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Tom tat

Nghién ciu trinh bay cac phan tich chi tiét vé tudng tram tich cta hé tang (6 T6 phén bo trén cac dao (6 T6 To, (6 T0 Con va déo Thanh
Lan thudc quan dao (6 T6, tinh Quang Ninh. Tuéng tram tich tir F1 dén F7 da dugc nhan dién va phan loai dua trén thanh phan, cau tric
tram tich, tinh phan |dp va xu huéng do hat la bang chiing gitip xac dinh moi trudng lang dong tram tich. Két qua phan tich cho thay su
phét trién lap lai ctia cac tudng tram tich nay trong hé thong tram tich turbidite trén quan ddo (6 T6 ¢d thé dugc nhom lai thanh cac nhom
tung moi truong (FA): nhom tudng sutn thém véi cac kénh va tram tich dang truot 16 (slump) (FA1); quat ngam day bién véi su xuat hién
pho bién cla cac kénh rach dao khoét thudc phan quat trong (FA2); thily quat gitia (FA3) va thiy quat ngoai (FA4). Cac nhom tudng nay
dai dién cho hé thdng tram tich bién sau véi su phat trién manh mé cla quat ngam turbidite theo hudng Dong Bac - Tay Nam, phat trién

tr dao Thanh Lan, ddo C6 T6 Con dén dao (6 To To.

Tu khéa: Tudng turbidite, tram tich nudc sau, quat ngam ddy bién, quan dao (6 T6, ddo Thanh Lan.

1. Giéi thiéu

Nhiéu via dau khi véi gia tri kinh t& 16n trén thé gici da
dugc phat hién tai hon 80 bé tram tich trong cac thanh tao
tram tich turbidite [1 - 3]. Tai Viét Nam, bén canh cac phat
hién dau khi trong méng hay trong cac thanh tao tram
tich ven b tudi Oligocene va Miocene thudc cac bé tram
tich Cenozoic trén thém luc dia Viét Nam, thi cac thanh tao
tram tich turbidite hinh thanh trong méi trudng nudc sau
clng la d6i tugng gan day dugc dac biét quan tam. Lién
quan dén cac thanh tao tram tich nay c6 thé ké dén cum
md khi Hai Thach - Méc Tinh ctia b& Nam Cén Son véi via
chura cat két turbidite tuSi Miocene giita va gan day nhat
la cac phat hién dau khi trong cét két turbidite Miocene
muén tai cac giéng khoan Kén Bau thudc khu vuc phia
Nam bé Séng Hoéng.

D€ hiéu rd hon vé dac diém tudng, méi trudng tram
tich clia cac thanh tao tram tich turbidite méi trudng bién
sau cla cac bé trdm tich cha dau khi trén thé gidi noi
chung va & Viét Nam ndi riéng, cong tac nghién ctiu khdo
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sat thuc dia tai cac diém 16 tram tich trén b rat dugc chu
trong. Cac nghién ctiu phan tich chi tiét cac diém 16 lién
quan dén cac thanh tao tram tich tuong tng dé minh hoa
va d6i sanh véi cac dac diém tram tich thu thap dugc tu
giéng khoan. K&t qua phan tich va so sanh d6 két hgp véi
phan tich dia vat ly 1a bang chiing quan trong dé luan giai
va minh hoa cho diéu kién thanh tao lién quan dén céac
déi tugng chira dau khi ndm sau trong long dat.

Trén luc dia va cac ddo cda Viét Nam, diém 16 tiéu biéu
dé nghién cttu va minh hoa cho cac kiéu tram tich nudc
sau phai ké dén thanh tao tram tich turbidite thudc hé
tang CO6 T6 phan bé trén dao C6 T6 To (CTT), dao C6 To
Con (CTC) va ddo Thanh Lan (TL) thudc quan dao Co6 T6
(Hinh 1).

Nghién cttu nay da tién hanh phan tich chi tiét tudng
tram tich cta cac thanh tao tram tich turbidite phan bé
trén pham vi cadc ddo C6 T6 To, ddo CH T6 Con va ddo Thanh
Lan. Nhom tac gia da phan loai thach hoc, nhan dién cac
ki€u cau trdc tram tich turbidite, phan chia tuéng/nhém
tudng, do huéng d6 clia cac cau trdc xién chéo va gon
song, do vé cac cot dia tang thach hoc va phuc héi qua
trinh Idng dong va phat trién ctia hé théng quat ngam day
bién (submarine fans).
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2. Dia chat khu vuc nghién ciu

2.1. Béi cénh kién tao

BGi canh kién tao hay méi trusng dia dong luc sinh thanh cac thanh
tao turbidite hé tang C6 T6 hién nay c6 nhiéu quan diém khac nhau: (1)
dugc thanh tao trong mét véng sut sau tuong ung kiéu véng sut noi
mang Caledonian mudn Ddng Bac Bac Bo [4]; (2) ngudn géc tur qua trinh
tao nui tai sinh va dugc lang dong trong mét bén trudc cung (forearc ba-
sin) [5, 6]; (3) dang t& hgp thach - kién tao kiéu bén tién dia, phan anh qua
trinh tao nui, bao mon dién ra trong giai doan Ordovician mudn - Silurian
sdm (03-51) & Déng Bac Bac Bo [7]; (4) hinh thanh trong bdi canh bé tién
dia, méi trudng dia dong luc “dai tao nui noi luc”... [8]. Nhin chung, tram
tich hé tang Co T6 bi phu bat chinh hgp géc bai tram tich luc nguyén hé
tang D6 Son (D2-3ds) va c6 thé quan sét rd & dao Tran (hay con goi la dao
Lo Chuc San hodc Chang Tay, thuéc huyén dao C6 T6, tinh Quang Ninh)
[9]. T Devonian gilta dén nay, cac thanh tao tram tich cGia hé tang C6 T6
bi bién dang manh lién quan dén pha tao nui Indosinian trong Permian
muén - Triassic s6m, pha xam nhap Yén San trong Cretaceous muon, va
cudi cung la pha kién tao trugt bang trong Cenozoic van con hoat dong
cho dén hién tai [7].

2.2, Dja tdng tram tich

Cac thanh tao tram tich trén dao C6 T6 (bao gobm dao C6 T6 To va Co
To Con) va dao Thanh Lan dugc xép vao hé tang C6 Té (Hinh 1). Thanh tao
trdm tich nay dugc dé cap lan dau tién vao ndm 1892 va da thé hién dao
Thanh Lan trén ban d6 dia chat cac bé than & Bic Ky ty 1& 1/4.000.000.
Ban dau thanh tao tram tich dugc xép vao hé tang Coé T6 vdi tudi gia dinh
Neogene dua trén mé ta thanh phan thach hoc clia cac thanh tao tram
tich phan bé trén quan dao Co T6 va so sanh tuong dong véi tram tich
Neogene trén dat lién [10]. Nhung cac nghién ctu sau d6 da chi ra rang
hé tang C6 Té ¢6 tudi Silurian s6m théng qua mét loat cac hda thach but
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Hinh 1. Ban d6 vi tri cdc diém khdo sdt ngodi thuc dia trén ddo (6 To va ddo Thanh Lén, Viét Nam.

da tim thdy & trén cac dao Thanh Lan, C6
T6 va nhiéu dao khac [11 - 13]. Su ton tai
cla cac hda thach but da nay da xac minh
tudi Silurian sém va cac thanh tao trdm
tich ctia hé tang C6 T6 lién quan dén moi
trudng bién sau. Trén co s& nghién clu cac
thanh hé dia chat va dia dong luc, hé tang
C6 T6 dugc xép vao thanh hé flysch, phan
anh qua trinh thanh tao tram tich & moi
trudng nudc sau trong diéu kién thu hep
va tiéu bién bién trong giai doan Ordovi-
cian mudn - Silurian sém (03-S1) & Bong
Bac Bac Bo [14]. Trong nghién ctu va thiét
lap cac phan vi tang Viét Nam, Téng Duy
Thanh va Vi Khic cho rang dé thanh tao
nén khoi lugng tram tich 16n nhu vay doi
héi thai gian kha dai va da xép hé tang Co
Té tuang Ung véi tudi Ordovician mudn -
Silurian sém [9].

3. Co s tai liéu va phuong phap nghién

cuu

Nghién ctu dugc thuc hién trén co sé&
40 diém khao sat thudc dao C6 T6 To, dao
C6 T6 Con va Thanh Lan (Hinh 1). Tai méi
diém 16, nhém tac gia da tién hanh dinh
vi toa do6 diém khao sat, quan sat, mo ta
va do vé ngoai thuc dia. Trong nghién ctu
nay, bé day cac I6p tram tich dugc phan
dinh va phan loai c& hat tram tich theo
tiéu chuan hién hanh [15, 16]. Dua trén
cac mo6 tad va quan sat su phat trién theo
khéng gian va thdi gian cla cac kiéu tram
tich ngoai thuc dia, két hgp vai phan tich
thach hoc tUr cac mau lay tai cac diém
16, cac tudng thach hoc va nhém tudng
tai moi diém 16 da dugc nhan dién theo
phan loai tudng tram tich turbidite cla
Shanmugam (1988) [20]. Cac tuéng/nhém
tudng nay sau dé dugc thé hién trén ban
dé dudi dang biéu @6 hinh tron biéu dién
ty & clia cac tudng xuat hién. Trong qua
trinh nghién ctiu ngoai thyc dia, nhém tac
gia cling ti€n hanh do hudng d6 cla tat ca
cdu truc xién chéo va gon séng quan sat
tai moi diém 16 va thé hién 1én ban d6 dudi
dang biéu d6 hoa héng dé xac dinh huéng
cung cap vat liéu tram tich.
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4. Két qua va thdo luén
4.1. Tuéng thach hoc

Trén co sG cac dac trung vé cau trac tram tich, kich
thudc hat, bé day I16p va thanh phan tram tich, nhém tac
gid da phan loai cac thanh tao tram tich turbidite trén
dao C6 T6 va dao Thanh Lan thanh 7 tuéng thach hoc véi
thanh phan thay ddi ti cudi tang, cat két dén bot sét va ky
hiéu ti F1 dén F7 (Hinh 2).

Tudng thach hoc F1 gom cac thanh tao cat két hat tho
dén min, phé bién la cac dai cat/sét uén lugn dang dong
chay réi xen ké nhau va thinh thodng c6 cac 6 sét mau
xam xanh dén xam den. Ty |é cat/sét trong tudng thach
hoc F1 thudng la cat két chiém uu thé, doi cho ty 1é cat
va sét ngang nhau. 0 mét sé nai, tudng thach hoc F1 chi
xuat hién dang cdu trdc uén luon ma it gap cac dai cat/sét
uén lugn nhung bé day thudng nho so véi cac tudng gap
cac dai cat/sét.

Tudng thach hoc F2 véi thanh phan chiém uu thé la
cét, cat san vai kich thudc ti hat thé dé€n min. Trong 16p

cét, cat san thudng bat gap cac manh hodc 6 tram tich
ngoai lai c6 ¢& hat da dang tir san dén bot sét, nhung phé
bién nhat 1a cac 6 sét (mud clast) va déi cho céc § sét nay
c6 cau truc tram tich bén trong. C& hat cta 6 tram tich
ngoai lai nay co6 quan hé mat thiét véi cd hat ctia tap tram
tich chinh. Tuéng thach hoc F2 thudng it gap cac kiéu vi
cdu truc trong maoi I6p riéng biét, déi khi tudng nay cé su
phan di c& hat min dan ti duéi lén trén.

Tudng thach hoc F3 c6 thanh phan tram tich kha da
dang do lién quan dén cac tuéng dao khoét ctia cac kénh
dan (channel) v&i ¢& hat ti cudi, san & phan day va phia
trén 1a cat hat thé dén hat trung va thinh thoang bat gap
cac I6p hat min phia trén. Phan duéi clia tudng bat gap
cac ranh gidi dao khoét rat rd va cat cac 1p tram tich phia
dudi. Ranh gigi day cing phd bién céc ciu tao ngon Ia
(flame structure) va khuén tai trong (load cast).

Tudng thach hoc F4 chi yéu gom cét két véi bé day 30
- 45 cm, c6 khi lén t&i 1 - 2 m. Bén trong cac I6p cat thudc
tuéng thach hoc F4 gan nhu khéng quan sat dugc cau
tric tram tich, néu cé chi cé thé quan sat dugc su phan di

Bding 1. Dic trung tudng trdm tich quan sdt dugc trén ddo (6 16 va ddo Thanh Lan va ddi sdnh vdi phan logi cia Emiliano Mutti va Ricci Lucchi [17]

Phan loai tudng tram tich turbidite
chinh stia sau Emiliano Mutti va Ricci Lucchi [17]

Tuéng

M@ hinh tudng

Tuéng

Phan loai tudng tram tich turbidite trén dao (6 T6 va dao Thanh Lan

Thém

Sudin

Quat trong

Quat gilia

Quat ngoai

Nudc sau

6 DAU KHi - SO 7/2021

Thanh phan Cau tric Hinh
o 5 g Chay rdi, cau tao 2a (F1),
CatJ'cqtsarl‘la,r\O\/,a . khéi va doi cho quan 3¢(F1),
khoi tang la cdt, sét bot st atls l6t d b(F
va bt sét sét cdtlan san lot déy 2b (F2),
; va min dan |én trén 3a,3b(F2)
(4t lan cudi san lot NV 2¢,2d,
day va doi cho xuat ghlfn Idpi.th?udk\mr;(;a, 3e, 3f
hién 6 cat, sét bot tkem voi cacdaokhoet 3y

(at dang khi tdi phan
[6p. Doi chd cat lan san
xenkep cac I6p sét bot
phan 6p méng

(4t hat tho dén min
chiém uu thé

(at phén I6p xen kep
ludn phién véi véi cac
I6p sét bt

Sét bt phan I6p mdng
1an cac 16p cét mong hat
trung dén min

C4u tao khdi, phan lop
ngang song song, cautric =~ 2e
xién chéo, min dan lén trén

Ph bién cdu triic xién

chéo, gon séng, xién chéo ~ 2f, 2h,
hai chiéu (flaser) va khuon =~ 31,
tai trong (load cast) va doi 3q
chd gap cau tric toc rdi

Phan I6p, phan di cd hat, 29
xién chéo

CacIdp phan 16p méng 2,2,
dén rat mong, xién chéo 3t,3u
va ggn séng
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c& hat & mot s6 diém 16. Tuéng thach hoc F4 thudng gém
cac 16p cat két sdp x€p luan phién va déi chd xen ké cac
I6p sét bot phan I6p rat mong dudi 5 cm.

Tudng thach hoc F5 chu yéu la cat hat thé dén min
chiém uu thé véi bé day 20 - 45 cm (it gdp cac I16p tram
tich day han) va dé quan sat thay cau truc xién chéo, gon
song va khuon tai trong. Thanh phan tram tich c6 su phan
di ¢& hat trong méi I6p tram tich va phan chia cat hat
trung - min thudng chia céc cau tric gon séng. Ngoai ra,
cling bat gdp trong tudng thach hoc F5 cac cau tric xién
chéo 2 chiéu (flaser) va cdu tric ngon Ira (nhung khéng
phd bién).

Tudng thach hoc F6 gém céac |6p cat phan I6p ngang
song song day tu 20 - 50 cm xen kep cac 16p sét bot phan
I6p méng. Déi khi bat gap cac I6p céat c6 phan cap do hat
r6 va phan cat hat min thudng chia ciu trdc gon song. Két
thic mai I&p cat thudng la cac I6p sét bot phan 16p méng
mau xam den va mau trang do I8p tram tich cé ty 1& bot
chiém uu thé.

Tudéng thach hoc F7 la cac I16p sét, sét bét phan 16p
mong (10 cm) dén rat méng (3 cm) xép luan phién va
thinh thoang xen kep céac I8p cat hat trung dé€n min véi bé
day khéng 16n (bé day cta cac 16p cat xen kep nay thudng
khéng 1én han bé day cac 16p cét clia tuéng thach hoc F6).
C4u truc tram tich trong cac I6p nay thudng rat phd bién
cac dang xién chéo va gon song. Tram tich thudng cé mau
xam xanh dén xam den va déi khi gdp mau xam séng do
ty 1& bot chiém uu thé hon so vdi sét.

4.2. Nh6m tuéng va méi trudng tram tich

Dua trén cac tuéng thach hoc, trinh tu sap xép cla
céc 16p trdm tich va xu hudng phat trién c¢& hat tu c6
dén tré trén méi cot dia tang thach hoc dugc xay dung
tai tiing diém khao sat trén ddo C6 T6 va ddo Thanh Lan
(Hinh 4). Nghién cttu nay da phan dinh thanh 4 nhém
tudng (facies association - FA) ti FA1 dén FA4 tuong Ung
vGi méi ki€u moi trudng tam tich thay déi ti sudn thém
dén quat ngoai. Cac nhém tuéng nay tuong Ung véi
pham vi phan bé theo khéng gian va trat tu lang dong
theo thai gian. Cac dic trung trdm tich va cac kiéu moi
trudng tuong tng lién quan dén 4 nhém tudng nay dugc
mo ta chi tiét nhu sau:

- FA1 - nhédm tuéng sudn (slope)

Nhom tudng FA1 cha yéu gom cac tudng F1, F2 va
nhiéu vi tri thudng di véi ca tudng F7. Nhom tudng nay
bao gém chu yéu la cac tap cudi, cat hoac sét bot vai do
day khac nhau co6 cdu trac trugt 16 hodc anh hudng cda

chay réi (turbidity current). Bén trong cac tap tram tich
thudng cé cac 6 tram tich ngoai lai véi nhiéu kich thudc
khac nhau c6 thé dat dé&n vai chuc cm nhu quan sat kha
phd bién tai cac diém 16 trén dao C6 Té Con (Hinh 2a, b
va 3a). Nhin chung, ty & sét thap va thay vao dé la cac
tram tich hat thé chiém uu thé trong nhém tudng nay.
Theo phan loai clia Emiliano Mutti va Ricci Lucchi [17],
nhom tudng nay dac trung cho méi trudng sudn thém
luc dia, v6i co ché van chuyén tram tich chinh 1a truct 1&
va dong vun hén doén (slide, slump va debris flow). Tram
tich thuéc nhém tuéng nay bt ngudn tur su bat 8n dinh
cla sudn thém dan dén truot 1& va khi tram tich dugc van
chuyén xuéng chan sudn da dugc ting cudng vé ning
lugng cling nhu muc d6 xao tron. Piéu nay cling cé thé
la nguyén nhan hinh thanh cac thanh tao tram tich cé cau
tric hédn don vdi su xuat hién clia cac 6 cat, 6 sét va cac dai
cét, sét bot udn lugn nhu quan sat phé bién trén dao Co
T6 Con (Hinh 2a, b).

- FA2-nhoém tuéng quat trong (inner fan)

Nhom tudng FA2 gém cac tudng F2, F3 va F4 xép
choéng lén theo thi tu. Trén mat cat ctia nhom tuéng FA2,
tram tich c6 xu thé min dan |én trén tir cat san 1an cudi (bao
g6ém ca cac 6 sét hodc cat) cla tudng F2 dén cat san cla
tuéng F3 16t ddy va thudng két thuc la cat hat tho dén min
xen cac |6p bot sét rat mong xen kep gitra cac I16p céat day
cla tudng F6. Déng thai, theo mat cat cila nhom tudng
FA2, cang lén phia trén céc I6p cat cang mdng dan va co
tinh phan 16p ré rang hon. Theo phan loai méi trudng,
nhom tudng nay dugc xép vao cac thanh tao lién quan
dén cac kénh rach ngdm (channel) va cac tap sét mong
phan 16p song song dac trung cho tram tich hat min hinh
thanh trong diéu kién nang lugng thap nam hai bén kénh
rach ngam. Nhiéu noi, c6 thé dé dang quan sat dugc cac
ranh gigi dao khoét dang kénh rach va day, thudng la cat
hat thé lan cudi san (Hinh 2¢, d). D6i khi day cla cac 16p
phd bién cdu tric ngon Iira (Hinh 31, m) va khuén tai trong
(Hinh 3i). Theo khéng gian, néu di tu ria téi gitra cac kénh
rach, cdu trdc trdm tich sé c6 dang thau kinh & noi chuyén
ti€p gira tudng F3 va F4. Trén mot vai mat cat, doi khi
phan méng dudi day cla cac tap cat cé xu thé tho dan lén,
trugc khi trd lai xu thé min dan lén trén. Cac 6 tram tich
ngoai lai ciing bat gap trong nhém tudng nay nhung kich
thudc ctia ching va ¢ hat tram tich thudng nhé hon so
vGi nhom FAT, tir cat két hat thé 1an san, cat két téi sét bot.
Nhiéu noi bat gap cac cau tao xién chéo trong cac I6p cat
két vGi géc doc I6n gan dat t6i 30°. Nhom tudng FA2 dac
trung cho maéi trudng quat trong, day la nhiing kénh dan
vat liéu tram tich tU sudn téi cac quat. Trong méi trudng
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quat trong, nhdm tuéng FA2 c6 thé chia thanh 2 phan: (1) Phan c6 nang lugng
cao xuat hién trong cac kénh rach ngam, véi cac mit cat dién hinh c6 dang kénh
x€p choéng; (2) Phan c6 nang lugng thap ndm ngoai ria cac kénh rach, tram tich
thudng min hon va thudng thé hién dudi dang thau kinh [18]. Két qua la cac
Iong kénh dugc lap day baéi cac than cat day bat nguodn ti cac tram tich truot 16
dé xudng tir sudn thém va sau khi dugc trén thém nudc da tang tinh linh dong
va nang lugng dong chay, dan dén kha nang dao khoét cao tai noi chiing di qua
[19]. Emiliano Mutti cho rang cac tram tich nay c6 thé bat nguén tir cac dong
turbidite c6 mat dé cao, nang lugng I6n c6 kha nang van chuyén tram tich hat
tho dén rat thé phan bé & quat trong [18].

| P e e T
Hinh 2. Anh minh hoa 7 tudng trdm tich quan sdt dugc trén ddo C6 To va Thanh Lan (xem thém md td chi tiét méi kiéu tuéng
taiBdng 1vaMuc4.1): (a) tudng F1 sét bt xen cdt cdu triic dang ddi udn lugn; (b) tudng F2 cdc Idp cdt day chiia cdc khditdng
cdt va 6sét bot ngogi lai; (c, d) tudng F3 ddc trung béi sur ¢ mdt cia cdc dao khoét (c) va cdc tang cudi san Idn cdc 6/ khdi cdt
ngoai lai ndm trén ranh gidi dao khoét (d); (e) tudng F4 cdt phdn Idp xen cdc Idp sét bét phdn Idp rdt mdng; (f h) tudng F5 cdt
két cdu triic phdn I6p xién chéo; (g) tudng F6 cdt xen cdc Idp sét bt phan Idp mong va ddi chd bé day cia cdc sét/bét cd thé
dat bé day ctia cdc I6p cdt trong tuding nay; (1, k) tudng F7 gom sét, sét bot xen cdc Idp cdt méng.
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- FA3 - nhém tudng quat gitta
(middle fan)

Nhom tusng FA3 gém céc tap
c4t tho dén trung c6 thé 1an san lién
quan dén cac tuéng F4 va F5; doi
khi trong nhém tuéng nay cling bat
gdp cat phan I6p xen kep céac tap
cat min hoac I6p sét bot véi doé day
kha 6n dinh tuong Ung vdéi tudng
F6. Nhin t6ng thé nhém tudng
FA3 thudng c6 xu thé min dan lén
trén va ngay trong méi I6p cat cla
ching cling c6 thé bat gap su phan
di ¢& hat min dan Ién trén: Phan 16t
day clla nhdm tudng FA3 6 thé la
cat san hodc cat hat tho clia tudng
F4 va gan nhu vang bong cudi tang.
Cac manh da tréi nSi van cé thé bt
gap trong nhém tuéng FA3 nhung
vGi kich thudc nhé hon rat nhiéu so
véi nhém tudng FA2; dich chuyén
dan Ién phia trén la cat hat min hon
¢6 phan 16p xién chéo hodc cau tric
gon séng clia tuéng F5. Cac 16p cét
xen kep cac I16p sét bot phan 16p
mong giéng nhu quan sat thay &
tudng F6. Trong nhém tudng FA3,
cdc cau tric toc réi (convoluted
structure) chi bat gap trong cac tram
tich hat min. Ranh gidi gira cac I6p
cat va sét bot van quan sat dugc cac
cau trdc ngon la. Nhém tudng FA3
ddc trung cho méi trudng quat gila,
nai xuat hién cac than cat dang I6p
phu (sheet sand) c6 dién phan bé
rong xen vdi cac than cat phan bé
doc cac kénh rach. Ty phan cét sét
trong nhém tudng FA3 tuong déi
cao va thap hon FA1 va FA2 nhung
nguaoc lai dién phan bo clia cac than
cét phat trién rat rong. Theo khéng
gian, su phan bé cla nhom tudng
FA3 c6 thé kéo dai hang tram mét
va chiu anh hudng chinh tur dong
turbidite 1ap day long kénh hodc
tran bs dé tao cac thuy tram tich
(lobe) [18]. Trong ca ché& van chiu
anh hudng cta hoat dong trugt &
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Hinh 3. Cdc cdu triic trdm tich tiéu biéu quan sdt dugc tir thanh tao trdm tich turbidite trén ddo (6 T6 va ddo Thanh Ldn: () dong chdy rdi vdi cdc ddi sét udn luon; (b) khdi cdt san ngogi lai
ndm trong cdc tdp cdt (large pebble-sized clast); (c) cdc Idp cdt va sét bot ngogi lai ndm trong cdt hat thé dén min (angular clast); (d) cdt san tiém nhdp (injection structures); (e) san két da
khodng I6t ddy cdc I6p cdt day; (f) cdt hat thé ldn san cdu tao khdi; (g) cdt san cdu tao khdi cd su'phdn dj 6 hat tir thd ti min véi ddy cda cdc Idp cdt la cdc ranh gidi ctia khudn tdi trong; (h)
tudng va cdu tric trdm tich tuong ting vdi chu ky Bouma (Bouma sequence); (i) khudn tdi trong (load cast); (k) dao khoét cda kénh rach; (1, m) cdu tric ngon Iia (flame); (s) cdu tric téc ri
(convolute); (q, r) cdu tric xién chéo va gon séng (climbing ripples va wavy); (t, u) cdu tric ngang song song va phdn Iép mng (parallel laminated va thin bedding).
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Chu giai
e L B o owenen
Cugi/soi Git Sét/bot I Tuéng F2
p d- kh / Xienchéo  Diisétbe W TuingF3
dy dao khoét/ Xién chéo 3i sét bot .
bao mon (>10cm) uén lugn [ TusngF4
B Tudng F5
SOOEESSNNS s
o~ =< [ Tusng F6
Gonsong  Xién chéo Dai sét bt )
(c&cm) (>10cm) udn lugn [ TudngF7
= = - e
== e A== o
Get/sét G sét/bot Toc r6i Kich thuidc hat
(Convolute) [ HEEERE
C4u tricngon Itra Khuén ti trong 855
(Flame structure) (Load cast)

o

(1c2 (1cs3 (TC4 (1c7a TL1 TL7 TL8.1
(b)
Hinh 4. (6t dia tdng thach hoc va tudng trdm tich dugc xdy dung tai méi diém 16 trén ddo (6 Té va Thanh Lan.

DAU KHi - SO 7/2021 11




THEAM DO - KHAI THAC DAU KHi

Bao
CéTa Con
[ETC)

e

Bao Thanh Lén

Chii giai
B TuéngF1
W TubngF2
W Tudng F3
Tuéng F4
m Tudng F5
Tuéng F6
Tudng F7
& Diémlo

w# Cac diém khdo sat ngoai thyc dia
# C4c diém nhé va khong khdo st

Hudng dong chdy Trudc suon Sau sudn Dao (6ToTo (CTT) Dao (6 T6 Con (CTC)
Gon . ‘\ H 50 diém do : 7 diém do
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Xién chéo ¥ L

Hinh 6. Hutng trdm tich biéu kién do tai cdc cdu triic xién chéo va gon séng trén ddo (6 T6, phan dnh hudng vdn chuyén
trdm tich.
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phan trong cla quat gilra dan téi su
xuat hién clia cdu trdc téc réi hodc
hén don trong nhém tuéng nay.

- FA4 - nhém tuéng quat dudi
(outer fan)

Nhom tudng FA4 dac trung bdi
su xuat hién phé bién cla tram tich
sét bot, bot sét phan I6p mdéng dang
soc dai xen cac IGp cat hat trung dén
hat min cda tudng F7. Phan gilia
va phan trong clia quat ngoai cé
thé bat gdp phé bién cac tudng F6.
Nhém tudng FA4 phd bién 1a cac
cdu tric ggn séng thoai, déi ché gap
cac dang téc réi va bién dang tram
tich mém (soft sediment deforma-
tion). Cac manh tram tich ngoai lai
vdi kich thudc nhé van cé thé quan
sat dugc trong nhém tudng FA4
nhung it phd bién hon. Nhém tuéng
FA4 dac trung cho méi trudng quat
ngoai clia cac thanh tao tram tich
turbidite. Ca ché van chuyén chinh
la dong turbidite xa nguén, ning
lugng dong chay thap va nhiéu nai
chi chiu anh hudng hoat dong lang
dong trdm tich bién sau lo ling
trong cot nudc bién nén thanh phan
tram tich hat min chiém uu thé (sét
b6t phan 16p méng) [18].

4.3. Mé hinh phén bé tuéng va méi
trudng tram tich

Dua vao cac phan tich tuéng/
nhém tudng moi truong va do vé
cac cot dia tang tai cac diém khao
sat trén dao Co To va ddo Thanh Lan,
nhom tac gid da lap biéu d6 phan
b6 tudng thach hoc cho ting diém
16 (Hinh 5). TU biéu d6 nay két hap
v3i huéng tram tich biéu kién (Hinh
6) do trén cu trdc xién chéo va gon
séng, da xac dinh dugc pham vi
phan bé moi trudng lién quan dén
cac thanh tao trdm tich turbidite cho
khu vuc nghién cttu nhu sau:

- Nhém tuéng FA1 ddc trung
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cho hoat dong truot I3 trén sudn thém va cac tich tu tram tich nam ngay chan
sudn va phan bé trong khu vuc nghién cdu thudc dao C6 Té Con;

- Nhom tudng FA2 dac trung cho cac hé théng kénh dan va tram tich
thudc phan quat trén, phan bé cht yéu & khu vuc dado Thanh Lan va ria phia
Pong dao CoOTo To (CTT 18, CTT 19);

- Nhom tudng FA3 véi su xuat hién clia cac dao khoét va tap cat san lan
cudi, dac trung cho hé théng kénh dan. Két hgp vai su xuat hién cac thiu kinh
cét, cat phan lop day va doi ché xen cac I6p sét/bot mong cho thay su c6 mat
cUa cac tram tich tran bd trong méi trudng quat gida. Nhdm tudng FA3 phan bé

"/ CoTaCan,
_eTC)—4

Hinh 7. Md hinh phdn bd cdc quat ngdm va huéng cung cdp vat ligu trdm tich cda cdc thanh tao tram tich turbidite trén
ddo (6 T6 va ddo Thanh Lan.

ch( yéu & phan Tay Nam dao Thanh
Lan (TL 8.1), phia Nam dao Co6 T6
Con (CTC 7.1, CTC 1) va mot s6 noi
trén dao Co T6 To;

- Nhém tuéng FA4 dac trung
cho trdm tich hat min chiém uu thé,
phan I6p mdng song song va co sy
xudat hién nhiéu cac vi ciu truc bén
trong cac I6p tram tich (Bang 2),
thudng dugc thanh tao trong mai
truong quat ngoai. Trong khu vuc
nghién cttu, nhém tuéng FA4 phan
b6 & phia Nam dao Thanh Lan (TLT,
TL7,TL 8.2) va phia Tay ddo C6 T6 To
(CTT4,CTT6,CTT9,CTT 15).

Nhin chung tram tich c6 xu thé
min dan tu dao Thanh Lan sang
dao Co6 T6 To, chuyén ti cac nhom
tuéng FA2 va FA3 (quat trong - gi(ia)
sang cac nhém tudng FA3 va FA4
(quat gilia - ngoai), cho thay huéng
chinh cung cap vat liéu tram tich
theo huéng Déng Bac - Tay Nam.
Hudng cung cap vat liéu tram tich
nay cling kha trung khép véi huéng
dé tram tich bidu kién xac dinh
tUr cau tric ggn song va xién chéo
quan sat dugc trén dao C6 T6 (Hinh
6). Théng qua cac dac trung vé tram
tich, thach hoc, phan loai tuéng va

Bdng 2. Bdng tng hap va so sdnh ddc diém thach hoc va cdu tric trdm tich turbidite trén ddo (6 To va ddo Thanh Ldn

(& hat/ Thach hoc Cau tric tram tich
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nhém tudng két hop véi do hudng tram tich biéu kién tur
cau truc xién chéo va gon séng, mo hinh méi trudng lang
dong tram tich turbidite lién quan dén dado C6T6 vaThanh
Lan dugc xac dinh nhu Hinh 7.

5. Két luan

Céac thanh tao tram tich turbidite trén dao C6 To
va dao Thanh Lan dugc phan loai thanh 7 tuéng tram
tich thay dé&i tit F1 dén F7 lién quan dén 4 nhom tuéng
moi trudng trdm tich turbidite cha tram tich bién sau va
phan bé trén cac ddo nhu sau: (1) Trén ddo C6 T6 Con
bat gap nhém tudng FAT va mot phan clia nhém tudng
FA2 dac trung cho méi trudng sudn thém va phan trong
cla quat; (2) Nhom tuéng FA3 quan sat phd bién trén
dao Thanh Lan, dac trung cho cac thanh tao tram tich
thuéc phan quat gitta. Phia Bac cia dao Thanh Lan cé
mot vai diém 16 ra nhom tuéng FA2 lién quan dén méi
trudng chuyén ti€p gilta quat trong va quat gila; (3) Trén
dao C6 T6 To chli yéu quan sat dugc cac tuéng tram tich
tuong Ung véi nhom tudng FA4 clia quat ngoai turbidite
va mot phan nhém tuéng FA3 cta phan quat giia véi
su xudt hién cta cac dao khoét. Cac thanh tao tram tich
thudc quan dao C6 Té ¢6 hudng cung cdp vat liéu tram
tich phat trién theo hudng Déng Béc - Tay Nam va tram
tich c6 xu thé min dan ttr ddo Thanh Lan va C6 T6 Con
sang dao Co T6 To, chuyén ti cdc nhém tuéng FA1, FA2
va FA3 (quat trong - gilta) sang cdc nhém tuéng FA3 va
FA4 (quat gita - ngoai).

Tai liéu tham khao

[11 Paul Weimer and Martin H. Link, Seismic facies
and sedimentary processes of submarine fans and turbidite
systems. Springer New York, 1991. DOI: 10.1007/978-1-
4684-8276-8.

[2] William McCaffrey and Benjamin Kneller, “Process
controls on the development of stratigraphic trap
potential on the margins of confined turbidite systems
and aids to reservoir evaluation’, AAPG Bulletin, Vol. 85,
No. 6, pp. 971 - 988, 2001. DOI: 10.1306/8626CA41-173B-
11D7-8645000102C1865D.

[3] Carlos H.L. Bruhn and Roger G. Walker, “Internal
architecture and sedimentary evolution of coarse-grained,
turbidite channel-levee complexes, Early Eocene Regéncia
Canyon, Espirito Santo basin, Brazil’, Sedimentology, Vol.
44,No. 1,pp. 17-46,1997.DOI: 10.1111/j.1365-3091.1997.
tb00422.x.

[4] Tran Van Tri va Nguyén Binh Uy, Trdm tich Silur-

14  DAUKHIi - SO 7/2021

Devon & ria Tdy Bdc vinh Bdc B6 va diéu kién thanh tao
chiing. Nha xuat ban Khoa hoc va Ky thuat, 1977.

[5]1 Dédng Tran Huyén va nnk, “Dja tdng cdc tram tich
Phanerozoi & Béng Bdc By’ Vién Khoa hoc Dia chat va
Khoang san, 2007.

[6] Nguyén Xuan Khién, “Bdo cdo tram tich ludn va
tuéng dd, c6 dia ly cdc thanh tao trdm tich mau dé tudi Jura-
Creta va khodng san lién quan & mién Bdc Viét Nam’, Vién
Khoa hoc Dia chat va Khoang san, 2003.

[7]1 Tran Van Tri va Vi Khuc, Dia chdt va tai nguyén
Viet Nam. Nha xuat ban Khoa hoc Tu nhién va Cong nghé,
2011.

[8] Pang My Cung, “Ddc diém thach luan thanh tao
turbidite hé tdng C6 T6 (O-Sct) va y nghia dia déng luc cua
chung”, Luan an Tién si Dia chat, Vién Khoa hoc Dia chat va
Khodéng san, 2013.

[91 T6éng Duy Thanh va Vi Khac, Cdc phdn vi dia tang
Viet Nam. Nha xuat ban Dai hoc Qudc gia Ha Noi, 2005.

[10] A.E. Dovjikov, “Dia chdt mién Bdc Viét Nam - Ban
thuyét minh cho Ban dé dia chdt mién Bdic Viét Nam”, 1965.

[11] TranVanTri, Nguyén Dinh Uy, Tran Binh Nhan va
D6 Tuyét, “Tai liéu mai vé cau tao dia chat quan dao Co T,
Tap chi Dia chdt, S6 105, trang 1 - 4, 1972.

[12] T.D. Thanh, T.H. Phuong, P. Janvier, N.H. Hung,
N.T.T. Cuc, and N.T. Duong, “Silurian and Devonian in
Vietnam - Stratigraphy and facies’, Journal of Geodynamics,
Vol. 69, pp. 165-185,2013.DOI: 10.1016/j.jog.2011.10.001.

[13] Muhammad Aqgid Saparin, Mark Williams, Jan
Zalasiewicz, Toshifumi Komatsu, Adrian Rushton, Hung
Dinh Doan, Ha Thai Trinh, Hung Ba Nguyen, Minh Trung
Nguyen, and Thijs R.A. Vandenbroucke, “Graptolites
from silurian (Llandovery Series) sedimentary deposits
attributed to a forearc setting, Co To formation, Co To
archipelago, Northeast Vietnam’, Paleontological Research,
Vol. 24, No. 1, pp. 26 - 40, 2020. DOI: 10.2517/2019PR003.

[14] Nguyén Xuan Tung va Tran Van Tri, Thanh hé dia
chdt va dia déng luc Viet Nam. Nha xuat ban Khoa hoc Ky
thuat, 1992.

[15] R.L.Folk, Petrology of sedimentary rocks. Hemphill
Publishing Company, 1980.

[16] Gary Nichols, Sedimentology and stratigraphy
(2" edition). Wiley-Blackwell, 2009.

[17]1 Emiliano Mutti and Ricci Lucchi, “Turbidites of



PETROVIETNAM

the Northern Apennines: Introduction to facies analysis",
International Geology Review, Vol. 20, No. 2, pp. 125 - 166,
1978.

[18] Emiliano Mutti,

Istituto di Geologia, Universita di Parma, 1992.

Turbidite sandstones. Agip,

[19] G. Shanmugam, L.R. Lehtonen, T. Straume,
S.E. Syvertsen, R.J. Hodgkinson, and M. Skibeli, “Slump

and debris-flow dominated upper slope facies in the
Cretaceous of the Norwegian and Northern North Seas
(61° - 67°N): Implications for sand distribution’, AAPG
Bulletin,Vol. 78, No. 6, pp. 910 - 937, 1994,

[20] G. Shanmugam and R.J. Moiola, "Submarine
fans: Characteristics, models, classification, and reservoir
potential”, Earth-Science Reviews, Vol. 24, No. 6, pp. 383 -
428,1988.DOI: 10.1016/0012-8252(88)90064-5.

TURBIDITE FACIES OF CO TO ARCHIPELAGO, NORTHEAST VIETNAM

Nguyen Van Kieu™2, Bui Viet Dung’, Bui Huy Hoang’, Nguyen Quang Tuan’

"Vietnam Petroleum Institute
2AGH University of Science and Technology, Poland
Email: van@agh.edu.pl

Summary

The paper presents a detailed facies analysis of the turbidite system of Co To formation in the Co To archipelago including the islands of Big
CoTo, Small CoTo and Thanh Lan. Based on the analysis of sediment bedding, sediment structure and grain-sized trends, 7 sedimentary facies
are recognised as a record of the principal modes of sediment deposition. The results show that the recurring development of sedimentary
facies within the turbidite system in the Co To archipelago can be grouped into distinct facies associations (FA): slope with channels and slump
deposit (FA1), basin floor fans with the common occurrence of inner fan-channel complex (FA2), middle-fan lobes (FA3) and outer-fan distal
lobes (FA4). These facies associations represent the turbidite system with the extensive development of NE-SW submarine fan, along the
islands of Thanh Lan, Small Co To and Big Co To.

Key words: Turbidite facies, deep- marine deposits, submarine fan, Co To archipelago, Thanh Lan island.
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