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Table 2 The eigenvalue and variance explained of principal component analysis in the study area

FER FHIE(E Tr 2ZE TR/ % FIH TR/ %
PC1 2.95429 29.5429 29.5429
pPC2 2.209107 22.09107 51.63397
PC3 1.451425 14.51425 66.14822
pPC4 1.26463 12.6463 78.79452
PCs 0.686685 6.866845 85.66137
PCo6 0.523345 5.233451 90.89482
PC7 0.461487 4.614866 95.50969
PC8 0.252381 2.523811 98.0335
PC9 0.11301 1.130104 99.1636
PC10 0.08364 0.8364 100
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Table 3 Orthometric rotating factor loading matrix of factor analysis in the study area

(=N F1 F3 F4
Mn -0.07738 —-0.07873 —-0.09688 -0.83041
P 0.702332 -0.01513 0.075709 0.038553
Ti 0.710837 —-0.14553 0.096094 -0.26549
Zr 0.482694 -0.18209 -0.38805 0.396661
Al 04 -0.2006 -0.8244 -0.00632 0.018327
Ca0 -0.50636 0.941437 0.227767 0.310812
Fe, 0,4 0.215612 0.058648 0.045556 -0.63857
K,0 -0.29089 -0.59256 0.308376 0.3833
MgO -0.08812 0.649321 0.456313 -0.03996
Na, O -0.5376 —-0.03472 0.228541 0.462876
Si0, -0.41052 0.223752 —-0.9471 0.163893
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Table 4 Major component median of different subdivision from the study area
k7 FI, Fl, F2, F2, F3, F3, F4, F4,
Mn 532.5 467.8 515 531 610 372.9 389 767
P 604 341 437 457.65 540.45 323 424 454
Ti 3746.5 1954.8 2704 3364.5 3481.55 2037 2609 3254.8
Zr 215 113 136 166 160 121 165 149.3
Al Oy 11.6 10.8 9.1 13.6 12.1 7.5 9.6 11.94
CaO 4.4 4.83 9.1 2.32 6.2 2.64 4.7 3.3
Fe, 04 4.68 3.06 3.6 4.84 4.8 2.77 3.06 5.25
K,0 2.3 2.1 1.7 2.72 2.49 1.3 2 2.1
MgO 1.75 1.13 1.8 1.51 2.1 0.8 1.21 1.53
Na, O 1.8 2 1.5 1.82 2.1 1.4 1.8 1.68
Si0, 64.6 69.28 59.39 66.945 60.215 78.2 69.69 67.71
(a)

o NTHED

s o

o @
RARNE A

. ‘% e

EEEEIE
L

PRS-

[

o O BEEET

FAEw;
o© e
e

e ey @

-
KT
. |
B o - - 0 20km . ,

M s e P TN ! .
(b) -

& snwar

B EAN & v

o NFHRT * Bk

- ke ek ®

o @
?‘Fj(i*ﬁ%ﬁﬁ:

I /
SME s i K g

e LERRIRERED

et
©

RAERERT

mg e @ (°
Kew

® o - 0 20 km
|

a—ILR 405 K 73 X AR AL I E 1Y Au 55 b— LS ALEREE Jr i EE 1Y Au S

a—Au anomalies delineated from geochemical subdivision standardition of ILR ;b—Au anomalies delineated from classical method

B 6 ILR TIMEHIEETFHRRELREZURIIELES ZBEHN Au RES T
Fig.6 The comparison diagram of Au anomalies and deposits from geochemical subdivision standardized
of ILR and classical method



13 WK DU 458 < TLR 848 I 5006 9 DR 123 DXCAR AL 7R [ ZR B Bk f 2 S B v 9 1 - 119 -

+ EA R ARE A 2]
"R | X E PSRRI E R A
- [ ] LEINZ3
. e + - n
+ ol
i % . .x 1_ l.
+H++++Ptr R ++ .
+ X +fF g +

& + &
P, s
8 by s ¥l
T AR R PR 2 0 520 A T 5 b 5T PR R 1 0 S0 A TR
o TR S 4 S0 AT A R 8 RS — BT B 4 50 1

a—gold outliers detected from geochemical subdivised standardization ;hb—gold outliers detected from classical method ; c—gold outliers detected from

both method ;d—gold outliers detected from one of two methods
7 REAESRFARGELTEEENESFEX

Fig.7 Comparsion diagram of detecting Au outliers from subdivised standardization and classical method

R5 MMHAEBEENERE AL

Table 5 Point statistics of detecting Au outliers from two methods

. - P2 Y S AR A R PR B e ok —Ff i B
W RETRE JoeT /% S S
(5 WIRES 2.7%107° 415 10.4 108

K43 X AR AL 1 325 8.1 307 18

M6 WA, TR AR 46 J5 808 7y AR AL B Rasmb FALE 7 IXh @ ih)2 2285 =& R E IV
S I S8 R P R A HE P 1 R W AE VIR Bl AR B A A DU i J2 Au Sb As Hg
() F#A RIFAE R R DG IE AR RUR A K WS ES IR, R IR AL 9 i bRl 2 )8
RN 52 X R AE BRI 2E IR A G % S5 REon, BB RIS A Au T RSk
X2 KU 5 M 72 5 ) 1.85x107° 5 | BATSCRIIN 4 001 14K RUTE
HEMFEGEBAE TR N R ERER el eEddigRI B BmAdue 4 S X505
BT R2E  MTHAr AR EAL T B i S e ek T Se(E, &5 R on , Au I REFE R ML E (B
PN SRS OC R I X AR g 1.59x107° b 1.54%107) i = F R AL R R
HEAL B 1 5 o LA R 48 (R 0.76x107°, 21 0.96x107°) , b 5 5
G55 TR S AU AMESOTETEE R X IRET R I, T2 X AR R T LA v T
BN ERE B 10.4% , T XBRUEAL T B E A2, AT S 3 Pl B
()55 B0 7 R A Y 8.1% , DRI 7 vk 4 18
S RS MR 7.7% , BARTR (AL 4 458
SPARAL T BRSPS S AL, R4 X
PR i i AT S a5 B, oAb AR50 1) MR 2B 2 W B, B T A A AL
BOATERIER R p el e T R MRS Sd aile AR 0L, RS T IR 13 A 2 A1, X B kA 7 A8 46t



- 120 - woR 5 It & 4t
Mgﬁ}ﬁ‘ E(J j}:ﬁi‘ﬁ}ﬁ}*ﬁ}l@ﬁ , E%%Ef{?ﬁi l}i\‘ ﬂi’J‘ deal with geochemical data based on the Suffer software[ J]. Geolo-
E,r%gﬁ , E{Eﬂ:ﬁﬁ:ﬁ%o gy anil’rospécting, iO(?7 ,:13(2) ;72 -175. o

D) [T X b b P 5 10 4 5 s 5y 1 [10] Bidif ffﬁﬂ}éﬂl"?aﬁk#ﬂ?ﬁﬁ MAPGIS éﬂzfﬁ@&ﬂ%ﬁx
DIl M BR AL 5 8 A ST R RIT [ D], Bk 4R, 2009, 30
oI5 0 S X LA | R P E 2 0K (1) - A
ﬂ%ﬂﬁﬁﬂ? ,@%fg‘?ﬁﬁ% FH ??&ﬁ%fﬁi‘m}ﬁ%/ﬁ: Chen X Q, Yang X J, Chen F W et al. A discussion on the meth-
E‘J%ﬁ ’T{%%%fmfﬁm@fﬁTﬁﬁ E‘JE”E@LET%',W od for extracting regional geochemical anomaly based on mapgis
%%Eﬁ;ﬁ‘{ﬁ{}c%}lg T‘ ﬂ’{_j‘}ﬁ %,{L—F E‘Jﬁ:j‘% , ltt %]/—\HE digital elevation model [ J]. Acta Geoscientica Sinica, 2009, 30
0 S (11197125
[11] BRBA, fudkss 5 B AL IR E 55 W b iy ¢ ARk
[J]. KEMRFEEF,1996, 26(2) : 227 —230.
g%iﬁk ( References) : Chen M, Fan J Z, Jiao X G. The C-type transformation method for
(1] 2R, hPebi IRk AL 2 53 0 15 B B0 AW [J]. 78 recognition of geochemical background and anomaly [ J]. Journal
e, 2004,37 (1) :102 - 108. of Chang Chun University of Earth Sciences, 1996,26(2) ;227 —
Li B Q, Sun Z K. Study on the method of geochemical anomalies 230.
analysis[ J]. Northwestern Geology, 2004,37(1) 102 — 108. [12] BORKHH ROk, Ml 25 45 S v B S A6 A TH B AR 7= 5 U8
(2] bSLiE, 2250, BEAK T, 55 B 4 SO DR MR A 35 55 T 0 TR 555 S8 SRR AL 45 4 [0 HoBR A
SR (1], HBUEAR, 2007,26(12) 1531 - 1535. = P E TR, 2000,34(2) 1232 — 242,
Hao LB, Li W, Lu J L, et al. Method for determining the geo- Chen Q M, Zhao P D, Chen J G, et al. Application of singularity
chemical background and anomalies in areas with complex lithology theory in prediction of tin and copper mineral deposits in Gejiu
[J]. Geological Bulletin of China, 2007,26(12) 1531 — 1535. District, Yunnan, China: weak information extraction and mixing
[3] ZER RREAE A P A R A JRTES ANN [M]. JbE . information decomposition[ J]. Earth Science ; Journal of University
HJT R AL, 1999. of Geosciences, 2009, 34(2) :232 —242.
Li CJ, Ma S H. Fractal, chaos and ANN in mineral exploration [13] BT, 204 Khidk e, 4. K RITAR IR Ak 2 45 IX 4 R 1
[ M]. Beijing: Geological Publishing House, 1999. SRR SR )], S S EIEE, 2004,40(5) 173 - 76.
(4] JA& .43 DO SORCE B B HX L R 5 3 B e R L[ ] R Shi Y X, JiHJ, LuJ L, et al. Factor analysis method and appli-
S1H,1986,10(4) : 263 -273. cation of stream sediment geochemical partition[ J]. Geology and
Zhou D. Unit-wise adustment of geochemical background data and Prospecting, 2004, 40(5) :73 —76.
its significant geochemical anomaly delineation [ J]. Geophysical [14] IFHaTE . X Il Bk Ak 2% B Te A & e e TS [D]. K
and Geochemical Exploration, 1986, 10(4) :263 —273. F RO, 2004,
[5] SR X, 5k4te, EEM. 7 XA B E I I % K55/ N H R Shi Y X. Research of regional geochemical Units: concept, meth-
B [T]. S AE,1999,23(4) 1250 - 257. ods and applications[ D]. Changchun;Jilin University, 2004.
Shi C'Y, Zhang J H, Huang X M. Subregion median contrast filte- [15] B, Rlidk e R 7K R TR AR R A 2 A0 1 Jr i
ring method and recognition of weak anomalies [ J]. Geophysical HFGE—— AR LWIR BT T X[ ], FARR 2254, A8
and Geochemical Exploration, 1999,23(4) .250 —257. Bl2# R, 2005,35(S) ;147 — 150.
[6] BAZRAE A HEAEZNAFBAC B F P iy R (], H Zhao Y Y, Hao L B, Lu J L. The technique of inveting bedrock
5 ,2006,42(3) : 67—71. types by residual stream sediment in Daxing’anling shallow overlay
Zhao R J. Application of different data processing method in geo- [J]. Journal of Jilin University; Earth Science Edition, 2005, 35
chemical exploration in the North Luanchuan [ J]. Geology and (S): 147 —150.
Prospecting, 2006,42(3) :67 —71. [16] ML, Wigkte , 250, % XIS AL B B0 7E v 7 16 IX b 5 SE R
(7] USRS Bk 2 e i 5 — AR A SRR LI (D] 4R S PRI [D]. LT, 2007,34(4) ;710 - 715.
1L, 2004,28(3) ; 273 —275. Hao L B, Lu J L, Li L, et al. Method of using regional geochemi-
Liu D W. The normalization of regional geochemical data and its cal data in geological mapping in shallow overburden areas [ J].
application[ J]. Geophysical and Geochemical Exploration, 2004, Geology in China, 2007, 34(4) . 710 - 715.
28(3):273 - 275. [17] BT M7, Bk TR , 55 DR 43 26 1 A8 2l V38Tl X 3
(8] B, 5 PR A I H /N 43 B B SO 2 W A 4 5 1 5L BORE R [T]. SRRz 2= 4l B RARA AR, 2008, 38
(3], HoBRAE: P BOR 241, 1999, 24(5) 2509 - 512. (5):899 -903.
Chen J G, Xia Q L. Wavelet-based extraction of geophysical and Shi Y X, Hao L B, Lu J L, et al. Application of factor classifica-
geochemical anomaly information[ J]. Earth Science:Journal of U- tion in geological mapping in Tahe area, Heilongjiang Province
niversity of Geosciences, 1999, 24(5) .509 —512. [J]. Journal of Jilin University : Earth Science Edition, 2008, 38
(9] ZEBER Wb ¥R, i . Sufer F4: o I 518 J7 12 Jel € b (5): 899 - 903.
R (1], B, 2007, 43(2) :72-75. (18] #E. 7ok R ULBUA I B R 2 20 DX o 9 8 ¢

Li SM, Yao S Z, Han Y C. Using tendency analysis method to

DDA MRS 2 X R I [ T]. W7 P S, 2008, 22(1) ;@



1% Ik I I 452 TLR AR 45 250908 1) R 43 X AR AL AR 2R B 7R B IR Ak 27 i P o o 14 o P - 121 -
78 - 82. [27] Hoaglin D C, Mosteller F, Tukey J] W. Understanding robust and

[19]

[20]

[21]

Dong Y. Discussion of applying factor analysis to the geochemical
subareas measurement in stream sediment: A case study of Dulan
area in Qinghai Province [ J]. Mineral Resources and Geology,
2008, 22(1): 78 — 82.

BRI, BN, A, AR BT AT R ML IR AL A A3 DX R R
JH: AN SEAEAARIF DX 12577 55 i 3 3R A 2 D &5 508 461
[J]. sRRARHL R, 2012, 31(2) ;27 - 34.

Zhao S Q, Wei ] H, Gao X, et al. Factor analysis in the geochem-
ical subdivisions; Taking 1 :50 000 debris geochemical survey in
the Shibanjing area of Inner Mongolia as an example [ J]. Geolog-
ical Science and Technology Information, 2012, 31(2) . 27 —34.
Filzmoser P,Hron K. Reimann C. Univariate statistical analysis of
environmental ( compositional ) data; problems and possibilities
[J]. Science of the Total Environment, 2009,407:6100 — 6108.
Pawlowsky-Glahn V, Buccianti A. compositional data analysis:
theory and application [ M]. London; John Wiley & Sons, 2011
378.

[28]

[29]

[30]

[31]

exploratory data analysis(2nd edition) [ M].New York; John Wiley
& Sons,2000:472.

SRS A RAE T (EDA) BARMBIH] [T]. B 5K,
1993,11: 52 -58.

Shi C Y. Application of exploratory data analysis technology [ J].
Geolgy and Prospecting, 1993,11.52 —58.

Reimmann C, Filzmoser P, Garrett R G. Background and thresh-
old; critical comparison of metholds determination [ J]. Science of
the Total Enveiroment, 2005,346(1—-3) . 1 —16.

Reimmann C, Garrett R G. Geochemical background-concept and
reality [ J]. Science of the Total Enveiroment 3, 2005,50(1~-3) ;
12 -27.

Grunsky E C. The evaluation of geochemical survey data; data a-
nalysis and statestical methods using geographic information sys-
tems[ G ]//Harris J R.Gis for the Earth Sciences, Geological Asso-
ciation of Canada Special Publication 44. Geological Association of

Canada, St.John’s, 2006229 —283.

[22] Aitchison J. The statistical analysis of compositional data [ J]. [32] Carranza E J M. Geochemical anomaly and mineral prospectivity
Journal of the Royal Statistical Society. Series B ( Methodologi- mapping in GIS [ M]. Oxford; Elsevier Scientific Publishing Com-
cal),1982, 44(2): 139 -177. pany, 2009.

[23] Pawlowsky-Glahn V, Egozcue J J. Spatial analysis of compositional [33] T RECELSRTIERSH F=RETEN [D]. K&,
data; a historical review [ J]. Journal of Geochemical Exploration TAK 2, 2004,

2016, 164. 28 —32. Ding Q F. Metallogenesis and mineral resources assessment in

[24] Pawlowsky-Glahn V, Egozcue J J. Tolosana-Delgado R. Modeling Eastern Kunlun orogenic belt [ D]. Changchun: Jilin University,
and analysis of compositional data [ M]. UK: John Wiley and 2004.

Sons, 2015:272. [34] Shifta, KT, AR 3E, 45, e A RS oR [E ek fb 2 156 A

[25] Filzmoser P, Hron K. Reimann C. Principal component analysis for F—1-47-[ 7] (BRZR) 1-47-[ 8] (LB WAIIR) [R]. HiE4 b
compositional data with outliers [ J]. Environmentrics, 2009, 20 SR IEAE B, 2000.

(6): 621 —632. Ma J Q,Hao P,Yang X Q,et al.Specification of geochemical map

[26] Tucky J] W.Exploratory data analysis| M]. Massachusselts ; Addison of the People’s Republic of China—I-47-[ 7] \1-47-[ 8 ][ R].Qing-

~Wedley Reading,1977:506.

hai Geological survey Institute ,2000.

The application of ILR transromed data factor analysis to
delineating geochemical anomalies

GENG Guo-Shuai'*, YANG Fan’*, GUO Jian-Na’
100083, China; 2. Gold Geological Institute of CAPF, Langfang

100012, China ;4. Research Center of Geochemical Survey and Assessment on

(1. School of Earth Sciences and Resources, China University of Geosciences, Beijing
065000, China;3. Beijing Institute of Geology for Mineral Resources, Beijing
Land Quality, China Geological Survey, Langfang 065000, China;5. Natural Resources and Planning Bureau, Langfang 065000, China)

Abstract: The reliable detection of data outliers and unusual data behavior is one of the key task in the statistical analysis of applied
geochemical data, and has remained a core problem. Factor analysis is a multivariate statistical analysis method, which is used to solve
the problem of complex geological origin and superimposed mineralization; nevertheless, geochemical data are compositional data, there
exist their closure effects, closure has a major influence on the covariance and correlation matrices, the very base of principal compo-
nent analysis (PCA) and factor analysis (FA). So the authors applied isometric logratio-transformed (ILR) to “open” the data before
FA. The study area is located in the east of East Kunlun polymetallic mineralization zone. The authors used ILR transformed 11 major
elements to conduct FA, extracted four public factors and calculated the four factor scores. According to the results of FA with EDA
method , the authors standardized geochemical data and delineated Au anomaly. Compared with traditional method, this method can e-
liminate the influence of high background values.

Key words: regional geochemical exploration; ILR transformation; factor analysis; EDA method; anomalous delineation; East Kunlun
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