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A bstract. M arg in  dcltas are the last oncs that vvere ío rm ed  in  a shclí break zone/ w hen a sea lcvel 
has s lo w d o w n  during  last tim c of a íorced regression and  the beginning  of the success 
transgression . The m argin  dcltas are abruptly  thickcned in  th e  zone of shelf break, bccam e thinncr 
landw ard  and  basinw ard . Bccausc they vvere íorm ed in th c  sheỉf edge, thcy havc a relatively high 
sand/clay  ratio, p rone to turbidite .

In th e  n o rthern  part of the  Red River basin, d u rin g  the M ioccnc thc m argin  doltas had 
developcd  eastvvard írom  the plot 103, i.e. from the borcho le 103-TH-1X, 103-TG-1X and  1Ơ3-HOL 
seaw ard .

An ex istence of thc m argin  dcltas in this region confirm s a presencc of thc basin íloor fans in 
the Central part of basin  - vcry im portant obịects for oil-gas prospccting.

Kcyioords: M argin delta; Delta front dcposit; Red Rivcr basin;

1. In troduction

VVhen sea-level slow dow ns in the 
transgression-rcgression cycle, especially due 
to lovvering sea level, a shelí vvas exposed and 
a series oí deltas vvere íorm ed. A margin 
delta is the last One that vvas íorm ed during 
the last time o í lovvstand stage and early time 
of the next transgression stage. There are 
some papers dealing with m argin deltas [5, 
6]. The margin deltas are vvell developed with 
a w idth of tens kilom eters and thickness 
reached hundreds meters, their slope is about 
3-6°. A study of m argin deltas has an
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im portant role in prospecting and exploration 
oil and  gas on the shelí. A presence of the 
m argin  deltas will help in determ ining 
vvhether there is a basin floor fan - an 
im portant object in oil and gas prospecting. 
Furtherm ore, themselves, they are also 
subject of prosperous potential of oil and gas. 
For the íirst study  of m argin deltas in the 
northern  part of the Red River basin, the 
M iocene deposits in the northern part of the 
Red River basin - vvhere a Continental shelí 
vvas vvell developed and has a high potcntial 
of oil and gas - vvere chosen. The data used in 
this study was collected from Vietnam 
Petroleum  Institute and other publications.

16



Donn Diĩĩh Lam et al. / VN U  Ịournal of Science, Earth Sciences 24 (2008) 16-25 17

multilob form and stretched along strike [5, 6]. 
The length of these margin deltas often 
reached 30-50 km and their vvidth is of tens, or 
even hundred kilometers (Fig. 1).

2. Some characteristics, ío rm ing  process and 
developm ent of th e  m argin deltas

Most of m argin deltas were developed in a 
passive margin area. These deltas have a lob or

M argin delta 

c "50 Isopach thickness of margiu đeltas

Continental slope 

200  v/atei depth

Fig. 1. G eom ctry  of m arg in  dcltas: A-M exican gulí, B-M ississippi (S.J. Porebski, R.J. Steel, 2001).

The thickness of the m argin deltas is 
about 50-70m, even som ew here it reached 
more than 150m. On seismic proíiling, their 
reíections are from oblique to tangential form, 
dipping to the basin, ended by toplap under 
erosion plane. A key íacies complex of the 
margin deltas is a complex of river m outh 
bars and delta íront/slope deposits. 
Landward, a river m outh bars consist of fine 
to m edium sands vvith a high thickness. 
Thcse sands are more or less clean, vvave 
bedding or parallel, plane or oblique bedding 
with a lovv slope. Delta íront deposits are 
underlain by shelf deposits that w ere íormed 
beíore and consist of thick sand layers. 
Because delta front dcposits of m argin delta 
are underlain by previous íorm ed deltaic 
deposits, so norm ally they are consist of very

thick sand layers and also turbidities.
M argin deltas are different from inner 

doltas by the íollovving íeatures:
- M argin deltas have a m ultilobe or 

accurate to lunate bodies vvhile inner self 
deltas have a horsetail form.

- The size of clinoíorm  w edges w ith a 
m axim um  thickness at shelf break is m uch 
more bigger than the inner or m iddle shelí 
delta, reached hundreds m eters com paring to 
tens m eters of the last.

- In dip direction, m argin delta deposits 
are thicken as a clinoíorm wedge tovvards the 
shclí edge and became thin ị^radually dow n 
into upper slope deposits.

- Sigmoidal dip cross-section.
- The most distinctive íeature of the 

margin delta is their strike-elongate form
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along shelí edge and could reach 30-90 km. 
The isopach of the m argin delta deposits have 
a strike elongate form and are augm ented by 
íaults.

- Landvvard these deposits are pinchout 
by onlap onto shelí shales and basinvvard the 
shelí delta deposits pinchout by dovvnlap to 
hemipelagic shales.

- There is an evidence of shortenning in 
stratigraphy.

- The delta íront/prodeltaic deposits of the 
m argin delta are prone to turbidite.

- The abundanoe of so called soft deíormation 
of the deposits related to the sỉope.

- The absence of a horstail paralic along 
shelí edge.

Margin delta íorm ing process and 
evolution history are closely related to a 
íorced regression of the sea level during the 
late time of the lowstand stage, beginning 
time of the transgression stage (Fig. 2).

£  M argin delta deposits were íorm cd in 
reíatively deep w ater and are vvicỉe spread in 
the shelf area, where strong subsidence 
occurred. The m argin deltas are com posed of 
a series vvedges, the upper boundary of 
which is a trace of sedim ent supply or of 
com plex erosion/transgressive erosion. 
Because m argin deltas are íorm ed in the shelí 
break. zone so their thickness is abruptly 
increased at the shelf break and dcltaic 
clinoíorm s have bigger size com pared to 
others. W hen deltas have reached to the shelí 
m argin as a result oí lowering sea-level, 
heterolithic delta íront deposits with small 
bedding  became m ore turbidite becausc 
supplied  rivers vvill debouch directly to a 
slope area, vvhich has a longer distancc and 
higher slope, creating a good condition for a 
hyperpicnal flow. This is vvhy the clinoíorms 
of m argin  deltas have a bigger size compared 
to others.

Inner-shelí ốela
Highstanđ stage

Progradation to aggradaùon 

Miđ-shelf đelta

Lowenng seô-tevel

Progradaton to dơwnstepping 

Margin delta

Lowenng and lowstarìd stage

to aggradanonProgradabon to aggradè 
to bãckstepping

I 1 Delta plain ơeposit m  Slop shales
í---------1 Rlver m oưh c a r / . ^  Inctseđ valeys
1-------- deta íront deposits --------
I---------1 Shôlí shale G m  Eros,on P0SS

Fig. 2. Form ing p rocesse of a m arg in  delta rclated to 
sea-level ch an g e  (Porebski, Steel, 2001).

3. Some geological characteristics of study area

The study  area includes zones 102, 103, 
104 and  a west part oí zone 107 (Fig. 3). The 
sea d ep th  is from 40-50m to 80-100m. Oil and 
gas prospection and exploration in this area 
vvere started from an earlier time.

Since 80-s of the 20 century, a prospect 
was carried out m ore intensively. Foreign 
investors and Vietnamese prospectors had 
carried out thousands kilometers of 2D and 
hundreds kilometers of 3D seismic proíiling. 
M any deep boreholes were set up for 
investigation oil-gas potential of the 
Vietnam ese shelí. A lthough investigations in 
different zones w ere not at the same level but 
results of these investigations have revealed 
som e geological characteristics and evolution 
of the Red River basin in general. 
Geochronologically, the Miocene deposits
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vvere divided into 3 units as follow:

3.2 . P hong  C hau  ĩo r m a t io n  (N i 1 pch)

This íorm ation vvas establishcd in 1972 by 
Palustovich and N guyen N goe Cu, based on 
cross-section from l,820m to 3,0001X1 oí the 
borehole GK 100 in Phong Chau District, Thai 
Binh Province. This cross section is 
charactcrized by intercalated of m edium  to 
íine grained sandstones of grey to w hitish/ 
dark green color vvith silty sandstones vvith 
vcry thin stratiíication, from some millimeters 
to some centim eters, th.1t íorm ed an "eye" 
structure, lenses or wave and called a

"striped" rock. A cement of sandstones is 
m ainly carbonate vvith high content (25%). 
Secondary m inerals are glauconite and pyrite. 
The thiekness of íorm atìon reached l.lSOm. 
The Phong Chau Formation is distributed 
mainly in Khoai Chau - Tien Hai area and 
developed to the Bac Bo Gulf (Borehole 103- 
TH). It is composed of sandstones, silty 
sandstones and claystones vvith some coal 
traces or thin limestones (borehole 103-TH, 
1Ũ3-HOL). Their cemcnt is carbonate. 
Claystones are light grey, brow nish red, 
parallel or wavy stratiíication. Their 
composition is composcd mainly of kaolinite 
and illite.

Fig. 3. A study  arca.

In the seismic cross-sections, Phong Chau palynological analysis, Phan H uy Q uynh and
Formation is appeared  as a parallel reílection Do Bat (1985, 1993, 1995) have established a
vvith a good continuity. Based on complex of Betula- Alnipollenites and zone
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Florschuctzia levipoli ot early Miocene. 
Deposits of Phong Chau Formation vvere 
íorm ed in the deltaic condition and shelí 
(Borehole 104), vvith some phases of 
transgression (borehole 100). M arine deposits 
increased seaw ard. They are underlain vvith 
unconíorm ity by Dinh Cao Formation or 
older rocks.

3.2. Phu Cu ĩormatìon

The Phu Cu Form ation was established by 
Golovenok V.K and Le Van Chan in 1966, 
who íirst time described this íorm ation from 
borehole GK 2 (from  960m to 1,1801X1) in Phu 
Cu structure oí H a Noi Depression. Hovvever, 
at this time a bottom  of this íorm ation vvas 
not clear. The íorm ation is consists of 
deposits that are characterized by clear 
cyclicity of m edium  sandstones, silty 
sandstones vvith thin stratiíication (vvavy, 
lenses, cross bedding), silstones, claystones of 
massive structure, contain a lot oí ílora, 
bottom animals, íoraminiíers and thin beds of 
lignites. Sandstones are m onom inerals, well 
sorted and rounded. Beside turm aline, zircon 
as secondary m inerals som ew here glauconite 
and garnet are occurred. Later, after careíul 
check oi all cross sections of Phu Cu Formation 
of the deep borẹholes that penetrated across 
the vvhole íorm ation, Phan H uy Q uynh and 
Do Bat (1983) and  Le Van Cu (1985) have 
divided the Phu Cu íorm ation into 3 parts 
according to cyclicity point of vievv. Each part 
consists of sandstone, siltstone, claystone 
contain coal and ílora íossils. Somewhere 
foraminifers and brackish molluscs are 
occurred.

The Phu Cu deposits are w ide spread in 
Hanoi Depression. Its thickness became lovver 
in Dong Q uan area and higher seavvard in 
Bac Bo Gulf. D eposits consist of sandstones,

silty. claystones, coals and somevvhere thin 
layers of carbonates. Sandstones have a light 
grey to light green color. They are fine to 
m edium  grainsized/ average to well sorted. 
Their typical íeature is thin bedding. There 
are siderite nodules or glauconites (boreholes 
GK 100, 102, 110, 104). A carbonate cement oí 
sandstone is ab u n d an t clay cement is rare. 
Silty claystones are light grey to dark  grey 
color, contain a little of carbonates, flora and 
coals (borehole GK 103-TH). The thickness of 
this íorm ation is varies írom  l^OOm to 
2,000111. This íorm ation is distinguished by a 
high content oí organic m atter, about
0.86%wt, that reached a criterion of source 
rocks and in fact, in Hanoi Depression, oil 
and condensats were íound in this íormation.

O n seismic cross-sections, deposits of this 
íorm ation are displayed as a parallel or 
chaostic reílectors w ith high am plitude and 
írequency that related vvith coal bearing 
layers. Their M iddle Miocene was established 
based on a complex of íossils: Florshuetzia 
trilobata and Fi Semiỉobata and Gỉoborotralia 
mayeri, Orbulina universa.

The Phu Cu Formation is coníormably 
underlain by the Phong Chau Formation and 
vvas formed in the deltaic and shelí condition 
w ith some phases of m arine transgressions. 
Seaward to the Bac Bo Gulf/ these deposits 
have changed into underw ater delta, delta 
íront deposits.

3.3. Tien Hung ĩormation

The Tien H ung Formation was 
established by Golovenok V.K and Le Van 
Chan (1966) and its nam e - Tien H ung is a 
locality of Thai Binh Province, where its 
stratotype was established in the borehole 
GK-4 from 250m to 1,01 Om. The Tien H ung 
Formation consists of deposits that have very
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clear cyclicity. Each cycle started by brecia, 
sandstones that changed into silstones, 
claystones vvith some lignite layers. The 
thickness of coarse deposits is thicker than 
íinegrained deposits. The am ount of observed 
cvcles in this íorm ation is 15-18. Sandstones 
and brecias arc vveekly cemented, bad sorted 
and rounded, contain many garnets. There 
are sandstones of vvhitish grey color contain 
siderites nodules in the lower part. The 
thickness of the íorm ation in this borchole is 
about 760m.

Because of íacies change, it is difficult to 
determ ine thc boundary  between Ticn Hung 
and Phu Cu íorm ations. In the lovver part of 
Tien Hung Formation, Phan Huy Q uvnh and 
Do Bat (1985) have íound a layer of grey 
sandstone, contains a marks of leavcs that is 
quite vvidely occurred in the most boreholes 
in the Hanoi Dcpression. They consider it as a 
sign of change to Continental condition after 
íorming the Phu Cu Formation. The bottom 
of this sandstone is regarded as a lovver 
boundary of the Tien H ung Formation. The 
Tien Hung Formation is widely distributed in 
most boreholes of the Hanoi Depression and 
oííshore in Bac Bo Gulf. Sandstones of this 
íormation have a thick to massive 
stratiíication, light grey color to greenish 
grey, average to bad sorted. Their cement is 
carbonate or clays. Silty claystones have a 
dark grey to light grcy color, somevvhere 
brovvnish grey, dark  grey (Borehole 104, 102- 
HD), contain coals and íossils with 
glauconites and pyrites (borcholes 100, 103- 
TH). Total thickness of this íorm ation is 
varied from 760m to 3,000111.

On seismic cross-sections, the Tien H ung 
Formation is displayed as a sequence vvith a 
vveak stratiíication, high am plitude. The Tien 
Hung Formation has a contact vvith the 
underneath Phu Cu Formation by an

uncỏníorm ity that has a sign of regression in 
upliít zone with two phases of non-continuity 
reílectors. Fossils íounded in the Tien K ung 
Formation consist of a m ark of flora, spore 
and pollens, foraminifers and nanoplankton. 
A typical complex was íound in m edium  
sandstones such as Quercus lobbii, Ziziphu$. 
This layer is occurred vvidely in the Hanoi 
Depression as vvell as in the N orth Vietnam 
such as in Tam Cha (Na Duong, Lang Son), 
Bach Long Vi, Trinh Quan (Phu Tho). The 
Late M iocene age of this íorm ation vvas 
established based on a pollen spore complex: 
Dacrydiumllex, Quercus, Florschuetzia trilobata, 
Acrosticum, Stenochlaena as vvell as a 
íoram ỉniíer complex: Pseudorotaỉia sp.,
Ammonia sp.. Dcpositional environment of this 
íormation is mainly dcltaic with some phases of 
shallovv marine and underw ater deltas.

4. Sea-level íluctuation and íorm atíon  of 
m argin deltas in the n o rthem  part of the 
Red R iver basin

A study  result on the Red River basin has 
revealed 8 transgression/regression cycles 
during  the Miocene. There are 2 cycles in 
Early Miocene, and 3 cycles in M iddle and 
Late Miocene [1, 2, 4]. A m ong these cycleSy 
the ones in M iddle M iocene are most 
developed. D uring transgression, the sea 
level w as higher the recent one. The study on 
sea-Ievel íluctuation in the region, 
characteristics of the uppcr suríaces of Upper, 
M iddle and Lovver Miocene deposits (Fig. 4), 
as vvell as study on lithological íeatures, 
depositional íacies, structures,... of the 
boreholes 102-CQ-1X, 102-HD-1X, 103-TH-lX, 
103-TG-1X, and 103 HOL-1X, had revealed 
that in Early Miocene in northern  part of the 
Red River basừi, m argin deltas have
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developed only eastvvard írom  plot N° 103,
i.e. írom borehole 103 HOL seavvard. During 
M iddle and Late Mioeene, the m argin deltas 
had developed eastw ard from borehole 103- 
TH-1X and 103-TG-1X. A slope of shelí 
during Late Miocene vvas 4-5° at borehole 
103-TH-1X and 103-TG-1X and this was a 
shelí break.

Fig. 4. Isoliths of tho u p p e r suríaces of Miocene 
deposits in the N ortnern  part o f the Red River basin. 
(A-Loiver Miocene; B-M iddỉe Miocene; C-Upper Miocene)

5. Some íeatures of m argin deltas in the 
northem  part o f the Red River basin

In the ncrthern part of the Red River 
basin, m argin deltas have developed 
eastvvard from the borehole 103-TH-1X. They 
are composed of river m outh bars and delta 
íront deposits. According to obtained results 
from boreholeSy in the study area the upper 
part of the second sequence of the Phong 
Chau Formation from borehole 103-TH-1X,

second sequence of the Phong Chau 
Formation of borehole 103-TG-1X, upper part 
of the íirst sequence of the Phu Cu Formation 
(borehole 103-TH-1X and 103-TG-1X) are 
river m outh bars (Fig. 5). These river m outh 
bars consist of íine to m edium  grained sands 
(varied from 35% to 40%). Sands are elean, 
well to average sorted, light grey color. The 
cem ent are calcite, silic and clay, contain 
mica, glauconite. River m outh bar have a 
very thick sands (10-2001), coarsening 
upw ard. Bioturbation in the lovver part is 
week and sands do not contain íossils, or 
some scared bivalves and flora. Sands have a 
parallel, vvavy bedding or even massive 
structure. Their seismic speciíic íeatures show 
divergent, not continuous w ith am plitude 
from average to high, lovv írequency and high 
speed (5.7km/s). The thickness of river m outh 
bars are of 15-20 to 30-40m. Geochronologically, 
the river m outh bars are overlain by delta 
íront deposits. Delta íront deposits became 
thinner in both sides and changed to claystone, 
silty claystone with thin stratiíication of inner 
or m iddle shelí deposits.

In the study area, delta íront deposits are 
distributed as follow:

In the borehole 103TH-1X, delta front 
deposits are third sequence of the Phong 
C hau Formation, second sequence of the Phu 
Cu Pormation and first sequence of the Tien 
H ung Formation. In the borehole 103-TG-1X, 
the sedim ents of the second and third 
sequences of the Phong Chau Formation, íirst 
and second sequences oí the Phu Cu 
Formation and third sequence of the Tien 
H ung Formation are delta íront deposits.

In the borehole ÌOỈ-HOL, as the delta íront 
deposits can be considered sediments of the 
third sequence of the Phu Cu Formation and 
ửứrd sequence of the Tien Hung Formation. 
These delta íront deposits consist of silty sands,
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sandy silts, fine sands, poorly fossiliferous. 
They composed the progradational vvedges, 
thickness of which increased seavvard (Fig. 7). 
The sand/clay ratio changed írom 40% (103-TH- 
IX) to 35% (103-TG-1X).

Fig. 5. Sand m outh  bar and  its vvell logs (Borehole 
103-TH-1X).

The sands are clcan, fine to m edium  
grained, average to poorly sorted of light 
grey, grey color. These sands are vveekly 
Consolidated; they contain mica, pyrite, 
siderites, glauconites and m ontm orillonites. 
The sands are m ostly íeldspathic litharenite 
and litharenite. Most sand layers have a 
thickness from 10-20m to 60m (103-TH-1X), 
(Fig. 8). The am o u n t of íossils in de lta  íron t

deposits is much more abundant than in 
sand-m outh bar. Delta íront deposits are thin 
bedded, parallel lam inated to vvavy. Thin 
beds of parallel lam inated sands and thick 
clay m ud layers, none or poorly bioturbated 
here is interpreted as delta íront turbidites 
deposits (Fig. 6).

M ost abundant phenom ena in delta íront 
deposits is a slum p, that m akes delta front 
deposits of m argin delta are prone to 
turbidite and why a slum p is a very typical 
characteristic of m argin delta. Bccause vvhen 
reached to the shelí edge a slope will be 
changed very quickly, creating a good 
condition for a slum p to develop.

The vvell logs of thc delta íront deposits 
have a bell, tunnel, symm etric saw-tcx)th 
forms. On the seismic cross-sections, thc delta 
íront deposits show a m ound, non 
continuous vvith a high to average am plitude 
and average írcquency (Fig. 6 and 7), v=2.5- 
2.7km/s in the borchole 103-TG-1X and 
radiate and m ound íorm, average continuity, 
high am plitude, v= 2.2-2.4km/s in the 
borehole 103-TH. Sanđs are stratìíied 
diííerently, some sandlayers in borehole 103- 
TH have a thickness over 20ITI, even reached 
óOm, in others they are thinner, less than 20m. 
Deposits contain foraminifers such as 
Ammơnia sp., Pseudọrotala sp v Quinqueloculina 
sp., Cyclmmina sp., Globigerinoides sp.7 and 
some spore and pollens: Florschuetzia
meridiotialis, Florschuetzia levipolis, ĩỉorschuetiia 
trilobata,... (103-TG-1X, 103-TH-1X).
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Lqaer Miorgne

Fig. 6. T urbiditcs of the U pper M iocene (C ross-scction GPGT93-201).

Fig. 7. Progradational w cdge of the shelí-m arg in  dclta.

Fig.8. Delta front sands, sandy  silts and w ell logs (borehole 103-TG-1X)
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6. Conclusions

- In the northern part of thc Red Rivcr 
basin, during the Miocene, m argin dcltas 
have developed eastw ard from the plot 
N°103. Thcse m argin dcltas were íormecỉ and 
developed at the end of the low stand stage, 
beginning of the transgressive stage. A 
thickness of these delta deposits varied írom 
40-60 to 80-1 OOm.

- An existence of the m argin deltas in 
Miocene in the northcrn  part of the Red River 
basin coníirms a prescnce of basin íloor fans 
in the Central part of the Red River basin. 
These basin floor íans are im portant objects of 
oil-gas prospecting that need to take in 
account.
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