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ABSTRACT (extended)
Red River Cenozoic basin (RRCB) is one of the deepest Cenozoic basins in South East Asian
region. It is situated at the boundary between Indochina and South China-North Viet Nam blocks.
This basin is of rhombic shape, extending from Hanoi area to the Tonkin Gulf, approximately 500
km long and 50-60 km wide, with 15 km thickness of sediment (Paleogene to Quaternary). The
basement of RRCB is comprising of Proterozoic schists and gneiss, and Paleozoic and Mesozoic
clastics, carbonates, and volcanic.
Analysis of the seismic sections of the RRCB shows several angular unconformities,
beginning from pre-Cenozoic basement of Late Eocene (~38-37 Ma), to Early Oligocene (~ 32 Ma),
Late Oligocene (25.2 Ma), Middle Miocene (~15.5 Ma), Late Miocene (~10.5 Ma) and top of
Miocen (~5.5 Ma). The strongest tectonic inversion took place in the Late Miocene. This inversion
caused significant uplift and resulted in deep truncation of the deformed strata, which are overlain
by un-deformed Pliocene-Quaternary sediments. This is the strongest tectonic event in this region
in the Late Cenozoi and can be recognized well in the outer crops where Tertiary rocks exposed.
Investigations supported by a Vietnamese-French cooperation program in the coastal zones
and Islands of Tonkin gulf, using remote sensing controlled by field work, focused on morphologic,
structural data at all scales, and seismotectonic analyses suggest that the inversion resulted from a
NE-SW compression in the RRCB.
RRCB consists of the onshore Hanoi trough (or graben) and much larger offshore part in
Tonkin gulf. Ha Noi trough is confined between Lo River and Chay River faults with significant
amount of Cenozoic sediments, up to 5-6 km thick. The NW-SE Vinh Ninh thrust fault goes
through the graben and divided it in two parts: the uplift Khoai Chau-Tien Hai horst in the SW and
the Dong Quan trough in the NE. The structure of Ha Noi trough continues to SE offshore to the
Tonkin gulf.
The well 104 drilled at the Phu Cu district (Hung Yen Province) and 81 at Thai Thuy-Thai
Binh reached the Pre-Tertiary basement and exposed the eldest Eocene riverine and lake sediments
conformably rest upon the pre-Tertiary basement. These sediments belong to Phu Tien formation,
interpreted to be similar to the Eocene sediments of Chang Liu Formation in the West Lei Zhou
peninsula, China [34]. The joint Viet Nam-French field trip along the Cao Bang-Tien Yen fault
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(2011-2015) found a special specy of Anthracotheriidae, that indicates Late Eocene in age (~37
Ma), showed that the rift activity in the area has begun at the end of Eocene.
The depositional environment during Late Oligocene–Early Miocene times varied from
fluvial, estuarine, and deltaic to offshore marine with deposition of sandstones and mudstones.
The delta environment sediments of Early Miocene formation changed from the delta
environment into marine offshore (well 100 at Phong Chau-Thai Binh).
The Phu Cu formation (Middle Miocene) was formed in the similar environment. It consists
of sandstone, siltstone, coal layers. The upper Tien Hung formation (Late Miocene) was formed in
the continental delta environment [6], and is overlain by Vinh Bao formation (Pliocene). The Vinh
Bao formation was formed mainly in the marine condition, while the Quaternary sediments were
formed in the interbeded continental and marine environtment .
The formation of RRCB related to the displacement of both Red River Fault Zone (RRFZ)
and the rotation of the Indochina with South China-NE Vietnam plates. The RRCB was formed as
pull-apart basin, with the flanks of which are bounded by regional strike-slip RRFZ, which was
triggering by India-Eurasia collision during the Eocene-Early Oligocene, with left- lateral strike
slip movement in the first stage (Eocene-Oligocene) and right-lateral displacement in the later period
up to now (Tapponnier, 1986) [30]. Along RRFZ one can find many evidences of left-lateral strike
slip of NW-SE trending fractures (parallel to RRFZ), combine with right-lareral strike slip of the
NE-SW fractures, showing east-west compression. Tapponnier P. showed that this tectonic
environment should continuous at least to 17 My BP. So that all unconformities in the RRCB older
17 My should be created by tectonic regime of east-west compression.
After 17 My BP, RRFZ stopped act as left-lateral strike slip. Step by step it changed to right
lateral strike slip. However the evidences for this movement mainly are morphological features.
Only few brittle deformation on Tertiary rock of right lateral phase can be found at the Yen Bai
valey.
However we found a lot of deformation showing some strong NE-SW compression.
Evidences are found at many places from north to the south coastal zones of Tonkin gulf.
Displacements of right lateral strike-slip of sub-meridian faults, cutting through the Oligocene strata
and older rocks, as shown in Trung Ha bridge (west of Ha Noi), or left-lateral strike-slip of subparallel faults, such as on the Bach Long Vy Island in the center part of Tonkin gulf. NW-SE thrust
faults are also observed and caused inversion in the central part of the RRCB. The Early Miocene
strata also was affected. This Late Miocene tectonic activity should placed an important role on
inversion of RRCB. Judging from the seismic section affected by this activity, we can suggest that it
was quite strong and was lasting for certain period of time (2-3 My?). Also the similar activity can
be found not only around the large fault like RRFZ, but it can be found in many locations in the
RRCB and adjacent area, and in the Central Viet Nam. So we cannot simply connect the tectonic
stress field of such activity with right-lateral phase of RRFZ.
We believe that the tectonic regime of this activity should related to some more regional
geodynamic environment, such as the convergent process at the supper subduction zones, that
surround the South East Asia.
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Figure 1. The 3D image of the Red River
Cenozoic Basin from Izopach map of Cenozoic
sediments by Phung V.P. et al (2007).

Figure 3:The Oligocene conglomerate-sandstone layers
(at Yen Bai City) have turned over under NE-SW
compress: the former normal fractures turned into
“thrust” ones.

Figure 2: Tectonic and Geodynamic map
of RRCB [by Phung V.P. et al (2010)]

Figure 4: A Roll-over fold at Ly Hoa pass (Quang
Binh province, Central Viet Nam), with fracture and
slickenside showing NE-SW compression.

Near the Trung Ha bridge (west of Ha Noi) we also observed a series of N-S faults, which
displaced the Oligocene-Miocene strata dextrally. Pubellier M. considered these sub-longitudinal
faults as “R” fractures of RRFZ. It is clear that there was some persistent movement of right-lateral
strike slip along N-S fault of western area of RRCB, in the Middle to Late Miocene period.
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Figure 4. Evidence for strong
NE-SW compression at Trung
Ha outer crop. Miocene
conglomerate strata have been
displaced by N-S fault system
dextrally (A) and at the same
time we can find many pebbles
cut and displaced by NE-SW
normal cracks. (Photo by
Phung Van Phach, 2010).

Figure 5: The sandstone dykes
on Bach Long Vy Island were
frequently cut and displaced
dextraly
by
WNW-ESE
fractures. This is good evidence
for the tectonic phase of strikeslip movement, with the
maximum compress (1) of NESW direction, which should give
way to the RRCB to shorten.
(Photo Phung Van Phach, 2008)

CONCLUSIONS.
1) The stress field of the tectonic phase, which has caused strong shortening and inversion of
the RRCB, had been strike-slip with significant compress component and the maximum compress
of this phase has oriented in NE-SW direction.
2) The source of tectonic force, which had caused the tectonic inversion can be related to
regional geodynamic environment, such as the convergent process at the supper subduction zones,
that surround the South East Asia, and may be a close-up motion of North Viet Nam-South China
and Indochina plates.
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