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Tap chi CAC KHOA HOC VE TRAI AT

12-2008

THANG NANG LUONG DONG DAT DIA PHUONG (M, )
KHU VUC TAY BAC VIET NAM

I. GIOI THIEU

Trong céc nghién ctu trude day vé thang ning
luong dong dat cha Viét Nam, do han ché vé thiét
bi quan sat dong dat, phan 16n cdc tdc gia (Nguyén
Dinh Xuyén, Nguyén Van Yém, Lé TG Son) déu
dimng lai & viéc tinh toan nang lugng dong dat & Viét
Nam theo do dai dao dong dat. Ngay ca nghién ciu
gan day nhat, khi st dung s6 lieu ghi s6 ciia may dia
chan chu ky ngan & mién bac Viét Nam, chiing toi
ciling chi st dung cac cong thiic xdc dinh magniud
tieu chudn do nhém Iam viéc vé magnitud
(Magnitude WG) cta hoi dia chin va vat Iy bén
trong Trai Pat (IASPEI) kién nghi dé danh gid
magnitud dia phuong (M, ) d6i véi cac dong dat ghi
tai tram dong dat Ha Noi va Dién Bién, ddnh gia vé
tinh phit hop clia ching véi céc s6 lieu quoc t€. Trén
thuc t€, né€u chiing ta van quan sat dong dat bang
hé mdy hién cd, viéc xay dung thang nang lugng
dong dat & Viét Nam van 1a mot bai todn kho.

Trong khuon khé hop tdc giita Vién Vat ly Dia
ciu (Viét Nam) va Vién Cic Khoa hoc Trai Dat
(Pai Loan), bat ddu tir 12/2005 mot mang ludi
quan sat dong dat v6i 24 may dia chan dai rong
phan b6 déu trén mién béc da thu thap dugc nhitng
s0 liéu dia chan chat lugng cao. Mac du thoi gian
quan sat con rat ngan, tap hgp cdc s6 liéu nay cho
phép chiing t6i ti€n hanh cdc nghién cttu dinh lugng
hon vé thang nang luong dong dat dia phuong tai
khu viyc mién bac Viét Nam béng cdc cdch tiép can
tién tién.

II. PHUONG PHAP NGHIEN CUU

Thang magnitud dia phuong M; dugc Richter [4]
dua ra dua trén cidc nghién ctru dong dat dia
phuong (khoang céach chdn tam < 1.000 km) tai
mién Tay nudc My. Gia tri M; dugc xdc dinh bing
cong thic :

My = log,(4) - log,yAo(4) (D

LE TU'SON, PINH QUOC VAN

trong dé A(4) 1a bién d6 cuc dai trung binh 2 thanh
phdn ndm ngang (tinh bing mm) cha séng dong
dat ghi trén mdy dia chdn Wood-Anderson (WA).
log,y Ao(A) 1a ham hiéu chinh khoang cich cé gia
tri 12 3 tai 100 km va A 1a khoang cdch chan tam.
Ham hiéu chinh khoang céch log,, Ao(A) dugc xay
dung bang thuc nghiém, c6 tinh dia phuong va c6
tinh chat quyét dinh trong viéc xdc dinh thang M, .

Gén day nhit, cdc nghién ctu cua nhém lam
viéc v€ magnitud cta Hoi Dia chidn va Vat 1y bén
trong Trai Dat quoc t€ (IASPEI) va Hoi dong Quan
sat va minh giai dia chan (CoSOI) da kién nghi st
dung cong thitc [6] :

M, =log,o(A) + 1,11 log,,R+0,00189%R - 2,09 (2)

trong do : A 1a bién do cuc dai tinh bang nm do trén
thanh phin nidm ngang da duoc loc sao cho dép ting
ctia hé thong mdy dia chén tuong tng véi may dia
chan Wood-Anderson tiéu chuan vé6i hé s6 khuéch
dai tinh bang 1. R 12 khoéng céch chan tiéu tinh bang
kilomet va thuong nho hon 1.000 km. Cong thitc nay
duoc kién nghi 4p dung d6i véi cac dong dat trong
vo (chiéu sau khong quéd 40 km), tai cdc ving véi
tinh chat suy giam chan dong tuong ty nhu ving Nam
California. Céc kién nghi nay nhim 1am cho céc thang
nang luong dong dat cuia cac dia phuong khac nhau
phtt hgp hon v6i thang magnitud cua Richter [4]. Cac
hé s@ trong (2) rit ra tir nghién ciru cho ving Nam
California ctia L.K. Hutton & D.M. Boore[ 2].

Phu hop v6i kién nghi nay, ching toi st dung
dang ctia cong thitc (2) dé xdc dinh cdc hé s6 cla
phuong trinh nham tinh dén su khéc biét vé céu tric
va tinh chat vo Qua Pat & Viét Nam so v6i Nam
California. Bai todn nay dugc dat ra nhu sau :

Véi dong dat E;, tai tram dia chin S; c6 khodng
cich chan tieu Ry, quan sat thay bién do séng dia
chén cuc dai A;;, gid tri magnitud dia phuong M, ting
v6i dong dat nay s€ dugc xac dinh theo cong thic :

M; =log,((A; ) + alogR;; + bR;; - 2,09 - s; 3)
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trong do a, b 12 cdc hé s6 dic trung cho dudng tat
dén bién do séng dia chan khu vuc nghién ctu. So
v6i phuong trinh (2), & day con xudt hién hé s6 s,
tinh dén hiéu tng cta tang hoac giam bién do do
diéu kién nén dat tai tram S; (hiéu chinh tram). Hiéu
chinh tram s; dugc xem nhu thong s6 khong phu
thudc vao gid tri cia magnitud dong dét ciing nhu
doc lap v6i khoang cdch chan tieu. Chuyén vé, déi
dau ta c6 thé thay rd cong thic (3) trd thainh mot hé
phuong trinh dai s6 tuyén tinh véi céc 4n s6 a, b,
M; va s; c6 dang :

M, - alogR, - bR, - 5; = logio(A;)-2,09  (4)

Véi tap hop s6 liéu m tran dong dat, ghi dugc
tai n tram, ta s& c6 mot hé gébm n*m phuong trinh
v6i n+m+2 4n s6. Pay la dang phuong trinh c6 ma
tran hé s6 thua (c6 chita nhiéu phan tir bang 0) c6
thé gidi theo phuwong phdp binh phuong t6i thiéu.
Diéu didng chi y 6 day can dung cdc ky thuat tinh
toan thich hop véi bai toan giai phuong trinh dai s6
tuyén tinh v6i ma tran 16n va thua. Trong nghién citu
nay, chiing toi st dung thuat toin LSQR do PAIGE
va SAUNDERS dua ra [3].

11 SO LIEU

Nguon s6 liéu st dung trong nghién citu nay la
cac bang dong dat ctia mdy dia chin ghi s6 dai
rong tai cdc tram mién biac Viét Nam trong thoi
gian tir 12/2005 dén 12/2007. Trong thoi gian nay,
toan bo mang tram déu duoc trang bi théng nhat va
dong bo gom : mdy thu chan Trillium-40 (Canada),
may ghi s6 lieu Q330HR va bo Iuu s6 liéu Baler
(Kinemetrics, My). S6 liéu bién do clia dao dong
dong dat ghi bang hé théng trén duoc tinh chuyén
vé bién do cia mdy Wood-Anderso tiéu chuin dwa
trén thuat todn R.A. Uhrhammer & E.R. Collins [5]
va dugc thuc hién trén phan mém phan tich s6 liéu
dia chan SEISANS.1.1 [1].

Trong 2 nam quan sat, véi giGi han khoang cach
chén tam tir 10 d&n 700 km, mang lué6i 24 tram may
dia chin dai rong khu viuc mién bac Viét Nam ghi
duoc hon 150 tran dong dat c6 magnitud 2,5-6,0.
Tuy nhién, s6 liéu va s6 lugng tram st dung trong
nghién ctiu can Iya chon theo céc tiéu chuan thich hop
nhdm dam bdo tinh khich quan va d¢ tin cay can thiét.
Chiing t6i dua ra céc tiéu chuén Iya chon dudi day :

- Céc dong dat can dugc ghi it nhat boi 5 tram
dong dat. Trong truong hgp dong dat dia phuong
vGi khoang céach chan tiéu < 20 km, can it nhat 3
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tram. Diéu kién nay dit ra nhim tang cao do chinh
xdc cua viéc xac dinh toa do chan tam dong dat.

- D6i v6i cdc dong dat 16n, thudng c¢é rat nhiu
du chén x4y ra tao thanh timg nhém. Trong trudng
hop nay, s€ khong chon qua 3 dong dat trong nhém
nhim tranh anh hudng clia mot nhém dong dat 1én
két qua nghién ctu.

- Trong tap hgp so liéu dong dat, cac tram c6 qua
it s6 liéu (it hon 20 so6 liéu ghi) cling tam loai bo
trong nghién cttu nhdm tang tinh doc lap cha cdc
tram trong k&t qua nghién ciu.

Mic du, muc tiéu ban didu nhdm nghién cttu vé
thang nang lugng cho toan bo mién bac, nhung véi
céc s0 lieu da c6, chi ¢6 céc tram dia chan viing Tay
Bac Viét Nam gom : Sapa, Lai Chau, Dién Bién,
Tu4n Gido, Son La, Tram T4u, Moc Chau va Hoa
Binh 1a c6 du chat lugng va s6 lugng déap tng cic
diéu kién cha nghién cu. Diéu nay cling phan dnh
mot thue € 1a tinh dia chan ving Tay Bic Viét Nam
cao hon cédc ving con lai. Hon nita, su khac biét vé
dia chit, kién tao va céu tric vo Qua P4t ciing nhu
tinh chat vat Iy giita ving Tay Bac va Dong Béc Viét
Nam di dugc nhiéu nghién citu dé cap dén cho nén
viéc xdc dinh thang nang luong dong dat dia phuong
ciing can phdi tinh dén dic diém nay. Véi cdc diéu
kién nhu trén, tap hgp ctia 50 dong dit st dung trong
nghién cttu dugc ghi trong bdng 1. Bang 1 con dua
ra céc udce lugng vé magnitud dia phuong tinh theo
cong thic (3) do ISCkién nghi, cdc tinh todn vé mag-
nitud dia phuong nhan dugc theo két qua ctia nghién
cttu ndy va céc s6 liéu ude lugng vé magnitud do cdc
td chitc quoc t& khdc dua ra. S6 liéu clia cdc té chitc
qudc t&€ duge tham khao trén trang web ctia Trung
tam Dia chan Quoc té [6].

V. KET QUA NGHIEN CUU

Phuong trinh (4) duoc giai véi tap hop cac so
liéu tir 50 tran dong dat (bang 1) ghi tai 8 tram dong

Ghi chd bdng I —>

M;-ISC : s6 liéu magnitud dia phuong tinh theo
cong thitc (2), M;-TB : s6 liéu magnitud dia phuong
tinh theo cac tram ving Tay Bac (nghién ctiu nay),
M, -BJI : s6 liéu magnitud dia phuong theo Vién
Vat ly Dia cdu Bic Kinh, Ms-TB : s& liéu
magnitud séng mat theo Vién Vat 1y Dia cdu Béc
Kinh, Mw : s6 liéu moment magnitud dia phuong
trung tam dia chin qudc t&€ (ISC)



Bdng 1. Cac dong dit sir dung trong nghién citu

Thoi gian phdt sinh Toa do chén tiéu Viét Nam Trung Qudc ISC
dong dat Vyddé Kinhddé BDosau M -ISC M;-TB M, BJI Ms-BII Mw

2005/12/31 17:22:05.5 23.422 104.074 10.0 3,2 3,06
2006/01/06 11:50:01.8 23.166 104.164 10.0 3,9 3,83 3,7 3,9
2006/01/06 18:28:09.1 22.082 102.449 155 3,7 3,63
2006/01/06 18:43:04.1 22.063 102.450 9.0 3,5 3,30
2006/01/12 01:05:28.1 23.363 101.650 10.0 4,8 4,73 5,1 5,2
2006/01/15 14:29:47.4 21.742 103.258 5.1 3,0 2,94
2006/01/16 17:58:02.1 22.635 103.401 9.2 2,9 2,83
2006/01/23 21:09:19.9 22.285 103.186 11.8 2,3 2,11
2006/02/19 13:16:51.7 21.703  103.407 5.1 2,5 2,45
2006/02/26 16:12:37.0 21.245 103.340 13.2 3,5 3,45
2006/03/16 16:22:30.7 22.355 104.258 11.7 3,1 2,73
2006/03/18 20:18:04.0 21.260 103.339 5.0 2,0 2,30
2006/04/03 17:06:57.4 19.741 107.018 10.0 3,6 3,67
2006/04/13 13:24:57.0 21.392 102.998 9.5 2,3 1,88
2006/04/27 17:24:29.9 22478 101.941 5.1 2.7 2,54
2006/06/23 17:22:08.0 24.261 102.498 10.0 4,1 3,82 3,9 3,8
2006/07/15 16:17:32.9 24.230 101.288 9.4 4,6 4,48 5,0 4,5 4,3
2006/08/15 20:49:05.2 21.701 103.365 10.0 1,8 1,75
2006/08/26 04:20:40.9 21.339 102933 11.0 2,6 2,45
2006/09/02 18:16:53.9 22.335 102.216 10.3 2.8 2,58
2006/09/04 22:07:04.6 24.281 102.940 10.0 3,3 3,27 3,1
2006/09/06 19:24:17.2 23.028 102.331 5.1 3,0 2,63
2006/09/16 17:12:30.8 21.356 109.441 10.0 4,5 4,42 49 472
2006/09/17 06:10:36.6 20973 103.283 10.0 34 2,22
2006/09/23 20:07:12.6 21.395 102.952 5.0 1,8 1,56
2006/10/31 10:37:25.5 22.353 101.055 10.0 473 4,13 4.6 4.4
2006/11/11 18:45:59.51 23.850 102.797 14.0 4,0 3,78 3,9 473
2006/11/23 16:30:00.8 22.763 102.348 9.1 4.4 3,92 473 4.4 4,5
2006/11/24 12:05:20.6 23.011 104.144 5.1 4,0 3,76 3,9 3,6
2007/01/26 18:45:27.1 22794 102.731 23.1 2.7 2,74
2007/03/03 19:12:27.2 23.497 102.200 10.0 2,9 2,79
2007/03/23 18:45:00.8 25.251 106.137 10.0 3,9 3,87 3,3
2007/03/31 03:15:53.1 22.411 102.356 17.5 3.5 3,48
2007/03/31 10:03:48.3 22.342 102.367 5.3 3,3 2,16
2007/05/02 02:02:11.7 20.761 103.143 10.0 4,5 4,26 472 4.4
2007/05/02 04:01:51.7 20.738 103.143 10.0 3,7 3,49
2007/05/13 10:04:37.3 20.585 100.792 10.0 4,0 4,02
200/705/15 14:35:47.9 20.514 100.781 10.0 4.6 4,54 4.1 4.6
2007/05/16 08:56:12.4 20.514 100.754 10.0 5,9 5,84 6,2 6,9 6,3
2007/05/31 15:44:27.2 22538 102.671 10.0 3,0 2,92
2007/06/02 21:34:54.3 23.273 100.858 9.3 5,6 5,85 6,4 6,0 6,1
2007/06/03 02:49:00.3 23.250 101.042 10.0 4,6 4,58 4,7 4,9 4,9
2007/06/07 05:31:15.4 21.909 103.065 10.0 3,3 3,01
2007/06/09 12:16:39.2 23.870 103.281 5.1 43 429
2007/06/09 23:28:28.8 21.922 103.051 11.4 2,6 2,43
2007/06/22 16:52:43.2 21.646 103.370 10.0 2,2 2,15
2007/07/21 08:47:12.3 21.312 104.070 10.0 3,1 2,92
2007/07/26 07:14:39.0 20.769 103.119 6.0 2,8 2,67
2007/09/06 18:51:46.8 23.253 105.553 5.1 4.4 4,43 4.4 4.4
2007/09/09 16:35:57.1 24.199 103.977 5.0 4.1 3,97 3,6

347



dat ving Tay Bac Viéet Nam. Tap hop nghiém cta
phuong trinh nay cho céc gid tri hé s6 a, b, gid tri
magnitud cta 50 tran dong dat va 8 s6 hiéu chinh
tram vliing Tay Bac va do léch chuén ctia ching. Gid
tri magnitud cua cdc dong dat dugc dua trong bang
1. Do léch chuédn khi x4c dinh magnitud cha céc
dong dat nay nam trong khoéang 0,2 don vi. Thong
s0 a va b xdc dinh s6 hiéu chinh dudng tit d4n bién
do song dia chan theo khoang cdch xdc dinh tlr
nghién cttu nay 1a :

a=1,018

b =0,00232

(6=0,1211)
(o =0,00039)

Két qua nay xac dinh cong thic danh gid magnitud
dia phuong d6i véi khu vuc Tay Bac Viét Nam :

M, = log,,(A)+ 1,018 log,,R +0,00232#R -2,09 (4)

So sanh (4) v6i (2), thdy cdc hé s6 clia cac phuong
trinh nay khdc nhau khong nhiéu, nam trong khoang
+o. Diéu nay ciing thé hién trén két qua tinh gia tri

magnitud dia phuong M; theo cong thic (2) va theo
cong thic (4) cho trén cot 3 va cot 4 clia bang 1.

Céc hé s6 hiéu chinh tram cung véi cac thong s
ctia n6 dugc trinh by trong bdng 2. S6 liéu bang 2
cho s6 hiéu chinh duong 16n nhét tai tram Hoa Binh
(HBVB) 1a 0,31 va hiéu chinh am 16n nhait tai tram
Son La (SLVB) 1a -0,23. S6 hiéu chinh tram, ngoai
viéc st dung hiéu chinh gid tri magnitud tinh theo
s6 liéu ctia tram con phéan dnh diéu kién nén dat thuc
t€ tai cdc tram ndy. V&i cac tram dat trén nén d4
cting nhu Son La, Tuan Gido, Tram Tau, Moc Chau,
s6 hiéu chinh c6 gid tri < 0. Trén thuc t&, duong ghi
dong dat ctia cac tram nay ciing t6t hon do khong
bi khuéch dai bdi cdc 16p dat yéu phia trén. Theo
két qua nay ciing c6 thé két luan, nén dat clia tram
Hoa Binh la x4u nhat va trén thuc t&, cdc duong ghi
tai tram nay ciing thé hién nhu vay.

Ciing cén noi, tap hgp sd liéu vao van con chua
dugc ddy di. Trén hinh I biéu dién phan b clia s6

Bdng 2. Théng s6 cac tram dia chan viing Tay Bic va sé hiéu chinh tram

Tram Kinh do V§ do E Docao S6 hiéu Do S5
dia chén (N°) (E% (m) chinh tram  léch chudn  phép doc
SPVB 22.336 103.831 1.550 0,18 0,21 24
LCVB 22.052 103.159 1.100 0,10 0,24 47
DBVB 21.390 103.025 480 0,11 0,18 43
TGVB 21.590 103.430 250 -0,13 0,2 50
SLVB 21.315 103.942 700 -0,23 0,16 32
TTVB 21.460 105.800 50 -0,11 0,16 32
MCVB 20.800 104.650 800 -0,17 0,15 40
HBVB 20.842 105.328 20 0,31 0,18 32
60 — lieu theo khong gian (khoang cidch chan tiéu) va

- theo gi4 tri magnitud. C6 thé thay trong bdn kinh
< 150 km, chi ¢6 céc gid tri magnitud < 4,0. Phan
16n cdc dong dat trong nghién ctiu cé M < 5,0. Chi
¢6 hai nhém dong dat M > 5,0 nam & cdc khoang

40 cdch xa. Hon thé€ nita, s6 lugng céc so liéu van chua
K du 16n, chi cé 289 so6 liéu. Trong cdc nghién citu
% . tuong tu cho cdc viing khac nhau trén thé gidi, tap
= . hop s6 liéu 1én t6i hang chuc ngan. Diéu nay néi lén
20 4 - . giGi han 4p dung t6t nhat cho cong thitic xdc dinh
magnitud dia phuong M, véi cic tram khu vuc Tay
Bic Viét Nam ndm trong khoang M < 5,0.
0.0 T T N N . R SV
0 100 1000 < Hinh 1. Khong gian phan bo s6 liéu theo

Khoang cach (km)
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khoang cach chén tiéu va magnitud



KET LUAN

Viéc nghién cttu thang magnitud dia phuong M,
& Viét Nam lan dau tién tién hanh dua trén s liéu
do bién do thuc ctia cac bang ghi dong dat. S6 lieu
nay thuc hién trén hé thong may dia chan dai rong.

Dua trén bai todn phuong trinh tuyén tinh, véi
tap hop s6 liéu cé chét luogng trong thdi gian quan
sat tir 12/2005 dén 11/2007 da xdc lap cong thiic
dénh gia thang magnitud dia phuong M, d6i véi
khu vuc Tay Bac :

M, = log,,(A) + 1,018 log,;R + 0,00232*R - 2,09

Gidi han t6t nhat cho viéc dp dung cong thic
nay la d6i véi cdc dong dat c6 M < 5,0. Phan 16n cdc
dong dat xdy ra & Viét Nam nim trong gidi han nay.

Dong thoi, nghién ctu cling dua ra hé s6 hiéu
chinh tram cho c4c tram dia chan viing Tay Bac.

Do thoi gian quan st con it, viéc nghién ctu
thang magnitud dong dét can dugc tiép tuc ti€n hanh
nham tang s6 luong dit liéu ciing nhu trién khai nghién
ctu trén khu vue rong hon.

Cong trinh nay duoc hoan thanh véi su hd tro
kinh phi cta dé tai co ban ma s6 711.406. Trong
khi viét bai, ching t6i da dugc su quan tam cua
lanh dao Vién Vat Iy Dia ciu ciing nhu su trao doi
g6p ¥ chia nhiéu dong nghiép. Nhan dip ndy céc tdc
gia xin bdy t6 16i cdm on chan thanh t6i ban 1anh
dao Vién Vat Iy Dia cdu, cdc ban dong nghiép.
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SUMMARY
The local magnitude scale M, in North Western Vietham

The broad band digital seismic data recorded
from 8 stations in North Western Vietnam and 50
events during 2005-2007 have been collected and
analysised. From this data, a set of 289 linear equa-
tions have been established and solved by LSQR
algorith. As the result, the formular for determining the
local magnitude M, of crust earthquakes in the Noth
Western Vietnam has been proposed as followed :

M, = log,,(A) + 1.018 log,,R + 0.00232*R - 2.09

The coefficients of this equation are similar to
that of Southern California. The corrective factors for
8 stations have been founded.
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