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I. Giíi thiÖu

Yªu cÇu n©ng cao chÊt l−îmg cuéc sèng, trong ®ã n−íc uèng hîp vÖ sinh cho vïng n«ng th«n lµ mét 
−u tiªn cña ChÝnh phñ ViÖt Nam. Dù ¸n hîp t¸c ViÖt Nam - BØ nh»m ph¸t triÓn n«ng th«n vïng nói ®¸ 
v«i T©y B¾c ViÖt Nam thùc hiÖn trªn tØnh S¬n La. Ba cuéc th¸m hiÓm hang ®éng tõ 1993 ®Õn 1997 ®· 
®iÒu tra 97 hang víi tæng chiÒu dµi 35 km ghãp phÇn n©ng cao hiÓu biÕt vÒ c¸c hÖ thèng s«ng ngÇm, tõ 
®ã qu¶n lý c¸c nguån n−íc tèt h¬n, lµm gi¶m bít c¸c thiÖt h¹i do h¹n h¸n, lò lôt vµ « nhiÔm nguån 
n−íc. Môc ®Ých cña nghiªn cøu nµy nh»m x©y dùng CSDL GIS vÒ hang ®éng nh»m qu¶n lý d÷ liÖu thu 
thËp ®−îc, tõ ®ã ph©n tÝch mèi quan hÖ kh«ng gian vµ biÓu diÔn 3 chiÒu cho hang ®éng.

I. INTRODUCTION

Improving the quality of life by rural water supply and sanitation is a priority issue of the Vietnamese 
government. The Vietnamese - Belgian project in the karstic mountains of Son La province is set up aiming at 
this priorities. During three expeditions 97 caves and 35 km of development have been surveyed. Information 
from speleological mapping and cave investigations gives us detailed knowledge on karst formation and water 
movement, which in turn allows more efficient water management.
The aims of this study is to establish a GIS-based cave database, which fully represents the 3D nature of the 
caves which can be used for spatial analysis and 3D visualization.

II. c¬ së d÷ liÖu cho hang ®éng - Cave database

III. Ph©n tÝch mèi quan hÖ kh«ng gian gi÷a ho¹t ®éng 
kiÕn t¹o Vµ sù thµnh t¹o hang ®éng
SPATIAL ANALYSIS THE RELATIONSHIP BETWEEN CAVE DEVELOPMENT 
AND GEOLOGICAL STRUCTURE

IV. BiÓu diÔn hang trªn kh«ng gian 3 chiÒu
CAVE 3D VISUALIZATION WITH GIS

H 1: VÞ trÝ kh«ng gian cña c¸c hang ®−îc ®Þnh vÞ trªn b¶n ®å ®Þa chÊt. Hang ®éng
ph¸t triÓn trªn ®¸ v«i tuæi Devon, Carbon-Permi, Trias
The caves development is restricted to the Dong Giao, Muong Trai, Permo-Carboniferous
limestones.

H 2: CSDL GIS kÕt hîp d÷ liÖu kh«ng gian vµ d÷ liÖu thuéc tÝnh biÓu 
diÔn ®Çy ®ñ c¸c th«ng tin thu thËp tõ c¸c cuéc th¸m hiÓm hang ®éng
The spatial database of the caves was linked to the records of relational 
table representing all information from caving surveys. The contour map was 
used as basemap.

H 3: Ho¹t ®éng kiÕn t¹o lµ ®iÒu kiÖn cÇn thiÕt cho sù thµnh
t¹o hang ®éng. HÇu hÕt (80%) c¸c hang ph¸t triÓn trong ®íi
ph¸ huû kiÕn t¹o.

80% of the caves developed within the fracture zone. Tectonic 
fissures are essential for the initiation of downward percolation of 
water, leading to dissolution of carbonate rocks and the 
formation of caves.
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H 4: 75% sè hang ph¸t triÓn theo ph−¬ng
ph¸t triÓn ®øt g·y chÝnh trong vïng: TB-
§N vµ §B-TN.

75% of the caves developed along NW-SE 
and NE-SW direction, i.e. the main direction 
of regional geological structures.

C¸c hang ph¸t triÓn theo h−íng TB-
§N th−êng n»m ngang hoÆc cã ®é dèc 
nhá, ph¸t triÓn t−¬ng øng víi mùc 
n−íc ngÇm.

The caves along NW-SE direction have 
horizontal passages or very slightly 
inclinational passages, corresponding to 
the groundwater level.

H 5: B×nh ®å hang Tham Hoa
Plan view of Tham Hoa cave

H 6: MÆt c¾t hang Tham Hoa
Cross section of Tham Hoa cave

V. KÕt luËn

1. CSDL GIS cho hang ®éng ®¸p øng ®−îc yªu cÇu l−u tr÷ c¸c d÷ liÖu vÒ hang ®éng thu thËp tõ c¸c 
cuéc th¸m hiÓm, gióp cho viÖc ph©n tÝch, ®¸nh gi¸ vµ biÓu diÔn hang ®éng trªn kh«ng gian 3 chiÒu 
mét c¸ch hiÖu qu¶.

2. Trong vïng S¬n La, sù thµnh t¹o hang ®éng bÞ chi phèi m¹nh mÏ bëi c¸c yÕu tè cÊu tróc. §íi dËp 
vì kiÕn t¹o lµ ®iÒu kiÖn cÇn thiÕt cho sù ph¸t triÓn cña hang ®éng. C¸c nÕp uèn còng ghãp phÇn chi 
phèi dßng ch¶y cña n−íc ngÇm.

3. BiÓu diÔn hang trªn kh«ng gian 3 chiÒu cho phÐp biÓu diÔn nh÷ng th«ng tin phøc t¹p mét c¸ch 
nhanh chãng, trùc quan vµ râ rµng. Sù kÕt hîp gi÷a hang 3 chiÒu víi b¶n ®å ®Þa h×nh, kiÕn t¹o, s«ng 
suèi cho phÐp nghiªn cøu mét c¸ch trùc quan mèi quan hÖ gi÷a sù h×nh thµnh hang ®éng vµ  c¸c 
yÕu tè chi phèi.

CONCLUSION

1. The GIS cave database has been established, meting the requirements to fully represent the three-
dimensional nature of the caves. It can be used for spatial and 3D analysis. The GIS database of caves 
made it easy to store, analyze, retrieve, and visualize the cave data.

2. In Son La region, the development of caves is closely controlled by the tectonic activities. Tilted and folded 
strata induces addition constraints on groundwater flow directions. In tilted open carbonate rocks, 
groundwater should initially flow in a down-dip direction.

3. Three-dimensional (3D) visualization of the GIS cave databases provides an effective way of presenting 
complex information of caves quickly, intuitively and transparently. It is successful to incorporate the 
topology, fault map and river network with cave data in 3D environment in order to visually study the relation 
between cave development and the other controlling factors: topography, tectonic activities and hydrological 
regime.

C¸c hang ph¸t triÓn theo h−íng 
§B-TN th−êng dèc, ph¸t triÓn 
theo mÆt líp.
The caves along NE-SW direction 
have inclinational passages,
following the dipping of carbonate 
rocks.

H 8: B×nh ®å hang Tham Dieng
Plan view of Tham Dieng cave

H 7: MÆt c¾t hang Tham Dieng
Cross section of Tham Dieng cave
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H 10: M« h×nh 3 chiÒu cña hang Tham 
Tui Le ®−îc sö dông ®Ó tÝnh thÓ tÝch cña 
hang. Víi c«ng cô GIS, ng−êi dïng cã 
thÓ nh×n tõ bÊt cø gãc ®é , kho¶ng c¸ch 
nµo ®Ó nghiªn cøu hang chi tiÕt. 
The 3D model of the Tham Tui Le cave. The 
ceiling is transparent (70%) offering a better 
inside view of the cave. This model is used 
for calculating the volume of the cave.

H9: H×nh phèi c¶nh 3 chiÒu nh×n 
tõ h−íng §N cña c¸c hang kÕt hîp 
víi yÕu tè ®Þa h×nh, kiÕn t¹o, s«ng. 
Sö dông ®Þa h×nh b¸n trong suèt 
cho phÐp theo dâi h−íng ph¸t triÓn 
cña hang so víi c¸c yÕu tè trªn.

In this 3D view from southeast cave 
are shown together with TIN, faults 
and river maps.
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Vïng nghiªn cøu

Kinh ®é: 103°33' E ®Õn
104°00' E
VÜ ®é : 21°20' N ®Õn
21°29' N
DiÖn tÝch 386 km2

Study area

103°33' E to 104°00' E 
21°20' N to 21°29' N
Area 386 km2
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