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INTRODUCTION

The Co To – Thanh Lan islands are located in the 
north of the Tonkin Gulf, in the eastern area of Quang 
Ninh province, Vietnam. The main composition of the 
sedimentary rocks on these two islands includes: sand-
stone, siltstone and claystone, which generated in the 
deep sea environment [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 (O3-S1ct and O3-S2ct) based on Graptolite 
fossil by [23]. Then they are continuously con rmed 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 System is proposed as a left-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 zone in the NE of Red Riv-
er Fault System (Fig. 1) also determined left-lateral mo-

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) have indicated that the tectonic activity of this area has 04 mainly compressive phases of E-W, NE-SW, 
NW-SE, N-S direction 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 surfaces at 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 identi ed 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 con rms the existence of the faulting. Obtained results allow discussing large scale structural features 
de ned 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  eld results. Gasgeochemical anomalies prove permeability and activity 
of some faults in the study area.
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Figure 1. Trajectories of the maximum compressive stress within the Indochina Peninsula from Pliocene to the present time 
(b) [8] modi ed from Huchon (1994). 
The legend on the map in Figure 1 is described as following: (1) trajectories of the maximum compressive stress is directly related to the 
Indo-Eurasian plate collision (a) and its far- eld 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 Ma to 5.5 Ma, corresponding 
to the Oligocene-Miocene period, from analytical results 
of the seismic data [18]. The another analytical result of 
seismic pro les in the north area of the Red River sed-
imentary basin also identi ed one phase of left-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 also determined three max-
imum compression phases: E-W, NE-SW and NW-SE 
during the Cenozoic period [16]. These analytical results 
have important signi cance for the tectonic activity phase 
determination on the Co To – Thanh Lan of this study. 
Noticeably, we found methane anomalies up to 538 nmo-
l/l, corresponding to hydrogen peaks (154–236 ppm) 

and high concentrations of helium (13–24 ppm) on Bach 
Long Vi island [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 eld observation determined 
right-lateral offsets of stream channels range between 
150 and 700 m [15]. This is the results of the stress eld 
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 satellite images [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-slip 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-slip motion of the Red River Fault System in the 
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episode of Pliocene-Quaternary also con rmed 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 deection 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 aligned from NNW-SSE to N-S. 

Similarly, another study indicated that predominant-
ly sinistral strike slip of Red River Fault System formed 
as a result of ENE regional compression (80°) during the 
Oligocene-Miocene period and dextral strike slip 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 original  eld work and com-
puter interpretation - purpose of the paper. 

DATA AND METHODS

The collection data is 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 (O3-S1 ct and 
O3-S2 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:  Sigma1 (σ1), Sigma2 (σ2), Sigma3 (σ3), 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°.

The location 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 
analysis is 20 minutes, analysis of helium and hydrogen is 
5 minutes. Helium and hydrogen extracted from the fresh 
water on the islands 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 
 lled with a saturated water solution of NaCl containing 
NaN3. The sampling time interval was 10 cm. Then the 
NaCl solution was added up to the top and vial was 
closed with a rubber stopper with a needle used to remove 
excess solution and air. Samples were  xed and stored 
at temperature +4°С in a dark place for the subsequent 
gas extraction in IMGG VAST and analyze in POI 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 sites on Co To – Thanh Lan islands.

No Survey sites Longitude Latitude No Survey sites Longitude Latitude 
01 CT-01 107°45'42.69" 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°48'21.99" 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°48'24.00" 21°00'10.90" 
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and available methodic statistical published sources 
[20]. Advanced MS analyzes conducted in the Nagoya 
University (Prof. U. Tsunogai, Japan).

RESULTS AND 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, clari ed 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 

Figure 2. Location map of geological and tectonic survey sites on Co To - Thanh Lan islands.

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. (a) Right movement of reverse fault (350/80o: Dip direction/Dip angle) in sedimentary rocks of Co To formation 
(O3-S2 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 (O3-S2 ct) with distance of 60 cm at survey site CT-06.

Figure 4. The evidence of right lateral strike slip N-S striking 
fault from movement system of quartz veins in sandstone of 
Co To formation (O3-S2 ct) at site CT-07.

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

Noticeably, that the numerous fracture zones expose 
the cracks  lled 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 developed 
on the southeastern part of the Co-To Island within the 
Ordovician-Silurian complexes (Fig. 5).

Dip directions on the right lateral 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 structural regularities in the differences 
between the left and right slip 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  eld 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 site in E-W direction.

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

No Survey site DD/DA of fault Sigma1, (σ1) Sigma2, (σ2) Sigma3, (σ3) Fault descriptions 
1 CT-02 321/81 096/09 302/80 186/04 Right lateral strike slip fault, pitch 

angle of striation = 3° 

2 CT-05 140/77 274/11 127/76 005/07 Right lateral strike slip fault, pitch 
angle of striation = 3° 

3 CT-07 135/72 268/15 124/72 001/10 Right lateral strike slip fault, pitch 
angle of striation = 3° 

4 CT-10 240/89 105/03 318/87 195/02 Left lateral strike slip fault 
5 CT-11 220/89 085/03 293/86 175/01 Left lateral strike slip fault 
6 CT-12 310/88 085/06 242/83 355/03 Right lateral strike slip 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 site in NE-SW direction.

SE direction. This pattern also supports changing in the 
general compressive axes re ected in the study area on 9 
sites (Fig. 7) - more widely re ected 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 slip 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 regional and large scale  eld 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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No Survey site DD/DA Sigma1, (σ1) Sigma2, (σ2) Sigma3, (σ3) Fault descriptions 

1 CT-01 090/80 224/08 076/80 314/06 Right lateral strike slip fault, pitch angle of 
striation = 2° 

2 CT-05 070/74 204/12 061/74 296/09 Right lateral strike slip fault, pitch angle of 
striation = 2° 

3 CT-07 100/64 231/19 096/64 327/16 Right lateral strike slip fault, pitch angle of 
striation = 2° 

4 CT-09 190/65 058/19 196/65 323/16 Left lateral strike slip fault, pitch angle of 
striation = 2° 

5 CT-12 010/75 236/12 016/74 145/10 Left lateral strike slip fault, pitch angle of 
striation = 3° 

6 TL-01 195/65 064/23 212/64 329/12 Left lateral strike slip fault, pitch angle of 
striation = 5° 

7 TL-04 340/85 205/07 023/83 115/02 Left lateral strike slip fault, pitch angle of 
striation = 7° 

Table 3. Maximum compressive stress state at each survey site in NE-SW direction from striation analysis.

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

No Survey site DD/DA Sigma1, (σ1) Sigma2, (σ2) Sigma3, (σ3) Fault characteristics 
1 CT-02 001/60 130/23 355/60 227/19 Right lateral strike slip fault, pitch angle of 

striation = 2° 
2 CT-03 350/80 124/09 337/80 216/06 Right lateral strike slip fault, pitch angle of 

striation = 3° 
3 CT-05 340/74 114/32 276/56 018/09 Right normal fault, pitch angle of striation = 

30° 
4 CT-07 250/90 115/03 311/88 205/01 Left lateral strike slip fault 
5 CT-09 250/65 119/23 270/64 024/12 Left lateral strike slip fault, pitch angle of 

striation = 8° 
6 CT-12 075/80 301/08 087/80 210/06 Left lateral strike slip fault, pitch angle of 

striation = 2° 
7 TL-01 350/78 124/10 339/77 215/07 Right lateral strike slip fault, pitch angle of 

striation = 2° 
8 TL-03 270/88 134/02 312/87 044/01 Left lateral strike slip fault 
9 TL-04 195/90 320/03 139/88 050/02 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 con rmed by the paleo-
historical examination.

Pitch angles of striations in this pattern show clearly 
the largest value among the descriptions before and 
plotted on  gures 2–8). Right normal faults, left thrust 
faults, left normal faults and thrust faults mapped in 
this pattern re ected 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 speci c and active faulting exposed 
on the Co To and Thanh Lan Islands. The  rst one is the 
tectonic activity phase with E-W compression direction 
which caused the left-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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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 re ected 
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 a result of 

the regional Red River Fault Zone history development. 
During the tectonic history the inversions of this rotating 
like movement could be re ected following RRFZ and 
adjacent geo-blocks behavior. Age and duration of the 
tectonic phases are still under discussion, but de nitely 
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 - POI 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, 

Figure 7. The map of maximum compressive stress state at each survey site in NW-SE direction.
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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/l; on Co 
To island, the helium content in water samples was up 
to 16 ppm, methane was up to 10.000 nl/l (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 (structural 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 ‰. These are typical for super cial hydrological 
horizons, found in the Red River mouth, and also in the 
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No Survey site DD/DA Sigma1, (σ1) Sigma2, (σ2) Sigma3, (σ3) Fault descriptions 
1 CT-01 058/80 192/09 040/79 283/05 Right lateral strike slip fault, pitch angle of 

striation = 2° 
2 CT-02 035/82 169/08 011/81 260/03 Right lateral strike slip fault, pitch angle of 

striation = 2° 
3 CT-03 313/73 180/15 329/72 088/09 Left lateral strike slip fault, pitch angle of 

striation = 5° 
4 CT-05 150/80 021/08 166/80 290/05 Left lateral strike slip fault, pitch angle of 

striation = 2° 
5 CT-06 050/60 180/24 039/59 278/17 Right lateral strike slip fault, pitch angle of 

striation = 5° 
6 CT-08 035/65 166/21 021/65 261/13 Right lateral strike slip fault, pitch angle of 

striation = 6° 
7 CT-08-1 045/58 173/26 032/57 273/17 Right lateral strike slip fault, pitch angle of 

striation = 7° 
8 CT-10 220/78 354/11 205/77 085/07 Right lateral strike slip fault, pitch angle of 

striation = 3° 
9 CT-12 045/80 179/09 028/79 270/04 Right lateral strike slip fault, pitch angle of 

striation = 3° 
10 TL-01 030/72 163/17 008/71 255/08 Right lateral strike slip fault, pitch angle of 

striation = 5° 

Table 5. Maximum compressive stress state at each survey site in N-S direction from the striation analysis.

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

2) Mixed thermogenic and microbial gases in 
the sediments of the Tonkin Gulf have values -52.2 ÷ 
-58 ‰. These values, accompanied by high content of the 
hydrocarbon gases, pointed to mainly thermogenic origin 
with non-signi cant addition of microbial gases. 

3) Mixed thermogenic and metamorphogenic 
gases in the hydrological wells on Cat Ba Island ranged 
-25.5 ÷ -40.2 ‰. In this case, an obvious migratory gas 
in ow is observed from the folded basement of lower 
horizons which is de ned by high methane anomalies 
(up to 370000 nl/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. This is 
a main 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 sites on 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 

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 Sigma1, (σ1) Sigma2,  (σ2) Sigma3, (σ3) Fault descriptions 
1 CT-02 320/78 129/57 232/08 327/33 Right normal fault, pitch angle of striation = 82° 
2 CT-03 225/65 064/68 311/09 218/20 Left normal fault, pitch angle of striation = 80° 
3 CT-04 030/47 028/02 118/03 261/87 Thrust fault, pitch angle of striation = 87° 
4 CT-05 160/80 156/35 249/05 346/55 Left thrust fault 
5 CT-07 005/25 170/22 326/67 076/08 Left thrust fault, pitch angle of striation = 70° 
6 CT-11 230/87 046/48 140/04 234/42 Right normal fault, pitch angle of striation = 80° 
7 TL-01 330/42 148/03 298/86 058/02 Thrust fault, pitch angle of striation = 85° 
8 TL-04 140/45 322/01 052/02 247/88 Thrust fault, pitch angle of striation = 87° 
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Figure 9. The map of maximum compressive and extensive stress state at each survey site in 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  rst time based on 
original detail  eld 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 sites on Co To - Thanh Lan Islands.

Table 8. The carbon dioxide and methane carbon isotope composition of the Tonkin Gulf and is coastal areas and islands 
(2013-2014, the MS analysis is made at Nagoya University, by the Prof. U. Tsunogai).

№ Environment Place Lat Long СН4 δ13C СН4 СО2 δ13C 
of 

sample object (sampling methode) Name °N °E % ‰VPDB % ‰VPDB 

2 fresh water (headspace) Co To Island  20 48.751 107 21.377 0.05 -70.5 1.97  -23.3 
5 fresh water (headspace) Red River mouth 20 16.817 106 32.233 5.0 -93.6 1.90  -24.2 

K-2 fresh water (vacuum 
degassing) 

Cat Ba Island (the 
well) 

20.7359  107.044 0.003 -25.5 69.3  -20.7 

K-6 fresh water (vacuum 
degassing) 

Cat Ba Island (the 
well) 

20.737  107.043 0.030 -40.2 92.5  -21.3 

17 sediment (headspace ) sediment 20 59.796 108 8.094 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 20 37.65 107 11.748 0.0008 -52.2 0.019  n.s. 
79 sediment (headspace) sediment 20 35.514 107 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 valuable information 
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, 
 nally, support oil-gas searching surveys. Abundance of 
active faults could be one of the reasons of the seismic 

No Survey site DD/DA Fault descriptions Stress state Stress direction Phase order 

1 CT-02 

320/78 Right normal fault, pitch angle of 
striation = 2° 

Sig-1 = 094/10 
Sig-2 = 312/78 
Sig-3 = 186/08  

Phase 1 

320/78 Left normal fault, pitch angle of 
striation = 20° 

Sig-1 = 186/23 
Sig-2 = 020/67 
Sig-3 = 278/05  

Phase 4 

2 CT-03 

250/80 Left normal fault, pitch angle of 
striation = 35° 

Sig-1 = 113/31 
Sig-2 = 326/54 
Sig-3 = 213/16  

Phase 1 

250/80 Left thrust fault , pitch angle of 
striation = 60° 

Sig-1 = 226/28 
Sig-2 = 335/29 
Sig-3 = 101/46  

Phase 2 

3 CT-05 

070/74 Right normal fault, pitch angle of 
striation = 30° 

Sig-1 = 112/35 
Sig-2 = 280/54 
Sig-3 = 018/05  

Phase 1 

340/70 Right normal fault, pitch angle of 
striation = 2° 

Sig-1 = 204/12 
Sig-2 = 061/74 
Sig-3 = 296/10  

Phase 2 

4 TL-04 

340/85 Right lateral strike slip fault, 
pitch angle of striation = 2° 

Sig-1 = 115/04 
Sig-2 = 319/84 
Sig-3 = 205/02  

Phase 3 

340/85 Left normal fault, pitch angle of 
striation = 50° 

Sig-1 = 195/37 
Sig-2 = 066/40 
Sig-3 = 308/29  

Phase 4 
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activity in the study area, but this needs further research 
as well. 
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ЧонТхань Фи, Р.Б. Шакиров, Ле Дык Ань, Дук Танг Ван, Н.С. Сырбу, А.И. Обжиров

Особенности фаз кайнозойских деформаций на островах Кото и Тхань Лан                    
(провинция Куанг Нинь, Тонкинский залив, Вьетнам)

Исследование более чем шестидесяти замеров бороздчатости на сместителях разломов, смещениях 
кварцевых жил и стратиграфических несогласий проведены на 18 различных участках островов Кото - 
Тхань Лан (залив Тонкин, северный Вьетнам). Результаты исследования, включающие компьютерный 
геоструктурный анализ, показали, что тектоническая активность района исследований имеет четыре 
главные фазы сжатия В-З, СВ-ЮЗ, СЗ-ЮВ, С-Ю направлений и две фазы растяжения СВ-ЮЗ и СЗ-ЮВ 
направлений. Основываясь на характеристиках борозд на участках СТ-02, СТ-03, СТ-05 и TL-04 были 
определены тектонические фазы с преобладающими направлениями сжатия: (1) В-З, (2) СВ-ЮЗ, (3) 
СЗ-ЮВ, (4) С-Ю. Полученные результаты хорошо согласуются с ранее проведенными региональными 
исследованиями, однако позволили выявить новые геоструктурные особенности. В районе исследования 
были обнаружены пространственные связи между тектоническими нарушениями и аномалиями метана 
и его газообразных гомологов, гелия и углекислого газа. Полученные результаты позволили охарактери-
зовать взаимосвязь крупномасштабных и региональных геоструктурных особенностей разломной зоны 
рифта Красной реки. Предлагается к обсуждению возможность вращательных движений геоблоков, за-
хватывающих острова в заливе Тонкин (северный Вьетнам). Газогеохимические аномалии подтверждают 
проницаемость и активность некоторых разломных зон в районе исследований.

Ключевые слова: фазы кайнозойских деформаций, сжатие, фазы растяжения, тектоника, газогео-
химия, Тонкинский залив, Вьетнам.




