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- PREFACE

~ In response to the request of the Government of the Kingdpm of Thai.land,' the Japanese Gov-
ernment decided to conduct a Mineral Exploration in the Chiang Khong - Dei Chong - Ratchaburi
Area Project and cnteusted the survey to the Japan lmcrnauonal Cooperation Agency (JICA) and the
Metal Mining Agency of Japan (MMAJ)
The survey was careied out for thrce )ears from Oclober 1994 to Jannary 1997 and was brought'

to completion with the cooperation of the G_O\-ermnenl of the ngdom of Thailand, in particular, the

. Depariment of Minetal Resourcé;s.

: This final report summarized the resu.lls of Phase 1, Phase 1l 'a:nd Phase 1l 'sun';eys in the Area.

We hope that this report will serve for the dcvelopment of the prOJect aind contribute to the pro-

* motion of friendly relations bth\ een Arca two countries.

We wish to express our decp appremahon to the officials concemed wﬂh the Government of the -

Kingdom of Thailand for the close cooperation they extended to the team.

February, 1997

Kimio Fujita
President
Japan tnternational Cooperation Agency

Shozaburo Kiyotaki
President
Metal Mining Agency of Japan
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SUMMARY

*This survey was carried out with the aim of determining the possible existence of deposits of
valuable elements such as gold, tin and base metals in the three arcas of Chiang Khong, Doi Chong
and Ratchaburi in the Kingdom of Thailand. The results of the survey are as follows;

1. Chiang Khong Avea

‘The Chiang Khong Area consists of Permian sédimenlafy rocks, Permian-Triassic andesitic to
shyelitic volcanic rocks, Triassic-Cretaceous andesites and granites, Jurassm sedimentary rocks,
~ Pliocene silt, and Plio-Pleistocene basall. :

The First Phase Survey resulted in picking out the upper reaches ofHuaa Nam Sala and Huai .
'Mae Liap regions whcrc gold deposits can be expected, and the Nam Mae Bong and Huai Mai Ya
uglons where base metal deposits ¢an be expected, | o

The Second Phasc Survey was focused at the Upper Huai Nam Sala Arca from the result of the
* First Phasc Survey. As a result, in the castern half of the detailed sury ey zone, the distribution of geo-
- chemical anomalies, suggesting the existence of gold mineralization, and corresponding to that the
distribution of low resistivily zones and bigh resistivity zones, were clarified and it became clear that
there isa posmblhly of the existence of subterranean gold deposits.

* 1n the Third Phase Survey, drilling survey was carcied out at the h:gh go!d potenhal area that
was extracted in the Second Phase Survey. It was clarified that the relation between gold minerali--
zallon and the alteralmn ho“evcr thc economlcal ore depos:ts to dechop at present was not
grasped _ -

2, Doi €hong Area

“The geology of - the Doi Chong Area is composed from below, of S:!unan Devonian-
Carboniferous Mae Tha Group and Donchai Group, Permian Ratchaburi Group Kiv Lom Forma-
llOIl Pha Huat Formation and Huai Thak Formation, Pernnan Tnassm voleanic rocks, Tnassw

Lampang Group Hong Hoi Forniation and Triassic intrusive gramtes and diorites.

The geologic and geochemical surveys were carried out in the arca in the First Phasc Survey,
then silicified zonies and geochemical anomalies were found out. The survey resulted in plckmg out
the $Huai Mac Pa region where gold and base metal deposits can be expected, the Huai Mae Haet
region and upper reaches of the Huai Mae Toen where there is a high possibility of base metal de-
posits, the Doi Khun Mac Thot region and the northern part of Ban Na Ban Rai where hydrother-
mal gold deposits can be expected, and the eastern part of Huai Mae Thot where rare earth deposiis'
can be expected. '
3. Ratchaburi Area :

The Ratchaburi Area is composed ‘of Ordovician ‘Fhung Song Group, Silurian-Devonian
Kanchanaburi Group, Devonian-Carboniferous Kaeng Krachan Group Huai Phu Ron Formation,
Kao Phra Formation and hirassic-Cretaceous infrusive granites.

The gco!ogic and geochemical surveys were carried out in e arca in lhc First Ph'isc Survey.
The following promising regions were extracted; the Huai Takua Pn T hong region w here gold and
Lasc metals can be expected, and the Huai Sa and Huai Suan Phlu regions \\herb ‘stockwork-type
gold deposits can be cxpected. Granites in the art.a however, belong to the S t)pc and ilmenite
series and clearly shows the characteristics of so-called tin granite, and no argillization and /or
other altcration is seen in the vicinity of the quartz veins in the host rocks. Moreover, from the re-
':sults of geochemical prospecting, it is noticeable that the density of individual elements is gener-
“ally fow with the exception of Sn, Ta, Nb, F and W,
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CHAPTER 1° INTRODUCTION

“1-1  Aveas and Objective of Survey
Iapanese Goverament carried out the Cooperative Mincral Resources Exploration which was
programmed to be conducted from 1994 in Chiang Khong and Doi Chong Areas in the north of
Thailand and Ralchabun Area in the west {Fig. 1-1).

The Chiang Khong Area is located 20 kin east of the cuy of Chiang Rai i in northern Thailand,
-and coveis an area of 700 km?2, appm\nnalely 50 km at its longest side and 18 km at its shortest
side. Admlmsirauvely, it belongs to Chiang Rai provmcc :

The Doi Chong Area is located 100 kih south of Chiang Mai, ”lhalland’s second largESt city,

and covers an area of 580 k2, stretching 40 km north to soulh and 14.5 km east to west, centenng
“on Mt. Doi Choag. Admunslralwely, the east sndc of the survey area belongs te Lampang province
and the west side to Lamphun provirice.

The Ratchabun Arca'is located IZOkm soulh“ est of the capital of Bangkok and covers an area
of 500 km?' slrelch:ng 35 km north to south and 26 km east to w est along the Than-M}anmar bor-
der. Admmlslralwel) it belongs to Ratchaburi provmce :

"The purposc ‘of this survcy is to grasp the existence of pnmaly and secondary deposits of gold

tin, copper, lead and zinc and ctc.,, by exammmg the geology and geologic structure, extracling

gcochemlcal and geophysical anomalies and the results _of dnilmg.

1-2  Method and Contcnls of Sm'v(:)

The preliminary surveys conswlmg of geologlc sur\'ey 'md gcochcmlcal prospcchng for 1hrcc .
areas of Chiang Khong, Doi Chong and Ratchaburi were c;ondu_clcd in the First Phase Survey. In '
the Second Phase Survey the detaited QCOIdgic, geoéhcu.nical and geophysical si_m*cys were catried
out at the Upper Huai Nam Sala Area in the nosthern _part'of Chiang Khong Area based on the re-
sults of the First Phasc Survey. Based on the results of the past two S'cars of surveys, drilling sur-
vey at the detailed survey zone in the Upper Huai Nani. Sala Arca were conducted in the Third
Phase Survey. The flow chérf of_lhc:sur_vey process and evaluation process \}'cré shown in Fig. 2 .
and Fig. 3. | | | B ' '

The conlcms of lhe sury cys and the quantities of lhese works in each )ear are set fonh in the

follomng(lablc 1),

121 The First Phase Survey in 1994
(1) Geologic Survey
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For the geologic survey, projects were selected, already existing data examined and suiveys
conducted along sel.ec‘:tcd tiver systems in order to discover mineral occurrences and promising
zones in the three survey areas, and atso to ensure consistency over lfie whole area. In addition,
stream sediments and panning samples were collected for geochemical prospecting.

For the field survey a geo!ogic map, scale 1:10,000, enlarged from an already existing map,
scale 1:50,000, was used. The results of the survey were compiled on a geologic map with a scale
of 1:50,000.

- (2) Geochemical Prbspccting .
© Selecting drainage systems from the whole survey arca so that they are of nearly uniform den-
éiiy,- a total of 1,854 stream sediment samples and a (oial of 3.10 panning samples were collected
* from the systems and subjccted' to a chemical analysis. The chemical analysis of the stream sedi-
. ments was for lhe 12 pathfinder elemems in Chiang Khong Area and the 15 pathfinder elements in
_ Doi Chong and Ratchabun Areas. The chemical data were statlsllcaﬂy processed {(Monovariant and

- Multivariant Analyses), and the geochemical anomaly maps were made. Finally, the promising

areas were selected based on thc results of the geochemlcal survey. The resulls of the suwey were

compiled on geochemlcal anomal) map with a scale of 1: 100, 000

—2 2 The Second Phase Sune) in 1995 _

“The Uppcr Huai Nam Sala Area was e\lrac!cd asa promlsmg region for gold and copper from the.
result of the ¥ irst Phase Sunc.y The Upper Huai Nam Sala Arca is located i m the norlhcm part of |
Clnang Khong Area, about 40 km nonheast of Chiang Rai. T his area has an extent of 40 km The
detailed survey zone where gcophy%xcat and detailed geochemlcal prospecting has donc is situated in
the nonhcm part of the Uppcr Huai Nam S'i1a Area and it covers, 4 8 km? (F:g 1-2). |

" (1) Geochemieal Prospcchng _

A geochemital prospecting by soil Sambles \w.:as conducted at tlie'Upper :![uai Nam'_S'a'la Arca.
From the resulis of First Phase Survey, nine elements were treated as indicator elements, namely, Au,
Ag. Cu, Pb, Zn, 1ig, Sb, As and S. The number of soil samples laken was 533 at S0 m intervals on the
physical in‘:.'-esligation pmﬁicnlincs in the detailed survey zone, plus 449 at roughly 250 m - 300 m
intervals aleng the ridge, a total of 982 samples. The chemical dﬁlia \\'éfe siatislicazlly processed
(Monovanam and Muluvanant Analyses), and the gcochemlcal anomaly maps were madc Finally, |
the pronusmg areas were sclcctcd based on the results.

- {2} Geoph) sical Survey _

To clanf) the relation betveen resistivity structure and geologic structure, to extract 'résistivily

anomaly zone refated 1o mineralization zone and to collect data for selécting the drilling survey site,



the resistivity survey by Alay type CSAMT(Controlled Source Alldio-fre§1ie|1c)* Magnetio-T e!luric) .
method was carried out after selting up the 13 survey lines with 2 km length (the interval of cach line
was 200 m) at the Upper Huai Nam Sala Areca.
1-2-3 The Third Phase Survey in 1996

The Third Phase Survey was focused at the detailed survey zone in the Upper Huai Nam Sala
Area based on the reéu!ts of the pa'st‘ two years of surveys, and cariicd out a drilliilg SUTVeYy.

(1) Drlllmg Sur\cy |

fhe survey was undenakcn by conductmg the ctpioratory dnllmgs in two holcs on two sites to-
taling 754 60 m: The results were summarized in geolog:c columns on thc scalé of 1 10200

‘Based on the results of lhe surv ey lhc sizc and grade of mineralization zone and the potenhal
were examined. ' N _ |

: In each year's survey microscopic observation, X-ray powder.difl‘raction analysis, measure-

: ment of homogenization temperature of Muid inclusions, K-Ar daling, 'measurement of resisii{/ily
and polarization and chemical analyscs were carned out to verify the geologic scllmg and mmerall-

~ zation as shmm in Table 1.

- 1-3  Period and Members of Sun ey
1—3 I The First Phase Survey in 1994
(a) Period of the Prehmmanj Survey:. “from August 29 to Scpiembcr 8, 1994
Period of the Ficld Survey: from October 25 to December 25, 1994

(b) Members of ihe Mission -
PMlanning and Negotiation of Agreement

Japan . - . _ _
Takahisa - YAMAMOTO  Metal Mining Agency of Japan
Eigo NOMURA ' Ministry of International Trade and Industry -
Kazuko MATSUMOTO Japan International Cooperation Agency
Naoki SATO ' Metal Mining Agency of Japan
Thatland '
Pricha  Attavipach - " Director General, Dept. of Mineral Resources
Boonmai  Inthuputi Director, ~ Dept. of Mineral Resources
- Somsak  Potisat - Project Manager, Dept. of Mineral Resources
~ Phairat  Suthakorn . Project Manager, Dept. of Minerat Resources
- Somechai  Sa-gniamsak o . Dept. of Mineral Resources
Coordination and Planning :
- Japan
_ Katsutaka NAK:\MURA Metal '\imlg Agency of Japan Bangkok
" Thailand
- Somsak ~ Potisat ' ‘ ProjcclManager, Dcpl of Mineral Resources
" Phairat © Suthakom Project Manager, - Dept. of Mineral Resources
Somechai  Sa-gniamsak Assistant Manager, Dept. of Mincral Resources

Geologic and Geochemical Survey Team

—f —



Japan
Dr. Hitoyuki  TAKAHATA
Yasunori  1TO
‘Tetsushi  OZAWA
Kenji KIZAK]
Hiroshi- {WASAKI
" Thailand

Geologist
Geologist
-Geologist
Geologist

Geologist .

Chlang Khong and Doi Chong Area

- Chamlong  Pintawong
Phureewat Jenrungrot
-Adoon -Wunapeera
Jitisak ™ Premmance

Anuchit - Vichitchalermgong -

Ruechai Ngiamphaisan
Ratchaburi Area

‘Peerapong  Khuenkong
‘Patchara’ Jariyawat
Karoon Tonthongchai
Teeranai- Piyawong
 Samart  Ratanareng-ampai
-Boonchu  Panglinput .

Geologist, © Dept.
Geologist - Dept.
Geologist Dept.
Geologist ~ Dept.
Geologist . - Dept.
Field assistant * *Dept.
Geologist - Dept..
" Geologist - Dept.
- Geologist Dept.
- Geologist Dept.
Geologist Dept.

Ficld assistant Dept.

1-3-2 The Second Phase Survey in 1995

(a) Period of the Field Sun’ey.

of Mineral Resources
of Mineral Resources
of Mineral Resources
of Mineral Resources
‘of Mineral Resources
of Mineral Resources

of Mineral Resourees
of Mineral Resourccs
of Mineral Resources
of Mineral Resources
of Mineral Resources
of Mineral Resources

Geochemical Prospecting: - from October 23 to Decembcr. 24, 1995 (63 days)
- Geophiysical Survey : from November 8 to December 24, 1995 (47 days)

(b) Members of the Mission
Planning and Coordination -
. Japan o :
Katsutaka  NAKAMURA
Katsuhisa ONO
Thailand
Suvit Sampattavenija
Pliairat Suthakorn
Somchai Sangiemsak
Werapun Jantaranipa
Amnuaychai Thienprasert
Pecrapong Khuenkong

Geochemical Prospecting Tcam .

Japan

Dr. Hiroyuki - ]AKAHAIA

Yasunori ITO

Seiya - MORITA

- Kenji - KIZAKI

*Thailand . .

Yodying Manoi

Karoon Tonthongchai

Teeranai Piyawon

Metal Minig Ageiicy of Japan, Béngkdk
Metal Mnmng Agency of.hpfan

Gcologiél

- Geologist
. Geologist
© Geologist

Geologist
Geologist
Geologist

Dept.
Dept.

- Dept.

- Dept.
Dept.
Dept.

of Mmcral Resources
of M:_netal Resources
of Mineral Resources -
of Mineral Resources
of Mineral Resources
of Mineral Resources

© Niltetsu Miniﬁn'g Consultanis Co'.,LtH
- Nittetsu Mining Consultants Co.,Ltd
Nittetsu Mining Consultants Co.,Ltd

Nittetsu Mining Consultants Co.,Ltd

Dept.
Dept.
Dept.

of Mincral Resources
of Mineral Resources
of Mineral Resources



“Wicharn Mungkhun Geologist " Dept. of Minerat Resources

Boonchu Panglinput Ficld assistant Dept. of Mineral Resources
"Ruechai Ngiamphaisan * Field assistant Dept. of Mineral Resources
" Geophysical Survey Team
Japan
Konichi MATSUO - Geophysist  Niltetsu Mining Consultants Co.,Ltd
“Hiromi  YOSHIMURA Geophysist  Nittetsu Mining Consultants Co.,Ltd
Yasunori 1TQO " Geophysist  Nittetsu Mining Consultants Co.,1.td
_ Kenji ~KIZAKI - Geophysist  Niltetsu Mining Consullants Co.,Ltd
Thailand o '
- Kampanart Lampoonsub Geophysist Dept. of Mineral Resources
* Desell Svianburi : Geophysist . Dept. of Mineral Resources

133 The Third Phase Swivey in 1996

a) ' Period of the Field Survey: from September 30 1995 to January 18, 1997 (111 days)

{b) Members of the Mission
Planning and Coordination

Japan : ,
" UKatsutaka NAKAMURA  Metal Minig Agency of Japan, Bangkok
Yoshiaki © IGARASHI Metal Mining Agency of Japan
* Thaitand ‘ o : :
Suvit Sampattavenija R Dept. of Mincral Resources
Phairat Suthakorn S Dept. of Mineral Resources
‘Peerapong Khuenkong : - Dept. of Mineral Resources
Drilling Survey '
Japan

Dr. Hiroyuki 'TAKM'!ATA Geologist Nittetsu Mining Consultants Co.,1.1d
Thaliand ‘ ' ' :

Phurcewat Jenrungroj Ggolﬁgist _ Dept. of Mincral Rcsources'
:Yodymg Manoi - ' Geologist Dept. of Mineral Resources
~ Wicharn Mungkhun Geclogist Depl. of Mincral Resources

CHAPTER 2 GEOLOGIC INFORMATION

" 2-1 Previous Work '

' A Gcrman gcologlc sur\cy mission (hereafter referred to as GGM, 19?2) ha\c n.ported sys-

‘ temahca!ly on the geology and mineral deposits’ along the Laos- M)anmar T hai border in norlhcrn

T h'tlland “The Cfnang Khong Areai is included on Sheet 2 Chnng Rai (scale 1:250 ,000).

- Adetailed geologic survey of Amphoe lClnang Khong (geologic map, Scalp 1:50,000, covering
3 sheets) which includes the northern part of the Chiang Khong Area has been carried out by the

Depérlinenl of Mineral Resources of the Industry Minislr& (herealler referred to as DMR), and a



1:50,000 scale geologic map has becn completed but not yet published. Since 1994 DMR has been
conducting a prosp:cc_ling survey for gold in the north of the Chiang Khong Area, but the résults of
the shn'ey have not yet been collated.

The DMR (I§74) Changwai Uttatradit geologic miap, scale 1:250,000, includes the Doi Chong
Arca. The DMR has been conducting surveys around a number of places in the Dot Chong Area
and the arca to the east where local people hrad long been mining gold by panmng and they have

: d:scoxercd a number of primary gold occurrences {Kumachan 1989, Potisat 1992) The DMR is
also assessing the polcmlal of occurrences of magncutc, limonite, ete. in the Doi Chong Atea..
The DMR (1982) Chmrgﬁat Nakhorn Pathom ‘geologic map, scaic 1:250,000, includes the
: Ra:tchaburi Area. addition, several reports in ‘Thai have been published outlining tin deposits
suﬂlered over the atea. . '

Alrbome geophysical surveys of the whole of Thailand, culudmg lhe Thai pcnmsula were

carricd out betw cen 1984 and 1987 and a map showmg the fi f'ndmgs,_ scale 1.50,000? a map giving

“an interpretation, écale 1:250,000, and an cxplana:tory report have been published.

22 General Geology
2-2-1 .Geoln.gy : _ _ .
The Chiang Khong Arca was béliew_:d to be compo$ed of Permian Iﬁnés_tone, Pcfnio—TriasSic.- '
' sedi:ﬁcntary rock, andcsilé rhyolite and tuff, Triassic granite and Neogene sedillieillafy'rocks bu't
froni thc results of surveys conducted in recent years thie Permo-Triassic sed:memary rock has béen
redef‘ncd as Permian, and a parl ofthc volcanic rocks has been redefined as Jurassic to Cretaceous
actmt) The geologic structure shows a NE-SW dmchon and both the continuous dircction of the
strata and (he intrusive direction of the gramle conform lo llns
 The Dai C hong Area i is bche\'cd to. havc a basemcnt of Precambrian metamorphlc rocks and to
consist of Cambro-Silurian meta- scdnncntary rocks, Permian sedimentary rocks, l’ermo-Tnassnc
volcanic rocks, Triassic sedimentary rocks and Cretaccous granites. The geologic structure shows a
N-S direction on the west side of Mae Nam Wang,. inclining to the eést, and on the east side of Mac -
- Nam Wang Permo-Triassic voleanic rocks't.mconformably ov;c.rlie Permian s'cdim(::mary: rocks. The
direction in which the volcanic rocks .éx_!cnds differs to lhatio'n the west side, Showing a..N.IE-SW'
dtrccuon ' . . -
The Ratuhabun Arta is composed of Cambrian- Ordowcnan mc(a-sed:mentar) mcks Ordovi-
: cian hmestonc,- S:Iunan-l)e\qman quarlzule, Devonian-Carboniferons sandstone, mudstone coft-
lai11i11g' gravel, orthoquartzite; Permian limestone, Triassic-Jurassic sandstone, conglomerate and

Jurassic - Cretaccous granite, and they arc covered by Neogene-Quaternary terrace and atluvial



sediment. The structute of the metamorphic rocks and sedimentary rocks shows aNW-SE dirc'ction,
and judging from the rough distribution, the lowest stratum is distributed on the Myanmar bbr_d_er
with younger sediments distributed gradually on the east side. Granites have intruded in two zones,

on the niountain ridge and on the east side of the area, but the dircction in which the rocks extend is

" controlfed by the structural direction of the sedimentary rocks.

2-2-2  Ore Deposits

“There are no officially recorded mineral deposits in the Chiang Khong Area. In a'survey con-

“* ducted by questioning focal people, it was said that until 5 or 6 ycaré ago about 15 or 16 local peo-.

ple used to excavate placer gold in stream sediments above a waterfall in the middle reaches of
Nam Mae Tam in the center of the Chiang Khong Area, but excavation ceased following ﬂoodmg '
in the wakc of a lyphoon Also accordmg to a local owner of mining rights, placer gold exlsts in |
one place near the granite in the center, and there are prospects of copper in another (wo places. -
There used to be two ﬂuoritc mines in the Do Chong Area, but‘at the preseant time both are

abandoned. Accordmg to DMR information, there is a prospccuve magnetite rcglon in the motin-

. _tamsldc of Doi Chong to lhe cast of the upper reachcs of Huai Mae Thot in the center of the survey

area, and a prospcche limonite area on the east s:dc af lhe hnghway in the southeast tip of the ar¢a,

Co and small scale surveys have been conducted in the arca in the past. As to oceurrence ofgo!d lhere

are two places in the soulh of the area where local people vsed to pan for goid in pits.
‘About 50 tin mines were \\er_(c_d for a long time in the secondary and prlmar) deposit zones of

the Ratéhahuri Area, but they were closed about 10 years ago due to the fall in the price of tin and

- at the present time only two mines producmg feldspar remain. The placer tin deposit zone which

extends from the south of Kanchanabun where the Ratchabun Atea is located, through Phchuap

; Klnn Khan to Chumphon has long been known to be accompm:cd by placer gold, and at the

. hmght of its prmpcrltv it produced 60 kg ofp!acer gold annuatly.



'CHAPTER3 SITUATION OF SURVEY AREA

3.1 Location and Accessibility
The three survey areas of Chiang Kheng, Doi Chong and Ratchaburi located in the north and

west of Thailand, as shown in Fig. .
© The Chiang Khong Area is situated 20 km east of the northernmost city of Chiang Rai at longi-
qude 99° 57 1o 1007 20' 1 and latitude 19° 42" to 20° 10° N, It cavers an area of 700 km? and is ap-
~ proximately 50 km at its {ongest side and 18 km at its shorfest side. Admihistrativcl)’ it belongs to
- Amphoé Chialmg Khdng, Amphoe Wiang Chai and Amphoe Phaya Men Rai in the Chiang Rai prov- |
ince. National lligil\\'ay Route | runs from the capital ﬁf Bangkdk to Chiang Rai and it takes about
12 hours to cover the distance of 820 km by car. There are also 4 return flights a day between Chi-
: ang.Rai atrport and Bangkok (flight time: | hour 20 minutes) and 2 return flights’'a day to Chiang
‘Mai (f_light tiuﬁ'e: 40 minutes). Some paved roads run from Chiang Rai td the survey area and takes
about one h‘ou"r. There are paved roads within the survey arca and it takes abo_ut. 30 minules to }cach

Chiang Khong at the horthera tip of the survey area. '

- The Doi Chong Arc.a is snuated lOO km souih ofThalland $ second largest cnty of Chlang Mai,.

'at longtludc 99° 07" to 99 iS' E and lalllude 17 37 to 18 60' N. lt covers an area of 580 km?- ex-
‘tending 40 l\_m north to south and 14.5 km east to west, centering on Mt. Doi Chong, Included in
lhe. present sun’éy area is a Royal projécl protcctcd area in lﬁc north (arca 47 km2), making the
.aclual survey area 530 kmz Admmlslram cly the castern side of the arca belongs to Amphoe Soen
'Ngam Amphoc Sop Prap and Amphoe Thoen in the Lampang province, and the. \-.cstern side to
Amphoc Liin the Lamphun prouncc National highway Route 1 runs through the castern s:de of

the sury ey area, linking Bfmgko'\ and Chiang Ral and it takes 7.5 houra by car to cover the 600 km

from Bangkok to Lampang, the provmcml capital of Lampang province, 20 km northeast of the ~ -

survey area. The northern line of the national railway runs to Lampang, linking Bangkok and Chi-
ang Mai, and takes ! hours _ﬁom Bangkok. There arc also 2 daily flights from Bangkok to Lam-
pang via Phitsanutok. .Rou_tc 106 branches ofT from Route ! at Thoen in the south of the sur_vcy arca -
and ru[is through 1. i.in L amphun prﬁVince to'C.hi:ang Mai. Lacal roads Iiilkizmg Li and Lampang run
_ lhrough the norllm est of lhe area. . . ' | |

“The Ratclnburu Areais snuatcd 120 km sam[mest of the capital, Bangkok at Iongnludc 99’ I2'

1099 26'E and latitude iJ 161013 35" N. It covers an area of 520 kin2, extendmg 35 km north to
* south and 26 km cast to west along the Thai-Myanmar border. Administeatively, it belongs to Am-
phoe Suan Phung in the Ratchaburi province. It takes 2 hours (approximately 90 km) from Bang-

kok to Ratchaburi by Route 4 which runs through southern Thailand or Route 35 which runs along



the coast, and then about another 1 hour to cover the 60 km to the arca by local roads. It takes about
1.5 Hours by the southern line of the national railway to reach Ratchaburi town. |

In addition to paved trunk roads in all three areas, there are also farm roads mnniﬁg aldng by
the large rivers. The latter are not paved and turn to muddy in wet weather Arca during the rainy

season, inaking passage by car difficult.

32  Environment of Survey Area
3-2-1 Topography |

(1) Chiang Khong Area

The Chiang Khong Area is situated in the very north of Thalland near the border w |th Myan~
mar and Laos where is so-called “Golden Tr:angle”and occupies part of the basm between the

mountains which has dcveloped in the upper reaches of the Mekong Rner Thc basin forms flat

‘\and at an altitude of around 400 m with mountains rising 800 to 900 m in the center. 1he form of

the basin reflects the form of the surrounding mountamous area which reaches alhludes of 1 000

tol,800m, e\lcndmg NNE- SSW from the Mekong River lo the mlddlc ofthe basin and bendmg in

“the southem halflo run in a N-§ dlrecllon The principal rm,ra ﬂowmg nonhwarda on the west side

~of the cenlr_a_l mountainous region are the Nam Mae Lao and Nam Mae Kok; and on the east the

Nam Mae lng ‘ The survey area covers the central mountainous cegion located in' the north of the

sed:mentary basm The mountains extcnd in a NNE- ‘SSW direction parallef to the structure of the

' basm As the moumalns in the ccnter of lhe reglon ar¢ composed of andcsne and rhyohtc thcy

' have relatively. stcep gradlenl:- and have heen deepcncd by lhc deep- cul V‘i"C)S but the wings of

the mountainous reglon are being stcadnly eroded and display gcnll) -slopmg mountains. The river

: system that flows parallcl to the dmcuon of the mountains and the system that crossés it perpen-

dicutarly an, “ell devcloped and show anov crall gnd pal!ern
(2) Doi Chong Area
The Dai Chong Area is situated in the boundary zone between the mountainous region (the

northern half) and the flat land (the southern half) in the north of Thailand: Most of the survey area

displays a mountainous topogr_:iphy with 5ltit1ides of 500 to 1,200m and steep mouirtainsides, but

flat land with few undulations exténds in the ﬁorthernmoét pari of the survey area (a!(iludc'.‘iﬁO to

- 500m) and in the southemmosl parl (ﬁrmmd altitude 200m) The pnnclpal mountains are separated

into three by tnbulancs of Mac Nam \Vang which flows southwards through thc cast of the arca,
and show continuily, mcilmng from ' virlually N-S 1o slightly west. The lnbutancs of Mae \!am
Wang have developed in a NNW-SSE and NWV-SE direction and show broad valleys. The vallc)s

which have been developed by the tributaries have dev cloped in the dendritic form.



(3) Ratchaburi Area _

- The Ratchaburi Area covers part of the Tenasserim mountain range which forms the spine of
the Thai peninsula. Overall the mountains continue in a NNW-SSE direction. The survey arca is
sitiated on the eastern side of the ridge which forms the Thai-Myanmar border and the altitude
gradually falls from west to cast. Most of the survey arca is mountainous land with altitudes of
between 300 and 1,1080m, but flat land with few undulations of around 200m extends along the

river on the eastern edge of the survey area. The principal river systems are controlled by the direc-

* - tion in which the mounlams e\tend but the tributaries have two prevalent directions; that of the

prmmpal nvcr s}stems and Ni SW direction.

© 3-2-2 Climate and Vegetalion _

Northera Thailand, inchuding the Chiang Khong and Doi Chong Areas, is situated inland and is
not greatly affected by monscons, but it belongs to' the tropical savanna climatic zone and is af-
fected by the nonhcasl monsoons in winter. Winter las:s from mid-October to niid-Fcbruary .in: the

Chiang Khong An.a and from Novcmber to February in lhe Doi (;hong Area, [)urmg this time the

weather is dry and the Im\.est tcmpemlurc drops below 10" C. March lo mld Ma_y is the hottest time

of the year (summer) when the monscons abate and the hlghcst lemperalure somchmes éxceeds

40" C. From nud May lo the end of October is (he rainy season which is influenced by the south-
| west monsoons , and over these six momhs the rainfall reachcs 1 000 tol, SOOmm

The Ratchaburi Area betongs to lhc tropical monsoon zZone and has extremely hlgh rainfall in
the rainy season. Summers are rather hot with occasional gales. Thé lerigth of each season is virtu-
ally the samc as in the nonh ' _

The monlhly tunperalurcs and hmmdnty in Lampang city are shown in lable 2 'md the monthly
rainfall in Lampang city and Amphoc Suan leng in Ratchabun Area is shown in Tablc 3.

In the Chiang Khong Area only a few tropical evergreen rain forests remain on the tops ofthe
mounlains, and at the foot of the mountains land is mcreasmgly being cleared and turned into farm-
tand or deciduous forests. The plains and broad alluvial land between _the mountains are being ¢ul-
tivated as ficlds. : ' ' '_ o _ | :

Most of the mountainous fegionl in the Doi Chong Arca is a for_es(ry'qonsewaiion zone and -
dense tropical evergi¢en fain' forests cover i'nosl of the mountains. Tﬁe gcilily siopiﬁg Iaﬁd in the
north of the Doi Chong Area is deciduous shrub land, and the lowlands in the soulh of the regmn
‘and along the rivers between lhe mounlams ar¢ used as ficlds. '

" The temains of tin e\cavauons are found in the low, flat land with few’ undulations in the east

ofthc Ratchaburi Area and in many cases they have turned into ponds, but the land is used as fields

__]3_.__
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or orchards for growing pincapples and other fruit. The mountainous region is covered with sparse

woaods of tropical deciduous trees.

" 3.2-3  General Information

The Chiang Rai province in which the Chiang Khong Area is situated covers an arca of

li,678,000 kmZ and consists of 12 districis,: 4 sub-districts, 102 fegions, 1,302:\'illages and 1

autonomous city. The survey area extends over the 3 districts of ‘Chiang Khong, Phaya Men Rai
and Clnang Chal |
- The populahon of the Ch:ang Rai provmce is around 1,068,000, 75% of whom live in wllages

‘ The main mdustraes of the Chiang Rat province are agncullure commerce and service industries
‘withonly a small pereentage accounted for by manufaclunng Thc main agncultural produce is rice,

" com for ammal feed, tobacco and fruit.

The Lampang province in which the Do: Chong Avea is situated covers an area of 12,533,961

kmZ and consists of 13 districts, 99 rcgtons 761 villages and 1 autonomous cny The populahon

- stood at 776 ,251 at the end of December 1992, mlh 124,519 peoples in Amphoe Thoen which i in-

cludes the Doi Chong Area Amphoe Soemt Ngam and Amphoe So Prap ’Ihe main ||1dustry of

- Lampang province is agnculturc and producc mc!udes rice, com for animal {'ecd peanuts, soy

beans barley, garllc and fruit. In the mining industry, ornamemal rocks such as kaohmle marble ‘_
and gramtc and lignite, etc. are mined. . o _ '

The Ratchaburi Area is situated in the Suan Phung district of Ratchaburl provmce Amphoe i
Suan Phung is a new district, raised to lhe status of district i m 1983 !t has an ar»a 0f 2,145 l\m2 and
a populahon of 41,464 as of the cad of September 1992 and consists of? reglons and 61 villages.
The mam industry is agnculture cenlermg on dry ficld crops of pmeapp!es tapmca sugar cane, etc. :

There used to be man) tin mines, bt lodfiy there are only 3 few fe!dspar mines.
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CHAPTER4 CONCLUSION AND RECOMMENDATION

4-1 Conclusion

The survey was carricd out with the aim of determining the possible existence of deposits of
valuable elements such as gold, tin and base metals, by obtaining a comprehensive underslanding
of the relationship between the geology and geologic structure, and mincralization and geochemi-

cal characteristics of the three areas of Chiang Khorig, Doi Chong and Ratchaburi,

- §-1-1 Chiang Khong Area

“The Chiang Khong Area consists of Permian sedimentary rocl\s such as S'mdslone nuidstone -
conglomcratc and hmestone, Permo-Tnassm andesitic to rhyolitic lava, (uff and toff breccia, Trias-

sic to Cretaceous andesite lava and granites, Jurassic red siltstone and sandstone, Pliocene silt, and

' Plio-Pleistocene basalt. Four ages of igneaus activily are known, Permian-Triassic andesite and

fhyolite, Triassic grahi(c Jurassic andesite and Pliocene-Holocene bisait In the vicinity of the.

upper reaches of Huai Nam Sala in the north of the Chiang Khong Arca, a white argllhzed altera- -

{ion zone 3 !uu wide by 12 km long accompanicd by llmomle quarlz veins is secn a[ong the fault

ZONE running NF Sw which is accompanied by activity of Jurassic andc:.lte Gold and base mehl_
geochemlcal anomaly Zones are dlstnbuted 'tlung the fault and alterahon zones, and h_‘,droihennat
deposits can be cxpected Prospects of mineral occurrence in the south of the area are m}l very clear,

but strong argllllzed ali;rahon and quartz veins are scen in part of the Pcrmo Triassic tuf¥ distrib-

- ied in the southeast of the area, and quartz veins have also developed in the Permian slate. Geo-
chemical anomaly zones of base metals ar¢ seen in the same region. Hornfelsization and smali-

.scale skamization ar¢ app'ire:it in the vicinity of granite, but accompanied by only slight dissemina-

tiot of pyrite, pyrrhontc and ch'llcop) rite. .
Regions with potential mineral deposals in the Chiang Khong Arca are the upper rmchcs of
Nam Sala and Huai Mae Liap region where gold deposits can be expected, and the Nam Mac Bong

and Huai Mai Ya regions where base metal deposits can be expecled.

For the Second Phase .Sun'ey, a pfospcéling area with an area 0f40 km? and high potcntiat of the

presence of golcl and copper dcposnts in thc Upper Hum Nam Sah Area of (Iuang [\hong dIS!l’ICl was

' chosen based on' the result ofthe geochcmlcal prospeclmg carrscd out in the First Phasc Sun cy. A

scmi- detallcd strvey’ m\olvmg a soil gnochcm:cal prospecting and gco!ogtc survey were camcd out,
and for an area of 4.8 km? considered particularly prospecting a geophysical survey, dclaﬂed soil

geochemical prospécting and geologic surveys were carried out. As a result, in the eastern half of the



' detailed survey zone, the distribution of geochemical anomalics, suggesting the existence of gold
mineralization, and corresponding to that the distribution of low resistivity zones and high resistivity
zones, were clarified and it became clear that there is a strong possibility of the existence of subterra-
nean gold deposits. Within the survey area two fault systems, running N-S and NE-SW, were ob-
served. The alteration zones and mineral occurrences are developed in Permo-Triassic tuff which is
the main host fock, and are regulated by those fault systems. In the eastern half of the detailed survey
zone, the gcocheniicaf_ anomalies of Au, As, Sb, Hg which suggeét;gold mineralization confinue in a
'N-S and NE-SW direétion corresponding to the direction of the faults. These geoche’michl anomalies
‘are distributed from the border area between the high tesistivity zones on western side of the delaéic__d
sur\'c._y zone and lO\;l rcsislivi'ty zones on eastem side of the detailed survey zcne(resisﬁi'_ity discon-
tinwous Iine);to low esistivity zone which are extracted by the ‘geophysical survey. The geéchemical
anomalies of the combination of Au, As, Sb is located in the eastern side of resistivity discontinuous
~ line, and the surface part has low resistivity, but high resistivity zone thought to be a silicified zone
occurs at a coxﬁparalive]y'shaliow depth imdergrounﬂ The geochemical anomaly zones with a com-
* bination of Hg and As, on the other hand, lie almost just above the resistivity discontinuous line, and
low resistivity zones and n.lam eTy hlgh resmtmly zones continue down deep. ln the resulis of the ore
assay anal) sis of quariz veins and silicified rock accompanymg the alteration ZOnes, lhe Only va!ues
showing a high gold content were 5. 6g/t and 1 0g/1, obtained from quartz veins accompanymg a
strong silicification zone that spreads out on lhe castern side of the detailed survey zone, but in the
anomaly zones of Hg and As, there is a brecciated limonite/quartz vein with a high Hg and As content -
the same as ‘l.he quaﬂz vein of highest A content. Since the produc.tic'm temiperature bf_ quartz veins in
the surface arca estimated from the hoﬂmgénimtion lempéraiurc of fluid inclusion in lhe.q.uarlz is
around !50 ‘C, and it may be surmlsed that bmllng took place it is e\pccled lhal a pmmismg gold

mmcmh?ﬁi:on is present below the surfacc in tlns area.

In the third year of the survey, 2 holes were drilled in places where gold mineralization was an-
ticipated in the deep zone, and mineralization of a maximum 0.34g/ of gold were obtained.

There is a fault on'a N-S trend 5ordcred by Permian sedimehhry rack and Peﬁﬁian-Tﬁ’néSiC
voleanic rock inthe survcy an.a, and a reverse fault has been tormed ‘where the volcanic rock dis-
‘tributed on the east sadc has sub51dcd in ft.lalIOIl to the west side. o

l ron the results of the prescm survey, it is clear that thc Permtan 1nass:c volcanic rock along

“the fault has intruded into the sednmentary rock as dxkes and the dikes and surcotinding sedimen-
tary rock have undcrgene quartz - ‘chlorite - sericite - ankerité - calcite alteration to such an extent

that distinction of the original rock is no longer possible, along the dikes and the old fault which is
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thought to control the dikes, and it was confirmed that this is where large-scale hydrothermal acliv-
ity took place. Accompanying this alteration, extensive pyrite disseniination was altema[_ély f(}riﬁcd'
in network and vein-like form, but the prospect of useful metals sirch as Au, Ag, Cu, Pb and Zn is
extremely small.

However, in places where pyrophyllite is confirmed in the alteration, anomaty values of Au,
Ag, Po and Zn are detected. |

With regard to the nature of the alteration, the whale alteration area has undergone in:1ifor1}1:al—
ternation, and no proof was obiainéd that mineralization had occurred y;fllére hydrolherinal‘sOIution

repeatedly circulated along the cracks and formed veins in the vicinity of where drilling survey was

‘conducted.

From this it can be seen that hydrothermal activity accompanied by g’old.minerali'zalion‘ exists
in the vicinity of the two drilling holeés in the present survey, but judging from the analyzed values,

the condition of the alteration and the state of development of the veins, there is little possibility of

- the existence of mineralized zones that could be linked to mining development in this area.

4-1-2  Doi Cheng Areé

“The geology of the. Doi Chong’ Area is composed, from below of Silurian-Dévonian- .

- Carbomfcrous Mac Tha Group and Donchai Group, Permian Ratchabun Group Kiu Lom Forma-

tuon Pha Huat Formation and llual Thak Formation, Penman-lnassw vo!camc rocks, Triassic

Lampang Group Hong llm Formation and lnassm intrusive granite and dlonle Quartz veins ac-

. companied by_smail-sce_x!e siticified zones have dcxcloped in the vicinity of granite and aplite

scams. And large-scale silicil‘ed zones are distributed in the vicinity of diorite in the upper reaches

ofﬂual Mae Toen. (-eochemxcal anomaly ZORES are dnstnhuled in the vicimty of granite and diorite

'and in the wcamly of veins of aplite, ete. In addition to expected contact metasomatic-type and

hydrothermal vein-lype dcpbsits, deposits of niobium and tantalum accompanied with rare carth

" elements can be expected in the vicinity of the largest granite bodies.

' Regions with potential mincral deposits in the Doi Chong Area are the Huai Mae Pu region

where gold and base metal deposits can be expected, the Huai Mae iaet region and upper reaches

of the Huai Mac Toen where there is @ high possibility of base metal deposits, the Doi Khun Mae

. Thot region and the noithern part df Ban Na Ban Rai where hydrot'hcrmal gold deposits can be

expected, and the castern paﬂ of Hum Mac ‘Thot where rare earth deposns can be e\ipcctcd in thc

First Phasc Survey.

4-1-3 Ratchaburi Area



L,

Ex

The Ratchaburi Arca is composed of Ordovician Thung Song Group, Silurian-Devonian
Kanchanaburi Group, Devonian-Carboniferous Kaeng Krachan Group Huai Phu Ron Formation,
Kao Phra Formation and Jurassic-Cretaccous intrusive granite. Thick stream sediments have accu-
mulated along each of the rivers and were once mined as secondary tin deposits. In many cases the
scdimentary rocks in contact with the granite have become semi-schist to schist, and guariz veins
have developed along the schistosity. However, no argillization and /or other alteration is seen in
~the ﬁéinity of the quariz veins. Granite in the arca belongs to the S-ype, itmenite serics and clearly
shows the chanclenshcs of so-called tin granite,

- One notabie feature of the results of geochemical prospecimg was the overall Iow density of _
- smglc clements, with the exception of Sn, Ta; Nb, Fand W. '

Anomaly zones for Sn, Ta, Nb, F and W concentrated in the Mae Nam Phachi basin where
thém are many old deposits, and anomaly zones are distributed in the old deposit and background
- granite zonegs. On the other hand, in many cases no anomal_y zones are seen in either the granite
“ zones old deposit remains in the Huai Tha Khoei where there are many old deposits. The distribu-
tion of the anomaiy zones confonns to that of prewously known dcposus and the possibility of -
~ discov ermg new dcposus is slight. _

' The anomaly zoines for gold and base melals are conccniratcd in the cointact zone of sedlmcn-
~tary rock and granite in the northernmost part of the area and in lhe southeast Mmerahzatton inthe
Ralchabun Area includes depos:ts related to Jurassic to Cretaceou; intrusive gramte pneumatol)hc
to ka!athermal dcposnts ylerlng lm Lungsten moblum and tantatum, contact metasomauc deposns
observed at Huai Takua Pit Thong, and slocl\\\ork-lypc quam vein deposus in the soulh of the :
area. : |

Promising regions are the Huai Tak.uz.l:Pit"l'hong re-gi'on whe_re. gold and base metals .c'au_be ex-
pected; and the Huai Sa and Huai Suvan l_;h:Iu régidns where stc)._ckwo:rkl-lype' gold deposits can b.e

‘expected in the First Phase Survey.-

4-2  Recommendation for Futare Activily
As aresult of the d'r:i'll-ing surve'y, h.yc-lrolhermal 1ctivi.t)."accomp’micd.by mineraliialien of gold '
and silver has at feast been ¢onfirmed, and the posablhty has been raised of the center of the min-
cralization being somc\\ here in this altualmn zone. ‘
Judging from thc chcamcal properties of the rock, the altcratlon and the results of the gco-.l‘ :
chcmlcal survey, |t is likely that calc-alkalic homblqnde andesite and rhyolite that was active at the
| end of the period caused gold mineralization in the Permian-Triassic volcanic rock, and there is

thought to be scope for prospecting where they are distributed at the eastern tip of the Huai Nam



Sala area that extends soulh. from east of the survey positions in the third year of the survey.

In future it will be necessary to reexaming the alteration zones and geochemicat anomaly zones
in the vicinity of the detailed survey base line in shallow places that appeared promising int the sec-
ond year of the survey, and in the region further east where rhyolite is distributed, '.jnd to confirm
whether there is any prospect of gold at a lower level. _

Finally, gold minetalization accompanying large-scate hydrothermat alteration zones, such as -

that found in the present survey, has not been known in Thaitand until now. l_t is possible that this is

. a special place, but the Lampang-Phrae voleanic belt extend as far as Laos and several p!ac:cé in the
: same paraltel geological belt have not been adequately su_rvc):'e& yél. Duc consideration must be

- givento this type of deposit too when pilfsuing future pmspecﬁng.
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