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TOM TAT

Bai béo trinh bay két qud ap dung phuong phap hoc may khong giam sat (k-means) trén tai li¢u trong luc
dé phan chia cic ving dong nhat vé thudc tinh vat 1y ctia truong khu vy trung tdm Viét Nam. Tham sb
dau vao cua phuong phap gdm 04 thuoc tinh cua truong (di thuorng trong luc & d6 sau Skm, gradient
ngang, thudc tinh phuong sai va hé sé truy tim truc d1 thuong), két hop ap dung phuong phap diém khuyu
tay (Elbow method) chung t6i phén thanh 09 cum ti wu 6 ddc diém gan nhau vé thudc tinh cua truong.
Két qua phan cum cho thiy phia Tay Nam, trung tdm va phia Nam khu vuc ¢6 tinh chét vat 1y bién dbi
phtrc tap, phan anh hoat dong kién tao phirc tap vdi su x40 tron cua cac 16p d4t da khac nhau va day 1a vi
tri tiém nang hinh thanh cic mé khoang san noi sinh ¢6 ngudn gbc magma. Phia Bic, Tay Béc va phia
Péng cua khu vyc c6 sy thay d6i khong dang ké vé thudc tinh vat 1y cta truedng, phan anh sy binh én cua
chc 16p dit d4 v6i phuong cu trac kéo dai theo phuong Tay Bic - Pong Nam. Nhu vay, dbi voi nhitng
khu vuce ¢ it thong tin dia vat 1y, viéc s dung cdc thudc tinh vat Iy twong quan cta cung mot truong dia
vat 1y 1a bo du lidu dau vao dang tin cdy cia phuong phap hoc may khong giam sat (k- means) ket qua
nay la cach tiép can ban d4u hidu qua dé xac dinh céc cu trac dia chit méi va danh gia ngudn gdc thanh
tao cac mo khoang san 4n sau trong khu vue.

Tuwr khoa: k-means; trong lyc; COSCAD 3D; khu vuc trung tam Viét Nam

1. D3t van dé

Thuét to4n phan cum k-means dd duoc sir dung hidu qua trong nhidu nganh khac nhau nhu céng nghé
phém mém, khai thac dit liéu, phén tich hinh anh, phan loai thach hoc, phan tich dit li¢u dia vat 1y [Bosch,
1999; Bosch va nnk, 2002; MacQueen, 1967; MaxMignotte, 2008), muc dich cua thuat toan 1a tach cac
nhom d6i tuong trong mot nhom giéng nhau vé thudc tinh va khac véi cac dbi tuong trong cac nhom
khac. Cu thé trong linh vuc dia vat 1y, Bauer va cong su (2003) da str dung phuong phap k-means dé phan
tach thanh cic nhém thach hoc khac nhau véi cc thude tinh ddu vao gém: véan téc P nghich dao, ty 18
Poisson, két hop véi dir liéu vat 1y thach hoc; Delfiner va cong sy (1987) da duge sir dung phuong phép
k - means dé phan loai thach hoc trong céc 15 khoan, Di Giuseppe (2017) ciing da ap dung phwong phap
k - means dé xac dinh dac diém cdu tric dia chét cua hé théng dia nhiét nai lira, Campi Flegrei (Naples,
Y) voi bo dir lieu dau vao gém cac thong sb dién tré suat, van tde song P va mat dg; Bernardinetti va
cong su (2017) da ung dung phan tich cum k-means vgi b dir liéu bao gém dién tro suét,séng dia chén
khtc xa (song P) dé xéac dinh cac dac tinh vat 1y khac nhau va déc tinh co hoc cuia tﬁng chtra nuée. Nhin
chung, phéan 16n céc cong trinh st dung thuit toan phan cum k-means thuong duge 4p dung cho cac tap
dir liéu d4u vao tir nhiéu phwong phap dia vét 1y khac nhau va it nghién ctru tap trung vao viéc ap dung
thuét toan k-means véi cac tham s dau vao tir cac thudce tinh ctiia mot truong dia vat ly. Hon nita, trong
treong hop khu vuc nghién ciru 6 mét vung méi cod rat it thong tin dia vat ly, viéc st dung cac ddc tinh
cia trrong dia vat Iy 1am tham s déu vao cho phuong phap k-means c6 kha ning phat hién ra cac thong
tin mdi phuc vu cho cac hoat dong tham do dia chét tiép theo.

Khu vyc Trung tdm Viét Nam la noi phat trién va giao thoa ciia cac khéi 16n nhu dai uén nép Truong
Son, d6i khau Tam Ky - Phudc Son, khéi nang Kon Tum. Trong d6, céc dut gay sau theo phuong Tay
Béc - Dong Nam (dut giy Po K6), phuong Déng Bic - Tay Nam va 4 kinh tuyen 1a ranh gidi gitra cdc cau
trac néu trén (Hai Thanh Tran va nnk, 2014; Quyen Minh Nguyen, 2019; Tran Van Trj va Nguy&n Xuan
Bao, 2008). Khu vuc nghién ctru déc trung badi cac thung ling hep, chia cét hiém tro, dia hinh phuc tap,
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nhiéu niii cao kéo dai theo phuong Dong Bic, Tdy Bic va kinh tuyén. Nhimg déc diém cau triic nay la
diéu kién tién quyet thuan loi cho viéc hinh thanh cac mo khodng san ¢6 nguon goc magma va nhiéu noi
trong khu vyc xuit hién cac diém khoéng san xuét 16 trén bé mat (Hinh 1b) (Nguyen Trudng Luu va nnk,
2020; 2000; 2014; Nguy&n Xuan Son va nnk, 2000). D& x4c dinh sy khac biét vé ciu tric dia chét lién
quan dén vi tri tiém ning khoang san & nhirng khu vuc c6 it thong tin dia vat Iy nhu khu vuc trung tam
Viét Nam 1a mot thach thire dbi voi cac nha xt 1y, dé giai quyét thach thirc nay, chung t6i thiy ring viéc
tich hop nhiéu thudc tinh lién quan cua cung mot truong bé‘mg cach str dung phuong phéap hoc may khong
giam sat (k-means) la mot cach tlep cén ban dau higu qua dé phat hién cac ciu tric dia chat tiém ning lién

quan dén trién vong khoang san an sau.
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Hinh 1. (a)- Vi tri khu vuc nghién citu, do cao dia hinh so v&i muc nude bién thay doi tir 10+1600 m;
(b)- Bén do dia chdt va vi tri xudt I diém quang khu viee Trung tam Viét Nam [22-25]

Trong bai bao nay, ching ti 4p dung phuong phap hoc may khong giam sat (k-means) v6i 04 thude
tinh d4u vao ciia trudng trong lyc gobm: di thuong trong lyc khu vic ¢ do séu Skm, gradient ngang trong
lyc, déc trung phuong sai va hé s truy tim truc di thudng trong Iyc khu vye dé phan phan thanh cic cum
¢6 dic trung gan nhau vé thudc tinh vat 1y cia truong. Cac két qua duge phan chia thanh cac ving dong
nhét vé cac thudc tinh vat ly cua truong lién quan dén cu tric dia chit va phat hién céc vi tri tiém ning
lién quan dén mo khoang san an sau. Két qua nay c6 kha ning s& phat hién thém céc thong tin méi phuc
vu cho viéc nghién ctru, tham do trit lwgng khoang san cua khu vuc nghién ctru trong tuong lai.

2. Ngui“)n s liéu sir dung va phwong phap nghién ciru

2.1. Nguon so liéu sir dung
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Hinh 2. Dj thuong trong lyc Bughe tai mdt quan sat ty Ié 1:100 000 khu vuc trung tam Viét Nam g(;m cd
di thuong trong luc khu vuc va di thuong trong luc dia phuong, gia tri trong luc thay déi tir -100 mGal
dén 20 mGal
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Ngudn sb liéu st dung trong bai bao duoc thu thap tir ngudn sb liu di thuong trong luc Bughe day du
do trén mat dét ty 18 1:100 000 v6i do chinh xac do ghi tir 0,1+0,25 mGal [22-25], sau khi higu chinh d6
cao, hiéu chinh 16p gitta v6i mat do dilg = 2,67 g/cm® va hiéu chinh dia hinh theo phuong phép
Prisivanco L. N. (Blakely, 1996) va dugc thé hién trén hinh 2.

Quan sat hinh 2, chiing ta thiy di thuong trong lyc Bughe thay d6i tir -100-20 mGal theo huéng Tay
Béc — Pong Nam. Phia Tay Bic khu vuc nghién ciru dwoc dic trung béi gia tri di thuong thap nhit trong
khu vuc vai bién d¢ dao dong tir -100 + -50 mGal, phia Dong va Pong Nam dugc ddc trung boi gia tri di
thudng cao nhét trong khu vuc véi bién bd thay ddi tir -30+15 mGal. Phia TAy Nam cua khu vyc nghién
clru quan sat thiy dai di thuong kéo dai theo phuwong Pong Béc - Tay Nam véi bién d6 dao dong tir -40 +
-30 mGal. Bén canh d6 trong khu vuc con xuét hién mot s khoi bt déng nhét dia phuong cé gia tri
truong thay ddi tir -10+5 mGal, tép trung & phia Béc, trung tm, va phia Nam khu vuc nghién ctru. Phia
Dong Nam xuét hién cac doi di thuong dia phwong bién d6 dao dong tir -20+5 mGal.

2.2. Phwong phap nghién ciru

Ngay nay c6 rat nhiéu thuat todn hoc may khéng giam sat dugc ing dung trong xir Iy va phan tich tai
liéu dia vat ly (Aline Melo va Yaoguo Li, 2011; Bosch, 1999; Bosch va nnk, 2002; Mac Queen, 1967;
Max Mignotte, 2008). Tuy nhién, trong nghién ctru nay chiing t6i chi tap trung vao thuat toan phd bién
nhét trong cac ky thuat hoc khong giam sat, d6 1a thuat toan phan cum k-means. Thuét toan k-means la
mot trong nhitng thuat toan phan cum don gian va phd bién nhét, duoc xudt ban lan du tién vao nim
1955. Thuét toan co6 lich sir phong phti va da dang vi n6 dugc phat hién doc 1ap trong cac linh vuc khac
nhau (Ball and Hall, 1965; Mac Queen, 1967). Mic du thuat toan k-means duoc dé xuat 1an dau tién cach
day hon 50 nim nhung n6 van la mét trong nhitng thuat toan dwoc sir dung rong rai nhit dé phan cum, dé
st dung, dé thuc hién, hiéu qua, don gian. Trong phan cum k-means, khoidng cach Mahalanobis trong
khéng gian Hilbert duoc st dung lam khoang cach giita cac tham s riéng 1é va tinh dén cac mbi quan hé
trong khong gian dac trung cua trudng. Chung t6i str dung khoang cach Mahalanobis tong quat vi thuat
toan mang lai hidu suat phan cum t6t nhat, ca vé gia tri trung binh va d6 léch chuan cta s6 luong duong
cong dugc phan loai sai (Andrea Martino va nnk, 2017; Nikitin va Petrov, 2008).

Thuat toan k-means (Andrea va nnk, 2017; Nikitin va Petrov, 2008) chia thanh cac cum khac nhau, véi
céc bo dir lidu dau vao bao gém: di thuong trong luc, gradient ngang trong lyc (Nikitin va Petrov, 2008),
thudc tinh phuong sai (Petrov, 1997; Petrov va nnk, 2010) va hé sb truy tim tryc di thuong trong luc
(Hong va nnk, 2020; Hong, 2022; Nikitin va Petrov, 2008) dé phéan tach thanh cac cym c6 tinh chét tuong
ty khu vyc trung tam Viét Nam.

Di thuong ‘ Gradientngang | | Pic trung phuong sai Hé sé truy tim
trong lyc khu vire| |Di thuong trong lye| | cua Dj thuong trong luc| | truc Di thuong trong luc
o do sdu Skm | khu vuc khu vuc khu vue

Y Y l

v

Xic dinh
sO cum K

v
Xac dinh gia trj Yes
| trung tam cua cum
L Xéc dinh khoang Dt ligu No So dd phin cr,un
céch tir diém dir ligu < dichuyén  S—{epuae tinh vat Iy
‘ td1 tim cum Hvao Sy o

Théng tin
Dia vat ly

\ Thong tin

Dia chat

Phan nhém dua
trén khoang cach
nho nhat
Hinh 3. So d6 minh hoa viéc tich hop di thuong trong lyc va thudc tinh truong bdng thudt toan phan cum
k-means dp dung ¢ khu vuc trung tam Viét Nam
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3. Két qua va thio luan
3.1. Keét qud xir ly tham so dau vao ciia phwong phdp hoc khong giam sat

Nhu da phan tich & trén, trong nghién ciru nay chung toi str dung tap dir liéu gdm 04 thudc tinh dau vao
dé dua vao thuat toan phan cum k-means g(“)m: Di thuong trong luc khu vuc & d9 sau Skm (hinh 4a),
gradient ngang di thuong trong luc khu vuce (hinh 4b), thudc tinh phuong sai di thuong trong luc khu vuc
(hinh 4c¢) va két qua truy tim truc di thuong trong lwc khu vuc (hinh 4d).

Cac dai cuec tri lién tuc cla gia tri gradient ngang (hinh 4b) va thugc tinh phuong sai cta truong (hinh
4¢) phan anh ranh gidi cia cac khdi khong ddng nhét, ranh gidi cia cac hé thdng dut giy. Cac dai kéo dai
ciia truc di thuong duong (hién thi bing mau d6), cua truc di thuong 4m (hién thi bing mau xanh dam)
(hinh 4d) phan énh xu huéng cua cic khéi di thuong duong va di thuong 4 am trong khu vuc nghién ctru.
Téng hop cac két qua xir 1y (hinh 4a, 4b, 4c, 4d) cho ching ta thong tin vé dic diém dia chit trong khu
vire, cu thé 1a cac khoang cuc tri mo rong cia gid tri gradient ngang, cua phuong sai (hodc truc di thuong)
phat trién theo phurong Tay Bic - Dong Nam; Dong Bic - Tay Nam, 4 kinh tuyen
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Hinh 4. (a)- Di thuong trong luc khu viee sau khi logi bo di thwong dia phwong ¢ do sau Skm; (b)-
Gradient ngang di thuwong trong l@qc khu viee; (c)- Thudc tinh phuong sai triecong di thwong trong luc khu
vuee, (d)- Ket quad truy tim truc di thuong trong luc khu vie

3.2. Két qua dp dung phwong phdp hoc mdy khéng gidm sdt (k-means)

Ap dung thuat toan hoc may khong giam sat k-means véi 04 thudc tinh ddu vao (hinh 4a, 4b, 4c, 4d)
ket hop phuong phap diém khuyu tay (Elbow method) chung t6i phan thanh 09 cum téi vu c6 dic dlem
gn nhau vé& thudc tinh trudng di thuong trong lyc, gid tri gradient ngang, thudc tinh phwong sai va hé sb
truy tim truc di thuong (hinh 4).

Két qua phan chia thanh 09 cum (hinh 5) cho thay ving nghién ctru ton tai tinh chat vat ly phan cat
phirc tap & phia Tay Nam, phia Nam va trung tim khu vyc nghién ciru, so véi ban dd céu trac dia chét,
khu vuc nay thude hé rift ndi luc dia sau va cham Mesozoi (Hai Thanh Tran va nnk, 2014; Quyen Minh
Nguyen, 2019). Nhu vay, két qua ap dung thuat toan phan cum k-means rét phu hop véi dit ligu dia chat.
O phia Bic, Tay Béc va Pong ctia khu vuc nghién ctru (hinh 5), cac dic tinh vat 1y ctia trudng it thay dbi,
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ching t6 cac vung nay kha 6n dinh theo phuong Tay Béc - Péng Nam. Do ving phia Dong khu vue
nghién ctru gidp bién bong nén két qua nay hoan toan phu hop v6i cac quy ludt dia cht. Quan sat hinh 5
cho thiy hoat dong kién tao phirc tap & phia Ty Nam va phia Nam khu vuc nghién ctru, ching to hoat
ddng kién tao nay mang tinh chit khu vuc va chiing dong vai tro 1a kénh din dua magma tir sau 1én bé
mit, xuyén qua cac trdm tich gdn bé mat va hinh thanh cac mé khoang san 4n sau.
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Hinh 5. Két qua phan thanh 09 cum 16i uu theo phu’ong phap hoc may khong giam sat (k-means), cdc
chdm tron mau sdc ¢ hinh (a) twong teng véi mau sdc ciia cdc cum 6 hinh (b). Trong dé (a, b)- Gid tri
trung tam cua 09 cum theo truong di thuong trong lyc, gradzent ngang, thugc tinh phirong sai va hé 56
truy tim truc di thwong; (c)- Két qua phan chia thanh 09 cum cé dic diém gan giong nhau thugc tinh ciia
truwong di thuwong trong lwc khu viee trung tam Viét Nam

Két luin

Két qua xtr Iy va ludn giai tai liéu di thuong trong luc Bughe khu vuc trung tdm Viét Nam dwa ra mot
s6 két luan:

- Thuat toan hoc may khong glam sat (k- means) ket hop phuorng phap diém khuyu tay (Elbow method)
chung t6i phan thanh 09 cum t6i wu c6 ddc diém gin nhau vé thudc tinh cia trudng duge 4p dung hidu
qua trén tai li¢u di thuong trong luc khu vuc trung tim Viét Nam; két qua phan cum nay hoan toan tring
khop vai dia chét kién tao trong khu vuec.

- Phia Tay Nam, trung tim, va phia Nam khu vuc nghién ciru cho thdy thudc tinh vét Iy cta truong
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kha phirc tap cho thiy tai khu vy nay cac 16p dat da bi vo nhau va dut doan theo nhidu huéng khac nhau
va déy 1a vi tri tiém nang hinh thanh cac mo khoang san ndi sinh c6 ngudn gbc magma.

- Phia Bic, Tay Béc, va phia Dong khu vyc nghién ctru cho thiy cac thudc tinh vét Iy cua truong it
thay dbi phan anh cac 16p dat d4 khu vuc nay khé binh én véi phuong ciu truc kéo dai theo phuong Tay
Béc - Dong Nam.

- Péi voi nhitng khu vuc c6 it thong tin dia vat 1y, viéc st dung cac thudce tinh vat Iy twong quan cta
cung mot truong dia vat 1y 1a bg dir liéu déu vao dang tin cdy cua thuat todn hoc may khong giam sat
(k-means) véi khoang cach Mahalanobls tong quat, két hop phuong phap diém khuyu tay (Elbow
method) két qua nay la mot cach tiép can ban d4u hiu quéa dé phét hién cac ciu tric tiém ning lién quan
dén khoang san 4n siu.
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ABSTRACT

Geology differentiation by applying unsupervised machine learning
(k-means) of gravity field in central area of Vietnam

Phan Thi Hong!, Do Minh Phuong?
! Hanoi University of Mining and Geology
2Geophysical Division, The Vietnam Geological Department

This paper presents the results of applying the unsupervised machine learning method (k-means) on
gravity data to divide homogeneous regions in terms of physical attributes of the field in central area of
Vietnam. The input parameters of the method include 04 field attributes (gravity anomaly, horizontal
gradient, variance attribute and the tracing coefficient of the gravity anomalous axis), the results are
separated into 09 clusters with characteristics close to each other in terms of physical properties of the
field. Clustering results show that the Southwest, Center and South of the area have complex physical
changes, reflecting complex tectonic activities with the disturbance of different soil and rock layers, and
this is potential locations for forming endogenous mineral deposits of magmatic origin. The North,
Northwest and East of the area have insignificant changes in the field's physical properties, reflecting the
stability of the soil and rock layers with the structural direction extending in the Northwest - Southeast
direction. Thus, for areas with little geophysical information, using correlated physical attributes of the
same geophysical field is a reliable input data set of unsupervised machine learning methods. (k-means),
this result is an effective initial approach to identify new geological structures and evaluate the origin of
mineral deposits hidden deep in the area.

Keywords: k-means; gravity field; COSCAD 3D; central area of Vietnam
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