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ABSTRACT: This paper discusses geochemical (GC) mapping techniques based on selected representative cases
of GC maps since 1980s, e.g., GC maps surveyed by sheet-units of 1:50,000 scale covering the Taecbacksan
Mineralized Belt and its neighboring areas, wide-spaced GC maps by sheet-units of 1:250,000 scale, nation-scale
GC atlases for eight provinces, and regional GC maps for rare elements. Detailed discussions are given to
understanding of data structures, class selection (e.g., arbitrary, percentile, boxplot), data processing and map
production, definition and establishment of statistical estimates (e.g., outlier/threshold/anomaly; mean/background/baseline),
and outlier detection. Advantages and problems in technical viewpoints are diagnosed from various types of GC
maps, e.g., black-and-white growing dot maps, color contour/surface/block/symbol maps and Exploratory Data
Analysis (EDA) symbol maps. The paper closes with some suggestions for current problems and practical responses
related to GC mapping including a national GC database.
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Table 1. A history of fifty years of geochemical prospectings in Korea.

Project Phase' Coverage’ Target Sample media® References
P1. Earlier reconnaissance mineral survey ~ R*  ~23,000km’ (unspecified wide <5 metals L, H Seo et al., 1970; Kim, S.-Y. et al., 1971; Heo et al., 1970, 1971, 1972;
(1964-1975) areas) Onet al., 1972; Heo and Lee, 1973; Kim, M.-S., 1975; Kim, Y.-K., 1977
P2. Earlier local surveys around previous D ~l,572kml <5 metals L,H Park, E.-Y. et al., 1971a,b; Park, J.-K. et al., 1972; Lee, J.-Y. et al., 1972;
mineral occurrences (1963-1976) (Taebaeksan, Hwanggangri & Reedman et al., 1973; Jin, 1974; Lee, W.-T., 1974; Lee and Kim, 1974;
Gyeongnam mineralized belts) Yun and Yun, 1975; Kim, S.-Y. et al., 1977
P3. Local follow-up surveys for regional D 6 metal mines <5 metals S Kim, S.-Y. et al., 1979, 1982; Park, N.-Y. et al., 1980; Lee, J.-S. et al.,
anomalies (1977-1980) 1980, 1981; Jin et al., 1981
P4. Evaluations for petroleum source-rock R Gyeongsang Basin (~2,600km22; Kerogen, Bitumen, R (mudrocks); Kim, S.-Y. et al., 1978; Choi et al., 1980, 1982; Son et al., 1980; Um
potentials (1976-1980) Haenam-Mokpo area (~250km”) Organic Carbon, GW etal., 1983
Hydrocarbon etc
P5. Regional and local uranium prospectings R, Regional (~3,000km2: 6areas) U,K-U-Thyray L,W,S, Kim, M.-Y. et al., 1982a,b, 1983a,b; Kim, T.-K. et al., 1983a,b; Shin et
(1980-1985) S-D  Local (~200km™: car-/air-borne Ore minerals al., 1983a,b; Kim, S.-Y. et al., 1984; Jin et al., 1985; Seo et al., 1986
anomalies, U-occurrences etc)
P6. Evaluation for geothermal potentials of R ~300km? (Cretaceous & Jurassic U, K, Th; R (granites) Jinet al., 1990, 1991, 1992
granites (1989-1991) granitoids) Heat Production
Rate
P7. GC mapping for Taecbaeksan Mineralized R ~12,900km2 (~12% & ~14%* 20-30 metals & L, H, (W) Jinetal., 1983, 1995; Lee, J.-S. et al., 1983, 1984, 1995, 1997; Kim, S.-Y.
Belt (TMB) and neighboring areas sheets) nonmetals et al., 1985a,b, 1986, Hong and Moon, 1989, 1991; Seo et al., 1990, 1991,
(1981-1997) 1992, 1994; Seo and Lee, 1993; Lee and Seo, 1997
P8. Regional mineral prospectings R ~800km” (2 Au-Ag districts) U,Au-Ag& <5 L Seo and Kim, 1987, 1988, 1989
(1986-1988) metals
P9. Local follow-up surveys (1986-1990) D 7 mineralized areas (in TMB &  5-6 metals H, S Kim, S.-Y. et al., 1986, 1988a,b; Moon et al., 1989a,b; Moon and Hong,
Gyeongnam Mineralized Belt) 1990, 1991
P10. Compilation of GC maps for Gangneung R ~15,800km’ (based on GC data ~ 25-30 metals & ~ W; (L) Lee, J.-S. et al., 1998
Sheet (1:250,000 scale) (1998) obtained in 1981-1998) nonmetals
P11. Wide-spaced hydrogeochemical R ~60,000km” (5% sheets of 27 metals & W Lee, J.-S. et al., 2001, 2002, 2003
mapping (1999-2003) 1:250,000 scale) nonmetals
P12. Investigation of actual conditions around R, 217 mines (1996-2003); 225 mines 7-9 heavy metals; S, W, Tailing, Shin et al., 2000a,b, 2001a,b,c,d,e, 2003, 2007a,b,c; Lee, P.-K. et al.,
abandoned metal mines (1996-2005) S-D  (2003-2005); 272 mines (2005) (Cyan) R; (GW, Mine drain) 2004, 2005, 2006; Park, S.-W. et al., 2005
P13. Nationwide GC baseline mapping R ~96,940km2 (8 provinces 36 metals & L* Shin et al., 2000a, 2001a,b,c,d,e, 2003, 2007a,b,c; Lee, P.-K. et al., 2007
(1996-2003) including 7 metropolitan cities) nonmetals
P14. Local prospectings for REEs & rare R, ~450km” (Hongcheon, Chungju & 15 REEs; L,H,S,R Youm et al., 2010, 2011, 2012
metals (2010-2012) S-D, other potential areas) 14 metals &
D nonmetals
P15. Regional prospectings for rare metalsin R ~4,800m’ covering TMB in 2013; 16 metals L Youm et al., 2013

Gangneung Sheet (1:250,000 scale)
(2013-2015)

remaining ~9,200Km’ in

2014-2015

i Phase of survey: R*=Reconnaissance, R=Regional, S-D=Semi-detailed, D=Detailed; > 1:50,000 scale topographic map: *old edition=~415km/sheet; **new edition=610km®/sheet;
* Sample media: L=Stream sediments (Light minerals; L=-80 mesh, -177 pm; L*=-100 mesh, -150 um); H=Pan concentrates (Heavy minerals); W=Stream water; GW=Groundwater; S=Soil; R=Rock
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Table 2. Selected examples of regional geochemical maps in Korea.

Average
Example of GC map Project' Coverza e Target area” Sampl}e sampling Elements & Composotions® Method (gf References
(km”) media’  density. analysis
(site/kmz)
MI. Uranium distribution maps in ~ P5 830 Homyeong & Seobyeokri sheets* L 1/2-25 U LIF Kim, M.-Y. et al., 1982b,
part of TMB (1981-1982) (1:50,000 scale) Y 1/1.5-2 1983b
M2. GC maps for central TMB P7 2,900 7 sheets* of 1:50,000 scale (i.e., H 1/24 Ag, As, Bi, Cd, Co, Cu, Mo, Ni, Pb, Sb, Sn, Colorimet Jinetal., 1983; Lee, J.-S. et
(1981-1988) Homyeong, Seobyeokri, Okdong, Yemi, U, W, Zn ry, AAS, al., 1983, 1984; Kim, S.-Y.
Jangseong, Gosari & Imgye sheets) ICP-AES, etal., 1985a,b, 1986; Hong
XRF, LIF and Moon, 1989
M3. GC maps for western & P7 2,000 5 sheets* of 1:50,000 scale (i.e., L 1/3.5 Ag, Al, As, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, ICP-AES, Hong and Moon, 1991;
northern TMB (1989-1992) Samcheok, Yeongchun, Yeongwol, (H) 1/1.5 Mn, Mo, Na, Ni, Pb, Sb, U, W, Zn etc LIF Seo et al., 1990, 1991,
Pyeongchang & Jeongseon sheets) (W) 1/2 1992; Seo and Lee, 1993
M4. GC maps for neighboring areas ~ P7 8,000 14 sheets** of 1:50,000 scale L 1/2-3.5 Ag, Al As, B,Ba, Ca, Cd, Co, Cr, Cu, Fe, K, ICP-AES, Seoetal., 1994; Jinet al.,
of TMB (1993-1997) (i.e., Jukbyeon+Maewon, Jecheon, w 1/2-4 Mg, Mn, Mo, Na, Ni, P, Pb, Sc, Sr, Ti, V, W, IC 1995; Lee, J.-S. et al.,
Anheung+Wonju+Eomjeong, (H) (1/5.7) Y,Zn,CI,F,HCOs, NO>, NO;3, SO42‘, pH, 1995, 1997; Lee and Seo,
Hongcheon+Cheongil+Naepyeong EC, Eh, DO, TDS 1997
+Eoron, Hyeonri+Bongpyeong+
Yeongok+Doam)
MS5. GC maps for Gangneung Sheet P10 15,800 a compilation of previous GC data from W 1/4.4 As, Ba, Ca0, Cd, Co, Cr, Cu, Fe;03, MgO, ICP-AES, Lee, J.-S. et al., 1998
(1:250,000) (1998) 22 sheets and new data from 3 sheets** (L) MnO, Mo, Ni, Pb, Sr, TiO», V, W (sediments); IC
of 1:50,000 scale Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg,
Mn, Mo, Na, Ni, Pb, Si, Sr, V, Zn, CI', F,
HCO5, NO5, SO4”, pH, EC (water)
M6. Wide-spaced GC maps P11 60,000 5% sheets of 1:250,000 scale (i.e., Busan, W 1/6-9 Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, ICP-AES, Lee, J.-S. et al., 2001,
(1999-2003) Andong, Gangneung, Seoul, Daejeon & Mn, Mo, Na, Ni, Pb, Si, Sr, V, W, Zn, CI', F’, IC 2002, 2003
northern Gwangju sheets) NO;3, POy, SO4Z', 5’80, pH, EC
M?7. GC maps for each province in P13 11,650 Gyeonggi-do (+Seoul & Incheon); L* 1/3.5 Al,03, As, Ba, Be, Bi, CaO, Cd, Ce, Co, Cr, XRF, Shin et al., 2000a,
the western half of the country 7,430 Chungcheongbuk-do; Cs, Cu, Eu, Fe;03, Hf, K>0, Li, MgO, MnO, ICP-AES, 2001a,b,c,d,e,
(1996-1999) 8,750 Chungcheongnam-do (+Daejeon); Mo, Na,O, Nb, Ni, P,Os, Pb, Rb, Sb, Sc, SiO,, NAA,
8,000 Jeollabuk-do; Sr, Th, TiOa, V, Yb, Zn, Zr, pH, EC; IC
12,000 Jeollanam-do (+Gwangju) Cr-Ni-MgO, Co-Ni-MnO, MgO-Sr-CaO,
total: 47,830 5 provinces (+4 metropolitan cities) Zn-Pb-Ba, Zn-Pb-Be etc (ternary image)
M8. GC maps for each province in P13 12,330 Gyeongsangnam-do (+Busan & Ulsan); L* 1/3.5 ditto ditto Shin et al., 2003,
the eastern half of the country 199,10 Gyeongsangbuk-do (+Daegu); 2007a,b,c
(2000-2003) 16,870 Gangwon-do
total: 49,110 3 provinces (+3 metropolitan cities)
MO9. A compilation of nationwide P13 96,940 a compilation for 8 provinces L* 1/3.5 Ba, CaO, Co, Cr, Cu, Fe>03, K>0, Li, MgO, ditto Lee, P-K. et al., 2007
GC maps (2007) (+7 metropolitan cities) MnO, Ni, Pb, Rb, Sr, TiO», V, Zn, Zr, pH, EC
M10. GC maps of REEs & rare P14 450 local potential areas (e.g., Hongcheon, L 1/0.5-1 La,Ce,Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, ICP-MS,  Youm et al., 2010, 2011,
elements (2010-2012) Chungju & Wondong areas) H 1/1 Yb, Lu, Y (=REEs), Ce+La, TREE; Ba, Mo, Nb, ICP-AES, 2012
S 1/0.003 Sr, Ta, Th, U, V, W, Zr; CaO, Fe>;0s, Na>O, P-Os
MI11. GC maps of rare elements in P15 4,800 9 sheets** of 1:50,000 scale (i.e., L 1/3.4 As, Bi, Cd, Cu, Ga, Ge, In, Mo, Pb, Sb, Sn, HR-ICP-  Youm et al., 2013

Gangneung Sheet
(1:250,000)

Pyeongchang, Yeongwol, Jeongseon,
Yemi, Imgye, Taebaek, Samcheok,
Jangseong, Maewon & Jukbyeon sheets)

Ta, Tl, U, W, Zn MS

' Project number: see Table 1;>maps on scale of 1:50,000: *old sheet=~41 5km?/each sheet; **new edition=610km?/each sheet; > Sample media: L=Stream sediments (Light minerals), L=-177 pm (-80
mesh), L¥=-150 um (-100 mesh); H=Panned concentrates (Heavy minerals); W=Stream water; S=Soil; " Italicized: analyzed for map production but not included in report or atlas; REE=rare earth element;
TREE=total REE; EC=Electic Conductivity; DO=Dissolved Oxygen; TDS=Total Dissolved Solids; * LIF=Laser-induced Fluorescence; AAS=Atomic Absorption Spectrometry;

ICP-AES=Inductively-Coupled Plasma-Atomic Emission Spectrometry; ICP-MS=ICP-Mass Spectrometry; HR-ICP-MS=High Resolution-ICP-MS; XRF=X-Ray Fluorescence; IC=Ion Chromatography;

NAA=Neutron Activation Analysis
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Fig. 1. A current field checklist form (Shin et al., 2000a).
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Table 3. Different methods of geochemical map production and their advantages and problems.

GC 1 " .1 Mapscale & size  Class .
map Type of map Method of map production Map unit in report selection Advantages and Weak-points
M1  * Black-and-white ~ * Hand-marking with solid dots each sheet ~ <BS size Arbitrary * Good visual if scaling is done correctly
growing dot map  * Growing size related to values (1:50,000)*  in report * Scaling can be difficult
* Higher values dominate the visual effect
M2 Black-and-white  * Symbols with different intensity each sheet  1:50,000 scale  Arbitrary ~ * Choice of symbols is crucial
symbol map * Marking analytical values on sites (1:50,000)*  (real size) * Higher values plotted by thick symbols dominate the visual effect
* Not related to data structure; Outliers are not defined
M3, * Color contour map * Color scaling by classes chosen arbitrarily each sheet ~ <BS5 size Arbitrary ~ * Not related to data structure; Outliers are not defined
M4 (e partly with growing * Smoothing of isolines (1:50,000)** in report » Higher values dominate the visual effect of the map
dot map)
M5« Color block map  * A compilation of previous data from a long-term 1 sheet 1:1,100,000 scale Arbitrary/  * Angular visual due to un-smoothing
mapping by 1:50,000-scale sheet unit (1:250,000)  in report Continuous * Not related to data structure; Outliers are not defined
* Equidistant interpolation (each block by 1.25x1.25km) * Evident GC breaks between area boundaries having significant
* Class scaling by gradational & continuous colors temporal differences
M6  * Color contour map * Wide-spaced low-density map using stream water each sheet ~ <BS size Arbitrary * Quick coverage using low-density water sampling
* Equidistant interpolation (1:250,000) in report * Limited informations from lower sampling density
* Class scaling by gradational & continuous colors * Not related to data structure; Outliers are not defined
M7, * Color surface map * Nation-scale maps based on stream sediments(-150 um) each 1:700,000 scale ~ Percentiles  * Directly related to data structure when classes are evenly spread
M8 (e Ternary image map)  as recommended by International GC Mapping province in atlas (A3 size) over the whole data range
* Inverse Distance Weight (IDW) interpolation; Class * Good visual with scaling chosen by percentiles
boundaries by percentiles * Outliers are not defined
o Ternary image maps using RGB technique o Further informations on outliers derived from mineralization or
environmental contamination
M9« Color surface map * A compilation of maps based on data from 8 provinces whole 1:1,800,000 scale Percentiles * same as above (M7 & M8)
(except an island province) country in atlas (A3 size)
* IDW interpolation; Class boundaries by percentiles
MI10 - Color surface &  * Class boundaries selected arbitrarily and by percentiles local area 1:16,000-22,000 Percentiles; * Not related to data structure; Outliers are not defined
contour maps o Color symbols with percentile-classes scale inreport  Arbitrary * Good visual with scaling chosen by percentiles
e Color symbol map
MI1 * EDA symbol map; ¢ First attempt using EDA symbols; Class boundaries 9 sheets 1:480,000 scale Percentiles/ * Related to data structure; GC processes can be visible; Good
* Color surface map  selected by boxplot statistics (1:50,000)*  in report Boxplot visual with scaling chosen by percentiles
(° Color symbol map) * IDW interpolation; Class boundaries by percentiles classes * Difficult to read at first glance; High values have no visual impact

o Color symbols with percentile-classes

> No high visual contrast between high and low values due to same
size of dots

L maps on scale of 1:50,000: *old sheet=-41 5km*/each sheet; **new edition=~610km*/each sheet
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Fig. 2. Selected examples of regional geochemical maps in Korea. (a) A growing dot map for U in stream water from
Homyeong Sheet (1:50,000) [M1], (b) A black-and-white symbol map for Zn in pan concentrates from Homyeong
Sheet (1:50,000) [M2], (c) A color contour map for Ni in stream sediments from Hyeonri-Bongpyeong-Yeongok-
Doam sheets (1:50,000) [M3], (d) A color block map for Ba in stream sediments compiled for the Gangneung Sheet
(1:250,000) [M5], (e) A color surface map for CaO in stream sediments from Gangwon-do [M7], (f) A ternary image
map for Cr-Ni-Co in stream sediments from Gyeongsangnam-do [M8], (g) A color surface map for CaO in stream
sediments compiled for eight provinces [M9], (h & 1) A surface map (h) and a black-and-white EDA symbol map
(1) for Ta in stream sediments from the southern Taebacksan Mineralized Belt [M11]. See Tables 2 & 3 for further

details on maps.
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Fig. 3. Drainage field cards to be recommended for national geochemical database.
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Fig. 4. Soil field cards to be recommended for national geochemical database.
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DI-15 & S1-14: MAP SCALE
1=1:50,000, 2=1:25,000, 3=1:5,000

D4-21: SAMPLING POSITION toward the upstream
C=Center, L=Left side, R=Right side

D1-17 to -19: SAMPLE TYPE
L=Stream sediment (Light minerals),
H=Panned concentrates (Heavy minerals), W=Stream water

D4-22: DISTANCE RANGE
I=one point, 2=<10m, 3=<30m, 4=>40m

S1-16 to -19: SAMPLE TYPE
GRID=Grid Sampling, SLOPE=Slope-soil Sampling,
SURF=Surface Soil (Shallow), PROF=Profile Soil (Deep)

D4-23: NUMBER OF SUB-SAMPLES
I=one, 2=2-5, 3=6-10, 4=11-20

D4-24: COLLECTED AMOUNT after sieving (in grams)
1=<50 g, 2=50-100 g, 3=100-200 g, 4=>200 g

D1-27 & S1-27: WEATHER 1=Fine/Cloudy, 2=Rainy

D1-28 & S1-28: RAIN INFLUENCE 1=Heavy rain within 12 hours,
2=Heavy rain within 24 hours, 3=Heavy rain within 48 hours,
4=Heavy rain within 3 days to a week, 5=No rain within a week

D4-29: DEGREE OF SUSPENDED SOLIDS
1=Light, 2=Moderate, 3=Abundant

D4-34: UPSTREAM DIRECTION toward contamination source
L=Left, R=Right

D3-01 to 09 & S3-01 to —-06: LAND USE
110=FOREST, 111=Coniferous Forest, 112=Deciduous Forest,
113=Mixed Forest, 120=GRASS, 121=Weed/Bush, 122=Pasture
130=FARMLAND, 131=Rice Paddy, 132=Dry Field, 133=Orchard,
210=LIVESTOCK FARM, 211=Swinery, 212=Cowshed, 213=Poultry,
214=Duckery, 220=URBAN, 221=Village, 222=Houses,
223=Commercial, 224=Urban Open Space/Park,
225=Domestic Wastes,
230=NATIONAL/PROVINCIAL PARKS, 231=Arboretum, 232=Temple,
240=RECREATION GROUND/AMUSEMENT AREA,
250=INDUSTRIAL AREA, 251=Metals, 252=Electronics,
253=Chemicals, 254=Textile, 255=Food,
260=ABANDONED MINES, 261=Metal, 262=Non-metal, 263=Coal,
270=QUARRY, 271=Limestone, 272=Granite, 273=Aggregate,
280=ROAD, 281=Motor-roads, 282=Railway,
290=LANDFILL, 291=Dumping Ground, 292=Port area, 293=Airport

D4-35: DISTANCE to contamination source
1=<100m, 2=100-200m, 3=200-500m, 4=>500m

D5-01 to 13 & $3-23 to -35: SITE CONTAMINATION
A=Manufactured Metal, B=Farm Effluent, C=Domestic Effluent,
D=Industrial Effluent, E=Ceramic/Glass, F=Chemicals,
G=Agro-chemicals, H=Rubber/Plastic, 1=Slag,

J=Metal Mine Tailings, K=Coal Tailings,
L=Non-metal Mine Drains, M=Stone/Aggregate

$3-17: SLOPE 1=Hill top, 2=Gentle slope (<20°),
3=Steep slope (>20°), 4=Foot slope base of valley side,
5=Valley floor, 6=Level field, Flood plain, 7=Flatland

$4-01 to -04 & S4-35 to -39: SOIL DEPTH
depth (in meters) to base of sample

D3-11 to -16 & $3-07 to —12: ¥SITE GEOLOGY
by "Rock Classification Scheme"

$4-05 & S4-40: SOIL COLOR
1=Black, 2=Dark Brown, 3=Light Brown,
4=Red, 5=Orange, 6=Yellow, 7=Grey, 8=Flesh tint

D3-18 to 23: ¥«CATCHMENT GEOLOGY
by "Rock Classification Scheme"

D3-25 & S3-18: OBSERVED BEDROCK OUTCROP within 100 m
0=None, 1=Minor, 2=Moderate, 3=Abundant, 4=All

$4-06 & S4-41: SOIL TEXTURE
1=Sand, 2=Silt, 3=Clay, 4=Sandy clay, 5=Clayey sand,
6=Silty clay, 7=Sandy silt, 8=Silty sand

D3-27 & $3-19: MINERALIZATION IN BEDROCK
Check with "«" if interesting minerals are seen in bedrock.
List %minerals and describe abundance/weathering etc
in "Field Data Comments".

$4-07 & S4-42: SOIL MOISTURE
1=Dry, 2=Damp, 3=Waterlogged

D3-28 & S3-20: MINERALIZATION TYPE IN BEDROCK
1=Vein, 2=Hydrothermal, 3=Skarn, 4=Disseminated, 5=Stratiform,
6=Lens, 7=Fault, 8=Joint or Fracture, 9=Staining or Coating

D3-29 & $3-21: MINERALIZATION IN CLASTS
Check with "¢" if interesting minerals are seen in clasts.
List %minerals and describe abundance/mineralization type/
weathering etc in "Field Data Comments".

D3-30: MINERALS OBSERVED IN PAN
Check with "v" if interesting minerals are seen in panned
concentrates.
List %minerals and describe abundance, form, weathering etc
in "Field Data Comments".

D3-32 to -35 & S3-13 to —16: DRIFT TYPE
at site in adjacent and upstream areas
11=Alluvium, 12=Coarse Gravel, 21=Soil, 22=Marsh,
31=Clay with Gravels, 32=Scree, 41=Blown Sands, 42=Beach,
43=Estuarine, 51=Made Ground

D4-01: STREAM ORDER 1=1st, 2=2nd, 3=3rd, 4=4th

D4-02: DRAINAGE TYPE 1=Natural stream, 2=Ditch,
3=Artificial canal way, 4=Seepage/Spring, 5=Drains/Land drains

D4-03: CHANNEL WIDTH
1=Small stream (<3m wide), 2=Stream (3-10m),
3=Small river (10-30m)

D4-04: WATER LEVEL
0=Dry, 1=Ponded with dry sections, 2=Low level,
3=Moderate level (only boulders visible),
4=High level (large boulders visible),
5=Very high level (channel filled bank to bank),
6=Overflow (bank failure)

¥ROCK CLASSIFICATION SCHEME (RCS)
100=IGNEOUS ROCKS,

110=Plutonic Rocks,

111=Granite, 112=Granodiorite, 113=Diorite, 114=Syenite,
115=Alkali-feldspar Granite, 116=Gabbro, 117=Anorthosite,
118=Hornblendite, 119=Other Mafic/Ultramafic Plutonic Rocks,
120=Igneous-Origin Gneiss (Precambrian Plutonic Rocks),
121=Granite Gneiss, 122=Porphyroblastic Gneiss,
123=Leucocratic Gneiss,

130=Hypabyssal Rocks,

131=Felsite/Feldspar Porphyry, 132=Quartz Porphyry,
133=Granophyre/Granite Porphyry, 134=Aplite,
135=Lamprophyre, 136=Porphyrite, 137=Other Porphyries,
140=Volcanic Rocks,

141=Rhyolite, 142=Dacite,

143=Andesite, 144=Trachyte, 145=Basalt, 146=Pearlite,
147=Pitchstone, 148=Pumice, 149=Agglomerate, 150=Tuff
200=SEDIMENTARY ROCKS,

210=Conglomerate, 220=Sandstones, 221=Pebbly Sandstone,
231=Siltstone, 232=Mudstone, 233=Shale, 234=Marl,
235=Chert, 241=Limestone, 242=Dolomite,

251=Coal Shale, 252=Coal

300=METAMORPHIC ROCKS,

310=Schists, 311=Muscovite Schist, 312=Chlorite Schist,
313=Biotite Schist, 314=Quartz-Mica Schist,
315=Hornblende Schist, 316=Garnet Schist,

320=Phyllite, 330=Slate,

340=Gneisses, 341=Granitic Gneiss, 342=Biotite Gneiss,
343=Hornblende Gneiss, 344=Banded Gneiss,

345=Augen Gneiss, 346=Migmatitic Gneiss,
351=Quartzite, 352=Marble, 353=Mylonite,
354=Amphibolite, 355=Serpentinite, 356=Hornfels,
360=Meta-Volcanic Rocks, 370=Meta-Lime Silicate Rocks,

D4-05: BANK NATURE
0=Natural, 1=Rock piles, 2=Concrete, 3=Soil

D4-06 to -09: ABUNDANCE OF CLAST PRECIPITATES
1=Light, 2=Moderate, 3=Heavy

D4-20: SIEVING MODE
1=Wet Sieving in-situ, 2=Wet Sieving at next site, 3=Dry Sieving

*MINERAL ABBREVIATIONS

Al=Arsenopyrite, Bl=Barite, B2=Bornite, C1=Calcite, C2=Cassiterite,
C3=Chalcopyrite, C4=Chromite, C5=Cinnabar, C6=Native Copper,
C7=Coal/Anthracite, E1=Epidote, F1=Fluorite, G1=Galena,
G2=Garnet, G3=Native Gold, Hl=Hematite, 11=IImenite,
M1=Magnetite, M2=Malachite, M3=Molybdenite, M4=Monazite,
P1=Pyrite, P2=Pyrrhotite, Q1=Quartz, R1=Realgar, R2=Rutile,
S1=Scheelite, S2=Sphalerite, S3=Stibnite,

T1=Tourmaline, W1=Wolframite, Z1=Zircon

Fig. 5. Codes on drainage ('D") and soil ('S") field cards for geochemical database.
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FE I £3E AR gojguo]AE AAR A
%9 W o} 9ok A4 HEgaE AT 23,600
) 2318 WaRAo] e B Re} AT
A% vlo|elulo] 9] BA& 23710] FEsict. o
7)otk oF 50 7tel] AA FHEH okt A=A
(CHAEIAE, AL sHdS, B, oA, Alsk, 34,
BEAA7] )9 FAER/ v ES st B
AMS/ Y E Aol digt HlolE = & E9 A%
o]l A AAf=HoF & Aolck g, AR A=)
AHE A& ] WA AHYEE W, 5P E
HE(FEAH2 98% (87 = Al v|2AD, shde=
60% (1:25%F =3 5imf; & EFO} AR w| A},
FARE 10%(F2 B8 $15) ol B £
BARRE R FA M B YA
A 7 zAze] FaEc AFFR 20
Q) EoF Aot 2y mRAEdN A5 B
o} BAREE B35 £ dojgulo]a0) 27
& o)z Aol

qE A7k A4 ASE ARE olg
olElulo] 2 T5E ZBAUE ok, Fe] A9
£ 2 5, SUEAHE BATANNRE A G0l
1980t FHtoll ¥H591%l ORACLE Z2AE o
olEjlo] o] ARSIROM, AR T oh A=
el w2t dlolg #ejo oj#go] &y, 3
FAARAE FHO R 19924 of| A2 dlo]EfH|
o] A7} AA = 3 (Coats and Harris, 1995), o]3
o= tha-miAl Al &3] Aol 7wkt 2 A+
sk} 7|22] A} ZRAE(G-BASE) 2 A
34 FHLS glojHE 8323 QtHJohnson
et al., 2005).

glojguo]A a4 Bhte] do]Eu|o]
2 F TG4 7HE Fdsliord A2 23 7|7t
A4 £HE &4 dlolE o FAEA ol HolEH]
o|A T Aol B HAY AFAERE & &
sjof girh. E3F Hlo|E o] 15 o]Fofl= HH
oflA AT B2 SEET IHHEL XX A&
o] a3t A JfdE|ojof & Aot

FT F52 dolgHolae NEAX(EEH
#), 9adE AR RS ) oot ge dx
2 7 FAojolH= ¢t € Aot 553 AR 4]
Ao ofsf| P W2 To|E 1o} ‘Ado| 8o
3t dloJglH| o] X(relational database) 2 A= o]

of & Zojt}. ARgAFE0] HlolE 9 AL ol
st A7t BAo| Hifsl=AE oleAA & 5
e Hole AUe/ A=/ AEA & PR
Sk ZeEolor T Aot} A JHI} FHS|
A= U, glol ARATE Hskrlo 7 A
et Zyi o 2 At glojg AFILE TEojoF &
Aotk L= PAY A F2A A-715F ofZ2A
oA T2 AR7|&S gA o] & 5 JEF 3,
AREARE A o7t A AEAR A 2
7} ok A 3kel AgAt o] 219 ARSAE(Al: 3
AR 5)2 EF Lol HECIU 3ol HA|
H FEG 524 ofyH Wex] o fojut IS
7HAZ| 2 27] gzl 752 TlojgHo|Ae a5
o] ARG7Fs g WAl 9] W7 A 2 A|Zste] 0|87
S =Y g7tk

A= AFE}te 2 Z2A E(P13)o| A A=
AU k7| EFA (2™ 1) HES 7Rte = 3%
dolefHo] & HAtste] thulgt shHA X & (5H

HE, FAL, 5Pt B R(AE, AR A
Fot AFFRFol agt gojg 7= 22
2A)(29 3, 4)S ARttt dlolE 7h=9] 7 e
ZA L B R AASHA LET}3l|A] AA8H
H2E 5). SES A7 JATHAR S AA &
F 71550 EHEHA =Y, SEvEte g 7
$-(Johnson ef al., 2005) X A=Z2FH <} o] AR
S Ao XA oFAle] A AR AT g
7F it

52 dolgHo|A7F A=-E 100% A=
71 EEEE 237) YolAle obd H|RAL A|go R
‘olglE AIFE(~1,800 km?)ofl tht x| L3}sHeA}
7t Add 297t v}y SXX G AE3d Hd
NBAHYYE(BE35 km'F 1)) S 283 42, A
T A9 gt A 24= 500-60070 =2 =4
=, A 5HL} oA RF, AREA, HAHA
2ot TA, A& AJE, A= Wit o] 2= A
of ¢ 14 vt A=} £0E Aoz Aotk AF
T deEEE Y AAXETEeR st
o] ASEY Sl EETYo|BE, BAMRA E
g AL} obd = A9 X3} 7|EX
Ao 23& WHof & Holth. AT WAL
Zrote, A G HolatA o2 Y (HEE
AT Al47) A2 EA AR A 135e 7]EA]
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£ ANZ Aolth AFEE 4RI BASH
ARk S 2| ofo] B2 T ke whESE Frt.

43 NTSEE BN FNSHEMY 22|zl
ChS et

o= vty & AHS AW A58}
T 5 5] $I8h B2 X &HEigit). o] s
Spzod Yo naof A= 1960 e AUE Al
A0 7]k YRz w71 97| 9] 31(Shacklette
et al., 1971), 1984 doli= 2F 6,000 km’ & 17] 214 &
2 9%F1,3007] A& 7ol thet 50% Yao] A|7a}st
Z7F A7EE] Y th(Shacklette and Boerngen, 1984).
1990t S0l hF-7+ =2 L A D= A 2259
o5t A 3tate ZHdof TAlo] EolAH A, HlolH
AR ele AH A A RS ie we e
ol ol we] T Buwz Bt
(Gustavsson et al., 2001). &2 U AR FL-+F
9| 2| fete A4 e we Eoj= A
AIAA 2= 1980\ d el Z27H4] 331 $15HA] 213 ik
frolxl= AR-FEAIE2A R (Western European
Geological Surveys: WEGS)gh= 7] ol A] o] 4F
£ o3 1984 I A5l SA| LA 7| SHIAEA)
o] dx2 LERsEARRR AT A= Al AR}
st sfdol Bel EoE itk WEGSS] oL
o2 FH R A2 AL EZ Y (Forum of European
Geological Surveys: FOREGS; Plant et al., 1996)
o] £2&43]Ux0 2 FH= Y AT RAR
BRI SIF TR Bolviken et al., 1996; Salminen et
al., 1998, 2005; De Vos et al., 2006). 1988 2¥ofl=
IGCP-259 ‘24 | afehe 24 T2RE7} A2
ST, 22 sl TR sl Bt A YA
A Al¥(International Geosphere-Biosphere Program
on Global Change: IGBP) ©| Z=E]o{(IGBP, 1989)
AAH 02 Agsl A 7eekE 244 WEo w2
A AAEst 2AH o2 ApE M 7okshE o]
T agt At Enlo 53t ol& AVIE &
B | R sy el I el S s B K
Aol 2ttt B Ao 2e AHEEAE T
= A4l o2 AR A FIE A% 71X A
B Yo EXEE A=S e 2 77 Yo
st AbA 7L WolEo Rk Her|aR
o] =AM (Star Project) ¥} S H=7FATF7IEAN

A7 |20 XI5 583

O] Pt A A AEA] ol Yol 1996d 114+
B 2003\ 37HA] A=-9] 87) =of iRt |F-aket
T o] HFH L2 o] FoFTt

SHH IGCP-2599 A& AANA $A1873-& t &3}t
= AFEE golg o) Z4=9] F3= dAst
Frh B = AAIA 9] oF 50007 S A 7gste]
SHHEAE(HAL), EHIREY), &4 o= o
FoiZl g A EQ BEFARE AR ste] AUEE A
k=140 A|RFE SITHUNESCO X.aL4]; Darnley
et al.,, 1995). AHEQ} A dlof A= F0] %1 4970 Al
9] Ha=EA]of| 3l HEFE A E(overbank sediments)
AR F-8A4e gk 2APL AAE G o™ (Eden
and Bjorklund, 1994, 1996), WE4ZF E3A| 2R
o EG ZEdo] LAIS HEEHE] 2ATUE A
22 Y BEAYS Z=th= 220 0|23 HFHES
E2 35 ol B2 Ap(1-22}) 9] 544 (stream) o]
st JAE NBE FHEH =t ol e
HAUE HE(floodplain sediments) S Fof
27 o] 2 Z(river)oll 1T 3ol Al Al
A FHEHER FoErh HeEEHE2 A2 A
FTEAE tj#ste] A=-2 A= 2o H7dgt
v, HEYEHES B 5 2 EAE g#st
RETFE Ee A2 A= 24 ol§HH
1,000 km® o]A4Fe] £ HA (X 6,000 km*) ] £
oA Z|FH =] oof gtch(Darnley et al., 1995). E0] &
2= AP A sEEI A ES AFske A 2 7ol
AT oA HELEHES F 5= Ao A
2 o7 ofHl S =R AlEsiA =780] H o
(Ottesen et al., 1989). F=rol|l A= A7k} H|-8- Hofl A
FEAQ WA o 2 HFAEAES o &-afA] vi$- 4
2 A o] gt ARE = AFBRI=E W = QL
th= ARdo] 915-E vt @ltK(Xie and Cheng, 1997; Xie
etal., 1997).

A A7 Y EY A 52 fl8l -2zt
FoiZ A2 670w, BE37HA] 233t ghik=of of
AL 157) chgolth. @A) Selutehs 2Rl
dlole Ankele] Aol 7kt FAZS Aoy
AL e g Aolth. ) AAzm
S EAS TEstel, 714 tiEAo] Folut A
204 240}, dE A& 7T, A2
e AR Y 2o} AAE Ak, ¢ AE
o] BB E 2ot HES 3 s AR
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AMEAHAESE FHE a7t Qi old d#9
IS SRS g A2 o dd). -y
2HA " A A o] 22 yetollA, Bk o]t 7
oz AR F o FIshe 2ol ehddt A
TR 22 AT T A7} k.

4.4 Ct=-04AN HZEEkQ| XD

sttt A A Aaye ATsiet
2 2go] Pk 4ol l¢- Aol o) Al S
wu, R A4e telele dzo) oet 2
9l 23h0 2 o] o] Hck: of7ie), AZhTiLby]
o} Nordkallot Z2A)E(Bglviken et al., 1986; Y E|4,
SHAEHE, SR, shdol), Aol BB
AT}tz 21 A8 (Koval et al., 1995; Burenkov
et al., 1999), Kola ZZAE (Reimann et al., 1998;
SArol7], E9F O-B-C £5), B4 Barents A|g A
F38HA =2(Salminen et al., 2004; ©]7], M-,
G718/ B AR, FF TFBE ATk,
2007; A&/ HFREY, T5EHE, AMEHE,

Z] A~ [ =M=
A, E8).

eyt Afolle A FGEARlA sHEA
E(FAD, SAL sPS7E 3 i 2 o] GHEligtth &
A WA Aol A= o 2E3 1 9] s
AR R (SHAE A&/ AL st & S4/AMHESS
ol ol &=t SHHEHE-FAFSPHT-EGS 3
NEZ 2% AA A t5-mA HE2 A9 A
|HA gRey, FA 7Y E-miAE A8
E ARl A UAATHE 1). FS FTHEEAKPS)
A= SPHE A= sPHE Bl o]-8sto] '
APEES =9 vk ok Syl A oA A
Rl ot v 7 gAR = 22 AVNE SER
FAHP14) ot} BT >HUAA = o]oizl
AN P E| A E-FAMet EHSH/ AP/ AR
< o] &3t tha-miA LAl o) FE =4
of B3t anprt YSH vl Slrh & AR QoA
= 71& F3 o]& 9] A Ho A 2L B EFFA
(21T 44% TREE), 5494 A2 SER
3A|(2)1 1.36% TREE)2} 8 A813-540) (87 24%
WOs)7} Hel® 1} gJtk(Youm et al., 2010, 2011,
2012).

P A9, A F3fetEALo A BEEA] thg-uf A 2
Aok Aol AL ofth 2ANSA/ dlibtR/

AA717E & FoIX AAE Lo TR 7HA] A
FEUATE o] gt 47]9] BALA TS ¢S
Aok S-miA HIH2 JEHAS HollA A
d 5 YA HA EAA RS B4 QA7)
Eol50] gTE B4z 93f dlolg 2]
ofl $12J51L AIZHE T 2 gl ARlo] Stk B
olujR] WA o3t ©r17k BhAbe] i A
£ A% ARsetE 2y Z2AEP13)elth 24
A 738tz 2HAJ(Darnley et al., 1995)2] BAL|
7|9kste] A=9] 23,6007 A9 SHHEAETS
ol-gsto] @77k Wofl 3ttt Bl RF7HA]
St 7|E A7 glo|E 7t tha-miA ol o)
e sHA A E B E = ot si=, EAH
oA thz-miA HFHE 2 EA A= BR7HA
£ itk AR Y a2 55 1BshY, 71E HlolH
£ SHLCE §-83 tlogH|o|A 57 E 245t
£ Aol T Al 4= wdEr

=
o

n
[N

ful

U A7t 199097t & F2 2
ARl =3kl o, 1990 R El= 2k
Z7HA] A= ThEA o2 MASn. HAFET
8 FpHoBA A FoPeEE vrgRt 79 MA
I 71& AokE Assigtout =l HHskE
Fomih AR A2 ofrt. o] =&ofAf =
Fa 2| 7etshe 9] 7] Kgte] tis) SA1H o2 &)
AT, A etete 2t AAste] FRE A
U 27131 R atell Sl AR S A
SHA| R o= FF AR AR 2 57S
RHESE] @71 ftelnt 19909 o9 wiw
AFeitEsed AvEnd dFeae 9=
Tethe S wlolE T2 R A A58t
8F 21-8-9] olsfe] Forstaz ARSER] otk g
o} Wi W ol Saael o 2 mHA]
wob HIAER SETR A% EDA HEAEE
B Aot dloly et v o] X|7oket 218
o PAE of#fiste dofl F E&H Y Aot v
T H2 A9S e AAEE A7l E
FEHASH/SEAR/HRAIRE ol AA
Zo|aLe HAR FAE S T3 2 EA AR}l 7]
Az HloE Hes 7te] o)A FAE MEA =
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ol 43t Was} ek A 23,6007) 434 W
B0l gt S ASAYA ATk A= Hojguo]
£ F20) 72 2AL o|27)0] Fhejt. A2E
100% #BiE 915) vl2Ak M4 AFEe] gt
. Aoke S5 e} A =] et
oFe]7| 2 HAIE oFAle] Behg Fo HlolEuo]
2 F2AA0] BT AL AR 214710] 5
oo} j&-pmel A T-Fre] NP8 Holg
Anae 93 AAHR 2AE Dsle] Seluiet
= olo] 2% 0 Sl Wasith AU
B 2 o) 2|7 TAolE TgEo] 2
AN A0) Fapol met RAE AEE Aol date
o}, weh, ) 28X AT 8
w7l 24 oo, A agolAe] falEd =
A3} g GAIE vl EAEoRo A Az g
o] ey},

AL A
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