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A bstract. The NW o f  Vietnam is currcntly aíĩcctcd by a strcss íĩcld charactcri/ing by 
approximatcly NS and EW sub-horizontal maximum and minimum principal sưcss axis 
rcspectivcly. The rcsults obtaincd from ficld investigations and numeric modclisation rcvcal that 
the prcscnt sưcss íĩeld varies nol only in rclalivc magnitudc bul also in orientation o f priiicipal 
sưcss axcs from poiiit to poiiit and in dcpth. The tcctonic sưcss variation sưongly đcpcnds on the 
gcometry and active kinematics o f  faults as well as on llicir earthquakc history. The modeling 
shows tliat llic tcctonic sưcss íìcld tcnds to simplify ữom  thc subsurfacc downward to 40km depth.
At this lcvcl dcpth, the strcss conccntratcs along llic Dicn Bien-Lai Chau fault vvhilc othcr faults 
rclcase sưcss. Horizontally, the higli tectonic sưcss accuniuỉatcs in somc arca such as wcstcm side 
o f  Ihc Dicn Bicn-Lai Chau fauỉu thc arca from Dicn Bicn Dong to Lai ơ iau , aloiầg tlic Son La,
Song Ma faults and in somc scgmcnts of Song Ca fault. These sưcss anomalics liiik closcly to 
historic earUiquakcs.
Keyxivrds Sưcss fícld; Gcoha/ard; Activc tcctonics; Gcodymanics; Eartliquakc.

1. In tro d u c tio n

The N W  o f  V ietnam  is lim ited to  the north 
east and to  the east by  the Red River fault 
system , to the South by the Song C a fault, to the 
w est by the D ien B ien-Lai C hau fault. The 
vvhole reg ion  is sliced by N W -SE  trending 
faults net that inherited  from  the Indosinian 
shear zones [4]. M ost o f  them  are activc as 
sinistral strike slip  faults during Late O ligocene 
to  M iđdle M iocene and  subsequent dextral 
strike slip  in  L ate P liocene up to  presence.
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A long  som e o f  those such as the D ien Bien-Lai 
C hau, Son La, N inh Binh, Song Ca, Song Ma, 
R ed R iver faults, the m oderate earthquakes still 
occu r recently. A ctually , the region undcr 
investigation  is constrained  by an  approxim ate 
N S com pression  and  E W  cxtension stress 
regim e [10]. U nder a such active geodynam ics, 
the fault system s behave differentially and 
subsequent earthquakes as  w ell as other 
geohazarsds are also d ifferentiated  [9].

T he researches pub lished  in recent years [1- 
3,7,8] reveal th a t a  relatively  close tie between 
the seism ic activities w ith fault geom etry and 
tectonic stress anonialies. Thereíbre, the 
elucidation o f  the tectonic stress distribution
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induced by the interaction betw een  faults 
system s in NW  V ietnam  w ith  the regional 
geodynam ic setting  plays an im portant role to 
undcrstand the  d istribution o f  historical 
earthquakes and related hazards.

2 . M e t h o d s

in orcier to  investigate the  spatia l variation 
o f  the aclive tectonic stress íie id  in the  north 
vvest o f  V ietnam , the in tegration o f  field 
researclies for characterization o f  brittle 
tectonics, especially  íocusing  on the  latest 
tectonic even t w ith the num eric  m odeling 
íbrm ulated  and developcd by O kada  [5,6]. The 
input param etcrs for m odeling includes the fault 
length and vvidc, dip direction and  ang le  o f  dip, 
the rake angle o f  the striation, the  m axim um  
m agnitudc o f  h istorical earthquakes, the 
regional orientation o f  3 principal stress axes, 
ratio o f  stress ellipsoid. T he num erical results 
then vvill be converted to  a su itab le  form at w ith  
GIS soítvvare for displaying on m aps at various 
scale.

2.1. Characteristics o f  the active stress Jìeld 
magnitude

The active stress field o f  the  N W  V ietnam  
is d isp layed  o n  fĩg. I. Bascd 011 th e  m agnitude 
o f  stress vectors, w hole arca is d iv ided  into 4 
sub areas and displaycd by co lo r code. T he  sub 
area from  num ber one to num ber four is colored 
by m arine blue, sky bluc, yellovv and red 
respectively. T he  surface o f  eaclì area is given 
in the table 1. It is recognizable tliat the NW  
V ietnam  suffcrs from low stress  field. The 
surface o f  the sub area num ber one occup ies the

largest part vvith 63.13%  o f  the total surtầce o f  
the w hole region and  suffers from  a stress 
m agnitude o f  less than 0.1 bar. T he sub area that 
locates under high strcss ficl(i vvith m agnitude 
vary ing  from 2-3 bar occup ies only  2.03%  o f  
the total NW region. T he rest o f  the  region 
corresponding to the  sub area num ber 2 and 3 
on the fig. I. These tvvo sub areas are affected 
by tvvo range o f  stress m agnitude vary ing  from 
0.1 to 0.5 bar and  fronì 0.5 to  2  bars 
corresponding to  a  surface o f  28 .66%  and 
6 .17%  respeclively. T hus, the arca suffering 
from  stress m agnitude lovvcr 0.5 bar occupies 
approxim ately 92%  w hile the  liigh stress 
m agnitude ranging from 0.5 to  2 bar affects 
on ly  8%  o f  the total suríace o f  the N W  region.

Fig. 1. Tectonic stress distribution in the NW of 
Vietnam.

/. Sub-area wiíh magììiíude 0.01-0.1 bars,
2. Sub-area with magiìitude 0.1-0.5 bars,
3. Sub-area with magnitude 0.5-2 bars, 4’ Sub-area 
w ith  m a g n itu d e  2-4 .
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Tablc 1. Surfacc o f sub-areas with diíĩcrent sưcss magnitudcs

Sub-arca 1 Sub-arca 2 Sub-arca 3 Sub-arca 4 Totaỉ suríacc (km: )
Sưess magnitudc (bars) 
Surface kni2 
Pcrccntagc

0.01-0.1
44759.5
63.13%

0.1-0.5
20319.08
28.66%

0.5-2
4376.77
6.17%

2-4
1404.719 70896 
2.03% 100%

It is easy to  recognize from  fíg. 1 that the 
area with high stress ficld  m agnitude 
corresponding to  the sub-area num ber 4 
d istributes in tw o bands and som e spots. They 
are  characterized by the follow ing íeatures:

The first band locates to the west o f  Dien 
B ien-Lai C hau fault. This band com poses o f  
three sm all bandeaux w ith  strike parallel to NS 
D ien B ien-Lai C hau fault. T he northernm ost 
bandeau, w hich stretches up to 45 km  and its 
w idth vary ing  from  5 to  9 km , starts from 
V ietnam -C hina boundary and then decreases in 
m agnitude tow ard C han N ua town. The second 
bandeau  initiates from  Lai C hau town and ends 
a t M uong Lay w ith the length o f  45km  and the 
w idth vary ing  from 3 to  8 k m  The third one 
w ith m orc than 60km  long locates to  the w est 
o f  D ien Bien Phu basin and  expands tovvard 
Laos. T he distribution o f  h igh tectonic stress 
along  this fault zone corresponds w ell w ith  high 
ữequent seism ic activities on the vvestem side 
o f  the  fault w hile the eastem  side records less 
seism ics.

The second band w ith N W -SE  orientation 
and  68 km  long, 9km  w ide distributes w estw ard 
o f  T uan  G iao-Tua Chua fault. Som e sữess spots 
w ith  m agnitude higher than 4 bars exists within 
this band- In this area, historical earthquakes 
over 6.8 R ichter m agnitude have been  recorded. 
In betw een  tw o m entioned above bands, locates 
som e high stress spots w ith m agnitude over 4 
bars.

A long  the Song Da fault system  it exists 
som e peaks w ith high stress values. T he first 
spot locates far from the east o f  H at Lot town 
16km. T he second one situates northeastNvard o f

Yen C hau tovvn 13km  T he th ird  one 
concentrates about 7km  far from M oc Chau to 
the NE. The m agnitude o f  those stress spots are 
relatively low.

In ordcr to v isualize the distribution o f 
stress m agnitude for d iíĩeren t areas, a 3D  block 
is displayed (fig. 2). It enables us to  get a 
general v icw  on thc m agnitude as well as the 
distribution o f stress valucs in the NW 
Vietnam. The reg ions located w estw ard o f Dien 
Bien-Lai Chau fau lt, in Tuan G iao-Tua Chua 
area and the reg ion  in bctvvcen tliem suffer from 
the high stress an d  attain  the highest values 
w ith respect to  the w hole NW  region o f  
V ie tnara  T he reg ions located w estw ard o f  from 
Hat Lot to  Moc C hau  towns and the righ t bank 
o f  Da River are thc loci in w hich exist some 
places w ith re la tive  high stress values. 
However, in com parison  w ith the stress values 
along D ien B ien-L ai C hau as well as the Tuan 
G iao-Tua Chua íau lt system s, these values are 
m uch lovver.

The regions coded yellow  color 
corresponding w ith  the stress value ranging 
ữ o m  0.5 to  2 b ars  concentrate only in  some 
certain areas and  closely  related  to  the areas 
w ith high stress values. The largest area form a 
triangle shape w ith  the base corresponding to 
the length from  T ay  Trang to the Vietnam - 
China bounđary an d  the vertex locating a t Tuan 
Giao. A long the  Son La fault, it exists two 
bands, the íĩrst and  the second  one expands in 
the N W -SE d irec tion  from  Tuan G iao to  Thuan 
Chau tow n and con tinu ing  to M uong Lat with 
30 km  long and 5 km  \vide, 26km  long and 4 
km  wide respectively.
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Fig. 2. Visualization o f active stress magnitude on 3D schcma.

In the Sop Cop area, the  region w ith  those 
stress values đevelops in to  a sub latitudinal 
band vvitlì 28km long and the vvidth varying 
from 2 to 6km. A long the Song Ma fault. from 
Dien Bicn Dong to  M uong Lat occur some 
unconnected ílocks ch arac te ri/ed  by stress 
values o f  0.5-2bars. In the  lovvcr cou rse  o f  Da 
R iver corresponding to  the segm ent betvveen 
Ban Pa No and Ban C o Lon, the stress band 
orients N W -SE then dev iates to  EW  direction 
and develop to  Xom G iang  near H oa Binh 
tow n (f ig . 2).

A long the Red R iver fault, the sam e stress 
level occurs in tw o narrovv bands. T he  Hrst one 
w ith 60km lonii and 2-3 km  vvide distributes 
from the  Bat Xat to  Bao H a. T he  second one 
Yvith the sam e dim ension dcvelops from the 
H ung Hoa to Xuan Mai.

The rest o f  the  NW  region o f  V ietnam  vvith 
the surface o f  65078 km2 equivalen t to  92%  o f 
the vvhole studied area sulTers IVom the lovv to 
very low stress level.

2.2. D istribution o f  the m axim um  horiion ta l 
stress axis

Due to  the stress is a vec to r quantity  so that 
its d irection and orientation d isp lays on the map

by double arrovv. O n the fig. 3 the m axim um  
principle axis is m apped by a centripetal double 
arrovv. T he heads o f  arrovv locates right at 
calculated points. The length o f  arrow s 
represent proportionally  to the  value o f  
m axim um  principle stress axis.

In general, the predom inant orien tation  o f  
principle strcss ax is is longitudinal d irection. 
N evertheiess, in som e places vvhere stress 
values vary relative large, the principle stress 
ax is’s orientation and direction as  vvell as  their 
m agnitudes are strongly  various. For exam ple, 
to  the vvest o f  D ien B ien-Lai C hau fault, 
betvveen the  longitude o f  102°58 '3 ,,E and the 
road No. 12, exists a band characterized  by 
strong variation o f  stress axis o rien tation  in EW 
direction and in the p lunge varying from  0 to  30 
degrees. In the vicinity  o f  Tuan G iao-T ua Chua 
fault, the sam e scenario  also presents. In the 
region o f  Song M a-Sop C op and T uan  Giao, 
D ien Bien, the principle stress ax is form s the 
concentric bands w ith the convexness located in 
the South o f  Tuan G iao  tow n. W ith such íìgure, 
it is possible to  connect w ith  the high 
accum ulation o f  stress in vicinity  o f  T uan  Giao. 
T he region lim ited northeastw ard by the Red 
R iver fault, southw estw ard by the Son La fault
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and by the Hoa Binh arc to  the soutlì, contain 
the  stress axis Ihat fom i the lines sim ilar to  the 
force lines o f  m agnctic ficld. Those lines swing 
and  form a large z shape. In the  NW  part o f  this 
z shape, the stress axis orientation is still 
longitudinal and then it change to the NE 
orientation at vicinity o f  Q uynh Nhai and Than 
Uyen before its direction turiis to  the NS 
direction vvhen it approaches to the Son La

fault. In gcneral vicvv, the orientation as well as 
the m agnitude o f  stress axis in the N W  region 
o f  V ietnani is inhom ogeneous. T heir variation 
depends closcly to  the  region vvhere the stress 
m agnitude changes abruptly . Such variation in 
m axim um  stress axis direction suggests that the 
possible d isplacem ent and offset might be quite 
diíTerent from the place to place vvithin a sam c 
fault.

Fig. 3. O rien ta t ion  o f  the  m a x im u m  p r in c ip le  stress  axis .

2.3. D istribution o f  stress anom alies

The alm ost studied region falls into the lovv 
stress anom alies with the exception o f  som e 
areas characterized by high positive and 
negative stress anom alies and displayed in fig
4. Those anom alies are describcd consecutively 
aỉtervvard. The lìrst positive anom aly band 
concentrates to the w est o f  Dien Bien-Lai Chau 
fault and expanđs continuously  from Vietnam - 
C hina boundary to Tay Trang ữ o n tie r porl and 
further develops tow ard Laos. T h is band is one 
o f  tw o highest stress anom alies in the region 
and is divided into tw o parts. T he íìrst part is 
featured by very high positive one expanding 
from the V ietnam -C hina boundary to  M uonc 
Pon. The second part developing from M uong

Pon to  Tay Trang, is characterized by the 
parallel existence o f  the lìighest positive next to 
the h ighest negative anom alies. The second 
anom aly band corrcsponding to  the highest 
positive anom aly in the stuđied region, 
develops from Lai C hau through Tuan G iao to 
East D ien Bien in N W -SE direction and 
jux taposes castw ardly  to a relatively high 
negative anom aly. It is im portant to  note that 
the jux taposition  o f  those two contrast 
anom alies coincides w ith a area vvhere a 
h istorical strongest earthquake is recorded a t Pu 
N hung in 1983. T he high contrast o f  stress 
anom alics prcscntcd in this area is eventually to 
produce the earthquakes occurriníi vvith high 
írequency. The tlìird relatively high level stress 
anom aly runs parallel to Son La fault. It
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anom aly runs parallel to Son La fault. Ít 
ịuxtaposes eastvvardly to  a vast region 
characterized by negativc anom alies covering 
Yẽn C hâu, Sơn La, Thuận Châu passing Quỳnh 
Nhai, Than Uyên, Mù C ăng C hải, N ghĩa Lộ, 
Phù Y ên. Bấc Yên. The Iburth medium  stress 
anom aly com posing o f  th rcc  segnients links to 
the Red River fault. T he íìrst segm ent vvitlì high 
anom aly value initiates from Van Ban tovvn and 
develops tovvard China. T he  sccond segm ent 
from Yen Lap to Xuan Mai is characterized by 
relativelv low anom aly. T he  m iddle segm ent 
suffers tVom a lowest stress anom aly level. The 
fifth positive anom aly band running in NW -SE 
direction from T a Khoa to M oc C hau com poses 
o f  tliree ílocks o f  anom aly tentatively  connected 
to a positive anom aly o f  Hoa Binh -M oc Chau 
running in EW direction. T he sixtlì weak 
positive anom aly develops a long the Song Ma 
fault from Q uan Hoa to  Hau Loc. T he seventh 
positive anom aly o f  Sop C op - M uong Lat 
consists o f  som e discrete sm all llocks o f  stress 
anom alies in vvhich only the  one o f  vicinity o f  
Tin T oc village is highest. T he eiglìth positive 
anom aly distributes along  Song M a and 
consists o f  som c discrete stress anom aly spots 
w ith lovv m agnitude o f  stress. A pproaching to 
the Dien Bien basin, th is lìigh positive anom aly 
decreases to  null value and  vanishes in the 
negative stress anom alies. T he ninth positive

stress anom aly band develops along the Song 
Ca active fault. H owever, th is  anomaly 
com poses o f  discrete spots characterized by 
relatively lovv values. A part from that, further to 
the north o f  Song Ca fault zone, along the 
norm al faull coincid ing  w ith the road No.48 
exist also som e very low values o f  discrete 
strcss anom aly. The tenth anom aly distributes 
equilaterally around the Pusam cap m ountain 
and unrelated to  any fault but eventually to 
intrusions during  C enozoics.

It is recognizable that apart from two 
negative stress anom aiies distributed along the 
Dien Bien-Lai Chau and Tuan G iao-Tua Chua 
faults, m ost o f  the NW  region o f  Vietnam 
suffers from  largely distributed negative stress 
anom alies. T hey  include the follow ing areas: 
East o f  Tuan G iao, T ua C hua, Q uynh Nhai, 
East o f  T huan C hau, Son La city, east o f  Mai 
Son, Yen C hau, M uong La, South o f  Than 
Uyen, southw est o f  MU C ang C hai, cast o f  Bac 
yen, w est (>r Phu Ycn, Da Bac, south o f  Mai 
Chau, east o f  M uong Lat, northvvest o f  Sin Ho 
and Phong T ho, M uong N he, west o f  Muong 
Lay, Dien Bien Dong. In the northeast o f  the 
Red River tault, a w eak negative stress anomaly 
is also ex isten t. T he vvcakest stress anom aly 
band vvith N W -SE  strike extends from My Duc 
through Lac T huy, G ia V ien to N ga Son.

Fig. 4. D is tr ibu tion  o f  the  ac tive  tectonic s tress  an o m a ỉie s  in the N W  o f  V ietnam .
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2.4. The vơriation oýtectonic stress in  depth

The variation o f  tcctonic strcss in dcpth is 
also asscssed according to  O kada’s algorithm . 
Tlie com puted results revcal tliat the dovvnvvarđ 
sim plicity o f  the tectonic stress distribution 
pattern. From the surface to the depth o f  40km 
w here the m axim um  thickness o f  regional crust 
can be attained, the pattern o f  distribution 
becam e lììorc and m ore sim pliíìed  (fig. 5). The 
such distribution suggests that the tectonic 
stress anom alies in the N W  Vietnam  does not 
eventually develop deeper than 40km  from the 
surface. The inost com plicated pattern o f  the 
tectonic stress concentrates in the đepth rangc

in betvveen 10 to  2 0 km from the topographic 
surface. From the third to the tenth band o f  
tectonic stress anom alies m entioned in the eaiiy  
section do not exist over I5km  deep. I lovvever, 
the stress anom alies d istributed along the Dien 
B ien-Lai Chau and vicinity  o f  Tuan G iao-Tua 
Chua fault system s develop  deeper and thcy 
tend to  unify at the deptli o f  35 to 40km  to  ỉbrm 
a larger tectonic stress anom aly but sniallcr 
m agnitude. The existence o f  such tectonic stress 
anom alies pattern at the lovver crust im plies tliat 
this area is potential for liigh seism icity  in the 
N W  region o f  V ictnam . T he earthquake sourccs 
also concentrate at the depth corresponding 
with the stress anom alies.
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Fig. 5. 3 D  S ch em a  illustrate tec ton ic  stress  a n o m a ỉ ie s  a t  4 0 k m  depth .

A part from  the positive stress anom alies, in 
the NW  Victnam, the negative strcss anom alies 
also vary from  the surface dow nw ard to  the 
đepth 40km . The vicinity  o f  Dien Bien-Lai 
C hau fault system s, the area o f  Than Uyen, 
Q uynh N hai, Thuan C hau, Tram  Tau suíTer 
from a negative tectonic stress. T he  rest o f  the 
studied arca is in neural strcss anom alies or 
o ther vvord in the region \vithout deviatory 
stress causcd by tectonics.

2.5. Concỉusion remarks

By integration o f  the field investigations 
vvith the  m odelisation o f  the intcraction 
betxveen ỉault system s and the active rcgional 
geodynam ics for the NW  V ietnam , som e 
conclusion rem arks can be delineatcd as 
fo!low ings:

A lm ost o f  the N\v V ietnam  is affected by a 
low tectonic stress vvith the exccption o f  ten
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positive stress anom alies am ong \vhich the one 
o f  Dien Bien-Lai C hau and  T uan  Giao-Tua 
C hua are highest.

A part from  the positive anom alies, the 
existence side by side o f  the negative to the 
positive anom alies along the vicinity  o f Dien 
Bien-Lai C hau and T uan  G iao-Tua Chua fault 
system s reveals that the close relationship 
bet\veen high stress level w ith the frequent 
earthquakes in this areas.

From  the surface dow nw ard  up to 40km, the 
rule o f  tectonic stress anom alies distribưtion 
tends to  s i n p l i í y  a n d  d is a p p e a r  w ith  the  
exception o f  a  large anom aly covering the area 
o f  Dien Bien-Lai C hau to Tiian G iao-Tua Chua.

The clearest and most com plicateđ  pattem s 
o f stress anom alies distribute a t the depth 
betw een 10 and 20km.

The areas suffering from  high tectonic 
stress anom alies are places vvliere seism icity are 
relatively high. Thereíore, the exact 
identiíication o f  stress anom alies provide the 
basic sciences for the earthquake zonation, 
sources pattern  and the sources distribution as 
vvell as the possible occurrence o f  earthquake.
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