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In searching for concealed mineral resources, the objective is to find dispersions of el­
ements or compounds in geochemical media, which may indicate mineralization. Stream 
sediments are widely used in regional survey to pinpoint the existence of mineralizations, 
whereas different soil harizons are extensively used for detailed survey to delineate the 
boundary of mineralizations. In this investigation, the comparative studies of two layers of 
stream sediment, of 4 soil harizons on base of slope, and of 2 soil harizons in one particular 
area are undertaken. 

An area in the vicinity of the tungsten deposit at Doi Mok in northern Thailand was 
chosen. Top and basal stream sediment samples were taken simultaneausly from 148 sam­
pling sites. A total of 79 samples each of Al, A2, B and C harizon on the slope base were 
taken simultaneausly from 45 sampling sites. In an area around a tailing dam, Al and B 
horizon soil samples were taken from 576 sites. Totally 108 composile samples were col­
lected from 34 sites in the tailing dam. 

All types of samples were assayed for W, Cu, Zn, As, Mo, Sn, Ni, Fe, Ca, Ti and K by 
XRF. The analytical data were trealed by univariale and multivariale methods. 

The dispersions of the anom1,1lies, revealed by the basal stream sediment samples were 
greater than those revealed by .the top stream sediment samples. Some minor potential 
mineralizations, detected by the basal stream sediment samples, failed to be detected by 
the top stream sediment samples. 

If there are any mineralizations in bedrock, expectedly, the anornalies will be detected in 
the C harizon samples. In this study, the results obtained from all harizons in both slope 
base soil and detailed soil surveys are more or less similar. 

The univariale and multivariale methods yielded, to some extent, identical results. 
The amount of 1600 tons W03 was calculated to be available in the tailing material which 

once was counted as the disposal from the mine. 

T. Silakul, Department of Quaternary Geo/ogy, University of Uppsala, Box 555, S-75122 
Uppsala, Sweden, J st August, 1986. 
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Introduction 

Mineral exploration , in the past , was carried out 
largely by prospectors and geologists who tended to 
concentrate their efforts on outcrops or related ex­
pressions of mineralization . This resulted in the dis­
covery of many ore bodies , most of which could 
possibly be recognized visually . 

Essentia Il y ,  the era of vis u al observation is draw­
ing to a close and probably most of the world's 
obvious mineral deposits have been found .  Hence, 
there is a need for a radical , imaginative , new 
approach to mineral exploration , which geochemis­
try , al o ng with other sciences s u ch as geophysics , is 
attempting to fulfil (Levinson 1974) . 

In searching for concealed mineral resources ,  the 
objective is to find dispersions of elements or com­
pounds sufficiently greater than normal to be called 
an anomaly , which , it is hoped,  may indicate miner­
alization of economic value (Levinson 1974) . There­
fore , most applied geochemistry depends on 
attempting to trace the results of partial destruction 
of ore bodies which could be traced back to its 
source , i . e .  mineralization (Derry 197 1 ) .  

I n  this investigation , an  effort has been made to 
search for the most efficient , rapid,  simple and 
cheap sampling media,  for tungsten exploration 
geochemistry in tropical rainforest terrain in north­
ern Thailand . An area was ehosen for this purpose 
in the vicinity of the tungsten deposit at Doi Mok, 
northern Thailand . 

Two categories of sampling media are studied, 
namely stream sediments for regional survey and 
soils for detailed survey.  In addition, evaluation of 
a tungsten resource in a tailing dam and determina­
tion of the efficiency of analytical method by X-ray 
fluorescence spectrometry (XRF) are also under­
taken .  

Literature review 

Developm ent of exploration geochemistry 

After the introduction of the biogeochemical-en­
richment principle by Goldschmidt ( 1937) , vegeta­
tion samples were successfully employed for metal­
lic mineral explorations by Brundin ( 1939) in 
Sweden ,  Rankarna ( 1940) in Finland , Vogt ( 1 942) 
in Norway, Kovalevskiy ( 1966) in U . S . S . R .  and la­
ter by Warren ( 1972) in Canada, and Quin & 
Brooks ( 1974) in New Zealand . Basic principles and 
applications of biogeochemistry are invaluably com­
piled in the text books by Brooks ( 1972 and 1983) 
and Kovalevskiy ( 1979) . 
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For reconnaissance surveys , inorganic stream 
sediment surveys were used almost exclusively to 
delineate targets for foliow-up work . Especially in 
areas of moderate to strong topographic relief and 
well-developed st re am drainage as in Norway , in­
organic stream sediment samples were first used in 
1954. lt soon became the most extensive sampling 
medium for regional surveys (Bölviken 1 967). In 
the neighbouring countries , Sweden and Finland, 
this sampling medium was employed selectively in 
areas where soils are partly residua! and the terrain 
has a fairly strong relief (Brotzen et al . 1 967) . The 
organic stream sediments were studied and com­
pared with the inorganic stream sediments , and 
were found to be more reliable and sensitive than 
the inorganic ones (Brundin & Nairis 1972; Selinus 
1983b) .  

Pedogeochemical prospecting (e .g .  till , soil 
geochemical prospecting) was conducted in the ear­
ly 1950's to trace boulder and mineralized partide 
fans in Fennoscandian countries .  The method was 
applied both in regional and detailed surveys (Brot­
zen et al . 1 967; Bölviken 1967; Nikkarinen & 
Björklund 1976; Brundin & Bergström 1977; Lind­
mark 1977 and Toverud 1977 and 1982) . In glaci­
ated terrain of Fennoscandia and north America , 
humus geochemical prospecting was proved to be a 
possible sampling medium for pinpainting sub­
mineralizations lying under glaciated deposits 
(Boyle & Dass 1967; Bölviken 1967; Kauranne 
1967; Chowdhury & Bose 1970; Kovalevskiy 1976; 
Kokkola & Penttilä 1976; Kokkola 1977; Nuuti­
lainen & Peuraniemi 1977; Toverud 1977 and Sila­
kul 1984) . 

Lithogeochemical prospecting based on systema­
tic sampling of weathered or fresh rocks was first 
undertaken on a selective basis in the 1950's . Some 
types of rock surveys had been developed to the 
point of routine application by the 1960's , particu­
larly in the U . S . S . R .  (Rose et al . 1979) .  In Sweden , 
where most of the easily accessible ores have been 
found this method has been used since the 1970's 
and is expected to be the main method in the future 
for searching for deep-seated blind ore bodies (Seli­
nus 198 1 ) .  

Another factor that stimulates the development 
of exploration geochemistry is analytical chemistry . 
The emission spectrographic method was used in 
1932 by Soviet geologists in the first large-scale ex­
ploration programmes (Levinson 1974) . In the late 
1940's , a rapid , simple colorimetric method was in­
troduced in Canada (Boyle & Smith 1968) .  The de­
velopment of atomic absorption spectrometry in the 
late 1950's permitted rapid,  accurate , sensitive and 
relatively interference-free analysis of many el­
ements of interest . Gas chromatography is an ex-
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tremely sensitive method o f  searching for hydraear­
bons (Boyle & Smith 1968) .  X-ray fluorescence 
spectrometry has been demonstrated to be a rapid , 
high precision and easy analytical method for mul­
tielement analysis of most elements with atomic 
weights equal to or greater than Na (Rose et al . 
1 979 and Fletcher 198 1 ) .  Thirty-five elements can 
be analysed simultaneousiy for lithogeochemical 
prospecting, as used by the GeologicaJ Survey of 
Sweden (Selinus 1983a) . 

The final stages in geochemical exploration are 
statistical analysis and presentation . In the past , the 
volume of data was often small and the numerical 
description , analysis and plotting of the data could 
be carried out by manual methods . lt is rather com­
mon in this decade that ]arge numbers of samples 
are encountered (especially in regional prospecting) 
and numerous elements are assayed simultaneausly . 
The use of computers makes it possible to treat this 
]arge volume of data , easily and rapidly. 

The purpose of statistical analysis is to ascertain 
the relationship between single element or multiel­
ement distributions and the existence of ore de­
posits . Treatment of single element data (also caJled 
univariate data) has been proved to be quite simple 
and can be done manually (Ahrens 1957; Tennant 
& White 1959; Williams 1967; Lepeltier 1969; Böl­
viken 1971; Parslow 1974; Sinclair 1974, 1976 and 
1983 and Rose et al . 1979) . The treatment of mul­
tielement data (also caJled multivariate data) re­
quires complicated mathematical calculations for 
which the computer has proved to be of great 
advantage . This multivariate data treatment is 
nowadays widely used in geochemical explorations 
(Garrett & Niehol 1969; Cadigan & Stuart-Aiexan­
der 1972; Jöreskog et al . 1976; Selinus 1981 , 1983a 
and 1983b; Santas Oliveira 1982 and Howarth & 
Sinding-Larsen 1983) .  

Exploration geochemistry i n  tropica/ terrain 

Tropical rain forests which cover 15 per cent of the 
earth 's surface ma y be ar considerable mineral 
potentials by analogy with similar geological set­
tings better exposed in other elirnatic zones , e .g .  in 
areas of glaciated terrain (Matheis 1980) . Most of 
the tropical rainforests lie in developing countries 
where indigenous exploration , capita] and expertise 
are scarce and there is general political instability 
(Singh 1980) . 

Not unexpectedly , man y geochemical explora­
tion programmes in various developing countries 
have been jointly financed and aided by the United 
Nations Developing Programme (UNDP) since 
1960's (Lepeltier 1971) . 

Matheis ( 1980) , one geochemist among others 
who participated in geochemical exploration studies 
in tropical terrain ,  has shown that soi l , at a depth of 
60 cm from the upper B harizon in areas around the 
Guyana Shield and in Nigeria can be used not only 
for mineral exploration targets but also as a too] in 
geological reconnaissance mapping. 

Singh ( 1980) from a prospecting programme in 
Guyana,  concluded that geochemistry as a recon­
naissance too] in regional surveys should start with 
stream sediment silt sampling and that a detailed 
soil sampling grid should be established only in 
anomalous areas . 

Thailand , as part of the tropical rainforest regions 
has been explored geologically for mineral deposits 
since the end of the 1 880's (Hallet 1890) . Mineral 
prospecting , using conventional geological methods 
was carried out intermittently before World War I I .  
The first remarkable regional , geological-mineralo­
gical investigation was made by Professor B. Hög­
bom from the University of Uppsala in 1912 (Hög­
bom 1914) .  

Long-term geological investigation programmes 
began in 1946 after the establishment of the Geolo­
gicaJ Surveying Division of Thailand in 194 1 .  In 
caJlaboration with American geologists from the 
United States GeologicaJ Survey and the United 
States Bureau of Mines , the Thailand division 
undertook in 1949 the first systematic geological re­
connaissance study of the known mineral deposits 
(Brown et al. 1 95 1 ) .  

Suwanasing ( 1963) , Bleakly & Workman ( 1964) 
and Cratchly & Workman ( 1966) were , among 
others , pioneers who applied geochemical methods 
to mineral prospecting in Thailand . Till now, these 
methods are extensively employed for prospecting 
in high mineral potential areas (Jacobson et al .  
1969; Baum et al . 1972; Sektheera et al .  1981 and 
Snansieng 1983) .  

Geochemistry o f  tungsten 

Notable concentrations of tungsten are unambi­
guously linked to igneous processes , where a crys­
tallizing magma contains significant tungsten . This 
meta! is Concentrated in water-rich residua] solution 
(Krauskopf 1970) . 

In precipitation of tungsten minerals, scheelite is 
preferable to wolframite in environments of abun­
dant calcium (Horsnail 1979) . However , Bryzgalin 
(1960) made an experimental study and concluded 
that scheelite which is formed in skarn does not 
obtain calcium from only marble but it can also 
obtain calcium released from pyroxene, amphibole 
and calcic plagioclase. 
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Most major ore deposits are associated with 
granitic rocks but the tungsten shows no preference 
for particular rock compositions in the range from 
diorite to alkaline granite (Krauskopf 1970) . 

Major tungsten deposits can be grouped into five 
broad categories (Horsnail 1979): skarns ,  hy­
drothermal veins and stockworks , porphyries , vol­
canogenic deposits , and brines and hot springs . 

Skarns are the most common form in which econ­
omic deposits of tungsten occur.  The characteristic 
features of skarn tungsten occurrences are: 

l) tungsten generally occurs as scheelite within a 
calc-silicate gangue; 

2) pyrrhotite, chalcopyrite and sphalerite are often 
present; 

3) the host rock is generally a carbonate sediment; 
4) an intrusive rock , generally a more basic mern­

ber of the granitic series , is frequently associ­
ated; and 

5) the mineral body is generally small and of 
irregular shape; it often occurs near original high 
points of the intrusive. 

Hydrathermal tungsten deposits are those in 
which the tungsten minerals occur within or adja­
cent to quartz veins. The veins may form diseretc 
!odes, vein swarms or stockworks . Tungsten is pres­
ent mainly as wolframite, but scheelite may also 
occur in such deposits . Cassiterite, arsenopyrite and 
bismuthinite are frequent associates of wolframile 
in hydrathermal tungsten deposits . 

Porphyry-type tungsten deposits are genetically 
related to igneous rocks , particularly granitic por­
phyries , yet do not form skarn borlies or diseretc 
vein systems. Sphalerite, arsenopyrite, chalcopyrite, 
galena, cassiterite, molybdenite, bismuthinite and 
native bismuth may associate with tungsten of this 
type. 

In volcanogenic tungsten deposits , tungsten 
occurs as scheelite and some of these deposits occur 
in environments that are largely free from calcium 
carbonate, and appears to have more volcanogenic 
than skarn affinities . Associated metallic minerals 
include pyrrhotite, chalcopyrite , molybdenile,  bis­
muthinite, and some silver and gold are present .  

An example of the tungsten-hearing brine de­
posits occurs at Searles Lake, California (Horsnail 
1979) . lt is believed to be comprised of salts, de­
rived in Pleistocene time. Tungsten in the brine is 
thought to exist as a !arge heteropoly ion and the 
tungslate is complexed with boron , arsenic or phos­
phate , and probably originated through leaching of 
mineralized material .  

Once tungsten deposits are exposed to the atmos­
phere, they are subjected to weathering and ero-

Bull . Geol . Inst . Univ. Uppsala, N. S. 12 ( 1986) 

sion . Especially under conditions of high average 
annual rainfall , high mean annual temperature, and 
the profuse drainage of the tropical rain forests , 
these processes will take place rapidly and deeply . 

Although chemical weathering proceeds rapidly 
and deeply , leaching is restricted to Mg , Ca, Na, K 
and partly to Si . Most of the trace elements retain 
more or less their bedrock concentrations through­
out the dispersion processes (Matheis 1 980) . 

Wolframile and scheelite are relatively insoluble 
within the pH range of most natural surface waters 
(Horsnail 1979) .  However , in the zone of weather­
ing, particularly in tropical conditions , the disper­
sion and migration of tungsten does not start with 
fresh primary mineral but with the products of their 
alteration , namely anthoinite , ferritungstite, hydro­
tungstite, meymacite and tungslite (Varlamoff 
197 1 ) .  

The alteration strongly affects the mechanical re­
sistance of wolframile and scheelite, so that they 
cannot survive for more than some hundred metres 
of alluvial transportation .  The products will be dis­
persed and transporled for distances of kilornetres 
to tens of kilornetres and are mixed with the finest 
products of the river silts and soi ls .  The coarse wol­
framile and scheelite are possibly concentraled in 
river beds over some hundred metres near the pri­
mary deposits (Varlamoff 197 1 ) .  

Hence, alluvial placer deposits o f  wolframite, 
scheelite and their alteration products are less com­
mon , probably because the fragi lity leads to their 
breakdown into fine particles with consequent wide 
dispersion (Horsnail 1979) . 

Previous tungsten exploration 

To obtain general views on applications of geo­
chemistry in tungsten explorations. some case his­
tories are summarized in accordance with various 
types of sampling media .  

Concentration of weathering resistant heavy 
minerals by panning of stream sediments is proh­
ably the oldest method used by man in the recovery 
and prospecting of ores (Brundin & Bergström 
1977) . Concentration of heavy minerals can also be 
effected by j igging and floating in heavy liquid . 
Tungsten mineral grains in heavy mineral concen­
trates can be counted under the microscope. 
Scheelite is easily recognized in ultraviolet light . 
Hence, the tungsten content in stream sediments 
can be expressed in grains per unit of the original 
sample. This method is called the mineralometric 
method (Brundin & Bergström 1977) .  lt has been 
proved to be sensitive in regional surveys in Pakis-
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tan and Greece by Zeschke ( 196 1 ) ,  in Ireland by 
Steiger ( 1977) , in Greenland by Hallenstein et al . 
( 1 981 )  and in Portugal by Santos Oliveira ( 1982) . 

Determination of the tungsten content can also 
be made by conventional chemical analysis (color­
imetry) and instrumental chemical analysis (X-ray 
fluorescence spectrometry- XRF) . Colorimetry has 
Iong been used for tungsten analysis in various 
kinds of geochemical material (Jeffery 1955; 
Mukherjee 1955; North 1956; Ward et al . 1963; 
Bowden 1964; Stanton 1966 , 1970 and 1976; Quin 
& Brooks 1972 and Welsch 1983) .  However , color­
imetry gives high sensitivity but is time-consuming, 
whereas XRF has the advantages of convenience , 
rapidity and reproducibility of the samples (Jenkins 
& De Vries 1972 and Fletcher 198 1 ) .  

Cachau-Herreillat & Prouhet ( 1971 )  obtained 
satisfactory results by using colorimetry for the 
analysis of stream sediment samples from the 
French Pyn!nees , even if Santos Oliveira ( 1982) 
found colorimetric analysis of the minus 80-mesh 
fraction of stream sediments to be less advan­
tageous than mineralometric method . 

Contrary to the other workers , Brundin & Nairis 
( 1 972) and Brundin & Bergström ( 1977) considered 
that inorganic stream sediment samples were in­
adequate for prospectings in central and northern 
Sweden , whether mineralometric or chemical 
methods were used for analysis .  They introduced 
organic stream sediments as a substitute for inorga­
nic ones. 

During the Quaternary glaciation , the continental 
ice sheet distributed loosened parts of ore from the 
ore body, part ly as boulders and often in the shape 
of a fan . The boulders can be transported several 
tens of kilometers from their source in the bedrock 
(Brundin & Bergström 1977) . These facts have 
made boulder tracing a very important method for 
ore exploration , particularly in Fennoscandia (Hed­
ström 1894; Sauramo 1924; Grip 1953; Nikkarinen 
& Björklund 1976 and Lindmark 1977) . 

In the same manner as boulders , smaller ore frag­
ments and weathering resistant ore grains in glacial 
till are also distributed from the ore body in the 
shape of a fan . Therefore, tracing the distribution 
of heavy minerals in till can also disclose indications 
of mineralization (Dreimanis 1957; Lee 1963 and 
Shilts 1971  and 1973) .  This method was employed 
for regional surveys in Sweden (Brundin & Berg­
ström 1977 and Toverud 1977) , while in Finland it 
was used as a foliow-up method to preceding boul­
der tracing surveys (Nikkarinen & Björklund 1976 
and Lindmark 1977) and stream sediment surveys in 
Greenland (Hallenstein et al . 198 1 ) .  

To delineate the mineral deposit i n  the final stage 
of geochemical exploration , apart from glacial til l ,  

soils from different harizons were employed by  
Kovalevskiy ( 1966) in U . S . S . R . , Cachau-Herreillat 
& Prouhet ( 1971 )  in France, Quin & Brooks ( 1974) 
in New Zealand , Steiger ( 1977) in Ireland , Toverud 
( 1977) in Sweden and Rogers ( 1980) in Australia. 
Nevertheless , Kovalevskiy ( 1966) and Quin & 
Brooks ( 1974) made investigations of plant samples 
and campared them with soil samples . Kovalevskiy 
( 1966) suggested the use of older plant organs or 
branches rather than leaves . Quin & Brooks ( 1974) , 
however , found t hat i t was possible to use compo­
site samples of shallow-rooting vegetation such as 
tussock grass and fern in tungsten biogeochemical 
exploration . 

Test area 

General description 

The test area for the investigation of stream sedi­
ment samples is situated in the vicinity of the well­
known scheelite deposit of Doi Mok , 100 km north­
east of Chiang Mai (Fig . 1 ) .  It comprises the west 
slope of the north - south trending mountain rang e 

10" 20' 
N 

� 
THAILAND 

10' 10' 

O 150km 
-==-

Fig. l. Location of the investigated area .  
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Fig. 2. Topographic map of the investigated area for stream sediment and slope base soil samples .  



Bull . Geol . Inst . Univ. Uppsala ,  N .  S. 12 ( 1986) Tungsten exploration geochemistry in northern Thailand 55 

L E G EN D  

,-.�,_.,.<- R o a d  

.�f W a t e r  p o n d  
:y _ _  

� S t r e a m  

..--6oo/ 
C o n t o u r  l i n e, m e t e r s  

c)(SC:. Tail i n g  d a m  

�� am wa l l  
o 

N 

1 00 200m l 
Fig. 3. Topographic map of the investigated area for detailed soil samples ,  including location of tailing 
material reservoir. 

to form the eastern flank of Wiang Pa Pao valley 
(Fig. 2). Tailing disposal from the mining area was 
drained down along a major stream, flowing along 
the southern slope, and deposited in a tailing dam, 
shown in Figs. 2 and 3. The area around the tailing 
dam was subjected to detailed soil sample investiga­
tion (Fig. 3). 

The forest in the area is constituted of perennial 
trees, mostly of deciduous types, barnboa trees, 
shrubs and grasses. During 195 1-1975, the mean 
annual temperature was 24. 6°C and the average 
annual rainfall 179.5 cm. 

Stream drainage patterns are controlied by geolo­
gical structures. The north-south and east-west 
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Fig. 4. Geologic map of the investigated area for stream sediment and slope base soil samples .  
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flowing directions along fault zones are evident 
(Fig. 1). 

deposits of stream sediments can also be found be­
low the junction of tributary streams. 

The average 17 degree slope angle along the 
streams portrays the high relief topography of the 
area, thus V-shaped valleys are predominant. When 
the streams approach gentie slopes of floodplains at 
the foot of the mountains, the streams loose their 
transporting capacity and meander with the de­
velopment of terraces on the bank s. Terrace-lik e 

Geology 

The north-south strik ing valley of Wiang Pa Pao is 
a graben-lik e structure, endosed by two parallel 
mountain ranges. Both are cut by cross faults, 
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which now are indicated by valleys trending approx­
imately east-west. 

The investigated area is characterized by a small 
intrusion of possibly Mesozoic biotite granite 
(Braun et al. 1976) and low-grade contact meta­
morphosed Lower Paleozoic sedimentary rock s 
(Baum et al. 1972; Chuaviroj et al. 1978; livatha­
nond 1981, Charoensri 1982 and Asanachinda & 
Chantaramee 1984). Formation of marble, sk arn 
and schist was observed near contact zones of gran­
ite on the eastern margin of the granite body in the 
mining area (Jivathanond 1981). Slate was found in 
the outer rim further away from the granite bath­
olith. Gneiss and quartz veins crop out in the north­
ern part of the geological map in Fig. 4. To avoid 
possible contamination from the mining area, both 
geochemical and geological studies in the neigh­
bourhood of the mine were evaded. Several quartz 
veins are shown on the geological map of the de­
tailed soil sampling area (Fig. 5 ) .  Their general 
trending is approximately in a north-south direc­
tion. 

MineralogicaJ studies of the scheelite deposit in 
the mining area were carried out on two different 
occasions by Baum et al. (1972) and livathanond 
(1981). They, more or less, agreed that there are 
three types of mineralizations: 

l) Scheelite in quartz veins. They may exist as a 
single vein with frozen walls or many parallel 
closely spaced spurs. Scheelite is associated with 
arsenopyrite and pyrite. The occurence of dense 
parts, consisting of a mixture of contact silicates, 
indicates the nearby marble contact. 

2) Scheelite in fracture zones. Scheelite is found 
in or near zones of jointing in granite and consists 
of veins 10 cm wide. On either side, decomposed 
granite is irregularly impregnated by scheelite. The 
associated minerals are quartz, arsenopyrite, pyrite, 
pyrrhotite, chalcopyrite, sphalerite and a small 
amount of galena. 

3) Scheelite in sk arn. According to its nature, this 
type of deposit consists of irregular and differently 
sized intergrowths of various Ca-silicates and ore 
minerals. Scheelite occurs as an impregnation and 
as aggregates somelimes exceeding 50 k g. Minerals 
associated with scheelite include arsenopyrite, py­
rite, pyrrhotite, chalcopyrite, sphalerite and galena. 

Strong relief, high average annual rainfall and 
high mean annual temperature are characteristics 
eausing deep weathering of bedrock , Jetting a great 
volume of surface water run off and producing a 
high rate of erosion and percolation of the area. 
Undoubtedly, humus derived from leaves and forest 
litter is swept down the slope and/or leached 
through underlying minera genie soil. 

In conditions of abundant meteoric water, so il 
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Yellowish brown to brick red-ecloured horizon; 
occumulation of day minerals or of iron 

B and arganie matter; campact stick y, blocky, 
prismatic 

Yellowish brown to blueish grey-coloured horizon; 
mottles of incomplete weathering rocks; 
relic rock structures and textures. 

Fig. 6. Diagramatic representation of soil profile , showing 
the principal A l ,  A2, B and C harizons (Modified after 
Rose et  al . 1979) . 

profiles in this area are weil developed into 4 dis­
linet horizons, Al, A2, B and C (Fig. 6). 

The uppermost A l ha rizon is characterized by a 
variation of colours from dark grey to brownish 
grey depending on the proportion of humus in the 
mixture with minera genie soil. There are possibili­
ties of accumulation of soluble material derived 
from underlying ha rizons by evaporation of soil 
moisture, capillary rise of water, chelation and by 
the persistence of chemically resistant minerals in 
situ, for instance scheelite, wolframite, cassiterite 
and gold, in the regolith, as residua! products. 

The subsequent sandy A2 ha rizon is strongly 
leached. The colour varies from greyish brown, 
with a small amount of humus, to brown due to iron 
hydroxide. Insoluble minerals tend to be most fre­
quent in this horizon. 

B ha rizon is constituted of colloidal silicates, 
humus, Al-oxides, Fe-oxides, Mn-oxides and clay 
minerals which ta gether result in a variation of 
colours from yellowish-brown to brick -red. It is 
possible that B horizon may also gain material by 
the precipitation of soluble material derived from 
underlying horizon by groundwater circulation 
(Rose et al.l979). 

The constituents of C ha rizon are mostly weath­
ering products of parent rock s. Organic matter is at 
a minimum in C horizon, which usually contains 
less clay and is lighter in colour than the B horizon. 
Mottles of incomplete weathering rock s are general 
characteristics of C horizon and relic rock structures 
and textmes are also more commonly preserved 
than in the overlying horizons. 
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A 

A 

B 

A' 
Eroded 
bank 

Fig. 7. Bird's eye view of meandering (A) and straight 
stream (B) . Water flows in the direction of arrows. Cross 
seetians of meandering stream at A - A' and of section 
B- B' display positions of sam p les ( indicated by boxes) . 

Stream patterns in the investigated area can be 
defined roughly as rueandering or straight ones 
(Fig. 7). Secondary flow conditions promote the de­
position of sediments at the inner side of meander 
bends and behind boulder obstructions. sediments 
are sorted in such a manner that coarser rock frag­
ments and heavy mineral grains ta gether are de­
posited first in the basal layer, and finer rock 
fragments and mineral grains of lesser density 
are gradually deposited. 

Evidently, meanders and boulders act as natural 
tools to pan heavy minerals out of other sediments. 
When heavy minerals are distributed in drainage 
systems, they are accumulated at the inner curve of 
meanders and behind obstructing boulders. 

Previous mining activity in the area 

Mr. E. Carlsson, the former chief geologist of 
STORA (Stora Kopparbergs Bergslags Ak tiebolag) 
who was responsible for evaluating the mining area 
at the time of establishing the Thai-Swedish Mining 
Co. , Ltd. , has k indly written the history of the min­
ing area. 

After the deposit was discovered early in 1970 , it 
became a great attraction to trespassers who dug 
and pitted illegally down to a depth of 40 m. 
Scheelite ore was subsequently concentrated by 
manual panning. 

The lodgings of thousands of trespassers ap­
peared and a big village developed on the mountain 
slope in and around the mining area. Stores, food 
shops, gambling-houses, a small temp le etc. , we re 
available in the village. The movement was similar 
to the Wild West in the USA. Eventually, the area 
was undermined without any control. A big subsi­
dence of soil occurred in 1973 and several men were 
k illed. Later, a landslide destroyed most of the vil­
lage; hundreds of men were burried under masses 
of soil. 

The concessionaire tried to install law and order, 
and in 1979 the mining right was enforced. Then 
proper mining techniques were introduced. 

The total productia n in the period 1970 -1978 
was at ! east 50 0 0  tons of scheelite. 

Thereafter, underground mining was put in op­
eration; several drifts were made by the Sirithai 
Scheelite Thailand Co. , Ltd. Compared with the 
activities in the years 1970 -78, scheelite ore was 
extracted on a smaller scale. The ore was sold first 
to Ek man & Co. , Ltd. , and later to Stora Koppar­
berg Trading AB. 

The productia n dec! i ned drasticall y, and in 1981 a 
prospecting staff led by E. Carlsson was sent from 
STORA to prospect for potential mineralizations in 
drifts and residua! soil deposits by diamond drilling. 
Several new ore zones were discovered after this 
diamond drilling programrue was effected. 

The Thai-Swedish Mining Co. , Ltd was estab­
lished in 1983 as a joint venture of STORA and 

Sirithai Scheelite Thailand Co. , Ltd. Since 1984, a 
new concentration plant, with a capacity of 10 0 0 0 0  
tons/year, has been constructed. 

With the advice of Mr. Carlsson, the present in­
vestigation was planned, discussed and finally ex­
ecuted. 
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Field work 

Stream sediment samples 

For the detection of mineral dispersions in stream 
drainage patterns, selection of too ! arge a sampling 
interval may give rise to ambiguity of significant 
dispersion halos. A sampling interval of between 
20 0 and 30 0 m has been employed in various parts 
of the world (Cachau-Herreillat & Prouhet 1971; 
Brundin & Nairis 1972; Singh 1977 and Sek theera 
et al. 1981). 

In this stud y, stream sediment samples we re 
tak en generally at intervals of 30 0 m, but in areas of 
great interest the interval was reduced to 150 m. 

To obtain optimum homogeneity of samples, 
stream sediments were always tak en from mineral 
accumulation spots at the inner curve of meanders 
or behind boulders. Two distinctive layers, display­
ed in Fig. 7, i. e. , upper sand y la y er and basal coarse 
layer were simultaneously sampied using average 
weights of 50 0 and 10 0 0  g respectively. Samples 
from the upper sandy and the basal coarse layers 
are termed "top stream sediment samples" and 
"basal stream sediment sam p les" respectively. 

On the immediate surface (<l cm depth) of the 
upper sand y layer, sam p les we re collected from 5 
regions in an area of one square meter, one being 
tak en from each corner and the fifth from the cen­
tre. They consisted of varying proportions of sand, 
sitt and humus. The position of basal stream sedi­
ment samples can be recognized by the accumula­
tion of grave! on the stream bed. 

At the beginning of 1983, in an area of approxi­
mately 20 k m2, s trea m sediment samples we re tak en 
from 122 sampling sites along streams. Later in 
1984, 26 complementary sampling sites were added 
to a high potential area. Topographical surveys, 
using a compass and measuring tape, and geological 
surveys along stream channels were also carried out 
in conjunction with the sampling programmes. Sam­
pling sites and their numbers are shown in Fig. 2. 

Slope base soil samples 

For comparative studies of mineral dispersions in 
soil at the base of slopes and the corresponding 
stream sediment, an area of one square metre was 
cleared on the slope above the previous stream 
sediment sampling site. A slab of surface soil l cm 
thick was cut by a hoe from each corner and one 
from the center of the area. Approximately 50 0 g of 
the sample were collected in a plastic bag and 
labelled Al horizon slope base soil sample. 

Subsequently, the slope was du g vertically down 

Bull . Geol .  Inst . Univ. Uppsala, N. S. 12 (1986) 

to bedrock , if possible, but if not, down to C hori­
zon was considered to be satisfactory. The profile 
was studied; thus individual horizons could be re­
cognized. Samples from A2, B and C horizons were 
tak en by the channel sampling method described by 
Park s (195 7). The same amount of sample, 50 0 g, 
was collected separately from each horizon. 

The sampling sites on the base of slope were al­
ways located on rather steep slopes to avoid ex­
treme weathering depths of bedrock and therefore 
too great a depth of profiles. Care was also paid to 
the morphology of the area to insure that the sam­
pling material consisted of residua! soil and not 
transported soil. The average depth of the bound­
aries between two adjacent horizons, Al, A2, B, C 
and bedrock were 6, 28, 61 and more than 111 cm 
respectively. 

Normall y, samples we re tak en from both sides of 
the slopes in V-shaped stream valleys. When the 
streams reached the foot of the mountains, the 
stream valleys extended laterally to become U­
shaped with deposition of terraces on either side. In 
these cases, one sampling site on the slope was 
available. Seventy-nine slope base soil samples from 
each of the ha rizons were tak en from 45 sites along 
streams. 

Detailed soil samples 

There is a controversy concerning the most suitable 
soil horizon for exploration geochemistry. Brotzen 
(1967) among others, stated that C horizon was pre­
ferable to B horizon, while Boyle & Dass (1967) 
have proved that humus samples from AO horizon 
gave better contrasts than samples from B horizon. 
Humus samples were preterred to till samples for 
tungsten exploration by Toverud (1977) and used 
successfully for sulphide mineral exploration by 
Silak ul (1984). Quin and Brook s (1974) found that 
the upper B horizon samples were better than the 
plant samples for geochemical prospectings in areas 
adjacent to scheelite deposits in New Zealand. Re­
mark ably, these controversies concern most! y areas 
of glaciated terrain. There is not yet any report of 
comparative studies of different soil horizons in tro­
pical terrains. 

The purpose in detailed surveys was to outline 
mineralized areas and pinpoint the mineralizations 
with the greatest possible precision, preparatory to 
physical exploration by trenching, pitting, drilling 
and underground work . In order to localize the 
mineralization, a relatively close sample spacing, 
normally between l and 10 0 m was arranged on a 
rectangular grid basis or on transverse Iines across 
the mineralization trend (Cachau-Herreillat & 
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Prouhet 1971; Quin & Brooks 1974; Singh 1977 ; 
Toverud 1977 ; Snansieng 1983 and Silakul 1984) . 

The author carried out detailed comparative stud­
ies of soil samples from Al and B horizons in an 
area of approximately l km2 (Fig. 3) . Sample loca­
tions were situated on a rectangular grid , each 
approximately 50 m x 50 m (Fig.  5 ) .  Samples from 
Al horizon were taken in the same way as on the 
bases of the slopes as mentioned above . Samples of 
B horizon were taken simultaneously using a steel 
gouge auger. The depth to the upper boundary of B 
horizon is on an average 28 cm in 576 sampling 
sites ,  the variation lying between 10 and 60 cm . 
Each of the A horizon samples collected,  weighed 
approximately 300 g and the B horizon samples 
150 g. 

Detailed topographical and geological mappings 
were also carried out at the same time as the sam­
pling programme . 

Note that the A2 and C horizons were neglected 
in this investigation , since the A2 horizon seems to 
be inappropriate for geochemical sampling due to 
the high effects of leaching and percolation , which 
cause the mobilization of many elements from this 
horizon . And it was not possible to reach C horizon 
at every sampling site by the steel gouge auger 
which is only l m Iong. 

Tailing material samples 

Tailing material which had been disposed from the 
mine , was Iransported along the stream and de­
posited in a tailing dam 2 . 5  km southwest of the 
mine (Figs . 2 and 3 ) .  

In dry areas , an  Edelman auger was used to  drill 
down to groundwater level, then a suction auger 
proceeded further to reach the greatest depth of 
4 m, the ful l  length of the auger. lt was difficult to 
drill deeper than the grave( bed . The suction auger 
was used directly in wet areas . Composite samples 
were collected by the augers at every meter pen­
etrated . The total 108 samples were taken from 34 
sampling sites , located on a grid basis in connection 
with that of the detailed soil samples (Fig . 5 ) .  

To  study the grain-size distribution of  the tailing 
material , supplementary samples were taken from 
site 12 . This was located in the middle of the lower 
part of the tailing dam (Fig.  5) and was expected to 
yield representative samples of the tailing material . 
A percussion drill was used which could reach to 
the bottom of the dam at a depth of 6 m.  

Laboratory work 

The effects of sample matrix on XRF analysis were 
tesled by taking a portion of scheelite ore which 
was crushed and ground , the n sieved through a 
0.075 mm screen: grains finer than 0 .075 mm were 
divided into 6 portions . One portion was not milled , 
the other five were milled by an agate-pulverizer for 
15 , 30, 60 , 90 and 120 minutes respectively. 

Two of the Al horizon detailed soil samples , A73 
and A1 16 ,  which have relatively low concentrations 
of W,  we re sieved to obtain grains fine r t han 0 . 075 
mm , grains between 0 .03-0 .075 mm and grains fin­
er than 0 .03 mm. 

Some 3.5 g of each sample , followed by cellulose 
powder to reinforce the samples were pressed into a 
holder under a pressure of 0 . 5  t/cm2 . The sample 
was assayed for its content of W, Cu , Zn , As, Mo,  
Sn , Ni , Fe , Ca, Ti  and K using XRF,  Phillips PW 
1410/1710 , at  the Department of Analytical Chem­
istry of the University of Uppsala. The content of 
these elements was obtained directly in a semi­
quantitative u nit ( counts) and stored for furthe r sta­
tistical analysis by a personal computor. 

The estimated W contents of scheelite ore at 
different milling time are shown by bar charts in 
Fig .  8 .  The estimated content in the unmilled por­
tion and that milled for 15  minutes was the same 
but increases as the milling time increases .  The 
optimum estimation is obtained at the milling time 
of 90 minutes . The estimated amount at 90 minutes 
or longer is 11 % greater than in the unmilled por­
tion . 

The estimated W content in grains of different 
sizes of samples A 73 and A116 are shown by bar 
charts in Fig .  9 .  In both samples ,  the estimated con­
tent in grains finer than 0 .075 mm and grains be­
tween 0 .03 and 0 .075 mm are more or less identical .  
The estimated content in grains finer than 0 .03 mm, 
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Fig. 8. Diagram showing the est'imated W contents, in 
counts , of scheelite ore milled for O. 1 5 ,  30, 60, 90 and 120 
minutes. 
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Fig. 9. Diagram showing the estimated W contents,  in 
counts ,  in grains finer than 0 .075 mm down to grains finer 
than 0 .03 mm of samples A 73 and A 1 16 of Al horizon 
detailed soil samples. 

however , i nerease by 22 and 84 % in sam p les A 73 
and A 1 16 respectively .  

From the milling test , it can be assumed that 
XRF is more efficient at detecting the W content in 
finer grains than in coarser grains .  The sieving test 
demonsirates that the estimated W content in the 
grains finer than 0 .03 mm is much higher than in 
the coarser grains .  Nevertheless , samples of grains 
finer than 0 .075 mm are preterred in this investiga­
tion , since it is too difficult and time-consurning to 
carry out dry sieving of grains finer than 0 .03 mm . 

All the samples from the field were dried in air . 
The Department of GeologicaJ Sciences ,  Chiang 
Mai University, Thailand kind ly made its facility 
available for this investigation . Clumps of the saru­
ples were broken down suitably by passing them 
through a hammer mill , the screen of which had 
been removed to avoid crushing the grains un­
necessarily .  Since the samples were not really 
crushed , computation of possible contamination 
from the mill can be neglected .  To obtain repres­
entative , fine grained and homogeneous subsam­
ples , they were sieved through a screen with an 
aperture of 0 .075 mm. 

Samples from sites 12  and 17  in the tailing dam 
were divided into two portions. The first was 
ground in a shatter box for two minutes . The 
seeond was sieved through a series of screens with 
apertures of 0 .075 , 0 . 175 , 1 .0 and 2 .0  mm. The 
weight of each fraction was recorded . Each group 
of particles larger than 0 .075 mm was ground in a 
shatter box for 2 minutes . 

Subsequently , all samples , after the preparation 
stage , were analysed by XRF for the content of W, 
Cu , Zn , As , Mo, Sn , Ni , Fe , Ca, Ti and K. 

To calibrate from semi-quantitative unit (counts) 
to ppm , fifty samples of various concentrations and 
all types of samples were analysed for W content by 
colorimetry , as described by Welsch ( 1983) .  A non-
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linear relationship between XRF data and col­
orimetric resulls is encountered.  This relationship 
can be explained by the equation 

log10 Y =  1 . 1 25 log10 X - 1.44,  

where Y = number of ppm 
and X = number of counts . 

Hence , using this equation quantitative estima­
tions of W, in ppm , can be obtained. 

A professional laboratory , Analytica AB , analy­
sed ten samples of various concentrations for the 
content of W, Cu , Zn , As, Sn and Ca. Our results 
are in good accord with the concentrations of W 
obtained by Analytica AB . Concentrations of the 
other elements were also used to calibrate from 
semi-quantitative unit to ppm . 

The calibration for the content of Mo,  Ni , Fe , Ti 
and K were done by the standard addition method 
at the Department of Analytical Chemistry of the 
University of Uppsala.  

Treatment and presentation of analytical data 

Basic statistics 

Virtually , if the frequency distribution of ra w data 
is said to be normal , that rueans the skewness of the 
distribution is equal to zero . In many cases a logar­
ithmic transformation of raw data provides a nor­
mal form to the frequency distribution , in which 
case the data are said to be lognormal (Sinclair 
1983 ) .  

To  investigate the forms of  the frequency dis­
tributions of element contents in all sampling media 

Table l. Skewnesses of frequency distributions of element 
contents, in  ppm and log ppm values ,  of 148 top and basal 
stream sediment samples. 

Element Top stream sediments Basal stream sediments 
p pm log ppm p pm log ppm 

w 4 . 37 0 .94 8 .06 0 .79 

C u 1 . 26 0 . 1 7  3 . 99 -0 . 1 3  

Z n 4 . 1 9  1 . 37 1 .1 8 -0 .06 

As 2 . 78 -0 .09 2 . 37 -0 . 18  

Mo 9 .47 0 .55 -0 .58  - 1 .97 

Sn 4 . 8 1  0 .99 7 . 82 0 .73 

N i  2 . 30 1 .09 1 . 45 0 .36 

Fe -0 . 1 9  - 1 .2 1  - 0 . 1 0  - 1 .47 

Ca 2 . 78 -0 .25 6 .92 -0 . 1 7  

T i -0 .55  - 1 . 1 9  -0 . 1 6  - 1 .04 

K -0. 1 4  -0 .95 -0 .56 - 1 . 37 
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Table 2 .  Skewnesses of frequency distributions of element contents ,  in ppm and log ppm 
values, of 79 Al, A2, B and C horizon slope base soil samples.  

Element Al  horizon 
ppm log ppm 

w 5 . 60 - 0 . 5 1  
C u 3 . 68 0 . 82 
Z n 3 .48 1 . 6 1  
A s  3 . 33 0 .06 
Mo 0 . 33 -0 . 35 
Sn 1 . 9 1  -0 . 10  
Ni 2 . 70 1 . 62 
Fe 1 .06 - 0 .03 
Ca 2 . 68 0 . 62 
T i 2 . 56  1 . 36 
K -0 .24 - 1 . 36 

that they approach whether normal or lognormal 
forms , the skewnesses of the raw data values and 
the log transformation values of element contents 
were calculated and Iisted in Tables 1 -4 .  

It is evident that the  frequency distributions of 
most element contents in stream sediment , slope 
base soil and detailed soil samples approach lognor­
mal form (Tables 1 -3)  whereas the distributions of 
most element contents in tailing material approach 
normal form (Table 4) . 

Hence , the element contents of stream sediment 
samples , slope base soil samples and detailed soil 
samples were converted logarithmically and then 
calculated for means and standard deviations . The 
means , and mean plus and minus standard devia­
tions were subsequently converted to ppm and pre­
sented in Tables 5 - 7 .  The maximum values and 
minimum values of all the elements are also pre­
sented.  

The element contents of tailing material , in ppm , 
were calculated directly for means and standard de­
viations . The means , mean plus and minus standard 

Table 3. Skewnesses of frequency distributions of element 
contents,  in ppm and log ppm values .  of A l and B hori­
zons detailed soil samples . 

Element i\1 horizon B horizon 
p pm log ppm p pm log ppm 

w 2 . 90 0 . 30 2 . 94 -0 .20 
C u 1 . 60 - 0 . 0 1  1 . 37 -0 . 1 6  
Z n 1 .09 0 . 0 1  2 . 73 0 . 52 
As 2 . 43 -0 . 1 5  4 . 1 4  0 . 3 1  
Mo 6 .09 -0 .58  1 . 94 -0 .58  
Sn 0 . 79 -0 .77 0 .75 -0 . 7 1  
N i  0 .76 0 . 29 1 . 45 0 . 69 
Fe 0 . 69 -0 . 1 3  0 . 54 -0 .57  
Ca 4 . 50 -0 . 1 2  2 . 67 0 .00 
T i 0 . 4 1  -0 .05 0 . 22 -0 .77 
K -0 .46 - 1 . 09 -0 .25 - 3 . 2 1  

A 2  horizon B horizon C horizon 
p pm log ppm p pm log ppm p pm log ppm 

7 . 4 1  - 0 . 5 1  7 . 82 -0 .06 8 .04 -0 . 35 
1 . 99 0 .06 2 . 3 1  0 . 1 7  3 . 28 0 . 34 
3 . 44 1 . 67 1 . 88 0 .74 1 . 55 0 .59 
3 . 1 6 0 . 1 4  3 . 36 0 . 34 3 . 36 0 .22 
0 . 20 - 1 . 29 -0 .04 -2 .06 1 . 1 8 -0 .66 
2 . 44 -0 .09 3 . 52 0 . 1 8  3 . 64 0 . 38 
3 . 16  1 . 43 3 . 08 1 . 50 2 . 34 1 . 30 
1 . 24 -0 . 1 9  0 . 50 -0 .52 0 . 35 -0 .74 
4 . 96 0 . 87 7 . 26 1 . 35 5 . 6 1  1 . 60 
2 . 92 1 . 38 2 . 94 1 . 44 2 . 76 0 . 9 1  

-0 .46 - 1 . 83 - 0 . 5 1  -2 . 32 -0 . 54 - 1 . 94 

deviations , maximum values and mmtmum values 
of all the elements are presented in Table 8 .  

Advanced stafistics 

The main objective in exploration geochemistry is 
to discover the single element or multielement dis­
tributions that relate to mineralization . In this 
stud y, the prohability graphs method is employed 
for the treatment of single element distribution 
(univariate data) and the factor analysis method for 
multielement distribution (multivariate data) . 

Prohability graphs. - Prohability graphs were 
established on the principle that most of the fre­
quency distributions of element contents in geoche­
mical materials approach closely to lognormality , 
and a cumulative lognormal frequency distribution 
wil l  plot as a straight Iine on a log prohability paper 
(Ahrens 1957 ; Sinclair 1976) . The first to recognize 
the potential of cumulative prohability graphs in 
treating geochemical data were Tennant and White 

Table 4. Skewnesses of frequency distributions of element 
contents,  in ppm and log ppm values ,  of 1 08 tailing mate­
rial samples . 

Element Tailing material 
p pm log ppm 

w -0 .02 - 2 . 4 1  
C u 0 . 88 0 . 1 2  
Z n - 0 . 84 - 1 . 37 
As -0 . 27 - 2 . 1 1  
Mo -- 0 . 39 - 1 . 35 
Sn 1 . 1 6 - 1 . 83 
Ni 0 . 60 -0 .05 
Fe 0 .08 -0 .76 
Ca 0 .08 - 1 . 37 
T i 0 . 3 1  -0 . 1 1  
K 0 . 8 1  0 . 60 
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in 1959 . Since then the method has been modified 
and used extensively (Williams 1967 ; Lepeltier 
1969 ; Bölviken 197 1 ;  Parslow 1974 and Sinclair 
1974 , 1976 and 1983 ) .  This method described in de­
tail by Sinclair ( 1976) has been employed in this 
investigation for the treatment of W contents in all 
types of sampling media. It must be pointed out , 
however,  that Björklund ( 1983) conducted an ex­
periment based on ideal data and concluded that 
the application of cumulative probability graphs for 
geochemical data may not be valid . 

As shown in Tables 1 - 3 ,  the frequency distribu­
tions of W contents in all types of sampling media 
approached closely to lognormality. Hence , W con­
tents in ppm were converted to logarithmic (base 
10) values and subsequently were tabulated into 
dass intervals lying between a quarter and half the 
standard deviation . The number of classes was li­
mited to between 10 and 20 . Cumulative percen­
tages were computed from high to low values and 
plotted as solid dots against lower dass limits . 
Smooth curves were drawn through the plotted 
points (cf. Sinclair 1976) . 

Several tabulatians and plots with different num­
bers of classes were made for each of the sampling 
media to obtain the best form of the curve . Tabula-
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3 2 . 0  
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0 . 5  
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tions of 15  classes seem to be the best fit for all 
media .  

Cumulative probability plots of W contents for all 
media ,  namely , top and basal stream sediment sam­
ples ; A l ,  A2 , B and C harizon slope base soil sam­
ples and Al and B harizon detailed soil samples are 
displayed in Figs . 10- 17 .  

Al l  cumulative probability curves were arbitrarily 
partitioned into 5 seetians in order to detect every 
possible individual population.  Each population 
tends to form a straight seetian of the cumulative 
curve and the location can be recognized readity by 
inflections of the curve . Each of the partitioned 
populations was depicted as a straight Iine drawn 
through open circles . 

Partitionings were conversely checked by ideal 
combination of constituent populations at particular 
ordinates .  The sums were plotted in the diagrams as 
open triangles .  They coincide almost exactly with 
the smooth cumulative curve . Thus , they indicate 
that partitioned straight Iines represent reliably con­
stituent populations of the whole data values .  

In cases where overlapping of  two adjacent 
populations occur their overlapping extremities are 
more or less mutual mixtures of each part . Prob­
ability graphs of all sampling media evidently show 

N =  1 4 8  

[',_ 8 %  

9 9 . 9 9  

P r o b n b i l i t y  ( c u m .% ) 
Fig. JO. Partitioned prohability plot of 1 48 W analyses of top stream sediment samples .  Original data 
are plotted as black dots , open circles are estimated partitioning points , open triangles are check 
points obtained by ideal combination of partitioned populations A, B, C .  D and E .  Inflection points 
are shown by arrow heads . 



Bull .  Geol . Inst . Univ. Uppsala ,  N .  S .  12 ( 1986) Tungsten exploration geochemistry in northern Thailand 65 

3. s 

3 . 0  

2 .  s 

3 
E a. a. 2 . o  
� 

Cl o _J 
1 .  s 

1 . O  

o .  s 

0 . 0 1 

2 . s 

2 .  o 

3 
E a. 

1 s a. 
� 

Cl o _J 

1 o 

o .  s 

0. 0 1  

o .  1 

P robab i l i t y  (c u m . % )  

Fig. 1 1 .  Partitioned probability plot of 1 48 W analyses o f  basal stream sediment samples .  See Fig .  1 0  
for explanation o f  symbols . 
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Fig. 12. Partitioned probability plot  of 79 W analyses of A l  horizon slope base soil samples .  See Fig . 
10 for explanation of symbols. 
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this phenomenon .  However, attention will be res­
tricted to anomalous populations only . 

Population A (anomalous) and B (background) 
of top and basal stream sediment samples (Figs . 10 
and 1 1 )  overlap to some extent .  Therefore , two 
thresholds were necessary to distinguish anomalous 
from background values . These thresholds were 
taken arbitrarily at the 99th cumulative percentile 
of population A and 1st cumulative percentile of 
population B .  

Thresholds for eliminating anomalous from adja­
cent background populations in all soil sampling 
media (Figs . 1 2- 17) can be recognized readity by 
natural breaks of concentration , displayed by gaps 
in some classes of the frequency distributions . 
Threshold values for distinguishing the rest of the 
populations were estimated from the ordinate 
values of the inflection points , indicated by arrow 
heads . 

Mean values of each population can be estimated 
directly as the ordinate value corresponding to the 
50th percentile . The values of mean , mean plus and 
minus one standard deviation ,  in log10 ppm , can be 
read fairly precisely by ordinate values that earre­
spond to the 16th and 84th percentiles respectively .  

Statistical parameters and threshold values of 

stream sediment samples ,  slope base soil  samples 
and detailed soil samples are converted to ppm and 
Iisted in Tables 9, 10 and 1 1  respectively.  

Ultimately , each population of the stream sedi­
ment and slope base soil samples is coded distinctly 
on the maps by different sizes of solid circles ,  
shown in Figs . 1 8 - 23 .  Each population of the de­
tailed soil samples is depicted by distinctive linear 
patterns in Figs . 24 and 25 . The proportions of each 
constituent population were presenled as cumula­
tive percentiles with accurate two decimal numbers 
which could be read from the abscissa values of the 
thresholds (Figs 10- 17) .  They were Iisted in the 
same manner as the cumulative prohability curves 
were constructed , i . e .  starting from the high con­
centrations . 

Correlation and factor analysis . - As the contents 
of W, Cu , Zn , As , Mo, Sn, Ni , Fe , Ca, Ti and the 
K content in stream sediment , slope base soil and 
detailed soil samples tend to be lognormally distri­
buted,  they were transformed logarithmically in 
order that rueaningful statistical parameters could 
be computed.  It was unnecessary to transform the 
element contents of tailing material , since they we re 
already normally distributed.  
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The interrelations of the element contents were 
established by the computation of earrelation 
coefficients for each pair of element contents . A 
perfeet sympathetic earrelation will yield a coeffi­
cient of + l ,  a perfeet antipathetic a coefficient of 
- l ,  and a random relationship a value of zero 
(Garrett & Nichol l969) . 

To facilitate comparison between two particular 
elements using earrelation coefficients , the follow­
ing grouping was used ; very close earrelation 
(coefficients between 1 .0 and 0 .9) ,  close earrelation 
(coefficients between 0 .9  and 0 . 7) ,  moderate ear­
relation (coefficients between 0 . 7  and 0 .4) and little 
or no earrelation (coefficients below 0 .4) . lt must 
be emphasized that this classification gives only a 
rough relationship of the elements (cf. Qvarfort 
1977) .  

Symbols were employed to represent the particu­
lar classes in the earrelation matrices as shown in 
Tables 1 2 - 20 .  Details of the earrelation values may 
be lacking but the earrelation of any pair of ele­
ments can be recognized very simply .  

To express the relationships of multivariate data 
with discrete geochemical features,  R-mode Ortho­
gonal Varimax Rotation factor analysis was com­

J?Uted, using the Hewlett Packard statistic program­
me . The number of factors extracted from 1 1  el­
ement variables was arbitrarily limited to 6 .  These 6 
factors account for more than 84 % of the total 
variation in the earrelation data of all sampling 
media .  

The factor analysis solution matrices of al l  sam­
pling media are treated similarly as the earrelation 
matrices . The factor Jaadings were grouped as ; 
strong loading (>0 .8) , moderate loading (0 .6-0 .8) ,  
weak loading (0 . 4-0 .6) ,  and non-significant loading 
(<0 .4) . Each group was coded in grades , by solid 
circles of varying diameter as portrayed in Tables 
2 1 -29 .  

Factor scores obtained from factor analysis vir­
tually relate to the element content in the samples ,  
therefore plotting of factor scores of  a particular 
element darninating factor on the map may reveal 
the anomalous areas relating to that element .  Since 
tungsten deposits are the targets in this investiga­
tion , only factor scores of the factor that contains 
the highest loading values of W (called tungsten ore 
mineral factor) in each sampling medium is taken 
into account . 

The factor scores of O ,  l and 2 are arbitrarily 
ehosen as the boundaries for dividing the data into 
four groups.  The positive or negative signs of factor 
scores are relevant to the signs of the element load­
ings . Each group of the stream sediment and slope 
base soil samples was coded distinctly on the maps 
by different sized solid circles shown in Figs . 

26-3 1 ,  whereas each group of the detailed soil saru­
ples was depicted by a distinctive linear pattern in 
Figs . 32-33 .  

To  demoostrate the  numbers of  samples accoun­
ted for in each constituent group of data in all sam­
pling media ,  their proportions are presented as 
cumulative percentiles ,  starting from the largest 
number of factor scores ,  regardless of the signs of 
the numbers . 

Discussion of results 

Basic stalistics 

The mean value of the W content of top and basal 
stream sediment samples are 31 and 46 ppm, re­
spectively (Table 5 ) ,  the mean content of the basal 
stream sediment samples being 32 % greater than 
that of the top stream sediment samples . The range 
(maximum - minimum) of W content in the basal 
stream sediment is 3-fold greater than in the top 
stream sediment samples . From these facts , it can 
be inferred that the natural accumulation of the 
stream sediment is greater in the basal coarse layer. 
A similar phenomenon occurs regarding Cu . The 
mean and range values of the other elements are 

Table 5. Statistical parameters of e lement contcnts .  tn 
ppm , of 148 top and basal stream sediment  samples .  

Element x x + s  x - s  maximum minimum 

Top stream sediment samples :  
w 3 1  1 27 8 2038 o 
C u 59 1 0 1  34 2 1 3  1 8  
Z n 109 152 78 537 46 
As 20 45 9 1 66 2 
Mo 35 50 25 306 I l  
Sn 6 20 2 298 o 
Ni 76 1 06 55 253 40 
Fe 24355 33 174 1 788 1 446 1 9  6008 
Ca 481 5  1 0527 2202 35885 459 
T i 74(Jl 9202 5952 1 0703 3 1 96 
K 3548 1 45279 27804 5453 1 1 4924 

Basal stream sediment samples : 
w 46 1 87 I l  593 1 o 
C u 1 00 2 1 6  46 1098 16 
Z n 1 06 138  8 1  260 44 
As 2 1  49 9 1 69 2 
Mo 35 49 25 63 8 
Sn  9 30 3 778 o 
Ni 63 87 46 1 74 34 
Fe 24266 34522 1 7057 48094 5693 
Ca 4443 10590 1 864 95275 3 12 
T i 806 1 9408 6907 1 1 766 3830 
K 35892 44648 28854 52734 1 5 1 62 
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Table 6. Statistical parameters of element contents , in 
ppm, of 79 A l ,  A2,  B and C horizon slope base soil 
samples .  

Element x x + s  x - s  maximum minimum 

Al horizon : 
w 1 5  44 5 329 o 
C u 39 67 22 274 1 5  
Z n l OS 1 27 87 266 72 
As 29 63 1 3  265 s 
Mo 26 37 1 8  49 I l  
Sn 4 9 2 27 o 
Ni 60 77 46 1 59 4 1  
Fe 24099 33S89 1 7290 S77 1 8  1 04S8 
Ca 77 1 1  1 S62 1 3806 S3768 1 7 1 8  
T i 88S7 108S7 7226 20646 S794 
K 30606 4 1 889 2236 1 S2878 9748 

A2 horizon :  
w l S  40 6 4 1 7  o 
C u 40 74 22 1 76 I l  
Z n 1 0 1  1 24 83 244 68 
As 34 73 1 6  297 s 
Mo 2S 35 1 8  5 2  7 
Sn 4 l O  2 33 o 
Ni 63 8 1  48 1 90 37 
Fe 27990 38SS7 20 1 88 7 1 626 1 1 1 89 
Ca 2089 4330 1 008 29386 S84 
T i 9S98 1 1 628 7923 22636 62S3 
K 3 1 879 44740 227 14  S4 1 44 6662 

B horizo n :  
w I S  42 5 S95 o 
C u 46 88 24 25 1 1 3  
Z n 1 04 1 25 86 2 1 3  67 
As 38 83 1 8  372 10 
Mo 24 37 1 6  46 3 
Sn 4 l O  l 52 o 
Ni 67 87 52 1 94 42 
Fe 3 1 434 44340 22284 68H32 1 2855 
Ca 1 3 1 8  2470 703 23 1 62 527 
T i 9546 1 1 695 779 1 22466 6 1 66 
K 3 1 239 45698 2 1 355 53586 4424 

C horizo n :  
w 1 4  45 4 708 o 
C u 49 97 24 350 1 3  
Z n 1 06 1 29 87 2 10 64 
As 37 85 1 6  363 6 
Mo 27 3H 19 74 9 
Sn 4 l O  2 56 o 
Ni  69 90 53 1 78 43 
Fe 3 1974 468 1 7  2 1 837 64363 1 1 788 
Ca 1 32 1  2705 645 25050 536 
T i 9262 1 1 389 7532 22368 4942 
K 30960 44968 2 1 3 1 6  566 1 4  6 1 45 

more or less the same in both types of stream sedi-
ment samples . 

The mean values of W content in Al , A2 , B and 
C harizon slope base soil samples are equal to each 
other (Table 6) . The range (maximum - minimum) 
increases from Al to C harizons respectively.  Con-
versely ,  the me an and ra n ge of Ca content de-
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creases from Al  to C horizons , whereas those of 
the other elements do not show any significant dif-
ference . Considering that the range of W content in 
C harizon is 100 % greater than in Al horizon , this 
shows the effects of weathering and erosion which 
gradually become less as one descends in the soil 
profile .  Thus one can expect to obtain the best con-
trast ( i . e .  the greatest range) of the W content in C 
harizon soil samples ,  and this can help to recognize 
simply the anomaly related to mineralization . The 
decrease in Ca content as one descends to B hori-
zon shows the accumulation of Ca in Al and A2 
harizons due to evaporation and capillary action 
(cf. page 58) . 

The mean and range values of all the elements, 
except Fe and Ca in Al and B harizon detailed soil 
samples are more or less the same (Table 7) . The 
higher mean value of Fe content in B harizon shows 
the accumulation of Fe ion at the groundwater levet 
due to leaching from the upper horizons. On the 
other hand ,  the Ca ion has accumulated through 
evaporation and capillary action in the Al horizon.  

Not surprisingly , extraordinary high average con-
tents of W, Zn , As , Sn and Ca are found in tailing 
material (Table 8) . This is because the minerals 
constituted of these elements (cf. page 58) were 
trapped in the dam when they were discarded from 
the mine . 

The effects of natural panning at the inner side of 

Table 7. Statistical parameters of element contents,  in 
ppm , of 415 A l and B horizon detailed soil samples .  

Element x x + s  x - s  maximum minimum 

Al horizon :  
w 33 70 1 5  3 1 9  4 
C u 43 66 28 1 98 1 2  
Z n 86 1 1 5 64 250 43 
As 28 54 1 4  2 1 5  2 
Mo 34 47 24 2 1 4  5 
Sn 7 1 8  3 45 o 
Ni 45 52 38 76 3 1  
Fe 1 6696 22279 1 25 1 1  34 1 97 6958 
Ca 741 8  1 4388 3825 86372 727 
T i 8397 9640 73 1 3  12965 5 1 16 
K 38450 49625 29792 59 1 0 1  1 4 1 87 

B horizon :  
w 3 1  82 1 2  39 1 o 
C u 43 70 26 1 6 1  5 
Z n 87 1 12 67 297 46 
As 40 80 20 457 8 
Mo 28 39 20 1 2 1  7 
Sn 8 2 1  3 44 o 
Ni 56 65 48 1 07 37 
Fe 23999 33636 1 7 1 24 67529 8 1 95 
Ca 994 1 97 1  502 86 1 3  104 
T i 8453 10320 6923 1 6950 32 1 9 
K 40476 53420 30669 66523 2266 
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Table 8 .  Statistical parameters of  element contents , in 
ppm, of 108 tailing samples .  

Element x x + s  x - s  maximum minimum 

w 6226 9303 3 149 1 5 148 100 
C u 44 55 33 83 2 1  
Z n 1 97 235 159 264 99 
As 485 680 290 953 40 
Mo 24 32 20 37 6 
Sn 358 567 149 1373 12  
Ni 39 49 29 65 1 8  
Fe 23244 26902 19588 35236 14155 
Ca 24178 35466 12890 603 16  2920 
T i 6585 7480 2690 8757 463 1 
K 37278 40725 3382 1 46889 2979 1 

meander bends and behind · the obstructing boulders 
can be seen by the average W content in stream 
sediment samples which is more than twice that of 
slope base soil samples , taken from the same sam­
pling sites (Tables 5 and 6) . 

The average W content in the detailed soil sam­
ples is twice that of the slope base soil samples 

(Tables 6 and 7) . This can arise by the sampling of 
detailed soil from the smaller area of l km2 in the 
vicinity of the exposed quartz veins which were 
possibly associated with tungsten mineralizations , 
whereas samples of the slope base soil were taken 
from the larger area of som e 6 km2 , which is under­
lain chiefly by barren rocks.  

Advanced stafistics 

Prohability graphs. - The great advantage of the 
cumulative prohability graphs is that the mixture of 
several geochemical populations can be partitioned 
into individual populations and considered separ­
ately. 

In all sampling media , the first two populations 
are assigned as anomalous populations ,  since they 
have higher tendencies to relate with the possible 
existing mineralizations. The remaining populations 
are assigned as background populations derived 
from the barren rocks . 

In stream sediment samples (Table 9) , the mean 
W content of the 1st anomalous population of the 

Table 9. Estimated statistical parameters of partitioned populations and their threshold 
values of W contents in top and basal stream sediment samples . 

Population Threshold Valucs in ppm W Proportion No. of 
in ppm x x + s  x-s  o/r samples 

Top stream sediment 
samples : 

A :  I s t  anomalous 85 1 1 349 537 8 1 2  
37 1 

A +  B :  2nd anomalous ( combination of two extrem i ties of A and B )  
290 

B :  I st background 1 84 248 1 36 <) ! 3  
(granite) 1 09 

C :  2nd  background 42 6 1  29 28 4 1  
(contact zone)  27 

D :  3rd background 1 4  1 9  1 0  5 2  77 
( schist - state) 5 

E :  4th background 3 5 2 3 5 
( schist - siat e )  o 

Total 100 148 

Basal stream sediment 
samples :  

A :  I s t  anomalous 1 250 2704 578 7 10 
635 

A +  B: 2nd anomalous ( combination of t wo extremities of A and B) 
204 

B :  I st background 1 99 326 1 2 1  1 8  27 
(granite) 1 05 

C :  2nd  background 53 77 36 23 34 
(contact zone ) 35 

D :  3rd background 20 30 1 4  49 73 
(schist - slate) 6 

E :  4th background 3 4 2 3 4 
(schist - slate ) o 

Total 1 00 1 48 
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Table JO. Estimated statistical parameters of partitioned populations and their threshold 
values of W contents in slope base soil samples . 

Population Threshold Values in ppm W Proportion No. of 
in ppm x x+s  x-s  % samples 

A l horizon slope b ase 
soil samples : 

A: I st anomalous 228 324 1 6 1  2 .52 2 
1 36 

B :  2nd anomalous 57 77 43 5 . 36 4 
( mineralized zon e) 40 

C :  l s t  background 27 35 22 39. 1 5  3 1  
(mineralized zone) 19 

D: 2nd background 1 0  1 6  7 44 . 53 35 
(barren rocks) 3 

E: 3rd background 1 . 9 2 . 3  1 . 6 8 .44 7 
(barren rocks) o 

Total 1 00 .00 79 

A2 horizon slope base 
soil samples : 

A: Ist anomalous· 4 1 7  1 . 26 
1 89 

B :  2nd anomalous 1 05 1 . 22 
( mineralized zon e) 68 

C: Ist background 43 49 38 1 1 . 73 9 
( mineralized zon e)  34 

D :  2nd background 1 6  24 l O  78. 1 2  62 
(barren rocks) 4 

E :  3rd background 2 2 . 3  1 . 7 7 .67 6 
(barren rocks) o 

Total 1 00 .00 79 

B horizon slope base 
soil samples : 

A :  I st anomalous 595 1 . 26 
256 

B :  2nd anomalous 1 1 8 1 . 26 
(mineralized zone ) 88 

C :  I st background 30 4 1  2 1  44 . 2 1  35 
(mineralized zone) 1 8  

D :  2nd background 1 0  1 5  6 40 . 20 32 
(barren rocks) 4 

E :  3rd background 3 4 2 1 3 .07 1 0  
(barren rocks) o 

Total 1 00 .00 79 

C horizon slope base 
soil samples : 

A :  I st anomalous 708 1 . 24 
24 1 

B :  2nd anomalous 97 1 1 2 84 2 .48 2 
( mineralized zon e) 75 

C: I st background 24 4 1  1 4  62 .98 50 
(mineralized zone) I l  

D :  2nd background 7 I l  5 22 . 30 1 7  
(barren rocks) 3 

E :  3rd background 1 . 6 1 .9 1 . 3 ( !.()()  9 
(barren rocks) o 

Total 1 00 .00 79 
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Table I l .  Estimated statistical parameters of partitioned populations and their threshold 
values of W contents in detailed soil samples . 

Population Threshold Values in ppm W Proportion No .  of 
in ppm 

A l  horizon detailed 
soil samples :  

A :  1 st anomalous 
1 5 9  

B :  2nd anomalous 
( mineralized zon e )  48  

C :  l s t  background 
(gran i te) 8 

D :  2nd background 
(schist) 8 

E :  3rd background 
(schist) o 

Total 

B horizon detai1ed 
soil samples :  

A:  1st anomalous 
2 1 8  

B :  2nd anomalous 
(minera1ized zone) 67 

C: 1 st background 
(granite) 2 1  

D :  2nd background 
(schist) 3 

E :  3rd background 
(schist) o 

Total 

basal stream sediment samples is 32 % greater than 
that of the top stream sediment samples whereas 
the means of all the background populations are 
more or less the same . This supports the inference 
mentioned above that the natural accumulation of 
stream sediment is greater in the basal coarse Iayer.  
In this case , only anomalous populations are con­
sidered . 

In slope base soil samples (Table 10) , the mean 
W content of the 1st anomalous populations of A2, 
B and C horizon increase by 2 ,  3 and 3 .5 times 
respectively more than that of the Al horizon . For 
the 2nd anomalous populations,  the mean W con­
tent of the Al horizon is half the mean of the 
underlying horizons .  The mean values of the first 
two background populations of the A2 horizon are 
about 30 % higher than that of A l ,  B and C hori­
zons. 

The grad u al decreasing of weathering and erosion 
effects , as one descends in the soil profile can be 
confirmed by increasing of W content from A l  to C 
horizons in anomalous populations .  However ,  tung­
sten as a member of insoluble minerals can persist 
very weil as residua) product in A2 horizon ( cf. 

x x + s  x - s  % samples 

202 252 1 6 1  3 . 20 1 3  

69 98 49 26 .66 I I I  

30 42 2 1  46 .62 1 93 

1 4  1 8  I l  2 1 .33 89 

8 6 5 2 . 1 9  9 

1 00 .00 4 1 5  

283 3 1 6  254 1 . 73 7 

99 1 43 68 20. 89 87 

37 56 24 4 1 . 34 1 7 1  

1 4  22 9 34 .63 1 44 

1 . 5 1 . 7 1 . 3 1 . 4 1  6 

100.00 4 1 5  

page 58) . This can b e  clearly seen b y  higher means 
of W content in background populations (Table 10) . 

The means of W contents in both the l st and 2nd 
anomalous populations of the B horizon detailed 
soil samples are 30 % higher than those of the Al 
horizon (Table 1 1 ) .  The means of W contents of the 
corresponding background populations of the Al 
and B horizon are however more or less identical . 
The effects of weathering and erosion as discussed 
above are once again enhanced.  

In anomalous areas, the averages of W contents 
in stream sediments are generally higher than those 
of the slope base soil samples since the mineral 
grains are naturally accumulated in the stream pat­
terns (Tables 9 and 10) . 

Comparing the mean values of anomalous 
populations of the slope base soil and the detailed 
soil samples (Tables 10 and 1 1 ) ,  it was shown that 
the potential mineralization in the vicinity of the 
slope base soil sampling area is possibly richer than 
that of the detailed soil samples . 

Correlation .  - Top stream sediment samples. 
Close to moderate earrelations of W - Sn - As-Ca,  
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Table 12. Correlation coefficients of elements in 148 top 
stream sediment samples.  
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moderate earrelations of Cu - Ni and Fe -T i are evi­
dent in Table 12 .  The elements in the first group 
vary , to som e extent ,  antipathetically with those of 
the other two groups . 

Basal stream sediment samples. - Close to mod­
erate earrelations of W - Sn - As-Ca, moderate 
earrelations of Cu - Mo and Zn- Ni - Fe are appa­
rent in Table 1 3 .  The elements in the first group 
vary antipathetically with the other two groups. 

The close earrelation between W and Sn is re­
markably evident in both top and basal stream sedi­
ment samples . The element associations can be 
roughly estimated as W-Sn-As-Ca association of 
tungsten ore minerals . 

A l  harizon slope base soil samples. - Moderate 

Table 13. Correlation coefficients of elements in 148 basal 
stream sediment samples.  
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Table 14. Correlation coefficients of elements in 79 Al 
horizon slope base soil samples. 
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earrelations of W - Sn - As - K  and close to moder­
ate earrelations of Cu- Zn - Ni - Fe-Ti are found in 
Table 14. The elements in the first group vary anti­
pathetically with those of the latter group . 

A2 harizon slope base soil samples. - Moderate 
to little earrelations of W - Sn - As - K  and close to 
moderate earrelations of Cu - Zn-Ni - Fe are evi­
dent in Table 1 5 .  These two groups of elements 
vary antipathetically with one another. 

B harizon slope base soil samples . - Moderate to 
little earrelations of W- Sn -As and close to moder­
ate earrelations of Cu- Zn - Ni - Fe-Ti - Ca can be 
found in Table 16 .  They vary antipathetically with 
on e another. 

C harizon slope base soil samples . - Moderate to 

Table 15. Correlation coefficients of elements in 79 A2 
horizon slope base soil samples .  
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Table 16. Correlation coefficients of elements in 79 B 
harizon slope base soil samples . 
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little earrelations of W - Sn - As and close to moder­
ate earrelations of Cu - Zn-Ni-Fe - Ca can be 
observed in Table 17 .  The elements in these two 
groups vary antipathetically with one another. 

It is evident that the number of close to moderate 
earrelation coefficients of elements are found 
mostly in the Al horizon slope base soil and decline 
Successively in the A2 , B and C horizons . However ,  
the earrelations of  elements in the  B and C horizons 
are quite similar to each other. Two element asso­
ciations can be accounted roughly as the W-Sn­
As- K  association of  tungsten ore minerals and the 
Cu -Zn - Ni - Fe-Ti association of sulphide ore 
minerals .  

Al horizon detailed soil  samples .  - Only moder-

Table 1 7. Correlation coefficients of elements in 79 C 
harizon slope base soil samples. 
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Table 18. Correlation coefficients of elements in 4 15  A l  
harizon detailed soil samples. 
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ate to little earrelations of W-Sn-As-Zn ­
K-Ni can b e  observed i n  Table 18 ,  but Cu and Fe 
vary antipathetically with them. 

B horizon detailed soi l  samples .  - Moderate ear­
relations of W -Sn-As - K  and moderate earrela­
tion of Cu - Fe are observed in Table 19 .  These two 
groups of elements vary antipathetically with one 
another .  

Two general element associations of W-Sn­
As- K  and Cu- Fe in both Al and B horizon de­
tailed soil samples can be observed , and they are 
more or less identical to those of the slope base soil 
samples. 

Tailing material samples. - An extraordinary 
number of close earrelation coefficients is presented 

Table 1 9. Correlation coefficients of elements in 4 15  B 
harizon detailed soil samples.  
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Table 20. Correlation coefficients of elements in 108 tail­
ing material samples . 
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in Table 20 . This shows marked repetitions of el­
ement distributions in the tailing dam . 

The W, Sn , As, Cu , Zn , Ca and Fe vary anti­
pathetically with Ni , Ti and K. This demonstrates 
that the minerals constituted of the elements of the 
first group deposited simultaneously at one particu­
lar place , i . e .  perhaps at once when the stream 
reached the water leve) in the tailing dam and lost 
its velacity which eaused the deposition of trans­
ported sediments . The minerals constituted of the 
elements in the seeond group , on the other hand , 
may be carried further and deposited Iately doser 
to the dam wal l .  

Factor analysis. - Top stream sediment samples . 
Factor l accounts for 23 . 5  % of total variance and 
reveals the positive strong toadings of W and Sn 
and positive moderate Jaadings of As and Ca (Table 
2 1 ) .  This element association represents the tung­
sten ore mineral association.  Ca in this factor may 
occur as a constitutent element in calcium carbon­
ate . The Ca in scheelite (CaW04) would have been 
already removed when scheelite was weathered and 
later eroded down to stream channel (cf. page 52) . 
Facto r 2 represents 17 . 8  % of the total variance ; i t 
is characterized by positive strong Ioading of K and 
positive moderate loading of As . Strong positive 
loading of Ni , strong negative Ioading of Mo , strong 
positive Ioading of Zn and strong negative Ioading 
of Fe are found in Factors 3, 4, 5 and 6 respectively . 

Basal stream sediment samples. - Factor l repre­
sents 23 . 6  % of total variance , and is dominated by 
positive strong to weak toadings of W, Sn , As and 
Ca (Table 22) . Factor 2 accounts for 1 3 . 3  % of the 
total variance and is characterized by a negative 

Bull . Geol . Inst . Univ . Uppsala ,  N. S. 12 ( 1 986) 

Table 21 . Orthogonal varimax rotated factor solution of 
148 top stream sediment samples . 
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strong loading of Zn and a negative moderate toad­
ing of Ni . Strong positive toadings of Cu and Mo 
characterize Factor 3, which accounts for 14 .6  % of 
the total variance . Positive strong toadings of K and 
Ti are found in Factors 4 and 5 respectively.  Nega­
tive moderate and negative strong toadings of Ca 
and Fe are found in Factors 5 and 6 respectively.  

The W - Sn -As element assoCiation w h ich 
darninates in Factor l of both top and basal stream 
sediment samples represents the tungsten ore 

Table 22. Orthogonal varimax rotated factor solution of 
1 48 basal stream sediment samples.  
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Table 23. Orthogonal varimax rotated factor solution of 79 
Al horizon slope base soil samples. 

F a c t o r  
3 4 5 6 
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mineral facto r .  The displacements of elements in 
corresponding factors of top and basal stream sedi­
ment samples may be affected by distinct indige­
nous weathering environments in each particular 
layer. 

Al horizon slope base soil samples. - Negative 
strong loading of Zn and negative moderate loading 
of Fe dominate Factor l in Table 23 , which 
accounts for 18 .9  % of total variance . This may be 
the characteristic of weathering products of sul-

Table 24. Orthagona l varimax rotated factor solution of 79 
A2 harizon slope base soil samples. 
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Table 25. Orthogonal varimax rotated factor solution of 79 
B harizon slope base soil samples . 
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phide minerals (i . e .  sphalerite , pyrrhotite and py­
rite) in this investigated area.  These minerals we re 
also recognized by Baum et al . ( 1972) and livatha­
nond ( 198 1 )  in the mining area. Negative strong 
loading of W and negative moderate loadings of Sn 
and K are found in Factor 2 which accounts for 28 . 8  
% of  the total variance . This factor is assumed to  be 
the tungsten o re mineral facto r. Howeve r, positive 
strong loading of Ni and positive moderate loading 
of Fe are also presented in this factor .  Factors 3, 4 ,  
5 and 6 are loaded independently by Ca , Mo , As 
and T i respectively .  

A2 horizon slope base soil samples .  - Factor l in 
Table 24 accounts for 14 .7  % of total variance and 
is dominated by positive strong loading of W and 
moderate loading of Sn . Therefore this factor is 
assumed to be the tungsten ore mineral factor. Fac­
tor 2 which accounts for 29 .0  % is dominated by 
negative strong loading of Fe and negative moder­
ate loadings of Cu , Zn and Ni, and strong positive 
loading of K. This element association is the charac­
teristic of weathering products . Factors 3, 4, 5 and 6 
are loaded almost independently by Ca , Mo, Ti and 
As respectively . 

B horizon slope base soil samples. - Factor l 
which reveals 23 .7  % of total variance is charact­
erized by negative strong loading of Fe , negative 
moderate loading of Ni and negative weak loadings 
of Cu and Zn , and positive strong loading of K 
(Table 25) .  This. is the charact,eristic of weathering 
products of minerals .  Factor 2 which accounts for 
16 .8  % of the total variance is negatively loaded by 
Ca and Ti . Factors 3 and 4 are As and Mo factors 
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respectively. Factor 5 which accounts for 16 .8  % of 
the total variance is characterized by positive strong 
and positive weak loadings of Sn and W respect­
ively.  Negative moderate loading of Cu is also 
found in this factor .  The tungsten ore mineral factor 
is recognized in Factor 6 w h ich accounts for 7 . l  % 
of the total variance . This factor is characterized by 
positive moderate and positive weak loadings of W 
and Zn respectively .  

C horizon slope base soi l  samples . - Factor l in 
Table 26 accounts for 25 .4  % of total variance and 
is dominated by positive strong and positive moder­
ate loadings of Sn and W, and negative moderate 
loadings of Cu and Ni respectively .  This factor can 
be interpreted as the tungsten ore mineral facto r .  
Factor 2 i s  characterized by negative strong and 
negative moderate loadings of Zn and Ca. Factor 3 
is negatively strongly loaded by K and positively 
moderately loaded by Ni . Factors 4 and 5 are 
dominated independently by Mo and Ti respect­
ively.  Factor 6 represents the As- Fe association of 
weathering products of sulphide minerals .  

Distinct from the tungsten mineral factors of the 
stream sediment samples , the tungsten ore mineral 
factors of the slope base soil samples are generally 
characterized by loadings of only W and Sn, except 
C horizon slope base soil samples in which As is 
also associated . This shows the effects of weather­
ing processes that affect distinctly the mobilization 
of elements in different soil horizons, in which the 
)east effects are always found in C horizon.  How­
ever Cu , Zn , Ni and Fe seem to associate very well 
with each other in all horizons . The association of 

Table 26. Orthogonal varimax rotated factor solution of 79 
C horizon slope base soil samples .  
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Table 27. Orthogonal varimax rotaled factor solution of 
4 15  Al horizon detailed soil samples . 

F a c t o  r 
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these elements is perhaps the weathering products 
of the sulphide mineral association.  

Since it was known that C horizon has the )east 
effects of weathering processes , compared to the 
overlying horizons , the primary mineral association 
of the ore deposit can be traced by considering the 
element association of C horizon in which the 
W-Sn-As association is present . Thus the primary 
tungsten mineral association is perhaps a schee­
lite -cassiterite - arsenopyrite association . Never­
theless , the absence of Ca from this association can 
be eaused by the extreme weathering of C horizon 
in the area .  Hence , the possible existing mineraliza­
tion in the investigated area tends to be that of the 
hydrathermal or porphyry-type deposits (cf. page 
52) . 

Al  horizon detailed soil samples . - Factor l in 
Table 27 represents 27 . 2  % of total variance and is 
dominated by positive strong loadings of As , Sn and 
K, and positive moderate loading of W. This factor 
represents the tungsten ore mineral association . 
Factor 2 is dominated by negative strong and nega­
tive moderate loadings of Zn and Ni respectively . 
Factors 3 ,  4 ,  5 and 6 are loaded almost exclusively 
by Ti , Mo, Fe and Ca respectively . 

B horizon detailed soil samples.  - In Table 28 , 
Factor l accounts for 2 1 . 2  % of total variance . Posi­
tive strong to moderate loadings of W, As and Sn 
represent the association of tungsten ore minerals in 
this factor .  Factor 2 is loaded exclusively by Zn . 
Factor 3 is characterized by negative strong to weak 
loadings of Ca and Fe , and positive moderate Jaad­
ing of Cu . Factors 4 and 5 are loarled almost inde-
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Table 28. Orthaganal varimax rotated factor solution of 
4 1 5  B harizon detailed soil samples. 

F a c to r 
2 4 

w • - ·  

C u • 
Z n - . -· 
A s  • - ·  

M o  . -· - · 

S n  • . 
N i  - ·  -· 
F e  - ·  -· . -· 
C a  . - ·  

l-l 
- ·  

T i . -· . 
K • 

E i g e n  val u e s  2 . 3  1 . 3  1 .7 1 . 2  1 .0 1 .7 

C u m u l a t i v e % 2 1 . 2  32.7 48 .5  59. 6 69. 0 84 .7  

F a c to r lo  a d  in  g s 

• > 0 . 8 

• 0 . 6 - 0 . 8 

• 0 . 4 - 0 . 6  

. < 0 . 4  

- negat i ve ly  loaded 

pendently by Ti and Mo respectively .  Factor 6 is 
characterized by positive strong toading of K,  nega­
tive moderate toading of Ni and negative weak 
toading of Fe . 

The tungsten ore mineral factors of the detailed 
soil samples are characterized generally by the toad­
ings of W, Sn and As; however, in the Al horizon 
samples , K is also present in this factor . This can be 
eaused by distinct weathering effects in these two 
horizons. These weathering effects can also be seen 

Table 29. Orthaganal varimax rotated factor solution of 
1 08 tailing material samples. 

w • 
. 

[ u  - ·  • 

Z n . • 
A s  . • 

Mo - ·  . 
S n  • . 
N i  -· - . 
F e  - . • 

C a  • . 
T i -· - .  
K - ·  - ·  

F a c to r  

- . 
- . 
- ·  

. 
• 
. 
. 
. 

- . 
. 
. 

4 5 6 

- ·  - · . 
• - ·  . 
. - . . 
. - ·  . 

- · . - ·  

. . . 

. . - ·  

. - ·  - ·  

- ·  - ·  . 
- · . -· 
- ·  • - . 

E i ge n  val u e s  4. 3  2 .9 1.0 1 . 0 0 .7 0.5 

C u m u l a t i v e %  39.4 65 .5  74.9 83 .6  89. 6  94. 2  

F a c to r  lond i n g s  

• > 0 . 8  

• 0 . 6 - 0. 8  

• 0 . 4 - 0 . 6  

• < 0 . 4  

- negat i ve l y  loaded 

by the different distributions of other elements . The 
tungsten ore mineral association may be a schee­
lite- cassiterite - arsenopyrite association which may 
be associated with quartz veins in this area.  

lt  is possible that W which is detected in stream 
sediment slope base soil and detailed soil samples 
does not exist as primary scheelite ore but rather in 
the form of products of its alteration , namely 
anthoinite,  meymacite and/or tungstite (cf. page 52) ; 
otherwise Ca would have associated with the el­
ements in the tungsten ore mineral factors . 

Tailing material samples. - Factor l in Table 29 
accounts for 39 .4 % of total variance , and is dis­
tinctly dominated by strong positive toadings of W,  
Sn and Ca. Even the deposition of these elements i s  
not a wholly natural occurrence . Their association 
in this factor may be derived mostly from skarn 
scheelite ore mineral association and scheelite has 
not yet been altered to secondary tungsten mine­
rals . Negative toadings of Ni , Ti and K are also 
found in Factor l and may indicate the composition 
of minerals of granite bedrock . Factor 2 represents 
26 .0  % of the total variance , and is characterized by 
strong to moderate positive toadings of As , Fe and 
Zn . This factor can be the representative of hy­
drothermal sulphide minerals .  Independent! y, 
strong to moderate toadings of Mo,  Cu , K and Ti 
occur in F actors 3 ,  4, 5 and 6 respectively .  

A deduction can be made by comparing the 
characteristics of factor distributions in stream sedi­
ment , slope base soi l ,  detailed soil and tailing mate­
rial samples . Even though the tungsten ore mineral 
associations of the potential mineralizations of both 
areas of slope base soil and detailed soil samples 
were assumed to be scheelite - cassiterite ­
arsenopyrite , the Ca was , however,  absent from this 
association. This is because the minerals were suffi­
ciently weathered and Ca had been removed.  

The tungsten ore mineral association of the tail­
ing material is assumed to be a scheelite -cassiterite 
association . Ca is present in this association .  This 
can be explained by assuming that scheelite 
minerals which were dug by men and later dis­
carded from the mining area have been exposed to 
weathering processes in a relatively short time be­
fore being deposited in the dam . Therefore 
scheelite was not altered to secondary tungsten 
minerals from which Ca would be removed. 

Although the element associations obtained by 
the factor analysis are due to secondary minerals ,  
the primary mineral associations can still be traced 
from the characteristics of the secondary as­
sociations . Thus the potential mineralizations in the 
slope base soil sampling areas can be assumed to be 
of hydrathermal or porphyry-type . The mineraliza­
tion in the detailed soil sampling area is hydrother-
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mal and associated with quartz veins. The ore de­
posit in the mining area was reported to be a skarn 
bearing hydrathermal and porphyry-type deposit 
(Baum et al . 1972 and livathanond 198 1 ) .  

Aerial distributions of univariale data . - Top stream 
sediment samples .  - A possible , existing mineral­
ized zone in the triangular area bounded by the 
streams I ,  K and M in Fig . 18 was recognized by the 
solid circles of the 1 st and 2nd anomalous popula­
tions along streams M, I and K. Weathered miner­
alized soil in this zone was erorled down to streams 
M and K, eausing anornalies in these streams. 

Values of the 1 st anomalous population above 
the 371 ppm threshold (see Table 9) were dispersed 
at an approximate distance of 800 m from sampling 
point 141 , along streams M and I, and at an equal 
distance from sampling point 105 , along streams K 
and I .  A value , belonging to the 2nd anomalous 
population at sampling point 1 12 may indicate an 
interruption of the dispersion pattern because of 
stream I joining stream M above the sampling point 
137 , where barren s tre am sediments we re added to 
the total mixture . This eauses dropping of the W 
content in sampling point 1 12 to below the 371 ppm 
threshold.  Additional tungsten from a possible 
minor mineralization on the southern slope of sam­
pling point 1 12 combined with the sorting of sedi­
ments are perhaps the reasons for the recovery of 
the anomaly at sampling point 136.  The same action 
can be seen at sampling points 99 and 1 26 below the 
junction of streams K and I .  

The values in the 1 s t  background population (see 
Table 9) are interpreted as those correlated with the 
mineralizations associated with granite intrusion . 
The values of the 2nd background population are 
limited around the contact zones of the granite with 
schist and gneiss bedrock . The 3rd and 4th back­
ground populations are located distinctly to the ex­
tension of schist , slate and gneiss bedrock . 

Basal stream sediment samples. - Dispersing dis­
tances of the values of the Ist anomalous popula­
tion (see Table 10) are 500 m from sampling point 
141 , along stream M, and 600 m from sampling 
point 105 , along stream K (Fig. 19) . The effect of 
combination with barren stream sediments below 
the junction of streams M and I cause a drop in the 
concentration of sampling point 137.  The values of 
the 2nd anomalous population extended 1000 m 
along stream I from its junction with stream M,  and 
at !east 350 m below the junction of streams K and 
l .  It is clearly seen that the dispersion of the Ist 
anomalous population is definitely limited by the 
combination of sediments from the joining streams. 

The 1 st anomalous value at sampling point 25 in 
stream B shows a successive increase of the concen-
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trations from sampling point 27 . Similar action,  but 
on a smaller scale , occurs at sampling points 28 , 29 
and 30 of stream C. 

The anomal y of stream M has abrupt contact with 
the 3rd background population at sampling point 
142. This can be explained by the !arge supply of 
tungsten at sampling point 141 , campared with a 
relatively smaller supply at sampling point 27. After 
a distance of 250 m along stream B ,  sortin g can 
reach its optimum effect at sampling point 25 . 

The values of the 1st background population are 
delineated distinctly within the area of granite intru­
sion . The values of the 2nd background population 
are limited to the contact zones of the granite . The 
3rd and 4th background populations are limited to 
the extension of schist , slate and gneiss bedrock . 

The 1st anomalous values of the top stream sedi­
ment samples are dispersed in the greater distances 
along the streams than those of the basal stream 
sediment samples .  Howeve r, the dispersion of the 
2nd anomalous population of the basal stream sedi­
ment samples is greater than that of the top stream 
sediment sam p les. Altogether , the dispersion of 
anomalous popplations is greater in the basal 
stream sediment samples .  Thus, in the regional 
stream sediment survey , it would be more profit­
able if the basal stream sediment samples are em­
ployed so that the chance of missing the anomaly is 
smaller than that of the top stream sediment sam­
ples . 

Al horizon slope base soil samples .  - A single 
value of the 1st anomalous population above the 
136 ppm threshold (see Table 10) was detected on 
the western slope of sampling point 141  (Fig . 20) . 
Two values of the 2nd anomalous population are 
located on the southern slope of sampling points 
108 and 1 12 .  Together with the 1st anomalous value 
at sampling point I41 , the y can form a triangular 
area of potential mineralization which earresponds 
perfectly with that of the stream sediment samples .  
The other three values of the 2nd anomalous 
population occur sporadically at sampling points 
104 ,  I44 and I45 .  A remarkable value of the 1st 
anomalous population appears on the northern 
slope of sampling point 27 and may indicate a 
potential minor mineralization , situated on the 
slope above this sampling point . 

The values of the Ist background population are 
limited within the granite intrusion area and around 
its contact zones,  which have a high potentiality of 
mineral occurrences. The locations of values in the 
2nd and 3rd populations are governed chiefly by 
schist , slate and gneiss bedrock . 

A2 horizon slope base soil samples .  - A single 
value from each of the I st and 2nd anomalous 
populations occurs at sampling points 141 and 108 
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Fig. 18. Distribution of W contents in 1 48 top stream sediment samples. 
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Fig. 1 9. Distribution of W contents in 148 basal stream sediment samples. 
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Fig. 20. Distribution of  W contents in  79  Al horizon slope base soil samples. 

(Fig . 2 1 ) .  Values of the 1st background population 
are located either within the granite intrusion area 
or in its contact zones .  Values of the 2nd and 3rd 
background populations are distributed extensively 
over the whole sampling area.  

B horizon slope base soi l  samples. - The dis­
tributions of the 1 st and 2nd anomalous populations 
of B horizon (Fig. 22) coincide with those of the A2 
horizon . Values of the 1 st background population 
are limited to the granite intrusion area and its con­
tact zones .  The 2nd background values are spread 
over the whole area and the 3rd background values 

are situated in areas underlain by schist , state and 
gneiss .  

C horizon slope base soil  samples. - The dis­
tributions of anomalous values of the 1st and 2nd 
populations of the C horizon are located within the 
triangular area of the potential mineralization at 
sampling points 141 , 108 and 1 12 respectively (Fig. 
23) . The most pronounced distribution of the 1 st 
background population is shown and it apparently 
indicates possible mineralized zones in the areas 
underlain by the granite intrusion and its contact 
zones . The 2nd and 3rd background populations are 
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Fig. 21 . Distribution of W contents in 79 A2 harizon slope base soil samples .  

located mostly within the areas underlain by the 
barren gneiss , schist and slate bedrock . 

The possible occurrence of the mineralized zone 
in the triangular area bounded by streams l, K and 
M is enhanced by all horizons of the slope base soil 
sam p les. However, the W contents at sampling 
point 1 12 of the A2 and B horizon dropped down to 
the 2nd anomalous populations . The potentiality of 
the occurrence of the minor mineralization around 
stream B which was discovered by the basal stream 
sediment samples was supported merely by the 
value of the 1 st anomalous population of the Al 
horizon on the northern slope of sampling point 27. 

In addition , some other areas of the 2nd anomalous 
population that could not be detected by the A2 , B 
and C horizon samples , could be detected by the 
Al horizon samples . 

Since C horizon has the !east effects of weather­
ing and erosion , it can be expected to approach the 
initial element distributions in bedrock by studying 
element di�tributions in this horizon . Therefore , if 
there is any mineralization in the bedrock , the an­
omalous element distribution in C horizon will al­
ways occur. Thus far , i t makes the results obtained 
from C horizon samples to be fairly reliable . 

The results obtained from A l ,  B and C horizon 
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Fig. 22. Distribution of W contents in 79 B horizon slope base soil samples .  

slope base soi l  samples are significantly similar. 
Together they indicate the potential mineralizations 
in connection with granite intrusion in the investi­
gated area .  Considering the more simple and rapid 
sampling method for the Al horizon samples , it will 
be more advantageous to use this horizon samples 
for slope base so i l  survey. 

A l  horizon detailed soil samples . - The distribu­
tions of the values of the I st anomalous population 
(see Table 1 1 )  can be divided into two topographic­
al areas. The first is correlated with a potential 
mineralized zone associated with outcrops and 
possible suboutcrops of the quartz veins at sampling 

points 360 , 384, 410 and 435 (Fig. 24) . The seeond 
is situated on the terraces ,  beside the major stream 
flowing from the mining area,  at sampling points 
73 , 326 , 353 , 43 1 ,  432 , 459 ,  512 and 564 . This latter 
anomalous group does not pinpoint any mineral de­
posits but rather reflects the occurrence of the 
mineralization upstream . 

The extents of the potential mineralized zone and 
stream terraces can be estimated roughly within the 
area governed by the 2nd anomalous population .  
Most of values from the 1 st background population 
are distributed within the area of the granite intru­
sion and along the major stream flowing from the 
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Fig. 23. Distribution of W contents in 79 C harizon slope base soil samples. 

mine . The 2nd and 3rd populations are located in 
the area underlain by schist bedrock . 

B harizon detailed soil samples .  - In areas re­
lated to quartz veins,  the distributions of the 1st 
anomalous population (Fig . 25) coincide perfectly 
with those of the Al harizon (Fig .  24) . However,  
an additional anomalous value is revealed at the 
sampling point 289 near the stream channel .  This 
could be the effect of soil creep that transfers W in 
the A l  harizon from its origin , down to the stream 
channel . Campared with the Al harizon samples, 
fewer of the l st anomalous values in B harizon sam­
ples occur on terraces. 

To a lesser extent than those of Al horizon ,  the 
2nd anomalous values are limited to the potential 
mineralized area and the terraces .  

The extents of the 1st and 2nd background 
populations coincide to same extent ,  with those of 
the A l  horizon.  The 3rd background values de­
finitely indicate barren schist bedrock . 

The areas of the 1st anomalous populations , re­
lated to the outcrops of quartz veins , of Al and B 
harizon samples coincide very weil with each other .  
More regular and greater dispersion of the 2nd 
anomalous population , however,  is found in the 
samples of the Al horizon . This can be the effects 
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Fig. 24. Distribution of W contents in 4 15  A l  harizon detailed soil samples. 
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of reworking of elements in Al horizon by weather­
ing and erosion processes ,  by which the elements 
are dispersed laterally along the surface . 

profitable to use Al horizon samples for detailed 
soil survey , owing to the great er simplicity and 
rapidity of taking Al horizon samples . 

As the same result can be obtained by both A l  
and B horizon detailed soil samples , i t  will b e  more 

Considering the two types of soil samples in this 
investigation ,  i . e .  slope base soil and detailed soil 



88 T. Silakul Bull . Geol . Inst. Univ. Uppsala ,  N. S. 12 ( 1986) 

1 0 0 0 X  1 500 X 2000 x 

L E G  END 
B h a r i z o n  s o  i l  s u m p l e s  

�� 
D a m  w o  I l  

� >..- 2 1 8  ppm W 1 .  7 3  t h p e r ce n t i l e  � Tai l i n g  d a m  

p e r ce n t i l e  ,� W a t e r  p o n d  � >..- 6 7  p p m W  2 2 . 6 2 o t h 

Q >..- 2 1  ppm W 6 3 . 96 o t h  p e r c e n t i l e  � S t r e n m  N 
W >..- 3 p p m W  9 8 .  5 9 ' t h p e r c e n t i l e  -;.-:.-:.'"'-�-=- R o n d  

i ESJ <  3 p p m W  S a m p l i n g  p o i n t  100 2 00 m 

Fig. 25. Distribution of W contents in 4 1 5  B horizon detailed soil samples .  

samples , the Al horizon samples are preferable to 
the sam p les from the underlying horizons. Thus far , 
the A l  horizon samples prove to be the most profit­
able for geochemical soil survey ,  especially in trop­
i ca l terrain .  

Aerial distributions of multivariate data. - Top 
stream sediment samples . - The potential mineral­
ized zone in the triangular area bounded by the 
streams I, K and M was recognized by the solid 
circles of the 1 st group (factor scores >2) and the 
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Fig. 26. Distribution of factor scores in Factor l of 148 top stream sediment samples. 
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Fig. 27. Distribution of factor scores in Factor l of 1 48 basal stream sediment samples . 
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Fig. 28. Distribution of factor scores in Factor 2 of 79 A l  horizon slope base soil samples .  

2nd group (facto r scores 1- 2) in Fig .  26 . Disper­
sions of the values above the threshold of factcir 
scores 2 in streams M and K were limited to the 
junction with stream l, to which the barren stream 
sediment was added to augment the mixture of the 
total stream sediment . The dispersions of the values 
of the 2nd group extended 700 m from the junction 
of streams M and l, and 350 m from the junction of 
streams K and I. A single insignificant value of this 
group occurs also at the sampling point 39 of stream 
D. The values of the 3rd group (factor scores O - l )  
were generally located within the area underlain by 
barren granite bedrock or its contact zone . The 

values of the 4th group (factor scores <0) were dis­
tributed in the areas underlain by the schist , slate 
and gneiss bedrock . 

Basal stream sediment samples .  - The disper­
sions of the values of the 1st group in basal stream 
sediment samples (Fig . 27) were identical with 
those of the top stream sediment samples (Fig.  26) . 
The values of the 2nd group were sporadically dis­
persed 1200 m from the junction of streams M and 
l, but were more regularly dispersed 350 m from 
the junction of streams K and I .  They were also 
found at the sampling point 25 of stream B and at 
the sampling point 28 of stream C. The distributions 
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Fig. 29. Distribution of factor scores in Factor l of 79 A2 horizon slope base soil samples .  

of the values of the 3rd group were generally li­
mited to the area of granite intrusion and its contact 
zone .  The values of the 4th group were situated in 
the area underlain by the schist , slate and gneiss 
bedrock . 

The dispersions of the values of the 1 st group of 
the top and basal stream sediment samples are 
identical . The dispersions of the values of the 2nd 
group of the basal stream sediment samples ,  even 
though mo re irregular , are of great er extent than 
those of the top stream sediment samples . More­
over, the values of the 2nd group at the sampling 
point 25 of stream B and at the sampling point 28 of 

stream C are m1ssmg in the top stream sediment 
samples .  Hence , this proves that better results can 
be achieved by employing the basal stream sedi­
ment samples for regional stream sediment survey .  

Camparing two different statistical methods , i . e .  
the  univariate and multivariate methods , the disper­
sions of the values of the 1 st and 2nd anomalous 
populations , obtained from prohability graphs ear­
respond very weil with the 1 st and 2nd groups , 
obtained from factor analysis . Thus, either method 
may be employed successfully for the interpretation 
of any chemically analytical data.  Moreover, both 
statistical methods have proved that , for stream 
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Fig. 30. Distribution of factor scores in Facto r 6 of 79 B horizon slope base soil samples . 

sediment survey , using the basal stream sediment is 
more profitable than using the top stream sediment 
samples . 

Al horizon slope base soil samples. - Unex­
pectedly , there is no value of the 1st group (factor 
score < -2) distributed in the investigated area 
(Fig . 28) . The potential mineralization in the 
triangle bounded by streams I ,  K and M is indicated 
by the values of the 2nd group (factor scores - l  to 
-2) at the sampling points 104, 129 ,  108 and 141 . 
The potential minor mineralization around stream 
B is revealed also by the values of this group at the 
sampling points 24-27 .  The single value of the 2nd 

group at the sampling point 145 of stream M may 
indicate another minor mineralization . The values 
of the 3rd group (factor scores - l  to O) are limited 
to the extension of the granite intrusion and its con­
tact zones. The values of the 4th group (factor 
scores >0) are dispersed wholly over the northern 
part of the area. 

A2 horizon slope base soil  samples .  - The poten­
tial mineralization is evidently recognized by the 
values of the 1st group (factor scores >2) at sam­
pling point 141 and of the 2nd group (factor score 
1 - 2) at sampling points 108, 136 ,  1 12 and 138 (Fig . 
29) . Values of the 1 st group, located at the sam-
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Fig. 3/ . Distribution of facto r scores in Facto r l of 79 C horizon slope base so il sam p les. 

pling point 145 and of the 2nd group , located at the 
sampling point 24 may indicate the possible minor 
mineralizations . The values of the 3rd group (factor 
scores 0- 1)  are limited to the extension of the gran­
ite intrusion and its contact zones .  The values of the 
4th group (factor scores <0) are spread over the 
whole area. 

B horizon slope base soil samples.  - The poten­
tial mineralization is indicated distinctly by the 
values of the 1 st group (factor scores >2) at sam­
pling points 108 and 141 , and values of the 2nd 
group (facto r scores 1 -2) at sampling points 103 , 
104 ,  129 ,  105 ,  107 and 137 (Fig . 30) . The potential 

minor mineralization around sampling point 145 
may be located by the values of the 2nd group at 
sampling points 144, 145 and 147 .  The values of the 
3rd group (factor scores 0 - 1 )  are limited to the 
extension of the granite intrusion and its contact 
zones . The values of the 4th group (factor scores 
<0) are dispersed over the whole area .  

C horizon slope b ase soil samples. - Apparently ,  
the potential mineralization bounded by streams I ,  
K and M,  i s  indicated merely b y  a value o f  the 1 st 
group at sampling point 141  and values of the 2nd 
group at sampling points 1 38 to 142 (Fig. 3 1 ) .  The 
potential minor mineralization around sampling 
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Fig. 32. Distribution of factor scores in Factor l of 4 1 5  A l  horizon detailed soil samples. 

point 145 is recognized by a value of the 1st group.  
Another potential minor mineralization around 
stream B is clearly indicated by values of the 2nd 
group , at sampling points 24 to 27 . Very few values 
of the 3rd group are distributed in the granite intru-

sion area and its contact zones .  The values of the 
4th group are spread over most of the northern part 
of the area .  

The potential mineralized zone in the triangular 
area,  bounded by the streams I, K and M is, more 
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Fig. 33. Distribution of factor scores in Factor l of 415  B horizon detailed soil samples. 

or less , indicated correspondingly in the samples of 
A l ,  A2 , B and C horizons.  One of the minor poten­
tial mineralizations around sampling point 145 was 
coincidentally discovered by samples of all four 
horizons. Another potential minor mineralization 

around stream B is recognized best by the samples 
of C harizon and fairly weil by the samples of Al  
horizon , but  poorly by the  samples of  A2 and B 
horizons. 

Camparing the two different statistical methods , 
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i . e .  the univariate and multivariate methods for the 
treatment of slope base soil samples data , the more 
regular distributions of the data are achieved by the 
univariate method , though the results obtained by 
both methods are fairly similar. This can be eaused 
by the fact that only the W content is taken into 
account in  the univariate method , while total 1 1  
element contents are taken into account i n  the mul­
tivariate method . 

Note that the possible minor mineralization 
around sampling point 145 of stream M is indicated 
very weil by all soil harizons if the data are treated 
by the multivariate method but it is indicated 
apparently only by Al harizon if the data are 
treated by the univariate method . 

A l  harizon detailed soil samples - The dis­
tributions of values of the 1 st group (factor scores 
>2) are limited rather weil to the extension of out­
crops and suboutcrops of quartz veins at sampling 
points 360 , 384, 435 and 489 (Fig. 32) . Another 
value of this group , located at sampling point 73 
may be affected by the elements transported by the 
stream from the mining area.  The distributions of 
the values of the 2nd group (factor scores 1 -2) 
clearly indicate the north- south trends of the 
quartz veins in the area investigated. The distribu­
tions of the 3rd group (factor scores O - l )  are de­
lineated within the extension of the granite intru­
sion and the terraces on both sides of the major 
stream, flowing from the mine . The extent of schist 
bedrock is indicated by the distributions of values of 
the 4th group (factor scores < 0) . 

B harizon detailed soil samples .  - The more ex­
tensive and greater distributions of the values of the 
1 st group are found in the area underlain by quartz 
veins in Fig . 33 .  The extension of quartz veins and 
some terraces beside the major stream is possibly 
indicated by the areas governed by the values of the 
2nd group . The distributions of values of the 3rd 
group are located in the areas underlain by the gra­
nite bedrock and on the terraces.  The extent of 
schist bedrock is delineated by the distribution of 
values of the 4th group. 

The indications of the potential mineralizations, 
relating to the quartz veins , of the Al  and B hori­
zon samples earrespond fairly weil with one 
another. Howeve r ,  som e mo re values of the l st 
group are found in the B horizon samples . The 
boundary between granite and schist bedrock can 
be approximated by the contact between the areas 
of the 3rd and the 4th group of both Al and B 
harizon samples.  

Camparing two different statistical methods for 
treating the detailed soil samples data,  the distribu­
tions of the 1st and 2nd group of the multivariate 
data seem to be limited exclusively within the ex-

tension of the quartz veins and have greater extents 
than those of the 1 st and 2nd anomalous popula­
tions of the univariate data.  Further, some values of 
the 1 st and 2nd anomalous populations of the uni­
variate data are located on the terraces beside the 
major stream . This shows the effects of natural 
transportation and deposition of minerals along the 
stream patterns . These values might be the indica­
tion for searching placer deposit of the minerals . 

lt was found that the statistical results obtained 
by the univariate and multivariate methods are 
more or less identical in all corresponding media ,  
even though only W content is taken into account 
for the univariate method and a total of 1 1  element 
contents are taken into account for the multivariate 
method . Therefore , the choice of the statistical 
method seems to be less important than the choice 
of sampling media to be employed in geochemical 
prospecting. 

Eventually conclusions can be drawn here that 
for stream sediment survey , i t will be more profit­
able if the basal stream sediment samples are em­
ployed so that the chance of missing any anomaly is 
smaller than by the use of top stream sediment sam­
ples. For soil survey ,  even though the statistical re­
sults obtained from all harizons are more or less 
identical , it will be more advantageous to use A l  
horizon samples , owing t o  the greater simplicity and 
rapidity of sampling. 

Evaluatian of the o re reserve in the tailing dam 

An effort has been made to evaluate the possible 
ore reserve in the tailing dam with the expectation 
that the ineffective method of manual ore concen­
tration used previously , ma y have left an economic 
amount of ore deposited in the dam . The average 
weights and W contents in different grain sizes of 10 
samples , 6 from si te 12 and 4 from si te 17 ,  were 

Table 30. Average weight percentages and tungsten con­
tents in different grain-size fractions of lO tailing material 
samples .  6 from sampling site 1 2 .  and 4 from sampling site 
1 7 ,  and expected contents of each fraction in total mass of 
material in  the tail ing dam . 

Fraction Average Expected 
mm Weight ( % )  W content ( % ) W content ( o/c )  

< O . o75 
0 . 075 - 0 . 1 75 
0 . 1 75 - 1 . 0 

1 . 0 - 2 . 0  
> 2 . 0  

Total 

1 3 . 53 

l O 53 
5 1 . 5 2  
1 4 . 08 
1 0 . 34 

1 00 . 00 

0 . 6000 
0 . 2983 
0 . 1 608 
0 . 3436 
0 :2 1 96 
0 . 3066 

0 . 7076 
0 . 2992 
o 1 7 1 3  
0 . 3686 
0 . 24 1 7  
0 . 3457 
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Table 31 .  Calculated proportions. in per cent and possible 
tons of total available tungsten .  in the tailing dam. 

Fraction 
mm 

< O . Q75 
0 .() 7 5 - 0 . 1 75 
0 . 1 75 - 1 . 0 

1 . 0 - 2 . 0  
> 2 . 0  

Total 

Proportions of total tungsten 
% tons 

3 2 . 7 3  
1 0 . 77 
30. 1 9  
1 7 . 75 

8 . 5 5  
99 . 99 

409 
1 34 
377 
222 
1 07 

1 249 

calculated and Iisted in Table 30. The locations of 
the sampling sites can be seen in Fig . 5 .  

The relations o f  W contents i n  the <0.075 mm 
fraction and coarser fractions , including original 
samples, were calculated by drawing regression 
Iines through plotted points in scattergrams . Thus 
the W contents of the <0.075 mm fraction , deter­
mined by XRF were used to calibrate the expected 
contents in 0 . 075 -0 . 175 mm , 0 . 1 75 - 1 .0 mm, 
1 .0-2 .0  mm, >2.0 mm fractions , and original sam­
ples . The expected contents in each fraction from a 
total of 91 samples of tailing materials were aver­
aged and Iisted in column 4 of Table 30. 

The expected concentration of 3457 ppm W (0 .35 
% W) in total tailing samples was achieved.  i-Iowev­
er ,  the concentration in the <0 .075 mm fraction is 
at !east twice as high as in the other fractions . 
Based on the weight percentages in each fraction , 
the proportions of available W contents in different 
fractions can be obtained as shown in column 2 of 
Table 3 1 .  

Based o n  information from the drill holes , the 
amount of wet tailing material in the tailing dam 
was calculated to be approximately 360000 tons. 
Hence , at the optimum , 1300 tons of W (corre­
sponding to 1600 tons W03) can be available in this 
dam . Of this total , W in the <0.075 mm fraction 
comprises one third of the total . The possible pro­
portions of the total available tungsten in each frac­
tion are Iisted in column 3 of Table 3 1 .  

Conclusions 

Once the tungsten minerals are supplied to the total 
mixture of the stream sediments in the drainage 
patterns the mechanisms of the stream flow will sort 
the sediments so that minerals maintain their con­
centrations sufficiently high to be detected at dis­
tances far from their sources.  The sorting effects 
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were found to be better in the basal coarse layer 
than in the upper sandy layer .  Therefore , the dis­
persions of the anornalies revealed by the basal 
stream sediment samples are greater than those re­
vealed by the top stream sediment samples .  In addi­
tion , a potential minor mineralization was detected 
fairly weil by the basal stream sediment samples but 
failed to be detected by the top stream sediment 
samples. 

In regional stream sediment survey , a great area 
is always subjected to investigation . The appropri­
ate sampling density must be ehosen so that none of 
the anornalies derived from any economic miner­
alizations fails to be detected.  Thus the basal stream 
sediment samples would be preferable to the top 
stream sediment samples .  

The potential mineralizations indicated by the 
stream sediment samples may occur on either side 
of the slopes above the stream channels. Hence soil 
samples on the base of slopes can be of great advan­
tage to delineate the approximate extension of the 
mineralizations , as an intermediate step before the 
detailed survey . In this investigation,  soil sam p les of 
A l ,  A2, B and C horizons on the base of slopes 
we re studied . Expectedly , the most satisfactory re­
sults were obtained from the C horizon samples . 
However, the results from the overlying horizons 
we re more or less identical to those from C horizon . 
Because of the greater rapidity and simplicity of the 
sampling methods for the Al horizon samples, 
these would be preferable to samples from other 
horizons for foliow-up survey to proceed to the re­
gional s trea m survey. 

For detailed survey , several types of sampied 
materials are employed. Soil samples are quite 
widely used, due to simplicity of taking and reliabil­
ity of results. In this stud y, samples of Al and B 
horizons were investigated . The potential mineral­
izations , related to quartz veins and mineral accumu­
Iations on the terraces were very weil Iocated by 
both Al and B horizon samples . If this is so , the 
greater rapidity and simplicity of the sampling 
methods for A l  horizon samples would have made 
the Al horizon samples preferable to the B horizon 
samples for the detailed soil survey .  

Thus far ,  the A l  horizon is demonstrated to be 
the most advantageous for soil survey both in the 
intermediate step for the proceeding stream sedi­
ment survey and in the final step for detailed survey 
before physical surveys , eg. pitting, trenching and 
diamond drilling. 

The chemical analysis by X-ray fluorescence spec­
trometry was also investigated . lt was demonstrated 
that from the same piece of scheelite ore , the finer 
the ore was milled , the higher the estimated con­
centration was detected.  lt was found that in soil 
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samples of Al horizon,  the highest estimated W 
content was obtained from the <0 .03 mm fraction . 

The role of statistical analysis in geochemical ex­
ploration is to distinguish the data related to miner­
alizations from the data related to barren rocks .  
Both single element (univariate) and multielement 
(multivariate) data can be used for this purpose . In 
this context , the results obtained from both univari­
ate (probability graphs) and multivariate (factor 
analysis) methods coincide very weil with each 
other. Howeve r, slight differences we re found in 
the results of the detailed soil samples .  Name! y ,  by 
the univariate method,  the distributions of the ele­
ments on the terraces above the major stream were 
placed in the 1 st anomalous population and is refer­
red to as the first priority of interest . Nevertheless , 
by the multivariate method , they were placed in the 
2nd group of factor scares and are referred to as the 
2nd priority of interest . In other words, the multi­
variate method gives 1 st priority to the area in the 
vicinity of the quartz veins as the only area related 
to the potential mineralizations . 

Unfortunately, the existence of potential miner­
alizations in the investigated areas was not con­
tirmed by diamond drilling as was planned because 
the ownership of the company was changed shortly 
after finishing the sampling project . 

The tailing dam , when built, was designed to pro­
teet the tailing materials from extension over the 
rice fields in the local villages.  Because of improper 
methods of ore concentrations , a !arge amount of 
scheelite ore was discarded from the mining area 
and later accumulated in the tailing dam . The re­
latively low concentration of the scheelite ore in the 
dam and the low efficiency of the concentration 
methods at that time made the ore deposit in the 
dam to be of less economic value . 

With time , methods for the concentration of ore 
were developed , the 0 . 35 % W content of the tail­
ing material is accepted as being high enough to be 
profitable if the material were fed into a modern 
concentration plant .  A concentration plant ,  of a 
capacity of 100000 tonslyear is now under construc­
tion . lt was hoped that the material from the dam 
would be sufficient to supply the plant for three 
years . This is one example of a tailing dam that can 
tum out to be of economic value again . 
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