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This study presents the development of an integrated petroleum system
model for the northeastern part of the Cuu Long Basin, a region with high
hydrocarbon potential but complex geological settings and limited
systematic investigations. The objectives are to simulate hydrocarbon
generation, migration, and accumulation processes; assess undiscovered
potential: and provide a scientific basis for exploration strategies to
minimize geological risks. An integrated approach combining 2D/3D
seismic data, 97 wells, and detailed geochemical analyses was applied to
construct structural, lithological, and geochemical models. Thermal history
calibration (heat flow and erosion) was conducted through 1D modelling at
well locations to ensure that simulated parameters (temperature, vitrinite
reflectance) matched measured data, thereby improving the reliability of
the 3D basin model. The results show that the main Oligocene source rocks
(Formations D and E) have reached oil and gas generation thresholds
within deep sub-basins. The temporal synchronization between trap
formation (Late Oligocene-Early Miocene) and hydrocarbon generation-
migration (from Middle Miocene to present) is the key factor controlling
petroleum accumulation efficiency. Major fault systems serve as principal
migration conduits channeling hydrocarbons into traps. The model
demonstrates high reliability by accurately predicting reservoir intervals,
hydrocarbon phases, and field locations such as Ruby, Diamond, and Thang
Long, confirming its effectiveness as a predictive tool for reducing
exploration uncertainty and guiding future exploration strategies.
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Nghién ctru xay dwng mo hinh hé thong dau khi 3D khu vwc
déng bac bé Clru Long, Viét Nam
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Sinh diu va khi.

Nghién ctru nay trinh bay két qud xdy dung mé hinh hé théng ddu khi tich
hop cho khu vuc dong bic bé Ciru Long, noi cé tiém ndng ddu khi Ién nhung
ddc trung bdi cdu tric dia chdt phikc tap va thiéu nghién cteu hé théng. Muc
tiéu la mé phdng qud trinh sinh, di cw va tich tu hydrocarbon; ddnh gid tiém
ndng chwa phdt hién va cung cdp co sé khoa hoc dinh huéng céng tdc tham
do nhdm gidm thiéu rii ro. Phwong phdp nghién ctru tich hop di lidu dia
chdn 2D/3D, 97 giéng khoan va cdc phdn tich dia héa chi tiét Trén co sé do,
cdc mé hinh cdu tric, thach hoc va dia héa dwoc xdy dung, két hop hiéu chinh
lich st nhiét (dong nhiét, boc mon) théng qua mé hinh 1D tgi cdc giéng
khoan. Hiéu chinh gitip ddm bdo cdc tham s6 mé phdéng (nhiét do, do phdn
xa vitrinite) phtl hop vdi div lidu do thuc t& ndng cao do tin cdy ctia md hinh
3D. Két qud cho thdy cdc tting dd me Oligocene (Tap D va E) dd dat nguwéng
sinh ddu - khi tai cdc viing triing sdu. Sw dong bo giita qud trinh hinh thanh
bay cdu tric (cudi Oligocene - ddu Miocene) va giai doan sinh - di thodt
hydrocarbon (tir giita Miocene dén nay) layéu to quyét dinh hiéu qud tich tu
ddu khi. Cdc dirt gdy Ion déng vai tro kénh dan chinh dwa hydrocarbon vao
bdy chira. Mé hinh dwoc kiém chiing véi dé tin cdy cao khi du bdo chinh xdc
Vi tri tdng chita va pha hydrocarbon tai cdc mo Ruby, Diamond va Thdng
Long, khang dinh ddy la cong cu dy bdo hitu hiéu cho tham do twong lai.
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1. M¢ dau

Bé Ctru Long la mét trong nhirng bé tram tich
Kainozoi c6 titm nang diu khi 1én nhit tai thém
luc dia phia Nam Viét Nam, noi da phat hién va
khai thac nhiéu mé dau khi c6 quy mé thwong mai
nhuw Bach H6, Rong, Sw T Pen, Sw T Vang, Ruby,
ThingLongvabéngDPo6. Hoatdong timkiém tham
do va khai thac dau khi tai khu vuc nay dwoc trién
khai manh mé tir thap nién 1980 va da dong gop
quan trong vao san lwong khai thac dau khi quoc
gia.

Tuy vay, hoat dong tham do trong thoi gian
quachuyéu tip trung & khu virc trung timva phia
Tay Bac ciia bé, noi c6 mat do giéngkhoan va dir
liéu dia chidtday dic. Ngwoclai, khu vire phiaDong
Bac clia bé - phin giap ranh v&i bé Nam Con Son,
mat d6 thim do con it va van con chua duoc
nghién ctru mét cich hé théng va tich hop. Méc du
c6 mot s6 mo va phat hién dau khi nhw Ruby,
Thang Long hay bong D6, Emeral... nhung trong
khu virc con kha nhiéu cac ciu tao tiém nang chua
dwoc khoan tham do.

Bén canh d6, suw phirc tap vé kién tao, dic
diém tram tich va ciu tric dia ting khién viéc
danh gia tiém ndng dau khi tai khu vuc nay gip
nhiéuthach thirc. Trongb6icanhnhu ciuthamdo
tiép tuc gia ting nham bu dap trir lwgng khai thac
gidm din tai cAc mé da phat trién, viéc xay dung
mot md hinh hé thong dau khi 3 chiéu (3D
petroleum system model) cho khu vwc déng bac
bé Ctru Long 14 cAn thiét va cip bach.

M6 hinh hé thong dau khi 3D khong chi cho
phép tich hgp toan bd dir liéu dia chan, giéng
khoan, dia hda, thach hoc va dia ting hoc dé méo
phoéng qua trinh hinh thanh - tich tu hydrocarbon
ma con hé tro danh gia xac suit thanh cdng (POS),
xac dinh rui ro dia chat va wu tién cac play tiém
nang cho chiénlwocthiam do tiép theo. Dayla cong
cu hién dai va hiéu qua trong cong tac danh gia
tong thé tai nguyén dau khi chwa dwoc phathién,
dac biét trong nhitng khu vyc c6 mat do tham do
chwa cao nhw ving ria bé tram tich.

Do dé, Muc tiéu ctia nghién ctru 1a xay dung
mo hinh hé thong daukhi 3D tichhop cho khu vue
DPong Bic bé Ctru Long nham moé phdng lich st
chonvui, tiénhdéanhiét, quatrinhsinh - di cw - tich
tu hydrocarbon; dong thoi danh gia tiém nang tai
nguyén dau khi chwa phat hién va hd tro dinh

hwéng cong tac tim ki€m tham do trong twong lai.

2.Khai quat diac diém dia chat

Khu vure nghién ctru thudc phan Pong Bic bé
tram tich Ctru Long, ngoai khoi thém luc dia phia
Nam Viét Nam, giap ranh v&i bé Nam Con Son &
phia Pong va Pong Nam. Pham vi nghién ctru bao
gbdm cac 16 dau khi tiém nang nhw 01 & 02/10,
01/17 & 02/17,01/97 & 02/97 va mot phin 16
15-1 (Hinh 1), thudc quyén quanly ctia Tap doan
Cong nghiép - Niang lwong Qudc gia Viét Nam
(PVN) va Téng céng ty Tham do Khaithac Dau khi
(PVEP). Dién tich nghién ctru tong thé khoang
10.000 km? véi dd sdu nwéc bién trung binh
40+70 m, 1a khu vuc bién néng ngoai khoi Viét
Nam.

Lich st phat trién dia chit khu vwc nghién
ctru gan lién v&inhitng nét dic trung ctia bé tram
tich Cru Long véi qua trinh hinh thanh va phat
trién cht yéu qua ba giai doan kién tao chinh: giai
doan truwdc tich gidn (Pre-rift) vao cudi Creta dau
Paleogen; giai doan ddng tach gidn (Syn-rift) dién
ra manh mé trong Eocen dén dau Miocen va giai
doansautach giin (Post-rift) tirMiocen dén Dé T
(Nguyen, 2007), (Schmidt va nnk, 2019),
(Nguyen, 2015), (Funnell va nnk., 1997), (Lee va
nnk., 2001), (Hung va nnk., 2023).

Hé théng dut gay trong khu vuwe phat trién
cht yéu theo hai phwongkién tao chinh Ty Bic -
DPong Nam (NW-SE) va Dong Bic - Ty Nam (NE-
SW), hinh thanh cac dia hao, dia lily va cac khéi
nang dang bic thang. Cic hé thong dut giy nay
dong vai tro quan trong trong qua trinh hinh
thanhbay c4u tric clingnhw kiém soatdwdng dan
di cw hydrocarbon. Cac ditt gdy 1én thwong hoat
dong manh ttr Oligocene (~33.9 triéu nam trudc)
vadirng lai @ khoang SH5-SH3 (~16+20 triéu nam
trwée), dugce xac dinh ro rang thong qua phan tich
dia chdn va mé hinh héa 3D.

bia tAng khu vuc nghién ctru twong dong véi
dia ting bé Clru Long, bao gom cac tip dia ting
chinh nhw sau (Tran & Nguyen, 2019), (Pién,
2007), (Pévannk,, 2007), (Nguyénvannk., 2018),
(Le & Pham, 2016), (Lam, 2014), (Pham & Le,
2020), (Vu & Nguyen, 2017).

- Tang moéng trwéc Kz (Pre-Cenozoic
basement): gdbm granite biotite,granodiorite chira
hornblende, dwgc xem la da nén cé kha ning
phong héa tao thanh da chira thi cip.
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Hinh 1. Vi tri viing nghién cttu trén binh do bon triing Ciru Long.

- Tang Oligocen dwdi va trén: Day la ting da
me chinh, 1a cac tap séthitu co chira kerogen loai
I-11, c6 gia tri TOC ttr 0.5+1.5% va HI tir 250+500
mgHC/gTOC.

- TAngMiocen dwdiva gitra: phattrién cactip
cat két min - trung binh, nguén géc séng - bién
ndng, dong vai tro 1a da chiva chi dao, véi dd rong
trungbinh 17+18%va do tham tir vaimD dénhon
200 mD.

- Tang Miocen trén - Dé T: chu yéu la sét két
vabun sét, do day c6 thé vuot 500 m, ddng vai tro
da chan hiéu qua cho hé thdng dau khi bén dwdi.

Trong khu vyc da phat hién va khai thac
thanh cong mét s6 mo6 (Ruby, Thiang Long - Péng
Do), tuy nhién phén 16n dién tich véi cac ciu tao
tiém nang van chua dwoc khoan thim do, dacbiét
12 cAc c4u tao sau hodc cadc bay dia tAng - kién tao
phtrc hop. Viéc m6 hinh héa 3D hé thong dau khi
toan dién cho phép tich hgp ditliéu da chiéuva hd
tror danh gia dinh lwong tiém ning diu khi chwa
phathién, tir d6 dé xuitchiénlwocthim do toiwu,
giam thi€u rui ro k§j thuit va ning cao hiéu qua
dau tw cho khu vyc nghién ctru nay.
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3. Co s& dirliéu va phwong phap nghién ciru

3.1. Co s& dir liéu

Nghién clru dwgcthwc hiéntréncosétaphop
va tich hop mét khoi lwgng dir liéu 16n, da dang,
c6 d6 pha khong gian rong va chiéu siu dia chat
dang ké gdbm hon 20.000 km tuyén dia chan 2D,
khoang 4.000 km? dit liéu dia chdn 3D, bao gdbm
cac khdéi da dwoc xtr ly lai (reprocessed) gin day
nham nang cao d6 phan giai va chit lwong minh
gidi; Tongcong 97 giéngkhoanvéimire do divliéu
day du khac nhau, trong dé c6 hon 60 giéng co full
well logs, dit liéu mudlog, mau 18i (core) va mau
suwon (cuttings); va phantichhon 250 mau diahda
da me (TOC, Rock-Eval), thach hoc, ¢6 sinh - dia
tang, moi treong tram tich tip trung cha yéu tai
tang Oligocene dwdiva gitra. T4t ca dir liéu duoc
kiém dinh chit lwong, dong bd vé hé toa do, thoi
gian va don vi do lwdng trwére khi tich hop vao mo
hinh.

3.2. Phwong phdp nghién ciru
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Nghién cttu ap dung phwong phap md hinh
héa hé théng dau khi 1D-2D-3D tich hgp nham tai
hién lich str tién héa dia chit va danh gid donghoc
cta hé thong dau khi theo khong gian va thoi gian.
Quy trinh nghién cru bao gom xay dung mo hinh
ciu truc - dia ting, mé hinh thach hocva dia héa;
hiéu chinh lich st nhiét; m6 phdng qua trinh sinh,
di cw va tich tu hydrocarbon; dong thoi ki€m
chirngkét qua mo hinh véidir liéu thwc té tai giéng
Khoan va cidc mo da phat hién.

D& dam bao dé chinh xac cao, quy trinh xay
dwng mo6 hinh 3D can dwoc trién khai mot cach hé
théng, bat dau tir cic mo hinh 1D va 2D. Muc dich
ctia cdicmd hinhnayla hiéu chinh cictham so diéu
kién bién nhw dong nhiét (HF), nhiét d6 bé mat cd
(SWIT), d6 sdu mwc nwée c6 (PWD), va cac tham
s6 dia hda cia da me (TOC, HI, kinetic...). Cac budc
xay dung md hinh dwoc tém tit & cdc muc bén
dwéiva so d6 tdng quan quy trinh ndy dwoc thé
hién trén Hinh 2.

Dir lidu ddu vao

Ngudn dir liéu dau vao dwgc tong hop tir
nhiéu nguén khac nhau, bao gém:

- Dia tdng - dia chat: ranh gidi cac tp dia ting,
tudi trdm tich dwoc xac dinh tir dir liéu giéng
khoan, dia chin va c6 sinh - dia ting.

-Pic diém thach hoc - dia héa: dir liéu thuc t&
vé twdng tram tich, TOC, HI, kinetic,... tlr giéng
Khoan.

- Diéu kién bién:

1. Co sé dir liu dau vao

= M5 hinh céu tric

= PDiating

- M0 hinh twéng-thach hoc
= Pic diém da me

= Tinh chit dirt gay

-

5. Tham sb hiéu chinh 1D
T/Ro/P

+ PWD khéi phuc tir bAn d6 moi truedng co.

+ SWIT st dung theo m6 hinh Wyglar (1989).

+ HF hiéu chinh theo lich st phat trién bé tw

tién tach gidn dén hiu tach gian.

- S0 liéu ki€ém chirng: dir liéu thuc do tai giéng
(nhiét do, Ro, 4p suat, d6 rong..) phuc vu ddi sanh
két qua mo hinh.

M6 hinh hé théng ddu khi 1D

M6 hinh 1D dwoc thwe hién tai cac vi tri giéng
khoan dai dién nhamkhoi phucqua trinh chdn vui
va tredng thanh vat chat hitu co. Quy trinh gom 4
bwéc sau:

- Nhap dir liéu dau vao: tir ho so giéng khoan
va tai liéu lién quan.

- Chay m6 phéng: mé6 phonglich st nhiét do,
ap suit, Ro, mirc d6 chuyén hoa kerogen.

- Ki€ém tra két qua: so sdnh két qua mo6 phong
voi dir liéu do thwec té.

- Hiéu chinh: diéu chinh 13p dén khi két qua
mo hinh phu hop.

Mé hinh hé thong ddu khi 3D

M6 hinh 3D la bwéec tich hop cudi cing, mo
phong khong gian - thoi gian toan bd hé thong dau
khi trong khu vuc nghién cttu. quy trinh chinh:

- Nhép ditliéu mo6 hinh: bao gom mo6 hinh ciu
trdc, hé théng dit gy, mé hinh twéng, ban d6
TOC, HI, PWD, HF, SWIT.

- Chay mo phong: mé phdng qua trinh sinh -
di cw - tich tu hydrocarbon theo tirng giai doan dia
chAit, tinh toan thé tich tich tu.

2. Piéu kién bién
= Do sdu muc nude bién cd
<:> (PWD)

= Nhiét do bé mat c6 (SWIT)
- Dong nhiét c6 (HF)

3. Mo phéng

v oo
4.Két qua ! (3
\:

- M6 hinh truéng thanh da me
- Panh gia thoi gian sinh HC

- Banh gia di cw HC

- Panh gia thé tich cac tich tu

Hinh 2. Quy trinh tdng thé xdy dung mé hinh hé thong ddu khi 1D, 2D va 3D.
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- D6i chiéu - kiém tra: so sdnh két qua véi dir
liéu giéng khoan va cac phat hién dau khi hién
hitu.

- Hiéu chinh: néu sailéch, m6 hinh dwoec trich
xudtthanh 1D dé ddi sanh vahiéu chinh cac thong
s6 dau vao.

Phwong phdp mé phdng di cw - tich tu

O Viét Nam, phan1ém cac mo hinh mé phong
di cw dau khi str dung Hybrid dé dw bao qué trinh
sinh va di cw (Hinh 3). Tuy nhién, do tinh phtc tap
vé dia chit, kién tao va dia ting tai khu vuc nghién
ct nén nhom nghién ctru sé ap dung hai phwong
phép pho bién nhit 1a Hybrid va IP, d6ng thoi két
hop két qua cia ca hai dé trich xuat hé thong dau
khi cho khu vwc nghién ctru. Trong mo hinh, hai
phwong phap m6 phdng chinh dwgc st dung:

- Hybrid (Darcy + Flowpath): két hop dong
Darcy cho 1&p c6 dé thdm thap va Flowpath cho
16p c6 d6 tham cao. Phuthop véi mo hinh dia chat
c6 do6 phirc tap trung binh.

- IP (Invasion Percolation): mé phong di cw
nhanh theo luc néi va 4p sudt mao dan, phit hop
v&i diéu kién phirc tap vé ciu truc va tham.

(a)

i Seal Rock

Di cu th&r cap
A
@

Viéc két hop ca hai phwong phap nham dam
bao do chinh xac va tin cay cda mo hinh héa hé
thdng dau khi khu vrc dong bac bé Clru Long.

4. Két qua xay dwng mo hinh hé thong dau
khi 3D

4.1. Quy trinh mé hinh héa 3D

Nghién ctru str dung phin mém PetroMod ctia
Schlumberger dé xay dung va mé phong mé hinh
hé thong dau khi 3D. Quy trinh dwgc thuc hién
mot cach c6 hé thong, bao gdom cac bwéc chinh sau
day.

Xay dung Mo hinh Ciu triic va Dia ting: Dwa
trén két qua minh giai 9 ranh gidi dia chan chinh
tr n6c Mong dén ndc Mioxen gitra (Bang 1), mot
khunglwéi 3D da dwocxay dung. Hon 200 dit gy
chinh cé vai tréo quan trong trong viéc phan chia
cackhdi cdu tric valam dwong dan di cw da duoc
lwa chonva dwa vao md hinh. Lich st hoat dong
cla cac dut gy dwgc xac dinh dwa trén moi quan
hé cit vabi cat bdi caclép tram tich trén mat cat
dia chan.

Nhirng phirong phap mé phéng khac nhau H¢ thong da chira
(Darcy, déng chéy) c6 thé duoc sir dung dé
mé hinh héa nhirng qua trinh khac nhau
trong hé théng déu khi
Hé théng dé dén.

dén khéng hiéu qua
w cham

Di cw so cép
Hinh 3. M6 hinh di cw ctia ddu khi.
(a) So do di cw nguyén sinh va thit sinh; (b) M6 hinh di cw téng hop.
Bdng 1. Cdc ranh gioi dia chdn va dia ting chinh trong khu vwc nghién ciiu.
TT Ranh gi¢i dia chin Ranh gi¢i dia tAng chinh Tuobi dia chit

Néc Mong treéec BDé Tam

Moéng trueéc Dé Tam

Trwéce Kainozoi

Noc cda tip F?

TAp tram tich tudi Oligocen sém (tap dwédi)

Oligocen sém

Néc ciatap E

Tép tram tich tudi Oligocen sém (tip trén)

Oligocen sém

Noc cta tip ndi ting (Intra D)

Noi tAng trong tram tich tudi Oligocen mudn

Oligocen mudn

Noc ctia tdp D

Tép tram tich tudi Oligocen mudn

Oligocen mudn

N6c ctia tip néi ting (Intra C)

Noi tAng trong tram tich tudi Oligocen mudn

Oligocen mudn

Néc cua tap C

TAp tram tich tudi Oligocen mudn

Oligocen mudn

Néc cta tap Bl

Tap tradm tich tudi Miocen sém

Miocen sém

O (RN || (W=

Noc cuda tdp BII

Tép tram tich tudi Miocen giira

Miocen giira
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Két qua mé hinh ciu tric dwgc thé hién trén Hinh
4 v&i d6 phan gidi ngang 500x500 m, theo chiéu
doc chia 24 16p dia tAng, tir ting mong t&i mat day
Miocene gitta (Trinh va nnk,, 2025), (Ha va nnk,
2021).

Xdy dwng mé hinh thach hoc va thudc tinh

Cacban d6 moi treong tram tich cd dwoc xay
dung cho tirng tip dia ting dwa trén két qua minh
gidi méi treong tlr cic giéng khoan (Hinh 5) két
hop véi cac ban do dang day va dic diém twdng
dia chan. Hinh 6 1a két qua ban d6 moi truedong

tram tich khu virc nghién ctru cho hai tip E va tp
D dudi. Cac ban d6 nay sau d6 dwoc s dung dé
phan b6 cacloai thach hoc (cat, sét) trong lwdi 3D.
Cacban do vé thudctinh cia dd me nhwTOC (Hinh
7) va HI (Hinh 8) cling dwoc ndi suy va ngoai suy
tr dir liéu giéng khoan, c6 kiém soatbdi mé hinh
moi tredrng lang dong.

Hiéu chinh lich st nhiét

bay la budc quan trong nhat dé€ dam bao do tin
cdy cia mo6 hinh. CAc m6 hinh 1D dwgc xay dung
tai vi tri cac giéng khoan c6 day du dir liéu.

Hinh 5. Két qud minh gidi va lién két méi truong trdm tich tdp E & F.
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M8i trudng hd (~20/80 cat/sét)
Ria hd (~30/70 cav'sét)

B©éng bang /ddng bang séng
(~70/30 cat/sét)

Bl 5i treomg hd (~20/80 catisét)
Bl Ria hd (~30/70 cavsét)

[ ] Bbng bang /déng béang séng
(~70/30 cat/sét)

TOC (%) TOC (%)

b -
o 200 4.00 6.00

0. 2.00 4.00 6.00

Hinh 7. Bdn do ddng gid tri TOC: (a) Tdp E; (b) Tap D dudi.

HI [mgHC/gTOC] HI [mgHC/gTOC]

200 400 600 00|

200 400 600 800

Hinh 8. Ban do ddng gid tri HI. (a) Tap E; (b) Tap D dudi,

37



38 Ha Quang Mdan va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 67(3), 30 - 43

(vi du: HXS-1X, Agate-1X, Ruby-3X). Lich st dong
nhiétvabé daybécmon dwocdiéu chinhlip dilap
lai cho dén khi cac gia tri nhiét d6 va d6 phan xa
vitrinite tinh to4n ttr md hinh khép véi cac gia tri
do thuec té tai giéng khoan. Lich st dong nhiét da
dwoc hiéu chinh sau d6 dwgc ngoai suy ra toan b
mo6 hinh 3D.

Moé phdéng

Sau khi hoan tatviéc nhép liéu va hiéu chinh,
mo hinh 3D sé duwgc chay d€ mo6 phong cac qua
trinh dia chit qua bién d6i qua thoi gian: lich st
chon vui, tién héa nhiét, sw tredng thanh cta vat
chat hitu co, va qua trinh di cw, tich tu cda
hydrocarbon da pha (dAu, khi). Cac phwong phap
mo phdng di cw phirc hgp nhw Hybrid (Darcy +
Flowpath) va Invasion Percolation (IP) cling dwoc
st dung dé phan anh dung ban chit dia chat da

dang cda khu vic nghién ctru.

4.2. Két qud mé hinh héa
Sw trwdng thanh ctia dd me:

Két qua mo6 phong cho thay cac ting da me
Oligocen (Tap D va E) da dwoc chén vui di sdu dé
dat dén nguwong trwdng thanh va sinh
hydrocarbon trén mot dién rong. Cac ban dé
trwdng thanh tai thoi diém hién tai cho thay ro sw
phén bé cla cac vung sinh hydrocarbon chinh, tap
trung tai cac vung triing su ctia bé (Hinh 9). Mgt
s6 mat cit va ban d6 dwoc trich tir k&t qua mo
phong thé hién sw phuc hoilich st tredng thanh
va tich tu trong cac giai doan tir Oligocen dén hién
tai (Hinh 10). Qua d6 cho thay giai doan Miocen
trung (10 triéu nam trwéc) dén hién tai 1a giai
doan di cw va tich tu manh mé nhAit tai cac cau tao
trong khu vyc nghién ctru.

Vitrinite Reflectance [%Ro0]
I Irature (0.00 - 0.55)
I oty i (0.55 - 0.70)
T s O (0.70 - 1.00)

I ory Gas (2,00 - 4.00)
Overmature (4.00 - 5.00)

24 Ma- Oligocen

16 Ma Miocene sém

Overmature (4.00 - 5.00)

10 Ma Miocen trung

0Ma Hién Tai

*Ghi chi: “MA”: Triéu nim trudc

Hinh 10. Mdt cdt khéi phuc lich str mikc dé trwéng thanh
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- Tai cac khu vuc triing sdu nhit, dd me Tap E
da dat dén pha sinh khi kho (d6 phéan xa vitrinite
twong dwong), trong khi da me Tap D dang & pha
sinh dAu mudn dén sinh khi 4m.

- Trén mot dién tich rong 16n hon, bao gom ca
cac swon cda cac d¢i nang, da me Tap D dang
trong pha sinh dau chinh. Piéu nay cho thdy Tap D
la nguén cung cip hydrocarbon quan trongva cha
dao nhat cho toan b khu vwe nghién ctru.

Ban do ty 1é chuyén hoa vat chathiru co cho
thay tai cac viing trung tim sinh hydrocarbon, da
me Tép E da chuyén héa gan nhw 100% tiém ning
sinh, trong khi d4 me T4p D da chuyén hoa tir
50+70%, khang dinh diy 12 nhirng khu vyc cd kha
nang sinh va dich chuyén hydrocarbon rat 1én.

Thoti gian sinh va di cw Hydrocarbon

Mo hinhhéalich st diahéa cho phépxacdinh
thoi diém cac qué trinh quan trong dién ra. Két
qua cho thiy qua trinh sinh va thoat hydrocarbon
(expulsion) véi khdilwong dang ké bat dau tir dau
tlr gitra Mioxen, dat dinh diém vao giai doan cuédi
Mioxen dén Pliocen, va van tiép tuc cho dén ngay
nay & mot s6 khu viee (Hinh 11). Thoi diém nay co
y nghia cwcky quantrong, viné diénra saukhi cac
bAy c4u tric chinh d3 dwoc hinh thanh trong giai
doan nghich dao cuo6i Oligoxen - ddu Mioxen. Sw
dongbo thudnloigitta thoi gian hinhthanhbiyva
thoi gian nap hydrocarbon la yéu t6 then chot
quyét dinh sy thanh c6ng ctia hé thong dau khi
trong khu vuec.

Huwéng dich chuyén va sw tdp trung by chira

Mo hinh cling da mé phéng cac dwong di cw
cia dau va khi tir cac vung sinh hydrocarbon
chinh dén cac biy chtta. Ké&t qud cho thiy
hydrocarbon sau khi thoatra khéi da me da di cw
theo ca chiéu thang dirng va chiéu ngang.

- Mot két qua noi bat 1a vai tro ctia cac hé
thong dit gay 16n, phwong PB-TN. Cac dit gay
nay hoat dong nhw nhitng kénh dan chinh, dan
hydrocarbon tir cac dia hao sau di cw 1én cdc khdi
diallly va cac ciu tric nang cao ké cin, noicac mo
diu khi da dwgc phat hién.

-Swdi cw doc theo cac ting chira c6 tinh thim
t6t cling dong vai tro quan trong, dic biétla sy di
cu tlr cac ving triing 1én cac by vat nhon dia tAng
& ria cac déi nang.

Cdc tich tu Hydrocarbon dw bdo

Két qua cudi cing ctia mo hinh bé tram tich 1a
cac ban d6 phan bé cac tich tu dau va khi du bao
tai thoi diém hién tai cho cac ting chira khac nhau
(Hinh 12).

- Tang M6ng va Oligoxen F, E: M6 hinh dy bdo
cac tich tu dau 1én tip trung tai cac dinh cda cac
kh6i nAng méong nhw khu vwe Sw T Vang, Sw Tt
Pen, Ruby, Diamond. Cac tich tu nay dwoc nap
truye tiép tlr cac vung sinh hydrocarbon Oligoxen
nam ngay ké cin trong cac dia hao.

- Tang Oligoxen D, C va Mioxen BI: C4c tich tu
daucilingdwoc dwbao trongcactap catkétcia cac
tang nay, dac biét tai cac ciu tric nhuw Sw T Den,

Critical Moment [Ms]
0.0

0.0

20,0

30,0

Critical Moment [Ma]
0.0

10,0

20.0

30,0

Hinh 11. Thoi gian di thodt hydrocarbon. (a) Tdp E; (b) Tdp D dudi
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= B Tich tu khi o

Tich tu dau 8000

=) g ;
\‘/ y y
=
'»‘\; “1&' '}
Depth [m)
0
2000
- 4000
B Tichtukhi <000
Tich tu dau 8000

Hinh 12. Cdc tich tu ddu khi. (a) Tdap E; (b) Tdp D.

Pearl, Diamond. Daudi cw tir dwéilén trén qua cac
hé théng dut giy va tich tu trong cac bay duoc
chan bédi cac 16p sét ndi tAng va ting sét Rotalia
khu vuec.

- Tang Mioxen BII: M6 hinh cho thiy kha nang
tich tu dau khi tai ting nay, dac biét & khu viee mé
bong Do, phtu hop véi cac phat hién thuc té.

Pang chu ¥, mé hinh du bao sw ton tai clia cic
tich tu dAukhitaimotsé cdutao chwa duwgckhoan,
dic biét 1a cic ciu tao ndm gan cac vung sinh
hydrocarbon di dwoc xac dinh, cho thiy tiém
nang tham do trong khu vwc nghién ctru con lai
dang Kké.

5. Thao ludn

Kiém chitng mé hinh va khd ndng dw bdo ctia mé
hinh

Budéc quan trong nhit d€ khang dinh gia tri
cia mot mo hinh hé théng diu khi la kiém chirng
két qua ciiano véithwe té da biét. KEtqua mo hinh
3D ctia khu virc ddng bac bé Ctru Long da dwoc so
sanh mot cach hé thong véi két qua cua cic giéng
Khoanvacacmé da phathién. Trén Bang 2 so sanh
két qua dw bao ciia mé hinh va két qua thuec té tai
cac mo chinh da phat hién.

Bang 2 cho thdy mét sy twong quan cao giita
cactichtu dwoc dwbdobdimo hinhva cdcmo dau
khi da dwoc phat hién. M6 hinh khong chi dy bao
ddng vi tri, tAng chira ma con ca pha tich tu cta

hydrocarbon (chi yéu la diu). Pic biét, viéc mb
hinh dw bao chinh x4c tinh trang giéng kho tai cau
tao Agate (do thiéunguonnap hiéuqua) da chimg
t6 nang lwc dw bao ca thanh congva that bai. Sw
phu hop chit ché nay khang dinh ring cac khai
niém dia chat, cac tham s6 dau vao va quy trinh
mo phdng dwgc ap dung la chinh xac va dang tin
cay. Do d6, m6 hinh khong chilamdt cong cu phan
tich lich sir ma con la mdt cong cu dw bao manh
mé cho cachoat dong tham do trong twong lai cia
khu vyc nghién ctru.

Bdng 2. Tém tdt kiém chitng mé hinh - so sdnh duw
bdo va két qud thuc t€ tai cdc vi tri cdc mé chinh

dd phdt hién.
M6 /Giéng| D6i twong |[Két qua|Dw bao cia|Mirc dd
khoan |chita chinh|thwc té] mo hinh |phuhgp
. Moéng, . |Tich tu dau
M6 Ruby Mioxen B | D3¢ dang ké Cao
Mo Moéng, Dau Tich tu dau Cao
Diamond | Oligoxen E dang ké
Mo Thing| Mong, . |Tich tu diu
Long |Oligoxen E Dau dang ké Cao
Tich tu dau
Mo Kinh Méng, |Dauva| vamot Cao
Nguw Vang|Mioxen BII| Khi |lwongnho
khi
Cautao . o Khong co
Agate (GK Ollvilo(;lfén Gll(irég ngudn nap| Cao
Agate-1X) g dang ké
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Cdcyéu td kiém sodt chinh trong hé théng ddu khi
khu vwe déng bdc bé Ctru Long

Két qua mo hinh héadialamsangté cacyéutd
dia chit kiém soat sy hinh thanh va phin bé
hydrocarbon trong khu vuec.

Yéu t6 kiém soat quan trong nhat ddi véi hiéu
qua hoat dong ctia hé théng diu khi 12 moi quan
hé déong b vé thoi gian gitra qua trinh hinh thanh
bAy va qué trinh sinh - nap hydrocarbon. M6 hinh
da dinh lwong va chirng minh mot cach ré rang
rang sw thanh céng ctia hé thdng dau khi tai day 1a
két qua ctia mot chudi sy kién dia chit dién ra
dung thoi diém: cac by cdu tric dwoc hinh thanh
vao cudiOligocen - ddu Miocen, ngay trwéc khi cac
tang d4 me Oligoxen dwgc chon vui vao ctra s6
sinh d4u va bat dau qua trinh sinh va di thoat
hydrocarbon manh mé trong sudt Mioxen va
Pliocen. Néu quéa trinh hinh thanh biy dién ra
mudn hon, hodc qua trinh sinh hydrocarbon dién
ra sém hon, phan 1é¢n dau khi da co6 thé bi that
thoat. Swtrung hop nayla nguyénnhan co bantao
nén cac mo dau khi lén ctia bé Cliru Long.

Motyéutd kiEmsoatkhaclahéthdngnapkhu
vuc théng nhit. Thay vi xem mdi mé 1a mot hé
thong dau khi riéng 1é, mé hinh 3D cho thiy mot
birc tranh lién két. Cac vung sinh hydrocarbon lém
trong cac dia hao sdu khong chi nap cho cac cau
tric ngay canh ma con cung cip hydrocarbon cho
motloat cAc bAy ndm trén cac d¢i nAngkhac nhau,
th4m chi c6 thé vuot qua ranh gidi cadc Lo hop
dong. Vi dy, mot viung sinh hydrocarbon ndm &
trung tAm c6 thé dong thoi nap cho cdmo Ruby va
cac cdu tao tiém nang & ké can. Hiéu biét vé cac
tich tu cua tirng ciu tric trén quy moé khu vuec la
motkét qua co gia tri thwce tién cao ma chimd hinh
3D tich hgp m&i c6 thé cung cap.

Y nghia déi véi hoat dong thdm do twong lai

M6 hinh 3D da dwockiém chirng nay cung cip
mot nén tang tét dé dinh hwéng lai chién lwoc
tham do trong khu vwc.- Xac dinh va xép hang céc
déi twong tiém nang: M6 hinh da dw bao sw ton tai
cda céc tich tu hydrocarbon tai mét s6 ciu tao
chwa dwoc khoan nhw Spinel, Beryl, Theta va Sw
T P4. Quan trong hon, mo hinh cho phép danh
gia dinh lwgng vé kha ning dwgc nap (probability
of charge) vawéc tinh so bo pha cia hydrocarbon.
Dbiéu nay gitp giam thiéu dang ké mot trong
nhitng ridi ro dia chit 1én nhat 1a rii ro vé yéu té

nap biy. Cac c4u tao dwoc mé hinh dw bao cé
nguon nap doéidao sé dwgc wu tién x€p hang cao
hon trong danh muc cac d6i twong tham do trong
twong lai.

- T4p trung vao cac ruiro con lai: Khi rti ro vé
ngudn nap da duoc gidam thiéu, cdc nd lwc nghién
ctru tiép theo c6 thé tp trung vao viéc danh gia
cacrui ro khac nhw chitlwong ting chira, sy toan
ven clia ting chin va tinh khép kin ctia bay. Vi dy,
déi véi mot cdu tao dwoc du bao 1a c¢6 nap, cong
tac tiép theo sé l1a phan tich chi tiét cac thudc tinh
dia chdn dé du bao sw phat trién cta cac tap cat
két chira ddu khi hodc hé théng nit né trong
mong.

- Pinh hwéng chién lwgc khoan: K&t qua mé
hinh cung cip cacco s¢’khoa hocdélwa chonvi tri
giéng khoan t8i wu, nham vao cac khu vuc dwoc
dw béo c6 cot ddu day nhit va chatlwong da chira
té6t nhat. N6 cling gitp tranh cac khu vwec c6 rii ro
cao vé nap, tiétkiém chi phiva ning cao tylé thanh
cong trong tham do.

6. Két luan

Bai bao da xay dung thanh cong mé hinh hé
thdng dau khi 3D tich hop cho khu vire Pong Bac
bé Clru Long trén co s& tich hop dir liéu dia chin,
giéng khoan, dia héa va dia chat khu vyc. K&t qua
moO hinh héa cho phép tai hién hop 1y lich str chon
vui, tién héa nhiét, qua trinh sinh - di cw - tich tu
hydrocarbon va phan b cac tich tu dau khi trong
khu vyc nghién ctru.

K&t qua nghién ctru khing dinh cac tip da me
Oligocene (tap D va E) la ngu6n sinh hydrocarbon
chu yéu, trong d6 cac vung dia hao siu déng vai
tro 1a cac “kitchen area” chinh ctia hé thong dau
khi. Qua trinh nap hydrocarbon dién ra manh tir
Miocene gitra dén hién tai va c6 mdi quan hé dong
b6 thuan lgi véi qua trinh hinh thanh bay ciu tric.

M6 hinh da dwockiém chirngtétthong qua sy
phu hop v&i cac phat hién dau khi hién hitu nhw
Ruby, Diamond, Thang Long va Pongbé, cho thay
kha nang tng dung hiéu qua trong danh gia rii ro
tham do, phan tich charge risk va dinh hwéng lwa
chon cac doi twong trién vong trong twong lai.
Nhitng két qua nay c6 thé dung dé dinh hwéng va
téi wu hoa cac chién dich tim kiém thdm do trong
twong lai tai khu vwee DB bé Ctru Long.
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