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Abstract. The Cao Bang — Tien Yen (CB-TY) fault zone, Tien Yen — Lang Son (TY-LS) section is about
100 km long, running in the NW-SE direction, the northeastern part of the Red River fault zone. The field
survey is conducted at 21 locations, including the description of lithological characteristics, fracture
orientation measurement, stratigraphic displacement, and the evidence of striation motion on the fault
surface. The analytical results of 59 striations on the fault surface along the CB-TY fault zone, TY-LS
section identified that the lateral strike-slip stress states with the four compression phases E-W, NE-SW,
NW-SE and N-S. From evidences obtained in the field, together with the comparison of previous stud-
ies, the main tectonic phases are arranged in the order of directions: 1) NW-SE; 2) E-W; 3) NE-SW
and 4) N-S. In particular, the first compression phase of the NW-SE direction severely destroyed the old
rocks of the Jurassic age and earlier, encountered at many survey locations along the CB-TY fault zone,
TY-LS section; the second compression phase of the E-W direction occurred during the Cenozoic period,
caused the left displacement of the Red River fault zone in the Oligocene-Miocene period and the left mo-
tion along the CB-TY fault zone formed the Neogen sedimentary basins: Cao Bang, That Khe, Lang Son,
Na Duong; the third compression phase of NE-SW direction occurred during the Mid-late Miocene,
caused a tectonic inversion of the NW-SE faults in the northern part of the Red River basin, which are lo-
cated in the southeast area of the CB-TY fault zone; the final compression phase of the N-S direction,
occurred during the Pliocene-Quaternary period, caused the right motion along the CB-TY fault zone
and the Red River fault zone.
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Pedepar (pacmmpennsiit). Paznom Lixao-banr — Tu-Uen, paszpe3 Tu-Uen — Jlanr-Con umeer mHy
okosto 100 kM, OH IPOCTUPAETCS B CEBEPO-3allaJHOM — FOTO-BOCTOYHOM HAIIPABICHUHM B CEBEPO-BOC-
TOYHOM yacTH pa3noMHo 30HbI KpacHoil Pexu. [loneBrle nccnenoBanus mpoBoaAMiINCh Ha 21-M ydacTke.
OHu BKJIIOYANIN ONHUCAHME JINTOJIOTMUECKUX XapaKTEepHUCTHK, U3MEPEHNE OPHEHTALMU TPEIUH, CTPaTH-
rpauueckoe CMEIeHNE U OLIEHKY MPU3HAKOB IBHKEHUS Ha IIOBEPXHOCTH pa3yioMa. Pe3ynsrarel aHamm3a
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59 monoc CKOMRKEHHSI Ha TIOBEPXHOCTH pasjioMa BAOIh 30HKI 1[xao-banr — Tu-Hen, pa3pesa Tu-Hen —
Jlaar-CoH moka3any, 4To O0KOBOE YIapHO-CKOIb3AIIee HANPSHKEHHE HAXOAUTCA B COCTOSTHAN CHKATHS T10
yetbipeM (pazam B Hanpasienusx B-3, CB-103, C3-I0OB, C-10. I1o nomy4eHHBIM JaHHBIM B CPaBHCHHH
C TpEeNbIIYIIMMH UCCICIOBAHUSIMU OBUIM BBIJEIICHBI OCHOBHBIC HATPABIICHUS TEKTOHHUYECKUX JBIKE-
uii: 1) C3-10B; 2) B-3; 3) CB-l03 u 4) C-10. B wactHOCTH, IepBast (aza cxxatus C3-IOB npoctupanms
3HAYUTENHHO HApYIIWIa APEBHHE MOPOABI AIIOXH OPCKOTO TMepruona U 0ojee paHHUX. Takue y4acTKH
BCTPEYAIOTCSI BO MHOTHX MecTax 00cieoBanus BAOIb 30HbI paznoma Lixao-banr — Tu-Uen, paspesa Tu-
Uen — Jlanr-Con. Bropas daza cxarus B-3 npoctupanus npousonia B KalHO30MCKHI Tepro/], BbI3Baja
JIEBOE CMeIIeHue pa3noMHO# 300k KpacHoil Pexn B onurorneH-MnomeHoBOM reprozie 1 o0pa3osaia oca-
nounsle HeoreHoBble L{xao banr, Tar Kxe, Jlanr Con, Ha Jlyonr Brone 30HbI pasnoma L{xao-banr — Tu-
Uen. Tpetrs daza cxxarus CB-FO3 npoctupanus npousolnia BO BpeMsi CpeJHETO—II03IHET0 MHOIICHA,
BbI3BaJla TEKTOHUYECKYIO HHBepcuio pasnoMos C3-KOB Hampaienus B ceBepHoit yacTu Oacceitna Kpac-
HOM Pexu, KOTOpBIE pacooKeHbI B I0r0-BOCTOYHOH 30HE pa3inoma L{xao-banr — Tu-Men. 3akmrountens-
Has (daza cxarus C-1O npocTupanus, TpOUCXOMUBIIAS B TUTHOICH-YETBEPTHYHBIN MTEPHOII, 00YCIOBUIA
IIpaBo€ ABMKEHHUE BJOJb 30HKI pa3noma L{xao-banr — Tu-Hen u pasznomuoii 30861 KpacHoii Pexn.

B paiione uccrnenoBanuii Ha yyacTke pasznoma l[xao-baur — Tu-HMen u pasmomnaoi 30ub1 KpacHoii
Pexu 3a nepuog 2017-2019 rr. 66110 onpoOoBaHO 28 TepMaILHBIX UCTOYHHKOB, B3TO Oonee 50 mpob
BOJIBI [T Ta30T€0XUMUYIECKOTO U M30TOIMHOTO aHanm3a. [IpoOsl aHamm3npoBaiy Ha coepikaHue yIieBo-
nopoausix rasos (YBI'), N,, O,, CO,, He u H,, npoBoauau pacyeT MoToKa METaHa B arMoC(epy ¢ moBepx-
HOCTH UCTOYHHUKOB. Hanbosee BaXKHBIM Pe3yJabTaTOM HCCIIEIOBAHUI CTAlI0 YCTAaHOBJIEHHE B3aMMOCBSI3H
peXuMa TepMaIbHbIX UCTOYHHUKOB, TEPMOT€HHON ra30BOM KOMIIOHEHTHI C T€0JOTHMYECKOW CTPYKTYpOil
Cesepnoro BeeTHama.

OcCHOBBIBasiCh Ha TEKTOHWYECKUX JAaHHBIX U pe3yibTaTax aHaJN30B XMMHUYECKOTO COCTaBa MPHUPOA-
HBIX ra30B, MO’KHO YTBEPKJaTbh, UTO BBIXO/bI TEPMAJIbHBIX BOJ B paiioHe ceBepo-3amagHoro BreTHama
MIPHYPOYEHBI K aKTUBHBIM 30HaM pa3jioMoB. CMeIIeHus BIOIb OCHOBHBIX Pa3JIOMHBIX 30H CIIOCOOCTBY-
IOT YBEIMUYEHHIO MPOHUIIAEMOCTH, OOJIErJaloT MPOABIDKEHHE Tella U TEPMOTEHHBIX T'a30B K MOBEPX-
HOoCcTH. BO Bcex MccnenoBaHHBIX TEpMalbHBIX HCTOYHUKAX, PACIOJIOKEHHBIX B 30HE BIUSHHSA pudTa
KpacHoti Pexu u pasnoma I{xao-banr — Tu-MeH, oOHapy>keHbI TOBBIIIICHHBIC KOHIICHTPAIMH BOJOPOA
(5900 =n/m), remus (no 4252 wi/n), yraekucioro rasa (1m0 72 %), merana (no 137 776 un/m), aro cBume-
TENBCTBYET O TEOMHAMUYECKOI aKTUBHOCTH B paiioHe NCCIIeJOBaHUH U O BOBMOXKHOM TIOCTaBKe TITyOWH-
HOTO (IIIONIA IO CBEPXIIIyOOKHM IMPOHUIIAEMBIM 30HAM.

BrIxons! TepMallbHBIX BOJ Ha Ce€Bepo-3amajie MpUuypodeHsl kK cuctemaM pasnomoB C3-HOB mpoctu-
panus: Conr Jla, Txyan Yay, Conr Xonr u Conr Yay. McrouHnky, pacronokeHHble B TpoBUHIMHA J]ao
Kaii, Haxonsarcs B rpanuTHOM MaccuBe dancunad. Mccnenyemble nctouHuky B pailone CeBepHoii Beet-
Hamckoil Hu3MenHoctu (ba Bu u Kum Boit) Obii oOHapy»eHsI Ipy pa3BeJo4HOM OypeHud. B npoBuH-
nuu Xoa bunx (nensra KpacHoti Peku), Haxonsiieics B OTIAJICHHBIX MPUTOpoax XaHos K I0r0-BOCTOKY
OT €Tr0 IEHTpa, 3aUKCHUPOBAHBI KOHIICHTPAIMH YIJIIEKHUCIOro ra3za B Boae 10 42 %. Taxxke paccunran
IIOTOK METaHa C TIOBEPXHOCTH UCTOUYHUKA B aTMOCdepy — 593 MKMOITB/CYTKH.

B cocenneit mpoeuniuun @y To Takxke 3aUKCHPOBAaHBI BRICOKHE KOHIIGHTPAIUU YIJIEKHCIIOTO Ta3a
B Bozie — 110 50 %. KoHuieHTpauu meTana nosbimeHsl u gocturatoT 2150 /. [Totok meTaHa B aTMo-
chepy cocrarisier 100400 mxmois/cyTku. Temmeparypa Bozbl OTHOTO U3 UCTOYHUKA Toxoamia 10 43 °C.

[IpoGrema ra30re0XMMHUYECKOTO PEXMMa TEPMAaIbHBIX, KAPCTOBBIX W MOA3EMHBIX BOX CeBEepHOTO
BreTHama TeCHO cBs3aHA ¢ KOMILIEKCHOW OIICHKOM YIJICBOAOPOMHOTO IMOTEHIIMATA W T€03KOIOTHIECKOM
o0ctaHoBKH paiiona pudra KpacHoit Pexu. B paiione uccnenoBanuii pacipocTpaHeHbl TepMajibHbIE UC-
TOYHMKH, Ta30BBII COCTaB KOTOPBHIX M3BECTEH B CAMBIX OOLIMX dYepTax. Mexay TeM Makpo- U MHKpO-
ra3oBble KOMIIOHEHTHI (YTIIEBOAOPOAHBIE Ta3bl, KUCIOPOI, a30T, BOJOPO, TeNINH, YITIEKUCIBINA ra3 u Ap.)
cofiepkar HH(POPMAIUIO O TeHE3NCEe MPOHUIIAEMBIX CUCTEM 3€MHOU KOPBI, TITyOMHHBIX MUCTOYHUKAX Ta-
30B, UX BJIMSHUHM HA TEOXUMHIO OKPY>KAIOIIMX JaHAIA(QTOB U APYTUX OCOOEHHOCTSX CBSI3H CKBO3HBIX
nporeccoB autochepa—ruapochepa—armochepa.

KuroueBbie ciioBa: pazinom I[xao baur — Tu Uen, paznomuas 3oua KpacHoii Pexu, 6acceiin I{xao banr,
Oacceitn Ha [lyomnr, pa3pe3 Tu Men — Jlaar CoH, TepManbHBIC HCTOYHUKH.

Jlns yumupoesanus: Yon Txans ®u, lllakupos P.b., Ceipoy H.C. Xapakrepuctuku ¢a3 TEeKTOHHYECKOH aKTUBHOCTH
BJ0Nb 30HBI paznoMa I{xao baur — Tu Uen, paspe3 Tu HUen — Jlanr CoH, ceBepo-BOoCTOYHAs yacTh, BreTHam.
Teocucmemor nepexoonwvix 30n. 2019. T. 3, Ne 4. C. 345-363. (Ha anrn. s13., pedepar Ha pycckom)
https://doi.org/10.30730/2541-8912.2019.3.4.345-363.
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Characteristics of tectonic activity phases along The Cao Bang — Tien Yen fault zone

Introduction

The CB-TY fault zone, TY-LS section is lo-
cated in Quangninh and Langson province, Viet-
nam. The fault zone run in the SW-NE direction,
parallel to a Red River fault zone, which located
in the southern part, but it is smaller. On the sat-
ellite image, the fault zone is above 100 km
long. The fault zone cut through the sedimen-
tary rocks which determined as the age from
Triassic to Cenozoic. Along the fault zone has
a lot of fractures and the evidences of striation
motion on fault surface. The studies of geology
and geodynamics along the fault zone have been
carried out from many decades of the last cen-
tury [Vu Van Chinh, 2002; Le Trieu Viet, 2004].

Vu Van Chinh [Vu Van Chinh, 2002] suggest-
ed that the CB-TY fault zone formed in the late
Paleozoic period and re-acted in the Mesozoic
and Cenozoic. The analytical results of structural
geology using the methods of analyzing the con-
jugate fracture system along the fault zone iden-
tified two main tectonic phases, corresponding to
one early and one late phase. The early tectonic
phase occurred in the late Paleogene — Miocene
period, the compressive stress state with the E-W
axis and the extension stress state with the N-S
axis. The late tectonic phase occurred in the Plio-
cene — Quaternary period, the compressive stress
state with the N-S axis and the extension stress
state with the E-W axis. The other studies along
the CB-TY fault zone is mainly considered as
paleontology at the Cao Bang basin, Na Duong
basin [Wysocka, 2009; Phan Dong Pha et al.,
2011; Bohme et al., 2011; Bohme et al., 2013].

While, the studies of tectonic activity
along the Red River fault zone, parallel to the
CB-TY fault zone, which located in the south-
ern part are considered much more by Vietnam
and foreign geologists, typically, it is the study
of P. Tapponnier et al. [Tapponnier et al.,
1986]. He suggested that the left lateral strike-
slip of the Red River fault system as the result
of the India-Eurasia plate collision and deter-
mined within 30 Ma to 5.5 Ma, corresponding
to the Oligocene-Miocene period, from analyti-
cal results of the seismic data in the northern
part of the Red River basin [Rangin et al., 1995].
The left lateral strike-slip of the Red River fault
system in the Oligocene-Miocene period also
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mentioned by P. Leloup et al. [Leloup et al.,
1995]. The offset left-lateral motion is estimated
as between 200 and 800 km [Tapponnier et al.,
1990; Sun et al., 2003].

Recently, the analyzing tributaries
of the Red River fault system from Quaternary
alluvial fans, river valley on Landsat and SPOT
satellite images, detailed topographical maps
and field observation has determined right-lat-
eral offsets of stream channels range between
150 and 700 m [Phan Trong Trinh et al., 2012].
This is the results of the compression stress
field of the N-S direction; E-W extension di-
rection caused the right lateral strike-slip along
the Red River fault system and, probably, be-
gan in the Pliocene time.

The another analysis also recognized
that CB-TY fault zone, which is located in the nort-
heastern part of the Red River fault system to be the
right lateral strike-slip, results from the N-S com-
pression direction using Landsat and SPOT satel-
lite images, aerophotographs and 1:50.000 scale
topographic maps [Phan Trong Trinh et al.,
2012]. The relation to dextral strike-slip mo-
tion of the Red River fault system in the episode
of Pliocene-Quaternary also confirmed in study
of W. Zuchiewicz et al. [Zuchiewicz et al., 2013].

Similarly, the another study also indicated
that predominantly sinistral strike slip of the Red
River fault system formed as a result of ENE re-
gional compression (80°) during the Oligocene-
Miocene period and dextral strike slip of the Red
River fault system formed as a result of NNW
regional compression 330-350° during the Pli-
ocene-Quaternary time [Kasatkin et al., 2014].

In this study, using the evidence of striation
on the fault surface, the authors continue to make
clearly tectonic phases along CB-TY fault zone,
TY-LS section (Fig. 1).

Studying of thermal springs in Vietnam has be-
gun only 10 years ago. The main attention is paid
to the springs located in the central and southern
Vietnam whereas sources in the northwest part
of the country still remain the least studied.

As a result it was counted that Vietnam has
269 geothermal sources with water temperature
higher than 30 °C. Among them 140 springs be-
long to warm and 80 to hot [Nguen Thac Cuong
et al., 2005].
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Fig. 1. Trajectories of the maximum compressive stress within the Indochina Peninsula from Pliocene
to the present time [Kasatkin et al., 2014] modified from Huchon (1994).
(1) trajectories of the maximum compressive stress are 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).

In the northwest part of Vietnam about
79 hot springs are located which make 29.4 %
of all thermal resources of the country. Thermal
waters in this area have temperature on average
35-38 °C and belong to warm and moderately
warm [Nguen Thac Cuong et al., 2005]. Ther-
mal springs of the northwest of Vietnam are lo-
cated in provinces Lai Chau, Son La, Hoa Binh,
Yen Bai, Lao Cai and Phu Tho. All of them are
associated with faulted zones NW-SE direction.

In April, 20162017 the staff of POI FEB
RAS (Vladivostok) in collaboration with In-
stitute of Marine Geology and Geophysics
(IMGG VAST, Hanoi) has conducted research-
es on distribution of natural gases in thermal
springs of northwest Vietnam and also a number
of hydrological wells on Catba island in places
of carbonate rock (Halonog Bay). Geological
samples were sampled on the island also.

The researches have been successfully
executed in full and are a part of a joint com-
plex scientific geologic-geophysical research
in the north of the South China Sea.
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Data ondistribution of methane, its homologs,
nitrogen, carbon dioxide, helium and hydro-
gen in water of thermal sources of the northern
Vietnam have been for the first time obtained.
On the islands of Halong Bay unique geological
samples are taken.

Water monitoring researches of the hydro-
logical wells drilled in carbonate thickness-
es are on Catba island. Study area is located
on the site of the northeast frame of fault system
of the Red River.

Material and method
Material

The geological survey is conducted at 21
locations along CB-TY fault zone, TY-LS sec-
tion with the length of about 100 km. The data
collected includes lithological characteristics,
fracture orientation, fault orientation, strati-
graphic displacement, striation on the fault
surface. The location and character of the stria-
tions on the fault surface at each survey location
are shown in Figure 2 and Table 1.

Geosystems of Transition Zones, 2019, vol. 3, no. 4, pp. 345-363
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Fig. 2. Geological map, minimized from scale 1 : 200 000 and survey locations.

Table 1. Survey locations, fault orientation and striation description

Survey Geological
No | location | Longitude Latitude Orientation Fault description g
. age
index

175/50 Left lateral strike-slip

1 |TY-LS-01 |21°52°20.35" | 106°46°26.82" T,cms,
020/60 Right lateral strike-slip

2 | TY-LS-02 [21°52°10.77" | 106°46°40.53" 105/75 Left-lateral/reverse, pitch = 30° T,cms,

3 | TY-LS-03 | 21°52°4.27" | 106°46°43.5" 200/75 Right-lateral/normal, pitch = 10° T,cms,

4 |TY-LS-04 | 21°52°0.62" | 106°46°47.13" | 280/75 Normal T,cms,

5 |TY-LS-05 | 21°51°57.09" | 106°46°48.96" | 095/85 Right-lateral/normal, pitch = 50° T,cms,

6 |TY-LS-06 |21°42°27.43" | 106°58°14.37" | 300/67 Normal N, nd

7 | TY-LS-07 | 21°42°25.09" | 106°58°25.40" | 320/65 Normal N,nd
310/67 Right-lateral/reverse, pitch = 20°

8 |TY-LS-08 | 21°42°25.37" | 106°58°47.49" 140/75 Right lateral strike-slip N, nd
140/75 Right-lateral/reverse, pitch = 40°
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Survey . . o s Geological
No | location | Longitude Latitude Orientation Fault description age
index
180/45 Normal (phase 1)
180/45 Left lateral strike-slip (phase 2)
190/70 Left lateral strike-slip
215/70 Left lateral strike-slip
o A3 on oA A 190/60 Normal
o |TY-LS-09) 21°34'22.8" | 107°04°24 170/50 | Right-lateral/normal, pitch = 55° | 1™
230/75 Right-lateral/reverse pitch = 35°
160/40 Right-lateral/normal, pitch = 40°
195/55 Normal
180/70 Left-lateral/normal, pitch = 30°
220/65 Thrust
230/40 Normal
170/64 Normal
o st ones1an 255/52 Thrust
10 |TY-LS-10| 21°33°23 107°05°19 140/50 Normal J he,
010/85 Right lateral strike-slip
000/70 Right lateral strike-slip
355/80 Normal
11 |TY-LS-11 | 21°26°31" 107°12°00" 110/60 Right-lateral/normal, pitch = 35° T nk
onms " o1 0 aan 052/68 Left lateral strike-slip
12 |TY-LS-12 | 21°23°33.10" | 107°16°6.99 070/58 Left lateral strike-slip T,abl,
ommsm 1an o1 s .| 065/80 Right-lateral/normal, pitch = 25°
13 |TY-LS-13 | 21°23°7.19" | 107°16°55.49 090/79 Right-lateral/normal, pitch = 10° T,abl,
010/87 Right lateral strike-slip
oma g om 15 A 192/87 Left-lateral/reverse, pitch = 30°
14 |TY-LS-14 | 21°20°49 107°21°43 055/72 Normal T,abl,
070/70 Left lateral strike-slip
260/78 Right-lateral/normal, pitch = 35°
255/60 Thrust
15 |TY-LS-15 | 21°21°35" 107°20°36" 260/78 Left lateral strike-slip J ,he,
300/60 Left-lateral/normal, pitch = 45°
235/60 Thrust
16 |TY-LS-16 |21°20°29.29" | 107°22°22.19" | 065/60 Left-lateral/normal, pitch = 15° 1 hc,
030/75 Right-lateral/normal, pitch = 10°
o1 " omms . 295/80 Left lateral strike-slip
17 |TY-LS-17 |21°19°17.69" | 107°23°50.49 340/70 Right lateral strike-slip I, ,he,
318/72 Left lateral strike-slip
o1asa cnn omAam 1 an 075/84 Left-lateral/normal, pitch = 8°
18 |TY-LS-18 | 21°19°9.50 107°24°2.19 075/34 Normal J he,
342/85 Left-lateral/reverse, pitch = 65°
19 |TY-LS-19 | 21°18°5.99" | 107°25°9.89" 070/75 Left-lateral/normal, pitch = 58° J he,
070/86 Left-lateral/normal, pitch = 50°
060/80 Left-lateral/normal, pitch = 5°
01051 ann omsr0 A 350/77 Right lateral strike-slip
20| TY-LS-20 | 21°18°1.90 107°26°8.7 035/85 Left-lateral/normal, pitch = 12° Jishe,
340/77 Right lateral strike-slip
085/65 Right-lateral/normal, pitch = 24°
21 |TY-LS-21 |21°17°20.50" | 107°27°1.40" 115/90 Right-lateral/normal, pitch = 16° I, he,
260/87 Right-lateral/normal, pitch = 10°
350 Geosystems of Transition Zones, 2019, vol. 3, no. 4, pp. 345-363
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Method

To determine the overall sense of slip along
the fault, we collected a fault-slip dataset from
numerous discrete fault surfaces that occur along
the CB-TY fault zone. A population of fault-slip
data is collected by measuring the orientation
of fault surfaces and associated fault striation.
To interpret the population of fault-slip data
and test for multiple overprinting deformations
along the fault zone, we followed the graphi-
cal methods of R. Marrett and R. Allmendinger
[Marett, Allmendinger, 1990]. Measurements
are collected along the fault where it crops out
on the slope of 4B highway, run through two dis-
tricts Quangninh and Langson.

The analyses of the striation of the fault sur-
face at each survey location are conducted as
shown in Figures 3-5.

Water was sampled from wells and under-
ground thermal sources in 0.5 I bottle. The gas is
extracted by vacuum degassing for subsequent
analysis in the laboratory of POl FEB RAS.
About 7-9 ml of gas was extracted from each
0.5 1 of water. The determination error is no more
than 5 %. The gas was analyzed in the laboratory
of the POI FEB RAS on the gas chromotagraph
CrystalLux-4000M and portable gas chromato-
graph Gasochrom 2000.

Besides, the analyses also are carried out by
counting the number of striation on the fault
at each survey location (Fig. 5).

Results

The analyses of striation on a fault sur-
face are conducted at 21 survey locations with
59 measurements. The analytical results showed
that along the CB-TY fault zone, TY-LS section
has strike-slip stress state with the compression
direction of E-W, NE-SW, NW-SE and N-S,
caused the left and right lateral strike — slip
fault in the direction of NE-SW, NW-SE,
N-S and E-W; the compression stress state
of the N-S, E-W, NE-SW and NW-SE direction
formed thrust fault in the E-W, N-S, NW-SE
and NE-SW direction; the extension stress state
of the E-W, N-S, NE-SW and NW-SE direction
formed normal faults in the N-S, E-W, NE-SW
and NW-SE direction. The statistical results also
indicated that 05 compression stress states with
the E-W direction, 04 compression stress states

Teocucmemvl nepexoonwvix 301, 2019, m. 3, Ne 4, c. 345-363

with the NE-SW direction, 10 compression stress
states with the NW-SE direction; 02 compression
stress states caused tectonic inversion of the fault
in the E-W direction, 01 compression stress state
caused tectonic inversion of the fault with the NE-
SW direction, 01 compression stress state caused
tectonic inversion of the fault with the NW-SE
direction and 02 compression stress states caused
tectonic inversion of the fault with the N-S direc-
tion; 14 extension stress states: 02 with the E-W
direction and 02 with the N-S direction; 06 with
the NE-SW direction and 04 with the NW-SE
direction.

Fig. 3. Normal fault with the orientation 320/65 at survey lo-
cation TY-LS-07. The analytical result determined the stress
state: Sigma 1: 141/70; Sigma 2: 050/01; Sigma 3: 319/20.

Fig. 4. The normal left fault with orientation 065/80 and
striation pitch angle 250 at the survey location TY-LS-13.
The analytical result determined the stress state: Sigma
1: 290/24; Sigma 2: 134/63; Sigma 3: 024/09.

Fig. 5. The analytical result of striation on the fault surface
at the survey location TY-LS-09 and TY-LS-17. The stress
state determined as Sigma 1: 294/78; Sigma 2: 098/12;
Sigma 3: 189/03 for TY-LS-09 and Sigma 1: 147/14; Sig-
ma 2: 337/78; Sigma 3: 247/02 for TY-LS-17.
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Compression stress state in the N-S locations TY-LS-09, TY-LS-12, TY-LS-20;
and E-W direction the right lateral strike-slip of the NE-SW fault at
The statistical data have indicated that 04 sur- ~ the survey location CB-TY-08 and the compres-
vey locations which have a compression stress ~ sion stress state with the N-S direction caused
state with the E-W direction caused the left lat- the right lateral strike-slip of the NW-SE fault
eral strike-slip of the NW-SE fault at survey at the survey location TY-LS-17 (Tab. 2; Fig. 6).

Table 2. Compression stress state in the E-W and N-S direction
caused the left and right lateral strike-slip of the NW-SE and NE-SW fault

No Surveirl}; dlg)((:ation Orientation Fault description c, o, c,

1 TY-LS-08 140/75 Right lateral strike-slip 274/12 133/75 006/09
2 TY-LS-09 215/70 Left lateral strike-slip 082/16 220/70 349/13
3 TY-LS-12 052/68 Left lateral strike-slip 280/17 058/68 185/14
4 TY-LS-17 030/75 Right-lateral/normal, pitch = 10° 163/18 356/72 254/04
5 TY-LS-20 035/85 Left-lateral/normal, pitch = 12° 260/12 103/77 351/04

Fig. 6. Map of compression stress state in the E-W and N-S direction along CB-TY fault zone, TY-LS section.
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Compression stress state in the NE-SW caused the left lateral strike-slip of the E-W

direction

fault at the survey locations TY-LS-01, TY-

Similarly, the statistical data also has in- LS-03, TY-LS-09 and right lateral strike-slip
dicated that 04 survey locations have com- of the N-S fault at the survey location TY-
pression stress state in the NE-SW direction, LS-21 (Tab. 3; Fig. 7).

Table 3. Compression stress state in the NE-SW direction
caused the left lateral strike-slip of E-W fault and the right lateral strike-slip of the N-S fault

No 100;}1{:% dex Orientation Fault description o, G, o,

1 TY-LS-01 175/50  Left lateral strike-slip 048/29 178/50 303/25
2 TY-LS-03 200/75 Right-lateral/normal, pitch = 10° 067/17 234/72 336/04
3 TY-LS-09 190/70  Left lateral strike-slip 057/16 195/70 324/12
4 TY-LS-21 260/87  Right-lateral/normal, pitch = 10° 036/10 188/80 305/04

Fig. 7. Map of compression stress state in the NE-SW direction along CB-TY fault zone, TY-LS section.
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Compression stress state in the NW-SE TY-LS-01, TY-LS-10, TY-LS-14, TY-LS-17,

direction TY-LS-20; the left-lateral strike-slip of sub-lon-

The statistical data also indicated that 10 sur- ~ gitude fault at the survey locations TY-LS-12,
vey locations have compression stress state TY-LS-16, TY-LS-18 and left lateral strike-slip
in the NW-SE direction, caused the right lateral ~of N-S fault at the survey locations TY-LS-13,
strike-slip of E-W fault at the survey locations TY-LS-15 (Tab. 4; Fig. 8).

Table 4. Compression stress state in the NW-SE direction
caused the left and right lateral strike-slip of E-W fault, sub-longitude fault and N-S fault

No Survey location Orientation Fault description c c c
index ! 2 3

1 TY-LS-01 020/60 Right lateral strike-slip 151/20 024/60 250/22
2 TY-LS-10 010/85 Right lateral strike-slip 144/04 350/84 235/03
3 TY-LS-12 070/58 Left lateral strike-slip 301/22 074/58 201/21
4 TY-LS-13 090/79 Right-lateral/normal, pitch = 10° 316/15 132/75 226/01
5 TY-LS-14 010/87 Right lateral strike-slip 145/04 337/86 235/02
6 TY-LS-15 260/78 Right-lateral/normal, pitch = 35° 126/10 268/78 035/07
7 TY-LS-16 065/60 Left-lateral/normal, pitch = 15° 298/31 092/57 201/12
8 TY-LS-17 340/70 Right lateral strike-slip 113/16 334/70 206/12
9 TY-LS-18 075/84 Left-lateral/normal, pitch = 8° 290/10 118/80 021/02
10 TY-LS-20 350/77 Right lateral strike-slip 124/11 342/77 216/07

Fig. 8. Map of compression stress state in the NW-SE direction along CB-TY fault zone, TY-LS section.
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Compression stress state in the E-W, N-§,
NE-SW and NW-SE direction

The statistical data also indicated that
compression stress state in the E-W and NE-
SW direction caused the inversion of N-S
fault and NE-SW at the survey locations TY-
LS-08, TY-LS-15; the compression stress
state in the N-S direction caused the inver-

sion of the NW-SE and sub-latitude fault at
the survey locations TY-LS-09, TY-LS-19; the
compression stress state in the NE-SW direc-
tion caused the inversion of the NW-SE fault
at the survey location TY-LS-10; the compres-
sion stress state in the NW-SE direction caused
the inversion of NE-SW fault at the survey lo-
cation TY-LS-02 (Tab. 5; Fig. 9).

Table 5. Compression stress state in the E-W, N-S, NE-SW and NW-SE
direction caused the inversion of the N-S, E-W, NW-SE and NE-SW fault

No locastili)r:eiz dex Orientation Fault description G, o, o,

1 TY-LS-02 105/75 Left-lateral/reverse, pitch = 30° 142/09 038/57 239/32
2 TY-LS-08 310/67 Right-lateral/reverse, pitch = 20° 088/03 353/60 180/30
3 TY-LS-09 230/75 Right-lateral/reverse pitch = 35° 194/12 300/52 095/35
4 TY-LS-10 220/65 Thrust 219/20 310/10 041/70
5 TY-LS-15 255/60 Thrust 256/15 166/02 072/75
6 TY-LS-19 342/85 Left-lateral/reverse, pitch = 65° 003/34 254/24 137/44

Fig. 9. Map of compression stress state in the E-W, N-S, NE-SW and NW-SE direction along CB-TY fault zone,

TY-LS section.
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Extension stress state in the E-W tions TY-LS-09, TY-LS-10; the extension stress
and N-S direction state in the E-W direction formed a normal fault
The statistical data determined the extension 1n the N-S direction at the survey locations TY-
stress state in the N-S direction formed normal LS-04, TY-LS-15 (Tab. 6; Fig. 10).
faults in the E-W direction at the survey loca-

Table 6. Extension stress state in the E-W and N-S direction
formed normal faults in the N-S and E-W direction

No locast}grrei:z dex Orientation Fault description o, o, o,

| TY-LS-04 280/75 Normal 100/60 010/01 279/29
2 TY-LS-09 180/45 Normal 270/89 090/01 000/1
3 TY-LS-10 170/64 Normal 352/71 259/01 169/18
4 TY-LS-15 300/60 Left-lateral/normal, pitch = 45° 174/52 003/37 270/05

Fig. 10. Map of extension stress state in the E-W and N-S direction along CB-TY fault zone, TY-LS section.
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Extension stress state in the NE-SW and vey locations TY-LS-10, TY-LS-14, TY-LS-18,
NW-SE direction TY-LS-19; the extension stress state in the NW-
The statistical data determined the exten- SE direction formed the normal fault in the NE-
sion stress state in the NE-SW direction formed SW direction at the survey locations TY-LS-07,
the normal fault in the NW-SE direction at the sur-  TY-LS-11, TY-LS-15, TY-LS-21 (Tab. 7; Fig. 11).

Table 7. Extension stress state in the NE-SW and NW-SE direction
formed a normal fault in the NW-SE and NE-SW direction

No locast;lorr:/eiz dex Orientation Fault description o, o, o,

1 TY-LS-07 320/65 Normal 141/70 050/01 319/20
2 TY-LS-10 230/40 Normal 223/85 319/01 050/50
3 TY-LS-11 110/60 Right-lateral/normal, pitch = 35° 235/41 055/45 325/01
4 TY-LS-14 055/72 Normal 238/63 144/02 054/27
5 TY-LS-15 260/78 Left lateral strike-slip 036/32 187/54 297/14
6 TY-LS-18 075/84 Left-lateral/normal, pitch = 8° 246/51 155/02 064/39
7 TY-LS-19 070/75 Left-lateral/normal, pitch = 58° 285/50 150/31 046/23
8 TY-LS-21 085/65 Right-lateral/normal, pitch = 24° 215/34 037/56 306/02

Fig. 11. Extension stress state in the NE-SW and NW-SE direction along CB-TY fault zone, TY-LS section.
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Thermal springs

The most ancient carbonate formations
are located in the northern Vietnam (Protero-
zoic —lower Cambrian). However, the main car-
bonate rocks in the region were created in mid-
dle Cambrian, Ordovician, Devon and Triassic.
Capasity of carbonate sediments is 3000 m
[Drogue et al., 2000].

The region of the northern Vietnam is tecton-
ic active, the main active strike-slip fault zone
of Southeast Asia — the Red River rift is located
here. Annually in this area about 400 earthquakes
are registered [Drogue et al., 2000]. Tectonic
motions along the main fault zones create con-
ditions for strengthening of deep fluid streams
and opening of the new channels, especially
if the region is under the influence of strong neo-
tectonic activity.

Average air temperature near the delta
of the Red River is 22-26 °C and in mountains
— 15-16 °C. Thermal waters in this research
we define as water, with a temperature above,
than average annual temperature value of water
sources on surface. In a research it is accepted
that waters with a temperature over 26 °C can be
considered thermal.

Thermal springs in the northern provinces
of Vietnam: Hoa Binh, Phu Tho, Son La, Dien
Bien, Lai Chau, Lao Kai, Yen Bai, Hai Phong
were sampled. Field work included sampling
water with a Niskin system batometer from
thermal and mineral springs into 0.5 1 bottles.
Gas was extracted by vacuum method.

Water temperature, pH, mineralization, flow
rate of springs were measured. 10 ml of glass
containers were sampled above the source sur-
face for subsequent calculation of methane
flow into the atmosphere.

In total, more than 60 water samples were
sampled and analyzed. Study object choice was
based on information obtained from joint Rus-
sian-Vietnamese studies in the area of northern
Vietnam in 2015-2017.

Samples were analyzed for hydrocarbon gas-
es, N, O,, CO,, He, and H, (Certificate of the
gasgeochemistry laboratory 1.047-18, Certifi-
cate of Rosstandart No. 41). Background gas
concentrations of thermal water samples were:
CH, - 164 nl/l, CO,—21 %, ethane-butane in to-
tal —0.34 ppm, He —42 nl/1 (3.9 ppm), H, —30nl/1
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(1.8 ppm) (in seawater background helium con-
tent is 8.55 ppm, hydrogen — 4.5 ppm).

The most important result of the study was
the establishment of a relationship between ther-
mal spring regime, thermogenic gas component,
and geological structure of northern Vietnam.

Increased concentrations of hydrogen
(5900 nl/1), helium (up to 4252 nl/l), carbon di-
oxide (up to 72 %), methane (up to 137776 nl/l)
were found in all thermal springs within
the Red River rift, that indicates geodynamic ac-
tivity in the field of research and possible delivery
of deep fluid through ultra-deep permeable zones.

Studies were also carried out directly at with-
in the fault Cao Bang — Tien Yen. Researches
were on hot springs in the province BaVi (delta
of the Red River). The springs located to the Ha-
noi most closely than other hot springs of Vi-
etnam. Water was sampled also from wells and
sources in the province Hoa Binh (Kim Boi)
located in 64 km to the northwest from Hanoi.
On surface water has temperature 36 °C. Around
the source several small reservoirs with continu-
ously gurgling gas bubbles are located. The min-
eral composition of water is highly competitive
with the best world brands.

Thermal waters in the northwest are associ-
ated with the fault system of NW-SE direction:
Song Da, Thuan Chau, Song Hong and Song
Chay faults. The springs located in the Lao Cai
province are in the granite Fan Si Pan massif.

Based on tectonic data and results
of the chemical composition analysis of natural
gases, it is possible to claim that gases of these
sources have thermogene origin. Also increased
content of helium and hydrogen speaks about
activity of geological structures within which
sources are located. All samples contain impu-
rity of heavy hydrocarbon gases, generally pro-
pane and butane (Tab. 8).

In case of major earthquakes, seismotec-
tonic activation there is an increase in helium
content in the thermal spring water in reference
to the background value for the region. Com-
pared to the data obtained in the tectonically ac-
tive area of the Red River rift, it can be argued
that the increase in the level of helium and hy-
drogen in the thermal spring water is a response
to seismic activity and indicates gas flow from
deep sources.
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Table 8. Distribution of natural gases in thermal sources of northern Vietnam

by sampling results of 2016-2019

L T s s vl Bl R vt B vl e LKL ]
2019
| |HoaBinh| 222 2153 43 559 0 49 485 422 52 5907 593
> |HoaBinh| 227 245 1 0 0 192 770 04 207 4077
3 |KimBoi | 356 8 22 1997 028 85 80.1 64 78 1585 54
4 |KimBoi | 356 930 37 211 172 92 745 12 34 1591 90
5 ggyaBinh 244 78 18 0 0 153 630 18 1828 130 61
6 |PhuTho | 249 2346 23 55 073 32 555 367 4253 92 197
7 |PhuTho | 437 5042 12 244 056 72 757 126 140 2053 442
8 |PhuTho | 228 218 32 60 0 29 407 515 30 718 16
9 |PhuTho | 234 176 122 1164 0 17 690 101 26 38 11
1o |[FRUYen. | 415 2655 92 1282 032 20 759 01 933 438 103
11 [SonLa | 37.6 163 25 1725 022 195 763 012 42 32 -
12 [DienBien| 221 915 16 95 0 201 759 001  — - -
13 g;r?n}é"t 84 137766 8.1 20099 1275 20 756 001 726 294 22141
14 [LaiChau | 342 1380 1.7 2000 147 73 693 178 106 2.1 11
15 [LaoCai | 341 1839 18 645 051 72 662 219 152 62 59
16 |YenBai | 42 8576 1.5 271 034 73 620 258 2726 350 197
2017
17 |Sapa 20 9% 1,09 0 0 194 757 038 84 58 -
18 | Sapa 29 34 046 0 0 187 749 279 76 45 -
19 |Sapa 3 142 314 0 0 186 638 053 63 52 -
20 |Sapa 23 9985 836 0 0 241 746 48 8 21 -
21 |Sapa 37 1152 062 0 0 213 699 048 105 30 -
22 |Sapa 32 9% 049 0 0 252 689 248 114 60 -
2016
23 |Bavi 3012 0 0 0002 1804 757 911 37 28 -
24 |Bavi 2 L1500 0 0 585 404 582 376 32 -
25 |KimBoi | 36 021 001 0 0001 301 719 051 802 74 -
26 |KimBoi | 35 003 0 0 0002 266 629 009 70 23 -
27 |[KimBoi | 36 003 0 0 0002 248 623 253 125 31 -
28 |[KimBoi | 34 004 - 0 0 118 423 457 91 28 -

Note. The analysis is made by N.S. Syrbu, D.A. Shvalov. «—» gas component is not detected or its content is below the device detec-
tion limit (for heavy hydrocarbons — 10-9).
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The increased content of methane to 9985 nl/l
is found in springs in the northwest near Sapa
at the height from 1000 to 1300 m. The maxi-
mum concentration of methane is found in Dien
Bien province located in the Dien Bien-Lai Chau
active fault impact zone (up to 137766 nl/l).

The researches of thermal springs are of great
importance in aspect of search of oil and gas,
genesis identification of natural gases. Thermal
springs of northern Vietnam need further detailed
studying. However, because of hard to reach
most of them, further expeditions need thorough
training, the help and assistance of the Vietnam-
ese side.

Discussions

The analytical results of 59 striations
on the fault surface at 21 survey locations along
CB-TY fault zone, TY-LS section determined
the stress states which caused the strike-lip, in-
version and extension of the faults with E-W,
N-S, NE-SW and NW-SE direction. The sum-
marized information in detail of stress state
and their movement is recorded in Table 9.

The statistic results of stress state in the Ta-
ble 8 showed that, the number of survey loca-
tions caused the compression stress state with

the strike-slip fault in the NW-SE direction
is maximum and reduce slowly under the E-W
and NE-SW direction; the number of survey lo-
cations has extension stress state which caused
the normal fault NW-SE and NE-SW direc-
tion is quite even, corresponding to the number
of survey locations with the compression stress
state in the NE-SW and NW-SE direction.

The presence of numerous survey locations
caused the compression stress states in the E-W,
N-S, NE-SW and NW-SE direction, reflecting
the specific information of the tectonic activ-
ity phases. Each tectonic activity phase inside
the Earth’s crust usually leaves the specific evi-
dences. The combination of the other analytical
results such as paleontology, stratigraphy, pe-
trology, etc. will be the basis for determining
the time, dividing the tectonic activity phase and
re-building the tectonic evolution.

Some analytical results of previous studies
suggested that within the CB-TY fault zone has
two major periods of tectonic activity which oc-
curred in the Cenozoic [Vu Van Chinh, 2002;
Pubellier et al., 2003]. The first is the left lateral
strike-slip fault in the NW-SE direction (Red River
fault zone and CB-TY fault zone) within the Ol-
igocene-Late Miocene period, due to the impact

Table 9. Summary of stress state at survey locations along CB-TY fault zone, TY-LS section

No Str.ess state Survey location index Fault description
direction

1w TY-LS-09, 12, 20 Left lateral strike-slip of the NW-SE
TY-LS-08 Left lateral strike-slip of the NE-SW

2 |N-S TY-LS-17 Right lateral strike-slip of the NW-SE

3 | NE-SW TY-LS-01, 03, 09 Left lateral strike-slip of the E-W
TY-LS-21 Right lateral strike-slip of the N-S
TY-LS-01, 10, 14, 17, 20 Right lateral strike-slip of the E-W

4 | NW-SE TY-LS-12, 16, 18 Left lateral strike-slip of the NW-SE
TY-LS-13, 15 Left lateral strike-slip of the N-S

5 E-W TY-LS-08 Left-lateral/reverse of the NE-SW fault
TY-LS-15 Reverse of the N-S fault

6 |N-S TY-LS-09 Left-lateral/reverse of the NW-SE fault

7 | NE-SW TY-LS-10 Reverse of the NW-SE fault

8 | NW-SE TY-LS-02 Right-lateral/reverse of the NE-SW fault

9 |N-S TY-LS-09, 10 Normal of the E-W

10 | E-W TY-LS-04, 15 Normal of the N-S

11 | NE-SW TY-LS-10, 14, 18, 19 Normal of the NW-SE

12 | NW-SE TY-LS-07, 11, 15, 21 Normal of the NE-SW
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of the compression stress state in the E-W direc-
tion [Vu Van Chinh, 2002; Pubellier et al., 2003;
Nguyen Quoc Cuong et al., 2013; Kasatkin et
al., 2014] and the right lateral strike-slip fault in
the NW-SE direction, due to impact of the com-
pression stress state in the N-S direction [Lac-
assin et al., 1994; Vu Van Chinh, 2002; Pubel-
lier et al., 2003; Phan Trong Trinh et al., 2012;
Zuchiewicz et al., 2013; Nguyen Quoc Cuong et
al., 2013; Kasatkin et al., 2014; Michael, Phung
Van Phach, 2015].

In order to analyze and determine the stress
state of the tectonic activity phases at the sur-
vey locations and the separation of these phases
is based on geological events such as the for-
mation of sedimentary basins along the CB-TY
fault zone and other tectonic activities in the
vicinity of the northern Red River basin which
are located in the southern part of the CB-TY
fault zone (Fig. 12).

If we consider the compression stress state
with the E-W direction occurred in the Oligocene-
Miocene period, caused the left lateral strike-
slip of the NW-SE fault [Vu Van Chinh, 2002]
and the formation of the Cao Bang pull-apart ba-
sin which are deposited by Cenozoic sediments,
the extension of the NE-SW direction in Na
Duong sedimentary basin at the survey location
CB-TY-07 may be also considered as the coinci-
dence of the compression stress state in the NE-
NW direction in the northern part of Red River
sedimentary basin, caused the tectonic inversion
here during the Mid-Late Miocene [Nguyen Gi-
ang Vu, 2003]. Next, it is the compression stress

Cao Bang Basin

Hanoi Basin

Fig. 12. Major fault systems in the northern part, Vietnam
[Bohme et al., 2011].
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state in the N-S direction caused the right lat-
eral strike-slip of the NW-SE fault zone during
Pliocene-present [Lacassin et al., 1994; Vu Van
Chinh, 2002; Pubellier et al., 2003; Phan Trong
Trinh et al.,, 2012; Zuchiewicz et al., 2013;
Nguyen Quoc Cuong et al., 2013; Kasatkin et
al., 2014; Michael, Phung Van Phach, 2015].
The compression stress state caused the right lat-
eral strike-slip with the numerous of the NW-SE
direction at the survey locations along CB-TY
fault zone, LS-TY section within study area can
occur before the Cenozoic period of three com-
pression directions above, such as: E-W, NE-
SW and N-S. Because the striations measured
on the fault surface are mostly presence in Trias-
sic and Jurassic age and it did not see in young-
er rocks at the survey locations along the fault
zone (Fig. 2; Tab. 1). The fracture orientation in
this direction at some survey locations along the
fault zone is shown in Figure 13.

Besides, the analytical results of fracture
orientation at the survey locations in the sed-
imentary rocks O-S of the Coto formation,
on the Coto-Thanhlan islands which are located in
the southeastern part of the CB-TY fault zone also
indicates that they have main direction NW-SE.

With the analytical results above, tectonic ac-
tivity phases along CB-TY fault zone, TY-LS sec-
tion can be divided into the phases, correspond-
ing to the tectonic activity stages, follow in order
of: 1) NW-SE; 2) E-W; 3) NE-SW and 4) N-S.

A% e N

R &

Fig. 13. Fracture orientation contour in the NW-SE,
NE-SW and E-W direction measured in the sediment
of Triassic and Jurassic age.
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Conclusions

The analytical results of 59 striations
on the fault surface at 21 survey locations along
the CB-TY fault zone, TY-LS section, about
100 km long determined the strike-slip fault with
the compression stress state of the E-W, NE-SW,
NW-SE and N-S direction; the compression
stress state of the E-W, N-S, NE-SW and NW-
SE direction caused the inversion of the N-S,
E-W, NW-SE and NE-SW fault; the extension
stress state of the E-W, N-S, NE-SW and NW-
SE direction caused normal slip of the N-S,
E-W, NW-SE and NE-SW fault. The statistical
results have indicated that there are 05 compres-
sion stress states in the E-W direction, 04 com-
pression stress states in the NE-SW direction,
10 compression stress states of the NW-SE di-
rection; 06 compression stresse states caused
the tectonic inversion of 02 the E-W direction,
01 compression stress states in the NE-SW direc-
tion, 01 compression stress states in the NW-SE
direction and 02 compression stress states in the
N-S direction; 14 extension stress states, with 02
in the E-W direction, 02 in the N-S direction,
06 in the NE-SW direction and 04 in the NW-SE
direction.

The analytical results and data from the field
survey together the comparison of previous stud-
ies, this study area indicated that there are four
the main tectonic phases which are arranged
in the order: 1) NW-SE; 2) E-W; 3) NE-SW
and 4) N-S. In particular, the first compression
phase NW-SE severely destroyed the old rocks,
Jurassic age and earlier, found at most of the sur-
vey locations along the CB-TY fault zone, TY-
LS section will occur before the Cenozoic and
Jurassic period; the second compression phase
E-W occurred during the Cenozoic period,
caused the left displacement of the Red River
fault zone in the Oligocene-Miocene period and
the left displacement along the CB-TY fault
zone formed the Neogen sedimentary basins:
Cao Bang, That Khe, Lang Son, Na Duong; the
third compression phase NE-SW occurred dur-
ing the Mid-Late Miocene, caused the tectonic
inversion of NW-SW fault in the northern part
of the Red River sedimentary basin which are
located in the southeast of the CB-TY fault zone;
the final compression phase N-S occurred during
the Pliocene-Quaternary period, caused the right
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motion along the CB-TY fault zone and the Red
River fault zone.

The major factors defining vertical or sub-
vertical migration of gas components of the non-
microbial nature are: tectonic faults, structures
of extrusion, anticlinal folds complicated by dis-
junctive dislocation and shifts of geological struc-
tures.

The northern Vietnam is seismically ac-
tive. Displacements along the main fault zones
contribute to increased permeability, facilitate
the advance of heat and thermogenic gases
to the surface.

Thermal waters in the northwest Vietnam are
associated with active fault zones. The seismo-
tectonic activity of the region influences on their
mode and gas chemical composition. Gases
of the studied thermal springs have thermogene
origin.
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