35(1), 36-46

Tap chi CAC KHOA HOC VE TRAI PAT

3-2013

KET QUA BUGC PAU QUAN TRAC BPONG DAT NHO
BANG MANG MAY DPIA PHUCONG
GURALP-6TD BO TRI TAI VUNG THANH HOA

PINH VAN TOAN', CHAU-HUEI CHEN?, STRONG WEN?, LAl HOP PHONG',
TRAN ANH VU', NGUYEN THI HONG QUANG', DUONG THI NINH'
E - mail: dvantoanvdc@yahoo.com
IVién Pia chat, Vién Han ldm Khoa hoc va Cong nghé Viét Nam
ZVién Pia chan, Bai hoc quéc gia Chung Cheng, Pai Loan
Ngay nhan bai: 20 - 11 - 2012

1. Mé dau

boi dut gdy Song Ma va dut gdy Son La - Bim
Son 1a hai dut gdy hoat dong c6 quy mo thudc loai
16n nhat & ving Tay Bic. Ca 2 doi dit gy déu
gdm nhiéu nhanh va c6 do sau xuyén vo Trai dat
dugc phan 4nh bang diu hiéu bién dang trén bé
mit Moho va tai liéu dia chan [9]. Trong do6, dut
gdy S6ng M3 1a ranh gi6i phéan chia dia kién tric
Tay Béc voi dia kién trac Truong Son va duoc xép
vao cip I trong bang phan cap ciia cac nghién ciru
gin day [7, 9]. Cac dit gdy nay déu co phuong tiy
béc - dong nam véi chiéu dai dat trén dudi 400 km,
bat dau tir dit gdy 4 kinh tuyén Pién Bién - Lai
Chau va déu chay qua ving Thanh Ho4 truéc khi
d6 ra bién. Tai day chung dugc phan ra nhiéu
nhénh theo kiéu toa tia va cang vé phia bo bién
cang mo rong. Pay ciing 1a 2 ngudn phat sinh
dong dat dugc danh gia thudc loai manh nhat trong
ca nude véi magnitude cyuc dai c6 thé dat dén 7,1
do Richter [8, 13-15].

Céc nghién ctru nhiéu nim qua déu cho thay
hai d6i dut gy nay c6 biéu hién hoat dong manh
trong tan kién tao va hién dai. Cac biéu hién dich
chuyén v6i bién dg 16n trong thoi ky B¢ Tu, cac tai
bién nut sut dat, trugt 16 dit quy mé 16n lap di lap
lai nhiéu lan dugc ghi nhan xay ra ¢ nhiéu doan
doc theo sudt chiéu dai ciia hai doi dut gay [1, 2, 7-
10, 16]. Riéng vé dong dét thi doan & phan tay bac
thuéc céac tinh Dién Bién, Son La mtrc dd hoat
dong dia chén cao hon nhiéu so véi doan & phﬁn
dong nam. Hai tran dong d4t manh nhat mang tinh
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pha hity x4y ra trong thé ky vira qua ciing dugc xac
nhén thudc doi Song Ma nam 1935 va dut gy Son
La - Bim Son véi magnitude 6,8 va 6,7 do Richter
twong ung. Trong d6i dat gdy Son La - Bim Son
thi tai phan dong nam ctia d6i tai Vinh Loc ciing da
xac nhan tran dong dat lich sir nim 1635 dugc
danh gia dat dén 6,8 do Richter. Khac voi déi Son
La - Bim Son, tai doan dong nam ctia déi Song Ma
chi ghi nhan dugc dong dat nho hon 6,0 do Richter,
d6 1a dong dat nam 1948 xay ra & Quan Son,
Thanh Hoéa véi magnitude 5,7 d6 Richter [8, 13].
Ciing giéng nhu nhiéu ngudn phat sinh dong dét
khac, hoat dong dong dat trong cac doi dut giy
Song Ma va Son La - Bim Son khong phan b déu
doc theo chiéu dai doi dut gdy ma muc do biéu
hién ¢ tung doan ciing khac nhau (hinh 1).

Déi voi dit gdy Song Ma thi hoat dong dong
dat tich cuc nhit dugc xdc nhén tai doan ddu mut
tay bic cua déi, tir phan tay bic tinh Son La dén
khu vuc Dién Bién, dai khoang hon 70km. Tai day
ngoai tran dong dit 6,8 do Richter ndm 1935 d4 ghi
nhan dugc hang chuc tran dong dat co cip do 4,0<
M<5,0 Richter; cac tran dong dat cép d6 nho hon
con ghi dwoc nhiéu hon. Tai doan dong nam thudc
dia phan Thanh Héa, hoat dong dong dat cling ghi
nhdn muc d6 tich cyc tai doan chay qua huyén
Quan Son, Lang Chanh va Ngoc Lac doc theo
chiéu dai ciing khoang hon 70km [8, 13]. Pong dat
ghi nhan dugc gan day nhat xay ra & huyén Quan
Son ngay 19/9/2010 dat hon 4 d0 Richter. Tai
ving chén tdm khu vuc x3 Son Ha, dong dat da
gy nut dat va nit mot sO tudong nha cap IV [11].



Trong pham vi cac phﬁn con lai thi doan tu trung
tam tinh Son La chay qua Lao va v& bién gi6i nudc
ta tai khu vuc huyén Muong Lat mirc d6 hoat dong
dia chn ghi nhan duoc thdp hon. Chi c6 mot sd it,
khoang 10 tran dong dét 3,0 <M < 4,0 ghi nhan
duoc tir khoang nhitng ndm 1980 tr¢ lai day. Tuy
nhién, ngay 30/12/2010 da ghi nhan tran dong dét
gin 5,0 d6 Richter xay ra & ving bién giéi Viét -
Lao va ngay 7/5/2011 ghi dugc dong dét tai khu
vuc huyén Song Ma véi magnitude 4,2 d§ Richter.
Trong thuc té thi mang tram cua ta hién tai nhiéu

khi ciing kho ghi dwoc cac tran dong dit magnitude
khoang <3,0 d¢ Richter doc doan chay qua dét
Lao. Poan con lai tir khu vuc huyén Ngoc Lac ra
ving b bién dai dén hon 100 km v&i cdu triic
nhiéu nhanh toa tia chi ghi nhan dugc 1€ t&, mot vai
tran dong dét <4,0 @6 Richter. Do tinh hoat dong
dong d4t quan sat dugc thdp hon nhiéu so véi cac
doan & phan tiy béc nén doan nay duoc danh gia
¢6 ché do dia chan kha binh 6n (hinh 1) va dong
dét cuc dai ciing dugc danh giad thép hon dat
khoang Mmax = 5,5 6 Richter [13].
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Hinh 1. Phan b chan tam dong dét trén so @ dit gay theo mang tram khu vie (theo Nguy&n Dinh Xuyén 2004, c¢6 bd sung)

Birc tranh hoat dong dong dat trong d6i dit gay
Son La - Bim Son tai phin tiy béc ciing tuong tu
nhu trong déi Song Ma. Tai doan tir khu vuc thanh
phé Son La dén thi xd Lai Chau cii dai khoang
115km muc do hoat dong dia chin quan sat dugc &
mirc cao. Ngoai dong dit Tuan Gido nam 1983 thi
tai doan nay nhiéu tran dong dat tir 4,0 dén x4p xi

5,0 @6 Richter da ghi nhan dugc, mat 46 cao nhét
la xung quanh khu vuc Tuén Gido. Poan thtr hai ¢o
muc dd hoat dong dong dat murc trung binh la doan
tir huyén Thach Thanh, Cim Thuy ra dén bo bién
tai khu vuc Hau Loc - Thanh Hod. Tai day, ngoai
tran dong dét lich st 6,8 d6 Richter xdy ra ndm
1635 tai Vinh Loc, cac nghién ctru con tim dugc
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hai trdn dong dét lich sur cling dugc danh gia dén
5,5 do Richter xay ra tai khu vyc gan thanh phd
Thanh Hbéa ndm 1584 va tai khu vuc Thach Thanh
nam 1587 [13]. Pang luu y 1a dong déat 52 do
Richter cling da ghi nhan x4y ra ¢ huyén Vinh Loc
vao nam 1958. Gan ddy con ghi nhan dwoc dong
dat Cam Thiay 4,0 d6 Richter nim 2005 [8] va
dong dat Vinh Loc, Tho Xuan ngay 7/11/2011 véi
Magnitude 3,6 d Richter [17]. Nhu vdy, tai phin
dong nam cua ca hai doi dut gdy Song Ma va Son
La - Bim Son, muc d§ hoat dong dia chén ghi nhan
dugc déu thap hon nhiéu so véi doan & phan tay
béc, dic biét 1a doi dut giy Song Mi. Pic diém
nay c6 thé do tinh chat cia cac dut giy tai doan
d6ng nam c6 su thay ddi, mat khac ciing con mot
kha niang, do mang may ghi dong dat ¢ diy qua
thua, khong ghi duoc day du cac tran dong dit nho,
ngay ca dong dat dat xdp xi 3,0 do Richter. Ca
ving Thanh Hoa va Nghé An rong 16n cho dén nay
chi c6 03 may ghi dugc dat tai khu vuc Tp. Vinh,
Tp. Thanh Hoa va gin diy thém duoc tram & Con
Cudng. Piéu nay cho thiy, viéc trién khai tai khu
vuc nay mdt mang may dia phuong du day, cho
phép danh gi4 chi tiét va day du hon tinh hoat dong
dia chan ¢ phin dong nam cua hai déi dut giy,
khong nhitng ¢6 ¥ nghia cho cac nghién ctru vé
dong dit ma ca cac tai bién dia chit noi sinh khac.

20°

19°30

105°
Hinh 2. Mang tram may Guralp-6TD doc d¢i Séng Ma tai Thanh Hoa
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2. Trién khai mang may thu thap sb liéu
Guralp-6TD tai Thanh Hoéa

Nhu d3 trinh bay ¢ trén, trong nhiéu nim trudc
2009 ca vung Thanh Hoa va Nghé An rong 16n chi
duoc bd tri 3 may ghi dong dit. Mang may qua
thura, khong cho kha ning ghi duoc diy du dong
dat nho mang tinh dia phuong. Tir thang 11/2009
trong khudn khé hop tac giita Vién Dia chat voi
cac nha khoa hoc cta Truong Pai hoc Chung
Cheng - Dai Loan, m§t mang may dia phuong da
dugc lap dit tai ving Thanh Hoa. Mang may gdom
12 chiéc Guralp-6TD ¢6 chu ky 30 gidy do Vwong
qudc Anh ché tao. May c6 3 thanh phan ghi vén toc
v6i d6 phan giai cao dén 24 bit. Cac thiét bi nay
chu yéu duoc b tri doc hai bén suon cua déi dut
gay Song M3, trén mdt doan dai khoang hon 80km,
tir bac huyén Thuong Xuan dén phia déng huyén
Néng Céng. Nham ghi dugc ca cac tran dong dat
nho trong déi dit giy Song Ma nén céac thiét bi
trén dugc bo tri cach nhau khoang tir 14 dén 18km
(hinh 2). Tuy cac thiét bi dugc bd tri bao quanh doi
S6éng Ma nhung kha niang ghi dugc cac dong dét
nho trong cac déi dut gdy Son La - Bim Son va cac
dut gay khac van 1a hién thuc, vi khoang cach tur
cac tram dén cac dut gdy vira néu ciing chi thuong
< 40km. Vi tri ldp dat cac thiét bi ghi trong bdng 1.
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Bang 1. Mang tram may dia chan tai Thanh Hoéa

TT Kyhiéu Téntram  V§ddé  Kinhdé L°§;é°nam
"1 NGKB _ Ngockhé  20,081382 10536979 CMG-6TD
2 LASB LamSon  20,010782 10542333 CMG-6TD
3 THXB Tho Xwong  19,914697 105,39011 CMG-6TD
4 XUCB  XuanCadm  19,897063 105,30697 CMG-6TD
5 LGSB Lwong Son  19,968602 105,28221 CMG-6TD
6 LTHB Luan Thanh 19,806285 105,39723 CMG-6TD
7 TGNB L?r:‘:]‘-’“g 19,711243 105,44066 CMG-6TD
8 HALB Hailong  19,645188 10557326 CMG-6TD
9 VAHB  VanHoa  19,618213 105,63321 CMG-6TD
10 TRUB Trung 19,705701 105,67802 CMG-6TD
Thanh
Noéng
11 NTGB ‘ 19,783412 105,62675 CMG-6TD
Truwdng
12 THCB  ThoCuwong 19,866121 10551549 CMG-6TD

Ké tir khi cac thiét bi duoc ldp dit, mang may
ludn hoat dong tot. SO liéu dugc thu thdp day du,
dinh ky khoang 2 thang 1 lan. Phan tin hiéu lién

LA 0G| 1Y 244 2UhET ma Uils

quan dén dong dit dwoc tach ra thanh cac tép sb
liéu doc 1ap tir cac bang ghi song nhd phan mém
chuyén dung Scream 4.4 do hing Guralp cung cip.
Xem xét so bd cac tép sb liéu dwa vao do dai ton
tai tin hiéu dong dit trén bang ghi cling nhu thoi
gian t6i ctia song P va song S c6 thé thdy nhidu
tran dong dét dia phuong c6 magnitude nhé mang
may van ghi dugc tin hiéu kha rd ddng thoi ¢ nhidu
tram. Nhin chung, cac bang ghi truong song dong
d4t phan 16n c6 chat luong dam bao. Co thé thiy
didu nay trén vi du bang séng dong dat Quy Hop
ngay 19/10/2010 c6 magnitude M 1,25 voi
khoang cach xa dén 90km tin hiéu van ghi dugc rat
10 (hinh 3). Trong 3 ndm qua mang may da ghi
duoc gén 300 tran dong dét 16n nhd, trong do cac
tran dong dat nho mang tinh dia phuong chiém
mot ti 1¢ 1on. Khai théc tai li€u nay la co sé budc
d4u dé ta hiu chi tiét hon vé tinh hoat dong dia
chén cua ving nghién ciru.
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Hinh 3. B&ng séng ghi tai tram Hai Long dong dat Quy Hop ngay 19/10/2010

3. Phan tich xir Iy tai liéu dinh vi chén tiéu
dong dat
Xac dinh céc thong sb ciia bai toan dinh vi chan

ti€u dong dét gém toa do, dd sau chén tidu va thoi
diém phat sinh dong dat 1a mot cong viéc quan trong

trong nghién ctru dong dat. Bai toan dinh Vi chén tiéu
dong dét nhin chung la bai toan phan anh mdi quan hé
gilra thoi gian truyen song tir ngudn den cac may thu
véi cac tham so0: toa 3o, do sau cua nguon va dic diém
mo hinh vén tdc truyén séng tir ngudn dén may thu.
C6 nhiéu thuat toan dugc sir dung dé dinh vi chén tiéu

39



dong dAt nhung vé co ban chung déu duge chuyén vé
gidi cc hé phuong trinh dai s6 tuyén tinh, phan anh
moi _quan h¢ gilra thoi gian t&i clia cac loai song tu
nguon dén cac tram ghi tin hleu V6i cac théng sb
ngudn va mé hinh tdc do truyén song trong vo Tréi
bit. Nghiém cta h¢ phuong trinh nhu trén dugc tim
bang nhiéu phuong phap giai, trong d6 co giai bai toan
thuén theo mé hinh uéc lugng cho trudce, két qua tinh
toan ly thuyét thoi gian song tdi cac tram dugc so sanh
véi thoi gian quan sat, néu do 1éch chua @i nhoé cac
théng sé mo hinh dugc thay dbi va quy trinh tinh lap
duoc thue hién cho dén khi do 1éch du nho. Két qua
dinh vi chén tiéu cac trin dong dét trinh bay trong bai
bao nay dugc thuc hién béng st dung thuat toan do
W.HK Lee va C.M Valdes phat trién vao naim 1971
va dugc hoan thién nang cép vao nhimg nam 1985 -
1995, véi b chuong trinh tinh HYPO71PC dugc viét
bang ngdn nglr FORTRAN [4, 5]. Theo do, thoi gian
song téi cac tram tu nguon phat sinh dong dét phu
thudc vao khoang cach va dic diém méi truong truyen
song tir nguon dén cac tram may ghi, do sau chén tiéu
va thoi diém phat sinh dong dit dugc mé ti bing
phuong trinh:

d=F(x,y,z t) )]

Trong cong thuc trén d - 1a thoi gian song tdi
cac may ghi, trong trudong hop co n may d = (d;,
d,...,dn ); (x, y) la toa d6 nguon phat sinh dong
dét; z 1a d6 sdu chén tiéu; t 1a thoi diém phat sinh
dong dit. Bai toan dinh vi chin tiéu dong dét
thuong dwoc bt ddu bing giai bai toan thuan tinh
thoi gian song tdi cac tram ghi theo mot mo6 hinh
cho trude goi 1a mo hinh ban dau. Kha niang hoi tu
clia céc thong s6 ngudn vé gia tri thuc clia n6 ciing
phu thudc vao thong s6 cho trudce trong md hinh
ban dau. Trong nhing truong hop mé hinh nay co
céc thong sb qué xa so véi thyc té thi kha ning tién
vé thong sb thuc s& rat kho thuc hién, boi vay dé
xay dyng mo hinh ban déu, can tan dung tbi da cac
hiéu biét vé moi trudng truyén song, dua vao cac
bing ghi song dé woc luong duoc tot nhit cac
thong s6 ngudn. Viéc thay dbi cac thong sb ngudn
cho lan tinh tiép theo nhim giam gia tri d léch
gifta két qua tinh toan 1y thuyét véi gia tri quan sat
s¢ dugc thuc hién trén co s¢ phén tich ham sd 1y
thuyét voi bién sb nguon X, y, z, t) Vao chu01
Taylor trong 1an c4n diém chira cac thong s6 nguon
ban dau (X0, Yo, Zo, to) va chi gidi han dén dao ham
béc nhét [4, 5]. Cach lam nay 1am cho bai toan tr&
nén c6 quan hé tuyén tinh:

40

fi—d; - Fi( X0, Yo, Z, to ) =

OF OF OF oF . ()
= + = + = +

6X0 6X0 ayo 8}70 620 820 6t 8t0
Ta ky hiéu ma trén chira cac phan tir 1a dao ham
riéng cua ham F theo thong s6 nguon 1a Gy, khi do:

_OF
Gy = o 3)
m la tap hop céc thong ) nguon, m=4;j=1,...,
4. Cac phan tir sai phan: dxo, dyo, 82y, oty dugc ky
hi€u dudi dang ma tran Am, khi do ta s€ co hé
phuong trinh sau:

f = GAm “4)

Viéc x4c dinh cac thong s ngudn duge thyc
hién bang qua trinh tinh ldp, trong d6 phuong phap
binh phuong téi thiéu ciing da sir dung [3, 5, 12 ].

Cung vé6i dinh vi chdn tiéu, cic tac gia cling da
tién hanh xac dinh Magnitude ctia dong dat theo
cong thirc cia Nguyén Pinh Xuyén [13]:

Ms = 2,67 log(F-P ) - 2,49 (5)

Trong d6 ( F-P) 1a d dai cta khoang thoi gian
xuat hién tin hiéu dong dat trén bang song.

Céc thong s6 dau vao cua bai toan dinh vi chan
tiéu dong dat dugc s dung gdm: Thoi gian t6i céc
tram ghi ctia soéng P va song S; mé hinh van toc
truyén song trong vo Trai Dét hodc thach quyen
khoang thoi gian tir luc xuét hién tin hiéu dong dat
trén bang song dén khi két thuc va ty sd toc do
V,/V, trong vo Tréi Dit.

Trong cac thong sb trén thi thoi gian song toi
cua song P, song S va khoéang thoi gian ton tai tin
hiéu dong dat trén bang ghi song dugc 1ay truc tlep
tir s6 liéu quan sat. Nhu da noi & phan trén, phan
16n cac bang song dong dat phan anh kha rd thoi
diém toi cua song P trén bang, tuy nhién tinh phan
cuc cua no doi khi ciing kho phan biét. Ngoai ra,
¢6 mot sd it tran dong dat chi ghi dugc & mot tram.
Viée xir 1y phan tich dinh vi chdn tiéu lan nay chi
tién hanh cho cac tran dong dat ghi dugc tin higu tu
2 tram trd lén.

M5 hinh van t6c truyen song trong vo Trai Dt
cling 14 mot thong so rat quan trong, anh huorng
truc tiép den kha nang hoi tu cua bai toan. O nudc
ta, thong s6 nay da duoc mot s6 nha dia chin quan
tam nghién ctru trong nhidu ndm qua trén co sG st
dung céc sb lidu ghi dong dét va cac két qua nghién



ctru vé cu tric vo Trai Dét 1anh thd Viét Nam, c6
tham khao mé hinh tdc do truyén séng cta lanh thd
mot $6 nude khac trong khu vuc gén voi ta, trong
d6 c6 mo hinh céu trac van téc cho lanh thd Van
Nam Trung Quéc. Trong sb d6, mé hinh van toc
cho vo Trai Dat 1anh thdé Bic Viét Nam cuia tac gia
Nguyén Pinh Xuyén va Lé Tua Son da dugc sur
dung kha phd bién ¢ Viét Nam. Do s liéu quan
trdc 1an nay bao gdm ca tran dong d4t Quan Son,
Thanh Hoéa ngay 19/9/2010 véi magnitude duoc
danh gia > 4,0 do Ricter. Pay la tran dong dat da
xac dinh kha chinh xac vi tri chin tam tai xa Son
Ha, huyén Quan Son bang diéu tra thuc dia chi tiét
va duoc tAt ca cac may trong mang tram ghi nhan
tin hiéu. Téap thé tac gia bai bao d3 st dung két qua
didu tra dé thir nghiém tinh phu hop cua cac mo
hinh van tdc néu trén trong tinh toan dinh vi d6i
v6i trin dong dat nay. Dang tiéc 1a két qua cho gia
tri sai 1éch dang ké v& vi tri chin tim xéac dinh theo
tinh toan va diéu tra thuc té. Diéu nay co thé xay
ra, do cac mo6 hinh van tdc nhu vira néu, dugc xay
dung mang tinh khai quét cho toan lanh thd phia
Bic, trong khi dong d4t va mang tram quan sat hdu
hét ndm tren d4t Thanh Hoa va lan can nen
md hinh cdu tric van tdc mang nhidu yéu tb
dia phuong.

Nhim tim kiém mot mé hinh vén tdc phu hop
hon v6i ving nghién ctru, cac tai liéu lién quan bao
gom tai liéu vé toc do truyen song trong vo Trai
Dat theo két qua cta tuyén dia chan do sau dugc
thuc hién trong dé tai nha nude: KC.08.06/06-10.
Tuyén dia chan nay cit qua nhiéu ving trong pham
vi nghién ctu [9]. Dé tan dung nguon s6 lidu tai
chd, tap thé tac gia ciing di tién hanh tinh toén
budc déu chu trac van toc theo bai toan 1D,
dung s6 liéu ciia mang tram ghi dugc trong Vung
nghién ctru [17]. Hai két qua néu trén v& co ban
khé tuong dong nén cé thé coi 1a ¢6 co sé tin cay.
Phan sau hon nita dé tai da tham khao cac tai liéu
lién quan dén ciu trac thach quyén lanh thd Viét
Nam nhu tbc do truyén song ngang trong thach
quyen md hinh ciu trac vo Trai it va thach
quyén ¢ cac vung khac [18]. Bang cach lam trén,
mét mé hinh cau trac vén téc cho ving nghién ctru
da duoc xay dung, sau mot sb 1an diéu chinh thong
qua tinh toan thir nghiém da cho két qua xac dinh
chin tdm kha phu hop véi diéu tra thyc té tréan
dong dat Quan Son ngay 19/9/2010 (bang 2). Mo
hinh c4u trac van tc nay ciing di dugc sir dung
tinh toan dinh vi chén tiéu cac tran dong dét con lai
do mang may Thanh Hoa ghi dugc.

Bang 2. M6 hinh cau tric van téc Thach quyén
vung nghién clru

The ty 16p D06 sdu mat trén va mat Van téc séng P
dwai ( km) (km/s )
1 0-1 4,6
2 1-4 54
3 4 - 20 6,4
4 20-38 6,9
5 38-97 8,02
6 > 97 8,30

Thong sé cudi cing can cho trude trong tinh
toan dinh vi chin tiéu dong dit 1a ty sb toc do
Vp/Vs. Tham khéao cac két qua cua cac nha nghién
clru dong dat thudc Vién Vat 1y Pia cau, tap thé
tac gia da lya chon ty $6 Vp/Vs =1,76 dé su dung
tinh todn trong nghién ctru nay.

4. Két qua dinh vi chén tiéu cic trin dong dat
do mang may Thanh Héa ghi dugc

Trong khoang thoi gian tir thang 11/2009 dén
thang 10/2012 mang may da ghi duoc gan 300
dong dit, phan 16n la dong dat nho [11]. Trong
nghién ctru nay tap thé tac gia da thyc hién dinh vi
duoc gﬁn 190 tran dong dat voi sb liéu quan tréc
cho dén thang 9/2011. Trong s6 d6 hon 70 tran
dong dét co magnitude >1,0 Richter, sb6 con lai la
<1,0 d6 Richter (hinh 4). S6 tran dong dat co tir 3
tram trd 1€n ghi duogc 1a 101 tran (phu luc 1).

Ciling cAn nhéc lai réng, viéc danh gid
magnitude dong dét thuc hién trong nghién ctu
nay theo cong thirc Nguyén Dinh Xuyén bao gio
cling c6 dg l¢éch so vdi cac thang magnitude khac.
Céac dong dat ghi dugc do mang may Thanh Hoa
trong khoang thoi gian 3 ndm qua lai hau hét 1a cac
dong d4t nho nén d0 1éch so véi gia tri cac thang
khac c6 thé cang 16n. Viéc ddng nhat hoa thang
magnitude dong dat trong cac nghlen ctru ¢ Viét
Nam ¢6 18 1a mot viéc 1am can thiét trong thoi gian
sap t6i. Gan day cling da c6 mét vai nghién ciu [6]
thiét 14p thang magnitude dia phuong M va mdi
quan hé cuia n6 v6i magnitude Mp xac dinh theo do
dai thoi gian cua tin hiéu dong dét trén biang ghi
(coda duration) cho lanh thd Bic Viét Nam. C6 thé
coi day 1a két qua budc dau nhung hidu qua cua nd
con phuy thudc cé vao do chinh xac cua viéc danh
gia magnitude Mp. Thong sd nay cho dén nay dugc
dung kha phd bién ¢ Viét Nam nhung nhiéu khi
xac dinh chinh xac d6 dai thoi gian ton tai tin hiéu
song dong dit trén bang ghi song cung khong that
dé dang. Ngoa1 gia tri magnitude can phai duogc
diéu chinh tlep tuc, trong danh muc cac tran dong
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dat da xac dinh van c6 mot sb tran dong dat chi ghi
duogc & 2 tram nén c6 thé bat gip nhitng truong hop
sai s6 dang ké trong tinh toan xac dinh cac thong
s6 chan tiéu dong dét. C6 thé coi, két qua néu trong
nghién ctru nay 1a két qua budc dau, can duoc tiép
tuc nang cao dd tin cay vao nhiing nam t1ep theo.
Du phan 16n dong dit ghi dugc béi mang may
Thanh Hoéa ¢6 magnitude kha nho, nhung gan 190
tran xay ra trong vung nghién ctru trong khoang
thoi gian khoang chua dén 2 nam cho thiy, ving
nay ciing khong yén tinh vé hoat dong dia chin.

Lién két voi tai lidu vé dut giy co thé thiy,

dong dét ghi duoc nhiéu nhat xay ra trong ddi Song
Ma so véi cac déi dut gay khac vung 1an can (hinh
4). Trong thyc t& mang may dwoc b tri chu yéu
doc hai bén suon dat gay chinh cua déi Song Ma,
khoang cach tir dut giy nay dén cac tram gan hon
nén sd luong cac tran dong dét nho ghi dugc nhiéu
hon ciing 1a diéu dé hiéu. Trong khi d6 khoang
cach tir cac tram gan nhat dén dut gy Son La -
Bim Son va dut giy Séng Hiéu twong ty nhu nhau
nhung s6 dong dit ghi dwoc xay ra trong d6i Son
La - Bim Son nhiéu hon han. C6 thé néi mic do
hoat dong dia chin trong doi Son La - Bim Son
cao hon d6i Song Hiéu.

CHU GIAI
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20<=M<30 [a] M>3.0
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Hinh 4. Phan bd chan tam dong dat ghi béi mang may dia phuong tai Thanh Hoa

Ngoai cac dut gdy néu trén, mang tram ciing
ghi dugc mot sé tran dong dat xay ra trong cac doi
dut giy xa hon. Trong sé d6 dong dit ghi duoc
nhiéu hon doc ddi dut giy Song Pa, sb it hon ciing
ghi nhan dugc da xdy ra trong cac doi dut gay:
Song Chay, Séng Hong, Song Lo, Song Ca va cac
dut gy tré phuong kinh tuyén nim kep giita hai
doi dat gady Son La - Bim Son va dut gy Song

af[ltl.

Pang luu y 1a mang tram ciling da ghi duoc
khong it sO tran dong dat nho xdy ra trong hai doi
dut gy tré phuong kinh tuyén 1a dt giy Thuong
Xuén - B4 Thuée va dat gay Thach Thanh - Nong
Cbng. Trong d6 sb, dong dét ghi dugc xay ra trong
d6i Thach Thanh - Nong Céng con day hon so véi

42

d6i Thuong Xuan - Ba Thude [10, 11]. Pang tiéc
la hai déi dat gy nay con it dugc quan tdm nghién
cuu béng cac phuong phap dia chét - kién tao.
Trong d6 doi dut gdy Thuong Xuan - B4 Thude
cling méi duge dé cap dén trong mot sb cong trinh
nghién ctu hiém hoi trong vai nam qua [7, 9 1, con
d6i Thach Thanh - Nong Cong dén nay van rat it
duoc biét dén.

Theo théng ké tir cac két qua quan tric cua
mang tram dong dét mang tinh khu vuc cho lanh
thd Bic Viét Nam do Vién Vat 1y Dia cau van hanh
trong nhiéu nim qua va cac két qua nghién ciru
khac thi dong dat trong doi dit giy Song Mi tai
phin nim trén d4t Thanh Hoa tap trung chu yéu
doc theo doan tu tay bic huyén Ngoc Lac dén bién



giéi Viét - Lao, nhidu nhét 1a khu vyc huyén Quan
Son. Tuy nhién, cic trdn ddng dat nho do mang
may dia phuong ghi dugc trong thoi gian vira qua
da cho thay hoat dong dia chin cua doi dut giy
nay tuong ddi tich cuc va khong chi gi6i han trong
doan vira néu. Tai doan tu khu vyc huyén Thuong
Xuan ra phia gﬁn bo bién, doan trudc day dugce coi
binh 6n thi cac tran dong d4t nho phan bd tuong
dbi déu va kha day doc theo d6i dut gay (hinh 4).
C6 thé thiy, trong nhanh chinh cia déi dut giy va
cac nhanh phy déu quan sat thiy dong dét nho,
nhung trong cidc nhanh & sudn tdy nam xdy ra
nhiéu dong dit hon. Déi véi dut giy Son La - Bim
Son do khoang cach dén mang tram xa hon nén $6
lwong cac tran dong dat nho ghi dugc ciing it hon.
Chung phan b tap trung chu yeu tai doan tur huyén
Vinh Loc ra phia bién. Mot sb tran ghi dugc co
chin tim & ngoai bién ciing c¢6 thé nim trong phan
kéo dai cua doi dat gy nay [11]. Pac diém trén
trong ddi phi hop véi hoat dong dong dét trong
cac két qua nghién ctru khu vuc tir trude.

Do sdu chin tiéu cua cac tran dong dat hiu hét
déu ndm trong d0 sau gidi han cua vo Trai Dit.
Phan 16n dong dét xay ra trong khoang do sau tir
10 dén 25km, c6 mot b tran trdn xay ra trong cac
tﬁng ndéng 5-7km. Nhu vay, cac gia tri 4§ sau chin
tiéu nhan dugc trong nghién ciru nay cling khing
dinh thém két qua nghién ctru danh gia vé do sau
ctia chin tiéu dong dat & hau hét cic ving & linh
thd Viét Nam gi6i han trong vo Trai Dat [13, 14].

5. Két luén

Két qua budc dau quan tric dong dét tai ving
Thanh Hoéa béng mang may dia phuong cho thiy,
doan dong nam d6i dut gdy Séng Ma va Son La -
Bim Son khéng yén tinh vé& hoat dong dia chin.
Nhiéu dong dat nho da duogc ghi nhan xay ra tai
doan tir Thuong Xuén ra phia bién trong déi Song
M3, doan ma trudc day theo mang quan tric khu
vuc duge danh gid gan nhu yén tinh. Tuy vdy, cac
két qua nay khéng mau thudn véi cac két qua
nghién curu tur trudc, boi mang may khu vuc thua,
it kha ning ghi dugc cac tran dong dat nho mang
tinh dia phuong.

Két qua quan tric cling di ghi dwoc mot sb
dong dat xay ra trong cac d6i dut giy khac xa hon
nhu: dit gdy Song Da, Song Hong, Song Chay,
Song Lo, Song Hiéu, Song Ca. Pang luu y 1a c6
khong it dong dAt nho xay ra trong mot sé d6i dut
giy kinh tuyén con rat it dugc nghién ciru la dit

gdy Thuong Xuén - Ba Thude va dut gdy Nong
Cong - Thach Thanh .

Pac diém hoat dong dia chin do mang may tai
Thanh Hoéa ghi nhan nhu trén ciing chi mai 1a két
qua bude dau, mdi quan hé voi cac yéu té dia chat
- kién tao mang tinh chit dia phuong hién chua c6
nhiéu co s¢ dé minh giai. Piéu nay cho thiy viéc
day manh nghién ctru chi tiét hon hoat dong cia
cac d6i dut gay bang phuong phap dia chat - kién
tao va phuong phap khac lam co sé cho lién két
giai thich dic diém hoat dong dia chdn la réat
can thiét.

Song song v6i nghién cuu vé dat gay can bb tri
lai mang may dia chin béng cach mo rong vung
quan tric dé co thé ghi dugc ddy du hon céc tran
dong dat nho xay ra khong chi trong d6i Song Ma
ma cé cac doi dut gy lan can nhu Son La - Bim
Son, Song Da,...
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Phu luc 1. Danh muc déng dat ghi dwoc tir 3 tram tré Ién cia mang may Thanh Héa

T Thoi gian Toa do Do sau (km) Magnitude
Nam/ thang/ ngay Gio phat giay Kinh d6 Vy do

1 2010/4/16 11:32:47.58 105.037 19.022 7,0 1,9
2 2010/4/27 20:28:23.37 105.085 20.313 7,0 2,7
3 2010/5/05 16:34:08.77 105.575 19.646 11,2 0,4
4 2010/5/09 06:03:34.56 105.575 19.004 7,0 1,2
5 2010/5/17 04:19:17.37 105.594 20.135 10.9 1,2
6 2010/5/20 18:59:09.78 105.005 19.011 7,0 1,1
7 2010/5/26 03:56:22.34 105.575 19.646 11,6 1,3
8 2010/6/03 05:39:19.84 105.222 20.045 7,0 0,8
9 2010/6/11 17:05:03.04 105.724 20.015 35,3 0,7
10 2010/6/12 19:30:53.24 105.233 19.545 16,3 1,3
11 2010/6/26 18:9:24.63 105.421 19.524 30,5 0,4
12 2010/7/05 19:40:33.67 105.575 19.646 7,0 1,4
13 2010/7/06 19:13:41.23 105.392 19.480 7,0 12
14 2010/9/07 15:48:14.45 105.372 19.483 7,0 3,1
15 2010/7/13 22:25:34.46 105.283 19.698 7,0 17
16 2010/7/23 04:21:19.31 105.526 20.074 11.9 0,9
17 2010/8/02 06:43:23.31 105.361 20.024 7,0 1,6
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

2010/8/17
2010/9/03
2010/9/04
2010/9/05
2010/9/06
2010/9/07
2010/9/10
2010/9/10
2010/9/13
2010/9/17
2010/9/18
2010/9/19
2010/9/19
2010/10/10
2010/10/19
2010/10/20
2010/11/19
2010/11/21
2011/1/09
2011/2/10
2011/2/10
2011/2/10
2011/2/15
2011/2/16
2011/2/20
2011/2/20
2011/2/21
2011/2/23
2011/2/24
2011/3/07
2011/3/09
2011/3/09
2011/3/10
2011/3/11
2011/3/11
2011/3/11
2011/3/11
2011/3/11
2011/3/12
2011/3/12
2011/3/12
2011/3/13
2011/3/15
2011/3/15
2011/3/17
2011/3/17
2011/3/19
2011/3/19
2011/3/20
2011/3/22
2011/3/24
2011/3/27
2011/3/29
2011/4/01
2011/4/03
2011/4/06
2011/4/07
2011/4/09
2011/4/11
2011/4/11

04:22:47.25
11:26:52.24
04:54:43.92
17:40:17.12
17:20:35.57
15:48:13.13
04:07:03.52
13:26:39.12
04:23:13.26
19:27:23.67
10:09:25.13
08:58:27.02
15:58:45.67
20:47:23.51
20:21:53.79
03:20:34.21
22:06:45.89
12:35:56.12
15:29:45.21
05:04:26.55
14:43:44.37
14:49:41.02
07:21:18.66
18:51:30.68
14:36:11.02
21:51:51.50
11:09:07.19
15:54:05.83
20:04:56.63
00:19:31.43
02:51:42.84
21:28:20.39
17:13:42.93
11:43:21.43
15:20:08.38
15:26:07.84
18:17:55.50
22:58:13.20
13:21:50.33
14:49:57.08
23:31:43.91
01:32:48.99
13:34:56.78
15:31:07.77
04:20:50.45
13:01:40.32
02:38:13.99
10:03:26.66
08:29:26.72
07:25:44.66
13:56:15.60
22:30:29.52
11:01:14.22
17:10:47.75
20:12:23.26
14:01:14.46
14:39:32.09
13:03:11.91
08:22:36.86
23:14:47.07

105.312
105.076
105.222
105.385
105.372
105.222
105.312
105.222
105.160
105.072
105.195
105.222
104.947
105.309
105.159
105.441
105.555
105.883
105.042
105.770
105.862
106.059
106.886
105.139
104.808
105.309
105.962
105.201
105.350
106.220
102.798
105.374
105.654
106.626
105.502
106.062
106.383
106.345
105.003
105.991
105.631
105.706
105.559
105.691
105.942
105.565
105.433
105.938
106.104
106.257
104.672
105.946
104.720
105.731
105.696
106.486
105.622
105.734
106.281
106.104

19.362
19.495
20.045
19.371
19.771
19.290
20.003
20.045
20.003
19.797
20.142
20.045
20.220
19.753
19.305
18.927
19.806
20.130
20.045
19.181
19.647
19.291
20.096
19.432
17.553
21.921
19.731
19.806
19.938
19.551
19.847
20.742
19.498
21.077
19.823
20.284
20.633
20.480
20.160
20.144
19.972
19.871
19.921
19.969
20.329
19.912
19.652
20.143
19.847
20.504
19.971
20.081
19.827
20.357
18.838
20.759
20.119
19.997
20.719
20.187

7,0
27,3

7,0

7,0
35,5

7,0
34,3

7,0

2.1

7,0

4,0

7,0
10,3

7,0

9,7
17,3
35,2
11,8

8,7

7,3
16,3
23,3
15,4
14,4
19,8
23,9
27,2
20,7

6,8
19,5
12,8
30,5
21,8
18,9
18,7
19,5
21,8
13,7
39,1
14,5
10,2
15,8
16,1
7,08
24,7
15,9
15,1
14,8
11,0
15,1
26,8
27,3
18,4
10,5
15,1
21,9
33,8
12,9
17,5
18,4

11
0,9
2,6
3,0
0,9
3,1
21
2,9
2.1
0,9
2,6
2,3
4,2
2,3
1,3
3,8
0,8
0,9
1,0
0,7
1,0
1,4
1,9
2,2
0,9
2,8
0,9
1,0
1,6
2,1
0,8
2,4
17
2,7
0,9
2.1
1,9
1,7
0,8
1.4
1.3
2,4
0,9
1,6
1,7
1,0
0,9
1.4
2,4
2,4
2,6
17
1,9
0,7
2,6
2,5
1.9
0,8
2,5
0,9
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78 2011/4/12 05:14:25.26 105.686 20.090 9,2 1.2

79 2011/4/13 20:04:13.90 106.605 20.714 14,2 0,8
80 2011/4/13 20:39:08.17 106.396 20.660 18,5 0,6
81 2011/4/14 21:09:29.35 105.065 20.031 17.9 1.3
82 2011/4/20 12:45:32.78 105.497 20.077 6,1 0,7
83 2011/4/21 02:01:42.77 105.727 20.506 19,4 1,5
84 2011/4/21 13:43:20.14 106.284 20.246 17,5 0,8
85 2011/4/23 04:26:56.16 106.173 19.766 27,2 2,3
86 2011/4/23 21:20:14.19 105.966 19.600 18,1 1.4
87 2011/4/29 03:16:37.52 105.259 19.874 5,1 17
88 2011/4/29 20:29:02.09 104.087 17.452 26,7 2,5
89 2011/4/30 08:39:17.35 105.587 19.869 4,9 0,9
90 2011/5/05 15:05:26.61 105.752 20.109 33,5 1,5
91 2011/5/05 17:08:55.10 105.912 20.378 18,7 1,8
92 2011/5/06 06:51:07.68 108.327 18.727 16,5 2,9
93 2011/5/10 15:31:16.21 106.353 20.791 16,4 2,3
94 2011/5/13 23:42:37.89 105.322 19.586 24,4 1,6
95 2011/5/14 21:13:31.10 104.807 20.303 30,8 17
96 2011/5/21 13:11:11.43 106.723 20.458 25,8 2,7
97 2011/5/21 20:32:14.39 105.304 20.109 20,6 1.8
98 2011/6/03 07:29:58.36 103.050 17.210 24,2 3,1
99 2011/6/05 12:03:15.91 105.190 19.203 16,3 1,5
100 2011/6/07 18:11:36.55 104.687 19.736 17,8 0,9
101 2011/11/07 06:25:48.64 105.486 19.960 8,5 3.5
SUMMARY

The preliminary results of earthquake observation by deployment of the local seismic network Guralp-6TD
in the region of Thanh Hoa province

Ma River and Son La - Bim Son active faults predicted as the strongest seismogenic zones in Vietham with the
maximum earthquake can be reached 7.1 degree on Richter scale. The seismicity of these fault zones at several
segments in Northwest regions is much more active than that at the southeast segments of the Thanh Hoa province. The
low seismicity in these segments may be related to the sparse network of the instruments in these areas. A large region
of Thanh Hoa and Nghe An provinces is distributed only three instruments, thus it is very difficult for us to sufficiently
record small earthquakes. Since November 2009, in the framework of the cooperation between the Institute of
Geological Sciences - VAST and the Chung Cheng National University - Taiwan, we connected a local seismic network
Guralp-6TD with 12 instruments along the south-eastern of Ma River fault in Thanh Hoa Province to study more detail
the seismic activity of the Ma River and Son La - Bim Son Faults. Our equipment recorded about 300 earthquakes during
the past three years, and located near 190 earthquakes among them, the greatest part of them is small earthquakes.

According to the study the segments of Ma River and Son La - Bim Son faults in Thanh Hoa province are not quite
by seismic activity. The correlation to the tectonic fault distribution is revealed the small earthquakes happened in all the
branches of the Ma River fault and the density of the earthquakes in the southwest branches is higher than in the
northeast ones. The high density of the small earthquakes is detected in the section from Thuong Xuan district to the sea
bank, where accepted as a stable section in the previous studies. A not small portion of the earthquakes is occured in
the Son La - Bim Son, Hieu River faults, etc... Much more interesting result is the detection of a large number of small
earthquakes inside the young submeridian tectonic faults Thuong Xuan - Ba Thuoc and Thach Thanh - Nong Cong.
These faults are sill not well studied up to now by both tectonics and earthquake observation.
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