R K
55 J A R ARORE B W 558 T LA T A 0 3 T AR TR Y
5 YL B0 o T8 5 0 e BT T RO JKORE P R A R
TC R AR ORL R AE o A 45 BORE TR 25 L 4540 L SR AR
A EEESE AT LUK I Y 3R K R R AR AT A
3 U RO I T 55 DCRORE R AT X0 LU AESE L BRE B g
i S Wy HH R A M A A By i 2 N 15 B

5 ZEig

(1) TEB) PR IR 3T T oK rp & UK & 5 A
SR 4 JBRORL , W% Fe,Cu.Zn {0k, 3 5 XK
H Zn Cu 7ERCRL B9 513 20 L3 /h T 0.5 04, T
R K& Zn, Cu BORLIE A 20 & & 20 Bl f] ik
49.9%0.5.1 %0 T Ag Hon 2R WY, 3 28 55 4 TORL RE %
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