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English Abstract

The earth environment for the survival of mankind s constituted by all of the elements i the periodic whle.
The study of the spotial distribution of all the elements on the eorth surface is essentinl for better stewardship of
sustuinable environmental management with sustainable resources development.

Greochemical mupping will produce maps of vanous sciles aboil the spatinl disiribution of elements, Since
1973 up 1o the last of 20th century, about 50 regional or natiomal geochemical mapping projects have been carmied
ot The number of elements determined rnges from severals o about 40, Due o the mconsistency of elements
analyred. the high detection limits of many important trice of subtrace elements and the global moomparnbility
of data quality, most of the peochemical maps produced have not neached the significance they ought to reach i
solving important enviconmesitol and resources problems.

IGCP 259360 initiated in 1988 has made recommendations for future geochemical mapping projects, that
71 elements should be analyzed, the detection limits of e and subirce elements should be lowered down below
their crustal sbundances and the data should be plobally comparable. After the termination of these two 1GCP
projects, a working group was established in IUGS to contimie the imternational efforts to improve the concepls
and methodology of worldwide geochemical mapping. Efforts have been made by peochemists from muny
countries o fulfill these recommendations. The FOREGS Project (1996 — 2005} cooperated by 26 European
countries had made more significant progress by multi-sampling of stream sediment, loodpluin sediment, woter,
humus and resadual soils and snalysis of 69 clements with detection limits and precesions nearty all met 1GCP 259/
360 recommendations. The pablication of Geochemical Atlas of Europe is a murkimg stone of the international
cooperution in geochemical mupping.

China's nationul peochemical mapping program (RGNR program [ 970—) has been carmied out for 29 years
by sumpling stresun sediment with a sampling density of | samplefon’, or | sample30—580km? in some difficul
areas. Thoigh only 39 elements were mnalvzed in this program yet the quolity of analvsis including the senstvity,
precision and socurncey cinall meet the IGCP 2597360 recommendations

Thie present atlis containg the maps of 76 clements in 5.W, China, The 76 element duta wene prosduced by fully
utilization of the stream sediment spmples deown from the sample banks of the five 5. W, China provinces,

The presem work is a pilot study for o largey progeam o constimete the 7o element peochemicl ilas of whale
China.

Sample Collection

Composite sumples were prepared. About 100 samples within each 150,000 map sheet were mived and
composites into | sample. About three thousand compaosite samples were submitted for analysis, This work is
tedious but needs 10 be extremely careful. The readers can refer to Fig 2.1 1o Fig 2.38 in the text to hove a glimpse
of the actual pictures of sample collection,

The 76 Elements Analvzed

The 76 elements are analvzed, including the 39 elemenis originally analveed in RGNR Projects and 37
elements newly added,

|. Thirty nine elements in RGNR Project

ALO Ca0), Fe O, K O, MgO, Na O, Si0), Ag, As, Au, B, Ba, Be, Bi, Cd, Co, Cr, Cu, F. Ga, Hg, La, Li, Mn,
Mo, Nb, Ni, P, Pb, §b, S, Sr. Th, Ti, U, Y. W, Y, Zn_¥r.




2. Newly ndded elements

Rare earths: Ce, Pr, Nd. Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, ¥b, Lu;
Platinum group: Pr B, Ir, Os, Rh, Ru;

Dispersed clements: Cs, Ga, Ce, In, Rb, Re, Se, Te, T1;
Mon-volatiles; HIL 5S¢, Ta;

Halogens: Br, CL 1;

Mon-metals: N,5.C.

Analytical Requirement

1. Dhistw quuality

Detection limits: The detection limits of all race and subtrace elements should be lowened down below ther
crusial abundances {see table 3.1 ),

Aceurncy: The log deviation should be AlgC < (0.1,

AlgC: The average deviation of a group of the certified values in logarithms with the analytical results of o
group of standard reference samples in loganithms,

Precision  standand deviation 51 10% — W%

coefMicient of variation CV: 10% — 20%

2. Mup similarity

The final products of geochemical mapping are mips, not dam, Accurncy and precision parameters are only
menstres of data guality, High quality of element maps means that the maps will show the similarity of element
spatial distribution in nature.

Analytical Methods Used

Nine lnboratories in Ching colluborated in this project for developing analytical methods for PGE, RE. Te and
Re or for undertuking the routine analysis of many elements (soe nble 1.3 in the Chinese text).

Reference tm Chinese
elomenls pnalyred imthingd weed

tewi in the mamograph

Ba, Be. B, Cd, Co, Cr. Cs, Cu, HE LL, Mo, Nb, Ni, Ph, Rb. Sb. Sc. S To. Th. Tl

ICP-MS Tuohle 3.2
LI, ¥, W, ”n
15 rart gaith clements ICP-MS Toble 3.3
B Br, Ce, 1, O, Or, Co. Gia, La, Mby, Ni. Ph, Bh, 5. 5. 5r, Th, ¥, Y, #n, ¥r,
XHRF Tahde 1.4

IO, 10, M), Na,O, K 0, Mg, Culd, Fe,0,, ALD,, Sit),
f PO elemenis ICT- M5 Table 1.5
Ha, Be. Co, Cr, Co, La Li, Mn, Mh, Ni, P, 5. T, ¥, £a,

K00, Na 0, T, Fe 0, ALO, tebaiet e
15 rare carth elements ICP-AES Table37
Ax, Sh, Ri, Heg, Se, Ge AFS Tubbe 3.8

A 1, Sn, Mo, Ph AAS Tubdc 3.8

Ag. Cd. Au GF AAS Table 3.10

W. M POL Tuble 111

TC. Cory NAT? Table 3,12

| C5p Table 3.13

(0 MAT: Mon-oguoiss ltration: 3 C5P: citalytie spectrophotomesry,




The method used for different element and the detection limit, acouracy and precision reached by different
migthod can b referred through the following table in the Chinese e

Geochemical Maps for 76 Elements

The researched regon les m 97 00" —112° 37 N with amarea of 134 = 10P ko'

All of the geachemical malviscil dat for the research area are loaded in GeoMDIS system with Excel formist.

The geochemical muaps are penesited by dita which are gridded by using duio-grdding funciion of GeobMIDIS.
The grdding method idopts inverse ratio welghing by distance power function, (o calculite the value of grid node
by senrching data in the exient of radius 50 kilometers,

The conisurs are classified 14 pradaticdas based on geochemicil mean {(back grounid value } which is rejected
repesiedly by X+ 35 and wsed bsckground value 1o add or minus a multiple deviation w divide the pradations.

Fig 5.1 —5.76 show the geochemicil maps for 76 elemenis,

Comparison of RGNR and 76 GEM Maps

The 3% elements determined in RGNR project were determined agnin by 76 GEM project. S0 we have a chance
b comstruct maps usng the two scts ol dofa o compere the map similarity, The mop similurity was measured by ihe
approachness of sverage values, standord devintions and comelation coefficients (Table 5.2). From Toable 2, only Au
with poor cormefation (0.266), Be, Ag. Mo, B with cormelation coefficients (L654—{0,762, Ba. Lo, Th. Hp. W. Li with
correlation coelficient (LBO2 — 0,899, All the rest of elements with correlation coefficients higher than 0.900,

Geochemical Blocks and Metallogenic Province

Wide geochemicul patterns such as geochemical provinee, geochemical megaprovinee und peochemical
domunin represent surface expression of giant rock blocks (geochemical blocks) (SGR) with high content af ore-
forming elements which can provide sufficient one moterial supply for ore-formation of Lasge or giant ore deposits
und dense cluster of mineral deposits. The concept and methodology of geachemical locks can be used 10 predict
the occurenoes of unknown large ore deposits. Metallogenic provinee used by geologists to predict the ocourences
of new are deposit can only be defined ofier severl ore deposits have aleeady been found in the area.

This study divides ore-forming elements into two groups: elements with important influence of lithological
character on the prognostic results, and elements with little or no influence of lithological charieter on the
prognostic resulis. The two groups elements pre listed in Table 6.3 and Toble 6.4, respectively.

Single Ore Element Geochemical Blocks

The geochemical blocks of ore-elements with linle mileence of lithology (LIL elements), such as Ag, A,
Hi. Pb, Mo, 5b, Sn, V, W, Zn, Bi, Cd, In, Li, Ta, Tl are presented on map 6.1 — 6,18,

The geochemical blocks of ore-glements with more influence of lithology (MIL element), especially such as
Pr. Pd, Co, Cr, Ni, ¥, Ti ew. are presenied on maps 6,19 —6.34,

I's shown on the maps thar most of known large are deposits of LIL elements are located within their
respective geochemical blocks, while those of MIL ore deposite are scamered.

Multi-Element Geochemical Blocks

The study of multi-element peochemical blocks deals with o large number of elements in the periodic 1ble.
We believe that all the chemical elements in the peniodic table are of value to the mankind, thus secumulating the
data on their distnbution and enrichment is important,

Eleven geochemical blocks were defined hased on their spatial coincidence, the similaniy of their distribution
trend and ore-control structures (Fig. 7.1 ),

The compaosition and geochemical charactenstics of the |1 muli-element geochemical blocks are shown on




map 7.3 10 7.23, Table 7.1 1o 7.33
Conelusion

The eirth is constructed by all elements in the periodic tble, Mapping of the spatial distibution of nearly all
thee elements i the periodic tble will get a new overview of the earth susface construction for better stewanship
of sustainahle envimnmental management with sustainable mineral resources development

This work is only a beginning of a program for mapping the 76 element distnbution of whole China, and for
the more in-depth research works utilizing the immense data base obtained.
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