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PREFACE

In respense to the request of the Government of the Socialist Republic of Vietnam, the Japanese
Government decided to conduct a Mineral Exploration Project in the Van Yen and Western Thanh
Hoa Arcas and entrusted the sutvey to the Japén International Cooperation Agency (JICA) and the
Metal Mining Agency of Japan (MMAZ). |

This is the third phase survey. The JICA and MMAJ sent a survey team headed .b'y Mr.

" Yoncharu Matano (o the Socialist Republic of Victnam from i1 September 1995 to 3 Janvary 1996.

The team cxchanged views with the officials g:oncemcd of the Government of the Socialist :
Republic of Vietnam and conducted a field sﬁwey in the Van Yen and Westerd Thanh Hoa areas.

Aller tix_e team relurned to Japan, fusther studies were made.

FWe hopc lhal this fcporl wnll serve for the dnclopmcnl of this pmjerl and contnbulc (o the

promollon of fricndly re]almns bcl“ccn our (wo countrics.,

‘We wish (o cxpress our decp appreciation 1o the officials concerned ‘of the Government of the

‘Socialist Republic of Vietriam flor; the clase cooperation ¢xtended to the tcam.

March, 1996.

&mf--- y/&f// ol
“Kimio FUN FA '

President,

~ Japan ln_lcrnélioual Cooperation Agcncy

ﬁ yzL K p,\]
Sho?abum KIYOTAK[ '

iPres:dcn!

Mectal Mining Agency of Japan
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SUMMARY

“The work teporled in this paper corresponds 1o the third phase of the three-phase Cooperative

Minerat Exploration in the Van Yen and Western Thanh Hoa Arcas of the Socialist Republic of

‘Vietnam. -The principat objective of 1the project’is to evaluate the mineral potential of the arcas .

through geoscientific investigation and to discover new mineral deposits.

In the first and second phases, regional geological siu‘?ey and gcochemicai exploration wese
conducted in the Van Yea and Western Thanh Hoa arcas, and detailed geotogical survey, geockemical
explosation and geophysical survey were consequemiy continucd on the promising Zones for ore
'dtposi(s

. The Suei Boc zone of the Van Yen arca was exlracted to be hopcfu! for lead and :-'mc

mmcrahzahou as a result of the abo»e works.
The survey of this phase consists of drilling survey and trench survey in the Suoi Boc zone.
Amount of the survey is four inclined drill hales totaling 742.30 m and three treuches with a total

tength of 600 m.

* The followings are the resulls of the third phase survey and rccommendations for the future

- exploration work.

The geo!ogy of the bum Boc zone consists of M:ddlc Triassic srdmlcnlary rocks, (‘re:aceous

dacite poxphy:y and aplite; aud Quatemary sednmcms fhc Middle Triassic is dwndcd mto clastic
; scdlmcnlary mcks and limestone.  The elastic SCdim(‘(Ha!y mcks are composcd of mudslonc,
" siltstone and sandstone. Siltstone and sandstone prédominate in the western: pan of the zone,
" whercas mudstone occuss in the eastern patt.  The Triassic clastic sedimentary rocks tend to strike

"N-S to NNE-SSW diréctions and dip mostly from 20° to 70°15.

_ “Fhe geologic structure of Ihe_zoﬁc‘_isicharrac'ileriz_cd by the N-S 1o NNE-SSW direction which is:
cxpressed as the strike of scdimentary :rock's and faults, and the distribotion of igncous rocks and the

extlension of Quaternary sediments.

As 2 result of the work in this phase, it has become clear that the geochemical anomalics in the
zone indicate the vein-type mincralization.  The potential for skarn ore deposits is low because
skarn minecrals are absent in the Triassic rocks of these anomalous zones.

Conseqeently, the Suoi Boc mineralized zone is regarded as a vein-lype mineralized zone.



The high chageability zones detected last year by IP survey, are interpfeted to have been caused
by graphite contained in the clastic sedimentary rocks.  Therefore, it has been proved that new

Pb-Zn ore deposits are nol expected to occur in the high chargeability zones.

~ The vein mineralization in this zone is mosily located in limestone.  Many caves occur in the
fimestone.  The sulfide minerals-are considered to have been oxidized and dissolved to deeper part
by free ground watcr flowing within caves. It is supposed (hat the weathering bottom for suifide
minerals may reach to more than 200 m below the surface, although the lower limit of weathering for

sullide minerals was not proved.

The width of brecciated veins conlaining limonite in the drill holes and lienches docs not
,cx:c:eed 2 meters. -~ No big Pb-Zn vein deposit is possibly expected to exist, because the width of vein

" atthe deeper part below the surface is not reasonable to become sharply thicker.

Shéar'zoncs composecd _6[ limonite and clay, are found in trenches and drill holes.  The
genesis of these shear zomes is interpreted in two ways.'  One is the weathered products of sulfide .

bearing brecciated veins.  The alternative is that shear zone is composed of limestone fragnients .

" aund surface soil collapsed in ancieat dolincs. High content of Pb-Za will be rare in the dctpei part
“of the veins, as the limestone fragments occupy the major part of the veins even though the genesis is

the former one.

_ ~As the result of the drilling survey and trench survey do_nc;i[i this phase, no indication for new
‘ore deposits was found.  Therefdre, no futther exploration is needed in this zone.

.
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PART 1. OVERVIEW
CHAPTER 1. INTRODUCTION

1-1. © Background and Objectives of the Survey

In response to the request by the Governmeat of the Socialist Republic of Vietnam (o _conducli
mineral cxplmlaﬁon‘, the Japanese Goversmenl Jispﬁlchcd a preparatory survey team (o discuss the
details of the project.  As a result of the consullations between the Ceo]ogfcal Survey of Vietnam
(CSV) of the Ministcy of 1leavy Industry and the Metal 'Mini.ng Agency of Japan, an agreement was
teached for the cooperative mincral exploration in the Van Yen and We.s!f':m Thanb Hoa Arcas. - The

Scope of Work was signed by the representatives of both governments in June 1993, The objective of

" this project is to assess the mincral potential of the areas through geological survey, geochemical

exploration, geophysical survey, and drilling susvey during the period of three years from 1993 (o

“ 1995,

- The first phase survey of this pmjcct was carsied out in fiscal 1993. ~ The works conducted in

" the first phase were; compilation of avallable gcologlcal geochemical and gcophysncal mfmmalmn,

geo!oglcai and geochemical field suwey of the western part of the Van Yen arca aud the eastern parl

uf!he Weslern l'hanh Hoa area.

- In fiscal 1994, geofogic;_l 'and gcbchcmical suIvey cmilinubd in the remained p_a:ts‘ﬁf_lhe Van

Yen and Western Thanh Hoa 'aleas él’ler the compillali'on of availablc gcblogicéi :gcochcmical énd

‘_ gcophysu‘al information was donc : Geo!ogical suwcy was exccutcd in the Suoi Boc Qum Cu zoue :
" and geockemical exp]oralnon and geophys:ca! survrys were donc in lhe Sll()] Boc 7one ol‘!hc Vag Yen .

" area,’and geological and gcochcmu‘al suIvey was conducied in the Luong Song zone of the Western

Thaoh Hoa area, since these were concluded 1o be promising for {inding ore deposits by geological

survey dusing the first year.

In fiscal 1995, drilling suivey compnsmg four holcs 1olaimg 742. TOm in Icnglh and Ircneh

" survey with a length of 600 m continued on lhc Suei Bac zone of the Van Yen arca.

1-2.  Conclusions and Recommendations of the Second Phase Survey

The second phase survey was carried oul on the Van Yen and Western Thanh Hoa areas.  The

conclusions and recommendations of the sccond phase are described fellows.



1-2-1. .Van Yen Arca

The survey of the second phase comprised regional geological survey, detailed geological
survey, and geophysical survey (JP method). _

Regional 'geolo'gical survey was carried out on’the eastern part of the area. Detailed
geological survey in the Suoi Boc - Suwoi Cu zone and geochemical and geophysical sugveys in the Suoi

. Boc zone were executed.,

The following conrlﬁ;io‘ns were obtained Ihrdugh the above field survey and subscquent

apalysis.

Regional gco_ldgica_l survey

(1) This SUIvey arca belongs to the “Wesi Bacbo" tectonic provmce. Tbe bascment of the area

compnscs the Proterczoic melamorphm rocks xcprcsenled mamly by gunsscs Uncanformably © .

overlying the basement are mc(ammphlc and sedimentary rocks of Cambrian to Permian age,
pyroclastic and sedimentary rocks of 'Inass:c {(Early and Late) agt and unconsohdalcd Quatcma:y
sediments. Grasitic aad gabbroic bodlcs iniruded iato the Pmlcrozmc area and abundaul small

ultramafic bodies are recognized in the central part of the area.

(2) The principal s'l:uch.jra'l 'ltend. of the “West Bacbo" is NW-SE syslcm “The Proterozoic to
Crdovician rocks in the norlbcaslcm and souiheastem patls ofllus area are intessely conlmlled by !hc
above slmclurc with soine faulls of thé same trend. - The, rocks of !he central part are cha raclesized by

. the structoral irend of WNW-LSb o E-W, and Drvoman to Perm:an sirata form two anllc!monums

© that have 'pa'raf[e_l aligonents and piunge westward, Some faults afe developcd parallc! to the above

stiucture.  Additionally, Carbopiferous to Upper Triassic sirata extend in the N-S (0 NNW-SSE
direction in the southwestera part of the arca.  Thus, the whole area is divided tectonically into three

blacks.

('i) 'Ihc mmeml:zahon in Ihls smvcy arca is lhose of gold, lead- zmc. and platinem- coppcr-'

‘atckel. l!ov.cver, in all cases lhc mmerahzalmn lS »ely weak and no w:despread mincralization zone

.has been found in the area.

3-2) Aliﬁough the origin of the gold mineralization is supposed to be hydrothermal gold-
bearing quariz veins, the cssential characleristics of primary deposits remaio unknown because the

- deposits were not discovered through this field suivey.



3-b) The lead-zinc mineralization is tep-re-sen!éd | by the Suoi Can mineral showing of
hydrothermal vein type. This showing is hosted by the Middle Devonian limestone, - The exposed
ore body is 30 ¢m wide and no parailel vein was observed near the body. The content of lead is

8.86 %, but the cxposed ore body has very smalt dimensions.

3-¢). Platinum-coppér-nickel mineralization occur in and around liramafic bodies “that
intruded during the Permian time. The ultramafic bodics are generally small with several ncters 1o
100 m width. The assay results for platinum are not high with the maximum being 40 ppb.  The
contents of copper and nickel are also approximately 0.1 %. Thus, this type mineralization is very

weak in this arca.

(4) As a result of stream scdiment geochemistry, there is a possibility that the clement of Cr is

concentrated in some uliramafic bodies.. However, the geochemical exploration revealed that no

anomalots zonc related to significant mineralizalion was found regarding to the other clements.

f (5) Taking all information on geology, mineralization, and gcochémis!#y in’ this area into
consideration, it is not necessary to select areas for further détailed suivey within this regional survey

afca.

Detailed geological survey

(l) The' Sucn Boc - Sum Cu zone is undcrlam clmﬂy by lhc Mlddlc 'lmssnc lnmeslone,
muds{om‘, sandstone; snllstonf: and conglomc:a(e._ 'lhese rocks are classnf:cd mlo fwo rock facies
consrslmg limeslone and lhe other clashc rocks lhc sfrata of 1wo rock facms f:xirnd ia the N-§

direction with faults paraltel lo this direction and the strata form mmphcalcd folds

“(2) The detailed geological survey in 1he whole area revealed that ao new miocralization zoue

~ similar o the known fwo zones was present, I has been pointed out through first phasc sutvey that

theé Suoi Boc mincralized zone may be of massive metasomatic lead-zine (ypc hosted by Iimeslonc

" 1owever, judging from the results of lhe delalted survey of this phase tb|s mmerahzal:on has a

possibility to be of hydrothermal vein type hoslcd by sandstoric with a slnkc of N30° W

(3) As a result of the soil geochemical exploralion in the area revelving alound'lh;e- Suoi Boc
mineralized zone, four anomalous zones for Pb and Zn were detected,  In the center of one strong
anomalous zone, Pb and Zn conlents are very high (Pb: 29,000.ppm', Zn: 70,000 pprs).  The Suoi Boc

mioeralized zone is located near the center of the anemalous zone, thus the soil geochemical

— 3 -



anorzlous zone occurs in good agreement with the mineralized zone. In other threc zones, Pb and
Zn contents of the central points are also high (Pb and Zn: over 1,000 ppm). Thus, these zones arc
belicved to indicate lead-zine mineralizalion.  From this fact, itis concluded that the area around the

Suoi Boc mineralized zonke is promising for finding lead-ziac deposits other than the known onc.
Geophysical survey

(1) The low resistivity Zones of less than 50 obm-m arc detected in the northeastern edge and
central part of the survey area.  The low resistivily zones of less than 100 ohmi:m are scattered in the
_areas connecled the low resistivily zones less than 50 ohm m.  These low resistivity zones reflect the

 distribution of mudstone that showed the lowest resistivity in laboratory.

(2) On the Suoi Boc mineralized zoae, the cbargeaﬁiiily islonly several ins higher than the mean
- value of the whole zo'pe. and thus no IP apomaly was detecled, ::This can be understood from the
_reason that two factors work ldgﬂhcr. One is the lLitile difference between ore and sandstone in

:chagcabi!ily (p:bvcd by the laboratory lesls).'. Another is the small size of the mineralization zope.

3) TwoIP anomahcs maore lhau 60 ms are detected in the nottheastern edge and nnddle east

cdge of the survey acea. . 'lhe anomaly in the northcastern cdge is the slmng one conlammg the

measuring point ‘more than 100 ms., ll is ioferred that the strong IP. anomalics result from

mmerahialmn conlaining pynte, grapbite, or clay undeér the gmund Moreovcr. the IP anomaly in '

lhc m:dd!c east edgc is nolcworlhy because it and a Pb- Zn so:l gccchemlcal anomatous zone partlly -

conf:spond earh oihn

Recommendations for Third Phase Sur:véyl

From the conclusions reached during the first phase and second phase snf'w"e.ys, the fotlowing

_ work is recommended for the third phase survey to be cartied out in Fiscal 1995,

(1 i)ri]ling exploration for an area arovnd the Suoi Boc Prospect

(2) Detailed geo]ogical survey in the norihwestern part of the first phase area for an arcaof 5

ki X 8 km ; Stream scdiment gcdchémical aromalics for Pb and Zn are concentrated in this pad,

- -



RS

oy

1.2-2. Western Thanh Hoa Arca

The sutvey of the second phase cansists of regional geological survey and detailed gealogical

survey.

“Regional geological survey was carried out in the area on the west of the first phase arca.

Detailed géoiogical survey was done in the Luong Son Mineralized zone.

- Conclusions -

Regional gcological survey

(1) This survey area is situaled at the porthern edge of the “Triongson™ teclonic province.

‘The arca is wnderlain by the Cambrian  melamorphic basement, the unconformably overlying
© .Ordovician to Triassic metamorphic rocks and marine and contincntal sedimentary mcks, a large

‘ :j_amount of Jurassic pyroclastic rocks (pattly mterbedded with sedinientary rocks), and lmconso!ldatcd

Quateznary sediments. Late Triassic gabbms. Late Crclaceous to Palcogcnc gramllc rocks occur

widely in the northern to southeasters part of the arca.

(2) The melamorpb:c, sedimentary, and pyroclastic jocks that constitute this area gcncra]ly ‘
havc NWw-SE to WNW-ESE s!ruclural ttend The trend is roughly controlled by the major one of the
“ l‘wougson pmeI:e. M appears lhal 1hese rocks consist of a scties of folds w:lh Ihc- same irénd of |
axcs as that of the T Iuongson . ln lhe norlhem half of the area, fau!ls are developed in he :

WNW FSL dlrcchon and Ihc gramhc bodlcs also exlend in this d:reclton [ In ihc southern half of .

. "the area fau!ls of four syslems cccur in a complcs pattern, 1hal are !eprescnlcd by E- W NW S!,,

NE- SW and N-S.

(%) The mincralization is very weak io the whole area and no remarkable mineralization was
found excepl for only ene locality of coppés mmeral showing. The Western Muong l,y miaeral -
showmg compnses four copper-beating quatlz véins within an atea of about 20 m wadlh The vr_in$

are hoslcd by Middle Tnassu: conglomerale and sandstone wnh the maximuni widit bemg 7 em. ln

. view of- the smatl dlmcnsmns of the showmg and low content ofcoppn (0.69 %), the showing is fot

noteworthy for copper mincialization.

(4) The geochemical exploration with stream scdiments revealed that no anomalous zone

related to sigaificant mineralization was detected about all eleven clements employed.



(5) Judging from the data on geology, mineralization, and geochemistry, no further exploration

is needed in this regional survey area,
Detailed geological survey

(1) The Luong Son Mmtrahzcd zonc is underlain mamly by the Middle Tnasalc sandstone,
': Jurassm (’*) dacitic crystal fuff, and Late Triassic intrusive gabbro, The sandstone occursin a major
' pan of the area and extends generally in the NNW-SSE direction. The strala are iuferréd to consisl
-ofa serics of folds with aboul 2 km wavelength. The gabbroic bodics intruded into sandstone arca

and extend roughly in the N-S direction.

(2} The gold-bearing hydrothermal quariz veins are concentrated in this mineralized zone.
* They are hosted by the Middle Triassic sandstone and mudstone as well as Late Triassic gabbreic
_ bodies. Durmg first phase survey, three sites of quariz vein were exammcd and the chemical
"analysxs of the collected samples revcaled that the highest content of gold was 024 gft. Eight
oulcrops and 15 {loat zones of quanz vein were newly discovercd through the detailed survey of this
phase. The bighest content of go_ld obtained is 0.05 g/t, as a result of chemical analysis fpr samples
collected from those tocalities. The hydmlheinial altesation ?nﬁe with kzolin minerals oc;:'urs on the
.tasl of a gahbroxc body Jocated in the central pari of this arca. * The zoue \§as disflosed to be of about

600 m width and extesds roughly io the N- S direction lhrough lhe prcseﬂl detailed suwty

(1) Asa resull of!he sonl gtochem:cai exploxaubn four s!tong anomaious zones for Au {Au >50

ppb) were dctected in the noz{h“es!em patt of the arca.  No remarkabie lrend of zones is recognucd
bccause the mnes are spo:adlca]ly scaltered., llm\cver, judgmg froin - hlgh Au' contents of the
anomalies, the anomalows zooes are beheved to imply gold mincralization. Therefore, it cin be
stated that this area has mineral potential for gold with possibilities of finding gold-bearing quariz

veins near the anomalous zones other than the knowe veins.
Recommendations for Third Phase Survey ,

'1 be l'ollowmg \mtk is rccommcndcd for thlrd phasc survcy because of the conc!usmns reached

. durmg ﬁrsl phase and second phase suIvey.
(1} Treaching oh_lhc Au  soil geochemical : anomalous zones for the Lueng Son

mineralized zone is order to assess the mineral potential, particularly to discover new gold-bearing

‘quarlz veins

.
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(2) Detaited geological survey for the Coc Thuong mineralized zone and the surrounding area
which is located in the southeastera part of the first phase area ; Quarlz veins are concentrated in this
zone where the preseuce of gold was confirmed at some places. Sttcani scdiment geochemical
anomalics for Av and Cu are found to occur concentrated over this zone. Thus, this zone is

proniising for finding gold deposits.

1-3. Outline of the Third Phase Survey

1-3-1.  Conitents of the Survey

The thisd phase survey comprises four drill holes totaling 742.70 m in length and trench survey
with a fengih of 600 m on the Suoi Boc zone of the Van Yen area. Table 1-1 shows the conteats of

the third phase survey. Laboratory works conducted are laid out in Table 1-2.

Table 1-1 Survey Contenls

Conlenls . Amount of the Works

“|Drilling survey 4 holes, 742.70 m in total drilled length

Trenching 3 lines, 600 m in total irenched length

* Table 1:2 - Ainount of Laboratory Studics

Drilling Survey -

- ltem - o ~Amount |
{1) Thin seclions 3 . B 19 pcs
(2) Polished sections : 7 pcs
(3) X-ray diffraction analysis ' ' i2 pcs
(4 ) Chemical analysis

a) Rock (Au, Ag, Cu, Pb, Zn) S : 41 pes
b) Ore (Au, Ag, Cu, Pb,2a) .~ . . Bpes
(5) Measurement of Resistivily and potarization - 17 pes
" Trench Survey

ltem : e - Amount
(1 } Chemical analysis -
a) Rock (Au, Ag, Cu, Pb, Zn) 100 pes
b) Cre {Au, Ag, Cu, Pb, Zn) : 30 pcs




1-3-2.  Survcy areas

The survey of this phase was carried ovd in the Suoi Boc zone, which is located in the

nortbwestein part of the Van Yea Arca.  The Suoi Boc zone is énclosed by the following coordinates.

1] 21°1346'N_ | 104°38'46°E [ 3| 21°13'05°N 104°4021"E |
21°12'41°N ~104°3914€ .. | 4| 21°14'01°N 104°39'51°E
- 1-3-3.  Objectives of the Third Phase Survey
(1) Major themes
The principal objective of the sur\'ey is to find a new mmeral deposlt in the Van Yen and
Wrstfm Thanh Hoa areas Ihtough !he explorallon and examidation of geology and mineralization.
Lead-Zine mineralization hostcd in the Mlddlc Triassic sedlmen!ary rocks are obsetvcd in the - §
Stioi Boc zone. . Pil survey done by GSV irevealed thal a mineralized zone with galcna and sphalerite -
has 0,110 1.0 m wide. _ , '
' No outcrops of mineralization were found i in Ihe course oflhe ficld survey of the prekus )ear,
but ore tumps dug out fmm some pllS were obsen ed ‘ )
bo:l gcochennslry de]mcaled by the “ork of lhc second phasc shows Ihal therc are four hlgh
‘content zones of Zn in Ihc Sum Bo¢ zoane. Fhe strong IP anomalies lhat were composcd of - hlgh
chargcablhty more than 60 ms were detected in the northeastern part and cmlral pari of the survey
area.
Based on the resulis of the previous year, the following works were carried out as she main line
* of work for the third phase.
_ l)nl!mg aud Irmchmg
To c!anfy lhc condnllons of subsurfacc !ead aud zinc mineralization § in the geochrmlcal ‘and ' g

gcophysual anomalies. ‘ ‘ ,
1-3-4. * Method of exploration

(1) Drilling

1} The geochemical and geophysical anomalies confirmed by the ptevious works were drilled,



oy

2) Drilling work was codducted by Drilling Technology Centes of GSV.
3) The final diamcter of the cores was larger than BQ.
4) Core handling

i) Recovered cores were placed in core boxes with the dircctions clearly marked and were

stofed in corc shack designated by GSV.

5) Study of cores _ _
i) The cores were studied with care and £:200 scale cotumns were prepared.

ii) Microscopic studies of the cores were made as necessary..

{2) Trench smvéy

1) Trenches were preparcd with a width of 1 m to expos¢ the basement.

" 2) Treaches were sludied in detail on geology and Ihe conditions of mmc:a!tzatlon, and
geologic sketch at scale 1:200 was generally made. " Detailed geologic sketeb at scale 1:100 was o
dc.mc‘in the mineralized pasi, .. | '

" 3) Samples were cotlected to clarify the geology a:nd ihe nature of mincralization.
1-4." Members of the Third Phase Survey -
(1) Members F;a!iic_ipaling in thc Project

The work of the lhlrd phase was camcd out duting lhe pcnod of 8 Septcmber 1995 to 28

E Fcbmary 1996 Fic!d \\ork was doné from ll Scplember 1995 to3 Janualy I996 The members of .

“the su:vey team are as follows

Vielnamése Side _ ‘ _ : :
Coordinator . Hoang Minh Hue (Geological Division No. 3, GSV)

Japanese Side
" Survey thbers of Nikko I3 xplouuon & Dcvclopment Co.; Ltd,
Team leader B Yonchare MATANO
‘Drilling li.nginecr o ~ Saichi ISHIT



CHAPTER 2. GEOGRAPHY
2-1.  Location and Access

The Suoi Boc zone of the Van Yen arca is located in Son La Province, about 125 km west of
.}lanoi. " The large village catled Phu Yen lics in'about 4 km north-noribwest of the zone. Its
population is about 3,800.  Small villages are scattered in the intra-montane basins around this zone.

Three routes to reach Phu Yen from Tlanoi are available. The shortest one leads to Phu Yen
via Son Tay along the Hong River. The distance along the read is approximately 170 kn and it is
about seven houss drive by jeep. In this route it is necessary to cross the Pa River by ferry at lhé-
point to the west of Ba Vi. - The road is flat and paved from Hanoi to Ba Vi, while from the Da River
westward the road is unpaved and leads to Pl:u Yen wa Thaoh Son. | '

There is only one wopaved road from Phu Yen o the western patl of the Suoi Boc zone.

C2:2, _']‘opography: and Drainage Syslems

The Swoi Boc zone is situated in the mountainous belt that ranges in altitude from 200 m'to 500

m. - The major trend of ridges and drainage system is chararlcnzcd mainly by the N S direetion,
" which is the ditection of main geological structure oflhe zone.  Because the eastern part of the zone
is underlain by llmeslune, lyp:cal karsi lopograpby is obsewed

The pnnclpal streant oflhe Boc Stream flows “eslward and it’s wndlh is below fm,

2-3.  Climatc and Vegetation

The whole of Vietnam belongs to the Asian monsoon climatic zone. Climate is similar for the
Van Yen aud Western Thaoh Hoa Arcas, since both areas are located in the humid, semi- Iropical
c]imalic region. The areas have two seasons, rainy (May to October) and dry {November !o Apnl)

"'The prccnpxlahon is ]ow during the dry season jo fhese areas.” There were three 16 four rainy days

pcnodrcally w:thm seven to len days survey from Novcmbcr 10 [)ccc-mber Rainy days are frequrn! :

uviil the nnddle of Oclober, but almosl everyday is fioe from the begmnmg of Novembcr

Hot days continue until the end of November with the temperature ap;:srmmhingi 30°C.  The

temperature fluctuates from 20°C in the day tinie 1o below 10°C at night from December,

The climatic data have not beew oblained for the survey atcas concerncd.  The monthly data in

- 10-_.
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Hanoi is listed in Table 1-4 for reference. The temperature and precipitation are relatively lower and

higher in the mountainous survey areas than the data below.

Table 1-3  Monthly Meteorological Data in Hanoi

. : Jan 1 Feb | Mar | Apr [May | Jun | Jul { Aug | Sepi Oct | Nov | Dec
Max. Temperature ('C) o0.4] 204) 23.1| 27.3] 31.71 32.8] 32.7| 32.0] 30.9| 28.8] 25.6 22,0
Min. Temperature {'C) 13.8| 14.7] 17.5] 20.8] 23.9; 26,5 25.7] 25.4] 24.3] 21.8] 18.2{ 15.0
Ave. Tempeiature {*C) 16.6] 17.1] 19.9] 23.5| 27.1| 28.7 23_.8 28.3| 27.2{ 24.6| 21.2| 17.9
Ave. Humidily (%) _ 80 84 a8 87 83 83 83 85 85]. 85 81 81
Precipitation {mm) 18 26 48 81l 194] 236] 302 323] 262{ 123 47 20

(Japan External Trade Organizéli,on,: 1990)

The areas of low almude are covered by subtmpxcal ram forcst in bolh rcgmnal SUrvey arcas.
" Most of the mountainous parts, on the other hand be!nng to the tropical hlgh forest zone, and
generally are covered by the dense cvergreen broadleal‘ and conifcrous trees. Mosl of the towlands
have been cullwatcd for paddy tice because of much river water supply, and m:my placcs have also

’bcm cullwalcd for upland rice by the slash-and burn agncul(ure even on the steep mountain sides.

. The shght slope of thc moumammls parts io the Suoi Boc zone is utilized as yam patches.
The steep slope is covercd by shrub aad \\u:d The “cstcm intra-montanc basm of the zone has

been cultivated for paddy ﬁeld

.

CHAPTER 3. ' GENERAL GEOLOGY AND MINERALIZATION

* Comprchensive review of geology and mineral resovrces of Vielnam was carried out by Pang

Trung Ngan ¢t al, (1981) GSV (1990), UNESCAP (1990), 2nd GSV (1991)

" These are excellent reference material for undcrslandmg lhe geologlc cc-ndmons oflhc counlry
UNESCAP (1990) is based principally on a book titled “Geology and Mineral Resaurees of Viet Nam”,
jssued by the General Depariment of Mines ‘and Geology (GDMG) of Viet Nam in December 1988.

Although stratigraphy of each geologic proviece has been: tcpoited. using representative

stratigraphic names in GSV (1991), these names ar¢ nol accepted in this report due 1o difficuity in

specifyiog their type localities, but the symbols of the geologic units in the above ceport are adopted as



a rule.
3.1. General Geology

The geology of the gorthern part of Vielnam is divided into four tcctonic provinces bounded.

"“They are the “Litlorat Bacbo™ and ‘;Viclbac”.provinccs in the northeast and the “West Bacbo™ and

“Fruongson” pravinces in the southwest (GSV, 1991) as shows in the Figure 1-2. The Van Yen Area’

is localed in southern end of the “West Bacbe” and lhe Weslern Thanh Hoa Atca is situated in

northern ead of the “Fruongson” province.

‘The “West Bacbo” tectonic province is in fault contact with the “Truongson” province. - Thisis

the Ma River fauit trending in the NW-SE direction along the Ma River.- The Paleozoic, Mesozoic,

and Cenozoic strata are accumvlated successively over the Proterozoic units in both provinces, but

there are some geological diffescnces (sce Figures 1-3 and 1-4),

- In and around the survey areas, the Prolerozoic to Cambrian, Cambrian to Lower Ordovician,

Lower to Middle Devonian, and Uppei Petmian to Uppfr Triassic steata are widely developed, and the
© Ordovician (o Silurian, Upper Silurian to Lower Devenian, Upper Jurassic to Upper Cretaccous
units are panly found. The Cenozoic formations wilh.thé éxcepiibn,of the Quateroary unit are
restricted and sporadic. . ' | '

The Pro!cmzom lo Cambnas and Cambnan to Lower O:dovxcuan umts accur mamly od the
right banks of ihe Da and Ma Rivers, and are composcd of melamorpbxc rocks, namt;ly crys!allme
" schist, quarizite, and marble as \\ckl as limestone. The inwcr to Middle Dcvoman are composcd of
terresteial red clastic rocks acd marine sedimentary rocks consisling mainly of shale and sandstone.

They occur on the peﬁphery of the Proterozoic to Cambrian and Cambrian to Lower. Qrdévician
- masses.  The Upper Permian 10 Upper ']‘riassic.unils'nc'cur most widely in the survey arcas.” They
are composed mainly of seditnéut_éry rocks, namely carbonate rocks, sa'ndslon.e. and shate and occus
pértiy wiih'vél(‘anic'and pyroclaslic n‘)cl;s, suchk as ‘andefsilc. bésé!!, and rhyolite. Felsic voleanic
rocks judged fo be the Jurassic ;6 l(frctﬁccous also;widclf occur in the “Truongson™ province in the

south.
Intrusive magmatism in the northern part of Vietnam took place in four stages, namely,

Prolcmzdic, Latly to _Middlc Palcozoic, Late Palcozoic 10 Baddy Mesozoic, and Late Mesozeic 10.Ea‘r!y

Cenozoie times (Figures 1-3 and 1-4).
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In and around the susvey areas; the Proteiozoic intrusives intruded concérdanlly inlo the
Proterozoic metamorphic rocks on the right bank of the Hong River. Besides, Early to Middle
Paleozoic felsic rocks consisting of diorite and granite and Late Paleozoic to Early Mesozoic felsic
rocks of the same nature as the above are located on the right bank of the Ma River (“Truongson”
5 proevince) occurring as fairly large masses.

Ultramafic and mafic tocks: are found as Early to Middle Paleozoic and Late Paleozoic to Early
© Mesozoic inteusive rocks. They consist of duﬁilé and gabbro and torn oul generally in the shape of
small leaticular bodies. ' ' _

Although Late Mesozoic to Early Cenozoijc inlrusives are widely de#c!opcd in the Tu Le 1egion,
: tﬁc central part of the “West Bacbo” province, they are restricted in the southern part of the Weslecrn

Thanh Hea Aréa.

'3-2. - General Geologie Structure |

Geologic strucivre of the northers parl of Vietnam is complicated from tepeated tectonic

movementsl extending over l:;ng geological age. . Evéry tectonic pmvinée’ such as' “Wcsl Bacbo”,
“Trumigsoﬁ" and oihers,‘is' aligned in the NW-SE direction. Boundancs of lcclonic provmces are
thie main fectonic lines that e\(tend in the NW-SE direction along the lHong and Ma Rivers. Many
~ NW-SE faults palaliel to the main fectonic lines exlsl in the tectonic provmces and control the

occurrence of strata.. Furthermore, intrusive rocks occur concordantly with the NW-SE structures. ‘

The “West Bacbo” and “Truongson” provinces are siluated at the contaet of South China and
‘Indoching plates. 'lt'is'gcn'erally beligved that the s’ep’arélion and'join'i;ug of these l.wb. p'laic'S had bc:en
repeated during Palcozmc to Cenozom hmes, bul delalltd (cctomcs are not verified yet These plate
plovemenls were accompamed by the forma!lon of ®ifl 7ones, obducllon zones, and subduction Zones,

s well as with sedimentation, NW-SE slnkmg strata, and the formation of tectonic Jines.

Structural conteol in the NW-SE ditection is semarkable also in the survey areas. The wide

' sprcad Upper Permnan to Upper Triassic unils cover an area of 20 to 40 km wide clongaicd in lhc

. Nw. ‘3[* ‘direction. The Proterozoic lo Cambuan and Lowct Paleozoic umis ate also tocated in a

horseshoe-shaped arca elonga!ed in the NWw- SE direction.” These strata used to con!acl with each
_other by NW-SI irending faults. lntrusives on the right bank of the Ma River are concordant with
“the NW-SE steuctures and smal! lenticular ultramafic to mafic intrusives slso occur scattered along

the NW-SK trending tectonic lines.
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3-3. Mincralization

The long and eventful tectonic movements in Vieliam resulled in a varicty in mincralization.

Metallogenic epochs can be divided into the following five.

Precambrian epoch

1arly to Middle Paleozoic epoch :

Indosinian Epocb (I.ate Catboniferous to Late 1‘ria$siir)

Late Mesozoic lo Farly Cenozoic epoch' {mainly Cretaccous to Palcogene)

Neogene to Qualernary epoch

Many uscful mineral deposits and showings are located iu. the porthera partl of Vietnam as
shown in Figure 1-5.  Based on the UNESCAP (1990) several mineral deposits and showings of gold
copper-nickel, tin-tungsten, and placer chromite are revealed in and arouud the survey arcas.

Lead-zinc deposits and showings are also observed, but they seem 1o be small.

* Koows mmcrai depos:ls in and around Ihe survey ateas arc summarwcd belaw,

As gold deposits, the Kim Bm deposn in the ceoiral part of the Ha Snn Biob Proviace, and lhe
l ang Neo, the Lang Mo, and Cam Tam dcposns in the norlhem part of lhc Thaoh Hoa Provmcc are
known These are vein deposits rmplaced in the Cambrian limestone, Latec Permian and Harly
- T nassu‘ mafic volcanics and Triassic scdlments Thc Suoi Tiat mmc is now under operation in the
wrslem pan of the Van Yen Area as gold bcanng coppcr dcposn Placer gold dcposus are found in
. most of lhc streams ia the mounlgms These are rather small and ool known in dctall '
As a rtpjrcsenl:ilivc nibkel-?oppfu.depc:)sil, lhe:- Baii Phuc deposit is known ie Ta Kboa icéion,
- Son La Province. This largest nickel- c'oppcr sulfide deposit in Victnam is of veiu and disseminaiion
{ype accompanying ultramafic bodics of Permian to Fnass:c age. This depositis located on the right

bank of the Da River in the Da River Mob:le Bcll

As tin- -tungsfen deposil, the Quy ]lop deposxl composed mainly of placer 5 known m the Nghc _
' An Province. - Also cassiterite-sulfide veins are found in c:yslallme ‘schist in the vncmlly ‘ Tln-'
tungsten pncumatolytic to hydrothezmal mineralization zones are developed in the Bu Me Pmspcct in -

“the Western Thash Hoa Area. ‘This is now being explored by GSV.

As placer chromivm deposit, one in Nui Nua region in the castern pait of Thauh 3loa Province

is known. This deposit is situated around an Easly to Middle Paleozoic ultramafic body and has been

_lg__



mined for a long time in large scale.
As lead-zinc deposit, the Cho Dien deposit in the Bac Thai Province is well known., In the
survey areas, however, lead-zinc deposits are sporadically tocated, and delails on dimeosions and

location are nol known,

.CHAPTER 4. DISCUSSIONS ON TIIE RESULTS OF THE T HIRD
PHASE SURVEY :

4-1.  Geology, Geologic Structure and Mineralization

The geology of the Suoi Boc zone consists of Middle Triassic sed:menlary rocks, Cretaccous

dacite porphyry and aplale. and Qualernaxy sed:mrn(s The Middle Triassic 6ccurs in the main part

of the zone and is divided into two rock facies.  One is the clastic sedimentary rocks composcd

‘chlcﬂy of black mudstonc with siltstone and sandstone subordmate]y Slltslonr and sandstone

prcdommale in thc weslern part of the zone, “hercas mudstone replaces the former in lhe eastern part.

The other is pa}e gtay to black colored hmeslone

' The beddings are partly devetoped in. mudstone, sﬂis!one aod sandstone in the zone. ~ The |

beds have generally N-S te NNE-SSW siuk_es aud dips from 20° ‘to 70°E. _

Th.e Quatcrinary occurs as é belt in the wesicm towland extending in tl-lf.N S diifction

‘ Dacite porphyry aod aphle are intruded mio c!ashc sedimentary ! mcks near the boundaly
bcl\wcn the clashc rocks and limestone, and are ahgucd in NNL SSW dm‘rlmn : o

Mam faull systenn in the’ zone has NNE- SSW direction. : ‘ ' ;

l-rom !he above facts itis conciudcd that the gcologlc slmc!ure of lhc zonc is charac!enzcd by
N- b (o NNE-SSW system. : L

Quarlz vein and silicificd zone revealed in clastic sedimentary rocks by irench survey have

sirikes of N-S dnecllon Also breccialed veios m Iihxcslpnc are oriented from NNW-SSI, N-S 1o

:NN[* SSW dlreclmn

_ j‘he mincralization c:jo'nfinﬁ_cd in this zone is sonic lumps;of Pb-Zn ore dug out from a pit
pr'epar'cd.by GSV. " This lumips of ore consist mainly of cerussite and sphalesite with a swall amount
of pﬁitc;ga!cna énd anglc’sité Accordmg to GSV mineralized zone ip the pit bas 0.1 to 1.0 m in
width. Itis prcsumed that this mineratized zonc is hosted by clastic sedimentary rocks, as there is
an exiremely l_arge. amount of clastic rocks in the waste dump of the pit.

The cxtent of quartz bearing silicified zone leads to the above mentioned pil in a distance of
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about 15 m.  The width of this silicified zone is nearly cqual to that of the mincralized zone.
Also this mineralized zone is hosted by clastic rocks.  Consequently it is supposcd that the silicified
zone is conlinuous 1o the mineralized zoric and this Pb-Zn mineralization is vein-type one hosted by

clastic rocks.
4-2. Geochemical Anomalics and Mincralization

As a result of the soil geochcnﬁcal cxi)lorati(m in the Suoi Boc zone, four anomalous zoncé for
Pb and Zn were detected. ~ Three of those anomalics are aligned in a line ncacly oricated to NNE-
SSW direction. " The Suoi Boc minéralized zone is located within the onie anomalous zohe of those
thrce. " The anothef one geochemical anomaly neighbors on 2 high chageability anomaly oblained

by geophysical survey.

Four sonl samples co]lcclcd around lhe Suoi Boc mincralized zone contain more Ihan 0.1 % Zn.

Two of those samples contain 1.1% and 7. 4% In. The geochemically anomalous samplcs collected

‘in ihe nmlh of the mincralized zone mnlam shghl]y higher than 0.1% Zo. Thc content of Zu in the

former anomalous zone is 1ather high in comparisen with the Jatfer.

The sample point of 7.4% Za in content is Iocaled near the above mentioned pit. I is

" supposed that this soil sample tonlammg fragmenis of ore dug oul from plls or old tunnel was

_ Collected.

" IUis considered that the contenl of In in this sml samplc indicates not to have l'ormcd lhmugh
uealhermg but to havc resutled l‘mm the amhcnal addluon of Zinc concenlraled ma!enals

Thcrc ate two 1ypés of mmemllzahon in the trenches dug on lhc gcochrmlcal anomalous zone

' a_mimd the Suoi Boc mmcrahzcd cone. . One'is limonite beanng silicified zones hosted by dashc.

- sedimentary socks.  The anothes Lype is Jimonite nelwork and veinlets hosted by limestonc. -~ This

timonile bearing silicificd zone and the Pb-Zn mineralized zone constitute one continuous vein-type

mmeraluallon as descnbcd above. “The geochemwal anomahcs around the Suoi Boc mmﬂahu:d

o zone is supposed to have been caused by ncl\\ork vcmle:s mincralization and Pb-Zn bearmg vein..

"It is consequently con51dered that gcuchcm:cal anomaly around the Svoi Boc mlncrallzcd zone -

" has detected vein-typé mmcrahzahon in clastic mcks and limestonc. S TR NP

H

Soil samples in the geochemical anomalous zone have from 0.12 t0 0.20% Zn,which is'detected

“in the north of the Suoi Boc mineralized ionc. Two trenches, namely MIT-2 and MIT-3, were

prepated jo this anomalous zone.  The geology of these trenches consists of limestone. ~ No skatn

miaerals are found in the trenches.  There are brecciated vein, network and veinlets, that contain
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limonite. © The extent of dense distsibution of brecciated vein, netwosk and veinlets corcesponds
with that of geochemical anomalies.
It is concluded that the geochemical anomalies in the niorth of the Suoi Boc zone have detected

a mineralized zone constituled by brecciated vein, network and veinlets in limestone,
- 4-3.- Geophysical Anomalies and Mineralization

The stcong IP anomalies were detected in two localities of the northeastern part and one locality
~ of central parl of the zone.  These anomalies are aligned in NNE-SSW direction and lie in clastic

~ 1ocks beside the boundary beiween clastic rocks and limestoze.

Two anomalies were examined by drilling, samely MJVS-1 and MIVS_4.

The geology of drilling boles consists of black mudstonc a‘ud shear zone. ~ The shear zone is
constituled by fragments of fine- gramed sandstone, ‘black mudstone, limestone and calcarwus
“miudstone with a matrix of pehuc materials. '

There are :arc!y pyule dissemination or vemlcts of quariz and pyrite in the fragments. © Pyrite

dissemination is observed in a very small part of matrix.  1tis'not considezed that sulfide minerals _

.m dtilled cores had caused IP anomalics, because total volume of sulfide minerals is extremely small
The results of geophysical propertics measuremculs are follows. o
Linicstone breccia: with p)me dissemination has “high chargcabnlny One fine- gramed

sandstoné sample shows the same chargeab:hly as lhc pynle dnssemmated llmcslone breceia;

lragmcnts without sulfide nminerals such as fine- g:amed sandslonr. calcaicous muds!one and
ilmestonc collected from MJVSI and MJVS 4 have b:gher chargeabnhly !han llmcslonc from

MIVS- 2 and MIVS.-3 _ ' ' ‘ '

" Mictoscopical obScrvalions On.polishéd' secl‘ia.ns of care samplcS sevealed the existence of
gréphi!e. It is widely accepted that graphite causes strong [P anomaly.
From the above facts, it is concluded that high chargcah:hty anomalies have been caused by

graphlte and !hey don t show the occutrence ‘of sulfide mineralization.

'_Three-"high chargeabilily anomalies- detected’ last year are a]ignéd 'in' NNE-S5W direction.

~Clastic scdimentary rocks in lhe zonc sirike N-S to NNE-SSW direclion.. - Three anomalies are
situated on the fracture zonc found with MIVS-1 and MIVS-4. It is presumed that these
chargeability anomalics bave been caused by partial disiribution of rocks rich in graphite in the

‘fraclure zone
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4-4. Potential for Resources

As a result of the second phase survey, it was concluded that geochemical anomalies and high

chargeability anomalics in the Suoi Boc zone have been promising for Pb-Zn ore dcpusﬁs.

Trench survey and drilling survey were conducted in two geochemical anomalies. ~ The
resulls of these works arce follows. - :

Geochemical anomalies were caused by the existence of vein-type mjncralization. 3 Skarn ore
deposits ate nol expected to occur in these anomalies, because no skarn minerals are found in elastic
rocks and limestone below the surface. '

Vein-type mineralization occurs mainly in limestone. There are limestone caves in the

" limestone formation of the Suoi Boc zone. ~ Sulfide minerals were weathered to deeper part by free

ground water through these caves. The weathéring may teach to deeper than 200 m below the

- surface, but the limit of weathering to sulfide mincrals is vokaown. Pb-Za content of veins in the

shallow part of the éone will be fow due to the weathering fo the depth of 200 m below the surface.

The width of brecciated veins containing of limonile in the trenches is 0.2 i in maximom.

“The widih of the similar veins in the drill holes teaches up 1o 1.5 m. * No big Pb-Zn vein dc'posit is

possibly expected to occur, because the widih UI vein in the dccper part than 200 m below the surfdce

is not feasonablc to become sharply thicker.

Shear zones composed ofllmomle and clay, are found in uenchcs and drill holes..  The width

of these zones is 7.5 m in the trencb Many shear zones are found in the drilling holes. The :

genesis of these shear zoncs is mlcrprcied in lwo ways. - f One is the wca!hered products of a.ul[idc :
beasing breeciated veins.  The allcmahvc is that shear zone is composcd of limestoue’ fmgments :
and suiface soil collapsed into ancient dolises. - High content of Pb-Zn is rare in the deeper parl of
the veins, 45 the limestone fragments occupy the main part of the veins even thongh the gcne.sis isthe

former one.

: Two high chargeahlltly Zones o[' lhrtc oncs dclcctcd by prcwons gcoph)’swal “ork “were
¢xamined by two dril) holes. It became clear that bigh chargeablhly anomalies were causcd by the
existence of graphite in the clastic sedimentasy rocks. ~ No lead and zinc ore dcposn is expccted lo

occur in the high chargeability zones.

- As the result of the drilling survey and trench survey donc this phase, no indication for

discovering new ore deposits was found.  Therefore, ao further explozation is needed in this zonc.



CHAPTER 5. CONCLUSIONS AND RECOMMENDATION

5-1. Conclusions

The survey of this phase consists of diilling suevey and trench sutvey in the Suoi Boe zone.
‘Amount of the survey is four inclinced drill boles totaling 742,30 i and thre¢ trenches with a tolal
length of 630 m.

The fotlowings are the results of the third phase survey and secommendations for the future

. exploration work.

- (1) The geology of the Suoi Boc zone consists of Middle Triassic sedimeniary rocks, Cretaceous
- dacite porphyty and aplite, and Quaternary sediments.  The Middle Triassic is divided into clastic
sedimentary rocks and limestone.  The clastic 'sedimmtar.y rocks arc _c'oﬁ1posed:of mudstone,
- sillstone and sandstope.  Siltstone aad sandslone predominaté in the western part of the zone,
whereas mudsloﬁe mafn!.y occurs in the caslecn part, " The Triassic clastic sedlmcnla;y rocks tend to

strike N-S to NNE-SSW direction and to dip mostly from 20> 1o 70°B.

(2) The geological structure of the zone is characlenzcd by lhe N-S to NNE-SSW dircction that
is cxprccscd as the strikes of scdlmentary rocks and faults, lhe dlsmbullon of i lgneous rocks and the

‘extension of Qualcmary scdnmcnls

i

(3)Asa lrsult o{Ihe \xork in Ihls phase, it bas bccome cleas lbal lhe genchemlcai anomalles in

the zone mdmate thc vein-type mmetah?almn The potenllal for skarn orc deposits is low because

skarn mifcrals are abscot in the Tnass:c rocks of these anoinalous zones.
(4) The Stuoi Boc mineralized zone is consequently regarded as a vein-type mineralized zoge.

(S) The bxgh chageablh(y zones de!ecled last )car by 1y survey, are mtupreled to have been
' causcd by graph:le contained in the ciasllc sedlmemary rocks. Therefore it has been proved that

' acw Pb.Za ore dcposn!s are not expcc!cd to occur'io the hlgh chargeability zones.

(6) The vein mineralization in this zone is mostly located in linicstone.  Many limestone
caves occut in the limestone.  The sulfide mincrals are considered to have been oxidized and
_ dissolved to deeper part by free ground water flowing within caves. 1t is supposed that the

weathering bottom for sulfide minerats may 1each to decper than 200 t below the sutface, although
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“the lower limit of weathering for sul{ide mincrals was not proved.

~{7) The width of brecciated veins containing limonile in the drill holes and trenches, does not
exceed 2 meter.  No big Pb-Zn vein deposit is possibly expceted to occur, because the width of vein

at the deeper part below the surface is not reasonable to become sharply thicker,

{8) Shear zones composed of limonite and clay, arc found in trenches and drill holes. - The

geonesis of these shear zones is intelp't"ctcd' in two ways.  Que is the weathered products of sulfide

_bearing brecciated veins.  The alternative is that shear zone is‘composed of limestone fragments

and surface soil cellapsed into ancient dolines. High content of Pb-Zn will be rare in the decper

part of the veins, as ihe limestone fragments occupy the major part of the veins cven though the

© genesis is the former one.

5-2.  Recommendation for Future Exploration:

As the result of the drilling survey and trench sQrvéy donc in this phase, no indication for new’

ore deposits was found.  Therefore, no further exploration is nceded in this zone.
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PART 2. DETAILED DISCUSSION
CHAPTER 1. OUTLINE OF THE SUOI BOC ZONE

. 1-1.  Outline of the Zonc _

The Suoi Boc zone is tocated in the nerthwesteri paft of the Van Yen area, and cavers an arfa
of 4.5 km .  This zone is situated in a molmlam ‘ridge arca lhal lies belween Mua River, a tributary
of Hong aner, and Toc River, a lnbutary of Da River. '

‘A geavel r0ad of 4 km is available to the western part of the zone froim Phu Yen lacated at 125
km west of Hanoi, _ | '

_The Suoi Boc zone consisls of slighly steep mountains from 200 m 1o S00 m in aMtitude. . The
‘ major trend of ridges is characterized mainly by the N-8 direction, which is the direction of main
geological structure of the zone. Because the eastern parl of !he Zone is under!am by limestone,
lyplcal karst topography is observed.  Karsl springs arc located at the wcslcm part of the zonc

There are 2 lol of howses along the road that pass the intra- mountamous basin of the m:slcm
pari of the zone.  The western towtand of the zonc is utilized as rice ficld and markcl gardcus '

The slope in the mountainous area is cullivaied as yam ficlds.

: Thc Suoi Boc mincratized zone was known |hfmigh‘ the regional 'g(‘ologi(‘.al suivey of the first
phase.  Delaited gcologncal survey, sml geochemical’ txploralron and geophysxcal suwcy ( IP ﬁ
melhod ) were conductcd in sccoud phase This zonc was conscqucntly cxlraclcd ae a promising
area for Pb-Zn ore dcposnls . S : o ‘f i
_ - Dnl]mg survcy compnsmg four ho]es totalmg 742.70 m lo evahla!e gcochcnncal anomalous
zones of Zn and l'ugh chargeab;hly ZONES, }vas carned oul m this zonc this phasc Trench survey of

600 nt in total length was ‘executed to exammc geo(‘hcm:cal anomalous zone at thc saive time.
1-2.  Geology and Mincralization

(‘eo!ogy of the Sum Boc zone consists of Middle Tnassnc scdlmcnlary rodcs, Crciaccous dacnle
porphyry and aphtc and Quaternary uuconsolldalcd sedlmenls ) hc M:dd]c T nassnc is dlslnbuled
largcly m the zone and is divided isto lwo mck facies.  Ode is lhe clashc scdmwntary rocks
composcd chicfly of black mudstone with siltstone and sandstonc subordinately. ' Siltstone and
sandstone predominate in the western part of the zone, whereas mudstone occurs targely in the eastern
part.  The others is pale gray to black cofored limestone.  The limestone fo:;ns rather steep cliffs
in mauy localities of the zone.

The bedding is partly developed in mudstone, siltstone and sandstone in the zone.  The beds
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have generally N-S lo NNE-SSW strikes and dips from 20° te 70°E.
The Quaternary occurs as a belt in the weslern lowland extending in the N-S directions.
Pacite porphyry and aplite occur in clastic sedimentary rocks near the boundary between the

clastic rocks and limestone as smail intrusive rocks, and are aligned in NNE-SSW direction.

Thesre are no oulcrops of mineralization but lumps of oye dug out from a pit in the Suoi Boc
"mincralized z.onc. Although the tunuel exploration {cresscut gallel;y)' was carried oul by Chinese
engincers in this zone during 1982 to 1983, the tunnel could dot be con.ﬁrmcd at present. ' In addition
to the above, the Mapping Division of GSV had dug five pits around the tunacl, but they have
collapsed and the delails are not clear. According to GSV, the pits were 8 lo lﬁ m deep and
mineralized zone of galena and sphalerite was found with 0.1 to 1.0 m width at onc pit. One ore
sample cellected in the waste dump'of the pit consists mainly of cerussite and sphalerite with a small

amount of pyrite, galena. and anglesile,

Four Zn géochemical anomaious zones were exiracled by the second phase survey.  One of
them covers the Svoi Boc mineralized zoné. ' ‘

High chargeability was detected by the sccond phase survey in two zones at the northcastera

5 p’ari and one zone al the ccnlralparl of the Suoi Boc zope. ' The high chargeability zonc at the

: ccnlra! parl neighbors one geochem:ca! anomaluus zone.,

The dis!nbulwn map of geochtnucal aponalies was supcnmposed on the nap of geophya:cal

apomalics. . R is inferpreted on this snpenmposed map that thesc gcochemlcal and geophysncal‘

- anomalies are almost align'ed on 2 lines. Wcslcm line is siluated in limestone or at the side oflhe

*_boundary bct\\cen Ilmesionc and clasuc sedlmenlary roclcs and consists of three zones ofgeochcnncai :

anomaly, laslcm line is constituted by thrcc zones of high chargeability and a gcmhcm;cal

- anomalous zone.
General teend of strike of sedimentary rdcks, ihe. distribution of jntrusive rocks and strike of

majo;';a'uus is N-S to NNE-SSW direction,

Iis supposcd that the distribution of gcochenncal agomalous zoues aud high chargeablhly

zoncs have been conteolled by the gco]nglc strctuse uflhe Suoj Boc zone.

Skarn lypc ore dcpos:ls comammg Pb and ln were expectcd 0 occur in Ihe Suoi Boe zone,
au‘ordmg to the following facis, ' :
- The disteibutional dircction of gcdchcnﬁcat anomalous zones and high chageability zones
coincides with the principal direction of strike of Middle Triassic.  Above anomalics occur near the
' bouudaiy'of clastic sedimentary rocks and limestone.  Velsic intrusive rocks ace distributed in the

Suoi Boc zone.
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On the other hand, appacent resistivities are not lotw, and chargcabilities arc low in the western
geochemical anomalous zoncs. It was supposcd on this fact that geochemical anomalous zones may
indicate small scale ore deposits not to geaerale l.P anomalies. _ |

It was also supposcd that the castern high'chargcahilily anomalics may have been caused by

geaphite bearing rocks, because these anomalies afe localed in black mudstone dominant arca.

The points to be proved by the survey of this phase are 1ype of mineralization in this zone,

meanings of geochemical anomalies and bigh chargeability anomalies.

CHAPTER 2. TRENCH SURVEY
| '2-1.  Outlinc of the Trench Survey

Pb-Zn gedchemical anomalics were detected m four zo.ncs tast ');c;'!r. :Thi“s(‘v anomalous zones
arc sifuated arbund thc'Suoi Boc mineralized zone, ﬁ_t the smﬁh and nerth of the mioeralized zonc and
* at the centtal parl of lhe Suei Boe zone. - . _ : .

Geochemical anomalies conccunatc around Ihc Swoi Boc mmerahzed zone. . Two soil
samples in this gcochcmmal anomalous zove conlain mare ‘than 1% Zn. ' :

Geochemical anomalous zone thal is located al the nmlh of the Suoi Boc mmuah?ed zone, is
" conslituted by four anomalous samplcs _ 'll'ns anomalou's zone exlends in N s to, NNL SSW

direction that is the geucral dlrcclion of strikes in thc scdlmcnlary tocks

T lench SuULvey was camcd oul at above two’ gcochemical anomalous zonces 10 cluc;dalc gcology

and the chatactcnsucs of mlucrahzalmn.

Three trenches werse dug.  The length of cach trench was 200 m with directions of N8O E or
"NY0°L.  The trenches had 1 m wide and were stripbcd to basement. . Three trenches were named
MIT-1, MJIT-2 and MIT-3 northward,

© M#T-1 had encounterced the wasle dump area of old pits prepared by GSV. Asa pa:l of this
treach collapsed, this part was shifted to 30 m north.  The location of the western partof MJ T-1 was

changed, because this part is positioned on a limestone chiff.

The location of trenches is'shown in Figure 2-1.  Sketch of trenches and interpretation results

are shown appendix 21 and Figure 2-3 respectively.
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Trenches were niapped in a scate of 1/200. © One hundred rock samples and thirly orc samples

were analyzed chemically with ¢lements of An, Ag, Cu, Pb and 7n.
2-2. Geology

Geology of three trenches consists of limestone, fine- to coarse-grained sandstonc and silistone
of Middle Triassic, and Cretaccous aplite.

Liméstonc is macroscopically divided into four rock facies : black massive limestone, gray
massive limestone, limestone breccia and banded limestone.

Black limestone consists of éphanilic carbonates and a small amount of quarlz and organic
maller. * Network of calcite is frequently observed in this limestone. ' '

Gray massive limestone is constituted by fine- grained carbonates.

E 1L|mc_sloue breecia conlains ftagmcnls of tlack limestone and their size is less than 10 cm.
IL:im-eslouc breccia conlains also quartz fragments.  The matrix o['lhis_brécéié is caniposed of calcite,
dolomite; quartz and mica.  The size of calcite crystal in the matrix is greates than that in breccia
and is similar to that in gray limestone. : ‘

Banded limestone has white and gray bands alternalely with 10 cm wrde These bands strike

N- S and dlp 40° 1o 70°E. This limestone is composed of [mc-gramcd calcite. Many calcite

‘veinlels occur in lhis limestone.

¢ Clastic sedlmenlary mcks in the trench are fme lo coatse- -grained sandsionc and ‘1‘!sl0nc
hesc rlasllc mcks occur only in Mﬂ -1 and aré stmngly wealhercd and loosc
Aplltc occurs in MIT- 1 and mlrudcs mlo ﬁne gramcd sandsloue and sﬂlstonc wnh ’lm \\1de,'

and slnkcs N-8 direclion..

Geologic structure of the range {rom the Suoi Boc mineralized zone to the north of this zone
sludxed by thrce tsenches, is summed up as foltows. :
“Almost all limestone is masswe. 'l he geologic slruclure in hmestone ‘is no clear. |
Liniestone has partly banded structure. * These baods strike N-S and dip gencrally 45% to 60 E.
C!asllc sedimentary rocks are partly bcddcd wuh gencral sirike of N- S to NNE-SSW and main

“dipof 271 to SO°L.

Clastic rocks acound aplite strike NNE-SSW and dip 5° 10 25°W.  Small-scaled faults occur
around ap!ilcldikc.
It is concluded that sedimentary rocks around hrec trenches show monoclinal structure with

general strike of N-S to NNE-SSW, and dip easterly. It is supposed that a small anticlinat or dome
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structure occurs around the area where clastic sedimeniary rocks dip gently to west from intruded part

to limestone in MJT-1.

The geology of each trench is follows.

MIT- : Claslic sedimentary rocks of sandstone and silistone mlrudcd patlly by aphtr, and

EED
black massive iimestone westward e
" MIT-2: black massive lnestone, limestone bréeceia and. black miassive limestone westward:
: MJT-3 : black massive limestone, gray massive linestone, limestone breccia, banded liniestone
and black massive Jinmestone weslward
' 2-3.° Mincralization and Aleration
There Eis'somc- differencé of mineratization in clastic rocks and limestonc.
[ireccialed vein, pelwork and veinlets OCéur in limestosc. : _ .
" The width of brecciated vein in fimestonc is 20 em in lhaximum and varies frequently. The
‘vcin contaias a targe amount of limestone fragments with matrix of: m;ain!y goelﬁile and a small
“amounnt of hematite, quartz and mica.  Thercisa fractute zonie with 7.5 m wide in limestoae breccia
“of MiT-2.  This zone is.ﬁll‘ed Up by limestone fragmeats, gocthite, hematite, quartz and mica. %

Nelwork and \’cmltls are composed of bematite. . Veiolets are distributed in whole Hmestorie.

Parallet vcmlcls ate l'ound in MIT 3.

Quartz vein; vein-form silicified .zonc., neiwork and dissemiination occurin clastic scdimcnlaty
rocks : o ._ | . . . . _ | '
. Three veia- form sxlmf:ed zones are {ound io MJT . - They au% silicified 'fine-‘gr_ain(;d
saadstone. The_boundary bel\wen siticified ‘part and unsilicified ‘pail_isr sharp and is ncarly

verlical. | '

~ Ouoe silicified zoie is atcompamcd by quartz vein with a width of 10 cii and contains Ixmomtc
and hcmallte. Tht‘re is an old plt atl15m soulh oflhls snllmfled zone, and this direction comcudcs
: wuh the slnkc of this silicificd zone. " Sificified rocks conlammg of spha!cnte galena and limonite

are found in the wasie dump of lhlS pn.

&

e Nclwork_nccurs in f:_ne-gramed sandstose and is cons:tilh%éd with hematite veinlets with a \-:ridih
“from 2 to 3 . . The total width of network zone is less than 1. n,
Mematite disseminated bodies in irregular shape with discontinuous vcmlels arc found in
fine- gtalncd sandslone and aphtc
Mamvc limoaite floats are found in soil profile. - Onc float has a quarlz-pyrite veinlet with a

widih of 1 mim.



Assay results of mineralized zones jn three treuches are showa in Appendix 1. All
mineralized zoncs in trenches have been weathered, and accordingly content of lead and zinc is

extremely low.

Chanuael samplmg for rocks in frenches was carcicd oul for the puipose of clarifying a -
© relationship betweén geochemical anomaly and sock facics.  The results of chemical analysis for
* tock samples are in Appendix 2.

The statistic of Zo content is shown below as an example,

Rock lype Number of |Geomelric Range
_ samples mean | : '
Clastic sedimentary rocks : 24 69 ppm| 33 - 460 pprm|
|Limestone _ ‘ ~_74] 230 ppm] 40 - 1,282 ppm
|Aplite . ' . “2] 83 ppm| 30- 36 ppm

Comparing clastic rocks wilh limestone, Jimestanc has high Zn content. It is interpreted thal
“a distinct differcnce of average content in “n is caused by veinlet density in limestone and clastic

rocks.

2-4. Discussions on the Resulis of Trench S:urvc':y

' eralghl expressmn of ?b In mmcrahzallon is ofe ]umps contammg Pb- /n dog’ out l'mm old
'piis. 'Ihcsc ore lumps m(ludc ccruss:te sphah‘ulc pyntc galena, auglesuc Ilmomtc and quartg :
The silicified zone accdmﬁanying with quarlz vein is 1.2m wide, ' has a sirike of N-S and a dip

of 80°K.  Ore lumps conlaiuing Pb-Zu have been dug out frem the pit that'is Jocated at 15 m south
of the smcl!lcd zoane.

zonc in MJT-1.

The mlnerahzcd zonc in the pit has alnwsi ihe same width as lhc siticified
i is consequently considered ihat the sahemed zone in MIT-1 is conhnuous from

" the mineralized zone in the pit. -
Mam fault system in the Suoi Boc zone has NNE-SSW di[Cl’.‘llOﬂ _
¥rom the above facls, it is concluded that the geologic steucture ofllu Zone is chamclen/ed by

N-S to NNE-SSW direction.

Quarlz vein and silicified zone reveated in clastic sedimentary rocks by trench survey have
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strikes of N-S direction. Also brccfialed veins in limestone are oriented from NNW»SS]‘:, N-S (e

‘ NNE—SS\V ditection,

The minesalization océuntd in this zone is some lumps" of Pb-Zn ore dug out from the pit
prepaced By GSV.  This lumps of ore consist mainly of cerussite and sphalerite with a small amount
“of pytilf, galena, and anglesite.  According to GSV, miineralized zone in the pit has0.1 10 1.0 min
width. It is presumed that this mineralized zone is bosted by clastic sedimentary rocks, as there is

an extremely large amount of clastic rocks in the waste dump of the pit.

The extension of quartz bearing silicified zosie reaches to the above mentjoned pit in a distance

of about 1Sm.  The width of this silicificd zone is nearly equivalent to that of the minecalized zonc.

Also lhis riineralized zosic is hosted by clastic rocks.  Consequently it is supposed that the silicified

zone is continuous to the mineralized zone and this Pb-Zn mmerall?auon js vein-type one hosted by

ciashc rocks.

F'ou'r soil Sanlpics c_oliéd_cdl arotind the Suoi Boc minesalized zone coptain more than 0.1 % Zn.
* Two of those samples contain i. l'% aed 7.4% Zn. The gcoc.he'mic.ally ano'malqué samples collected
in the north of the mineralized zone contain slightly higher than 0.3% Zn.  The content of Zn in the
~ former 3anomaltous zone is rather blgh in'comparison with the latter..

The sample point of 7.4% Za in cou!enl is located near to the above menuoncd pll. S luis
' supposed lhat this soil sample conlammg ftagments of ore dug out from pns of old tunncl was

: collcclcd

Mis consxdcrcd that lhe contenl of Zn in this so:l sample md:cales uol to have formcd lhmugh '

wealhcrmg but lo havc rcsullcd frons the artificial addition of zinc conlamed malenais

Soil samples in the geochemical anomalous zone have 0.12 to 0.20% Zn, where was detected in

the north of the Suci Boc mineralized zone. Two trenches, namely M) l‘-2 and MJT-3, were
prepated in this anomalous zone. . The geology of these trenches i is limestoge. - No skarn minerals
are found i m lhe Irenches, Brecmatcd vein, network and vcmtcts that contain limonite, are found.
lhe exitn! of concmlral:on of * breccialed vein, n_ehmrk and veinlets conforms to that ‘of

gcochnmral anomal!cs. ' ' -
It is concinded thal the geochemical anomalies in the norlh of the Suoi Boc zone detected a

mineralization constituted by breceiated vein, network and veinlets in limestone.



‘microscopy werce prepared.

CHAPTER 3. DRILLING SURVEY
3-1. Survey Mecthod

* Geological anomalous zones and high chargeabilily zones of the Suoi Boc zone were extracted

© as promising area for ore deposits througﬁ regional geological survey in the first phase and defailed -

geological survey, geochemical exploration and geophysical suivey in the second phase.

Drilling sutvey comprising four holes totaling 742.70 m in lenglh was exccuted in the °

. geochemical anomalous zones aad highﬁcha:geabilily. zones for the :purposc of clucidating the

subsurface mineralization.

Details of each hole are summarized in Table 2-1.
‘The dritling lncalmns schematic geologic columa of the zone and gcologl(‘ cross sections are
shawn in Figures 2-1, 2-2 and 2-3, respectively.

Foui drilling machines were prepan‘d for drilliog work. Four holes, namely, MIVS-1,

‘MJVS 2 MIVS-3 and MJVS 4 were dnlled

A serics of core logs ‘of - 1:200: scale was plcpared, and ‘the whole drilled corcs were
pho!ographcd ia color. = Ninetcen _Ihm sections for petrology and seven polished sections for ore
: Twelve rock samples were examined for X-ray po\i'dér analysis. - Six

ore assay samples and forty-one rock geochemistry samples were oblained. .

Table 2-1 * Cdordirates of Dritl Holes and Hole Length

Hole No.

Latitude -

Longitude

"Azimuth

Drilled Length

Altitude

3-2-1. 'Geology

3-2. Gco_}ogy and Mincr:iliza_tién

Inclination
"MJVS-1 21°13'26"N | 104°39'37°E 310 m - S85°E - -70° 166.40 m
MJVS-2 21*13'28'N | 104°39'27°E 330 m N85"W -70° 210.00 m
MJVS-3 | 21°18'44"N | 104°39'25°E 365 m N70°W 70° 206.30 m
MJIVS-4 21°13's5"N | 104°38'45"E 370 m S§85°E -70° 160.00 m .

Geology of the Suoi Boc zone consists of Middle Triassic Scdimcmary rocks, Cretaceous dacite

porphyry and aplite, and Quatcrnary unconsolidated sediments.

in the main part of the zone and is divided into two rock facies.

..-4] _

The Middie Triassic is distributed

Oune is the clastic sedimentary



tocks composed chicfly of black mudstone with silistone and sandstone subordinately, Si!lstone
and sandstone predominate in the western pari of the zone, whercas mudstone occurs largely in the
eastern parl.  ‘The other is pale gray to black colered limestone.  The limestone forms ratker stecp
cliffs in many localities in the zone.
The mudstone, silistone and sandstone are partly bedded. * The beds have'generaily N-S 1o

NNE-SSW strikes and dips from 20° 1o 70°F. -

" The Quélemary occurs as a belt in the western lowlaod extending in the N-8 di.reclions.

‘ Dacité porphyry aad aplite accur in clastic sedintentary rocks near the boundary between the

clastic rocks and limestone as small intrusive rocs, and are aligned in NNE-SSW direction,

[ Geol Thiok- : : '
As:sﬂlc. n(e_s)s _ Colummar Sectien " Lithology
RE) . : ' .
‘ICenozoic Lo
{Holocene)| 10~50°

: Gravel, Sand, Silt, Clay

Mudstone

L.isestone

Middle : )
Triassic| - 600+

Hudstone . SN

: ; Bacite_por&hyrv
[T ; CAplite-
“ivi|Sandstone, Siltstone] / °

M e s 0 z o 1 ¢

Ligestone -

Sandétoné,.siltstone

I Fig. 2-4. Schc:ﬁa}ic Columnar Section’ of the Suoi Boc Zotic :
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3.2-2.  Mineralization

There are no outcrops but lumps of ore dug oul from a pit in the Suoi Boc mincralized zoue.
Although the tunnel cxploralion'(crosscm géilery) was catricd out by Chinese engincers in this zone
during 1982 to 1983, the tunnet could not be confirmed at present.  ln addition to the above, the
Mapping Division of GSV had prepared five pits around the tunnel, but they have coltapsed and the
" details are nnt.c[ear © According 1o GSV, the pits were 8 to 10 m deep and a mincralized zone with
galcna and sphalerite was found with 0. l to 1.0 m width al one pit. Onc ore sample collected in the
waste dump of pils consists mainly ofcnussnlc and sphalrnte with a small amount of p)nle galena

and aunglesite.

Four Zn geochemical anomalous zones were exiracted by the second phase s'un?ey. ~ One of
them covers the Suoi Boc mmerahzed Zone. : : . '

ngb chatgcab;hhes more than 60 ml]lusecond were dctccicd by the sccond phase survcy in (wo
Zones’ at the portheastern part and one zone at the ccnlral parl of the Suoi Boc zone. The hlgb.

chargcabﬂny zone al the central part nelghbors one geochemical anomalous zonge.

l)iil_iitig survey was cani't;d oul. 1o clucidate the min.cralizalic.i_n ‘below  the geochémicai
anomatous zone around the Suoi Boc mincralized zone and at the aorth of the Suoi Boc mineralized
zone, and the mmerallzallou betow lwo hlgh chargcabxllly zones. ’
: Orc deposits to be expected to ocgur m this zone are skam -type or vein- lypc dcposns contammg

'PB-Zn_.-;j'g_;_. B R

3.3, Drilling Method, Equipment and Progress
3.3-1. Drilling Method and Equipment

(1) Method ~ + = - . S

'_ lo: surfacc parl dn]lmg was done by conwn!mnal dnllmg mcihod usmg doub]e core luhc
attached two metal bits, namely, 112 mm and 91 mm in'outer dlametcr rcspcclwcly, and 108 mm 1
casing pipes were inserted. The hole of MIVS-3 was excepuonally enlarged wilh 132 mm mrta!
bits after drilling wilh-abové two-type bils, and Casing pipes of 127 mm id ouler diameter jnserted.

Drilling continued by conventional deilling method using double core tube altaébed two metal
bits, namely, 91 mm and 76 mm in outer diameter respectively, and 89 mm casing pipes were inscrled.

Drilling was consecutively done by conventional drilling method using double core tube
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attached two metal bit, namely, 76 mm and 59 mm in outer diameler respeclively.

There were fracture zones in the holes.  Dense bentonite water was prepared to prevent the
collapse of wall.
NQ wireline diamond bits bave been prepared, but the shape of diamond bits is not sujtable for

drilling of fracture zones, and wireline drilling method was consequently not employed.
{2) Equipment

Driflisg machines were two L-38 of Longyear and two Russian SBK-4. Specifications of
drilling machires and equipment are shown in Appendix 7. Diamond bits and expendable items
uscd during drilling work are listed in Appendix 6 and 8 respectively.

© (3) Working System -

Drilllin..g operation was carried out by three shilts pér' day { seven to nine bours per shift }, while

~ the appustenant works, such as road construciion, tig construction, mobilization and demobilization,

were done by one shift per day. A shift crew consists of one drilling enginecr and two workers.

n:o:mally. Two workess per shift 'were‘qué,ged in water supply to drilling site. *  One¢ supervisor
" of each drill hole directed his staff.  One superintendent and his assistant managed whole drilling

wotks.

A _ba:se- camp for d_ril'lin_g operation was sel _n'éar‘ a karst spring of the Suoi Boc zone. . The _

.com_mulé?!iqn between the base camp and drilling sjté was by car,
(4) ’i‘r'ans:pdzlalioﬁ
Drilling operation was carried out by the Center of Drilling and Geomechanics { CDG ), GSV.
Machines, drilling tools and mud materials were trucked: from CDG, Hanoi to Suoi Boc when
mecessary. ' : '
(5) Drilling Water -
Watcr for drilling was taken from a karst spring 20d was pumped up with two pumps and pipes
- of 40 mm in diznicles.  One pipe line totaling 1,600 m in length was prepared for MiVS-1 aad

MIVS-2. Otber pipeline to MIVS.3 and MIVS-4 carsied water along a dislance of 2,000 m.

Pumping of water was done three shifis pei day, following drilling operation,
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Capacity of water suppty with one pumip is 120 liter pes minute.
(6) Withdrawal

Afier completion of drilling program, the machinces and cquipment were sent back to CDG,

Hanoi. - Drilling cores were smrcd in Division No. 3 in Phu The, 60 km ENE of Suoi Boc. -

1.3-2.° Progress of Drilling

. The progress of each drill hote is descnbed below. Summary of working time, records of
diilling opcrallon, recmds of drilling performance and charts of drilling pmgrcss are shown in

Appendix 9 to 17 and Appendlx 22 to 25 respectively.
(1) MIVS-1

Dnllmg machine L 38 of Longyear was employcd m this hele.
- From the surface to 31.5 m in depth dnllmg was done by conwuimnal mclhod with double core
. (ube attached two melal bits, namely 112 mm and 91 mm in diametes using benfonite mud water.
Casing pipes of 108 mm in outer diameter were inserted (o 32 m in depth. |
: Smgle core lubc atiached mclal bit of 91 mn in dlameter was used 1o drili fmm 3t.5mto55m -
~.in depth with convenllonal dnllmg melhod using bentonite nmd water. Casmg plpcs of 108 mmin
‘diamelcr exlended lo 39, S m. . _ |
' Smglc cote tube was rcplaced by dauble core tube because hlgh core rccovuy was not ac‘hwved
w:th smglc core lube, and two melal bits, namcly 91 mim and 76 mum in outer diameter, weie altached )
to double core tube to drill from 55.00m to 82.5 m in deplh Casing pipes were lengthened to 61 0 m.
When drill hole reached ncar 75 m, dnilmg water was lost complelely. '
_ Aller casmg pipes of 89 mm in diameter were mscr!ud to 82.5 m, drilling was camcd on (o
165.0 m with single core lube ailachcd 76 mm metal bits or doublc core tube allarhed 76 mm zmd 59 ¢
mm metal bit by conventional drifling method usmg bentonite mud water. _
_ Witeline method with' “dijamond bits was tried to usec for. Ihls hole bu! was’ not empIO)ed
because the shape of diamond bils for witeline method is nol proper for fractored socks in MJVS-1
When dritt hole reached to 165.0 m, collapse of the wall happened in the paﬁ below 99 min
depth.  Cementing for this part was atlempted.  After drilling was advanced 1.4 m deeper, the
collapse of the wall again occurred, because drilling cocountesed aquifer.  Cleaning of the hole was

tc’pralrdly attempted theee days, but the continuation of this hole was given up.
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© Drilling machine L-38 of Longyear was employed in this hole. A mission gear of drilling
machine 1.-38 was broken at 111.5 m in d-cplh and L.-38 was replaced by SBK-4,

© From the surface t0 72 m in depth, drilling was done by conventional inethod with double core
'lube allached two metal bits, namely 112 mm and 91 mm in diameter using bentonite mud water.

Casmg pipes of 108 mm jo onter diameler were mscncd to 73.7 m in depth.

" From72mto 111 m in depih, drilling was contmued by conventional method wilh double core -

tube attached two metal bits, namely 91 mm and 76 mut in diameter using bentonite mud water.
* Cementing was dorie because water was lost in the part decper than 89 m.
After the c.c.menl_was set and was cul using above double care tube, drilling was resumed,
- The dduhl&; core tube was jammed when the hole was lowered 0.5 m deeper. A accident of
‘ dmpbing drilling rods in the hole was e‘ncounlcr.éd when jamming has been restored. . A mission
gear of drilling machine was broken when rods bave been recovered, : | |
l)nlllng iachine SBK-4 was carried into dnlllng site from Hanoi. - After SBK-4 was sel u:p,.

tods i in the hole were recovered. ' '

_ From 111.5 m, drilliug was conlinued by conventional method with dcmble core tube attached
‘lwo metal bits USing benlonile mud water. - When dritling has been douc around 207 1 in depth,

wall collapse happcned al lwo parls aear 98 o and 137 m in deplh Dullin_g has been achicved to

:210.0 m by mamtammg the hofe to be clean. - The continuation of drilliog was given up, because the

wall of hole cbllapscd again at 137 m in depth and hole was misdril!qd by these collapsed _fr:igmcnté.

i

GYMIVS:3 SRR - T S

Drilling machioe Russian SBK-4 was canployed in this hole.

From the surface 10 4 m in depth, drilling was done by conventional wmethod with single core

tube atlached metal bits of 112 mm in diameter without wates. - From 4 m to 16 m, dritling was -

: conlinued by convemmna! method wilh above double core tube using bentonite mud waler., Drillmg
; was conseculwely donc by conwnllonal niethod with smglc core tube auached 89 mm mc!al bil or
' double tore tube lo 1734 min deplh it Casmg pipes of 127 mm and 89 mm were inserted (o 44 m
dnd 161 m respectively. ' | '
From 173.4 m to 1834 m, the hole was tengthened by conventional method using single core
“{ube attached metal bit, and 1o 206.3 m using single core tube attached d:amond bit.

Jamming happencd when drilling was advancing from 206.3 m to 210.0 m.  To recover
drilliog rods and core tube was attempled.  Hoisting wire was cut and core lube and drilling rods

“wete dropped in the hole.  Core tube and rods were abandoned, because ¢ore tube could not be
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drawn into casing pipes with fishing tools.
{(#) MIVS-4

Drilling niachine Russian SBK 4 was uscd for this hole. -

From the suzface to 4 m in dcpth drilling was done by conveniional method w:lh smglc core
tube attached metal bit of 112 mm in diameter without water.  From 4 m {o 60 m, dnllmg was
continued by conventional nicthod with double core tube allachcd two metal bits, namely 112 mm and
91 m in diameter using bentonite mud water.  Drilling was consceulively done to 160.0 m in depth

by conventienal method with double core tube attached two metal bits, namely 91 mm and 76 mm.

3-4. Geology and Mincralization of the Drifl Hoics

[he results of ore and rock assay ofcores, thin scction microscopy, polnshed scumn nucroscopy,

and X-ray dlﬁraclmu are shown in Appcndlx 3, 4, 18, 19 and 20 resprchvely The core logs are

‘ lmd out in Appendix 26 to 29,

' 3-4-1. Geology

The rocks dri!!cd are Middle Triassic clastic sedimentary rocks and Jimestouc. - fn the holes

fraclure zoncs areé frequenlly found.

Clasuc sed:menlaty rocks consisl of coarse- gmmcd to fmc gramcd sandstonc s:lls!one and

:‘ mudsmnc._ Sandstone is cnmposed 01' mineral ftagmcnls such as quatiz, fcldspar and mica, and‘

rock ftagnicnls, namely shalc quarlzntc and limestone, and matrix of mainly clay mincrals, namely'
illite and chlorite, and quariz with a small amount of aphanitic carbonate.  Siltstonc is composcd of
the same fragments as sapdstone. ~ Mudstone ié. black colored, and contains a small amount of
organic matlers. Calcarcotis mudstone is rarely found : : ' _
Limestones’ mcludc black massive’ llmestone gray masswe hmcstonc and llmcslone brecua
Many caves are obsewed in llmcslones . These caves are mlc:prclcd as I|mcslone €aves. B!ack
and gray massive limestones werc acmmpamed by many calmtc vem]els * :
Geology of MIVS-1 and MJVS 4 consisis mamly of fraclurc zouc. 'Brccci‘a :o[': niud:sl(')uc,
fine-grained sandstone, silistone, ca!careous mudstone and calcite is included in the fraclmre zone
Bieccia of mudstone is dominant in the western part of fracture zone, but amovont of other rocks

increases castward in the {racture zome. Fine-grained sandstone contaios a small amount of

graphite.
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Limestone caves are dévelopcd to the decper part of limestone bodics.  Water flows on the
Boc River of the eastern part of the zone.  The Boc River is more than 220 m above sea level. It
is supposcd that ground water level was rather low in the past, because the bottom of MIVS-2 is 140
m above sca level.  The thickness of Quaternary sediments is possibly big at the westcrn part of the

Z0n¢c.

The compatison bclw’cén the geology of the drill holes amj the surface: geology reveals tﬁc
followings.

The geo!ogy of the dril!ing'smvey arca cousists of limestone, saﬁdsloue and siltstone, and
mudslone ascendingly.  The geologic structure of this area is monoclinic with strikes of N-S to

NNE-SSW and dips of 20° 1o 70°E.

©3-4-2. Drill Hole Description
M}IVS-1.

This hole was aimed to clucidate the mmcral:zalmn al the geochem:cai anomalons zone and
g h]gh chztgeablllly Zoae. Thc_ hole was drilled with a dtpih of 166.4 m, azimuth of S85°L and

inclination of -70°.

0. - - 8.0: Pale brown mudsione, weathered
8.0+ 13.2: Black inudstone, soft, parlly brown to rcdd;sh bmwn
13.2 - 116.5 : Reddish brown mudstone : : -
- 16.5 - 22.0: Black mudstone, soft - . '
22.0 - 36.0: Black mudstone, soft, partly shearcd
36.0 - 57.3 : Sheaced black mudstone, partly browa
57.3 - 57.8 : Sheared brown fine sandstope
57.8 - 60.2 : Sheared pale gray silistone
60.2 - 60.5: Sheared brown fine sandslone
©60.5 - 76.0: Sheared-argillized black mudstoae, matrix is gray clay
76.0 - 89.0 : Shear zone with fragments of snhc:ﬁcd fine saudslone (Py d:sscm:) and black
oo mudstone
8.0 - 93.0: Black argillized zone : :
93.0 - 103.4 : Shear zone with fragments ofblack sandstone, palc gray sandstone and black nivdstonc
{ 89.0 - 103.4 Pyrite tarely disseniinated in mateix of shear zone )
103.4 - 110.0 : Dark gray massive limestone, sheared ?
110.0 - 112.0 : Sheared- -argillized zome - : :
112.0 - 116.5 : Shear zone with fragments of silicified fine sandstone
116.5 - 124.0 : Shear zone with fragments of sandstone and black mudstone
124.0 - 129.0 : Shear zone with fragments of black mudstone
129.0 - 140.0 : Shedred-argillized zone wish fragments of dark gray fine sandslone and black
mudslone
140.0 - 143.0 : Shearcd- -powdered limestone
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143.0 - 146.0 : Shearcd-argitlized zone with fragments of dark gray fine sandsione
146.0 - 156.0 : Sheared-argillized zone with fragments of limestone, Py-disseminaiced limestone and
_ black mudstane '
156.0 - 158.0 : Sheared black limestone _
158.0 - 162.5 : Shear zone with fragments of black mudstone and black fine sandstone, Both
contain weakly disseminated pyrite.

162.5 - 166.4 : Shear zone with fragments of black mudstone and quartz sandstone, filled with dark

. gpray clay |

Gcophyswal propcrlms measurtmcnl of cores shows that lugh chargcab:l:ty was catised by

' graphnte in sandstone ftagmenls of fracture zone.  The origin of gcochenucal anomaly is unknown

MJ VS-2

This hole is targeted to clucidate the condition of miﬁerali?alion of in gcochcmical ahoma!its

~around the Suoi Boc mineralized Zone, pamcuiarly around the boundary bclween limcsione aml

clastic rocks “The hole was drilled with a dcpth of 210.0 m, azunulh of N85°W and mchnanon of

- -T0°.
0 - 2.0:80il
2.0:-  5.0: Pale brown fine sandslone, \xealhcrcd

'5.0-  15.0: Pale brown to pale gray micaceous hnc sindstone .
15.0 - - 16.2 : Gray siltstone, sofi \
16.2 - " 18.8 : Pate brown finc sandstone, soft
(17.8 - 18.8 : Limonite disseminated )
18.8 - '19.5: Gray siltstone, soft .
19.5 - 20.6 : Gray fine sandstone, \walhcrcd

1 20.6 - .22.6 : Brown coarse sandslonr, lodse :

" 22.6 - 24.7 : Pale brown to pale gray fine sandsione, weaihcrcd

247 - 26.0: Gray siltstong, sofl, Hematile network in parl
26.6 - 28.0: Gray fine sandstone

28.0 - 28.9: Brown coarsc sandstone
28.9 - 30.5 : Gray siftsione, soft

20.5 - 33.0: Gray fine sandstone, soft
33.0 - " 35.0: Gray coatse sandstope, soft
35.0 - 36.0": Gray fine sandstone, sofl

- 36.0- " 40.4 : Browa fine sandstone to siltstone

( 39.0 - 39.2 : Weakly silicificd, limonite veinlets )
“40.4 -, 49.6 : Gray finc sandstone
(41.0 - 414 Weakly silicified, limonile veinlets )
(43.5 : Limonilte vein, width 2 cm))
(49.9 : Limonite vein, width 1 em)
49.6 - 50.8: Pale brown medivm sandstone
50.8 - 32.8: Brown finc sandstone
$2.8 - 54.0: Shear zone, Limonile veinlets
54,0 - 56.8 : Shear zone with fragments of weakly silicificd mudstone, Limonite network in p:ul
$6.8 - 57.8: Shear zone with fragments of fine sandstone and mudstone
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| $7.8 - 58.2: Pale brown coarsc sandstone
58.2 - 63.6: Gray finc sandslone, partly weatheced
63.6 - 65.0: Brown siltstose, strongly weathered

65.0 - 72.0: Shear zone with fragments of fine sandstone, siltstone and coarse sandstone

72.0 - 83.3: Sheared gray silistone, Lintonile veinlets in pant
83.3 - 84.5: Sheared fine sandstone, brown :
84.5 - 84.9 : Silicified siltstone, sheared
84.9 - 86.1 : Sheared silistone
86.1 - 89.0: Sheared finc sandstonc, gray to brown
89.0- 91,8: Pale brown o brown fine sandstone, sheared’ ?
91.8 - 93.2: Sheared siltstone, matrix hematite
93.2 - 953 : Grayf{ine sandstone
C (91.8 - 95.3 : Hemalite network )
953 - 98.5: Shcared limestone, matrix clay aad hemalite
© 98.3 - 102.0 : Shearéd limestone, malrix calcite
- 102.0 - 112.0 : Black massive limestone -
- { 105.4 - 112.0 : Calcite-hematite veinlets')
112.0 - 116.4 : Sheared limestone with reddisk brown to gray c!ay
116.4 - 118.0 : Black massive limestone 1 .
" 118.0 - 126.5 : Sheared limestone with gray clay, pattly limoniic or hematite stained -
126.5 - 128.0 : Black massive limestone with calcite and calcite-hematite veinlels
128.0 - 134.0 : Sheared limestone filled with gray clay
£34.0 - 150.0 : Black massive limeéstone.
( 138.8 -150.0 : Hematite veinlets )
"150.0 - 172.0 : Limestone breccia, Limonite veialets o
172.0 - 189.0 : Sheared limestoae filled with reddish browa clay
£89.0 - 210.0: Pale-'gtay massive limestone, parily limestone breccia, Limonite \‘fci'nlels

leom!e veinlets, neiwork and dlssemmanon arc obscrvcd in clasllc tocks panly :

vemlels are in limestone. Shear zone wnlh lmmnlle beanng clay occurs in hmes!oue

MIVS-3

" Hematite

The purpose of this drilling is 16 clarify the mincralization below the Zn geochcﬁli&ai

anomalous zone at the forth of the Suoi Boc mincralized zone.  The hole was drilled with a dej‘ilh of -

206.3 ni. arimuth of N85° W and ivctination of -70°.

0 - 125: Sml and giavel _
12.5 - 14.3 : Black massive }imestone, llemaulc vunlels
14.3 -7 20.7 : Limestone breccia
(1731727 EHematite- -gocthite veio )
20.7 - 63.5 : Black massive Ilmeslone
(23.3 : Hematite sheated vein )
{26.0- 26.5 : Hematite network )
(34.5 - 35.0 : Hematite-gocthite veiolets )
. 63.5- 7 65.0: Sheared limestone filled with limonite
‘(610 - 100.0 : Limooite veinlets )
65.0 - 67.6: Black massive limestone _
67.6 - 70.1: Sheared limestone filled with reddish brown clay
( 70.0 - 70.% : Gocthite-hemalite vein contained sheared limestone )
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70.1 - 83.4 : Black massive imestone

© 83.4- 85.3: Shearcd limeslone

85.3 - 87.5: Black massive limestone

8§7.5 - 88.2 : Sheared limestone filled with limonite
88.2 - 91.0: Black massive limestone

91.0 - 92.5: Sheared linestone

92.5 - 121.6 : Limestone breceia

(100.0 - 150.0 : Limonite veinlets )

121.6 - 126.7 : Limeslone breccia

126.7 - 133.0 : Limestone breecia '

133.0 - 136.2 : Sheared limestone filled with gray clay or geclhllc hcmame
136.2 - 142.5 : Black massive limestone .

142.5 . 153.7 : Sheared black limestone filled with pale gray clay

-153.7 - 155.2 : Sheared black limestone filled with brown clay

155.2 - 206.3 : Black massive limestone
( 185.8 - 190.2 : Calcite-limonite veinlets )

Limonite bearing brecciated vein and veinlets occur in limestone.

MiVS-4

“‘This hole is aimed 16 elucidate the condition of mineralization in the high chargeability zonc at
the northeastera part of the zone.! “The hole was drilled with a depth of 160.0 m, azimuth of $85°1
and inclination of -70°. ' : S

0 - : 4.5 ‘Weathered browa mudslem‘
‘4,5~ ' 10.0 : Black mudstane

. 10.6 - | 11.2 : Sheared-argillized zone

11.2 - 16.5 :-Black mudstone

- 16.5 - "20.1 :'Argillized zone ‘willr fragmcnls of black mudslone
©20.1 - 64.6 : Shearcd-argillized zone with fragments of black mudstone, pa:lly phyllll:c _

. 64.6« 68.0 : Black mudstone, partly phy]lmc‘, Quartz-pyrite veinlets
' 68.0 - 77.0 : Breccia of black mudstone and fine sandslonc
{ 71.0 : Quartz-pyrite veinlets, width T cm)

(73.5 - 75.5 : Pyrite disscmination )
- 710 - 79.0: Shear zone wilb fragments of calcarmus mudstone

79.0 - 90.7 : Shear- clay zone with fine sandstone fragmenis '

£ 90.7 - 97.2 : Shearcd-argiltlized zonc with fragments of black mudsmnc
' 97.2 - 106.0 ; Sheared black mudstone, l’)nlc disscmination in mudstone
100.0 - 102.0 : Dark gray clay ;
102.0 - 106.0 : Sheared:argillized zone wnlh {(agmen(s nffme saudslonc and black muds!onc Pytite

disseminalion in black mudsione _ ‘

106.0 - 114.0 : Dark gray clay’

114.0 - 118.8 : Sheared black mudstone '

118.8 - 126.5 : Sheared-argillized zone with frabmcnls of black mudstonc and fine sandslone partly

black mudstoane fragments rich
126.5 - 160,0 : Sheared-argillized Zonc with fragments of black mudstonc and fine sandstone
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' Geophysical propeties measurement revealed that high chargeabitity around these hole was

caused by graphite contained in fine-grained sandstone,

©3-4-3. Mincralization

_ Ore miuctais observed in drill cores érc._ pyrite, chalcopyrite, hemalite and go'elhit:e. Gangue
1 minerals afe carbonate and quarlz.

The mmtrahzalwn in the cores consnsls of brecciated wvein, veinlels, network and
d;sscmmallon '

The mineralization in clastic rocks is veinlels, network and disscmination.  Limonite
veinlets and nelwork are inlermittently found fn::).m the surface to 95.3 m in déplh of M}VS-Z.
Pytite di&séminalibdis found in the clay of fracture zone, and in the fragments of black mudstonc and
fine- gramed saudslonc of MIVS-1 and MIVS-2,  Thé dissemioated sulfide includes chafcopynte
‘A quartz- pyme veintet is found j in the black mudslone of MIVS.4. _

The mmetahzatmn of limestone is brecualcd vein; veinlels and network. Fbe numbcr of
brécciated veins is four in MIVS.2 ( drilled ]mglh is from 1.7 m to 17.0 m ), and six in MIVS-3
(dni!ed lenglh is0.4106.3 m ). AH of brecciated veins contain a lot of fragmeats of limestone and
limonite or fimonite beanng clay [l]ls fragmen!s Veinlets and ne)wbrk ate 1'to 2 mm wide and

are accompamed by some goethite.

fhe assay rcsul!s of ore samples Ihat conlam a large quam:ly of llmomlc are shown m

P

Appcndlx 3. 'lhc ana!)hcal resul!s of veins and mmerallzed zone are shown in Appcndlx 4.

3-4-4. Physical Propertics of the Cores

Scventeen core samplcs were colleded from MJVS 1, MIVS. 2, MIVS-3 and MIVS. 4 for the

_mcasuremcnl of physncal plopemes such as res:sllwly and chargcah:l;ly fo c!ucldale the origin
gcnera_lmg high rhargeablhly. P The n_mhnd of measurement is the samc_ as lhe laboratory
measurcment of the second phase.

Average resistivities are follows.  Average resistivity of liniestone is relatively higher then

“that'of mudstone.  This trend is the same as the sesults of supceficial rack samples of Fast phase.
Rock Resistivity { ohm-m )
Limestone .. 11285
[Sandstone 4580
Mudstone 272
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There is a distinct difference of chargeabilily of cores between MJVS-1 and MIVS.-4, and
MIVS-2 and MIVS-3.  Chargeabilily of cores in MIVS-2 and MIVS.3 is several milliscconds, and
is same value as rock samples collected on susface last year.  Haif of cores from MIVS-1 have the
chargeability of more than 100 milliseconds ( highest is 372.6 ms ). il of cores from MIVS-4
have more than 50 milliseconds ( bighest value is 79.6 ms ). |

The results of laboratory chargeabmly measurement support the distribution of rhargeabxhltcs
~ obtained last ycar.  Polished seciion micioscopy shows that high chargeab:hlles of cores in MIVS-1
" are caused by disseminated pyrite and graphite.  High chargeabilities in MIVS-4 are possibly caised
by graphile.. Sandstone and siltstone chips include less than 3% ( supetficial content yof graphite,
collected from MIVS-1 and MIVS-4. .

3-5.  Discussions on the Results of the Drilling Sun_rc'y

Pb-Zn veio or skam deposits have been cxpccled to occur accordmg o the resulls of the sutvey'
done until last year. ' :

" Geochemical anomalous zones and hlgh chargeability zenes Iargchd by drilliog suivey, are
“distributed in the western part and castern patt of the zone separately. Both anomalous Zones are’

‘di_scus'sed below individually.

Drilling was done in |he two geochem:cal anomalous zones. IO‘ne:is arobund the Suéi Boc
]mncrallted 7one The olher is lbe anomalous zone éxiended norlherly fmm the north of the Sum
:Boc mlnetahzed zonc - MIVS-2 aad MJIVS.-3 h:n'e had a lask to claul’y Ihe condmon of -
:mmeraluahon betow the gcochem:cai anomalous’ zoncs : Concqncnlly the |r_cnch of MIT-1 was"
dug around M}VS-2 and that of MIT-2 was around MJVS_ 3. _

The geology of MIVS-2 consists of clastic rocks and limestone. 1. imestone constitutes the
cofes of MIVS-3.  These results reveal ﬂnl scdlmcnla:y rocks have strikes of N-Sto NN!* SSW and
dips of almost 30°E to 100 m in depih ' _

The mmerallzahon obse:ved in MIVS:2 and MIVS is bteccia%lec! vein, aciwork and \:eii;xlcts.
No skars minerals are found it limestone and clastic rocks.  Weak siliéiﬁcalion‘ié hostéd by elastic
rocks of MIVS-2.  Consequently no skarn ore deposits poss:bly occur in the zone. _

Veins, nctwork and veinlels are accompamcd by oxidized iron minerals such as_»limoni'_le. : No
Pb-Zn minetals are found in the drilling cores.  The resulis of ore assay suppoit this l'a.cll.

Clastic sedimentary rocks occur from the surface to about 100 m in depth in MIVS-2. © Deep
weathering is recogaized in these clastic socks. It is supposed that ground water has freely flowed

down throngh limestone caves around MIVS-2 and MIVS-3. It is considercd thal no primary



sulfides have been lefl to the depth surveyed by the drill holes because oxidation and disselution of

sulfides reached to deeper part of the zone.

The Suoi Boc mincralized zone has galeaa, sphaletite etc.  The reasoan that sulfide minerals -

remain in this mincralized zone, is interpreted that the weathering to this zone was obstructed duc to
the permeability lowered by strong silicification.
'No big Pb-Zn ore deposits at the shallow part below the geochemical anomalous zone ace

accordingly expected to occur.

The results of drilling sutvey done at the high chargeabitity zones are discussed below.
Two high chazrgeabiiily zones were assessed by two dritl holes. '

The gco!ogy of the boles consists of black mudstone and fracture zone in MIVS-1 and MIVS-

4. ‘The fracture zone is constiluted with fragments of fine-grained sandstone, black mudstone,

limestone and calcarcous mudstone, and a matrix of pelitic matenals :
Pytite dissemination and veinlets of quartz- pyrite are found in the fragments of the fracture
‘zowes. - Weak p)ntc d:ssrnnuat;on is !ecogmzcd m part of pclmc malenals
. The results of gtophys:cal pmpellres measuremeut show that a fragment of limestone with
pytite dissemination has extremely high chargeabilny. A fragment of Ime-gramcd sandstone has
high qhérgcabilily as the former pytit'e-dis.seminalcd limestone. Fragments of fine-grained
sandstone, calcarcous mudstone and Jimestone without pyrilE disseminalion that have collceted from

MJVS I and MIVS. 4, have h]ghﬂ ehargc‘ablllly lhan limestone fmm MIVS-2 and MIVS-3.

* Polished section microscopy for clasltc rocks of: MIVS:1 and MIVS.4 shows that all of lhe _

pohshed scctlons conlam tof - graphiie. .(:_raphxle_ generally bas s!ron.g 1P effcc_ ( high
. chargeablllly) : | [ S R : C g '
' s consequcnﬂy provcd Ihal high chargcab:hly anomahcs driecltd by 1P sutvey Iasl year were

caused by graphite and don’ t indicate the exislence of sulfide mmerals

- Qune high chargeabilitly zonte other than above two zoue’s was detected,  These thrce high

chargeability zones were aligned on NNE-SSW direction. . The clastic sedlmcntaty focks of this

© zone strike N-S to NN!E;'SS\\.,’ . The three high chargcab:hly zones are dlslnbuied on lhe fracture
' zonc encountered by MJVQ 1 and MIVS.4. s a-:cordmgly supposed that high chargeab:hly was

cansed by parllal dlslnbuuon of rocks rich in graph:lc
Qne gcechémical anomalous zone neighbors on the high chargcabilily zone around MIVS-1.

It is supposed that geochemical anemaly is caused by a small-scaled Pb-Zn mineralization, as the

- geophysical anomalies have been caused by graphite,
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One geochemical anomaly is extracted other than above three geochemical anomalous zones.
The fosmer is constituted with onc anomalous poinl. . No big Pb-Zn ore deposits are expected to
occur around this anomaly because the extent of this anomaly is small compating with the avomalous

zoncs around the Suoi Bec mincralized zone and the north of the Suoi Boc mineralized Zone.

Damle ‘porphyry and aplite dike are found in Ihe Sum Boc zoue, | 'i‘he age of intmsiun is

~supposed Cretaceous. . Vein deposnl to be expeclcd la occur in the zone is posslbly cons1dcred to’

“have been formed with these acidic intrusions. -
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PART 3. CONCLUSIONS AND RECOMMENDATION

‘CHAPTER 1. CONCLUSIONS

“The survey of this phase consists of drilling survey and trecch survey in the Suoi Boc zane:
Amount of lhe survry is four inclined drill holcs totaling 742.30 m and three ircoches with a 1otal

length of 600 m.

The followings are the results of the third phase survey and recommendations for the future

exploration work,

(1) The geology of the Suoi Boc zone consis_lsfof Middle Triassie scdimtihtary rocks, Cretaceous

dacite porphyry and aplite, and Quaternary sediments. The Middle Triassic is divided into clastic

sedimentary rocks and limestone. “The clastic sedimentary cocks are composcd of mudstonc,

siltstone and sandstosic. - Siltstene ‘and sandstonc predominate in the westera ‘part of the zone,

whereas mudstone mainly occurs in the castern part. - The Triassic ¢lastic sedimentary rocks tend to

steike N-S to NNE-SSW direction and to dip maostly from 20° to 70° L.

{2) The geological structire of the zone is characterized by the N-S to NNI-SSW direction that

is expressed as the strikes of sedimentary mcks aad [auhs the d:smbuhon of i lgncous rocks and the

exicusmn of Oualemary scdamcnls

(1) As a rcsult oflhc work T lhns phasc, il has bccome -:lcar that the gcochcmwal auomahes in
the zone indicate the vein- fype mmera]l?ahou The polcnllal for skagn ore deposits is low because

skarn miaerals ar¢ absent in the Triassic rocks of these anomalous ZONCS.
' (4) The Suoi Boc mineralized zone is consequently regarded as a vein-lype mivcralized zone.
(5) The high chagcablhty zones dclcclcd Iasl yedr by IP sutvey, aré mtcrpntcd lo havc been
caused by graphite con!amcd in the clastic sedlmeniary tocks. © Therefore’ it has bcm _proved thai
new Pb-Zn ore deposits are not expecled to occur in the high chargcabitity zonés. '
(6) The vein mincralization in this zonc is mostly located in limestone.  Many limestone

caves occur in the Hmestone.  The sulfide mincrals are consideréd to have been oxidized and

dissolved 1o decper part by free ground water flowiog within caves. It is supposcd that the
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weathering bottom for suifide minerals may reach 1o decper than 200 m below the sirface, although

the lower limit of weathering for suifide minerals was not proved,

{7) The width of brecciated veins contaiuing lintonite in the drill holes and trenches, does aot
‘excced 2 nieter. No big Pb-Zn veio deposit is possibly expected to occur, bccause the width ofwm

‘at Ibt deeper pall bclow the surface is not tcasonablc 10 becone sharply thicker..

(8) Shear zones composcd of limenite and clay, are found in treaches and drill bolcs The
genesis of these shear zones is mlcrp:chd i two ways. One i is the weathered pmducls of sulf:dc
bearing brecciated veins. - The alterpative is that shear zone is composcd of limestone fragments |
and sutface soil collapsed into ancient dolines.  High content of Pb-Zn wili be rare in the decper
part of Ihc veins, as the limestonc !tagmcnls occupy l.he. majot part of the veins even thongh the

_genesis is the former onc.
'CHAPTER 2. RECOMMENDATION FOR FUTURE EXPLORATION

As the u-sult of the dnllsng SUIVey and trench survey donc in lhls phasc o indication for new

ore deposits was found.  ‘Therefore, no [urlhcr exploration is nccdcd in the Suoi Boc zone.

M.GO._
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