/NU. JOURNAL OF SCIENCE, NAT. SC1. t.X1, n®3-1995

RECENT FAULTING IN COASTAL ZONE OF VIET NAM
AND ITS RELATION TO SEISMIC ACTIVITIES

Nguyen Can & Nguyen Dinh Hoe
College of Natural Sciences, VNU

Paper read at the international Symposium on scismotectonice and seismic hazards in
southeast Asia

INTRODUCTION
It is obviuosly accepted in recent years that strong seismozones in Viet Nam are aétive fault
incs [4.10), however, scismohazard-produced ability of the faults is differentiated ¥y fault

mechanics and by hazard susceptibility of the region [1,7]; this problem needs to be inwestigated
n detail because of its bearings on i 1 and hazard-reduced planmi

Fault mechani¢s depends on Recent Tectonic stress Field (RTSF). As to be ‘showed
ifterwads, the RTSF is in fact not a uniform thing but strongly varies from area to area:in Viet
Nam.

There are many kinds of hazard susceptibilities in Vietnamese Coastal Zone (VNCZ-or CZ in
short), the most noticeable kind is liquefaction susceptibility related to old lagoonal deposits
already covered by younger unliqueficd ones.

I. THE RTSF AND MECHANICS OF RECENT FAULTING IN VNCZ (FIG.1).

Nguyen Trong Yem (1991) proved that the RTSF in Red River Basin is of strike-slip field
with 61=00.00 (submeridional-subhorizotal maximum compressional axix ol) [10]. This RTSF
also acts on Red River fault Zone in Western Yunnan-China, causes dextral motion of NW fault
sets [2.12), and is produced by northwards migration of india Landmass [12].

This RTSF operates downsouthwards up to around Hue, and had an effect on Quaternary
basalt flows in the shore zone of Vinh Linh. Recent faults crosscut basalt right prisms and
created the rotation of the basalt prisms inside the deformed zone of the faults [6].

The RTSF working in Central Vict Nam is quite different from others by the fact that its ol
is set up in subvertical position (normal field fig.2). The stressficld reactivised all older faults of
any orientations to be normal. The appearence of the stress field is thought to be related to
mantle anomaly, creating the recent uplift of Western High Plateau Block in Central Viet Nam
and outpouring of basalts [10,11]. The shore lines from Quang Ngai to Vung Tau are controled
by various normal faults [11], :

The coastal scction from Mong Cai to Hai Phong, NE Viet Nam has been affected by other
strike-slip ficld. This RTSF ecarns ol = Y0.00 (subparallel-sub horizontal maximum
compressional axix. NE trending faults there from and dextral, and normal faults corosscuting
Late Pliocene lakebeds are E-W directed. The Hai Phong Holocene Basin is located in the
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transitional position'bc!wzen 2 RTSF : one with 61=00.00 in the southwest and other with
1=90.00 in the northeast [S].

Northeast trending faults in NE Viet Nam have ever been called Dong Trieu Fault System foy
years [4, 13, 14]. They are southwest extension of Tan-lu Pault Zone (TLFZ) running
northeastwards up o Hong Kong-Shang Hai China. The operation of the TLFZ is originatet
from plate collision process in Western Pacific [8], not only for the recent tectonic phase, bu
for whole Meso-Cainozoic history-if not earlier-as well.

The very interesting problem deals with rccent fauting in Da Nang region. Red Rive
F.appears h of Son Tra peni and Hai Van Pass, its representative on land i
Hai Van-Son Tra Fault Zone (HSFZ) with the trends varies around 140°-150°. The HSFZ is se
in dextral motion, but is crosscut and stopped by a set of subparallel dextral faults such az Cu
De Fs,, Tuy Loan River Fs.

Looking northwards in southern Hue, some other E-W oriented faults as Hue F., Rao Trang
F.are also dextral or dextroreverse.

If these E-W faults are crcan:d. by RTSF as the same of that of Red River FZ (o1=00.00)
they should be reverse or thrutst. As a matter of facts, these dextral E-W faults must be operatec
by a different RTSF with o1=140-150.00. They produce many faultscarps with slope angles o
more than 50°. These faultscarps are still fresh, ining many landslides and rock avalanches
and crosscuting through Early Pleistocene Pediment.

The above facts clearly proved that Red River Fault System and its RTSF have beer
terminated around Da Nang Parallel where other fault system and related RTSF have beel
replaced. Beside that. Da Nang Parallel is the interchange ficld between Red River F. and Eas
Viet Nam F; the latter during the whole openning history of East Viet Nam Sea Basin (EVNSB
had ever been a dextral fault. In recent tectonic period, its activity is surcly related to closing o
EVNSB. Judging from the direction of recent ridges and thrusts affected to Late Pleistocen:
deposits in Truong Sa (Spratley) archipelago [3.9], the  shorterning  process  must b
originated from a RTSF with a1=140-150.00 as he same thing governed in Da Nang region
The East Viet Nam Fault, therefore, should be sinistral respectively.

I1. RELATION BETWEEN ACTIVE FAULTS AND SEISMIC HAZARDS IN VNCZ.

Distribution of seismogenic zones and related carthquakes (M.Lh) in Vietnamese territory an
offshore arcas have been clucidated for years by Nguyen Can and by his collcagues [4,13]. B;
the combination of characteritics of alrcady known seismogenic zones with new understanding
about RTSF and hanics of the earthq duced faults, its is able to draw up some reug|
estimates on the relationship between active fault and seismic hazards in VNCZ as followings:

1. Most-if not all-Earthquakes in VNCZ are produced by FAULTING:* NORMAI
FAULTING governes in Western High Plateau Block (Tay Nguyen Block) caused by uplift.
STRIKE-SLIP FAULTING-caused by palate collision forces accu in Himalaya to th
west or in Pacific to the east-acts in other regions of the country.

* Normal faulting relates to carthquakes with 5.1<M<5.5.
* Strike-slip faulting may give carthquakes with magnitudes ranging up 10 7
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2. Faul-generated earthquakes as usual are shallow-focus. Acording to Lundgren [7] the
displacement of both sides of a given fault transfers energy from the earth interior to
accumulation zones; the latter located in the upper 15 km where two blocks on cither side of
the fault are LOCKED, while the lower parts of theses blocks may move smoothly past one
another forcing the overlying parts to move in the same direction, the process must result in
strain accumulation in the upper part to form an asperity (high strain zonc) on a potential
rupture zone. The rate of calm slip on the underscction of the fault accelerates to increase the
shear stress close to the potential rupture planc uptill the happening of the main shock to relcase
most of the strain in the asperity.

Most of fault-related carthquakes, therefore, must be shallow events with hypocenters
commonly located on the upper part of the faults (it means around 15 km deep from ground
surface). The 15 km deep boundary is still not well known, this causes the rotation of blocks in
the deformed zone of strike-slip faults, the main kind of intraplate deformation, this causes the

ability to slip smoothly of blocks lying deeper 15 km from ground surface.

Depth of the recorded earthquakes in VNCZ varicd from 10 to 30 km [13], some hypocenters
deeper than 15-20 km should be rechecked respectively.

Fault-related carthquakes in VNCZ are of Mmax between 5.0 and 7.0, [4, 13], but commonly
of M max between 5.0 and 6.0 [4,13] in the cases of shallow earthquakes (h<15km), scvere
disasters may be actual. In VNCZ, there exist Holocene lagoonal sequences in many localities
which nowaday underlie younger deposits. The well sorted finegrained sands and muds of the
lagoonal sequences may be liqueficd. The liquefaction may magnify seismic waves, create sand
boils, turn weak earthquakes to disasters.

PRELIMINARY CONCLUSION

Most of-if not all-strong earthquakes in the coastal zone of Viet Nam are obviously created
by active faulting, especialy by strike-slip motion of the recorded magnific fault. Fault-related
carthquakes are shllow focused, may be disasters caused by liquefaction of old lagoonal deposits
in coastal lowlands.

FIGURE CAPTIONS

Figure 1.Stress trajectory in combination with scismogenic zones and fault mechanics :
1- o1 = 90.00 ; NE directed Fs.: dextral ; 5.6<M<6, 19 = 8

2- ol = 00.00 ; NW directed Fs.: dextral ; 5.1<M<7,1° = 7 + 8.9

3- ol = 140.00; EW directed Fs.: dextral ; 5.1<M<5.5,19=7

4- ol = **.90 ; normal Fs.variously directed ; 5.1<M<5.5, 107

Figure 2. Stereographic diagrams of active faults in some selected sites.
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TAP CHI KHOA HOC. PHQG HN, KHTN, LXI, n°3 - 1995

HOAT DONG DUT GAY HIEN DAI G VEN BIEN (COASTAL ZONE) VIET NAM
VA MOI1 LIEN QUAN VGT HOAT DONG DIA CHAN

Nguyén Cin, Nguyén Dinh Hoc
Dai hoe khoa hoc e nhién, DHQG HIN

TOM TAT
Dai bd phin dong dit & Ddi ven bidn Vigt Nam ddu duoc gay ra do hoat dong dit gay hién
dai; gdm hoat dong dit gay thudn, téc dong & doi ven bitn Trung B§ (1 Quing Ngai dén Vong
Tau) do van déng Nang Trdi (uplift). va hoat dong dit gay Truot Bing theo phrong (Strike-
slip) tc dong trén cdc dién tich cdn lai lién quan dén van dong Ddn Ming (collision):
* Hoat dong Dt Gay T:huﬁn gy ra dong dit vai 5,1<H<S.5
* Hoat dong dit gay Truot B:’mg Theo Phuong lién quan vdi cdc dong dit 5,1<M<7,0.

Co ché dut gay va cdc diic trung cha dong dit (M, I, h) lién két véi dift gay phu thude vio
trwomg ¥ng suft kién tao hién dai (TUSKT) :

* TUSKT vdi ol ~ 90.00 tdc dong & doan Dong Tritu - Mdéng Cdi gy ra cdc dift gay thuin
phuong A Vi Tuyén va cic dift ghy trrgt phhi phrong dong bic, TUS ndy ¢6 It 1a shn phim
clia hoat dong dén mng & phin Tiy Théi Binh Duong.

* TUSKT vdi o1 ~ 00.00 téc dimg td Hii Phong dén 1an can Hué, chic chin lién quan dén
sy va cham gitta luc dia An D va Au - A, tao ra cdc hi dift gay Idn trwot trdi phuong (ay bic.

* TUSKT vdi o1 ~ 140.00 c6 khd nang lién quan vdi sy thu hep Bién Dong hign dai, xuit
hién & doan 1+ Hai Van dén Quing Ngai vdi cie dift gay trurot phi phrong 4 vi wyén .

* TUSKT cé 41 ~ *90 tdc déng 1t Quing Ngai dén Vang Tau, chuyén tao ra cdc dift gay
thufin, chic chfn do vin dong Nang Tidi clia khdi cdc cao nguyén Idy Nguyén tao ra.

Dong dAt lign quan dén vin dong dift gay hién dai trong ming thach quyén cing thuomg B
loai dong dft néng c6 h < 15km, vi thé miic dd ning lugng chén tiéu nhd vin c6 thé gly tai

bién, nhit 12 & ddi ven bitn thuéng s loqi trim tich c6 tinh nhfly chm héa ldng cao khi déng
dit.

57



