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The analytical results of over sixty striations on the fault surface, the movement of quartz veins and marked
stratigraphy which selected at 18 different survey sites on Co To - Thanh Lan islands (Tonkin Gulf, Northern
Vietnam) haveindicated that the tectonic activity of thisareahas04 mainly compressive phases of E-W, NE-SW,
NW-SE, N-Sdirection and 02 extensive phases of NE-SW and NW-SE direction. Based on the generation (before
and after) among overlap striations of the same fault surfacesat survey sites of CT-02, CT-03, CT-05 and TL-04,
the tectonic phases with mainly compressive directions are determined: (1) E-W, (2) NE-SW, (3) NW-SE and
(4) N-S. These obtained results match with some previous regional studies, but revealed new detail structural
features of structural-tectonics pattern on the islands in Tonkin Gulf (Bacbo Gulf). Moreover, in the study area
and adjacent area, we have also identified the certain relationship between tectonic faults and the anomalies
of methane, helium, high hydrocarbons and carbon dioxide at survey sites along fault zones, continuously
further confirms the existence of the faulting. Obtained results allow discussing large scale structural features
defined by the Red River Fault Zone and adjacent geo-blocks development. The rotation movements of the
blocks, including islands in the Tonkin Gulf (Northern Vietnam) proposed to discuss in the future surveys and
considering during the analyses of the field results. Gasgeochemical anomalies prove permeability and activity
of some faultsin the study area.

Key words: Cenozoic, deformation phases, compression, extension phases, tectonics, gas-geochemistry,

Tonkin gulf, Vietnam.

INTRODUCTION

The Co To — Thanh Lan islands are located in the
north of the Tonkin Gulf, in the eastern area of Quang
Ninh province, Vietham. The main composition of the
sedimentary rocks on these two islands includes. sand-
stone, siltstone and claystone, which generated in the
deep seaenvironment [13]. The studies of geology in here
are conducted from early [5, 7, 13, 14]. Initially, since
without evidences of geology so the sediments in this
area are suggested as the age of Neogen [5]. Until 1972,
these sedimentary rocks are determined as the age of Or-
dovic-Silurian (O,-Sct and O,-Sct) based on Graptolite
fossil by [23]. Then they are continuously confirmed by
the other authors [3, 12]. Some other studies in relation
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to tectonic activity in this study area are primarily men-
tioned along the Red River Fault System [3, 8, 10, 15, 21,
24]. However, there is not any study which considered
the tectonics and geo-dynamics, respectively, in Co To -
Thanh Lan area.

The Red River Fault Systemis proposed asaleft-lat-
eral motion and caused by the compression direction of
E-W, during the Oligocene-Miocene period [8, 10, 15,
24], the collision between Indian and Eurasian plates [21]
and the right-lateral motion caused by the compression
direction of N-S, during the Pliocene-Quaternary period
[8, 9, 10, 24]. Besides, the other studies along the Cao
Bang-Tien Yen (CB-TY) fault zonein the NE of Red Riv-
er Fault System (Fig. 1) also determined left-lateral mo-
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Figure 1. Trajectories of the maximum compressive stress within the Indochina Peninsula from Pliocene to the present time

(b) [8] modified from Huchon (1994).

The legend on the map in Figure 1 is described as following: (1) trajectories of the maximum compressive stressis directly related to the
Indo-Eurasian plate collision (a) and its far-field effects (b); (2) faults and directions of displacement (arrows); (3) zone of continental
collision; (4) subduction zone; (5) extension structures; (6) spreading zones, (7) current position of the land; Red River Fault System

(RRFS); Cao Bang — Tien Yen fault (CB-TY).

tion during the Oligocene-Miocene period and right-later-
al motion during the Pliocene-Quaternary period [17, 22].

The left-lateral motion of Red River Fault System
was the results of India-Eurasia plate collision [21] and it
occurred during within 30 Mato 5.5 Ma, corresponding
to the Oligocene-Miocene period, from analytical results
of the seismic data [18]. The another analytical result of
seismic profiles in the north area of the Red River sed-
imentary basin also identified one phase of |eft-lateral
motion which occurred about before 21 Ma within the
Song Lo and Song Chay river fault zone, belong to the
Red River Fault System [11]. Besides, the study also in-
dicated one different tectonic activity phase with the NE-
SW compression direction, caused the inversion of NW-
SE trending fault during 10.5 k.y-5.5 k.y. In addition,
analyzing geological structure of Oligocene sedimentary
rocks on Bach Long Vi Island al so determined three max-
imum compression phases: E-W, NE-SW and NW-SE
during the Cenozoic period [16]. These analytical results
have important significance for the tectonic activity phase
determination on the Co To — Thanh Lan of this study.
Noticeably, we found methane anomalies up to 538 nmo-
I/1, corresponding to hydrogen peaks (154-236 ppm)

and high concentrations of helium (13-24 ppm) on Bach
Long Vi idand [2]. Those anomalies correlated to asphalt
seepage sites and highly likely, linked to compressive tec-
tonic pattern.

Recently, analyzing tributaries of the Red Riv-
er Fault System from Quaternary alluvial fans, river
valley on Landsat and SPOT satellite images, detailed
topographical maps and field observation determined
right-lateral offsets of stream channels range between
150 and 700 m [15]. Thisis the results of the stress field
of N-S compression direction; E-W extension direction
caused the right lateral strike-slip along the Red River
Fault System and, probably, began in the Pliocene time.
The tectonic phase also was clearly visible on the Red
River Fault System and the Dien Bien Phu fault from the
analyses of Landsat and SPOT satelliteimages[9, 15].

The another analysis also recognized that Cao
Bang — Tien Yen fault which is located in the NE of the
Red River Fault System was right lateral strike-dlip fault,
results from the N-S compression direction using Landsat
and SPOT satellite images, aerophotographs and 1:50.000
scale topographic maps [15]. The relation to dextral
strike-dlip motion of the Red River Fault System in the
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episode of Pliocene-Quaternary also confirmed in study
[24]. The result of tectonic-geomorphic studies indicated
that the amount of Quaternary dextral offset of the Red
River Fault System in Vietnam, calculated from offset
and deflection of the tributary valleys of the Red River,
ranges between some 400 m and 5.3 km. The axis of max-
imum horizontal compression associated with dextral slip
of the fault zone was aigned from NNW-SSE to N-S.

Similarly, another study indicated that predominant-
ly sinistral strike slip of Red River Fault System formed
as aresult of ENE regional compression (80°) during the
Oligocene-Miocene period and dextral strike dlip of the
Red River Fault System formed as a result of NNW re-
gional compression 330-350° during the Pliocene-Qua-
ternary time [8].

The results of the above listed studies will be the
basis to match and verify the determination of tectonic
activity phases revealed on origina field work and com-
puter interpretation - purpose of the paper.

DATA AND METHODS

The collection dataiis carried out at 18 different sur-
vey sites on the Co To — Thanh Lan islands, including
fracture orientation, striation evidences on the fault sur-
face, movement of quartz veins and marked stratigraphy
in Ordovician-Silurian sedimentary rocks (O,-S, ct and
O,-S, ct) of Co To formations within the square area of
Figure 1.

The data collection was conducted using the geo-
compass equipments to measure the dip direction/dip an-
gle of the fault and striation evidences on the fault sur-
face and the GPS to determine survey location. Striation
measurements include it's strike value and slope angle. In
which, the strike value is measured following orientation
of a vertical plane which contains striation on the fault
surface and the slope angle is the inclination of striation
with the horizontal plane; fracture orientation is mea-
sured, including: dip direction and dip angle of the fault
surface; quartz movement is measured, including: dip di-
rection and dip angle of the fault surface and the distance

of the quartz vein on two sides of the fault; stratigraphy
movement is measured, including: dip direction and dip
angle of fault surface and movement distance of the stra-
tigraphy on two sides of the fault. We use the software
Faultkin 7 of Allmendinger R. W. to identify stress state,
including: Sigmal (c,), Sigma2 (c,), Sigma3 (s,), to be
base for determining deformation phases. The parameters
are used to determine deformation phases in the software
are strike/dip angle of the fault and the striation slope an-
gle (pitch angle). In this case, strike is dip direction plus
or minus 90°.

Thelocation of survey sites and their coordinates on
the Co To — Thanh Lan in this study are shown in the
Figure 2 and Table 1.

Gasgeochemistry analyses. A «CrystalLux4000M»
(Russia) gas chromatograph, equipped with a flame
ionization detector (FID) and two detectors with thermal
conductivity (TCD), was used for gas composition
analyses of hydrocarbon gases, nitrogen, oxygen and
carbon dioxide. Helium and hydrogen were analyzed
using gas chromatograph «Chromatek-Gasochrom
2000» («Chromatek», Russia) with hyper sensibility
detector (1-2 ppm on helium and hydrogen), and the
vacuum extraction unit. Duration of the hydrocarbon gas
analysisis 20 minutes, analysis of helium and hydrogenis
5 minutes. Helium and hydrogen extracted from the fresh
water on the idands Co To and adjacent was made by the
Head Space method. The sediments around the islands
were sampled from a gravity corer using 12 ml plastic
syringes, and then transferred into 68 ml airtight vials
filled with a saturated water solution of NaCl containing
NaN,. The sampling time interval was 10 cm. Then the
NaCl solution was added up to the top and vial was
closed with arubber stopper with aneedle used to remove
excess solution and air. Samples were fixed and stored
at temperature +4°C in a dark place for the subsequent
gas extraction in IMGG VAST and analyze in POl FEB
RAS. At determining background methane concentrations
we applied methods regulated by standard instructions
of background matter (gas) concentration determining

Table 1. Coordinate of geological and tectonic survey siteson Co To—Thanh Lan islands.

No | Survey sites Longitude Latitude | No | Survey sites | Longitude | Latitude

01 CT-01 107°4542.69"  20°57'59.10" 10 CT-09 107°46'40.29" 20°58'24.96"
02 CT-02 107°46'02.30"  20°58'04.29" 11 CT-10 107°46'43.68" 20°58'21.00"
03 CT-03 107°44'36.60"  21°00'06.40" 12 CT-11 107°46'46.92" 20°58'18.12"
04 CT-04 107°45'15.99"  20°57'35.79" 13 CT-12 107°45'53.64" 20°57'41.40"
05 CT-05 107°45'15.09"  20°57'31.79" 14 Coto-05 107°45'23.79" 21°00'45.69"
06 CT-06 107°45'16.09"  20°57'30.60" 15 TL-01 107°4821.99" 20°59'29.19"
07 CT-07 107°45'43.59"  20°57'27.50" 16 TL-02 107°48'29.00" 20°59'25.90"
08 CT-08 107°46'58.19"  20°59'26.99" 17 TL-03 107°49'10.09" 21°01'17.19"
09 CT-08-1 107°47'00.89"  20°59'26.70" 18 TL-04 107°4824.00" 21°00'10.90"
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Figure 2. Location map of geological and tectonic survey siteson Co To - Thanh Lan islands.

and available methodic statistical published sources
[20]. Advanced M S analyzes conducted in the Nagoya
University (Prof. U. Tsunogai, Japan).

RESULTSAND DISCUSSIONS

The analytical and statistical results of striation
on the fault surface, the movement of quartz veins and
marked stratigraphy, which obtained at each survey site as
in Figure 2 and Table 1, plotted on the lower hemisphere
projection from the program Faultkin 7, clarified that,
within Co To — Thanh Lan islands 04 mainly compressive
phases with the directions of E-W, NE-SW, NW-SE, N-S
and 02 extensive phases with the direction of NE-SW and

NW-SE existed. In particular, there are 6/18 survey sites
with the compressive direction of E-W; 07/18 survey sites
with the compressive direction of NE-SW; 09/18 survey
sites with the compressive direction of NW-SE; 10/18
survey sites with the compressive direction of N-S; and
08/18 survey sites with the extensive and compressive
direction NE-SW and NW-SE.

The evidences of the fault slip on the Co To—Thanh
Lan are images demonstrated in Figures 3 and 4. The
illustrated features clearly demonstrate very steep patterns
of the reverse and normal faults distributed in the study
area, commonly observing in the compressed tectonic
environment. The amplitude of the plotted faults is not
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Figure 3. (8) Right movement of reverse fault (350/800: Dip direction/Dip angle) in sedimentary rocks of Co To formation
(O,-S, ct) with distance of 10 cm at survey site CT-03; (b) Right movement of normal fault (050/60: Dip direction/Dip angle)
in sedimentary rock of Co To formation (O,-S, ct) with distance of 60 cm at survey site CT-06.

Figure4. Theevidence of right lateral strikeslip N-Sstriking

fault from movement system of quartz veins in sandstone of
Co To formation (O,-S, ct) at site CT-07.

too high, rather intensively developed on many sites of
the islands. These features are direct reflections from the
main faults (Fig. 1) stress pattern.

Noticeably, that the numerous fracture zones expose
the cracksfilled by quartz, calcite and other minerals clear
reflecting the position of the breaks of the sub-lateral
features by the vertical displacements (Fig. 4).

Most of above compressive features caused the
movement of the right and left lateral strike slip along two

sides of the particular fault zone. Their stress state at each
survey site is presented as in the Figure 5-9 and Table
2-6. Compressive stress state in E-W direction devel oped
on the southeastern part of the Co-To Island within the
Ordovician-Silurian complexes (Fig. 5).

Dip directions on the right latera strike slip faults
vary 135-321°, deep angles change in the 72-81°
respectively (Table 2). Even on these data, we can
suppose a certain correlation between deep direction and
deep angles on the observed faults. Opposite, left lateral
slips do not show these interrelations. So, this feature
could be a part of structura regularitiesin the differences
between theleft and right dlip faulting. In further, we will
trace these features on the other islands of the study area.

Compressive stress state in NE-SW direction is
observed on the SE part of the Co-To Island and on the
SW part of the Thanh Lan Island (also along the contact
zone of Ordovician-Silurian and Quarter thicknesses,
Fig. 6).

Co-existing E-W and NE-SW revealed in the
SE part of the Co-To Island prove the changing in the
compression axes. This could be caused by the tectonic
pattern such as rotation in the certain blocks under the
general RRFZ tectonic state. Deep angles of the NE-SW
compressive direction are differing in general (lower)
from the E-W pattern, and pitch angle of striations varies
from 2° to 7° (Table 3).

Further processing of the field data lets us clarify
next pattern: compressive tectonics stress state in NW-
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Figure 5. The map of maximum compressive stress state at each survey sitein E-W direction.

Table 2. Maximum compressive stress state at each survey sitein E-W direction from striation analysis.

No | Survey site | DD/DA of fault | Sigmal, (o1) |Sigma2, (o2) | Sigma3, (o) |

Fault descriptions

1 CT-02 321/81
2 CT-05 140/77
3 CT-07 135/72
4 CT-10 240/89
5 CT-11 220/89
6 CT-12 310/88

096/09
274/11
268/15
105/03

085/03
085/06

302/80
127/76
124/72
318/87

293/86
242/83

186/04
005/07
001/10
195/02

175/01
355/03

Right lateral strike dlip fault, pitch
angle of striation = 3°

Right lateral strike dlip fault, pitch
angle of striation = 3°

Right lateral strike dlip fault, pitch
angle of striation = 3°

Left lateral strike dlip fault

Left lateral strike dlip fault

Right lateral strike dip fault

DD/DA: Dip direction/Dip angle of fault.
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Figure 6. The map of maximum compressive stress state at each survey sitein NE-SW direction.

SE direction. This pattern also supports changing in the
general compressive axes reflected in the study areaon 9
sites (Fig. 7) - more widely reflected on the faults pattern
and striations.

This compressive mode NW-SE directed exposing
the widest range of the DD/DA values as well as pitch
angles of the striations (2-30°) on the left and right lateral
strike dlip faults. These values (Table 4) indicate some
kind of the next transition tectonic sub-phase. Counter-
clockwise rotation mode could be discussed, but need
more evidences from regiond and large scalefield surveys.

Compressive stress state in a sub N-S direction
is most widely observed and, probably, most brightly
manifested in the studied 2 Islands (Fig. 8). Dip direction
and deep angles do not have any correlation, but the pitch
angles of striations occupy a more narrow range of values
(2—7°) than in the previous NW-SE pattern (Table 5).

Right lateral strike slip fault mostly manifested in
this N-S pattern. Deep angles are characterized by the
strong differences (58-82°), similar as N-S pattern (60—
90°) and dip directions occupies vary in wide ranges in
both patterns (Table 4, Table 5).
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Table 3. Maximum compressive stress state at each survey sitein NE-SW direction from striation analysis.

No | Survey site | DD/DA | Sigmal, (1) | Sigma2, (c,) | Sigma3, (o3) Fault descriptions
1 CT-0L 090/80  224/08 076/80 aig0p Lot larerd) strikeslip fault, pitch angle of
2 CT-05 07074 20412  0BU7A 20609 gt latere trike lip fault, pitch angle of
3 CT-07 10064 23U19  096/64 sorine  yont laterdl sirikeiip fault, pitch angle of
4 CT09 190/65  058/19 196/65 sozne Lo jaerd strikelip fault, pitch angle of
5 CT-12 01075 23612 016/74 150 Leftiaterdl siike siip fault, pitch angle of
6 TLO1 195/65  064/23 212/64 30112 LEfaterd strikeslip fault, pitch angle of
7 TL-04 340085  205/07 023/83 115002 Leftiateral sirike siip fault, pitch angle of

Table 4. Maximum compressive stress state at each survey sitein NW-SE direction from striation analysis.

No |Survey site| DD/DA [Sigmal, (o) | Sigma2, (o) | Sigma3, (o) |

Fault characteristics

1 CT-02 001/60 130/23 355/60
2 CT-03 350/80 124/09 337/80
3 CT-05 340/74 114/32 276/56
4 CT-07 250/90 115/03 311/88
5 CT-09 250/65 119/23 270/64
6 CT-12 075/80 301/08 087/80
7 TL-01 350/78 124/10 339/77
8 TL-03 270/88 134/02 312/87
9 TL-04 195/90 320/03 139/88

227119 Right lateral strike dlip fault, pitch angle of
striation = 2°

216/06 Right lateral strike dlip fault, pitch angle of
striation = 3°

018/09 Right normal fault, pitch angle of striation =
30°

205/01 Left lateral strike dip fault

024/12 Left lateral strike dip fault, pitch angle of
striation = 8°

210/06 Left lateral strike dip fault, pitch angle of
striation = 2°

215/07 Right lateral strike dlip fault, pitch angle of
striation = 2°

044/01 Left lateral strike dlip fault

050/02 Right lateral strike slip fault

The last observed feature is a complicated
compressive and extensive stress states in NE-SW
(extension) and NW-SE (rare extension and mostly
compression) direction (Fig. 9). This probably indicates
the transition reverses of the compressive-extension geo-
tectonics modes and has to be confirmed by the pal eo-
historical examination.

Pitch angles of striations in this pattern show clearly
the largest value among the descriptions before and
plotted on figures 2-8). Right normal faults, left thrust
faults, left normal faults and thrust faults mapped in
this pattern reflected by the big pitch angles of striations
similar to each other (Table 6).

The statistical results in Figure 5-9 showed that,
most of the survey sites have more than one tectonic
activity phase. Based on the relation to pair of overlap

striations on the fault surface at survey sites: CT-02, CT-
03, CT-05 and TL-04 on the Table 7, the tectonic phases
are arranged in order of (1) E-W, (2) NE-SW, (3) NW-
SE and (4) N-S. Rotation and reverse movements are the
main focus of the further studies.

The order of the tectonic activity phases which
obtained from analyzing field data matches well with
the result of the some previous studies of the Red River
Fault System, but allowed us to reveal new large scale
indicators of the very specific and active faulting exposed
on the Co To and Thanh Lan Idlands. The first one is the
tectonic activity phase with E-W compression direction
which caused the |eft-lateral motion of Red River Fault
System during Oligocene — Middle Miocene; the second
one is the tectonic activity phase of NE-SW compressive
direction which caused the tectonic inversion of NW-
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Figure 7. The map of maximum compressive stress state at each survey sitein NW-SE direction.

SE trending fault in the north of Red River sedimentary
basin; the third one is the tectonic activity phase of NW-
SE compression direction which caused right-lateral
of Red River Fault System; the last one is the tectonic
activity phase of N-S compression direction which caused
the right-lateral motion of Red River Fault System in
Pliocene-Quaternary period to present time and reflected
also in the compressive and extension fracturing and
faulting accompanying by the pitch angle of striation.
Signs of the rotating pattern could be proposed in the Co
To — Thanh Lan Islands geo-block. Such rotation could
be discussed on counter clockwise direction as aresult of

the regional Red River Fault Zone history development.
During the tectonic history the inversions of this rotating
like movement could be reflected following RRFZ and
adjacent geo-blocks behavior. Age and duration of the
tectonic phases are still under discussion, but definitely
occupies history from Oligocene up to the recent time.

In addition, some research results within the
framework of cooperation between Vietnam and Russia
(IMGG VAST - POl FEB RAS, 2015) in the Gulf of
Tonkin area and Cat Ba, Co To, Ngoc Vung, Bach Long
Vi islands have confirmed the existence of tectonic
faults by analyzing the anomalies of methane, helium,
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Figure 8. The map of maximum compressive stress state at each survey site in N-S direction.

hydrocarbons and carbon dioxide in water samples, soil
samples and sediment samples along the fault zones
[1, 2]. The analytical results showed that the content of
the elements at the survey sites within the fault zone is
higher than in the surrounding areas are concentrated
mainly along N-S trending faults. In particular, on the
Cat Ba Island, the helium content in the water sample
was up to 14.5 ppm, hydrogen was up to 25 ppm and
carbon dioxide was in the range of 18-28 ml/I; on Co
To island, the helium content in water samples was up
to 16 ppm, methane was up to 10.000 nl/I (very similar
concentrations famous for the oil-gas accumulations).

The high permeable pathways for methane, helium and
carbon dioxide injection to hosted rocks are the tectonic
faults, caused anomalies. Strike slip faulting, especially
in the certain sites are complicated by the sub-vertical
displacements (structura junction) are the most favorable
pathways for migrating gases from the interior.

The most important isotopic results are given in the
Table 8. Three groups of gases are subdivided according
to isotope composition of methane carbon:

1) Presumable biogenic gases with values of -70.5
+-93.6 %o. These are typical for superficial hydrological
horizons, found in the Red River mouth, and aso in the
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Table 5. Maximum compressive stress state at each survey sitein N-Sdirection from the striation analysis.

No |Survey site| DD/DA |SigmaL, (o1) | Sigme2, () | Sigma3, (o) |

Fault descriptions

1 CT-01 058/80 192/09 040/79
2 CT-02 035/82 169/08 011/81
3 CT-03 313/73 180/15 329/72
4 CT-05 150/80 021/08 166/80
5 CT-06 050/60 180/24 039/59
6 CT-08 035/65 166/21 021/65
7 CT-08-1 045/58 173/26 032/57
8 CT-10 220/78 354/11 205/77
9 CT-12 045/80 179/09 028/79
10 TL-01 030/72 163/17 008/71

283/05 Right lateral strike dip fault, pitch angle of
strigtion = 2°

260/03 Right lateral strike dip fault, pitch angle of
striation = 2°

088/09 Left lateral strike slip fault, pitch angle of
striation = 5°

290/05 Left lateral strike slip fault, pitch angle of
striation = 2°

278/17 Right lateral strike dlip fault, pitch angle of
strigtion = 5°

261/13 Right lateral strike dip fault, pitch angle of
striation = 6°

273/17 Right lateral strike dlip fault, pitch angle of
strigtion = 7°

085/07 Right lateral strike dip fault, pitch angle of
striation = 3°

270/04 Right lateral strike dlip fault, pitch angle of
striation = 3°

255/08 Right lateral strike dlip fault, pitch angle of
strigtion = 5°

Table 6. Maximum compressive and extensive stress state at each survey site in NE-SW and NW-SE direction from the

striation analysis.

No |Survey site|DD/DA | Sigmat, (a1) | Sigme2, (o) | Sigma3, (o5) |

Fault descriptions

1 CT-02 320/78  129/57 232/08
2 CT-03 225/65  064/68 311/09
3 CT-04 030/47  028/02 118/03
4 CT-05 160/80  156/35 249/05
5 CT-07 005/25  170/22 326/67
6 CT-11  230/87  046/48 140/04
7 TL-01 330/42  148/03 298/86
8 TL-04 140/45  322/01 052/02

327/33  Right normal fault, pitch angle of striation = 82°
218/20  Left normal fault, pitch angle of striation = 80°
261/87  Thrust fault, pitch angle of striation = 87°
346/55  Left thrust fault

076/08  Left thrust fault, pitch angle of striation = 70°
234/42  Right normal fault, pitch angle of striation = 80°
058/02  Thrust fault, pitch angle of striation = 85°
247/88  Thrust fault, pitch angle of striation = 87°

river and lake water on the islands (e.x. Co To Idl.) of the
Tonkin Gulf.

2) Mixed thermogenic and microbial gases in
the sediments of the Tonkin Gulf have values -52.2 +
-58 %0. These values, accompanied by high content of the
hydrocarbon gases, pointed to mainly thermogenic origin
with non-significant addition of microbial gases.

3) Mixed thermogenic and metamorphogenic
gases in the hydrological wells on Cat Ba Island ranged
-25.5 + -40.2 %o. In this case, an obvious migratory gas
inflow is observed from the folded basement of lower
horizons which is defined by high methane anomalies
(up to 370000 ni/l). These indicate to the gas-condensate
hydrocarbon potential.

The isotope composition of the dissolved carbon
dioxide carbon both at a headspace method and at vacuum
degassing demonstrates the similar values characterizing

in general the carbon environment in the study area
(Table 8).

Thus, anomalies of the methane, carbon dioxide
and other gases, such as helium and hydrogen indicate
the availability of gas permeable pathways created by
the described faulting during long time history of area
geological development. Not only gas channels, but
dynamic-contact metamorphic processes can cause
observing methane and carbon dioxide anomalies. Thisis
amain background to continue complex tectonic and gas-
geochemical study in the Northern Vietnam.

CONCLUSIONS

The analyses of over sixty striations on the fault
surface and the movement of quartz veins, marked
stratigraphy at 18 different survey siteson Co To - Thanh
Lan islands indicated that tectonic activity in this area has
04 compressive phases of E-W, NE-SW, NW-SE and N-S
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Figure 9. The map of maximum compressive and extensive stress state at each survey sitein NE-SW and NW-SE direction.

direction and 02 extension phases of NE-SW and NW-SE
direction which caused the tectonic inversion of NW-SE
and NE-SW striking fault at survey sites of CT-04, CT-05,
CT-07, TL-01 and TL-04.

Based on the generation (before and after) among
overlap striations on the fault surface at survey sites of
CT-02, CT-03, CT-05 and TL-04, the tectonic phases
with mainly compressive direction are determined
following the order of: (1) E-W, (2) NE-SW, (3) NW-
SE and (4) N-S. These results are in good correlation to
some previous studies in the region, but additional new

tectonic feature were revealed for the first time based on
original detail field work.

Besides, the selection of the islands of the
Tonkin Gulf to analyze and determine the stress state
caused deformation phases is very important because
they are considered as an experimental work on very
clear structural manifestations and signs, including
gas anomalies, exposed in the island's geological
environment. The obtained results in this study propose
similar further studies in the Tonkin Gulf area and
adjacent area. The further study must be referred and
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Table 7. The pair of overlap striations on the same fault surface at survey siteson Co To - Thanh Lan | slands.
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No |Survey site| DD/DA Fault descriptions Stress state | Stress direction | Phase order
. . Sig-1 = 094/10 1
320/78 Right normal. fgult,_pltg:h angle of Sig-2 = 312/78 = <= Phase 1
striation =2 Sig-3 = 186/08 ! 1
1ocroe Sig 1 - 186/23
. g-1=
spoi7g  beftrorma fault prehandleof g5 = o20/67 1-‘-; Phase 4
Sig-3 = 278/05 1
. Sig-1=113/31
250/80 Left normal_ fgult, _pltc? angle of Sig-2 = 326/54 “t‘ Phase 1
striation = 35 .
Sig-3=213/16 Y
2 CTes Sig-1=226/28 L $¥ 2
as0igo  Ceftthus A, piehangleot g5 = 35120 7N Phase 2
Sig-3 = 101/46
. . Sig-1 = 112/35 t
o70/74  Rightnormal fault, pitchangleof g5 _ g0/54 S Phase 1
striation = 30 .
Sig-3 = 018/05 Y §
3 CT05 Sig-1 = 204/12 g
3a0/70 ROt ”Or”;tarji ;?g:’:pgfh angleol g - 061/74 " - Phase 2
Sig-3 = 296/10
. . Sig-1 = 115/04 '
340/85 R'i?:rt] ge{gjoﬂ'ﬁfj(‘g ‘;""“2“ Sig-2 = 319/84 S - Phase 3
y Lo pitchang Sig-3 = 205/02 Y 4
. Sig-1 = 195/37
3q0igs et nomTal falt prenandleof g 5 = 066140 ﬁ’, Phase 4
Sig-3 = 308/29 [)

Table 8. The carbon dioxide and methane carbon isotope composition of the Tonkin Gulf and is coastal areas and islands
(2013-2014, the M S analysisis made at Nagoya Univer sity, by the Prof. U. Tsunogai).

Ne Environment Place Lat Long CH, | 8®ccH, | Cco, | &®C

sar?‘nfple object (sampling methode) Name °N °E % %0V PDB % | %VPDB

2 fresh water (headspace) CoToldand 2048.751 107 21.377 0.05 -705 197 -23.3

5 fresh water (headspace) Red River mouth 20 16.817 106 32.233 5.0 -936 190 -24.2

K2 fresh water (vacuum Cat Baldand (the 20.7359  107.044 0.003 -255 69.3 -20.7
degassing) well)

K-6 fresh water (vacuum Cat Baldand (the 20.737 107.043 0.030 -40.2 925 -21.3
degassing) well)

17 sediment (headspace ) sediment 2059.796 1088.094 0.0006 -58.0 0.025 n.s.

45 sediment (headspace ) sediment 20 22.464 107 32.658 0.0004 -53.2 0.013 n.s.

71 sediment (headspace) sediment 2037.65 107 11.748 0.0008 -52.2 0.019 n.s.

79 sediment (headspace) sediment 2035514 107 3.408 0.0005 -54.3 0.015 n.s.

compared with other adjacent areas in combination with

geophysical and gas-geochemical data.

Gas-geochemistry data provide valuableinformation
in complex with geophysical surveys for ancient and
active tectonics in view of mapping, gas contents, oil

and gas perspective and environmental aspects. From the

other side, detail information on tectonic state helps to

predict anomalies of natural gases in certain areas, and,
finally, support oil-gas searching surveys. Abundance of
active faults could be one of the reasons of the seismic
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activity in the study area, but this needs further research
aswell.
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YouTxanv @u, P.b. lllaxkupoe, Jle /[vik Ans, /Iyk Tanz Ban, H.C. Ceipoy, A.U. Obscupos

Ocobennoctu (a3 kaiino3oiickux aedopmanuii Ha octpoBax Koro u Txaus Jlan
(mpoBunnusi Kyanr Hunb, TonkuHckHii 3a;11B, BbeTHam)

HccnenoBanue Gosiee 4eM MIECTHIECATH 3aMEPOB OOPO3TYAaTOCTH Ha CMECTHUTENAX Pa3JIOMOB, CMELICHHIX
KBapIEBbIX KW M CTparurpaduuecKux HecoracHii nposeieHbl Ha 18 paszinuyHbix yuactkax octpoBoB Koro -
Txans Jlan (3amuB TOHKHH, CeBepHbIH BheTHaMm). Pe3yabraTsl HCCIeMOBaHMS, BKIFOYAIONIIE KOMITBIOTCPHBIN
TEOCTPYKTYPHBIA aHANN3, IOKa3ajH, YTO TEKTOHHYECKas aKTHBHOCThH pailoHa MCCIEJOBaHUM MMEET 4YeThIpe
riaBHbie (hasel oxatust B-3, CB-FHO3, C3-10B, C-10 nanpasnenuii u nse ¢assl pactsoxenns CB-FH03 u C3-10B
HanpasyieHuiH. OCHOBBIBasCh Ha XapaKTepUCTHKax 00po3a Ha yuactkax CT-02, CT-03, CT-05 u TL-04 6butu
oIpejieieHbl TEKTOHMYECKHE (as3bl ¢ mpeobiamaronMu Hanpasienusmu cxarust: (1) B-3, (2) CB-103, (3)
C3-10B, (4) C-10. INony4yeHHbIE PE3YIBTATHI XOPOIIO COMIACYIOTCS ¢ PaHee MPOBEAEHHBIMH PErHOHATBHBIMH
HCCIIEIOBAaHISIMHU, OJHAKO ITO3BOJIMIIM BBISIBUTH HOBBIE T€OCTPYKTYypHBIC 0COOEHHOCTH. B palione nccienoBaHus
ObUTH 0OHAPY’KEHBI TPOCTPAHCTBEHHBIE CBSI3M MKy TEKTOHUYECKUMHU HApYIIEHUSIMH M aHOMAJIMSIMHA METaHa
M €ro ra3000pa3HbIX TOMOJIOTOB, TeJIHS U YIJIEKHUCIIOTO ra3a. IlonydeHHbIe pe3yasTaTsl HO3BOIMIN OXapaKTepu-
30BaTh B3aUMOCBA3b KPYMTHOMACIITaOHBIX H PErHOHAIBHBIX T€OCTPYKTYPHBIX 0COOEHHOCTEH pa3IOMHOM 30HBI
pudra Kpacnoii pexu. [Ipemnaraercs k 00CyxIeHHIO BOZMOKXHOCTh BpalllaTeIbHBIX IBHKEHUH re00I0KOB, 3a-
XBaTBIBAIOIINX OCTPOBa B 3auBe TonkuH (ceBepHbIit BreTHaM). [a30reoXxuMHUeCKie aHOMAIHH MTOATBEPKIAIOT
MPOHHUIIAEMOCTh M aKTUBHOCTh HEKOTOPHIX PAa3JIOMHBIX 30H B pailOHE HCCIIEOBAaHMMH.

Kntoueesvie cnosa. daspl kaitHo30iickux gedpopmanuii, cxxarue, pa3pl pacTsKeHUs1, TEKTOHMKA, Ia30reo-
xumusi, ToHkuHCKMI 3a;uB, BbeTHaM.





