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" PREFACE

In response 10 a request of the Government of the Kingdom of Thailand, the Japanese
Government decided to conduct a Mineral Exploration in the Yang Kiang Area and entrusted the
survey to Japan International Cooperation Agency (JICA) and Metal Mining Agency of Japan
(MMAJ), - .

-The JICA and MMATJ sent a survéy team headed by Mr. Iwao Uchimura to the Kingdom of
Thailand from 5 Novemver, 1987t0 167 anuary, 1988,

The team exchanged views with the officials concerned of the Government of the ngdom
of Thailand and conducted a field survey in the Yang Kiang aréa. After the team returned to
Japan, further studies were made and the present 'report'llﬁs been prepzired. _

We:hdpe'that this report will serve for the development of the project and contribute to the
promotion of frieﬁdly relations between our two cou.ntries. _

| We _wis.h'to express our deep appreciation to the officials concerned of the Government of -

the Kinigdom of Thailand for their close cooperation extended to the team.

February, 1988

/%M&L’" 47‘ ——
Kensuke Yanagiva i

President
Japan International Cooperation Agency

%W,ax:«pxﬁ/&

Junichiro Sato
President
Metal Mining Agency of Japan
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SUMMARY

This.survey is the second phase of Cooperative Mineral Exploration in Yang Kian.g area, in
the Kingdom of Thailand. |

In fhe.first phase, geological survey and geochemical survey on stream éedimcntwere carried
out in the_ 1,000km? area centered on Yang Kiang village.

This secoﬁd phase survey was carried out in two areas, Area A (7.5k1n5) and Area C (8.0
km? j, which were singled out as highly pofontia] arcas. for niobium, tantalum, tin, and.tungsten
by the first 'p.hase survey. '

In the second pﬁase, geological and geochemical survey were catried out to identify areas of
high potential for economic minerals by studying characteristics of granites, geological structure,

mineralization and other geologic features in the areas.

The Yallg Kiang area, including the survey area, is composed of sedimentary rocks of the

pre-Carboniferous to the Triassic, intruding granites as batholith or stock, and alluvium.

Area A is covered by granites being regarded as Triassic. The granites consist of medium
to coarse grained K-feldspar bearing porphyritic. biotite granite, fine to medium-grained two mica
granite, pegimatite, and aplite. The relation of the first two is not clear because of mal-exposure,
but _they are th'ohght to be different rock bodies because of difference in their distribution,
form,I litho_logy and texture. It is inferred that after the biotite g'ranite batholith was formed, the
two mica g_rahite intruded, pegmatite and aplite subs.equently intruded into both granite bodies.

0Old workings of p]aéer deposits of tin and timgst_en are in the upper and the lower stream
of Huai Sa Ngin and tribu.taries of Huai U Tum in the survey area. Placer deposit indications are
found along these main rivers. o

Cassiterite and scheelite were found in panning' concentrates of stream sediment. Morebver,
C:lssiterife; scheelite, columbite, tantalite, and others are found in panning concentrates of several
wheatheied pegmatites. '

‘This fact indicates that placer deposits originated from pegmatite dikes.

Geochemically anomalous zones rich in tin, tungsten, niobium, and tantalum are generally
coincident and distributed geographically in elevated area around old workings of placer deposits,
and mineral indications.

Locations of anomalous zones rich in the aforementioned elements coincide around old

workings along tributaries of Huai U Tum and mineral indications in the middle course of Huai



Sa Ngin. Therefore, it is expected that fhere might be undiscovered pegmatites rich in niobium,

tantalum, tin, and tungsten.

Area C i.s covered by Cambrian to Carboniferous seclimentary rocks, Triassic granites, and
alluvium. o

The sedimentary ‘rocks consist of Ordovician_ limestone, Devonian 1o Carboniferous sand-
stone and shale distributed long and narrowly in thé south wesferh part of the area, and small
masses of C'a:mbrian to Ordovician sandstone and shale in places as roof pendants.

The'sedimehfaty rocks have undergone skarnization at boundaries with the granites.

The granites are medium to coarse grained K-feldspar bearing porphyritic biotite
pranite and finé to medium-grained two mica granite. '

| Re]éfidn between the biotite granite and the two mica granite is not clear, bﬁt these two

types _of gr‘ﬁnites are inferred to be indepenﬂent bodies because of their distribution, form, litho-
logy and fexture. It is inferred that after thé biotite granite batholith was formed, the two mica

granite stock intruded along thé structure .li'nes of NW-SE to NNW-SSE direction.

A number of gossans exist in the area of two mica granite distribution. These extend in a
gossan zone approximately 200m wide and approximately 3km long in the NNW-SSE direction.

Because the gossans are underlain by a skarn zone, they are inferred to be formed by
oxidization of the skarn and occur W.itll 6issemination of iron, coﬁper, zing, tin, and tungsten
minerals. _

Original rock of the skarn ié inferred to be Cambzian to Ordovician sedimentary sequence
because less skarnized rocks show relic tecture.of sandstone and shale.

Mineralization of copper, zinc., tin, tungsten and less amount of lead and silver are observed
in the skarn.

A silicified zone. rich in iron and copper is in the {wo mica granite under the skarn,

Mineralization and alteration in the skarn and thé silicified zone are inferred to be .formed
by intrﬁSion of the two rﬁica granite and the following pneumafdlysis and hydrothermal process.

Kaolinization is observed in the two mica granite in the aréa and is to form a kaolin zone in
_the southern part of the area. This indicates that the area has undergone penumatolytic to hydro-
thermal alteration, _ -

“The gossan zone and the kaolinite zone are arranged in NNW-SSE direction.

Geochemical anomalies rich in tin and tungsten are aligned along a NNW-SSE strip and

mostly overlap in the gossan zone. Geochemical anomaties rich in niobium and tanfalum are in



fhe southwest extension of the-tin and fungsten anomaties and overlap on the kaolin zone.
Generally, geochemical anomalies rich i.n fin, tungsien, niobium and tantalum extend in
NNW-SSE direction and reflect existénce of mineralization and altérétion controlled in the same
direction. _ -
Because geocheniical ._ anomalies of over 1,000 ppm of tin and tungstens are detected in
many places in the anomolous zones and oid workings rich in‘iron, copper and zinc distributed in

this zone, it is anticipated thaf promising mineralized zones are present.
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Chapier 1 Introduction

1-1  Background and objective of the survey

“The first series of cooperative exploratlon lasted from 1983 -to 1985 in the 0mko1 area,
northern Thallan_d.

The survey in the Omkoi area revealed the geology, geological structure, related igneous
rocks and the characteristics of mineral de_peSit, and feund come out with new discoﬁrery of some
. new 111ihe1'é1 iii’dication zones of niobium, fa.ntalum, tin, and tungsten. _

On the basis of the above results, the Government of Thailand requested the Japanese
Government te conduct the second series of codperative mineral explorati_en in the Yang Kiang
~area w}_lete it adjoins the Omkoi .area and is expected to present similar :m'iner'al indication
zones. | ' ' |

In response to this request the J apanese Government has sent a mission in July 1986 and
has neoonated w:th Department of Mmeral Resources the Mlmstry of Industry. As a result of
this negotlatlon the two govemments reached an agreement of settmg about the above mentioned
survey. ' _

Thie- survey in the Yang Kiang area.started at 1986 as the Phase I survey of the three years,
cooperative activity. And the survey at 1987 was Phase II survey.

In the Phase 1 suwey geological and geochemical prospecting were carned out to select some
| 'high posmbillty area of mineral deposits and also to understand geological structure, 1gneous

activity, and mmerahzatxon
As a resuit of the Phase I survey, Huai Sa Ngin to Hua1 U Tum area (Area A) Huai Chi Non
‘Luang area {Area B) and Yang Kiang area (Area C) were extracted as the areas with high possibili-
ty of minerai deposit of moblum tantalum tm and tungsten
Area A and Area C were selected for the Phase II survey from among these areas.
The objective of the Phase i1 survey is to make clear the relationship between mineratization
~and geochemical properties and the geology and geological structure with detailed 'geo]egieal

survey and geochemical prospecting. -

1-2  Contents of the Survey | |
The ge'ological survey and geochemical prospecting were conducted in the Phase II survey.
The geologlcal survey was made along geochemical sampling lines, trials, and streams. Route
maps were prepared on a scale of 1 to 5,000.

The detailed survey on a scale of 1 to 200 was conducted at mineral indication areas,



As for the; geoéhemical prospecting, B-horizon soil samples were collected in the rectangular
grid sYst'e_m's. 'Thc' direction of the sampling linés_was decided by thé principal geological struc-
ture and the direction of anomalies was extracted by the Phase I survey. Each sampling line
was spaced of 100m, .z_md eiach '_sampking point on these lines wés arranged at an interval of .SOm.
The measurement of sampling lines and s_ampfing points was made with the use of pocket com-
passes and measuring tapes. As a result of the measurement, the maps on a scale of 1 to 5,000
were preparéd. _

"Contents of the Phase I survey are shown in Table 1.

Tabie 1  Contents of survey and their quantities

Item : - Quantity
Detailed survey - ~ Area A Covered area 7.5 km?
Geological survey . Route length  76.5 km
Area C Covered area 8.0 km?
GeOchemical prospecting Route length  95.0 km
Microscopic observation of thin sections _ 15 pieces
Microscopic observation of pdlished sections 21 pieces
X-ray diffractibn tests : 24 samples
Chemical aﬁalysis
Rock: 8i0,, Al,O4, Ca0, MgO, Na,0, K, 0, : 11 samples
Fe,03, Fe0, TiO,, P,0;, BaO, L.O.L o
Ore: Nb, Ta, Sn, W 17 samples
Soil: Nb, Ta, Sn, W Area A 1,591 samples
: 3,249 samples
Area C 1,658 samples




-3 Se.hedule and Personnel of the Survey

1. Negotiatidn and Planning of the Survey

Japan _
Takeshi Tzumi - : Metal Mining Agency of Japan
Sciichi Ishida o dite

_ Yoéita_ka Hosoi | ditto
Yasu’o'Endc.n. _ _ ditfo
Toshihiko Hayashi _ Japan International Coope_:i'ation Agency

Thailand ' |
Sivavong Changkasiri Department of Mineral Resources (Director General)
Thawaf Japakasetr . difto” (Dir'ect-or of Economic Geology Div.)
Chanin Rasrikriengkrai | | ditto (Pr_oj.ect Director)
P_hairat_ Suthakor_n _ ditto . _ {Project Manager)
Prachon Charoensri ditto '
Kasem Chancharoonpong ditto
Samai Chiemchindaratana ditio
Sunoj Uenguoom ditto

2. The Phase II Survey

(i)
(i)

Period: November 5, 1987 to January 16, 1988
Members of survey team
k| aphn

Geological and geochemical survey

Iwao Uchimura Geologist

Jun Matsunaga _ ditto

Yasunori Ito ditto

Takamasa Horikoshi ditto

Junichi Maeno . - - ditto

Makoto Miyoshi ditto
Thailand

Geological and geochemical survey

" Peerapong Khuenkong Geologist

Patchara Jariyawat " ditto
Wason Chanseang ditto
Sawang Wanlaid Field Assistant



Chapter 2  Geogtaphical Information of the Survey Area

2-1 Location and Accessibility

The phasé 1 survéey covers .an arca of 50 km in the: north-south direction and 20 km in the
east-west direction. Yang Kiang village is tlio cen__tfal part of the.suwey area.

The survey area is located about 200 km southwest of Chiang Mai City in the north of
'_l"hailand_. Administratively, its easfern hf:ilf fa_lls. under Omkoi district, Chiang Mai province, its
northwest under Mae Hong Son province, aﬁci its southwest and south under Tha Song Yang
district, Tak province.

_ .The Yang Kiang area adjoins the Omkoi area on its east side where a Cooperative Mineral
Expli)ration had conducted from 1983 to 1985.

The base camp in Omkoi toWn is accessible from Chiang Mai by National Highway No. 108
and then National Highway No. 1099. These national highways are fully paved,

There is a bus setrvice to Omkoi making one trip in a day on this route. The distance from
“Chiang Mai to Omkoi is approximately 180 km and it takes about three hours by car.

Two areas were surveyed this year. One is Huai Sa Ngin and the upper reaches of Huai U
.Tum. (Area A). The other is around Yang Kiang village (Arca C). _

An unpaved car road from Omkoi to Mae Khong village leads to these two areas. As this
road is very steep and winding, four-wheel drive car is convenient, and it becomes hardiy passable
in the rainy season. _

The distance from Omkoi to Area A is about 25 km and it takes about 1 and % hours by

car. The distance from Omkoi to Area Cis 55 km and it takes about 3 and ‘/z houss by car. -

2-2 Topography _

In the Yang Kiang area main rivers run in the direction of NW-SE and their tributaries run
Cat right angle to them. Mountains lie in the direction of NW-SE or NE-SW.

This area can be divided into three zones by Nam Mae Lop which flows northwest in the
northeast part and Nam Mae Ngao which flows northwest in the southwest. _

The northeast_ region 6f Nam Mae Lop is composed of a platean, 700 to 1,100 m above sea
léVel, ‘with relatively deveibpcd dissection, The greater part of this survey area forms rugg_a-ed
m'ou'ntain.s with a relative height difference of about 1,600 m at the altitude of 200 to 1,800 m.

The northwest region of Nam Mae N'gao bécomcs gently higher toward the mountains which
lie in the direction of NW-SE- with Doi Mon Kathing, The southwest side of these mountains is

a very steep cliff.



'2—3  Climate and Vegetation

The Yang Kiang arca is under a climate of the tropical. savanna type. The period from May
to October is the :amy season influenced by. the southwest monsoon while the period from
November to Februaly is the dry season under the mﬂuence of the northeast monsoon, The
months of March and April are the hottest season in a year as the nmthe‘ist wind becomes weak.

. Genorally the monthly avemgo tempemture is in the range of 16 to 28°C. But diurnal ; range
in the dry season is ]arge in the range of 3 to 35 C, _In high mountam areas the lowest tempera-
ture comes (town to about 0°C and it frosts at times. Annual pscoipitation' ranges from 800 to
900 nnn, with very little rainfall in the dary season. :

In the north to east of the Yang Kiang area, most of the vegetation consists of primeval thin
forests of broadleaf trees mingled with such coniferous trees as pine trees.
H()wever; jungle-like _thick forests in which palm trees are found are prevailing in the south-

west.

2-:4  General Information _ _

Karen people, one .of the hill tribes, live dominantly in the survey area. Their small villages,
which consist of several to scores of houses, are soétteringly constructed on flat places of valleys
and hillsin the whole survey area,

There are primary schools at major vmages such as Yang Kiang, Mae Khong, and Mae
Ramoeng and a trave]]mg clinic visits them. Therefore people are civilized step by step, but most
of them live self-sufficient lives because car roads are still undeveloped.

Their main i.ndustry is rice culture on paddy fields and dry fields made by the slash-and-burn
method; in addition there are stock fanni_ng-(c:attle, bltffnloes and hogs), textile work, mining
(tin and tungsten), forestry (mainly teak wood), and others.

The base camp of the_survey team was set up in Omkoi town. This town is an administrative
and commercial. center of this regiou.. There is the office of Omkoi distri'ct, in addition there are
primary schools, junior high school, hospital, post office, police station, general shops, restau-

rants, gas station, and others.



Chapter 3 Geological Information of the Suivey Area

3--1.  Previous Works _
' The"lre‘l is in northwestém Thailand, and located in a tin belt which extends from the
Thailand- Mal'uya Penmsuh to the Th"uland Burma border.

- A German geologlcdl rmssmn conducted a reg10na1 survey in northern Thalland in coopera-
tion wnh the Department of Mmeral Rcsources from 1965 to 1971, and évaluated its mineral
potential based on ‘the stratxgxaphy and geological structure established by the survey. The report
describes’tin, tungsten, 'fluorite, and antimony deposits in the Omkoi area. Based on the results of
.the survey, the 'G'eological map of Northern Thailand, compiled by E.V. B.roun,. L. Hahn, and
HD Maronde, §981, was prepared. Hahn and Siebenhiiner desdribed fossils from t_hé map area
in 1982, Vich_et and Khuenkong described tin and tungsten occurrences and characteristics in
the Omkoi area in 1983, .At the same time, they discussed the reiétionship between tin deposits

and niobium-tantalum minerals found in stream sediment from the area.

3-2 Sﬁmméry 6f Geology and Ore Deposits _ _
Geology in the Yang Kiang area including the survey area is summarized from i) the Geo-
logical map of Northern Thailand “‘Sheet 6-Amphoe Li” scale 1:250;000 compited by Broun, et.
al, 1981, ii) th_e. repdrt of the German geological mission, 1972, and iii} the results of the first
phase survey by the Japanese mission, as follows:
1. Stratigraphy | _
The area is underlain by sedimentary, metamorphic, and granitic rocks as shown in Fig. 2
{Geological Map of the Yang Kiang area) and Fig. 3 (Sbhematic g_eélogical column). The strati-
graphy of the area is classified from the bottom to the top as follows: Pre-Carboniferous metamo-
'f)hic rocks, Cambrian to Ordo_viciah System, Ordovician System, Silurian to Devonian System,'

Devonian to Carboniferous System, Carboniferous to Permian System, Permian to Triassic

" System, and Quaternary System.

These sedimentary systems are divided into two parts by a fault, running in a nortlzwcst.to
southeast direction, and each part shows a dffferent sedimentary enviromﬁent. In the north-
eastern part, the rocks of the Ordovician are predominant as limestone overlain By the Ordovician
to Carboniferous and the Permian to the Triassic. In contrast, the southeastern part is the Ordo-
vician as alternation of limestone and shale in the ordovician overlain by the Carbdniferous to
Permian withoﬁt fhe Silurian and Devonian. This suggests that these two parts are under different

geological environments, ihe former in the Western Range Tectonic Province and the latter in the
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West Tectonic Provin‘c'e', based on the ciassification by the JICA stl'ady 1984..

The Pre-Cafbohiferous Metamorphic Rocks are in a smaliai‘eé in 1.thc: northern corner of the
area. They are mcluded in the gr‘uu‘m intrusive bodies as xonohth showmg large-scale extension
of several hundredq of meters. Its principal constltuent mincrals are quaitz K- feldspm plagio-
clase, and biotite. They have clear gneissic texture.

 The Cambnan to Ordovician Sednnentaw Rocks are dlstnbuted m small -areas in the
.dramage area of the Nam Mae Lop, near Ban Mae Khon in the centrdl area, 1n the western bank
of tl1e Nam Mae Ngao m the southwestern area, and around Doi Mon Kathing: They are
composed of 1lternatlons of fine to medlum—gramed sandstone and shale dnd fme—gmlned sand-
stone and chert, 1ntelcal'1t1ng thin beds of calcareous shale and lnnestone

The Ordovician L1mestone Formatlon is dlstnbuted in a Iarge area between Nam Mae Lop
and Nam Mae Hong in the northern area, between Nam Mae Khon and Nam Mae Long in the
e_astern area, and in the_ middle stream area of Nam Mae Ngao and near Mae Ramoeng in the
eastern area, The formntion mainty consisté of white to gray mnorphous to microcrystalline
limestone,: partl_y'i.ntercalating ._ﬂlin beds of shale and chert, Near Mae Ramoeng it consisis of an
alternation of limestone an_d shﬁié. o |

The Silurian to .Devonian Sedimentary Rocks are in a small area in the eastern bank of Nam
Mae Hong in the northern area. They mainly consist of shale and sandstone accompanicd by
lenses of limestone. | _ ' |

The Devonian t.o Carboniferous Sedimentary sequence are ]argé]y distribute_d' in the central
area, They mainly consist of black éhale with lenses of nllert and limestone intercalating alterna-
- tions of chert and limestone.

The Carboniferous to 'Permian Sedimentary sequénces are only in the southwestern area,
extending northwest to sonth'east. They mainly nonsist of snaie and sandstone accofnpanied by
argillized tuff. o

The Permian to Triassic Sedimentary sequences are distributed in small areas in the north-
* western and southwestern areas. ‘They consist of snndstone and shale intercalating lenses of
llmestone

Alluvium is depos;ted atong principal r1vers and consists of unconsolldated sand and gravel,
It is largely distributed in the lower drainage area of Nam Mae Ngao and upper drainage area of
Nam Mae Hong.

2. Ignéous Activity
The igneéus activity in northern Thailand fook place in Cafboniferous, Triassic, and

Cretaceous to Tertiary ages (GGM, 1972).



In the arca, two granitic batholiths in the eastern area and six granitic stocks in the central
to sdtithweét_f:rn area are recoghized. They aré presumed of Triassic activity, and are classified
into five rock masses, the. Northeastern mass, S_dutheé;étern mass,.Northwest'ern mass, Central:
mass, and Mon Kathing mass, based on their facies and distributions. - ' '

The former two batholiths arc extensively distributed in the eastern half area, and divided
into two sides by the Ordoviciail System in the Mae Long district._T.heyrare mainly of medium
to coarse;grainéd biotité gl’ﬂllite; and partly of mf_:dium-grained two mica granite, pegniatite',_alld
aplite. The biotite granite contains characteristically 2 to 4 t:’entimeters»long_ K-feldspar pheno-
crysts, and usually shows gneiésbse texture With paréllei.aligmnent of biotite. Thé two mica
granite is scattered in the biotite granite and ranges 2 x 4 kilometers or less in size. Pegmatites
and aplites are several centimeters to several metei"s.in width, and trend NW-SE, WNW-ESE, N-§,
and NAE-SW. .

T}{e Northwest mass is partly in the downstream drainage area of the Nam Mae Hong, and
extends to the north. The rock mass also consists of biotite granite showing porphyritic texture
by K—féidspér phenocrysts, but it is différeﬁt from other rocks mass because of ifs amphi!.).ole |
content.

The Central rock mass is a stock located in the central area, consisting of medium to coarse-
grained biotite granite showing porphyritic texture By K-feldspar phenocrysts.

The Mon Kat.hing granitic mass which is host rock of Mon Kathing ore deposits locates in
the southweétern"hréa. This is lithologically apaft from other bodies because of no significant
porphyritic texture by K-feldspar.

3.  Geological Structure

- As mentioned above, sedimentary tocks are divided into northeastern side and southwestern
side by a NW-SE fauit through Nam Mae'Ngao, and the sedin'lentary environment is different on
both sides. The geoiogic:ai structures are also different on both sides. The north_easterri side shows
a syhcline structure having an axis trending NW to SE, containing minor anticlinal structures.
-On the contrary, the southwestern side showé a monoclinic structure With NW to SE trend and
NE dip. | | | |

Fracture systems in the area are dominantly NW to SE, NE‘ te SW, and partly N to §.
General strike of the sedimentary formations in the area are NW to SE, which is contrary to the
main tectonic trend in northern Thailand. The NW to SE trend is the principal tectonic trend in
the area, and others are sub-trends.

4,  Ore Deposit

It is assumed that tin and tungsten ore deposits in northern Thailand are closely associated
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with the granites of post-Mesozoic age (GGM 1972). There are prhh'ary ore deposits such as
massive ores, f]uaftz veing, and pegmat_ite veing _being associated with greisen.ization and skarni-
zation at tops and suri’_ounding areas of granite bodies; and secondélry ores origiﬁated from them.
Both t.jfl'je of ore depositsexist in the arca, and they are in the granite batholiths in the north-
castern area and granite stocks in the southwestern area; | '

ln_ _t=hé nbftheastgm area, placer depos’it's are in sand and gravel beds in'the drainage area of
__Huai. Sa Ngin and Huai Chi Non Luang. In_'the southwestern area, vein type ore deposits and
secondary ore deposité o.rigina'te('l from them are in two mica granite stocks conc'ent'rating- in the

Mon Kathing in the southwestern area.

—11



Chapter 4  Cowmprehensive Discussion

Many data regarding geology, geb]ogicﬁal étructure, mineral occurrences, and geochemical
characteristics of the area have been collected from this year’s survey. The results have integrated-
ly been studied based on summarized data shown in Figure 4 and 5. Results of the study are as

follows.

4«—1._ Area A,

The Va'rea is widely underlain by biotite gra;iite and two micé granite, which are intruded by
pegmatites, aplites, and quartz veins, ranging in width from several centinﬁéters to sevefal meters.

It is generally said that two mica granites in Sotheast Asia resulted from preumatollysis or
hydrofh.ermal process, which turned a part of biotite into ml.ls_cc')vite: (Hutchison 1983).

Biotites in the biotite granite in the area have un.de'rgone alteration nearby pegmatites, being
altered to muscovite. However, a large amount of primary muscovites also exist in the granite.
Th.e 'biotife grahite gonerally containé mega phenocrysts of K-feldspar; on the cbhtrary, the
two mica granite does not. Judging from these evidencés, it is possible that the two mica pranite
intriuded into the batholith-like biotite granite.

Pegmatites are dominant éompared with éi)lites and quartz veins. These dikes and veins
generally mtmded in the- bathohth like biotite granite, and are assummgly associated with the
two mica gramte Minerals of tin, tungsten niobium, and tantalum are found by panning in the
pegmatites, specially in beryl rich pegmatites. Outcrops of pegmatxtes are limited in s{ream areas
and seemingly are concentrated in placer depomts This suggests that the pegmatltes ar¢ the
source of the secondary ore deposits.

Geochemical ahomalous zones of niobium, tantalum, tin, and tungsten ére.roughly ovei-
lapped \{rith each other, but it is difficult to find a prevailing tendency. ‘This suggests that pegma-
tites are scatered everywhere in the area. '

| The anomalous zones in the ubperstream area. of the Huai U Tum and the downstream area
of the Huai Sa Ngin corfespond to the areas of .pegmatites and secondary ore deposits, and théy
extend to the surrounding mountain flanks and ridges, This suggesis that pegmatites containing

tin, tungsten, etc. are possibly distributed there.

— 12 —
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4-2 AreaC

The area is underlain by Cambtian to Carlio;ﬁferous sedimentary rocks, Triassic granites
and - alluviun. The. sedimentary rocks are classified into two, the Ordovician and the Devonian
to Carboniferous distributed in a long belt in the southwestern area, and the Cz-tml.)rian
to Ordovician scattered in roof péndauts'bn a small—éc_ale.

The area is dominantly underlain by gr‘aniteé consisting of bictite granite and two mica
.granite. As with Area A the two mica granite is much different from the biotite granite in its rock

| type and textui'e, and shows significantly higher geocﬁemical background values of tin, tungsteri,
and tantalum than those of the biotite granite. Therefore the two types of granites ate presuma-
bly of different intrusions.

In the drea of the two mica granite, gossaﬁs are scattered from the nofth to the center, and
form -é zone extending notth-northwest to south-southeast. Also a kaolin zone exists in the
soﬁthem part, 'The gossan zone is underlain by skarn zones and silicified zones, which are
associated with chalcopyrite, pyi‘ite, and magnetite.

Mineralization in the area is presumably derived from pneumatolysis ‘and hydrothermal
process associated with the tw.o mica granite intruded into the biotite granite. Chalcopyrite,
pyﬁte, magnetite, and other minerals are in zones of skarnization, silicification, and kaoliniza-
tion. The geochemical anomalous zones of tin and tungsten overlap on the gossan zones, and
those of niobinm and tantaluhl overlap on the kaolin zones, These anomalous zones are-distribﬁt-.
ed ih the central. area exteﬁdihg ngrth—nprthwestl to south-southeast. This suggests that this {rend
'structﬁrally controls the altération and mineralization in the area. Some tin and tungsten
anomalous zones shdw as high as over 1,000 ppm; therefore mineralized rzones are most possibly
e_xpécted there. On the other hand, tourmaline and muscovite have been found in kaolin zones

in the southern area, and they possibly change to zones of greisenization at greater depths.

— 14 -
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Chapter 5  Conclusion and Recommendation

5.1 Conclusion _ _ .
For the second phase geologlcal and geochemlcal survey were carried out in Area A and
Area C which were 1dent1f1ed as potentlal areas by the first phase survey. The results of the

second phase survey area as follows:

Area A

(1.) The area ié underlain by biotite granite, two mica_granite, pegfnatite, aplite, and quartz
as the Tuassm

) It is mferred from dlffeiencc of hthology, texture, dlstnbutlon and form that after the
.bzotxte granite batholith was formed the two m:ca granite mtruded and the pegmatite, aplite, and
quartz’ vems subsequently intruded into both gramtes

(3) It is conﬁrmed by chemmal analyses of pannmg concentrates that the pegmatites contain
mboblum tantalum tin, and tungsten. The pegmatites supphed placer deposlts with tin and
: tungsten in the area. The pegmatites with beryl show high conten_ts of all the aforementioned
elemetns,

{(4) Placer deposits and mineral indications correspond to the lociaitioné of the pegmatites.

(5)  Locations of geochemically anomalous zones rich in ail analized elements generally coin-
cide, e‘spéc_ial_iy around old workings along tributaries of Huai U Tum and mineral indications in
the middle couise of Huai Sa Ngin. Those anomalous zones have potentiality for existence of

pegmatites rich in niobium, tantalum, tin, and tungsten.

Area C
(1) The area is underlain by Cambrian to Carbomferous sedimentary sequence, Triassic granites,
and alluvium, ' '

“(2) The sed:mentary rocks consist of Cambrian to Ordovman System Ordovw}an System, and
Devonian to Carbomferous System. The first one is dlstnbuted in small areas as roof pendants and
.the latter two are distributed long and narrowly in the southwestern part.
3y .The granites are biotite grénite and two mica gfanite same as Arca A. It is inferred from
lithology and texture di_stribution that fh_e latter granite infruded the former one. Pegmatite is
not seen in the area. _

.(4} Many small gossans are seen in the two mica granite area and is aligned in NNW-SSE direc-

tion. They form a gossan zone in approximately 200m wide and 3km long strip.

— 16—



(5) Some gossans accompany skarn zones and silicified zones and show mineralization of tin,
tungsten, copper, zinc, and others, It is inferred that the mineralization is controlled in NNW-SSE
direction, _

{6) A kaolin zo_ne which éonsists of kaolinite, quartzL m.uscovite, aﬁ_d _tourinaline is in the two-
mica granite zone in the cé_nter to the southern part. The kaolin zone seems to be continuotxs to

the gossan zone.

(7) Geochemically anomalous zones rich in tin‘and tungsten are dist_ribu_ted ina NNW—SSE strip
and overlap the gossan zone. An anomalous zone rich in niobium and tahtélum is coniinuous to
the aforementioned anomalous zone and overlaps the kaolin alteration zone. These anomalous
zones contain many high assay values of tin and tungsten suggesting high potential for economi-

cal mineralization zones, -

5.2 Recommendation for the Third Phase Survey

As a result, fhe following two places are identified as highly potential areas for economical
ore deposits: - .
(1) Around the old workings along a tributary of Huai U Tum, and a geochemically anomalous
zones in the middle course o_f Huai Sa Ngin in Area A.
(2) A geochemically anomalbus zone extending NNW-SSE which oﬁerlaps the gossan zone and
the kaolin zone in Area C, _ _ .

The geochemicaily anomalous zone in Area C has the highest potentia! in-containing more
promising ore depbsit because of mineral content and extent of anomalous zone.

Therefore, we recommend for the fhird phaée survey that trench survey and shallow drilling
to 30 to 50m deep should be carried out to confirm existence of mineral indications and extent

of mineralized zone at the geochemically anomalous zone in Area C,
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Chapter 1 Area A

1-1  Location

“As Plg 1 shows, the surveyed area is about 15km west northwest from Omkoi, covering
an area of 7. Skm2 with the point at 17°52'N, 98°14'E as the center approxnnately

In the area, two 1’11'1]01‘ strcams the Huai Sa Ngin in the east dnd the Huai U Tum in the
west flow- to the nmth with many tnbutar]es trending E-W to NW-SE. _ _

The surveyed area is steep mountaneous terrain with relative relief of 400m, varying in
altltude from 1,100 to 1 ,500m. The mountain range stletches mainly N and S.

An unpaved ro_ad connectmg Omkoi to Mae Khong at the southwest passes through tﬁe
‘surveyed ai‘ea from NE to SW. The distance between Omkoi and the area is about 25km and it
takes ébout 1 and % hours by four-wheel drive vehicle in the dry season. This road becomes
hardly passablc in the ralny season.

The geochemlcal exploration, taking stream sechment as samples, conducted m the phase I
survey reyealed that the geochemical high anomalies of njobium, tantalum, tin, and tungsten
are overlapping in :tﬁis area. Especially niobium and tantalﬁm' anomalies are classified as highly
anomalous afea (Huai Sa Ngin - Huai U Tum geochemical anomaly zone) and are estimated to

have high possibility of containing ore deposits.

1-2  Geological Survey
1-2—-1 Geology -
The area covers the central part of Triassic granite batholith (so called northeast granite
mass} widely diétributed in the northeastern area of the Ya'ng Kiang area. The whole area is
covered by granitic rocks, except the minor alluviam along streams (Flg 6)
The lithofacies included in the gramtic rocks are medium to coarse gramed K—feldspdr bear-

ing porphyntlc biotite granite, fine to medium gramed two mica granite, pegmatite and aplite.

1. Medium to coarse grained K-feldspar bearing porphyritic biotite granife

This rock. cévers a wide area of the southern and northeastern part. of the area. The charac-
teristic megaphenocryst of K-fe]dsi)a_r varies in size from 1 to 5 cm. Intensive weathering prevails
in the area and this rock also becomes friable and crumbly over the surface.

The l_océl distribution of gneissose foliated facies with oriented biotite have been observed
along the Huai Sa Ngin stream flowing to the north in the eastern part of the arca. Massive facies

prevail in most of the remaining area.

— 18—~
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The age of 73%1.5 Ma determined by K/Ar method is reported by the phase -I geological
survey conducted in the area. . ' '

The main primary rock-forming minerals are quartz, K-feldspar, pl.agioclase and bioftite.
Zirc'on 'tpa.tite and opaqué minerals occur as acces'sory minerals

The opaque minerals are ilmenite, and the amounts are minor. As secondary minerals, fine
mlcroscoplc muscovite after plagioclase, (,hlonte and muscovite formed dlong the cleavape andjor

outer rim of biotite, and leucoxene after 1hnezute have been observed.

2. Fineto medmm grained two mica glamte

This rock is distributed in the northern and nmthwestern part of the arca. Small scattered
rock bodies are observed in the fo:ementloned biotite - -granite. The pmphyntfc texture of K--
feldspar (,ommonly observed in the blotlte glamte is not marked.

Th_e main pnmary rock—formmg minerals are quartz, K-feldspr, plagioclase, muscovite and
biotite, and ‘sometimes the amount of primary muscovite is equal to or exceeds the biotite.
Zircon, apatite and ilmenite are the observed accessory minerals. The secondary.minerals are the
_same as for biotite grantie, being minOr_ amounts of muscovite and biotite both of which have

replaced plagioclase, and leucoxene after ilmenite.

3. Pegmatite and Aplite _ _ _

These rocks occur as a narrow vein or. dike of 5cm to $m wide and sporzidicélly exposed m
the area. The size and density of distribution tend to increase in and around the biotite.granite
area rather than the area of two mica granite.

The. prevailing trend of the dikf_: swarm is E-W in the southern part of the area, and threce
trends, N-S, NW-SE and NE-SW prevail in the northern part of the area.

The main rock-forming minerals are K-feldspar, quaftz,‘ plagioc_lése and muscovite. Tourma-
line, garnet, zircon, monazite, rutile and beryl are the accompanying main accessory.m'inerals,

‘and a small amount of cassiterite and columbite—tantalite_series minerals are found in some
samples, |

In this area rocks arc poorly éxposed and. all of the observed outcrops of the pegmatite are
limited only o ihe area along the strearﬁ; but the pegmatite floats and boulders are observed in

various parts of the area suggesting many blind pegmatites to exist in the area.

1-2-2 Geo]og_ical Structure

The phase | _geological survey revealed major structural trends in and around the area, i.e.,
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"NW-SE, NE—SW and N;S. That is {o say, the structural trend 6f the sedimentary rocks and the
prevailing fracture systenﬁ trend are NW-SE, and the other two trend directions of NE-SW and
‘N-§, .arc observed as secondary. ' _

The abovementioned regional geo'logical structu?e trend is well reflected in the geological
structure of the afea. That is, the three fl‘e.i.ldé of NW-SE,.NE-SW and N-8, are_clearly. observed in

or expressed by the distribution of two mica granite, intrusive orientation of dike swarm and
drainage system a’homaly ‘as well aé the lineaments COnne{;_ting the szi_ddles on the ridges.

The NW-SE. structural systenii's expressed by the longer axis_o_f distl.‘ibut.ion of two mica
grélﬁi_te body as well as the direction of st‘raight.valley of the Huai U Tum exténding to the north
out of the area, and the parallel straight valley as well as thie lineaments connecting the saddles on
the ridges. | 7 .

The N-S structural system is represented by the straight valley of Huai Sa Ngin and the
extension of the xhountain system,

Furtlienhore, dikes and veins considered to be the clear indicator of fracture systems
are 'roughly class.-;ified into three groﬁps, i.c., NW-SE to E-W, NE-SW and N-S. These structural

systems are harmoneous with the lineaments in the surrounding area, -

1—-2—3 Alteration

In this area, except for the weathering, plagioclase in the medium to coarse grained K-feld-
spar bearing porphyritic biotite granite has been altered fo muscovite, and also chloritization and
muscovitizatioh of biotite are the a]terﬁtions commonly observed. The muscovitization is qﬁite
obvious in the periphery of pegmatites and aplites suggesting that pneumatolytic and/or
hydrothermal activity gene.tica}ly related to those dikes may have caused the formation of
muscovite.” At the northea'stern'end of the area, biotife granite is partially recrystalized suggesting
the possibitity of having undergéne thermal metamorphism.

The plagio.clase in the fine to medium grained two mica granite is also subjected to the
_ alteration, namely muscovitization, but it is rather weak than the one observed in the biotite

granife.

1-2—4  Ore deposits and mineralization

In therarea, there are three known ore deposits: two dep.osits (A-1 and A-2) along the Huai
Sa Ngin and one deposit _(A-3) along the Huai U Tum. All of these are the placer of cassiterite
bearing sand and gréVE:l bed, and have been woﬂ(ed on a small scale. A-1 deposits and A-3

deposits were worked for about one year around 1980, with 10 to 20 workers producing 2 tons/
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'.month of shipping glade ore. A2 ‘ore depomts have been repoxtedly worked by the local
residents, but no results arc lecmded

Primary tln deposits have not yet been discovered in the area Asa supplementaly geolog:cal
.survey, heavy minerals in the stream sedlment and pegmatlte veins were collected by the panmng
method along t_he main streams to _study the mineral composition and the heavy mineral

contents (Appendix 4).

As a result, cassiterite and scheelite_'wm‘e found in most of the area. Among the findings,
consolidated mineral indications (A-¢ and A-5) were found in the midd}e stream of Huai Sa Nein
and the tributary of Huai U Tum.

The known ore deposits and the consclidated mineral indications will be described in detail.

1. A—I ore deposit

This ore dep051t is located in the downstream of Huai Sa Ngin at the nmtheastem part of
the area. '

With the soil sém_pi'mg point X-3.: Y-.O.S as the center, about 30m x 20m of old workings
are scattered m an area of 500m x 100m.

The ore deposit is cassiterite bearing sand and gravel bed anng the Huai Sa Ngin, and tﬁick~
ness is 1 to 2m. Cassiterite is the main ore mmelal and a minor amount of scheelite and colum-
bite -- tantalite series minerals are found in the heavy mineral concentrate of stream sedlment
Garnet and zircon are the main minerals in the concentrate. The result of chemical analysis of the
panned sample'(O—l., 0-2) is shown in Table 2, and the calculated grade of the crude ore is
estimaied as'foliOWS; SnO, : 27 to 30g/m?, WO, : 0 to 1g/m?, Nb, O : 1g/m3, Ta, 05 : 28/m°.

In the vicinity and the upstream of the 'ofe deposits a number of pcgmatites.of 3m or -
less width intruded info the biotite graﬁife have been observed. The frend bf intrusion is NW-SE
to E-W and N-S. No tin and tungsten ore minerals were identified by ocular observation, but a

“sinall to extremely small amount of cassiterite was found in the heavy mineral concentrate by

panning. These pegmatite veins are estimated to be the original supplief of the placer depdsits.

2. A2 ore deposits
_ _This ore d_epdsit is loca_{ed in the upstream of Huai Sa Ngin at the southeastern part of the
are2. Small old workings of 10 to about 30m long 2re scattered in the area of soil sampling point

X:44 to 49 : Y-17.5 as well as soil sampling point X-42 to 48 : Y-15 along the Huai Sa Ngin and

its tributaries.

—22



Asarns T sseyd e woay ,

4

. . . L R . 3 . A
(o | so ! o0 | 1 o1 05 56 | 7z0 | Lzo| 261 ewpas WRRS | e | PO | O
v | 82 97 | o1gr| eI XA 95'0 | €£0 | S€0| Ll IUBLIPAS Wrearn)s Cea'ex) | o g 6
. oL . wal ) reny Jo youerg | *
6t | g1 | 11 | g8e | @ 0¢ o | seol g0l eu JustIIpas weaxs Cex Tl 8
E8E | _ 1 ; uBN eg reny | *¢70
et | €1 | g0 v | o | os | 9o | sTo | 800 | 659 uompos weais AT g |
L _ . wisN egreny | *V 0
ec |90 | Tz [ tsy | v | oL 8Ly | 6L0 1 OrE | 599 JUoUIIpas weans SR o ou i g
: wny [} BRH JO Youelqg
. . . ) . ) ) ) . (s1A e _
ovT | €71 | 06 | sov| 1t or 5T | 0T | 680 | 69 oupas wRons | e o oy | LSOV | S
et | g1 | 1T | 609 | o1 of | w7 | 86T | szo| wv1| smewsSed parogiesm X9 | ool
| _ LT | 88 o g _ ‘wn ) reny Jo youeig
L gz | g1 |esst| @ 00T | €67 | $LO | pSO | 8%5S Juoumpas urean}s GIATEX) | o oo | ¢
_ 1 : IS\ ®§ af
»0 | g0 | zo | o1 z 05 160 | £v0 | 1r0 | 181 | swvuded peroyeon O1A'ST0 | o0 ov | 2
_ : ’ BN BS Teng
90 | g0 | €0 | s G 001 | 660 | ¢v0 | ovo | £0%6 | smewifed parayzeom GIATIX) | o0 oy | g
_ : 3N eg reng] ”
- : : _ @ @) _
ul Li8 1934 . X ‘ . "
mmuww | mm«wm Amomv Amomv Fow | sz @rL | @an | Gm | @us wonduosoq fureooy apdmeg | ON

(V zary) sojdutes a10 jo sosAfete feorwoyy 7 9jqRL

—23



The ore dépoéit ié Cassiteritc bearing sand and 'grave.l bed along the stream, and the thickness
is 1 to 2m from the river bed and the width is 2 to 4m across the river.
| CaSSIterlte is the main o1e mmeral in the hcavy mineral concentlate from the %tream sedi-
ment and’ a small amount _of scheelite is found to oceur, Garnet and zircon are the mmerals in the
concentrate., The number of observed pegmatites in this 'area is limited , suggesting the ore
minerals in the area might be either transported from the pegmatltes in the upstream or supplied

from the undlscovemd pegmatxte nearby.

- 3. A-3 ore deposit

This ore deposit is located in the upstream of the Huai U Tum at the northwestern part of

the area Small old workings of 10 to S0m l(mg are scattered in an area for about SOOm along the .

tr1butary of Hual U} Tum. The center of ﬂle area of old workings is approximately at soil sampl-
ing pomt X—8 X4, _

" The ore deposit is cassiterite bearing sand and gravel bed along the stream, and the thlckness
is Im to about 2m from the river bed and the ]ateral extension is generaily 1 to 10m across the
river. '

Cassiterife is the main ore mineral in the heavy mineral concentrate of stream sediment
along .with an exfremely small arﬁount of scheelite and columbite — tantalite series minerals. The
main mineral in the concentrate is gar’nef. The results of chemical anhlysis of the pé’nned samples
(AO-57, 0-3.,4) are shown in Table.:Z' and tl_-le ca]culafed grade of the crude ore is estimated as
follows; Sn0, : 4 to 476g/m3, WO, : | to 9g/m®, Nb, Oy : 1 to 12g/m®, Ta, 05 : 1 to 25g/m?.
Comparing the result to the other_ known depésits and mineral occurrences, especially the
contents of Nb, 05 and Ta, O, are rather high.

In the vidinity and upstream of the ore deposits many pegmatites and quartz veins of Im
and lesser wi_dth intruding the granitic rocks are commonly observed. The trend of intrusion is
' NW-SE and N.E—SW. _Some of these pegm.atites contain about lcm long crystals of beryl and the
concentrated héavy .r'nincral from the pegmatite (A0~43) shows re]atiﬁé]y high contents of
cassiterite and columbitc — tantalite series minerals. The result of chemical analysxs is shown in
Table 2, and the calculated grade of the crude ore is estlmated as follows; SnO2 615;./m3 WO3
lg/m3, Nb,Os: 11g/m?, Ta,Os: 11g/m3,

Quartz vein carries tourmaline but no ore minerals have been observed megascopically,
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4. A4 mineral indication zone

This zone is located in the middie_ stream of Huai Sa Ngin and covers the arca from the soil
sampling point X14 : Y14 to X-38 : Y-19. This mineral indication zone is located in the center of
the known two ore deposits, A-1 an'd_A_—fZ which are separatéd by 4km.

In this z_on‘e; many pegmatites of width of 2m or less _intr.ude biotite'granite, and trend N-S
and NW-SE, ' ' '

The ore minerals in the heavy mmelal concentrate from the stream sediment is mdmly
cassiterite with a small amount of scheelite. Garnet is the main gangue mineral in the concentra-
tion. The result_ot chemical analysis of the panned sample (AO-31) is shown in Tabic 2, and the
calcul.ated grade of the crude ore is estimated as follows; SnQ, : 156g/m®, WO, : 2g/fm?®, Nb, Oy
2g/.m‘3, Ta, Oy : 2glfn3', Ta, Qs : 8g/m3. '

'file heavy minerals-are garnet, cassiterite, zircon and beryl. A rﬁillol' amount of colum-
bite — .tan.talite series mine, monazite, xenotime rutite, and anatase are elécompanied in some
cases. The result of chemical amlysls of the panned samples (AO-15, 20) are shown in Table 2. '
Tm tungsten, moblum and tantalum are included in both samples, although the grade is low.

Consequently the ore minerals in the stream sediment are consndered to be derived from

pegmatites in the vicinity and upstream area.

5. A-5 mineral 1nd1catlon zone

This zone is located in the upstream of a tr1butary of Huai U Tum and covers the area from
the sampling point X-43 : Y-8 to the point X-47 : Y-10.

The ore minerals in the heavy mmera] concentrate from the stream sedlmcnt are mostly :
cassiterite with a subordinate amount of scheelitc. Gangue minerals in the concentrate are com-
posed of a major amount of garnei, occasionally occurring with monazite and zircon. The resuit
of chemical analysis of panned sample (A0-70) is shown in Table 2 and the Calcuiated grade of
the crude 6re is as follows; SnQ,, : 48g/m3 W03 2efm3, Ta, O : 3gfm3. 7

In the around this zone, the number of exposed pegmatlte veins are qlute hmlted and the ore
mihera_is in the stream sediment are presumably derived from the surrounding area as well as

undiscovered pegmatites.
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1—3  Geochemical Prospecting
1-3—1 Survey method '
1.: " Sampling and pre.paration
B-horii_on soil sﬁiﬁplgs were collected in the_réctaﬁgular grid systems in this survey.
Each sampling line \;v.as. spaced of 100 m, and each sampling point on these lines was arrang-
ed at an interval of 50m. |
| Phase 1 sur\rey' found the anomalies of .ﬂiobi'um, tantalum, 't.in, and tungsten lying in the
dirCctibn of NNW-SSE from Huai Chi _Non {Area B} to Huai U Tum and Sa Ngin (Arca A),
therefore this prospecting area was sét along the latter vaileys to cover these anomalies. The
direction of sampling lines was decided to B-W direction to find mineral indication effectively.
Sal_mpli.ng lines and sampling poinfs were set by po_cket compasses and mesuring tapes
according to the plan,
The soil samples of B-horizon were usually obtained at the depth of 20 to 40 ¢m from the
surface. The thickness of A-hoﬁzon varies from 0 to 60 cm,
The collected soil samples were natyral air-dried and screened, and —80 mesﬁ fraction was
+ taken _for. c_:hemical analyses.
The number of 'samples is 1,591 in Area A.

The localities of samﬁles are shown in PL.2.

2. Pathfinder elements and chenical analyses

The objective of this prospectiﬁg is to reveal the mineral deposits area of niobium, tantalum,
tin, and tungsten. _ '

These four elements which directly indicate mineralization zone were selected to analize,
though the analyses of such elements as lithium, beryllium, fluorine and boron would be also
effective. '

The quantities of these four elements in soil samples were studied by means of the induc-
tively coupled plasnia emission spectrography method. The detection limit value for these
elemeﬁts were | ppim.

Ana’lyses data for each samples are shown in Appendix 5.

i-3-2 Analyses of Geochemical data
1. Statistical analysis
- Generally it is said that the distributions of geochemical data of trace elements often present

a logarithmic normal type distribution, if the accuracy of analyses is sufficient. 'Becauée of this,
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the comrﬁon logarithmic values of analytical data were used in this alial'ytical'work.
Geochemical data for each elements wero treated collectively in the whole arca A, because
the background value of each elements in the biotite area is almost equal with the values in the
two mica granité'area‘ | '
| The maximum values, minimum values, mean values and standard .d.eviations of the contents

of the elements in Atea A are shown in Table 3.

“Table 3  Basic statistic quantities of geochemical analytic values (Area A)

“tem - B Mean - Standard
Ele- M‘l’ulm:!n Mav;?:élm, value deviation M+tg M+2g M+3a
ment alu ‘M- o .
b _ _ 1.33 0.12 145 1.57 168
: 8 77 21.6 _ 2282 36.8 48.0
N 1 o068 0.25 0.93 1.18 143
a 1 51 48 8.6 15.2 26.9
S 1.54 0.12 1566 178 1.90
n 16 130 | 4.7 45.7 60.1 79.0
W 1 1.2t 0.23 1.43 1.66 . 1.88
3 260 16.1 27.1 454 763

Upper row ; Logarithmic value
Lower row ; Natural value, unit : ppm

The frequency histograms and éumulative frequency histograms for the contents of the
elements are shown in Appendix 7 to 8. _ o

The correlation coefficients between the pa'thﬁnd.er element are shown in Table 4.

The correlation between niobium and tantalum and between tin and tungsten are strong.
The correlation between tin and niobium is weak. Tungsten h.as hardly correlation with niobium-

tantalum.

Table 4. Correlation coefficients of geochemical data (Area A)

Element Nb . Ta Sn W
Nb | - 0.68 0.28 0.12
Ta 068 _ 0.48 0.14

- 8n 028 | 0.48 - 042
W 0.12 0.14 042 -

97—



2. Classmc'ttlon of anomaly values _ _
_ To declde the threﬁhold values and {o class:fy gcochcmlc'u data into anomaly values and

background valugs, there are such methods as the one using a natural gaps in the distribution of |
frequéﬁcy, the one using -ounm!ativ.e frequency histograms, and the: one"depe'ndihg'on statistics
mcludmg mean values and standard deviation:

Mem valucs (M) and standard deviations {g) were used to decide the threshold values and
the subd1v1s10ns of the background and anomaly zone in this 1ep01t _

And the frequency distribution and cumulative frequency dlstt ibution histogram were also
used to conﬁrm these subdwmons . _

For the threshold values in this area, approxmldte M + o values were adopted. The back-
ground zone was subdivided into the_ldw background zone and high background zone by mean

value. The anomaly zone was subdivided into the low anomaly zone, medium anomaly zone

and high anomaly zone by approximate M + 2¢ value and M + 3¢ value.

The division of anomaly values of each elements is shown in Table 5.

Table 5. Division into anomaly value levels (Area A)

Dsiiv()i;1 Background area Anomaly area

e N Low ~ High . Low Middle  High
Nb ~21 22~ 28 . 29~36 37~48 49 ~
Ta ~ 4 5~ 8 9~15 16~26 - 27 ~
Sn ~34 35 ~45 46 ~ 60 61~78 79~
W ~16° 17 ~27 28 ~ 45 46 ~ 76 77~

Unit : ppm

3. Distribution of geochemical anomalies _
The anomalies in area A were extracted from the content distribution maps (PL. 3 tb PL. 6)
The distribution of the anomalies is described as follows;
The anomalies are rather scattered in area A in all the elements, but some small-scale
anomalies form anomaly groups. | |

The anomalies of all the clements seem to overlap with each other in the northern tributary
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of Huai U Tum, but the distribution of anomalies in .the middle and south of area isn’t related
to cach other element except for niobium and tantalum.
(i) Niobium _ _ | _

The invesfigatioh area providéé three niobium anomaly zon_eé.

The first 6n’e ranges from Line x6 to Line x12 around the upper reaches of a tributary
_of Huai U Tum. This zone consists of five large to small sized anomalies in an irregular
form and the maxium v’a1u§ is .72 pﬁm. .

The second one '_rauges from Line x24 to Line x36 arouud.thc middle of Huai Sa
Ngin and in this zone, seven anomalies are séattered the maximum value is 52 ppm.

The last one is distributed on the south side of Line x39 in the upper réaches of Huai
~ Sa Ngin. In this zone, there are small sized medium to low anomalics.
‘(i) Tantalum |
. The investigatién area provides three tantalum anomaly zones neary overlapping nio-
bium anomély zones. Each anomaly zone consists of inany ‘small to lérge sized, low to
moderate anomalies. _ |

The first zone is distributed around the upper reaches of a tributery of Huai U Tum in
the north west of this investigated area. Some moderate anomalies are scattered and the
maximum value is.35 ppm,

The secdnd ZONEe I8 distributed' in the middle of this investigation area. There are some
mediuin to high anomalies from Line x27 to Line x35.
it seexﬁs that these anomalies are ori.ented in direction of NW-SE. _

The last zone is di_stribuféd in the upper reaches .of_ Huai Sa Ngin in the sountheast.

In this zohe, medium fo high anomalies are scattered. In particular, there are medium
anomaly, 100 m by 150 m in size, from Line x43 to Line x44, presenting the maximum
vaiue of 31 ppm, |

In addition, there are some small sized anomalies along Huai Sa Ngin.

(i) Tin
7 Anomalies spread in a compardtivel;r form around a fributary of Huai U Tum in the
north and the"rr'li.dd]e to upper reaches of Huai Sa Ngin in the east to south east,

In the north medium anomalies are scattered in a low anomaly which extends from
Line'x6 to Line x16, the maximum value is 84 ppm. _

In the east to south east a low ahomaly' ranges over a zone along.Huai Sa Ngin on the
south side of Line x39. In this zone medium to high anomalies, including the maximum

value of 83 ppm, are scattered.
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Iﬁ addition low to medium anomalies lic sporadically in the upper réaches of Huai U
Tum in the middle; ' .
(iv) Tungsten _

The investigation area shows two tungsten zones.

The first zone ranges geherally from Line %8 to Line x15 around the upper reftches
‘and tributary of Huai U Tum. There are five dlfferent smed medium to high anomalies in an
irregular form, mcludmg the maximum value of 180 ppm. '

The second zone ranges from Line x36 to Line x44 in the south. Many high anmmlles

are found particularly around the ridges, presenting the maximum _value of 260 ppm.
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1—4  Discussion _

Based on the géological and geochemlcal data obtained so far, the geology, geologlcal struc-
ture and ore depomts will be discussed hercunder.

Blotlte glantte and two mica granite both belongmg to the Triassic igneous activily cover
most of the alea, and pegmatlte, aphte and quariz vein intrude these granites.

In general, the two mica granite in sou‘_a_héést Asia including Thailand is consideréd to be
the product of biotite granite subjccted to pneumatolytic to hydrdthenhal activity and forming
muscovxtb after biotite. (Hutchson 1983) . '

In this area, muiscovitization of biotite is observed along the pegmahte vein mtrudmggm
the biotite gramte. But most of the muscovite in the two mica graniie is primary muscowte.
judging from the fact that the porphyritic texture of K-feldspar common in the biotite granite
is not }ecognized in the twé nﬁca granite, and the chemical composition of those two granites is
not the same, the biotite granite and the two mica granite i this area are considered to be two
mdependent rock masses. ' '

The direct relatlon between the two granites was not discerned in the field. The cccurrence
and distribution of the two types of granite suggest that after the formation of biotite granite
batholith, the two mica granite intruded as stock, and subsequently pegmatite, aplite and quartz
vein intruded mto both gramtes

The fracture system observed in the Yang Klang Area is composed of the prominent NW- SE
system and subordinate systems of NE—SW'and_ N-S. The trend of lineaments, e]ongated distribu—
tion of two mica granitc as well as the intrusive trend of dikes are harmoneous with the regional
geological'structure suggesting that the geological structure in this area is fully controlled by the
regional structure, o _

. In this area the placer deposits and mineral indibations of tin and tungsten are found along
" the main streams. These inineral occurrences are tin and tungsten bearing sand a_nd gravel bed,
and belong to the placer deposit type. In this area alluvium is poorly developed so that the ore
deposits and lﬁinefa] occurrences are rather small in scale.

On the other hand, in the upstream of these ore deposits and mineral occurrences, a con-
siderable number of pegmatites are obéerved in the granitic rocks. The weathered pegmatite
was examined by panning and yielded tin, tungsten, niobium and tantalum minerals, suggesting
tha{ these ore minerais in the placer deposits in'the_ area have originated from the pegmatites.
Noteworthy high grade contents of columbite-tantalite series minerals were found in the beryl

bearing péglﬁatite in the tributary of Huai U Tum.
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..This kind of beryl b_eziring 'pegmatite is also observed along the creek of the st_reani of Huai
Sa Ngin, suggesting that more undiscovered bel-yl' beéring pegmatite covered by soil may exist_
in the area. e _ |

In géne'ral, the pegmatite carry:i'rig minerals of berylium, lithium, secium, tantalum, tin and
S0 on, are coﬁside‘réd to be formed around thé top of the granitic intfusivé body at the depth of
3.5 to 4 'kl_n in-shallow cases and 6 to 7 km in deep cases. When the pegtnatite:ﬁras formed in the
intruded country. rock 1t would be within 2 km from the iﬁtrudiné graxlite body. Follow.in'g this
general pnnclple the igneous IOCk genetlcaliy 1elated to the ore deposﬁs in. this area can be
inferred to be the two mica gramte now cropping out its top portlon of intrusive body,

The geochemical explorahon- revealed that ‘the focations of ga()chemlcal anomalies of
niobium, tantalum, tin and tunpsten roughly coincide, and are distributed at the topog'raphicai'

upper slope of the known ore deposits and mineral occurrences.

Espt,cmlly, around the placer deposit in the tributary of Huai U Tum as well as in the middle
stream of Huai Sa Ngin, highly anomalous areas of these elements are overlapping in the same

area suggesting the posslblhty of finding promising tin, tungsten, niobium, and {antalum bearing

pegmatite in the area.
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Chapter 2 AreaC

2—1  Location _ _

As Fig. 1 shows, the surveyed area is about 20 km west of Omkoi, covering an area of
8.0 km’ with the point at 17°48'N, 98°16'E as the center.

. The main stream in the area is Nam Mae Hong flowing from the southwestern eorn_er of .the .
area to the northeastern corner. _The. Nam Mae Hong flows to the northwest forming at straight
course at the south to central port.ion of the erea. Between the eeetral and north portion the
river abruptl:y changes its course to due north, forming an anomalous drainage system. The
tributaries of the river run mainly pcrpendicular to the Nam Mae Honé Topogfiphy of the
surveyed area is steep mountaneous terrain w1th relative relief of 500 m, varying in altltude from
1, 000 to l 200 m, except f01 the flat lowland along the Nam Mae Hong. The mountain range
st1etches mam]y NW SE.

An unpaved road eonnectmg Omkoi to Mae Khong at the southeast passes through Area C
from north to the south. The dlstance between Omkoi and Area C is about 55 km and it takes
three and half 11_0u1_s by four whee] drive vehicle in the dry season. Access by motor vehicle in the
rainy season is not possible.

Geochemical exploration using stream sediment was cenducted in the phase I survey and
revealed that the geochemical high anomalies of tin, tungsten, niobium, and tantalum are present
in the area. Especialiy the niobium anomaly is c]assiﬁed as a highly anomalous area (the geo-
chemical anomaly inthe vicinity of Yang Kiang village) and is estimated to have a high possibility

of containing ore deposits.

2-2  Geological Survey
2—2—1 ~ Geology _

~Area Cis composed of Cambro-Ordovician sedihientary sequence, Ordov'icjan Lirhestome
'Ferma'tion, Devono-Carboniferous sedimentary sequence, Granitic rocks intruding into all rocks

mentioried above and alluvium OVeriaying all of the rocks unconformably (Fig. 7).

i. Cambro-Ordovician sedimentary sequence
The distribution of the sequence is limited to the crest of the mountain system east of Nam
Mae Hong, forming a narrow intermittent zone stretching NW-SE. The sequence is mainly com-

posed of sandstone and shale buf has suffered skarnization caused by intrusion of granite as well
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48 Severe. oxicl’ttion on the groimd surhceresu!ting'in originel rock texfure being illegible.
Judgmg from the reglonal 260 stluetuml setung, the sequence nmght be IOOf -pendant on the
‘two m:ca gramte mass. The dlstubutlon is seemingly conh olled by the NW-SE tlendmg geologlc'll

structure..

2. Oldowcnn Lnnestone Formatlon

D:stnbut:on of Ordovwmn hmestone formation in the area is lmnted to the northwesteln
comer but the formatlon xtself contmues to the north out of the aréa, covermg a wide area.

The hmestone is grey aud stratnfled At the contect w1th two mica granite the limestone
is partly xecrystalhzed and pale green skam mmerals were observed. '

Sttueturally, the hmestone stnkes NW-SE and dms east, and is in the NE-SW fault contact

- with the younger Devonof_()arbomferous_sedlmentary sequence. -

3. Devono—Carbomferous sedlmentary sequence
Th!s sequence is dxstrlbuted on the western bank of Nam Mae Hong and the lithofacies are
'predommanﬂy black shale and red shale In the area close to the contact with geanite, phylitic
and/or schxstose texture is partly observed and weakly skarmzatlon is identified.
. This sednnentary sequence IS covered by aIIuvmm in thc southern part of the area. In the |
: northern pant of the area the extensnon of the geologlcal umt is estimated by the distribution of

' ~ floats because of lack of outcrops

4. Alluvium
Alluvium widely covers the area along the main stream of Nam Mae Hong. These sediments

are composed of unconsolidated loose sand and gravel, and thickness varies 1 to 3 m.

5. ‘Granitic roeks
The gmmtle rocks are composed of medlum to eo"use gramed K—felospar bearing porphyrltlc
biotite gramte fme to medlum gramed two mica gtamte and aphte '
These granitic rocks are attrzbuted to the igheous dctmty in Tnassu: time.

&) Medlum to coarse grdmed K feldspar bearing porphyr;tlc btotlte granlte _
' - This roek eovers a wide porhon of the eastern part of the arca, forming a batholith mass

1nclud1ng charaeter:stlc megaphenocryst of K- feldspdr varies m  size from | to S cm. Fohatlon or.

gnelssose texture was not observed, and massive facies are prominent.

The main prlrnary rock- formmg minerals are quartz K-feldspar plagioclase and blOtIte._

35—



'Accontpanying sccess'o'ry minerals are zircon 'apatite 1nd opaq‘ue minerals. The amount of

_ opaque mmerals composed of 1lmen1te is quite limited. As secondaly minerals, fine muscovite
aftel blOtlte chlorltc after brotrte, and leucoxene after ilmenite are observed.
(n) Fine to medmm gramed two mica grsmte _

Tlns rock-is dlstrlbuted in the central part of: the area as stock like elongated rock mass of

1.5 km X 5 km size extendmg NW—SE The 1elat10n with tlte surroundmg rocks is- estnnated as

mtrusrve cont’tct

’lhe mam pnmary rock formmg mmerals are qudrtr K-feldsp'tr plagtoclase muscovrte '
and blottte This glamte is characterlzed by the amount of primary muscovite exceedmg that of
biotite, Accessory mmerals are zircom, apatrte and ilmenite. Observed secondary minerals are'
muscovrte after plagioclase, chlorite and muscovite both "after biotite and leucoxene after

_ 1lmen1te ‘ _

At the western boundary of the two mlca gramte that is, the contact wrth Ordowcran
L1mestone Formatlon ‘and Deyono-Carbomferous sedlmentary sequence, the gramte has under-
gone whlte arglllzatlon (Kaolnn?ation) Round the eastern boundaly where contact is- w1th
biotite gramte chlorltlzatron is prevalent Also, af the boundary with the roof- pendant Cambro-
Ordovician sedlmentary sequence, severe silicification of fine gramed gramte is observed.

(i) Apilte .
This rock is observed mainly as scattered floats of 5 to 60 cm, and observed outcrops

'were 11rmted The mam rocks formmg minerals are quartz K -feldspar and muscovrte :

2--2-2 Geologreal strueture _
 The phase 1 geolog:cal survey revealed major structural trends in and around the area of
NW-SE, NE SE and N-S. The general trend of sedtmentary rock and prevmhng fracture systems is
NW-SE and the NE SW and N-S trendmg d1rectxons are secondary
_ The 1egtonal geologlcal structure is welI reﬂected in the geologrcal structure of the area.
'_The major structural trends, NW SE NE-SW and N- S are olearly expressed by the ortented
distribution of rock units and the lineaments shown by the dramage pattern anomaly, and also
by the distribution of S'tddles on the rldge o

The NW SE structural system is expressed by the trend of intrusion of the two mica gldmte .
_as well as the stralght valley of Nam Mae Hong and the extension of rldges

The NE—SW structural system is expressed by the direction of the Tault boundmg the Ordo~.
" vician erestone Formation and the Devono—Calbomferous sedtmentary sequence, whrch is also

the direction of the stralght valiey of tubutaues of Nam Mae Hong as well as the lineaments
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‘The N-8 sé__fuctural systeni is expressed by the abrupt change of the stream c0L||-'s_e of Nam

Mae Hong at the northern part of the area and by the straight tributaries of Nam Mae Hong.

223 Alteratlon - ) _ _

The observed a[telatxons of the area, except for the surface weathermg, are skarnlzatton
_3111c1flcatlon, kaolinization and muscowh—chio;mzatlon ' _ '

The skarnization forming. hedenbergite—epidote skarn is marked' in the C'ilnbroi()i‘(ioviciell'
' secllmentary sequence scattered as zoof pendant’ on the two mica gramte 'I‘hc skarn zone carries
d;esemmahon of chalcopyrlte sphalente pyrrhotlte pynte and scheelite. The skarn has under—
gone scverely from oxidation on the ground surface formmg gossan mamly composed of goe—.'
thite. _ _ _

Silie.iffce'tiOH is prominent in the lower ﬁarf of the skarn zone, also a silicified zone is formed
_in the two mlca giamte surroundmg the skarn Zone. Dlssemmatlon and/or strmgex of magnetite
.and chaleopynte occur m the s1hcif1ed Zone. '

The kaolmuatlon is w1de1y noticeable in the two mlca gramte and i$ partlcularly marked i1i
-and around the contact with sedlmentary rocks formmg a 50 to 400 m wide and 2 to 3 km long_
kaolm zone, stretchmg NW-SE. In the southeastern pdrt thls kaolin zone becomes wider and
. alteratlon 1s mote 1ntense This zone is mamly composed of kaolinite, muscowte, quartz, and -
tourmalme and the relic mmerals of K- feldspar and quartz are also present

The muscovm-chloutlzation is arked in the skarn zone, and also widely oceurs in the
gramtlc rocks. In the case of skarmzatlon of gramte plagloc]dse has been replaced by muscowte
and blotlte has been rep]aced by clllonte and/or muscowte

Most of these alteratlons are con31dcred to be genetlcally related to the intrusion of two

mica granite, and to subsequent pneumatoiytlc to hydrothermal dctmty.

:2'—2—4 Ore depoeit and minéraiizdﬁon
" In this area, no ore deposits are fecorded, but a,n’umber of scattered small scale gossans -
maﬁifeét the occmrence of ore minerals. These'Smallr gossene are distributed in a zon'eEZOO m.
w1de and about 3 km long approxlmcltely, stretching NNW-SSE forming a gossan zone which
contmues to the north out of the area for about 1. 5 km _ -

These gossans are mainly composed of geothlte w1th relic mmerals of magnet;te and hema-
tite 7 N
| Old ‘workings are found in the gossan zone including two ancient ga]]ery (C—l ore deposits

and C 2 ore depOSIts respectlvely)
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IQ Cl ore dep031ts _

The Cl ore deposrt is loc'tted in the central pait of the area, and the locatron is in the river’
side close to the soil samplrng pomts 028—17 The ole deposrt was formed in the ol~:arnlzed-
Cambro Ordovrcran sedrmentary sequence as well as in the underlyrng srhcrfred two mlca gramte

Skarn zone crops out for ‘1bout 5 meters Thc main component minerals are fing gramed .
g,amet hedenbergtte quartz 'md calcrte w1th a minor amount of dlssemmated sphalerrte chal-
copyrrte and scheehte ‘In the weakly skarmzed zone orrgmal texture of sandstone and simle
.1emams as 1ehc suggestrng that the ongmal IOCk mrght be the (,ambro-Ordovrclan sednnentary.
sequence Boulders of 2 to 3 m in drameter composed of goethite, lie sporadically in the area
of apparent upper horvon of the skarn zone 7 ' _

Srlrcrfred zone is drstnbuted in the apparent lower horrzon ot‘ skarn zone formmg a small
water fall 3 m hrgh In thls siticified zone a small gallery along the ore vem is found This gallery
' N30°E drrectlon presently measures 2 m long with deeper part of the drift burred by collapse.
.The ore deposrt occurs '1s both network and drssemmatron in the two mica gramte Because of
the poor exposure of rock the mrnerahzed area is not delmeatecl The ore minerals in the strmger .
are mamly magnetrte wrth a small amount of chalcopynte erlle in the dlssemmatlon the ‘main
'_ore mmeral 1s pyrrhotlte wrth chalcopyrrte and pyrlte The two mica g1an1te the host rock of
the ore deposrt has undergone hydtothermal alteratlon formmg quartz museovrte and ohlonte "

The assay results of the ore samples taken from the drssemmated ore in the srhcrfred zZone
nd from the skarn zone are shown in Table 6. The former eontalns 1,900 ppm of tungsten and

6,600 ppm of copper, and the latter contarns 4,800 ppm of zinc.

2. Q2ore deposit _ _

C2 ore deposut is Iocated near the soil sampling pomt C9~28 to 29 in the northern part of -
the area. As ‘with- the Cl ore deposit, the ore body was formed in'the skamn zone and silicified
zone The conﬁrmed mmerallzed area is about 80m X 40m X SOm and is the targest mmcral
' mamfestatron in-the area (F1g 8) . _ '
The ore deposrt is divided mto four zones namely in descendmg order, the surface oxidized .
7one (gossan), skarn zone s1lrcrfred zone and two mica gramte zone

The gossan forms cmst covermg the surface and the thickness is estimated at 5 to 60<:m_
thick. The gossan is mainly com_posed of goetlnte and gradualtly changes to the under lymg skarn_
zone | . N .

The exposure of the skarn zone 1s lrrmted It occurs in the gossan zone as a small fenster of

10m or less in drameter
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connectmg the sadd]es on tho ndges

" Epidote, K- fe!dspar quartz and muscowte are the fain sk’u‘n minerals. 1 to Smm thick
banded skam roek composed of the skarn mmerals anc_l goethite is the predominant facies in the
skarn:. Main ore mmerals_ are goet:t_ntennd p&rrhotite with min'or amount of pyrite and chalcopy-
rite. , - . | _

Appar ently, srhcrfaed zone occurs in vein form underlymg the skarn zone. The main com-
ponent mmeral 1s quartz w1th drssennnated and/or stnpe pdttemed magnetlte and chalcopyute :
The old workmgs is excavated in this sﬂrcrfred zone about 50m long N S and 5 to 7m (max
10m). wide E- W and the maximum depth of drggmg i$ '\bout 10m at the castern side. The bound~ :
ary with the wall rock that is two mrca granrte 13 relatlvely clear with strike of N 20 E and
dlp of 60°NW This dip and strrke hrghly commdes w1th the elongated old workmgs o

The two mrca gramte around the srhcrfred zone ‘has’ undergone hydrotherrral alteratlon and

| formed ‘muscovite and quartz Magnetne bearmg quartz vein of 40 fo 606m wide also occurs in
the two mica gramte with strike of NNW-SSE and dip to the E. _ .

Assay results of ore sampies (CO—lOl 102 103) from each zone are shown in ’Iable 6. Asis
shown in the table, the grade of skarn. zone is Sn 2 000 to 2, 300 ppm W: 140 to 310 ppm,
Cu: 3,400 to 20,500 ppm. However, in the_srhcrfled zone the contents of these elements are
confined to low Valnes _ .

_ As Supplement to the field survey, heavy mmerals in the strearn sed;ment were collected,
. and the component mmural specrcs and the glade were ‘examined (Appendlx 4.
The results show widespread cassrterrte, xenctime, rlmemte, _%cheehte onframlte and
) co]umbite'-tantalite 'serieé..m.inerals along the entire course of Nam Mae Hong. and rts tributaries -
in the area.

The minerat. content of the stieam sediment calculated from the result of the chemical

'anaiysis of heavy minerale is shown in Table 7. The samples CO;I:9 and CO-29 obtatned near the
gossan mdlcate hlghly anomalous content of tm, tungsten, moblum and tantalum, _

Asu:le trom the mamfestatlons mentloned above there is a w1deiy spreadmg kaolin zone
at the southeastern part of the arca formed of t_wo mica gramte having undergone strong altera-

‘tion.
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