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1. Mé dau

Khu vyc Bong Nam A 13 noi gdp gb cua cac
mang thach quyén lon cua vo Trai Pat: mang Au -
A & phia bic, mang An - Uc ¢ phia tay va phia
nam, mang Philippine & phia dong. Dich chuyén
kién tao va blén dang vo Trai Dat ¢ day chiu tac
dong chu yéu boi qua trinh va cham thic ép mang
An Do vao mang Au - A, cling nhu sy hit chim
xudng duédi ciia mang Uc va mang Philippine. Khu
vuc Pong Nam A tao tir hai khdi kién tao chi yéu:
(1) khéi Sunda (bao gébm dia khu Péng Duong
gdbm phan 16n lanh thé Viét Nam, Lao va
Campuchia), Thai Lan, ban dao Malaysia, Sumatra,
Borneo, Java va cac ving bién nong nam gitra va
(2) khdéi Nam Trung Hoa. Chuyén dong cia cac
mang ndi trén to hang triéu ndm qua da hinh thanh
cac hé théng dut gay trong khu vuc dugce cho la
giy bdi su thiic ép clia mang An D9, tao nén birc
tranh dich chuyén va bién dang vo Trai dét khu vuc
phtc tap. Su bién dang khu vuc duoc giai thich
bang hai gia thiét chinh: thir nhit do chuyén dong
lién tuc ctia vo Trai Dét va thach quyén duoc xem
1a méi truong bién dang nhét [7, 8, 11] va thtr hai
do chuyén dong cua cac khdi thach quyén rén doc
theo cac vung dut gay hep [1, 18, 23-25] Viéc thu
thap cac chimg ct mdi vé bién dang va dich
chuyén hién dai ciia vo Trai Dét s& cho phép hiéu
dugc tinh ding ddn cua cac gia thiét trén. Trong
khoang 20 nam gin day viéc do dac dich chuyén

vo Trai Pat ¢ khu vuc Pong Nam A bing cong
ngh¢ GPS [3, 4, 14, 15, 21, 22, 31], da cho thiy
khéi Sunda Chuyen dong nhu 1a mot khéi so vai
mang Au - A. Trén lanh thé Viét Nam ciing di co
nhiing két qua nghién ctru dich chuyén kién tao &
khu vie mot s dut gdy hoat dong (dut gay Lai
Chéau - bién Bién, dat gy Son La, dut gay Song
Héng) dua trén viéc do lap GPS [5, 6, 9, 26, 27].
Tuy nhién, do chuyén dich twong dbi trén cac dit
gdy & nudc ta thuong nho, cac két qua do 1ap trong
thoi gian quan sat chua du dai, nén that sy chua
cho dugc nhitng thong tin tin cay vé dich chuyén
tuong ddi trén cac dit gdy nghién ciru. Sir dung sb
liéu GPS lién tuc ¢ cac tram Ha Noi, Hué (HUES)
va Tp. H6 Chi Minh (HOCM) cung véi cac tram
IGS ¢ khu viuc Dong Nam A trong [17] ching t6i
chi ra rang khéi Sunda dang dich chuyen vé phia
déng nam va c6 xu thé quay theo chidu kim dong
hé. Tiép tuc nghién ciru trong bai bao trude [17],
trong bay bao nay, bang viéc bd sung sb liéu méi
cua cac tram GPS lién tuc tai Dién Bién (DBIV) va
Vinh (VINH), chudi s6 liéu dai hon & HOCM,
HUES, chudi s liéu tin cay hon tai tram Phu Thuy
(PHUT) - Ha N¢1i, chiing t61 trinh bay nhiing thong
tin méi vé dich chuyén kién tao ¢ khu vuc bong
Nam A.

2. S6 ligu va phwong phap phan tich

SO liéu dugc dua vao su dung 1a so li¢u cac



tram GPS lién tuc & Viét Nam: DBIV, PHUT,
VINH, HUES, HOCM (bdng 1), va cac tram cua
Trung tdm dich vu IGS qudc té: BAKO, NTUS,
CUSV, KUNM, PIMO,... Trong [17] chung t6i str
dung $6 liéu cua tram Ha Noi trong khoang thoi
gian 4/2005-12/2006, chudi sb liéu trong déi ngén.
Tu thang 2/2009 cho dén nay, may thu GSV4004B
duoc dat hoat dong lién tyc tai dai Vat ly dia ciu
Phi Thuy c6 duoc chudi s liéu hon 4 nam lién
tuc, do vay chung t6i chi su dung $6 liéu cua tram
PHUT ma khoéng st dung $6 liéu cua tram Ha Noi

nhu trudc day. Trong [17] chudi s6 lidu cua céac
tram tor 5/2005 cho toi 12/2009 duoc st dung,
trong bai bao nay ) liéu duoc cép nhat dén thang
11/2013. Bdng 1 liét k& vi tri 05 tram cua Viét
Nam, loai thiét bi va thoi gian sir dung sb liéu dé
phan tich, trong $6 nay tram HOCM c6 d6 dai
chudi sb liéu dai nhat 1a 92 thang sb liéu lién tuc,
tram VINH c6 d6 dai chudi thoi gian ngén nhat 1a
27 thang. Phin nhidu s liéu cac tram cia IGS
duoc sir dung thuong co ddy du sb lidu tir thang
5/2005 dén nay, nghia la c6 s6 liéu 8 nam lién tyc.

Bang 1. Vj tri cac tram GPS lién tuc & Viét Nam

Toa do
Tén tram May thu Anten Thoi gian
Kinh d0 (°E) Vydo (°N)
DBIV 103,01829 21,38992 NetRS Zephyr geodetic 11/2009 - 11/2013
PHUT 105,95871 21,02938 GSV4004B NOV533+CR 2/2009 - 6/2013
VINH 105,69659 18,64999 Trimble 5700 Zephyr geodetic 9/2011 - 11/2013
HUES 107,59265 16,45919 GSV4004A NOV503+CR 1/2006 - 10/2011
HOCM 106,55979 10,84857 GSV4004A NOV533+CR 5/2005 - 10/2012

Mot diéu ciing dwoc luu ¥ 1a viée dat cac tram
do GPS lién tuc sao cho dam bao diéu kién nghién
ciru dia dong lyc. Tai cac tram DBIV va tram
VINH, cac tram dia chin duoc xay dung trén nén
da géc, cOt dat anten duoc lam béng beton trén nén
da géc gén v6i ham dat may hoac nha dit may dam
bao cot do khong bi bién dang theo thoi gian. Tai
cac tram PHUT, HUES va HOCM, anten thu duoc
dat trén noc nha bé“mg beton xay dung tir hang chuc
nam qua, dam bao khong con bi lun hodc bién
dang. Nhu thé cac méc do GPS lién tuc duogc su
dung déu dam bao 6n dinh va viing chic dap tng
yéu ciu nghién cuu dia dong luc.

Phin mém GAMIT/GLOBK dugc st dung dé
tinh toan chudi thoi gian cua cac toa do tram va sau
d6 1a tinh toan tdc d6 dich chuyén cua vo Trai Dét
tai vi tri tram [10]. pé chay GAMIT, mot $6 tép
quan trong trong phin mém phai dwoc cap nhat:
Ifile, station.info, process.default, sites.default,
sestbl,... Ngoai ra can phai cip nhat thong tin lich
thién van vé tinh, cdc md hinh triéu Mit Trang va
Mt Trod, vi tri cuc,... SO lidu quan sat ¢ cc tram
thu GPS dugc chuyén ddi sang dang rinex va dua
vao thu muc cung tén rinex trong thu muc xu ly
GAMIT. Viéc xir Iy bang phin mém GAMIT voi
khoang cach cac tram 16n (trén 500 km) doi hoi
diung mode BASELINE va s6 liéu cia hon 10 tram
IGS/ITRF, nhu thé trong tép glorg.com doi hoi

dung it nhat 10 tram ITRF c6 vén toc tuong ddi on
dinh dé 6n dinh trudng van téc tai cac tram can
nghién ctru. Sau khi xem xét chung t6i da st dung
13 tram trong d6 mot s6 tram & lanh thd Trung
Quéc nhu KUNM, SHAO va WUHN, mét s tram
& nén Au - A nhu ARTU, JOZE, ZECK, POL2,
IRKT,... Phuong phap xir Iy nay sir dung sd lidu
clia nhiéu tram nén doi hoi thoi gian cho viée xir 1y
nhiéu hon, tuy nhién két qua tinh toan rat 6n dinh.
Viéc xu ly $6 liéu dugc thuc hién trong ITRF2005,
nhu véy, sau khi xtr I mdi ngay sb liéu phin mém
GAMIT s€ tao ra mot thu muc ngay luu trir toan bo
két qua tinh toan. Két qua diu ra s& 1a sé liéu dau
vao cho viéc chay chwong trinh GLOBK dé danh
gia van toc dich chuyén vo Trai Dét.

3. Két qua va phan tich
3.1. Chuéi thoi gian cdc thanh phan toa dp

Két qua xir 1y sé litu GPS bang phin mém
GAMIT sé& cho ching ta chudi thoi gian theo tirng
ngdy cua 3 thanh phan toa d6 tram: thanh phan béc
N, thanh phﬁn dong E va do cao U. N6i chung, viéc
xac dinh d6 cao U thuong mic sai s6 16n nén két
qua tinh U khong dugc ban luan trong bai bao nay
ma chi ¢6 hai thanh phan nim ngang N va E dugc
quan tam téi. Hink I biéu dién chudi thoi gian cta
hai thanh phan nim ngang dich chuyén vo Trai Dat
cua 10 tram ¢ Viét Nam va lan can.



Dé danh gia chét lugng cua chudi thoi gian thu  binh phuong trung binh 14y trong sb (weighted roor
dugc, phin mém GAMIT di tinh 2 tham s6: d6 mean square - WRMS) va théng ké sé ngay c6 sb
léech binh  phuong trung binh chuian hoa  liéu da tinh. Cac tham sd nay cta 10 tram trong
(normalized root mean square - NRMS) va d6 1éch  khu vic Pong Nam A duoc liét ké trong bdang 2.
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Hinh 1. Bién dbi theo thoi gian ctia thanh phan N (trén) va thanh phan E (dwéi) tai 10 tram GPS & khu vuc Dong Nam A

Bang 2. Sé ngay c6 sé liéu phan tich va cac tham sé dd léch binh phwong trung binh chuan héa (NRMS)
va dé léch binh phwong trung binh lay trong s6 (WRMS) cta 10 tram khu viec Dong Nam A

. . Thanh phan Béc N Thanh phéan Déng E
Tram S0 ngay cé so liéu
NRMS (mm) WRMS (mm) NRMS (mm) WRMS (mm)
DBIV 1425 0,92 2,7 0,88 2,6
PHUT 1406 0,61 3,3 0,50 3,2
VINH 536 0,88 3,0 0,85 3,3
HUES 1481 1,55 4,6 1,15 34
HOCM 2456 1,10 43 0,97 4.1
KUNM 2762 1,16 2,8 1,09 2,6
PIMO 2915 1,31 3,9 1,11 3,3
NTUS 2757 2,03 78 2,51 9,9
BAKO 2982 1,13 4,4 1,05 4,4
Ccusv 1851 1,71 5,7 1,17 5,0

Nhu dé néu & bdng I va bang 2, 5 tram cua IGS
va cac tram HOCM, PHUT va HUES c6 hon 4
nam sé liéu, tram DBIV ¢6 47 thang s liéu (1.425
ngay), tram VINH c6 27 thang s6 liéu nhung thuc

té co 536 ngay sb lidu. Trong xir 1y s6 liéu GPS
bang phan mém GAMIT ngudi ta thdy trong
khoang thoi gian dii dai chudi thoi gian cta tram
nao ¢ NRMS xép xi 1 mm hodc nho hon, twong



tmg WRMS x4p xi 4 mm hodc nhd hon [10] thi
chudi sb lidu duoc xir 1y tt va két qua danh gia
vén toc tin cdy. Chudi thdi gian cta ca hai thanh
phﬁn & 5 tram & nudc ta thoa man diéu kién nay,
trong khi & 5 tram cua IGS, ciac tram KUNM,
PIMO va BAKO thoéa mén diéu kién trén, ca hai
thanh phan cta tram NTUS va thanh phdn N cua
CUSV tuong ung c6 NRMS=2,03 mm, 2,51 va
1,71 mm, WRMS=7,8 mm, 9,9 va 5,7 mm. Trén
hinh 1 ching ta thiy & thanh phdn N cua tram
CUSV thay dbi xu hudng tuyén tinh vao khoang
3/2011, & ca hai thanh phﬁn cua tram NTUS co
nhay béc vao thang 8/2007 va & thanh phin E cua
tram NTUS c6 nhdy bac nhé vao khoang 2/2012,
d6 1a nhiing nguyén nhan lam cho cac gid tri
NRMS va WRMS 6 hai tram nay cé gia tri 16n nhu
da néu. Do c6 sy nhay bac ro rét & ca hai thanh
phin N va E ¢ tram NTUS vao thang 8/2007, va &
thanh phin E tir thang 4/2012 nén s6 liéu & trude
thang 8/2007 va sau 1/4/2012 s& khong dugc st
dung dé tinh van tdc cua tram. Chung ta c6 thé théy
& tram PHUT, sai $6 x4c dinh vi tri cta tram & mot
ngay riéng 1¢ c6 thé 16n hon & cac tram khac c6 thé
do tram ¢ khu vuc dinh di thudong dién ly xich dao
[16], nhidu dién ly manh c6 thé giy sai sé dang ké
trong viéc xac dinh toa d9 trong mot $6 ngay,
nhung cac gia tri NRMS va WRMS lai kha nho,

didu d6 cho phép ching ta thu dugc danh gia van
toc tin cdy O tram nay.

3.2. Trwong vin toc

Tir cac chudi thoi gian cua cac thanh phén toa
d6 thu dugc O trén nho phﬁn mém GAMIT, su
dung phﬁn mém GLOBK chung ta tinh dugc toa do
cua cac tram va cac thanh phén vecto van tdc dich
chuyén tuyét ddi trong khung quy chiéu chuin
ITRF2005 (thanh phin Déng Ve va thanh phin
Béc Vn cing v6i cac sai s6 tuong ung). Tir hai
thanh phﬁn van tde chung ta tinh dugc cac vecto
dich chuyén tuyét déi, sai 56, d6 tin cdy tuong ung
va phuong vi cia chiing dugc trinh bay ¢ bang 3 va
dugc biéu dién & hink 2. Nhu trén di néu, dé tinh
toan trudong van tdc trong ITRF2005, chung toi sir
dung 13 tram cua IGS nhu nhiing tram chuin, két
qua cho thdy hai thanh phdn vecto van tdc cia cac
tram chuén sau khi tinh toan sai 1&ch so voi gia tri
twong tng trong ITRF2005 ¢& xp xi 1 mm/nim
hodc nhd hon, nhu vay truong van tdc dich chuyén
ctia vo Trai dit voi phuong phap tinh toan su dung
phin mém GAMIT/GLOBK di trinh bay cho két
qua 6n dinh va phu hop. Trong bang 3 cling trinh
bay d¢ tin cay cua viéc xac dinh vecto dich chuyén
tuyét déi tai 10 tram & khu vuc Pong Nam A ma
chung t6i quan tdm déu trong khoang 96-98%.

Bang 3. Toa do va van toc dich chuyén vé Trai Dat tai cac tram GPS lién tuc & Viét Nam va Déng Nam A

Toa do Thanh phan DBéng Thanh phan Bic Vecto dich chuyén tuyét déi

Tram Kinh do V§ do Ve Sai sb Vn Sai sb 7] Saisé  Phuongvi DG tin cay

@) @) mm/ndm mm/nam mm/ndm - mm/ndm e mm/nam @) (%)
KUNM 102,79720 25,02954 31,0 0,7 -18,2 0,7 35,9 0,7 120 98
DBIV 103,01829 21,38992 31,6 1,1 -9,5 1,1 33,0 1,1 107 97
PHUT 105,95871 21,02938 30,6 1,0 -10,0 1,0 32,2 1,0 108 97
VINH 105,69659 18,64999 34,1 1,5 -11,2 1,5 35,9 1,5 108 96
HUES 107,59265 16,45919 28,3 0,9 -13,6 0,9 31,5 0,9 116 97
HOCM 106,55979 10,84857 23,0 0,8 -11,0 0,8 25,5 0,8 116 97
NTUS 103,67996 1,34580 18,6 1,0 -10,8 1,0 21,5 1,0 120 95
Cusv 100,53392 13,73591 21,6 0,9 -8,9 0,9 23,4 0,9 112 96
BAKO 106,84891 -6,49106 23,8 0,7 -9,3 0,7 25,5 0,7 111 97
PIMO 121,07773 14,63572 -28,8 0,7 7.4 0,7 29,8 0,7 284 97
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Hinh 2. Chuyén dich tuyét déi clia cac tram GPS khu vuwc Bang Nam A trong ITRF2005. Cac dwdng lidn nét biéu thi
cac dirt gay kién tao chinh trong khu virc. Con sb & gan dau vector biéu thj d6 dai cha vector, don vi mm/ndm.
So @b dirt gay lwoc theo Nguyén Dinh Xuyén [29, 30], 1) B/g Séng Hdng, 2) B/g Lai Chau - Bién Bién, 3) B/g Séng Ma,
4) B/g Tha Khet - A Luéi, 5) B/g vach dbc dong Viét Nam, 6) B/g bac Bién Bang, 7) Béi hit chim Manila, 8) B/g Ba Thap

Nhu dd néu khu vyc Pong Nam A 1a noi giao  dugc chia 1am hai khéi chinh 14 khéi Sunda va khéi
lwu cia cac mang Au - A, Uc, Philippine va Thai  Nam Trung Hoa va dd6i dat giy Song Hong dugc
Binh Duong. Phan mang Au - A ¢ khu vuc nay  cho la ranh gi6i giira hai kh6i ¢ khu vyc phia bac
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lanh thé nudc ta [25-27]. Tuy nhién, cac cong trinh
nghién ctu cia Sone va Metcalfe [13, 19] va mot
sd tac gid Viét Nam [2] coi duat gay Song Ma la
ranh gidi cia cac dia khu (Terrane) Nam Trung
Hoa va Pong Duong, va theo khai niém vé khoi
Sunda ctia Hutchison [12] thi dia khu Dong duong
1a hop phan cua khéi nay va vi thé c6 thé coi dé6i
dut gdy Song Ma la ranh gidi cia khéi Sunda &
phin mién Trung lanh thd nudc ta. Chuyén dong
hién dai theo s6 liéu GPS trong khbi Sunda va lan
can da dugc danh gid [14, 15, 21, 22], tuy nhién
trong nghién ciru nay con chua cé s6 liéu tin cay
cua cac do dac trén lanh thd nude ta, ma chi co $6
liéu cua 2 diém do lap CAMP va NONN da thyc
hién trong chuong trinh GEODYSSEA. Trong sb
10 tram GPS lién tuc dang xem xét trong bai bao
nay céac tram VINH, HUES, HOCM, CUSV,
NTUS va BAKO thugc khéi Sunda, cic tram
PHUT, DBIV va KUNM thudc khéi Nam Trung
Hoa, tram PIMO thudc mang Philippine.

Tir bang 3 va hinh 2 ching ta c6 thé thiy rang
céc tram ¢ khu vuc Dong Nam A dang xem xét, trir
tram PIMO, déu dich chuyén vé phia dong nam véi
vén toc thay dbi trong khoang tir 21,5 mm/nim &
tram NTUS téi 35,9 mm/nam ¢ tram VINH;
phuong vi thay d6i tir 107° & tram DBIV dén 120°
¢ tram KUNM va NTUS; tram PIMO dich chuyén
Ve phia tay - tay bac (g6c phuong vi 284°) vdi vén
téc 29,8 mm/nam. Didu nay hoan toan phu hop véi
méang Au - A dang dich chuyén vé phia dong nam,
con mang Philippine dich chuyen vé phia tay bic.
C6 sy giam bién d6 dich chuyén rd rét tir tram
VINH 1a 35,9 mm/ndm, HUES 1a 31,5 mm/nam,
téi cac tram HOCM, CUSV, NTUS va BAKO co
bién d dich chuyén gin nhu nhau trong khoang
21,5-25,5 mm/nam. Bién d6 dich chuyén & tram
VINH 1én hon bién d6 dich chuyén & cac tram
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PHUT, DBIV va KUNM. Ching ta hiay xem xét
chi tiét bién d6i theo v§ d6 ctia cac thanh phan van
tdc Vn va Ve cta cac tram thudc khéi Sunda va
khdéi Nam Trung Hoa minh hoa trén hink 3. Vn
bién ddi trong khoang 5 mm/nam tir tram BAKO
dén tram DBIV; khoang 8,7 mm/nam gitta tram
DBIV va tram KUNM; diéu nay c6 thé do tram
DBIV & gan dut giy Lai Chau - Dién Bién, dut gay
¢6 phuong & kinh tuyén phai c¢6 thanh phian Béc
cua dich chuyén 1a dang ké. Ve & tram VINH 16n
hon & HUES 5,7 mm/ndm va 16n hon ¢ PHUT la
3,5 mm/nam, diéu ndy c6 nghia 1a dich chuyén trén
cac dut gay gitra VINH va HUES, cling nhu gitra
VINH va PHUT c¢6 thanh phan theo phwong vi
tuyén 1a dang ké. Giitra VINH va PHUT c6 hai hé
thong dut gay 16n 1a Song Ma va Son La; trén ca
hai hé thong dut gay nay da xdy ra nhiing tran dong
dat 16n nhu tran dong dat Dién Bi€n nam 1935 co
M=6,8 va tran dong dat Tudn Gido v6i M= 6,8 nam
1983. Giita VINH va HUES c6 hé thong dut giy
quan trong la déi dat gady Soéng Ca; dong dat
thuong xuyén xay ra trén déi dut gy nay nhu dong
dat Nghé An nam 1821 v6i Ms=6, dong dat Sekon
nim 1981 v6i Ms = 5,5, dong dat Tuong Duong
niam 1957 véi Ms = 5,2, dong dat D6 Luong ngay
07/01/2005 v6i Ms = 4,7,... [20]. Cho t6i nay con
chua c6 nhiing két qua do dac dich chuyén vo Trai
D4t mot cach tin cdy trén nhimg dit giy da néu,
nhirng két qua thu duoc ¢ day cho thiy dich
Chuyen kién tao trén cac dut gdy nay co thé rat
dang ké va vi thé can thiét phai tién hanh do dac
cac dich chuyén nay mot cach chinh xac dé co
dugc danh gia day da vé hoat dong kién tao hién
dai va d6 nguy hiém dong dat cta chiung. Can phai
noi ré“lng van tdc thu duoc 6 tram VINH dua trén $6
liéu cua 27 thang 6 liéu, va nhiing thao luan trén
¢6 thé con thay ddi it nhiéu khi van tdc & tram nay
duoc xac dinh voi do chinh xac cao hon dua trén
chudi sb liéu thoi gian dai hon.
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Hinh 3. Thanh phan Vn va thanh phan Ve tai cac tram thudc khéi Sunda va khéi Nam Trung Hoa & khu vic Béng Nam A
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Dé thiy duoc o hon ¥ nghia kién tao cua dich
chuyen tai cac tram GPS lién tyc da néu chung toi
tién hanh tinh toan dich chuyén tuong dbi cua cac
tram nay so voi mang Au - A, khéi Sunda, nghia 1a
tinh cac chuyén dich twong dbi cua cac tram so véi
cuc Euler ciia mang Au - A va cuc Euler cia khéi
Sunda duoc 14y theo Calais et al. [3] va Simons et
al. [21] mot cach tuong tmg. Céc két qua duoc néu
ra trong bang 4, bang 5 va dugc trinh bay trén hinh
4 va hinh 5.

Bang 4. Dich chuyén twong ddi clia cac tram
so véi mang Au - A

Tén tram Ve Vn V] Phwong vi

(mm/nam)  (mm/ndm)  (mm/nam) @)
KUNM 53 -9,9 11,3 152
DBIV 6,3 -1,2 6,4 101
PHUT 55 -1,0 5,6 100
VINH 9,4 -2.2 9,4 104
HUES 3,8 -4,2 5,6 138
Cusv -2,8 -1,2 3,1 248
HOCM -0,8 -1,8 1,9 204
NTUS -3,3 -2,3 4,0 235
BAKO 3,9 0,0 3,9 90
PIMO -52,5 19,8 56,1 290

Bang 5. Dich chuyén twong déi clia cac tram
so véi khdi Sunda

Tén tram Ve Vn V] Phwong vi

(mm/nam)  (mm/ndm)  (mm/nam) @)
KUNM 45 -11,0 11,9 202
DBIV 3.2 2,3 3,9 234
PHUT -4,0 1,6 43 248
VINH 0,0 -2,9 29 180
HUES -5,1 -4,5 6,8 228
Cusv -11,4 -2,6 11,7 257
HOCM -9,0 -2,3 9,3 256
NTUS -10,2 -3,3 10,7 252
BAKO -1,6 -0,5 1,7 253
PIMO -61,2 21,6 64,9 289

So voi mang Au - A, dich chuyén twong d6i cua
cac tram dang xem xét & kh6éi Nam Trung Hoa
giam dan tir KUNM (11,6 mm/nim) dén Dién Bién
6,4 mm/nam va PHUT 5,6 mm/nam. Bién d6 dich
chuyén tuong d6i giam dan tir VINH 9,4 mm/nam,
HUES 5,6 mm/nam, CUSV 3,1 mm/nim td&i
HOCM 1,9 mm/nam, va c6 su quay theo chiéu kim
ddng hd rat rd rang véi phuong vi thay ddi tir 104°
6 VINH, 138° ¢ HUES tdi 204° & HOCM va 235°
& CUSV, c6 nghia 1a phan phia bic cua dia khu
bong Duong quay nhanh hon phin phia Nam. Cac
tram BAKO va NTUS c6 bién d6 dich chuyén
trong ddi so v6i mang Au - A trong ung la 3,9
mm/nim va 4,0 mm/nam. Dich chuyén tuong ddi
so véi mang Au - A cua tram PIMO dat t6i
55,6 mm/ndm v6i goc phuong vi 1a 291°; diéu do
chi ra rang mang Philippine dang hut chim rat
manh mé vé phia tiy bac xudng dudi mang Au - A.
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Céc nghién ctru cua Tapponnier va cong su cho
rang do qua trinh x6 huc ctia mang An Do vao
mang Au - A 1am cho khdi Sunda thac truot doc
theo doi dit giy song Hong va quay theo chiéu
kim ddng hd [23-25]. Trén hinh 4 cho thay huorng
dich chuyén tuong d6i so voi mang Au - A &
BAKO khéng cing huéng véi dich chuyén twong
d6i & HOCM, CUSV va NTUS. Nhu viy co thé
hién nay chi c¢6 khu vuc Pong Duong van con quay
theo chiéu kim déng hd dudi tac dung cua su thtic
ép di néu, con phan phia nam cta khéi Sunda chiu
su tac dong nhiéu hon cua qua trinh hit chim cia
mang Uc xudng duéi mang Au - A. Nhiing thong
tin ¢6 tinh dinh lugng néu ra trong bai bao nay co
thé gitip cac nha kién tao xdy dung cdc mé hinh
dong hoc giai thich chuyén dong hién dai cua khéi
Sunda nhu da dugc dé cap boi Nguyén Vin Vuong
va cac cong su [29].

Bién do dich chuyén twong dbi so voi khdi
Sunda thu dugc trong bai bdo kha phu hop véi két
qua cia Simons va nnk [21]. Vi dy, déi v6i tram
KUNM, BAKO, PIMO Kkét qua cua Simons va nnk
twong Ung 1a 13 mm/ndm (hodc 11 mm/nam), 2
mm/nim va 64 mm/ndm (cac két qua trong bai bao
tuong Ung 1a 11,9 mm/nam, 1,7 mm/ndm va 64,9
mm/ndm v&i phuong vi tuong tu). Két qua tinh
toan ciia Simons cho thdy bién d¢ dich chuyén
tuong ddi so v6i khdi Sunda & cac tram thude khdi
Sunda nam trong khoang 1-3 mm/nim va cho ring
hi¢n nay khoi Sunda dich chuyén nhu Ia mot khéi
thach quyen duge cb két tdt. Tuy nhién, bién do
dich chuyén twong déi tinh dugc tai tram CUSV la
11,7 mm/nam, tai HOCM 1a 9,3 mm/nam, tai
HUES 1a 6,8 mm/nam, tai VINH 1a 2,9 mm/nam va
tai NTUS 1a 10,7 mm/ndm lai ching to rang cac
dich chuyén noi khdi theo cac dut giy dong mot
vai trd quan trong, va khdi Sunda dang bi bién
dang dang ké. Trong chuong trinh GEODYSSEA
[14, 15, 22], da tién hanh do lap tai diém NONN
(Non Nuéc) (cach Hué khoang 100 km vé phia
nam) cho két qua dich chuyén twong dbi ciia diém
nay so voi khdi Sunda chi khoang 1mm/nam, trong
khi dich chuyén tuong ddi cia HUES nhu d3 néu la
6,8 mm/nam. Tuong ty & khu vuc mién Bac, két
qua do lap tai diém CAMP (Cam Pha) cho thiy
dich chuyén tuong ddi ciia diém nay so véi khdi
Sunda 1a 2mm/nam, trong khi dich chuyén tuong
ddi cua tram PHUT Ia 4,5 mm/nam; nhu vay Kkét
qua do l3p cia cac diém NONN va CAMP duoc
tién hanh trong thoi gian chua du dai, co thé chua
phan anh ddy du dich chuyén kién tao tai nhiing
diém nay.
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Hinh 4. Chuyén dich twong ddi ctia cac tram so v&i mang Au-A.
Con sb & gan dau vector bidu thi do dai cGia vector, don vi mm/nam
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Hinh 5. Chuyén dich twong déi clia cac tram so véi khdi Sunda.
Con sb & gan dau vector biéu thi d6 dai ctia vector, don vi mm/nam

4. Két luin cho giai doan 2005 - 2014 c6 thé rat ra mot s két

N Y A an 1 : . luansau:
Tu cac két qua danh gia toc do dich chuyén vo j

Trai Dét tai cac tram GPS lién tuc ¢ Viét Nam - 86 liéu GPS thu duoc & cac tram GPS lién tuc
cung vai cac tram IGS trong khu vuc Pong Nam A ¢ Viét Nam c6 chat lugng tot, dam bao thu dugc
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nhiing thong tin tin cay vé dich chuyén kién tao vo
Trai Dat. Téc d6 dich chuyén thu duoc tai cac tram
nay c6 thé coi 1a nhitng théng tin ¢6 do chinh xéac
cao dé danh gia chét lugng do dac GPS theo dinh
ky & cac khu vyce khac ctia nudc ta.

- Cac tram DBIV, PHUT, VINH, HUES va
HOCM c¢6 bién do dich chuyén tuyét ddi trong
ITRF2005 twong ung 1a 33,0 mm/nam, 32,2
mm/nam, 35,9 mm/nam, 31,5 mm/nam va 25,5
mm/nim vé phia bong Nam. Cac két qua nay phu
hop v&i bdi canh kién tao hién nay & khu vue Dong
Nam A thé hién qua trudng vén tée dich chuyén vo
Trai Déit thu duoc tai cac tram KUNM (35,9
mm/ndm), CUSV (23,4 mm/nam), NTUS (21,5
mm/ndm), BAKO (25,5 mm/nam). Tram PIMO
nim & mang Philippine dich chuyén vé phia tay
bic véi van toc 29,8 mm/nim.

- Dich chuyén tuong ddi so véi mang Au - A
giam tr 9,4 mm/nam tai VINH, 5,6 mm/nam &
HUES, 3,1 mm/nam ¢ CUSV téi 1,9 mm/nam &
HOCM va phuong vi thay d6i tir 104° tai VINH,
138° tai HUES, 204° 6 HOCM va 247° ¢ CUSV
cho thiy réng khéi Pong Duong dang quay theo
chidu kim ddng hd v6i phan phia bic quay nhanh
hon phan phia nam.

- Dich chuyén twong dbi so v&i khéi Sunda cua
cac tram VINH, HUES, CUSV, HOCM, NTUS va
BAKO tuong ung la 2,9 mm/nam, 6,8 mm/nam,
11,7 mm/nam, 9,3 mm/nam, 10,7 mm/nam va 1,4
mm/ndm cho thiy ring khéi Sunda dang chiu
nhiing bién dang ndi khdi dang ké.

L&i cdm on: Dé tai duoc su hd tro kinh phi
ctia dé tai nghién ctru co ban mi sé 105.01.42.09
“Str dung $6 liéu GPS lién tuc ¢ Viét Nam va Bong
Nam A nghién ctru ndng d6 dién tir tong cong tang
dién ly va mdi lién quan voi bién thién truong tir
Trai DAt, danh gia ham luong hoi nudc téng cong
tang ddi luu va dich chuyén vo Trai Dt ¢ cac diém
quan sat tai Viét Nam”.

TAI LIEU DAN

[1] Avouac J. P. & P. Tapponnier, 1993:
Kinematic model of active deformation in Central-
Asia, Geophys. Res. Lett., 20 (10), 895-898.

[2] Lé Duy Bdch va Tran Van Tri, 2000:
Chuong 3, Kién tao, Sach tra ctru cac phén vi dia
chat Viét Nam. Cuc Dija chit va Khoang san
Viét Nam.

[3] Calais E., M. Vergnolle, V. San’kov, A.
Lukhnev, A. Miroshnitchenko, S. Amarjargal and J.
Deverchere, 2003: GPS measurements of crustal
deformation in the Baikal-Mongolia erea (1992-
2002); Implications for current kinematics of Asia,
J. Geophys. Res., 108(B10), 2501,
doi:10.1029/2002JB002373.

[4] Chamote-Rooke N. & X. L. Pichon, 1999:
GPS determined eastward Sundaland motion with
respect to Eurasia confirmed by earthquake slip
vectors at Sunda and Philippine trenches, Earth
Planet. Sci. Lett., 173, 439-455.

[5] Duong Chi Cong, 2006: GPS measurements
of horizontal deformation across of Lai Chau-Dien
Bien (Dien Bien Phu) fault in Northwest of
Vietnam, 2002-2004, Earth Planets Space, 58,
523-528.

[6] Duong Chi Cong & K. L. Feigl, 1999:
Geodetic measurement of horizontal strain across
the Red River fault near Thac Ba, Vietnam, 1963-
1994, Journal of Geodesy, 73, 298-310.

[7] England P. & G. Houseman, 1986: Finite
strain calculations of continental deformation: 2.
Comparison with the India-Asia collision zone,
J. Geophys. Res., 91(B3), 3664-3676.

[8] England P. & P. Molnar, 1997: Active
deformation of Asia: from kinematics to dynamics,
Science, 647-650, doi:10.1126/science.278.5338.647.

[9] ¥y Quéc Hai, 2009: Xac dinh chuyén dich
tuyét ddi khu vuc ludi GPS Tam Dao - Ba Vi, Tap
chi Pia chét, A 311 (3-4), 22-30.

[10] Herring T. A., R. W. King, S. C. McClusky,
2009: GAMIT reference manual, Department of
Earth, Atmotspheric, and Planetary Sciences,
Massachussetts Institute of Technology.

[11] Houseman G. & P. England, 1993: Crustal
thickening versus lateral expulsion in the Indian-
Asian continental collision, J. Geophys. Res,
98(B7), 12233-12249.

[12] Hutchison C. S., 1989: Geological
evolution of South-East Asia, Oxford, Oxford
University press.

[13] Metcalfe I., 2011: Tectonic framework and
phanerozoic evolution of Sundaland, Gondwana
research, 19, 3-21.

11



[14] Michel G. W., M. Becker, D. Angermann,
C. Reigber & Reinhart, 2000: Crustal motion in E-
and SE-Asia from GPS measurements, Earth
Planet Space, 52, 713-720.

[15] Michel G. W., Y. Q. Yu, S. Y. Zhu, C.
Reigber, M. Becker, E. Reinhart, W. Simons, B.
Ambrosuis, C. Vigny, N. Chamote-Rooke, X. L.
Pichon, P. Morgan, S. Matheussen, 2001: Crustal
motion and block behaviour in SE-Asia from GPS
measurement, Earth Planet. Science Lett., 187,
239-244,

[16] Lé Huy Minh, Nguyén Chién Thcfng, Tran
Thi Lan, R. Fleury, P. Lassudrie-Duchesne, A.
Bourdillon, C. Amory-Mazaudier, Ti ran Ngoc Nam,
Hoang Thai Lan, 2007: Anh hudng cua bio tir t&i
ndng do dién tir tdng cong vung di thuong dién ly
xich dao Pong Nam A quan sat dugc tu $6 liéu
GPS, Tap chi Cac Khoa hoc vé Trai Dit, T.29, (2),
104-112.

[17] Lé Huy Minh, K. Feigle, F. Masson,
Duong Chi Cong, A. Bourdillon, P. Lassudrie-
Duchesne, Nguyén Chién Thdng, Nguyén Ha
Thanh, Tran Ngoc Nam, Hodng Thdi Lan, 2010.
Dich chuyén vo Trai dit theo s6 liéu GPS lién tuc
tai Viét Nam va khu vuc Péng Nam A, Tap chi
Céc khoa hoc vé Trai Dat, T.32, (3), 249-260.

[18] Peltzer G. & F. Saucier, 1996: Present-day
kinematics of Asia derived from geologic fault
rates, J. Geophys. Res., 101, 27943-27956.

[19] Sone M. & I Metcalfe, 2008: Parallel
Tethyan sutures in mainland Southeast Asia: new
insights for Palaeo-Tethys closure and implications
for the Indosinian orogeny, Comptes Rendus
Geoscience, 340, 166-179.

[20] Lé Tir Son, Vii Vian Chinh va nnk, 2006:
DPong dat D6 Lwong, Nghé An M4,7 ngay 7/1 va
M4,6 ngay 12/1 nam 2005. Tap chi Cac Khoa hoc
vé Trai Dat, 28(1), 51-60.

[21] Simons W. J. F., A. Socquet, C. Vigny, B.
A. C. Ambrosius, S. H. Abu, C. Promthong, C.
Subarya, D. A. Sarsito, S. Matheussen, P. Morgan,
& W. Spakman, 2007: A decade of GPS in
Southeast Asia : Resolving Sundaland motion and
boundaries, J. Geophys. Res., 112, B06420,
doi:10.1029/2005JB003868.

[22] Simons W. J. F., B. A. C. Ambrosius, R.
Noomen, D. Angermann, P. Wilson, M. Becker, E.

12

Reinhart, A. Walpersdorf and C. Vigny, 1999:
Observing plate motions in S. E. Asia: Geodetic
results of GEODYSEA project, Geophys. Res.
Lett., 26(4), 2081-2084.

[23] Tapponnier P., G. Peltzer, A. Y. Le Dain,
R. Armijo & P. Cobbold, 1982 : Propagating
extrusion tectonics in Asia; new insights from
simple experiments with plasticine, Geology, 12,
611-616.

[24] Tapponnier P., G. Peltzer, R. Armijo,
1986: On the mechanics of the collision between
India and Asia, Geological Society, London,
Special Publications, 19, 113-157.

[25] Tapponnier P., R. Lacassin, P. H. Leloup,
U. Schdrer, D. Zhong, H. Wu, X. Liu, S. Ji, L.
Zhang & J. Zhong, 1990. The Ailao Shan/Red
River metamorphic belt : Tertiary lest-lateral shear
between Indochina and South China, Nature, 343,
431-437.

[26] Tran Pinh T6, Nguyén Trong Yém K.
Feigl, Duong Chi Céong, Vy Quéc Hai, 2001: V&
hoat dong cua d6i dut giy Song Hong theo sb liéu
do GPS, Tap chi Cac Khoa hoc vé Trai Dét, T.23,
(4), 436-441.

[27] Tran Dinh To, Nguyen Trong Yem, Duong
Chi Cong, Vy Quoc Hai, W. Zuchievicz, Nguyen
Quoc Cuong, Nguyen Viet Nghia, 2012: Recent
crustal movements of northern Vietnam from GPS
data, J. Geodynamics, Doi:10.1016/j.jog.2012.02.009.

(28] Nguyén Van Vieong, Ta Trong Thdng, Vii
Van Tich, 2002: A new kinematic model for the
cenozoic deformation along the Red River shear
zone: implication for the Song Hong basin
formation, J. Geology, Serie B, 19-20, 79-89.

[29] Nguyén Pinh Xuyén, 2004: Nghién ctru dy
bao dong dit va dao dong nén & Viét Nam. Bao
cho tong két Dé tai doc lap cip Nha nuéc, Vién
Vat 1y Pia cau, Vién KH & CN VN, B6 KH & CN.

[30] Nguyén Dinh Xuyén, 2008: Nghién ctu
danh gia d6 nguy hiém séng thin ving ven bién
Viét Nam va cac gidi phap phong tranh, Bao cao
téng két @& tai cap Vién Khoa hoc va Cong nghé
Viét Nam, Vién Vat ly Dia cau, Ha Noi.

[31] Wilson P. et al., 1998: Study provides data
on active plate tectonics in Southeast Asia region,
Eos Trans. AGU, 79(45), 545-549.



SUMMARY
Recent crustal motion in Vietnam and in the Southeast Asia region by continuous GPS data

This paper presents an estimation of the velocity of the Earth’s crust in Vietham and the Southeast Asian region,
determined from the GPS data in nearly 8 years (4/2005-11/2013) at 5 sites in Vietnam (DBIV, PHUT, VINH, HUES and
HOCM) plus more than 20 ones in Southeast Asia and other regions using GAMIT software. The horizontal velocity
vectors in ITRF2005 at the considered Southeast Asia stations show that they drive to the south-eastward, but the
KUNM, DBIV, PHUT, VINH and HUES (with velocity of about 31-36mm/yr) move faster than the HOCM, CUSV, NTUS
and BAKO (with the velocity of 21.5-25.5 mm/yr); meanwhile the PIMO drives to the northwest with the velocity of 29.8
mm/yr. The fact that the relative velocity vectors with respect to the Eurasian plate decrease from 9.4 mm/yr at VINH, 5.6
mm/yr at HUES, 3.1 mm/yr at CUSV to 1.9 mm/yr at HOCM, as well as the increase of the motion azimuths from 104° at
VINH, 138° at HUES, 204° at HOCM to 247° at CUSV shows that the Indochina block rotate clockwise; however, its
northern part moves faster than the southern one. The significant difference of the relative velocities with respect to
Sundaland at the stations, 1.4 mm/yr at BAKO, 2.9 mm/yr at VINH, 6.8 mm/yr at HUES, 9.3 mm/yr at HOCM, 10.7 mm/yr
at NTUS and 11.7 mm/yr at CUSV) implicates that the Sundaland also undergoes a significant internal deformation.
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