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1. INTRODUCTION 

1.1. Purpose of dissertation 

This research aims gaining knowledge on tectonic evolution and its influence on 

formation of mineral deposits (mainly endogenic ores) within the northwestern Vietnam 

(NWVN). The dissertation will provide a synthetic elaboration of geological history of the 

northwestern Vietnam, presentation of major tectonic events based on magmatic processes and 

related to distribution of mineralization. In addition, it also attempts to quantify spatial 

associations between mineral deposits and geological features, especially the correlation 

between ore deposits and magmatism. The thesis consists of eight chapters. Chapter 1 provides 

introduction and purpose, describes modern geomorphology, hydrographic features and 

previous works on the thesis related subjects. The second chapter puts forward an outline of 

geological structure and plate tectonic setting of the study area. Chapter 3 is focused on the 

methodology, explanation of the applied methods. Chapter 4 discusses magmatic characteristics 

and attempts to explain mechanism responsible for magmatic processes. Chapter 5 carries out a 

geomorphotectonic modeling of the NWVN area based on DEM construction and remote 

sensing image analysis; recognized tectonic lineaments and typical structure. Chapter 6 studies 

and discusses earthquakes, their distribution and relationship to fault zones; it is considered as 

evidence proving tectonic activity in the present time. Chapter 7 talks about the mineralization, 

its distribution and some controlling factors. Finally, the last chapter discusses the tectonic 

evolution and metallogeny of the NWVN, summarizing documentation contained in chapters 1 

to 7 and providing conclusions. The studies were conducted at the Department of General 

Geology and Environment Protection; Faculty of Geology, Geophysics and Environmental 

Protection; AGH - University of Science and Technology during the period from 2007 to 2010. 

The important part of the study was also published in the Journal of the Geological 

Society of Poland (Annales Societatis Geologorum Poloniae) under the title: “Overview of 

magmatism in Northwestern Vietnam”. The preliminary results were also presented in Slovakia 

during the international conference 6th Meeting of the Central European Tectonic Studies Group 

(CETeG) under the title: "Major plates and events shaping the complex tectonics of Northwest 

Vietnam” in April 2008.  

 

1.2. Location of the study area 

The Vietnam country is located in the eastern part of the Indochinese peninsula; it is a 

strip of land shaped like the letter “S”. China borders on it to the north, Laos and Cambodia to 

the west, the South China Sea (East Sea) to the east and south. The study area is located in the 

Northern Vietnam. It comprises an area of 23,100 square kilometers with different landforms 

from the north to the south due to climatic, tectonic and lithological factors. The geology of the 

area includes ophiolite complex, intrusion complexes, volcanic rocks, terrigenous and 

carbonates sedimentary rocks ranging in age from Proterozoic till the present. This research 

covers the study of on the Song Hong (Red river), Song Da (Da river), Tu Le, Song Ma and 

Sam Nua regions, corresponding to the northwestern Vietnam, bounded to the north by the 
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Other distinct geomorphologic areas of the country are coastal plains and the wide leveled 

alluvial valleys of the Me Kong and Song Hong (Red River) rivers.  

The Northwestern Vietnam belongs to the southern extension of the Himalayas (Henduan 

mountains) extending from Yunnan into northern Vietnam. It contains number of high 

elevations range – Hoang Lien Son, Phi Si Lung and Phu Den Dinh. They form a large, clearly 

outlined montage region in the northwest of the country, with a relatively large area of uplands 

above 2000 m, and a number of peaks reaching 2500-3000 m a.s.l. The highest points of 

mainland Southeast Asia are situated here, they are the Phan Si Pan (3143 m), Ta Giang Pinh 

(3096 m), Phi Si Lung (3076 m), Luong (2985 m), Phoung Chang (2825 m), Lang Kung (2817 

m) and many others. Most of them are formed by Upper Mesozoic granite intrusions or 

quartzites. To the south of main ridges lies at an area of complex, foldbelts known as the Song 

Da and Dien Bien Phu synclines and the Song Ma anticline (Fromaget, 1941).  

Continuous limestone Sin Chai, Son La and Moc Chau plateaus reaching elevations up to 

1500-1700 m a.s.l. spread along the Da River from the Chinese border to the South China Sea 

coast. Narrow canyons or very deep river valleys separate the plateaus and ridges. These Sin 

Chai, Son La, and Moc Chau plateaus are made up by Devonian and Triassic limestones. They 

contain spectacular areas of highly eroded karst topography such found within Lai Chau, Son La, 

Hoa Binh, Thanh Hoa, Nghe An and Quang Binh provinces (Dovjikov et al., 1965).  

Due to geomorphologic characteristics, most drainage networks of the NWVN flew in 

southeastward direction (Fig. 1.3). Different trends occur in the Lai Chau area. Da River 

changes few times its direction, finally flowing southeastward toward the Bat Bat (Son Tay) 

area. It is probably caused by the geodynamic regime during Cenozoic times, expressed by 

movement along the Song Da fault zone.  
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northern part of the NWVN on a large scale (1:500,000) during the first stage of deposits’ 

exploration in the Laos’s territory and nearby area of Vietnam. One year later, in 1921, a 

general investigation on the regional geology of the NWVN was realized by Jacob (1921) in the 

framework of geological study on “Nord Annam et le Tonkin” in Central and Northern 

Vietnam. During this work, the first geological map of the Van Yen area (belongs to NWVN) 

was constructed, reflecting some nappe elements (thrust faults). Using Jacob’s (1921) results, 

Fromaget (1928, 1937, and 1941) has compiled the Geological Map of Northwestern Tonkin 

and Northern Upper Laos in 1:500,000 scale, and mapped out the basic outlines of geological 

structures on the NWVN. The famous Fromaget’ point of view well defined basic fold and 

thrust deformation in the SE Asia that took place in Triassic and was marked by the 

unconformity of Upper Triassic red beds, resting on underlying folded Middle Triassic strata. 

Fromaget (1928, 1937, and 1941) has originally introduced and established the name Indosinian 

orogeny as well as divided SE Asia according to the Indosinian structural framework. During 

this time, the French geologists have established petrological studies of the alkaline magmatism 

in Vietnam. The alkaline amphibole (arfvedsonite) and alkaline pyroxene (aegirine) minerals 

were described for the first time by Idding (1913) from magmatic rocks of the Phong Tho – Lai 

Chau area. Bourret (1922, 1925) has described some outlines of the metamorphic rocks and 

plutons in the North and North Central Vietnam, the nepheline syenite gneisses – hastingsite 

was described from the Pia Ma massif (northwestern Bac Kan area). 

Since 1960, the Russian and Vietnamese geologists used the geosynclinal theory to 

analyze structure and tectonics of the SE Asia and NWVN, especially as the research works of 

Dovjikov (eds., 1965), Gatinxki et al. (1970), Ngo Thuong San (1965), Tran Duc Luong 

(1970), Tran Van Tri et al. (1977), etc. However, their ideas have provided answers concerning 

questions on unified tectonic boundaries, structural units and their distributions, geodynamic 

evolution, metallogenic potentials, and so on. 

Based on mapping and geological surveys, the Geological Map of Northern Vietnam at 

1:500,000 scale was compiled by Dovjikov (eds., 1965). In this map, NWVN area was 

investigated in details, and clarified many stratigraphic and magmatism problems. Since 1965, 

the Geological Mapping Divisions (GMD) at the geological survey of Northern Vietnam issued 

geological map sheets of the smaller scale of 1:200,000. Tran Van Tri (eds., 1977) modified the 

Geological map of northern Vietnam on the scale of 1:1,000,000. 

Also from 1975, the theory of global plate tectonics was applied for the first time by Le 

Thac Xinh and Ta Hoang Tinh (1975). They attempt analyzing the structures and metalogenic 

epochs of Vietnam. Soon after their work, Le Nhu Lai (1980, 1983), Nguyen Xuan Tung (1982, 

1992), and Le Thac Xinh & Nguyen Dang Dat (1984) presented tectonic evolution of the 

Vietnam follow the plate tectonic theory. They argued that in the NWVN area represented the 

rifted regime, perhaps related to the ophiolite belt, and in the Song Ma and Song Da zones, 

there was a post rifted regime that took place along cataclasitic fault zones in Late Triassic. On 

a SE Asia scale, several publications, such as Hutchison (1975) or Huang (1977), applied the 

plate tectonics on structural and tectonic investigations. In addition, some authors also 

combined the geosynclinal and plate tectonic theories for interpretation and analysis of the 
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geological structure of Vietnam (Nguyen Nghiem Minh, 1978; Tran Van Tri, 1994). It was not 

until 2006 when several time interval maps (thirty two) have been presented, which depict the 

global plate tectonic configuration as well as paleogeography and lithofacies for SE Asia region 

from Cambrian to Neocene (Golonka et al., 2006a). These authors recognized several blocks 

and events shaping the complex tectonics of Northwestern Vietnam. 

 From 1992 to 1996, the revision of the complete mapping set of North Central Vietnam 

sheet series including NWVN area was processed by GMD with the exposition of main data 

about mineral resources on the geological map. These revisions include in addition the 

supplementation of new materials received in recent years on geology, as well as on mineral 

resources. Based on these results, Tran Duc Luong and Nguyen Xuan Bao (1995) conducted 

detailed petrological studies and well defined series of the magmatic rocks in Vietnam. 

Moreover, Tran Trong Hoa et al. (1996, 1998) investigated granitoid rocks in the Northern 

Vietnam using geochemical and geochronological methods. They recognized tectonic settings of 

these rocks as well as metallogenic evolution of the Northern Vietnam. Recently, a review of the 

nature and distribution of the magmatism of the Truong Son belts led to distinguishing a 

southward oceanic subduction along Song Ma zone beneath Indochina block (Tran Trong Hoa et 

al., 2008). 

Together with geological mapping, mineral resource explorations and small scale 

metallogeny research in NWVN were conducted during the period from 1965 to 2000. It was 

not until 1991 when a Metallogenic map of Vietnam on 1:1,000,000 scale was assembled and 

published (Nguyen Nghiem Minh & Vu Ngoc Hai, 1991), in which NWVN was recognized as 

an area having Au, Ag, Pb-Zn, Sn, W-Mo (Be), and Cr potential. Furthermore, Nguyen Ngoc 

Lien (ed., 1990) reported details on the mineral deposits of the Song Ma, Song Da zones, and 

Tran Van Tri (ed., 2000) also reported on the mineral deposits of Vietnam.  

From 1999 to 2009, the cooperation between the Polish Academy of Sciences and the 

Vietnamese Academy of Science and Technology was carried out. During this period, several 

field missions were organized in northern Vietnam, including the NWVN area. Research was 

focused on “Geodynamics of the Northern Vietnam”. Polish team included Professors Witold 

Zuchiewicz, Antoni K. Tokarski, Anna Świerczewska and Andrzej Żelaźniewicz among the 

others. The results of the investigation were published in several papers, one of the most 

important publications is special issue on the Cenozoic geodynamics of northern Vietnam by 

Nguyen Trong Yem, Tokarski, A. K., Tran Trong Hoa, Zuchiewicz, A. W., Tran Tuan Anh, 

Świerczewska, A., and Nguyen Quoc Cuong, eds. (2009). 
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1. Neoproterozoic complex includes Xuan Dai group, Nam Su Lu and Nam Co 

formations, Bo Xinh group and Sa Pa group. 

2. Cambrian complex contains Cam Duong, Ben Khe, and Ham Rong formations. 

3. Ordovician – Silurian complex contains Dong Son, Sinh Vinh and Bo Hieng 

formations. 

4. Silurian – Devonian complex contains Ban Pap, Nam Pia, Tay Trang, Nam Cuoi, Ban 

Nguon, Nam Sap, and Ban Cai formations. 

5. Carboniferous-Permian complex includes Da Nieng, Bac Son, Ban Diet, Yen Duyet, 

Si Phay, Na Vang formations. 

6. Triassic complex includes Tan Lac, Hoang Mai, Dong Giao, Nam Tham, Muong Trai, 

Lai Chau, Nam Mu, Pac Ma, Suoi Bang formations. 

7. Jurassic-Cretaceous complex contains Nam Thep, Nam Po, Nam Ma, Yen Chau 

formations. 

8. Neogene - Quaternary sediments form the last complex. 

Mesozoic terrigenous, terrigeno-effusive and acidic effusive formations occupy the large 

central part of the NWVN, while Proterozoic, Palaeozoic flyschoid and carbonaceous 

sedimentary formations cover smaller area in the northeast and the southwest parts of NWVN. 

The Cenozoic formations are distributed mainly along the river catchment’s area. The 

Palaeozoic and Mesozoic sedimentary rocks have been intruded by Mesozoic granites and small 

Cenozoic intrusive bodies. 

2.1.2. Magmatic units 

Magmatic rocks consist of intrusive and extrusive rocks, occupying large part of the 

NWVN (Fig. 2.1) and forming bodies of various sizes (Tran Van Tri, ed., 1979; Tran Duc 

Luong & Nguyen Xuan Bao, eds., 1995). Main magmatic activities took place during Late 

Palaeozoic, Mesozoic and Cenozoic, resulting in various types of granites, gabbros and acidic 

volcanic rocks, namely: Nui Nua and Ban Xang ultramafics, gabbroic Bo Xinh, Chieng Khuong 

granitoid complexes, Huoi Hao basalt Formation; Cam Thuy, Vien Nam mafic effusive 

formations, Dien Bien Phu, Song Ma, Phia Bioc granitoid complexes; basalts of Suoi Be 

Formation, gabbroic Nam Chien, Tu Le-Ngoi Thia volcanic, Muong Hum, Phu Sa Phin, Ye 

Yen Sun granitoid complexes; Nam Xe-Tam Duong, Pu Sam Cap, Coc Pia subalkaline to 

alkaline syenite complexes, and Pu Tra volcanogenic Formation. The Proterozoic gabbroic Bao 

Ha and granite of Xom Giau complexes are distributed along Red River fault zone and in NE 

area, while Palaeozoic mafic-ultramafic Nui Nua, gabbroic Bo Xinh, granitoid Chieng Khuong, 

Song Chay complexes are distributed in both NE and SW parts of NWVN, along Song Ma and 

Song Hong fault zones. The Cenozoic igneous rocks, comprising Ye Yen Sun, Nam Xe-Tam 

Duong, Pu Sam Cap, Coc Pia granitoid complexes, are distributed in central part of the NWVN 

area. 
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2. Son La fault. This is a dextral strike-slip fault with the slip surface dipping 

northeastward. It consists of several faults. The major Thuan Chau-Na Vien fault, regarded as a 

fault zone, display features of typical strike-slip, deep-seated fault. The other small faults 

control the linear structure of the Song Da structural zone. The overthrust faults play important 

role in this zone. From Huoi Long through Chieng Ve to Suoi Nhu, on the distance above 

150km, the Son La fault separates the Late Palaeozoic-Early Mesozoic and Late Proterozoic 

plates. The rocks are laminated along the cataclastic zones in this zone. The mafic effusives of 

the Cam Thuy Formation are associated with this zone. In the Song Ma area, , the Son La fault 

plays a role of an intrazonal fault, which is formed along anticline fold axis of the Song Ma 

structural zone. 

3. Song Da (Da River) fault. This fault is located along the left side of the Da river. It 

stretches northwestward, including some upthrow fault of southwestern dip. It plays the role as 

the boundary between the Song Ma and Song Da structural zones. Thus, it can be considers as a 

marginal fault. Along the fault, there is a destruction zone accompanied by Late Permian-Early 

Triassic mafic effusives of Vien Nam Formation. In some places, there is a small through filled 

up with Late Triassic coal-bearing beds of the Suoi Bang Formation. These features are perhaps 

associated with the opening of the Song Da ocean in Permo-Triassic and its closing during Late 

Triassic times. Geomorphologic observations allow to distinguished many narrow valleys (Nam 

Que, Pa Ha, etc.) along the fault. The occurrences of thermal water sources are also common 

along the fault zone. Therefore, the fault is still activating in the present time. Results of 

geophysical investigations indicate the Song Da fault plunge northeastward with a dip of 65o.  

4. Van Yen-Nam Xe-Phong Tho fault. It is also known as the Muong La-Bac Yen or 

Phong Tho-Nam Pia fault (Phan Trong Trinh, 2004; Tran Van Thang & Van Duc Tung, 2006). 

It consists of several winding faults, some of them plunge southwestward. They extend long the 

Nam Mu stream and play the role of the boundary between the Tu Le and Song Da structural 

zones. In the study area, this fault stretch from Bac Yen through Phong Tho to the Vietnam-

Chinese border. The fault zone often contains the mafic effusives attributed at present to the 

Vien Nam Formation accompanied by felsic and alkaline intrusives of Cretaceous to 

Palaeogene age. Geomorphologic studies indicate the existence of depressions along the faults. 

These lowlands form several narrow valleys. According to gravitational data, the Van Yen-Nam 

Xe-Phong Tho fault plunge southwestward with a dip of 60o. It stretches on hundreds 

kilometers.  

5. Song Hong (Red River) fault includes some faults trending in NW-SE direction. This is 

a system of normal faults. According to the geological and geophysical data, most of them 

plunge northeastward with the dip of 72o. The deformations within the Song Hong fault zone 

reach depth of ~30km and width of 22km. Many pull-apart basins are associated with the fault 

zone, they form grabens filled up with Neogene sediments of great thickness. Ultramafic 

intrusions of unknown age and thermal water occurrences are also associated with the Song 

Hong fault zone. 

6. Phong Tho fault. This fault is situated in the margin of Hoang Lien Son along boundary 

between the Phan Si Pan and Tu Le zones and displays features, we can consider of a marginal 
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fault. The Phong Tho and Van Yen-Nam Xe-Phong Tho faults form a “handle” of the Tu Le 

structural zone as a “the Tu Le ladle” (Tran Van Tri et al., 1977). Cenozoic mafic intrusion of 

the Muong Hum complex, alkaline rhyolites of the Tu Le subcomplex and granite, granosyenite 

of the Phu Sa Phin complex occur along the fault zone. 

7. Dien Bien-Sop Cop fault. It is located in the southwestern part of the investigated area 

and clearly visible on a surface. Dien Bien-Sop Cop fault extend from the Dien Bien, Tay Trang 

through Muong Xoi to Sop Cop, trending in NW-SE direction and forming crushed zones from 

10m to over 100m wide. The Tay Trang Formation, upper Palaeozoic limestone of the Bac Son 

Formation and coal-bearing bed of the Suoi Bang Formation occur along the fault zone. 

Thermal and mineral springs are common along the fault. According to the results of 

gravitational studies, this intrazonal fault, plunges at 85-90o angle, with the displacement 

amplitude of 1.5km. Moreover, many small faults of the NW-SE direction play a role in 

deformation of intrazonal structures. 

 

Northeast-southwest fault system 

This fault system is weakly developed in the study area; there are only some small faults 

in the southwest of Dien Bien town and distributed in the Phan Si Pan structural zone, in upper 

course of the Nhap, Chum, Suoi Be, and Ti Ang streams. In the northeastern area, they are 

mainly distributed in the Tu Le middle-late Mesozoic intracontinental volcanic depression zone 

generally of 2.5-10 km long.  

 

Sublongitudinal fault system 

The Dien Bien-Lai Chau fault zone is composed of two nearly parallel main faults 

stretching in longitudinal direction from the Lai Chau town to Dien Bien town. Generally, the 

Dien Bien-Lai Chau regional fault is rather steep, plunging ~85o northeastward, forming the 

boundary between the Song Ma and Muong Te structural zones. A long graben filled up with 

Middle-Late Triassic terrigenous beds of the Lai Chau Formation developed in the fault zone. 

The fault strike-slip movement during Cenozoic times is responsible for the origin of the Dien 

Bien Phu valley. Present tectonic activities of the fault are expressed by earthquakes. 

2.2.2. Nappes 

Ductile thrust nappes, with associated recumbent folds exist in the NWVN area. The 

involved material is affected only by low-grade metamorphic conditions. The nappes system is 

equivalent to the “nappe néotriasique” defined in Tonkin (presently northern Central Vietnam) 

by Fromaget (1937, 1941), thus confirming the validity of his descriptions and interpretations.  

The A-B and C-D geological cross sections for NWVN extend from southwest to 

northeast and represent general structure and fault characters of the study area. The first section 

(Fig. 2.2), from the Dong Bao area to near Phan Si Pan mountain range, shows coarse 

sandstone, calcareous siltstone, and black clay shale, mapped as Triassic. Towards to NE, the 

Cretaceous conglomerates and sandstones, and subvolcanic rocks dominate. The section depict 

the older Triassic rocks thrust over younger Cretaceous strata, indicating some existence of 

thrust faults (nappes) in this area. 
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The second section (Fig. 2.2), from the Sam Nua to margin of Song Ma zones, shows 

the relationship of the suture assemblage with other structural features. On the basis of the 

spatial occurrence, relationship between tectonostratigraphic assemblages as well as the 

deformational styles, the suture zone can be subdivided into two distinctive parts, the internal 

and external zones. The internal zone incorporates reworked and highly strained rocks, 

represented by exotic, mélange-style tectonic blocks of variable size, composition, and origin. 

These blocks include abundant ophiolitic-style ultramafic and mafic boudins, which are 

possibly derived from ancient oceanic complex, mylonitized plagiogranitic gneisses or marbly 

limestone blocks, and other paragneissic and/or orthogneissic remnants. The exotic blocks are 

bounded by highly-strained mylonitic zones that extend tens to hundreds of km, within which 

all rocks were flattened, strongly sheared, isoclinals folded and heavily metamorphosed up to 

amphibolite facies. The external zone is flanked by dismembered, variably strained early 

Palaeozoic heterogeneous sedimentary packages comprising silicic, calc-silicate and 

volcanogenic successions, or high-grade Neoproterozoic metasedimentary assemblages. 

Towards to NE, about 100km southwest of the Red River fault zone, the Song Da (Da River) 

has formed a deep valley in folded Palaeozoic and Triassic sediments. Upper Palaeozoic to 

Lower-Middle Triassic rocks are considered to have occurred in a subsident basin, the “Song 

Da rift”, together with basaltic volcanism and intrusions of Late Permian to Early Triassic in 

age, exposed North of the Yen Chau area. These Palaeozoic and Triassic rocks are thrust over 

Cretaceous red conglomerates and sandstones of the Yen Chau Formation (Lacassin et al., 

1998). Within the Upper Palaeozoic to Lower-Middle Triassic rocks involved in the nappes 

pile, the strike of the isoclinal fold axes and stretching mineral lineations is consistently around 

N-S and kinematic criteria indicate a top-to-the-north sense of shear.  

These geological cross sections for NWVN reveal a clear sequence of geological 

processes that are easily linked to the sequence of events that occurred during Triassic and 

Cretaceous times. The tectonic style with nappe emplacement characterizes of the Triassic 

Indosinian orogeny northwestern Vietnam. It contrasts with the later strike-slip Cenozoic 

deformations with associated magmatism (Lepvrier et al., 1997, Tran Trong Hoa et al., 2008a) 

in the Truong Son belt and Phan Si Pan – Red River zone of Northern Vietnam. 

 

2.3. Plate tectonics 

East and Southeast Asia comprise different terranes and blocks, which were derived from 

the northern margin of Gondwanaland (Leloup et al., 1995, 2001; Findlay, 1997, Findlay & 

Phan Trong Trinh, 1997; Tran Ngoc Nam, 1998; Fan, 2000; Carter et al., 2001; Golonka et al., 

2006a). Successive rifting and breakup formed several continental blocks during Palaeozoic and 

Mesozoic times. The northward movement of these blocks resulted in the amalgamation of 

present-day Southeast Asia. The closing of the Palaeotethys between the blocks led to the 

formation of several sutures like Song Ma, Song Da, Nan-Uttaradit and so on (Metcalfe 

1996a,b, 1999, 2006; Golonka et al., 2006a). 

Metcalfe (1998, 2002) and Golonka et al. (2006a, c) distinguished a number of plates and 

terranes within Vietnam and adjacent areas (Fig. 1.4). The northwestern Vietnam (NWVN) 



 17

belongs to Indochina (ICB) and South China (SCB) blocks. The SCB includes southern part of 

China and northeastern fragment of Vietnam. It is separated from North China by the 

Quingling-Dabie suture, from Indochina by Song Ma suture, from the Sibumasu Plate by the 

Ailaoshan suture, from the Songpan-Ganzi accretionary complex by the Longmenshan suture. 

The southeastern margin of South China is a passive margin connected to South China Sea by 

extended continental crust. To the East SCB is bordered by the Taiwan foldbelt and the 

Okinawa trough passive margin. The SCB block was finally formed during Precambrian times. 

The Indochina block (ICB) comprises the countries of Vietnam, Laos, Cambodia and 

western Thailand, perhaps also southeastern part of Malayan Peninsula, a fragment of Sumatra 

and the westernmost fragment of Borneo belong to ICB. To the West ICB is separated from the 

Sibumasu plate (from south to north) by Raub-Bentong, Phra Kaeo and Nan-Uttaradit sutures; 

to the northeast it is separated from the SCB by the Song Ma suture. The eastern margin of 

Indochina is a passive margin connected to South China Sea by extended continental crust. 

The tectonic structure of Northwestern Vietnam results from three major collisional 

events that took place during the Palaeozoic, Permo-Triassic and Cenozoic (Khuong The Hung & 

Golonka, 2008). The large scale (~600 km) sinistral displacement along the Ailao Shan-Red 

River (ASRR) shear zone occurred during ~27±22 Ma (Chung et al., 1997) event. The suture 

between Indochina and South China is located along the Song Ma belt. The Song Ma belt is 

characterized by the occurrence of mafic and ultramafic masses originated in oceanic domain and 

metamorphosed into Lower Palaeozoic greenschists. They are unconformably covered in many 

localities by Devonian redbeds (Hutchison, 1989). These mafic-ultramafic rocks have been 

widely interpreted as ophiolitic fragments, derived from the Paleo-Tethys and obducted during 

the collision of Indochina with South China (e.g., Golonka et al., 2006a and references therein). 

Moreover, the Song Ma ophiolite can be correlated with the Shuanggou ophiolite cropping out in 

the south of the Ailao Shan range (Zhang et al., 1994; Graciano et al., 2008). These ophiolitic 

belts delineate the boundary between Indochina and South China. The collision time had 

previously been thought to be Silurian based on a greenschist metamorphic age of ~455 Ma 

obtained by the K±Ar method (Tran Van Tri, ed. 1979). Recent data about metamorphic 

terranes in Vietnam recorded that the Indosinian metamorphism occurred ~250 Ma ago 

overprinting older events (Lepvrier et al., 1997, 2004, 2008, Lepvrier & Maluski, 2008, Lan et 

al., 2000; Tran Ngoc Nam, 1998). This implies that the final suturing between Indochina and 

South China took place in the earliest Triassic, during the early phase of the Indosinian orogeny 

that resulted in regional metamorphism and magmatism (Hutchison, 1989). However, the 

tectonic model that fully explains Indosinian orogeny still requires further detail geochemical 

and geochronological investigations on the constituent rocks. 

 

2.4. Tectonic subdivision of Northwestern Vietnam 

Fromaget (1937, 1941) first distinguished structural units in NWVN and gave those 

names such as Phu Hoat and Song Ma arcs, Song Da depression, Song Ca and Sam Nua 

synclines. He called structural units in north Laos and Dien Bien – Lai Chau fault zone the 

“Upper Laos element”, distinguishing Burmese element in the western Upper Laos. Dovjikov 
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(ed.) et al. (1965) defined the entire North Vietnam as the geosynclinal’s domain turned into 

folded Mesozoic, distinguishing Sam Nua depression as a structural unit within the Truong Son 

folded region. Since 1965, Vietnamese geologists have followed these ideas researching 

geology of Vietnam. Tran Van Tri et al. (1977) conducted detail geological studies and 

described the NWNV area as the West Bac Bo Fold System, which extends between the Song 

Ma Suture and the Chay River fault. A deformed Upper Proterozoic and Lower Palaeozoic 

metamorphic belt occurs north of the Song Ma suture forming broad antiform unit, called the 

Song Ma Anticlinorium. Farther north, mafic and ultramafic rocks, intercalating Permian-Early 

Triassic terrigeneous-carbonate sedimentary succession, form the strongly folded Song Da 

zone, which is unconformably overlain by Cretaceous red beds. 

Based on present-day knowledge of plate tectonics, distinctive morphotectonic features, 

structure and lithostratigraphy, the general geology of northwestern Vietnam, depicted in Fig. 

2.2, shows five geological entities, from the north to the south: Phan Si Pan-Song Hong, Tu Le, 

Song Da, Song Ma and Sam Nua regions. 

The Phan Si Pan-Song Hong (Red River) region, which lies between the Song Chay 

and the Phong Tho faults and is dominated by a linear belt of highly strained high-grade schists 

assigned to the Proterozoic in Vietnamese geological maps. This region was referred to as the 

Phan Si Pan structural zone in Dovjikov (ed.) et al. (1965) or the Hoang Lien Son continental 

belt which belongs to the Tonkin – Yangtze – Cathaysia zone in Nguyen Xuan Tung and Tran 

Van Tri (1992). The northwestern part of this zone is occupied by the Phan Si Pan massif where 

the geology is dominated by migmatitic and granitic complexes offset sinistrally by major fault. 

Slivers of Cambrian to Devonian sedimentary sequences also occur in this zone and trend more 

or less northwest. 

The Tu Le region was referred to as the Tu Le zone in Dovjikov (ed.) et al. (1965) or the 

Tu Le rift depression in Tran Van Tri (ed., 1977). It is located between the Song Da and the Phan Si 

Pan-Song Hong structures, and dominated by Jurassic to Cretaceous calc-alkaline volcanic units 

and continental sedimentary rocks. 

 The Song Da region is a part of the SCB; it is bordered to the northeast by the Van 

Yen-Nam Xe-Phong Tho fault and to the southeast by the Song Da fault. It was referred to as 

the Song Da rift depression in Tran Van Tri (ed., 1977) or the Song Da arc in Fromaget (1937, 

1941). The Song Da terrane consists of Cambrian to Cretaceous sedimentary rocks ranging 

from marine carbonates to continental red beds, and includes a widespread series of Permian 

basalts and Permo-Triassic sedimentary series.  

 The Song Ma region is located between the Truong Son fold belt and the Song Da 

region. It is an arched northwest trending structure often referred to as the Song Ma 

Anticlinorium (e.g. Tran Van Tri, ed., 1979). It is dominated by low to high-grade 

unfossiliferous schists intruded by Devonian and Triassic granitoids, metagreywackes, 

greenschists, amphibolites, and marbles. The southern part of the structure contains 

serpentinised ultramafic bodies referred to as ophiolites by Vietnamese geologists (e.g. Tran 

Van Tri, ed., 1979; Phan Cu Tien, ed., 1989 and references therein), and a gneissic 

plagiogranite called the Chieng Khuong complex. The Song Ma region also contains non-
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remote sensing image quotes from http://earth.google.com and Digital elevation model analysis 

was done for parts of this area. 

 

3.1. Division of magmatic rocks 

In the Northwestern Vietnam (NWVN), magmatic intrusions and effusions have mainly 

acid and minor mafic to ultramafic compositions (Fig. 2.1). They have been subdivided into 21 

complexes and 5 formations through Proterozoic to Cretaceous times. The scientific research on 

the magmatic rocks of NWVN area applying new technology led to new results and different 

interpretation of the origins of geological events. Therefore, carrying out a synthetic review of 

the magmatic rocks is necessary in order to provide a comprehensive overview of the regional 

geology. This dissertation presents the overview of petrographic, geochemical and 

geochronological studies on different magmatic rock types from the NWVN area. It also 

attempts to explain mechanism responsible for magmatic processes and help to understand the 

magmatic characteristics and the tectonic implications. The author’s research is combined with 

results obtained by the Department of Geology and Minerals of Vietnam (DGMV). The 

geochemical, mineralogical and geochronological data were given mainly by Tran Trong Hoa 

(1996, Tran Trong Hoa et al., 1999). Some newest data were published by Pham Trung Hieu et 

al. (2008, 2009). The magmatism history of northwestern Vietnam is also supported by 

1:50,000-1:200,000 geologic maps and other recent geological studies (Bui Cong Hoa, ed., 

2004, Bui Phu My, ed. et al., 1977, Dinh Minh Mong ed., 1977 and references therein). The 

paper’s interpretation is focused on: 1. the relationships between the NWVN area (including 

Phan Si Pan-Song Hong, Tu Le, Song Da, Song Ma and Sam Nua areas) and adjacent areas; 2. 

the magmatic evolution of the NWVN as a whole. 

The complexes of granitoids are closely related to tectonic setting; therefore one can 

successfully use the mineralogy, chemistry and trace element discrimination diagrams for the 

tectonic interpretation of granitoids (Pearce et al., 1977; Condie, 1997). Various discrimination 

plots are presented which sequentially discriminate the different tectonic environments. These 

plots used the GeoPlot software and some elements in the CorelDraw software. GeoPlot is a 

free VBA macro program used in Excel for plotting geochemical data. It has the following 

major plotting functions: X-Y plot and triangular plot, normalized spidergram, discrimination 

diagram, and the related functions such as calculating formulas and CIPW norm. GeoPlot also 

contains many normalization values used for spidergram and many discrimination diagrams. 

Users can also add new normalization values for spider diagrams and the specification data for 

a new discrimination diagram into GeoPlot. GeoPlot has the advantage over the existing stand-

alone plotting programs because it allows data to be plotted and visualized easily in the Excel 

environment, which geochemists use to organize and evaluate the data. A menu and a toolbar in 

Excel allow easy management of data and functions. In summary, GeoPlot is practical and 

enables geochemists to plot data professionally. The source codes are accessible to all users and 

can be modified for special use. The software is developed by Jibin Zhou from Guangzhou 

Institute of Geochemistry Chinese Academy of Sciences. 
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3.2. The method of mineralization analysis 

Metallogenic patterns in NWVN were influenced by spatial, temporal, or process-

related factors. No single set of factors can (or should) explain these variations; rather, they 

reflect a combination of influences (Barton, 1996). These combinations include regional and 

temporal differences in the composition, thickness, thermal structure, and state of materials, 

nature of material transport, and depositional environments. 

Tectonic setting provides a first-order control on the localization of mineral deposits and 

controls other factors favorable for the formation of mineral deposits. These factors include, for 

example: the form and composition of the associated igneous bodies, the formation of 

sedimentary basins and the characteristics of sediments that fill the basins, the development of 

faults and shear zones that provide conduits for mineralizing fluids or places for ore localization 

(Misra, 1999). 

Igneous-related mineralization is ubiquitous where epizonal environments are 

preserved, thus preservation (and exposure) form the first-order filter on metallogeny. 

Mineralization includes porphyry, skarn, epithermal, replacement and syngenetic deposits of 

widely varying styles, metal contents and links to magmatic heat and materials. Metal contents 

and alteration styles correlate closely with igneous compositions and are broadly independent of 

setting, although systematic regional variations in metal ratios are documented. Ore element 

suites vary from Cu- Au- Fe associated with (quartz) dioritic to monzonitic intrusive centres 

through Cu- Zn- Mo- Pb- Ag- W- Au associated with broadly granodioritic centres, and finally 

to Fe-Mo-Zn-W-Ag- Be associated with metaluminous to strongly peraluminous granitic 

centers (Barton, 1996). 

Effusive-related mineralization include epithermal Au-Ag-(Pb-Zn-Cu) veins, high-silica 

rhyolite volcanic center with F±Mo, felsic volcanic hosted - Cu-Pb-Zn-Ag-Au, mafic volcanic 

hosted - Cu (-Zn, - Au) or mixed volcanic/sedimentary - Cu-Zn (-Au). 

The age of mineralization is a critical piece of information required for understanding 

the genesis of any mineral deposit, because the age provides constraints on potential controls of 

ore emplacement, such igneous activity, tectonic setting, metamorphic remobilization, sources 

of ore fluids and ore constituents, etc. In the study area, the problem‘s age of mineralization 

requires us to further research on geochronological and geochemical data. Problem solving will 

discussed them from constraints revealed by stratigraphic relations, such as cross cutting veins 

or dikes and restriction of mineralization to certain stratigraphic interval, metamorphism, and 

deformation. Mineral deposits, especially those hosted by sediments, are often described as 

syngenetic – formed contemporaneously with (and essentially by the same process as) the host 

rocks or epigenetic – formed later than the host rocks. An example is vein. The first step in the 

formation of a vein is the fracturing or breaking of rock along a fault zone, at a depth ranging 

from surface to several kilometers below surface. The rock must be solid (lithified) and brittle, 

creating open spaces when it breaks. Hydrothermal solutions pass along the fault zone and 

deposit or precipitate the ore and gangue minerals within the open spaces. Thus, the vein is 

necessarily younger than the rocks that contain it. 
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Nguyen Quoc Cuong, 2007; Hoang Quang Vinh, 2006), as well as local, several kilometers 

areas in size areas (Ngo Van Liem et al., 2006; Nguyen Quoc Cuong, 2007). Digital elevation 

model strongly facilitated recognition of multiple forms of relief, which are difficult to capture 

in the field. The model allows direct transfer of topographical results of geological fieldwork 

and analysis of remote sensing image to one primer. Facilitated interpretation and verification 

of geological boundaries are based on the geomorphological relations, a mapping and 

inheritance issues with some geodynamic processes (Jordan, G., 2005, Struska, M., 2008). 

The remote sensing image analysis is carried out on SPLOT image and other images 

obtained for example from http://earth.google.com combined with DEM analysis. It helps to 

better understand lineaments and recognize tectonic boundaries. Analysis of remote sensing 

images is performed in order to classify areas where geological features are very difficult to 

read. When remote sensing data are available in digital format, digital processing and analysis 

may be performed using a computer. Digital processing may be used to enhance data as a 

prelude to visual interpretation. Digital processing and analysis may also be carried out to 

automatically identify targets and extract information completely without manual intervention 

by a human interpreter. However, rarely is digital processing and analysis carried out as a 

complete replacement for manual interpretation. Often, it is done to supplement and assist the 

human analyst. 

 

3.4. Focal mechanism solution of earthquakes 

The seismic waves generated by earthquakes, when recorded at seismograph stations 

around the world, can be used to determine the nature of the faulting associated with the 

earthquake, to infer the orientation of the fault plane and to gain information on the state of 

stress of the lithosphere. The result of such an analysis is referred to as a focal mechanism 

solution or fault plane solution. The technique represents a very powerful method of analyzing 

movements of the lithosphere, in particular those associated with plate tectonics. Information is 

available on a global scale as most earthquakes with a magnitude in excess of 5.5 can provide 

solutions, and it is not necessary to have recorders in the immediate vicinity of the earthquake, 

so that data are provided from regions that may be inaccessible for direct study. 

According to the elastic rebound theory, the strain energy released by an earthquake is 

transmitted by the seismic waves that radiate from the focus. Consider the fault plane shown in 

Figs 3.3 & 3.4 and the plane orthogonal to it, the auxiliary plane. The first seismic waves to 

arrive at recorders around the earthquake are P waves, which cause compression/dilatation of 

the rocks through which they travel. The shaded quadrants, defined by the fault and auxiliary 

planes, are compressed by movement along the fault and so the first motion of the P wave 

arriving in these quadrants corresponds to a compression. 
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direction, and the white quadrants contain the pressure axis (P), which reflects the maximum 

compressive stress direction. The computed focal mechanisms show only the P and T axes and 

do not use shading”. 

These focal mechanisms are computed using a method that attempts to find the best fit to 

the direction of P-first motions observed at each station. For a double-couple source mechanism 

(or only shear motion on the fault plane), the compression first-motions should lie only in the 

quadrant containing the tension axis, and the dilatation first-motions should lie only in the 

quadrant containing the pressure axis. However, first-motion observations will frequently be in 

the wrong quadrant. This occurs because a) the algorithm assigned an incorrect first-motion 

direction because the signal was not impulsive, b) the earthquake velocity model, and hence, 

the earthquake location is incorrect, so that the computed position of the first-motion 

observation on the focal sphere (or ray azimuth and angle of incidence with respect to vertical) 

is incorrect, or c) the seismometer is mis-wired, so that "up" is "down". The latter explanation is 

not a common occurrence. For mechanisms computed using only first-motion directions, these 

incorrect first-motion observations may greatly affect the computed focal mechanism 

parameters. Depending on the distribution and quality of first-motion data, more than one focal 

mechanism solution may fit the data equally well. 

For mechanisms calculated from first-motion directions as well as some methods that 

model waveforms, there is an ambiguity in identifying the fault plane on which slip occurred 

from the orthogonal, mathematically equivalent, auxiliary plane. We illustrate this ambiguity 

with four examples (B). The block diagrams adjacent to each focal mechanism illustrate the two 

possible types of fault motion that the focal mechanism could represent. Note that the view 

angle is 30-degrees to the left of and above each diagram. The ambiguity may sometimes be 

resolved by comparing the two fault-plane orientations to the alignment of small earthquakes 

and aftershocks. The first three examples describe fault motion that is purely horizontal (strike 

slip) or vertical (normal or reverse). The oblique-reverse mechanism illustrates that slip may 

also have components of horizontal and vertical motion.  
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zone. These massifs are composed mainly of gabbros of ophitic texture, amphibolized and albitized 

gabbrodiabase and diabase, locally, melanocratic olivine gabbros near to lherzolite. These rocks 

were metamorphosed to epidote-amphibolite facies. Cu and Au mineralization of gabbros of the 

Dong An massif is related to hydrothermal alteration. The isotopic dating of gabbros indicated 

Proterozoic times, reaching 1777 Ma obtained by Rb-Sr method (Nguyen Van The, ed., 1999), and 

1036 Ma by Ar-Ar method (Tran Trong Hoa et al., 2000). 

The Xom Giau complex was described by Phan Viet Ky (1977) (in Phan Cu Tien, ed. 

et al., 1977). It is distributed in the Suoi Chieng, Sinh Quyen formations and belongs to the 

Phan Si Pan – Song Hong zone. Petrographic composition of this complex is fairly simple, 

consisting mainly of leucocratic microcline-rich aranite (biotite <5%) or biotite monzogranite 

(≥10%); locally pegmatitoid granite. Almost all rocks display regular-grained or weakly 

porphyritic texture and massive or striped gneissoid structure. The Xom Giau complex 

intrusives penetrate metamorphic rocks of the Suoi Chieng and Sinh Quyen Formations. The 

fragments of these metamorphic rocks are also present as xenoliths. The position of the Xom 

Giau complex indicates Neoproterozoic age. Similar magmatic intrusives situated in the Hanoi 

area gave isotopic ages from 1350 to 1386 Ma (Phan Cu Tien, ed. et al., 1977). 

The Po Sen complex was described by Tran Quoc Hai (1967). It includes granitoid 

massifs, distributed mainly in the middle of the Phan Si Pan-Song Hong structural zone, with a 

composition changing from diorite to granodiorite and biotite-amphibole granite. The greatest 

Po Sen massif with an area of 250 km2 and other small massifs are scattered in the northwestern 

Phan Si Pan-Song Hong zone. The majority of granitoids of the Po Sen complex belongs to 

quartz diorite (tonalite) and granodiorite. According to Wang et al. (1999), the TIMS U-Pb age 

of zircon from Po Sen gneiss is 760±25Ma. The SHRIMP U-Pb age of zircon is 751±7Ma 

(Tran Ngoc Nam, 2003). According to Pham Trung Hieu et al. (2009), the LA-ICP-MS Lu-Hf 

ages of zircons from Po Sen complex are 723±14 Ma and 760±12 Ma, also Neoproterozoic. 

 

The second group –Devonian 

The Song Chay complex composed of the Song Chay, Nui Lang and Nui Bao massifs, 

was established by Izokh (in Dovjikov, ed. et al., 1965). The Song Chay massif is distributed 

mainly in the Phan Si Pan-Song Hong structural zone with an area of 200 km2. It includes two 

mica, felsic and ultrametamorphic granites. 

The Song Chay and Ha Giang formations cover conformably the Song Chay structural 

massifs. As was mentioned above, the Song Chay Formation was dated as Early Devonian 

(Tran Van Tri, ed., 1977), while biotite sample from the Nui Lang massif provided isotope age 

of 350 Ma. Remarkably, the Song Chay granite is similar the Dai Loc complex, which is 

distributed in the southern Vietnam, where intrusive granitoids penetrate the Cambrian-

Ordovician formation and underlies the Devonian Tan Lap Formation.  

 

The third group – Permian 

The Nui Nua complex was established by Le Dinh Huu (in Phan Cu Tien, ed. et al., 1977). 

This complex is composed of 4-5 km long and 300-400 m wide lentiform ultramafic bodies. They 
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type section for the new Huoi Hao Formation (Pham Dinh Tuong, ed., 1999; Nguyen Van 

Thuat, ed., 1999). 

The lower part of this formation is composed mainly of greenschists (metabasalt, 

metadiabase) and beds of altered tuffs. Three members were recognized in the section 

extending along Ma River from Nam Ma to Bo Xinh. The first member is represented by 

greenschist interbeded with quartz-sericite schist, second member by schistose greenschist, 

unclearly striped, locally massive greenschist, and the last one by greenschist interbeded with 

cherty schist and quartz-sericite schist. The lower boundary of the formation is unknown, while 

its upper part underlies conformably the Nam Ty Formation. 

The LA-ICP method (Pham Trung Hieu et al., 2008) follows results of 206Pb/238U dating, 

giving the of 254±12 Ma age of metabasalt samples from the Song Ma belt. The Late Permian 

age was established for Huoi Hao Formation according to these results. 

The Ban Xang complex distributed in the Ta Khoa area belonging to the Song Da 

structural zone, was established by Dovjikow (ed.) et al. (1965). According to his description, 

the Ban Xang complex is located near the axis of the Ta Khoa anticline, and penetrates 

micaschist, biotite-muscovite hornfels, and actinolite-muscovite hornfels of the Nam Sap 

Formation. Intrusive massifs lay conformably with country rocks. Copper-nickel mineralization 

in the compact or disseminated form occurs often in the contact zone.  

The petrology of the Ban Xang complex suggests ophiolitic, obducted origin. The massifs 

are composed mainly of strongly serpentinized dunite containing forsterite. Accessory minerals 

are represented by magnetite and chrome-spinel. The rock has panidiomorphic, medium- to 

coarse-grained texture. It is serpentinized, compact, near black in colour, of netted texture. 

Abundant olivine consists of nuclei surrounded by antigorite, forming lamellar, acicular 

assemblage; less numerous chrysotile forms micro-veins and transversal fibres. In some places, 

chrysotile is replaced by carbonate and some ore minerals. 

The Late Permian age of the Ban Xang complex was assumed based on penetration of the 

sedimentary beds, which have yielded an age range from Devonian to Early Permian. The 

ophiolitic character contradicts this penetration. The relationship to the other ophiolites from 

this area suggests similar, Permian age. 

The Cam Thuy Formation exposed west of the Son La Town and belonging to the Song 

Da structural zone was described by Dinh Minh Mong (ed., 1977). A section cutting through 

the Son La Pass comprises two members: the 350m thick member one is composed mainly of 

basalt, amygdaloidal basalt, porphyritic basalt with beds of basaltic tuffs and lavas (2-3 m 

thick); the 300 m thick member two contains mainly chocolate tuffaceous siltstone with beds of 

tuffs lavas and basalt. The studied rocks are exposed in the road to Dien Bien area (Fig. 4.3). 
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the great fault, which separates the Song Ma and Sam Nua structural zones (Song Ma fault 

zone). In the east, the massif has tectonic contact with greenschist (metabasite) and quartz-

sericite schist of the Upper Permian Bo Xinh Group and granodiorite of the Dien Bien Phu 

complex. In the southwest, it is closely related to Middle Triassic felsic-intermediate effusives 

of the Dong Trau Formation. Beside the intrusive massif, small satellite intrusions developed in 

the distributive area of effusives of the Dong Trau Formation. The Song Ma complex is 

composed mainly of biotite granite and biotite tonalite. In the northeast of the massif, biotite 

granite has the small-grained poikilitic texture and gradually transforms into porphyritic granite 

of effusive appearance. Two sides of the massif are bounded by faults, and, between them, large 

pieces of basal conglomerate of the Norian-Rhaetian Suoi Bang Formation occur, covering 

unconformably the intrusive massif. 

On the geological, petrological and geochemical sides, the Song Ma complex is closely 

related in space and in origin to Middle Triassic felsic-intermediate effusive of the Dong Trau 

Formation. Its rocks are covered unconformably by coal-bearing beds of the Suoi Bang 

Formation, the basal conglomerate of which contains pebbles from granitoids of the Song Ma 

complex. The Rb- Sr whole rock isochron age yields 232 ± 11 Ma age (Nguyen Minh Trung, 

2007). The subvolcanic Song Ma complex can therefore be dated as Middle Triassic. 

The Phia Bioc complex was described by Izokh (in Dovjikov, ed. et al., 1965). In the 

studied area, the Phia Bioc complex is bounded in the west by faults. In the east, granite of the 

massif penetrates shales of the Lai Chau Formation causing its hornfelsification (the hornfels 

zone is 200 – 300m in width). It is covered by Upper Triassic coal-bearing beds of the Suoi 

Bang Formation in the south. The geological position of granitoids of the Phia Bioc indicates 

that this complex is younger than Middle-Upper Triassic rocks and older than Norian-Rhaetian 

coal-bearing formation.  

 

The fifth group – Jurassic-Cretaceous 

The Suoi Be Formation was described by Nguyen Xuan Bao (ed., 1970). This formation 

is distributed in the southeast margin of the Tu Le structural zone, forming a NW-SE oriented 

band which includes 2 parts. The lower part is represented by purple-chocolate to green 

tuffaceous conglomerates and gritstones, sandstones, silty sandstones, tuffs and lenses of 

aphyric basalt. The upper part contains different kinds of basalts, such as the plagiobasalt, 

andesitobasalt, and trachybasalt. These basalts form irregular flows, interbeds or lenses, 

interbeded with basalt tuff, lenses of agglomerate tuff, and crumpled black-green tuffaceous 

shale. Both parts are penetrated by small diabase bodies. 

Post-effusive alterations are represented mainly by propylitization with high temperature 

facies (actinolite-epidote). In addition, medium temperature association (albite-epidote-chlorite) 

and low temperature association (calcite-albite-chlorite) occur. Au and Ag mineralization 

occurs within the formation. 

The isotopic age of three basalt samples yield ages around 117.3 ± 0.6 ÷ 176.3 ± 0.8 Ma 

(Tran Tuan Anh et al., 2004). Based on these results and Jurassic-Cretaceous flora fossils 

collected in the adjacent Thuan Chau area, the formation can be dated as Jurassic-Cretaceous. 
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and Suoi Be formations, and occupies the uppermost position within the Tu Le structural zone. 

The Late Cretaceous age was assumed for this subcomplex. 

The Muong Hum complex was described by Izokh (in Dovjikov, ed. et al., 1965). Alkaline 

granitoid massif of this complex occurs in the Phan Si Pan mountain range and belongs to the 

Phan Si Pan-Song Hong structural zone. The main composition of the Muong Hum granitoid 

complex corresponds to granosyenite and granite. Main mineral composition includes quartz, 

feldspar K, plagioclase, amphibole, and biotite; alkaline pyroxene (aegyrine) and alkaline 

amphibole (arfvedsonite). Accessory minerals are represented by apatite, sphene, sometimes 

garnet. 

Due to the Muong Hum granitoids appearance on the Phan Si Pan zone, the complex has 

been preliminarily dated as early Palaeozoic. The result of isotope dating of Nguyen Trung Chi 

(1999) shown that the Muong Hum granitoid complex reaches 75 Ma with TDM=0.6-0.8 Ga, 

and it can be dated as Cretaceous.  

The Phu Sa Phin complex was described by Izokh (in Dovjikov, ed., et al., 1965). This 

complex is composed of hypahyssal intrusive and subvolcanic bodies with kalifeldspath granite, 

granosyenite and syenite closely related in space, time and origin to Cretaceous rhyolite and 

comendite formations in the Tu Le zone. In the Phu Sa Phin mountainous area, these 

subvolcanic-intrusive bodies form the basement of the effusive cover. In some places within the 

Tu Le zone, these intrusive massifs are associated with effusive along the Phong Tho-Nam Pia 

fault zone.  

The main rocks of the complex consist of alkaline feldspar granite, quartz porphyritic 

syenite, porphyritic granosyenite and granophyric granite. Average mineral composition of 

granite is as follows: kalium-natrium feldspar = 50 - 70%; plagioclase = 0 - 10%; quartz = 30 - 

35%; biotite = 3 - 5%; amphibole and pyroxene = 1 - 5%. Accessory minerals are represented 

by fluorite, sphene, apatite, zircon and magnetite. 

According to the field materials, petrochemical and geochemical characteristics, the co-

magmatic relationship between Phu Sa Phin granitoids and Cretaceous Tu Le - Ngoi Thia 

effusives has been proved. Thus, the age of granitoids can be considered close to that of 

effusives. The rocks of the Phu Sa Phin complex were penetrated by biotite granite of the Ye 

Yen Sun complex and intrusions of the Pu Sam Cap complex. In addition, Ar-Ar age data yield 

the value 89-144 Ma to Phu Sa Phin granite (Tran Tuan Anh et al., 2003), corresponding to 

Cretaceous. Therefore, the Cretaceous age of Phu Sa Phin complex is established. 

 

The sixth group – Palaeogene 

The Ye Yen Sun complex was established by Izokh (in Dovjikov, ed. et al., 1965). The 

Ye Yen Sun batholith stretches over thousands square kilometers from the Vietnam-Chinese 

border in northwest to southeast through the Phan Si Pan range. Bui Phu My (ed.) et al. (1977) 

and Nguyen Trung Chi (1999) described northwestern and southeastern part of this massif. 

They distinguished granodiorite and biotite-amphibole granite, which belong to rather typical 

calc-alkaline series according to their petrographic characteristics. 



 

Tr

distribu

high-K 

granite t

Yen Sun

F

minera

Th

(1988). 

1 km2). 

tuff, po

member

20 m th

thick. A

syenite.

unconfo

isotopic

T

1965). T

Da struc

Th

Charact

amphibo

represen

hornble

(melani

ran Tuan A

uted around 

calc-alkalin

type in the 

n granite an

Fig. 4.6. Alk

alization acc

he Pu Tra

This forma

It is comp

orphyritic tr

r 1 – conglo

hick; memb

Agglomerate

 Their siz

ormably up

c dating of 4

he Nam X

This comple

ctural zone 

he massifs 

teristic par

ole, and b

nted mainly

nde or arf

te); the con

Anh (2003

the O Quy

ne character

east. Accor

n age of 35 M

kaline Ye Y

companied 

Ye Y

a Formatio

ation occurs

posed of vol

rachyte fra

omerate inte

er 2 – alkal

e tuff conta

ze ranges f

pon the Up

45±3 Ma co

Xe-Tam Du

ex includes

in the west 

are compo

ragenetic m

biotite. The

y by diopsid

fvedsonite. 

ntent of garn

3, 2004) ha

 Ho Pass (F

r of I-granit

rding to Zha

Ma (the We

Yen Sun com

quartz vein

Yen Sun com

on was esta

 in the Song

lcanogenic 

agments. Th

erbeded wit

line effusiv

ains many c

from few 

pper Cretac

onfirms the P

uong compl

s small bod

and the Pha

osed mainly

minerals in

e studied r

de, sometim

The rocks

net sometim

as distingu

Fig. 4.6), tw

e type in th

ang and Sch

est Ye Yen 

mplex. Ham

ns bearing th

mplex, 50 m

 

ablished by

g Da structu

rocks of er

he formatio

th medium-

es, tuffs, ag

clasts of tra

millimeters

eous Yen 

Palaeogene

lex was est

ies distribu

an Si Pan zo

y of subalka

nclude qu

rocks have 

mes rich in a

 often con

mes reaches 5

uished with

wo different

e west, and 

härer (1999)

Sun type) c

mmer is long

he Ye Yen S

m to Bac wa

y Tran Duc

ural zone wi

ruptive faci

on can be 

grained san

gglomerate 

achyte, porp

s to 80 cm

Chau Form

age of the P

tablished by

uted along th

one in the e

aline to alk

artz, K-fel

regular-gra

aegirine-aug

ntain of sp

5-10% in m

hin the Ye 

t types: leu

subalkaline

), the U-Pb 

correspondin

g 30 cm. A –

Sun granite,

aterfall. 

c Luong &

ith a small d

es with the

subdivided

ndstone, cho

tuff, trachy

phyritic trac

m. The Pu 

mation. In 

Pu Tra Form

y Izokh (in

he fault zon

east (Fig. 4.7

kaline syeni

ldspar, pla

ained struc

gite, amphib

phene and 

melanocratic

Yen Sun 

cocratic gra

e biotite gra

age data giv

ng to Palaeo

– Molybden

, B – The ou

& Nguyen X

distributive 

e clay shale

d into two 

ocolate clay

ytic tuff, abo

chyte and p

Tra Form

addition, a

mation. 

n Dovjikov, 

ne between

7). 

ite and gra

agioclase, 

cture. Pyro

boles by hig

titanium-hi

c syenite. 

37

complex, 

anite, with 

anite of A-

ves the Ye 

ogene. 

 
num 

utcrop of 

Xuan Bao 

 area (0.5-

, trachytic 

members: 

ystone, 15-

out 300 m 

porphyritic 

mation lay 

a value of 

ed. et al., 

n the Song 

anosyenite. 

pyroxene, 

xenes are 

gh-alkaline 

gh garnet 



 

Fig. 4

 

Th

setting. 

syenite 

complex

barite an

T

complex

closely 

Formati

Th

of leuco

correspo

monzon

dating (

1999) in

 

Th

formatio

Tam Du

Tam Du

4.7. A, B – A

he Palaeoge

The Nam 

bodies of t

xes. The Na

nd fluorite a

he Pu Sam

x includes 

related to f

ion, and tog

he massifs o

ocratic syen

onding to 

nitic texture

(Ar-Ar meth

ndicating th

he Coc P

ons, compos

uong and Ph

uong (Coc P

Alkaline roc

ene age of 

Xe-Tam D

the complex

am Xe depo

are related t

m Cap com

subvolcanic

felsic-interm

gether with t

of the studi

nite and gran

monzogab

e (Fig. 4.8)

hod) yield t

he Palaeogen

Pia comple

sed of volca

hong Tho ar

ia, Sin Cao)

cks of the N

way 

the Nam X

Duong intru

x also pene

osit of radio

to the Nam 

mplex was d

c intrusions

mediate-alka

them they f

ed rocks ha

nosyenite. T

bbro and s

) occur in s

two values o

ne age. 

ex includes

anites, neck

reas in the S

) in the distri

Nam Xe-Tam

to Sapa pro

Xe-Tam Duo

uded volcan

etrate granit

oactive ores

Xe syenite.

described by

s scattered 

aline volcan

form a very 

ave a rather 

The melanoc

shoshonite, 

some mass

of 31.5 ±0.2

s mafic-pot

k intrusives 

Song Da zon

ibution area 

m Duong bl

ovince. 

ong comple

nic trachyte

toids of the

s and RRE 

. 

y Izokh (in 

in the Son

nites (trachy

typical volc

simple stru

cratic variet

or melan

ifs (Khuon

2 and 35.4 ±

Fig. 

Boo

tassic alkal

and dykes l

ne. These ro

a of intermed

ock expose

ex is derive

s of the Pu

e Phu Sa Ph

and minera

Dovjikov, e

ng Da struc

yte, trachyrh

cano-pluton

ucture, almo

ties, which 

ocratic sye

n Ha, Khao

±0.2 Ma (T

 

 

 

 

 

4.8. Pu Sam

ok cover are

10cm

line and p

largely deve

ocks are best

diate-felsic-a

d as boulde

d from its g

u Tra Form

hin and Ye

alization of 

ed. et al., 1

ctural zone. 

hyolite) of t

nic associati

ost entirely 

have the co

enite havin

 Cum). Th

Tran Trong H

m Cap block

ea of 20cm x

m. 

potassic ult

eloped in so

t exposed so

alkaline volc

38

 
ers in the 

geological 

mation, the 

e Yen Sun 

lead-zinc, 

965). This 

They are 

the Pu Tra 

ion. 

composed 

omposition 

ng clearly 

he isotopic 

Hoa et al., 

k. 

x 

tra-alkaline 

outheast of 

outheast of 

canites and 



 

subvolca

carbona

manifes

Th

pipe typ

andesito

Absarok

and sim

Th

Ma age 

Coc Pia

complex

 

4.1.2. G

R

types fr

rocks fr

diagram

4.11).  

T

Giau, P

Nam Xe

rocks fr

and gab

gabbrod

 

anites of the

ate formatio

tation forms

he mafic-ak

pe, together

obasalt (ab

kite tuff con

milar variety 

he isotopic 

(Tran Tron

a and Sin C

x has been d

Geochemistr

Representat

rom the NW

from the N

m of Cox et 

The Bao H

Po Sen, Son

e-Tam Duo

rom Pu Sam

bbro, and 

diorite to dio

Fi

e Pu Tra, P

ons. They 

s: eruptive, i

kaline tuffa

r with the t

bsarokite-ac

ntains usual

as wyomin

dating by R

ng Hoa et a

Cao 29-34 M

dated as Pal

ry 

tive chemic

WVN are lis

WVN are 

al., (1997) 

Ha, Bo Xinh

ng Chay, Ch

ong and Phu

m Cap are cl

the Dien 

orite, gabbr

ig. 4.9. Clas

(

Pu Sam Cap

form rath

intrusive nec

aceous brec

trachytic tu

ccording to

lly fragmen

ngite have b

Rb-Sr metho

al., 1995), b

Ma age (Tra

laeogene. 

cal and tra

ted in Table

deciphered

(Fig. 4.9) a

h, Nam Ch

hieng Khuo

u Sa Phin r

lassified as 

Bien Phu

ro (Fig. 4.9)

ssification d

(applied me

p type descr

her typical 

ck form, dyk

ccia can be 

uff. It often

o Lacroix, 

nts of trachy

een observe

od of lampr

by Ar-Ar m

an Trong Ho

ace element

e 4.1 to Tab

d on diagra

and on the A

hien mafic 

ong, Song M

rocks repres

syenite and

magmatic 

).  

diagram for 

ethod of Cox

ribed above,

volcano-pl

kes and vein

usually ob

n correspond

1933), or

yte and trac

ed. 

roite from t

method of lam

oa et al., 19

t compositi

ble 4.19. Th

ams (Figs 4

AS diagram

rocks are c

Ma, Phia B

sent granite

d nepheline s

represent 

the NWVN

x et al., 197

, as well as 

lutonic asso

ns (Tran Tro

bserved in 

ds in comp

r lamproite

chyrhyolite.

the Dong Pa

mproite and

999). Based

ion of diffe

he nomencl

4.9 - 4.27)

m of Dmitrie

classified as

ioc, Muong

es, sometim

syenite, Co

rocks cha

N plutonic ro

79). 

of Triassic 

ociations w

ng Hoa et a

volcanic st

position wit

e tuff (coc

 Sometimes

ao has yield

d absarokite

d on these r

erent magm

atures of th

, including 

ev et al., (1

s gabbros. 

g Hum, Ye 

es granodio

c Pia as sye

anging from

ocks  

39

terrigeno-

with three 

l., 1999). 

tructure of 

th alkaline 

cite tuff). 

s, leucitite 

d the 42±7 

e from the 

results, the 

matic rock 

he plutonic 

the TAS 

972) (Fig. 

The Xom 

Yen Sun, 

orites. The 

eno-diorite 

m granite, 

 



 

O

tholeiiti

the Dien

The Nu

Ban Xan

of Irvin

T

diagram

classifie

Ngoi Th

of Irvin

(CA), w

Fig. 4.1

On the AF

ic series (TH

n Bien Phu

ui Nua ultra

ng ranges fr

e and Barag

Fig

The nomen

m of Le Ma

ed as basalt

hia represen

ne and Bara

while basalt 

1. Classific

A=Na2

FM diagram

H), while th

u magmatic

amafic rock

from clinopy

gar (1971) (

g. 4.10. Cla

(

nclatures of

aitre et al., 

t; the Suoi B

nt rhyolite, a

agar (1971)

and basanit

cation diagra

2O+K2O+A

m of Irvine

he granites 

c rocks rang

ks are class

yroxenite, v

(Fig. 4.13), 

assification d

(applied me

f the volca

(1989) (Fi

Be is plotte

and the Pu T

) (Fig. 4.13

te belongs t

am for ultra

Al2O3+CaO; 

e and Barag

and dacites

ging from t

ified as har

verlite and lh

ultramafic r

diagram for

ethod of Le 

 

anic rocks f

g. 4.10). It

ed in basani

Tra, rhyolite

), rhyolite 

o tholeiitic 

amafic rock

S=SiO2-(T

 

gar (1971),

s and other

tholeiitic to

rzburgites s

herzolites (F

rocks belon

r the NWVN

Maitre, 198

from the N

t shows tha

te sometim

e sometime

and trachyt

series (TH)

ks (applied m

TiO2+Fe2O3+

, gabbroic 

s are calc-a

 calc-alkali

sometimes l

Fig. 4.11). O

ng to tholeiit

N volcanic r

89). 

NWVN are 

at the Huoi 

mes fodite fie

es trachyte. O

te belong to

). 

 
method of D

+FeO+MnO

rocks belo

alkaline roc

ine rocks (F

lherzolites, 

On the AFM

tic series (T

 
rocks  

shown on

Hao, Vien

eld; while t

On the AFM

o calc-alkal

Dmitriev et a

O+MgO). 

40

ong to the 

ks, except 

Fig. 4.12). 

while the 

M diagram 

TH). 

n the TAS 

n Nam are 

the Tu Le, 

M diagram 

line series 

al., 1972), 



 

Fig. 4

tho

Fig. 4

tho

T

46.36%

magnes

ratios: 8

peridoti

silica (S

(Table 4

the ultra

(unpubl

than Cl

Clarke. 

Nua and

Pearce e

4.12. A subd

oleiitic field

4.13. A subd

oleiitic field

The serpent

%), alkali (N

ium (MgO 

8.9-12.8 (N

ite magmati

SiO2=34.3-4

4.10). On th

amafic rock

lished data)

larke; speci

On the Na

d Ban Xang

et al., (1977

division dia

d of NWVN

division dia

d of NWVN

tinized harz

Na2O+K2O 

= 34.39-3

Nguyen Van

ic source. T

45.82%), ve

he FeOt-Mg

ks correspo

, the conten

ifically the 

a2O-K2O-Ca

g complexes

7), they also

agram show

N plutonic ro

agram show

N volcanic r

zburgite of 

< 2%), an

8.8%); with

n Chien, 19

The serpent

ery rich in c

gO-Al2O3 d

onding to th

nt of Ba, Rb

ore formin

aO diagram

s belong to 

o belong to o

wing the bou

ocks (applie

wing the bou

ocks (applie

 

the Nui Nu

nd in alum

h the MgO

964) indicat

tinized dun

calcium (Ca

diagram of P

he ocean rid

Rb, Sr, Y, Y

ng elements

m of Green 

sodic rock 

ocean ridge

undary betw

ed method o

undary betw

ed method o

ua complex

minum (Al2O

O/FeO ratio

te that this 

nite of the B

aO=0.24-10

Pearce et al

dge-floor (O

Yb, Th, Ce, 

s Cu, V an

& Polderv

types. On t

e-floor (ORF

ween the calc

of Irvine & 

 
ween the calc

of Irvine & 

x are poor in

O3 = 0.21-

: 7-29 (Tab

complex w

Ban Xang

0.6%), with

l., (1977) (F

ORF). Acco

Zn, and Zr

nd Pt are 3

aart (1958)

the FeOt-Mg

F) magmati

 
c-alkaline fi

Baragar, 19

c-alkaline fi

Baragar, 19

n silica (SiO

-2.12%), bu

ble 4.5). T

was crystall

complex ar

h sodium > 

Fig. 4.19), m

ording to th

r is 1-14 tim

-8 times hi

) (Fig. 4.15

gO-Al2O3 d

c rock type

41

field and 

971). 

field and 

971). 

O2=36.08-

ut rich in 

The Mg/Fe 

lized from 

re poor in 

potassium 

most of all 

he DGMV 

mes higher 

igher than 

), the Nui 

diagram of 

s. 



 

F

G

serpenti

subdivid

Xinh, a

55.14%

content.

belong t

the Bao

complex

Pearce e

Chien f

mafic ro

Fig.

Fig. 4.15. N

Geochemical

inized harzb

ded into thr

and Nam C

%) with low 

. On the N

to sodic typ

o Ha comple

x plot in int

et al., (1977

fall into con

ock types, b

. 4.14. Na2O

(applie

Na2O-K2O-C

(applie

lly, all stu

burgite and

ree series. 

Chien gabbr

alkalinity (

Na2O-K2O-C

pes. On the

ex belongs 

traplate alka

7) (Fig. 4.1

ntinental oc

but mainly 

O-K2O-CaO

ed method o

CaO diagram

ed method o

udy pluton

d dunite of

The first se

roic sample

(total Na2O+

CaO diagra

 Nb*2 - Zr

to intraplat

aline field. O

9), the Bao

cean types (

island ocea

O diagram fo

of Green & 

m for the N

of Green & 

 

nic rocks 

f the Nui N

eries contai

es, which ar

+K2O=2.49

am of Gree

r/4-Y ternar

te alkaline a

On the othe

o Ha belong

(CO). The 

an (IO) and

or the NWV

Poldervaar

WVN ultra

Poldervaar

samples f

Nua and B

ins the maf

re silica un

9-4.77%). N

en & Polde

ry diagram o

and tholeiite

r hand, on t

g to island o

Bo Xinh co

d ocean ridg

VN plutonic

rt, 1958). 

 

amafic and v

rt, 1958). 

from the N

Ban Xang c

fic plutonic

ndersaturate

Na2O conten

ervaart (195

of Mesched

e gabbros, w

the FeOt-M

ocean field 

omplex disp

ge-floor (OR

 
c rocks 

volcanic roc

NWVN, e

complexes, 

s of the Ba

ed rocks (S

nt is higher 

58) (Fig. 4

de (1986) (F

while the N

gO-Al2O3 d

(IO), while

play a wide

RF). Particu

42

cks 

xcept for 

are fairly 

ao Ha, Bo 

SiO2=41.4-

than K2O 

4.14), they 

Fig. 4.18), 

Nam Chien 

diagram of 

e the Nam 

e range of 

ularly, the 



 

chemica

titanium

aluminu

Cr (146

poor (2.

low-alk

earth el

show th

The orig

describe

displayi

element

has foll

(CaO=7

tholeiite

Fig. 

T

Chieng 

Tam Du

They sh

13.0). O

belong 

belong t

Chappe

Muong 

the Chie

Yen Su

al composit

m (TiO2=1.3

um (Al2O3=

6-271 ppm)

.1-4.3 ppm)

kali tholeiite

lements (LR

hat gabbroid

gin of this c

ed rocks of 

ing a mantl

ts are highe

lowing char

7.47-11.22%

e within-pla

4.16. Na2O

The second

Khuong, D

uong, Phu 

how a wide

On the Na2O

to potassic

to sodic typ

ll et al., (19

Hum, Phu 

eng Khuong

un complexe

tion of the 

32-2.66%), 

=13.11-14.5

, and relati

), however N

e type. They

REE) (Fig. 

ds of the Ba

complex wa

the Bo Xin

le origin (o

er than Clark

racteristics: 

%) (Table 4

ate (intraplat

+K2O-FeOt

(ap

d series cont

Dien Bien Ph

Sa Phin co

e range of S

O-K2O-CaO

c types, exc

pes. On the 

974) (Fig. 4

Sa Phin, N

g complex b

es represen

Bao Ha co

medium i

9%) (Table

vely rich in

Nb, Zr and Y

y are rich i

4.20-1). Th

ao Ha comp

as related to

nh complex 

oceanic crus

ke (Table 4

high in tit

4.14). The r

te) series of

t-CaO diagr

pplied metho

tains the fel

hu, Song M

omplexes. T

SiO2 (57.94

 diagram of

cept the Xo

Na2O+K2O

4.16), grani

Nam Xe-Tam

belong to I-

nt the I-gran

omplex cha

n magnesiu

e 4.1). Thes

n V (316-4

Y are rather

in rare earth

he distribut

plex belong 

o the spread

are low in T

st of the IO

4.6). Chemic

tanium (TiO

rocks are al

f the mid-oc

ram classify

od of Chapp

 

lsic plutonic

Ma, Phia Bio

These pluto

-78.15), an

f Green & P

om Giau, P

O-FeOt-CaO

itoids of the

m Duong c

-granite typ

nite changin

aracterizes t

um (MgO=

e rocks are

02 ppm). T

r stable in h

h elements 

ive charact

to within-p

ding proces

TiO2 =0.8-2

O or ORF ty

cal composi

O2=2.02-3.6

ll rich in R

cean ridges 

ying for the 

pell et al., 1

cs from the 

c, and Muo

onics are gr

nd are rich i

Poldervaart 

Po Sen, Chi

O diagram c

e Xom Giau

complexes b

pe. The Son

ng to the S

the rock ty

=6.73-7.32%

 rather poo

Their conten

high level in

(REE), esp

eristics of R

plate (intrap

s of the con

2.1%, their c

ype). The C

ition of the 

63%); relati

Rb, Ba, Th, 

(Figs 4.18 &

NWVN gra

974). 

Xom Giau

ong Hum, Y

ranites som

in the alkal

(1958) (Fig

ieng Khuon

classifying g

u, Po Sen, 

belong to S

ng Chay, Di

-granite, re

ype relativel

%), relative

r in Cu (55

nt of Rb is 

n compariso

pecially the 

Rb, Sr, Nb 

late) type (F

ntinental ma

chemical co

Cu, Ni, Cr, 

Nam Chien

vely high i

LREE, bel

& 4.26). 

 
anitoid type

, Po Sen, So

Ye Yen Sun,

metimes gran

is (Na2O+K

g. 4.14), mo

ng complex

granite type

Song Ma, P

S-granite typ

ien Bien Ph

espectively. 

43

ly high in 

ly low in 

5-73 ppm), 

relatively 

on with the 

light rare 

 and REE 

Fig. 4.26). 

argin. The 

omposition 

Ti and V 

n complex 

in calcium 

longing to 

es (I, S) 

ong Chay, 

, Nam Xe-

nodiorites. 

K2O=3.89-

ost of them 

xes, which 

es (I, S) of 

Phia Bioc, 

pes, while 

hu, and Ye 

Chemical 



 44

composition of biotite from the Xom Giau complex places it in the type low in titanium 

(TiO2=1.3%), relatively high in aluminum (Al2O3=15.7%) and high in iron (FeO=19.5%). It 

displays intermediate characteristics between biotite from S-granite and A-granite (Nguyen Van 

The, ed., 1999). The studied rocks characterize the type rich in Rb (170 ppm), Zr (476 ppm), Th 

(55 ppm), U (9 ppm), but rather poor in Nb (8.5 ppm), Ta (1.65 ppm) (Table 4.2). They are very 

rich in REE, especially LREE, with La=102-240 ppm, Ce=132-140 ppm, Nb=43.3-102 ppm. 

Based on the distribution of Rb, Sr, Zr, Nb, Ta Th, and REE (Fig. 4.19-2), granitoids of the 

Xom Giau complex bear the intermediate characteristics between S-granite and A-granite. The 

shortage of Nb, Ta and other elements as well as its close spatial (possibly even time) 

relationship with calc-alkaline granitoids of Ca Vinh type indicate that origin of Xom Giau 

granitoids is related to subduction. The chemical composition of the Po Sen complex (Table 

4.3) is rather rich in Rb (67-84 ppm), Sr (429-548 ppm) and LREE; expressing a weak Eu min. 

The distribution of REE is typical for calc-alkaline series (I-granite). The rocks are all relatively 

poor in Nb, Ta, Hf, Zr, Sm, Y and Yb in comparison with granite of chrondrite and ocean island 

(Figs 4.20-3, 4.20-4). Based on these characteristics and the Rb vs Y+Nb correlation, the Po 

Sen granitoids correspond to volcanic arc granites (Fig. 4.25), and were perhaps formed in the 

active continental margin tectonic setting. Lan (2000) argues that the granitic rocks originated 

by melting of older crustal sources, but with a significant input of mantle component during 

magma genesis. Pham Trung Hieu et al. (2009) using the Hf isotopic ratios εHf(t) = -16.1 to 

+3.4, and wide range of isotopic ages TDM1(Hf) = 1186 to 1945Ma demonstrated participation 

of both mantle materials and newly-formed components of continental crust in this complex. 

The mixing crust-mantle model best explains the origin of the Po Sen complex. Basically, the 

Sn, Pb, Sb, Zr, Y bearing rocks are prevailing in the Song Chay complex. Zr is 10 times and Y 

9-10 higher than Clark index. The Song Chay granitoid complex is depicted as S–type post 

orogenic granite in tectonic classification diagram (Figs 4.22-4, 4.22-5). Rocks of the Chieng 

Khuong complex have high aluminum content (A12O3= 13.8-16.35%). In comparison with 

Clarke, the rock making micro-elements (Sr, Mn, Ti, V, Cr) are higher from 1.2 to 5 times. Cu 

is 8.9 times higher than Clarke, Pb-1.5; Zn-1.8 and As-10 times higher than Clarke. The ratios 

Ba/Sr=2.7; La/Ba=1.03; Nd/Sm=3.97; La/Sr = 0.08; 87Sr/86Sr=0.669 (After DGMV, 1999). 
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ppm), and Ta (1.5 ppm). They are also rich in LREE, as well as Th and U (Table 4.19), and the 

curve of their distribution has an unclear Eu min. In general, the characteristics of distribution 

of rare elements represent oceanic ridge granite and are similar to granitoids of the Nam Xe-

Tam Duong complex with well manifested shortage of Nb and Ta (Fig. 4.22-1). As mentioned 

above, the characteristics of the Nb-Zr, Nb-Y and so on, indicate that alkaline granitoids of the 

Pu Sam Cap complex (A-granite) were formed in the within-plate (intraplate) (Figs 4.24, 4.25) 

extension environment which perhaps related to the strike-slip Ailao Shan - Red River fault 

zone during Palaeogene. In addition, the rocks of the Coc Pia complex (including all volcanites, 

intrusives, dykes and veins) correspond mainly to mafic group (SiO2 = 48.32-54.26%). They 

are also rich in Rb (163-253 ppm), Sr (1226-4318 ppm), Zr (206-469 ppm) and REE, but 

relatively poor in Nb (12-20 ppm), Ta (0.6-1.4 ppm), and TiO2 (0.5-0.8 ppm) (Table 19). The 

characteristics of distribution of rare elements and REE of lamproite and absarokite show 

similarities of rocks within the Coc Pia complex (Figs 4.22-2, 4.22-3). The geochemical 

characteristics indicate that the magmatic fluid originated from materials of mantle basement 

that are enriched by lithophilous matters and other incompatible elements by latter 

metasomatism. However, the exhausted manifestations of Nb, Ta, and Ti show properties of a 

subduction zone during the forming process of potassic alkaline and potassic ultra-alkaline 

rocks of the Coc Pia complex. In general, the mafic-potassic alkaline and potassic ultra-alkaline 

rocks of the Copia complex are products of within-plate (intraplate) extension (Figs 4.24, 4.25) 

related to the strike-slip process of the Ailao Shan - Red River fault zone, which was caused by 

the collision between the Indian and Eurasian blocks (Chung et al., 1997; and references 

therein). 

The geochemical volcanic rocks from the NWVN area are also distinguished into mafic 

and felsic series (Figs 4.10, 4.13). Volcanic mafic series comprise mainly of basalts of the Huoi 

Hao, Vien Nam formations, basanite and fodite of the Suoi Be Formation, which are 

characterized by silica undersaturation (SiO2=36.82-54.29%), low alkalinity (Na2O+K2O=0.38-

7.29%), K2O/Na2O ratio is often lower than 1, except the T931344 sample of the Suoi Be 

Formation, and high in titanium (TiO2 =0.4-3.26%). On the Na2O-K2O-CaO diagram of Green 

& Poldervaart (1958) (Fig. 4.15), they belong to sodic rock type, except a sample of the Suoi 

Be Formation, which is plotted in the potassic field. On the discriminated diagram of Jensen & 

Rickwood (1989) (Fig. 4.17), the rocks of Suoi Be Formation are mainly high iron tholeiite 

(HFT), while the Huoi Hao Formation is plotted in high iron tholeiite (HFT) and high 

magnesium tholeiite (HMT). The Vien Nam basalts also display a wide range of komatite (PK), 

komatitic basalt (BK) to high iron tholeiite (HFT). Moreover, on the FeOt-MgO-Al2O3 diagram 

of Pearce et al., (1977) (Fig. 4.19), the Huoi Hao basalts fall into island ocean (IO) and ocean 

ridge-floor (ORF) type, the Vien Nam Formation are mainly island ocean (IO), while the Suoi 

Be basalts belong to continental ocean (CO). Particularly, rocks of the Vien Nam Formation are 

all relatively poor in Cu, Ni and Co, but rather rich in V, lithofile elements (Rb, Sr, Zr, Nb) and 

LREE (Table 4.9, Figs 4.23-1, 4.23-2). Based on the characteristics of distribution of REE and 

the Zr vs. Y-Zr, the mafic-ultramafic volcanites of the Then Sin-Phong Tho band can be 

considered as subalkaline association of within-plate (intraplate) magmatism (Fig. 4.26). 
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Erathem 
Era 

System 
Period 

Lithological 
complexes 

Symbol 
Magmatic rocks Probable 

tectonic setting Intrusive Effusive 

 

Huoi Hao 8  x ophiolite belt 
Chieng Khuong 7 x  ophiolite belt 

Bo Xinh 6 x  ophiolite belt 

Nui Nua 5 x  ophiolite belt 

Song Chay 4 x  post orogenic granite 

P
ro

te
ro

zo
ic

 

 

Po Sen 3 x  
volcanic arc granite  to 

subduction

Xom Giau 2 x  
volcanic arc granite  to 

subduction 

Bao Ha 1 x  
active continental 

margin 

 

Table 4.1 Representative chemical and trace elementcomposition of gabbroids of the Bao Ha 

complex (data from Nguyen Van The, ed., 1999, Tran Trong Hoa et al., 1999). 
Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

LY.835 48.98 1.32 14.59 11.72 0.17 7.32 12.3 3.06 0.30 0.12 
LY.10523 45.46 2.66 13.11 15.31 0.18 6.73 8.53 4.47 0.11 0.23 

 Cu Ni Co Cr V Rb Sr Zr Nb Y Ta 
LY.835 73 76 32 271 316 4.3 140 37.7 3.6 8.2 0.5

LY.10523 5 115 50 146 402 2.1 51.2 100 14.6 21.5 0.5 
 Th Hf La Ce Nd Sm Eu Gd Tb Yb Lu 

LY.835 0.6 1.5 5.4 14 10 3.2 1 3 0.5 1.35 0.19 
LY.10523 0.9 3.1 10 22 14 4.3 1.4 5 0.9 2.7 0.38 

 

Table 4.2 Representative chemical and trace element composition of microcline-rich biotite granite 

of the Xom Giau complex (data from Nguyen Van The, ed., 1999, Tran Trong Hoa et al., 1999). 
Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

LY.3916 73.76 0.32 12.83 3.35 0.03 0.27 0.72 3.47 4.16 0.03 
LY.5414 71.06 0.10 14.01 1.9 0.04 0.56 2.80 5.71 0.05 - 

 Rb Sr Zr Nb Y Th U Ta Hf  
LY.3916 170 105 476 8.5 44 55 9 1.65 14 
LY.5414 - - - - - - - - - 

 La Ce Nd Sm Eu Gd Tb Yb Lu 
LY.3916 140 240 102 22 1.25 16 2.30 3.30 0.43 
LY.5414 102 132.7 43.3 5.6 0.76 4.03 0.67 1.47 0.35 

 

Table 4.3 Representative chemical and trace elementcomposition of granitoids of the Po Sen 

complex (data from Lan et al., 2000) 
Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

RR28A 66.08 0.54 15.88 4.13 0.06 1.25 3.09 4.35 2.71 0.18 
RR28B 60.05 0.49 15.44 3.43 0.05 1.05 2.81 4.28 2.87 0.14 
RR29 68.73 0.48 14.94 2.79 0.03 1.18 1.88 4.17 3.77 0.14 

 Rb Sr Nb Zr Y Th U Ta Hf La 
RR28A 67 548 11.1 196 19 5.7 1.3 0.77 6.6 54.1
RR28B 75 433 9.4 163 15 6.7 1.7 0.76 5.8 37.8 
RR29 84 42.9 9.8 169 16 6.0 2.4 0.70 6.0 36.5 

 Ce Nd Sm Eu Tb Yb Lu  
RR28A 102.2 54.3 6.20 1.23 0.87 2.26 0.25 
RR28B 76.4 28.6 5.36 1.07 0.67 1.70 0.28
RR29 73.2 47.3 5.00 1.08 0.68 0.70 0.28
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Table 4.4 Representative chemical composition of granitoids of the Song Chay complex (data 

from Tran Duc Luong & Nguyen Xuan Bao, 1995). 

Sample NT38 71/3 NTCB37 TH71/1 2674A 71/4 73/50 10552 NT2265 

SiO2 64.76 67.78 67.92 68.68 68.8 68.8 68.98 69.19 70.49 

TiO2 0.43 0.39 0.39 0.25 0.35 0.4 0.14 0.41 0.25 

Al2O3 14.45 16.43 16.94 16.47 16.94 15.68 16.65 16.67 10.19 

Fe2O3 1.91 1.08 0.8 1.14 0.8 1.32 0.78 0.17 2.41
FeO 4.09 2.12 2.2 1.29 2.2 2.2 0.96 3.05 1.66 
FeOt 6 3.2 3 2.43 3 3.52 1.74 3.22 4.07 
MnO 0.13 0.07 0.11 0.06 0.11 0.06 0.05 0.04 0.18 
MgO 1.01 0.71 0.75 0.68 0.75 0.78 0.36 0.8 2.42 
CaO 3.23 1.04 1.2 0.5 1.2 1.29 0.45 1.45 3.32 

Na2O 3.7 3.15 1.89 3.185 1.89 3.04 4.37 1.81 3.1

K2O 4.61 5 6.11 4.91 6.11 3.48 5 5.55 4.15 

P2O5 0.15 0.31 0.06 0.22 0.06 0.18 0.33 0.02 0.39 
Sample 72/3 H4658/2 H4341 H4662/3 41M H4337/5 2268 NT2150 H4339/1 

SiO2 70.84 71.92 72.02 72.38 73.3 73.4 73.45 73.47 73.72 

TiO2 0.57 0.02 0.21 0.04 0.46 0.29 0.25 0.01 0.12 

Al2O3 13.77 13.39 14.68 13.28 13.89 13.3 10.83 12.86 13.7 

Fe2O3 1 0.63 0.54 4.83 1.22 1.13 2.4 2.24 0.55 
FeO 2.9 0.79 1.05 0.44 1.71 1.36 0.5 0.07 0.69 
FeOt 3.9 1.42 1.59 5.27 2.93 2.49 2.9 2.31 1.24 
MnO 0.07 0.29 0.03 0.14 0.16 0.05 0.05 0.01 - 
MgO 0.89 0.5 0.46 1.37 1.33 0.81 0.2 0.5 0.05 
CaO 1.09 2.48 0.28 1.19 1.01 0.71 3.64 1.54 0.35 

Na2O 2.46 3.58 3.65 2.76 2.16 3.13 4.65 3.4 3.57 

K2O 4.06 5.58 4.78 3.4 3.64 4.49 1.9 3.92 4.26 

P2O5 0.21 - 0.17 - - 0.2 0.28 0.54 0.22 
Sample H4345 NT.HG4 H4347 73/4a 73/5 H4663 46M 

 

SiO2 73.8 74.19 74.26 74.37 74.54 75.32 75.42 

TiO2 0.37 0.08 - 0.16 0.06 0.02 - 

Al2O3 12.66 13.3 13.49 14.14 13.88 13.32 13.57 

Fe2O3 1.46 1.23 0.53 0.89 0.79 2.86 0.79 
FeO 1.55 0.12 0.88 0.69 0.83 0.46 0.56 
FeOt 3.01 1.35 1.41 1.58 1.62 3.32 1.35 
MnO 0.05 0.09 0.03 0.05 0.03 0.11 0.2 
MgO 0.77 0.29 0.51 0.46 0.18 1.23 0.26 
CaO - 1.05 0.14 0.2 0.4 0.2 0.36 

Na2O 2.33 4 2.5 2.89 4 2.15 3.45 

K2O 4.26 3.93 5.2 4.82 3.75 3.67 4.24 

P2O5 0.19 0.3 0.13 0.17 0.27 - - 

 

Table 4.5 Representative chemical composition of the ultramafic Nui Nua complex 

(data from Phan Son et al., 2005-in the Son Lasheet group at 1:200,000 scale) 

Sample S.7270/1 S.7268/1 S.5071 SL.6052 SL.5069/1 S.9101 
SiO2 36.08 38.23 38.36 39.08 39.14 39.74 

TiO2 0.07 0.04 0 0 0 0.11 

Al2O3 2.02 1.27 1.63 2.04 1.43 1.57 

Fe2O3 10.18 5.98 6.98 5.28 5.58 6.78 
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FeO 0 0 2.73 1.72 1.87 1.57 

MnO 0 0 0.11 0.12 0.15 0.09 

MgO 38.80 36.66 36.74 37.83 37.92 36.78 
CaO 2.24 2.86 0 0 0 0 

Na2O 1.83 1.10 0.11 0.13 0.13 0.99 

K2O 0.05 0.05 0.13 0.13 0.13 0.16 

P2O5 0.11 0.06 0.04 0.03 0.05 0.12 

MKN 8.40 13.20 12.28 12.52 12.44 11.47 

Sample SL.5124/3 SL.5203 SL.74/2 S.2511/2 SL.4007/3 SL.1806/5 
SiO2 39.82 39.96 40.26 40.68 42.96 46.36 

TiO2 0 0 0 0.06 0 0 

Al2O3 1.63 1.85 1.73 2.12 0.93 0.21 

Fe2O3 4.96 5.59 4.38 7.29 4.10 3.23 

FeO 1.29 1.22 3.02 5.18 3.02 3.38 

MnO 0.11 0.13 0.05 0.07 0.11 0.09 

MgO 37.92 35.82 37.21 36.35 34.89 34.39 

CaO 0 0.28 0.14 0.63 0.84 0.28 

Na2O 0.13 0.90 0 0.18 0.15 0.37 

K2O 0.13 0.25 0 0.16 0.08 0 

P2O5 0.05 0.16 0.08 0.04 0.13 0.04 

MKN 12.73 13.15 12.26 5.12 11.443 9.73 
 

Table 4.6 Representative chemical composition of the gabbroic Bo Xinh complex 

(data from Phan Son et al., 2005-in the Son La sheet group at 1:200,000 scale) 

Sample SL.4009 SL.4009/4 SL.5340 SL.4010/6 S.1305 SL.4007/6 
SiO2 41.4 47.08 48.18 48.6 48.6 48.78 

TiO2 2.1 1.2 0.9 1.1 1.72 1.6 

Al2O3 16.69 14.88 14.36 16.81 14.7 12.57 

Fe2O3t 3.7 3.3 2.06 2.94 15.36 2.45 
FeO 10.96 6.75 5.82 5.23 0 8.8 

MnO 0.24 0.2 0.15 0.15 0 0.2 

MgO 10.33 12.23 6.78 7.82 4.8 8.62 
CaO 7.67 8.37 11.1 9.49 10.22 8.93 

Na2O 1.56 1.77 3.44 2.29 2.6 2.84 

K2O 0.17 0.17 0 0.09 0.52 0.8 

P2O5 0.27 0.13 0.27 0.11 0.27 0.2 

MKN 0.48 2.72 2.69 2.69 0.43 3.74 

Sample SL.4008/5 SL.1802 SL.4012/1 S.1632/1 S.8515/1 S.7214 
SiO2 48.94 51.48 52.72 54.68 55.06 55.14 

TiO2 0.8 1.1 1 1.1 1.68 1.9 

Al2O3 17.92 15.16 15.22 13.98 14.48 12.84 

Fe2O3t 3.18 2.45 2.34 2.49 2.62 2.43 

FeO 4.28 8.23 7.9 10.85 9.14 12.03 

MnO 0.15 0.21 0.2 0.29 0.11 0.17 

MgO 6.82 6.12 5.82 2.41 2.94 2.78 

CaO 12 9.77 8.93 5.95 6.73 6.14 

Na2O 2.19 2.31 2.31 3.16 3.74 2.27 

K2O 0 0.58 0.75 1 0.97 1.8 

P2O5 0.13 0.27 0.17 0.83 0.16 0.35 

MKN 2.24 1.55 1.64 1.52 1.02 0 
 



 58

Table 4.7 Representative chemical composition of plagiogranite of the Chieng Khuong complex 

(data from Phan Son et al., 2005-in the Son La sheet group at 1:200,000 scale) 

Sample SL.24 SL.6121 SL.1805/4 SL.1805 SL.6122 SL.2511/2 SL.2511/1 SL.6106/1 S.540/5 

SiO2 57.94 62.82 66.4 67.88 69 69.12 69.12 69.28 69.76 

TiO2 0.6 0.1 0.1 0.1 0.1 0.4 0.4 0.2 0.58 

Al2O3 17.77 18.78 18.37 17.03 16.52 16.35 16.35 16.14 15.57 

Fe2O3 0.49 0.5 0.14 0.75 0.25 1.11 0.11 0.42 0.68
FeO 4.96 2.55 1.87 1.9 1.62 1.9 1.9 1.9 2.18 
MnO 0.12 0.02 0.05 0.05 0.05 0.02 0.02 0.04 0.03 
MgO 2.39 2.21 1 1.2 0.9 1.1 1.1 1 0.85 
CaO 6.94 5.86 4.88 4.19 4.03 3.77 3.77 3.47 3.63 

Na2O 2.36 3.75 4.25 3.75 3.44 3.64 3.64 3.75 5.06 

K2O 1.53 1.06 1.15 0.96 1.25 1.13 1.13 1.25 0.98 

P2O5 0.29 0.2 0.17 0.16 0.16 0 0 0.17 0 
MKN 2.65 0.49 0.42 0.5 0.73 0.1 0.07 0.41 0.11 

Sample S.7251 S.3321 S.540 SL.1806c SL.1806A S.4219 S.1481/1 SL.1806B 

 

SiO2 69.9 70.58 71.22 71.7 72.06 72.12 72.62 73.66 

TiO2 0.32 0.35 0.31 0.1 0.1 0.27 0.09 0 

Al2O3 15.7 15.21 15.18 15.59 14.36 13.8 14.59 14.62 

Fe2O3 0.77 0.67 0.74 0.4 0.39 2.3 0.69 0.16 
FeO 2.31 2.08 2.12 1.36 2.37 0 2.88 1.29 
MnO 0.03 0.07 0.02 0.05 0.07 0 0.06 0.01 
MgO 1.1 1 0.8 0.6 1.7 0.2 0.49 0.1 
CaO 3.2 3.4 3.77 3.07 3.11 4.76 1.77 2.23 

Na2O 3.82 3.89 5.06 4.09 3.33 4.37 3.68 3.75 

K2O 1.05 1 0.91 2.29 1.34 1.1 1.02 3.23 

P2O5 0 0 0 0.08 0.08 0 0 0.04 
MKN 0.46 1.23 0.07 0.29 0.4 1.07 0.5 0.13 

 

Table 4.8 Representative chemical composition of metabasalts of the Huoi Hao Formation 

(data from Phan Son et al., 2005-in the Son Lasheet group at 1:200,000 scale) 

Sample SL.4007/4 SL.90KT SL.88KT/2 SL.1585 SL.5194 SL.6058 
SiO2 43.86 46.94 47.03 47.24 48.64 49.76 

TiO2 1 1.8 1.7 2.6 1.4 2.1 

Al2O3 16.45 13.89 13.34 13.23 14.97 12.32 

Fe2O3 0.94 5.12 3.3 3.51 3.87 1.98 
FeO 8.15 7.62 8.24 9.23 5.9 12.29 

MnO 0.2 0.21 0.18 0.18 0.18 0.29 

MgO 7.82 7.58 7.58 6.72 9.38 6.42 
CaO 6.14 11.1 10.55 9.07 11.38 7.83 

Na2O 2.05 1.72 2.19 2.84 1.88 2.25 

K2O 0.5 0.13 0.19 0.67 0.23 0.25 

P2O5 0.27 0.27 0.27 0.17 0.2 0.24 

MKN 11 2.08 2.87 2.81 0.48 2.43 

Sample SL.94KT SL.88KT/3 SL.6062/1 SL.4007/1 SL.94KT 

 

SiO2 49.88 49.94 51.84 53.72 49.88 

TiO2 2.2 0.9 1.3 0.4 2.2 

Al2O3 12.3 16.52 14.06 12.72 12.3 

Fe2O3 4.18 2.13 2.67 0.43 4.18 
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FeO 10 6.91 8.3 4.63 10 

MnO 0.21 0.13 0.25 0.12 0.21 

MgO 6.29 9.18 5.93 9.43 6.29 

CaO 9.58 5 8.79 5.3 9.58 

Na2O 1.41 1.72 2.25 2.41 1.41 

K2O 0.13 0.13 1 0.17 0.13 

P2O5 0.36 0.29 0.11 0.24 0.36 
MKN 0.92 5.31 1.56 8.97 0.92 

 
Table 4.9  Representative chemical composition of picrite (P.18), picrobasalt (H.639), basalt 

(H.615); andesitobasalt (T1500), basaltolivine (T1648) of the Cam Thuy, andVien Nam 

Formations. (H – Sample from the Institute of Geosciences (ASTVN); P, T – Sample from the 

Phong Tho sheet group at 1:50 000 scale) 
Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

P.18 43.89 2.14 6.55 12.76 0.19 22.91 10.22 0.21 0.17 0.27 
P.181/89 47.85 2.64 15.03 11.4 0.16 6.04 8.96 3.25 1.07 0.37 

H639 46.27 2.31 9.04 13.23 0.22 12.16 12.78 2.49 0.63 0.25 
H615 46.27 2.35 14.02 13.87 0.24 7.32 8.24 3.29 1.25 0.2 
T1500 54.29 3.26 10.33 14.41 0.18 5.77 6.79 0.9 0.57 0.39 
T1648 48.47 1.58 14.64 13.93 0.23 7.4 10.31 2.39 0.79 0.18 

 Ni Co Cu Cr V Rb Sr Nb Zr Y 
P.18 - - - - - 2 212 65 197 17 

P.181/89 79 30  390 390 20 166 80 324 37.5 
H639 297 67 87 848 227 62 689 59 209 22 
H615 95 59 163 125 285 46 287 39 118 26 
T1500 91 41 118 263 249 61 210 67 260 45 
T1648 320 54 30 240 240 25.8 186 11.9 128.4 33.3 

 La Ce Nd Sm Eu Gd Th Yb Lu  
P.18 23.6 49 26 5.6 1.7 4.5 0.7 1.2 0.2 

P.181/89 24.8 52.3 30.6 8.2 2.5 8.9 1.4 2.9 0.4 
H639 33 68 36 7.4 2.2 5.4 0.8 1.7 0.2 
H615 20.4 43 24 5.6 1.8 4.9 0.8 1.8 0.2 
T1500 43 86 47 10.5 3.5 8.4 1.3 2.6 0.3 
T1648 13.6 29 17 4.5 1.4 5 0.8 3 0.4 

 

Table 4.10 Representative chemical composition of the ultramafic Ban Xang complex (data 

from Nguyen Xuan Bao et al., 2005-in the Van Yen sheet group at 1:200,000 scale) 

Sample 844 920/78 P.191 844/78 862/78 861/78 886/78 VY.6522 

SiO2 34.3 34.45 35.2 35.44 36.4 37.4 38.05 40.62 

TiO2 0.08 0.05 0.04 0.14 0.14 0.13 0.08 0.6 

Al2O3 1 0.95 0.5 1.43 1.2 1.3 1.9 4.79 

Fe2O3 8.86 3.06 4.04 3.48 3.72 3.52 2.33 4.16 
FeO 1.48 2.68 2.4 5.45 9.34 9.34 2.77 7.26 
MnO 0.12 0.01 0.08 0.01 0.16 0.15 0.01 0.18 
MgO 36.85 40.4 40.7 37.35 35.75 33.77 39.9 24.47 
CaO 0.62 0.43 0.24 1.89 2.94 2.67 1.33 5.86 

Na2O 0.02 1.12 0.67 0.45 0.09 0.28 1.17 2.08 

K2O 0.01 0.5 0.12 0.25 0.08 0.1 0.3 0.94 

P2O5 0.01 0.01 0.03 0 0.1 0.09 0 0.2 
Sample VY.9536/2 VY.968/1 VY.9505/1 VY.4156/2 VY.4156/d VY.9515/1 VY.904 VY.4154 

SiO2 41.82 41.82 42.18 43.98 44.02 44.36 45.38 45.82 

TiO2 0.7 0.8 1.1 1.7 1.9 1.1 1.4 0.6 
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Sample 844 920/78 P.191 844/78 862/78 861/78 886/78 VY.6522 

Al2O3 4.2 7.46 6.75 6.99 6.86 8.61 11.32 11.42 

Fe2O3 2.72 2.51 2.17 3.05 2.33 3.16 2.31 2.98 
FeO 8.98 8.69 10.2 7.54 8.19 7.44 9.3 6.04 
MnO 0.21 0.16 0.17 0.17 0.17 0.17 0.23 0.15
MgO 24.27 22.95 22.26 16.85 14.44 11.85 12.27 14.94 
CaO 7.11 6.38 6.84 8.05 10.6 10.04 9.58 10.46 

Na2O 1.25 0.31 1.25 2.13 2 1.75 2.19 1.15 

K2O 1.26 0 0.31 1.5 1.23 0.31 1.88 0.75 

P2O5 0.24 0.17 0.24 0.33 0.36 0.2 0.24 0.13 

 

Table 4.11a. Representative chemical composition of granitoids of the Dien Bien Phu complex 

(data from Tran Dang Tuyet et al., 2005- in the Khi Su-Muong Te sheet group at 1:200,000 scale) 
Sample M.301 M.63/4 M.8005 M.64/2 M.302 M.1532 M.5017 M.1039/3 M.1500 M.67/1 

SiO2 48.54 48.74 50.3 50.58 50.58 51.64 57.08 57.26 58.03 58.74 

TiO2 2.1 0.2 1.3 1.9 1.08 1.33 0.6 1.4 0.76 0.7 

Al2O3 14.75 14.77 14.87 15.59 15.04 17.09 16.47 16.69 17.5 16.4 

Fe2O3 2.29 3.95 1.92 7.62 3.55 3.65 3.31 2.48 3.45 2.87 
FeO 8.66 9.27 6.03 3.5 9.38 6.2 4.49 7.61 3.65 4.35 
MnO 0.24 0.27 0.15 0.25 0.24 0.13 0.16 0.13 0.1 0.17 
MgO 5.91 5.84 5.95 4.43 4.11 1.56 3.33 5.11 0.82 3.33 
CaO 7.25 6.17 6.87 6.17 5.86 13.14 5.47 4.32 8.84 4.63 

Na2O 3.06 3.75 3.57 3.59 3.47 2.75 3.21 4.75 2.3 3.04 

K2O 2.34 0.87 1.25 1.53 0.47 1.26 1 0.42 1.2 1.87 

P2O5 0.4 0.55 0.31 0.58 0.4 0.26 0.29 0.31 0.24 0.29 

Sample M.1506 M.6128 M.1039/3 M.1500 M.67/1 M.1506 M.6128 M.6142 M.6135/1 M.6121 

SiO2 58.82 61.5 57.26 58.03 58.74 58.82 61.5 61.58 61.98 62.02 

TiO2 0.97 0.4 1.4 0.76 0.7 0.97 0.4 0.4 0.4 0.3 

Al2O3 16.68 17.43 16.69 17.5 16.4 16.68 17.43 16.33 15.51 16.6 

Fe2O3 3.66 1.71 2.48 3.45 2.87 3.66 1.71 2.03 2.35 1.71 

FeO 3.6 3.88 7.61 3.65 4.35 3.6 3.88 3.73 3.44 2.66 

MnO 0.1 0.12 0.13 0.1 0.17 0.1 0.12 0.13 0.13 0.15 

MgO 0.89 1.7 5.11 0.82 3.33 0.89 1.7 2.19 2.1 1.3 

CaO 9.43 16 4.32 8.84 4.63 9.43 16 4.44 3.89 5.83

Na2O 2.16 3.06 4.75 2.3 3.04 2.16 3.06 3.21 3.21 3.25 

K2O 1.43 1.71 0.42 1.2 1.87 1.43 1.71 1.72 2.5 1.25 

P2O5 0.2 0.16 0.31 0.24 0.29 0.2 0.16 0.16 0.16 0.16 

Sample M.6117 M.5 M.6129 M.6158 M.6144/1 TD.68 M.6138 M.68 M.1038 

 

SiO2 62.02 63.02 62.26 63.54 63.82 64.14 64.86 66.34 66.78 

TiO2 0.3 0 0.2 0.4 0.2 0.5 0.3 1.3 0.4 

Al2O3 16.55 14.8 16.96 15.51 15.42 15.46 15.62 13.31 15.34 

Fe2O3 1.32 2.23 1.3 2.02 1.32 1.93 1.72 2.16 1.01 

FeO 3.66 3.8 3.66 2.87 2.66 1.94 3.95 3.06 3.09 

MnO 0.18 0.15 0.17 0.16 0.12 0.07 0.12 0.09 0.08 

MgO 2.51 1.68 1.6 2.19 1.5 0.69 1.91 1.91 1.6

CaO 1.95 4.42 5.27 1.94 6.66 1.52 4.46 0.42 3.35 

Na2O 3.5 3.75 3.06 3.21 2.5 4.14 3.19 2.81 3.33 

K2O 2.97 2.5 1.05 4.17 0.91 5.5 1.93 3.75 2.32 

P2O5 0.16 0.17 0.2 0.11 0.11 0.16 0.16 0.45 0.17 



 61

 
Table 4.11b. Representative trace element composition of granitoids of the Dien Bien Phu complex 

(data from Tran Dang Tuyet et al., 2005- in the Khi Su-Muong Tesheet group at 1:200,000 scale) 

Sample 
N.7113/1 MT.7085 N.7109 MT.27/1 MT.303 MT.53/1 MT.47 MT.46 

Dien Bien 1 Dien Bien 2 
La 18 39.9 44.8 26 34.8 12 8.6 17.9 
Ce 48.9 93.4 41.9 66.7 82.7 33 22 32 
Pr  - -   -  -  -  - -  -  
Nd 19.5 25.5 18.3 33.9 46.5 17.9 14 22.6 
Sm 6.04 12.6 8.2 6.7 9.7 4 3.5 6 
Eu 1.66 1.3 1.02 1.8 1.8 1.1 1 1.1 
Gd  -  -  - 8.2 8.2 4.6 4.4 6.4 
Tb 0.94 1.43 0.47 1.2 1.1 0.7 0.76 0.97 
Dy  - -   - 8 6.8 4.6 5 6.66 
Ho  -  -  - 1.08 1.2 0.94 1 1.4 
Er  -  -  - 5 3.6 2.7 2.9 4.21 
Tm  -  - - - - -  - -
Yb 3.49 6 3.6 4 3.4 2.2 2.5 3.9 
Lu 0.15 0.22 0.16 0.5 0.58 0.37 0.33 0.51 
Y 29.9 57.1 34.9 36 32 19 25.9 33.7 

Nb 70 50.3 49.3 12 14 14.9 12.5 7 
Ga  -  -  - 26.9 14.8 7 7.8 12.9 
Zr  - -   - 221 300 98 200 135 
Sr 343 188 78.1 177 267 76.7 157 121 
Th 5.53 6.34 7.58 5.4 14.5 2.1 2 1.9 
Cr 18.6 65.7 53 64.5 16.4 328 35 325 
U 0.44 0.75 1.5 0.4 4.4 0.2 0.5 0.3 

Rb 8.02 24.9 16.4 30.8 66.6 48 49.3 80 
Ba 139 135 271 511 984 121 520 353 
Hf 4.06 7.82 2.91 5.8 8.1 2.2 4.8 3
Zn 190 102 71.2 728 306 86 88.5 137 
Ta 0.57 1.54 0.8 0.99 1.5 0.3 0.5 0.1 
Sb 2.14 1.36 0.24 3.1 1 0.1 0.7 0.4 

Sample 
MT.32/2 MT.50 MT.49 MT.305 MT.7085/1 N.7112 MT.304/1 N.7111 

Dien Bien 2 Dien Bien 3 
La 45.8 37 47.5 18.5 104 30.3 29.8 45.8 
Ce 88.4 78.6 89.6 42.7 92.9 46.7 51.2 64.3 
Pr -   -  -  -  - -  -   - 
Nd 29 8.48 46.5 22.6 16.2 11.7 19.1 13.3 
Sm 5.01 6 6.9 5.9 9.93 5.18 3.1 9.17 
Eu 1.2 1.03 0.94 1 0.63 0.55 0.5 1.93 
Gd 5.9 6.99 7.7 5.2  - -  2.8 -  
Tb 2.8 1 0.95 0.8 0.55 0.26 0.5 0.94 
Dy 5.2 7.4 6.5 5.6 -   - 3.5  - 
Ho 1.1 1.54 1.4 1.2  -  - 0.75 -  
Er 3.19 4.64 4.2 3.6  -  - 2.08  - 
Tm -   - - - - -  - -
Yb 2.9 4.2 2.74 3.5 3.12 1.94 1.8 6.23 
Lu 0.3 0.45 0.47 0.5 0.39 0.57 0.28 0.75 
Y 27 38 32 30.2 32.4 21 15.7 55.7 

Nb 11 14.7 14 15 12.1 27.5 7.9 35.5 
Ga 13.7 26 15 7.6  -  - 6 -  
Zr 223 289 320 176  -  - 135 -  
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Sr 231 165 167 111 207 142 176 139 
Th 16 18.2 20.7 3.9 8.76 7.65 15.6 10.3 
Cr 66.9 4.8 656 226 9.99 13.1 3.8 15.2 
U 2.2 3.9 3.6 0.2 1.97 1.15 3.3 1.63 

Rb 68.7 129 80 51.8 51 96.5 72.2 90.4 
Ba 1347 563 667 312 249 254 800 892 
Hf 5.6 7.1 8.6 4 7.63 3.3 3.4 6.39 
Zn 166 430.1 149 80 29.9 20.1 58.5 44 
Ta 0.3 2 1.2 0.4 0.5 1.27 0.53 2.15 
Sb 1.5 92.6 0.8 1.2 0.58 1.02 0.4 0.98 

Sample 
MT.7122 MT.7109/1 MT.7109/2 MT.7082/3 N.7119/2 N.7119/1 MT.7082/2 N.7075 

Dien Bien 3 
La 31.6 44.17 54.8 41.5 14.8 20.1 37.2 26.9 
Ce 92.3 53 146.8 34.7 44.2 17.3 27.5 38.3 
Pr  - 10.07  - -   - -  -   - 
Nd 18.1 22.38 22.9 7.49 4.52 4.82 9.96 7.7 
Sm 3.43 4.88 6.05 4.12 2.61 2.86 4.83 6.79
Eu 1.45 0.51 1.22 0.5 0.96 0.43 0.34 1.21
Gd  - 3.95  - -   -  - -  -  
Tb 0.35 0.64 0.77 0.31 0.35 0.23 0.24 0.98 
Dy -  3.56  -  - -  -   - -  
Ho  - 0.63  -  - -  -   - -  
Er  - 2.47  -  - -  -   - -  
Tm -  0.43  -  - -  -   - -  
Yb 1.8 1.84 3.31 1.77 2.14 1.4 1.8 3.4 
Lu 0.51 0.29 0.49 0.32 0.08 0.27 0.59 0.37 
Y 14.2 14.17 30.7 19.7 20.5 16.3 20.9 31.6 

Nb 21.3 -  12.3 2.12 17.2 37.2 15.2 46.9 
Ga  -  -  -  - -  -   - -  
Zr  - -   -  - -  -   - -  
Sr 168 -  69 176 189 209 150 131 
Th 5.22  - 3.14 7.88 10.9 4.01 4.86 1.89 
Cr 26.5 -  11.8 5.94 9.94 3.33 4.8 14 
U 1.2  - 0.66 1.73 2.36 0.63 1.34 0.74 

Rb 116  - 113 22.4 64.2 8.15 50.6 144
Ba 500  - 579 128 307 73.5 193 738 
Hf 5.22  - 6.13 2.73 3.56 2.21 1.7 4.37 
Zn 58  - 48.6 23.5 83.1 11.4 13.5 62 
Ta 2.35  - 0.99 0.37 0.65 0.32 0.54 1.27 
Sb 1.56  - 0.91 0.02 1.37 0.3 1.08 0.63 

 
Table 4.12 Representative chemical and trace elementcomposition of granitoids of the Song Ma 

complex (data from RIGMR & DGMV, 2007). 

Sample 26 27 28 29 30 31 32 33 34 

SiO2 68.34 72.16 72.66 73.12 73.54 74.2 74.58 75.18 76.29 

TiO2 0.8 0.23 0.45 0.4 0.3 0.3 0.33 0.8 0.35 

Al2O3 14.45 13.27 14.12 12.33 12.68 12.2 12.5 12.65 12.78 

Fe2O3 0.05 1.39 1.13 1.24 0.99 0.89 1.2 1.28 0.6 
FeO 2.95 1.62 1.17 2.87 2.59 2.25 2.08 0.57 2.73 
MnO 0.09 0.22 0.16 0.12 0 0.03 0.06 0.08 0 
MgO 1.4 0.15 0.63 0.22 0.44 0.04 0.05 0.3 0.48 
CaO 1.4 0.22 0.07 0.29 0.39 1.45 2.25 0.56 0.44 

Na2O 2.9 3.19 2.98 2.82 2.84 2.3 2.16 2.5 2.86 
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Sample 26 27 28 29 30 31 32 33 34 

K2O 4.82 5 4.77 4.81 4.48 4.32 4.66 5.88 3.18 

P2O5 0.27 0.02 0.03 0.02 0.04 0.3 0 0.17 0 
La 67.15 92.7 91.67 184.85 215.76 216.67 187.27 196.67 195.45 
Ce 37.13 47.92 41.44 120.45 143.18 139.77 120.45 127.27 120.45
Pr 42.32 84.02 81.43 88.13 115.18 110.71 109.82 114.29 96.43 
Nd 20.2 29.07 27.88 62.33 77.83 76.17 73 71.83 76.17 
Sm 11.27 17.62 16.96 48.78 55.25 52.87 47.73 48.56 48.4 
Eu 8.26 10.43 7.25 17.39 16.09 18.7 14.35 17.1 17.54 
Gd 7.79 10.24 11.2 29.96 34.38 30.84 28.11 30.36 28.43 
Tb 13.19 18.3 20.64 21.49 22.13 20.21 18.51 20 22.77 
Dy 4.55 4.43 6.3 19.07 21.72 20.03 17.43 17.81 19.5 
Ho 10.57 13 13.57 18.86 19.57 16.14 15.43 14 19.71 
Er 5.95 5.85 8.85 16.05 15.55 15.15 12.15 10.55 17.7 
Tm 8.33 8 11 18 14 12.67 11.67 9.67 12.67 
Yb 5.35 3.65 7.65 13.25 16 12 10.55 11.65 14.25 
Lu 5.59 5 8.82 13.53 16.47 12.35 13.53 13.82 13.53
Sr 155 163 129.7 111 63.2 143 93.9 86.2 192
Rb 310.5 361.8 284.4 180.1 141 208.8 172 156 187 
Ba 1063 755.5 711.8 672 643 924 846 850 909 
U 2.43 2.65 2.86 3.11 2.79 4.33 3.56 4.12 4.17 

Th 24 24.85 18.98 25.8 38.3 29.6 26.6 24 22.6 
Ta 2.7 2.11 1.53 0.17 0.16 0.16 0.12 0.08 0.1 
Nb 27.55 22.18 16.96 2.11 2.05 2.01 3.51 3.32 2.11 
Zr 333.06 174.59 230.85 15.55 37.57 16.96 21.5 12.28 12.87 
Hf 7.12 5.23 5.41 0.52 0.55 0.51 0.46 0.47 0.52 
Y 16.64 14.28 17.75 32.12 35.84 27.51 26.73 27.78 32.67 
Ti 3838.7 4307.5 3233.8 2990.8 2243.1 2422.5 2894.8 5735.5 2989.4 
V 59 93.5 55.6 252.2 122.3 118.6 254.8 475.2 297.6 
Cr 61 44.7 75.4 171.6 176.5 139 166.1 329.1 171.5 
Co 12.4 10.8 9 26.5 27.6 33.2 37.4 18.8 21.6 

 

Table 4.13 Representative chemical and trace elementcomposition of granitoids of the Phia 

Bioc complex and Suoi BeFormation (data from RIGMR & DGMV, 2007). 

Sample 
35 36 37 38 39 T931331 T931344 T931352 

Phia Bioc Suoi Be 

SiO2 66.4 70.08 70.34 70.36 71.96 46.5 36.82 44.79

TiO2 0.62 0.61 0.44 0.53 0.38 3.13 2.75 3.15 

Al2O3 15.22 13.18 13.61 13.34 12.79 15.05 20.76 12.37 

Fe2O3 1.48 1.07 1.2 0.8 0.91 8.97 15.27 8.58 
FeO 3.27 2.48 2.08 2.44 2.23 5.93 4.39 6.82 
MnO 0.09 0.05 0.07 0 0.01 0.31 0.29 0.34 
MgO 1.21 1.21 1.01 1.11 1.31 4.97 3.12 5.85 
CaO 1.4 1.4 1.68 1.68 0.28 5.27 3.45 7.16 

Na2O 4.53 2.5 2.71 2.36 2.64 4.78 0.05 3.3 

K2O 2.97 4.88 4.69 4.72 5.25 1.7 7.24 0.08 

P2O5 0.2 0.24 0.27 0.18 0.24 0.7 0.52 1.31 
LOI - - - - - 2.76 5.4 6.69 
Total 97.39 97.7 98.1 97.52 98 100.07 100.06 100.44 

Sc - - - - - 25 32 28 
V - - - - - 395 353 236 
Cr 121.1 111.7 76.2 95.4 64.7 34 139 84 
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Sample 
35 36 37 38 39 T931331 T931344 T931352 

Phia Bioc Suoi Be 
Co - - - - - 49 43 43 
Ni - - - - - 19 121 34 
Cu - - - - - 9 72 13 
Zn - - - - - 201 343 167 
Ga - - - - - 24.3 35.8 19 
Rb 75 83.9 116 85.1 74.1 45.4 358 2.1 
Sr 21.9 20 38.9 23.5 8.5 250 18 97 
Y 24.9 27.8 22.6 19.8 33.3 45 19 44 
Zr 18.7 27.5 26.7 20.9 27.3 304 230 159 
Nb 46.66 18.16 42.21 35.58 39.74 33 25.4 18.8 
Ba 878.7 756.7 843.8 711.1 1022.5 858 654 37 
La 242.73 196.97 224.85 223.33 135.45 66.53 18.69 30.05 
Ce 163.64 135.23 142.05 135.23 101.59 147.57 37.77 67.88 
Pr 129.46 112.5 110.05 118.75 76.43 14.45 4.41 9.29 
Nd 106.5 79.5 76.33 76.83 45.67 58.3 18.54 41.59
Sm 62.98 50.83 55.8 55.14 39.78 10.58 4.13 9.18
Eu 24.49 13.33 14.93 15.36 9.42 3.32 1.62 3.66 
Gd 44.58 35.26 38.23 35.26 28.39 10.89 4.63 9.95 
Tb 30.21 20.43 25.53 28.3 22.13 1.55 0.73 1.47 
Dy 28.78 22.3 22.89 22.39 19.77 8.13 4.22 7.89 
Ho 25.43 21.14 19.43 20.29 19.14 1.69 0.98 1.63 
Er 23.9 18.9 19.9 19.95 18.9 4.92 3.16 4.57 
Tm 17.67 20.67 16 17 16.67 0.66 0.48 0.59 
Yb 21.05 17.05 17.97 18.35 18.75 4.38 3.43 3.77 
Lu 20 15.88 18.24 17.06 16.76 0.63 0.56 0.54 
Hf 3.84 4.57 3.61 5.06 4.97 6.67 4.81 3.28 
Ta 3.56 3.18 3.46 3.83 3.22 2.02 1.59 1.17 
Pb - - - - - 11 15 8 
Th 27.6 23.3 25.6 21.3 30.7 8.5 5.3 2.8 
U 3.22 2.15 3.12 2.54 2.51 0.5 2.4 0.7 
Ti 4207.9 4522.1 2767.9 3442.1 2378.9 - - - 

 

Table 4.14 Representative chemical and trace elementcomposition of gabbros of the Nam Chien 

complex (data from Nguyen Xuan Bao et al., 2005-in the Van Yen sheet group at 1:200,000 scale). 

Sample H154 H155 H156 H158 H161 H167 H168 H170 

SiO2 48.98 45.56 46.58 47.45 48.27 44.78 46.35 47.58 

TiO2 3.47 2.02 3.3 2.66 3.63 2.78 3.29 2.65 

Al2O3 11.86 15.65 12.85 13.36 11.78 12.1 13.22 13.62 

Fe2O3 4.72 2.77 4.61 4.34 4.72 2.42 15.64 14.19 
FeO 10.59 8.42 10.76 9.38 10.28 10.93 - - 
MnO 0.24 0.18 0.22 0.19 0.21 0.2 0.23 0.21
MgO 2.98 7.28 4.76 5.34 3.66 4.44 5.2 5.58 
CaO 7.98 11.22 9.47 9.47 8.62 9.22 7.47 8.77 

Na2O 1.77 2.33 2.8 3.26 2.16 2.24 3.17 3.02 

K2O 3 0.16 0.59 0.88 1.8 1.57 1.51 1.2 

P2O5 1.47 0.36 0.69 0.45 1.48 0.55 0.62 0.52 
LOI 2.77 3.79 3.2 2.81 2.88 8.9 - - 
Total 99.83 99.74 99.83 99.59 99.49 100.13 96.7 97.34 

Sc 25 29 34 38 29 43 - - 
V 204 264 433 436 258 347 - - 
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Sample H154 H155 H156 H158 H161 H167 H168 H170 
Cr 11 155 44 106 13 73 - - 
Co 27 60 43 43 45 39 - - 
Ni 7 146 23 35 9 27 - - 
Cu 17 108 19 36 68 45 - - 
Zn 149 112 151 129 138 162 - - 
Ga 22.6 15.7 20.1 19 23.2 17.9 - - 
Rb 152 3.4 21.1 22 79 96 - - 
Sr 408 276 299 401 387 169 - - 
Y 71 24 43 37 70 40 - - 
Zr 370 113 194 169 325 206 - - 
Nb 32.1 13.4 17.5 15.5 28.9 17.4 - - 
Ba 1884 78 228 369 1015 240 - - 
La 68.67 18.81 30.45 28.67 61.32 32.08 31 28 
Ce 122.27 35.34 59.07 55.5 121.52 66.16 70 61 
Pr - - - - - - - - 
Nd 74.73 23.33 34.86 29.62 64.59 33.75 39 36
Sm 15.92 4.91 8.03 7.26 14.43 7.94 9.3 8.6
Eu 5.17 1.82 2.8 2.3 5.09 2.65 3.15 2.76 
Gd - - - - - - 9.8 8.5 
Tb 2.38 1.26 1.25 1.14 1.95 1.16 1.5 1.36 
Yb 5.89 2 3.71 4.28 6.77 4.61 3.9 3.6 
Lu 1.16 0.37 0.67 0.6 0.84 0.59 0.56 0.52 
Hf 9.98 3.04 4.45 4.51 8.11 5.15 - - 
Ta 1.81 1.11 0.97 1.07 1.81 1.04 - - 
Pb 7 6 5 6 10 7 - - 
Th 9.8 <0.5 2.9 4.1 8.1 3.2 - - 
U 1.2 <0.5 <0.5 0.6 <0.5 0.6 - - 

 

Table 4.15 Representative chemical and trace elementcomposition of rhyolite of the Tu Le, and 

Ngoi Thia subvolcanic complex (data from Tran Tuan Anh et al., 2004). 

Sample 
T929 T985 RR30 LY.918 H152 H187 H198 

Tu Le Ngoi Thia 

SiO2 77.06 74.68 65.64 75.5 75.07 77.56 72.69 

TiO2 0.25 0.23 0.79 0.26 0.24 0.22 0.31 

Al2O3 11.21 12.33 14.03 11.27 11.9 12.26 12.25 

Fe2O3 0.79 1.09 3.64 3.12 0.79 1.07 1.16 
FeO 2.3 1.96 2.46  2.19 1.14 2.11 
MnO 0.12 0.05 0.21 0.05 0.11 0.04 0.11 
MgO 0.08 0.2 0.59 0.1 0.36 0.34 0.23 
CaO 0.21 0.17 1.65 0.01 0.07 0.07 0.8 

Na2O 1.1 3.07 4.85 4.38 1.39 1.84 3.91 

K2O 5.32 4.78 4.67 4.97 5.43 3.43 4.05 

P2O5 0.01 0 0.14 0.03 0.01 0.01 0.02 
LOI 2.14 0.81 1.16 - 2.04 1.81 1.88 
Total 100.59 99.37 99.83 - 99.6 99.79 99.52 

Sc 0 0  - 1 <1 2 
V <2 3 24 - 5 <1 <2 
Cr 23 11 4 - 7 4 6 
Co 2 <1 2 - <1 3.6 <1 
Ni 3 6 4 - 4 3 2 
Cu 3 1 5 - 2 <1 1 
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Sample 
T929 T985 RR30 LY.918 H152 H187 H198 

Tu Le Ngoi Thia 
Zn 180 170 175 - 58 74 40 
Ga 23.1 30.5 29.5 - 28.8 31.2 32.8 
Rb 176 97 123 270 190 168 139 
Sr 15 18 123 5.2 9.2 9.4 14.6 
Y 107 156 63 101 84 114 89 
Zr 1038 975 514 1221 929 1023 818 
Nb 112.1 125.4 87.8 275 114.7 117.3 113.5 
Ba 43 211 936 - 105 81 73 
La 207.6 185.7 104.4 123 167.13 191.63 149.66 
Ce 419.8 321.8 218.4 215 287.33 326.48 272.73 
Nd 243.3 209.4 131.3 84 204.24 185.65 202.62 
Sm 28.8 29.7 15.7 17.9 23 27.55 24.26 
Eu 0.72 1.67 3.21 0.62 0.82 1.23 1.39 
Gd - - - 18 - - - 
Tb 3.17 3.76 1.84 2.9 2.37 2.99 2.78 
Yb 12 9.29 6.54 10 10.65 15.14 10.18 
Lu 1.43 1.43 1.06 1.5 1.4 1.59 1.42 
Hf 25.6 23.9 18.4 26 25.67 29.43 24.04 
Ta 8.13 8.99 5.46 12 7.89 9.35 8.99 
Pb - - - - 2 6 3 
Th 29 28.4 14.4 27 24 27.7 23.1 
U 5 5.3 2.3 6.5 4.1 6 3.6 

Table 4.16 Representative chemical and trace element composition of granitoids of the Muong 

Hum and Phu Sa Phin complexes (data from Tran Trong Hoa et al., 2004). 

Sample 
H-902 H-903 H-906 H10/92 H12/92 H17/92 SH-1317 

Muong Hum 
Analysis by XRF method  

SiO2 71.52 71.07 73.37 75.21 76.14 73.67 71.51 

TiO2 0.33 0.3 0.27 0.29 0.39 0.26 0.35 

Al2O3 11.66 11.06 12.3 10.74 12.35 10.72 13.65 

Fe2O3 3.15 4.18 2.85 3.4 4.04 3.05 3.64 
FeO  -   -  - -  -  -  -  
MnO 0.05 0.05 0.08 0.03 0.13 0.07 0.12 
MgO 0.06 0.19 0.18 0.15 0.04 0.05 0 
CaO 0.38 0.91 0.5 0.18 0.52 0.36 0.59 

Na2O 2.65 3.67 4.39 3.05 4.59 4.29 4.3 

K2O 7.34 5.45 4.83 6.01 4.81 4.84 5.63 

P2O5 0.03 0.02 0.01 0.02 0.03 0.02 0.03 
LOI  -  -  - 0.13 0.07 0.34 -  
Total 97.14 96.88 98.79 99.21 103.11 97.67 99.82 

Analysis by ICP-MS method   
Ba 1880 3854 450.9 285.6 1325 420.4 409.4 
Rb 205.1 194.4 29.32 110.4 158.6 187.5 115.4 
Sr 171 180 309.5 76.97 85.3 70.34 22.34 
Cs 1.29 0.63 1.16 0.51 0.36 1.09 0.49 
Ta 21.28 9.78 0.86 12.08 14.96 14.14 5.58 
Nb 252.6 125.8 17.08 154.2 169.6 168.3 83.44 
Hf 41.16 22.91 5.49 29.87 30.16 30.24 16.01 
Zr 1384 874.3 187.3 1008 911.4 890.5 668.9 
Y 346.8 72.18 24.42 108.9 108.4 117.6 58.15 



 67

Th 60.57 24.6 18.73 30.35 29.19 32.02 17.61 
U 10.8 6.91 11.41 5.74 8.98 6.83 3.05 
Cr 0.87 1.68 6.26 2.18 4.18 1.2 -  
Ni 0.76  - 4.26 0.59 0.27  -  - 
Co 1.99 2.06 6.84 1.46 3.19 2.1  - 
Sc 14.49 4.91 12.7 22.36 7.62 12.55 11.89 
V 9.11 -  11.38 3.05 8.82 9.03  - 

Cu 15.65 10.61 365 4.91 4.65 6 0.88 
Pb 38.32 22.95 4.01 6.54 5.73 19.76 6.33 
Zn 267.5 218.4 18.15 195 47.32 152.6 112.4 
La 503.6 205.1 127.6 239.9 212.3 126.3 113.6 
Ce 891.9 374.5 226.2 361.4 364.8 262 220.4 
Pr 98.31 42.51 20.83 49.2 40.13 28.85 26.38 
Nd 379.3 141.8 71.07 178.7 147.1 108 92.07 
Sm 64.03 20.7 10.03 28.83 24.63 21.41 15.26 
Eu 4.35 2.25 1.46 1.27 1.9 1.01 1.18 
Gd 55.91 16.84 7.64 23.47 20.98 18.4 12.11 
Tb 8.9 2.39 0.97 3.55 3.27 3.29 1.82 
Dy 50.41 12.6 4.83 20.05 18.63 20.13 9.87 
Ho 9.82 2.37 0.86 3.93 3.74 4.1 1.88 
Er 26.54 6.87 2.33 11.34 10.62 11.8 5.57 
Tm 4.12 1.09 0.34 1.9 1.75 1.98 0.92 
Yb 23.93 6.81 2.08 12.07 10.57 12.09 5.98 
Lu 3.58 1.14 0.32 1.89 1.58 1.75 1.02 
Ga  -  - -   - -   - -  

Sample 
SH-1318 SH-1319 SH-1320 H178 H182  V188  T962 

Muong Hum Phu Sa Phin 
Analysis by XRF method  

SiO2 75.54 75.35 72.91 62.87 72.9 74.5 77.23 
TiO2 0.25 0.24 0.28 1 0.33 0.34 0.22 
Al2O3 11.97 11.96 12.46 16.06 12.77 11.88 11.02 
Fe2O3 3.39 2.56 3.09 2.36 1.19 0.97 1.22 
FeO  -   - -  2.82 2.32 1.78 1.07 
MnO 0.07 0.03 0.05 0.19 0.08 0.12 0.05 
MgO 0 0 0 0.93 0.45 0.13 0.24 
CaO 0.39 0.29 0.22 2.03 1.11 0.07 0.36 
Na2O 4.29 3.89 1.85 5.21 3.65 2.63 2.63 
K2O 4.38 4.95 8.37 4.97 4.21 6.27 4.12 
P2O5 0.01 0.01 0.03 0.27 0.02 0.01 0 
LOI  --  - -  1.13 1.58 1.66 1.24 
Total 100.29 99.27 99.27 99.84 100.61 100.36 99.4 

Analysis by ICP-MS method   
Ba 327.2 1127 1940 1245 277 91 69 
Rb 220.1 184.8 210.4 98 108 202 209 
Sr 25.33 19.06 121.9 196 26 7 13 
Cs 0.73 0.74 0.65  -  -  - -  
Ta 15.64 9.13 9.37 2.93 7.58 12.1 10.5 
Nb 185.3 124.9 91.41 47.3 106.2 133.6 116.9 
Hf 35.93 19.96 20.69 8.42 24.9 31.5 27.8 
Zr 1167 759 734.3 320 877 1187 1002 
Y 172 93.14 50.95 42 100 124 101 

Th 31.49 27.57 13.81 7 24.6 38.3 23.4 
U 7.71 5.95 3.26 2.8 4.3 7.7 5.8 
Cr 1.65  - 1.1 7 23 4 8 
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Ni 1.08 -   - 3 4 4 4 
Co 0.24  - 0.51 5 <1 1 4 
Sc 20.46 10.33 20.64 8 0 0 3.41 
V 2.24   10.86 33 <2 6 5 

Cu 7.93 4.97 14.86 5 2 16 1 
Pb 20.08 25.73 39.76 9 -  -  -  
Zn 250.9 188.6 89.1 164 54 295 42 
La 121.7 111.4 234.2 62.4 120.7 166.7 88.7 
Ce 258.6 209.5 366.2 128.7 248.9 327.8 190.6 
Pr 28.06 26.42 39.43  -  -  -  - 
Nd 111.1 94.06 124.1 78.7 134.9 160.6 121.8 
Sm 23.72 17.83 16.51 10.6 20.4 21.4 16.9 
Eu 1.15 1 1.96 2.95 2.07 1.2 0.76 
Gd 20.61 15.08 13.78  -  - -   - 
Tb 3.99 2.62 1.85 1.2 2.78 3.6 2.44 
Dy 25.73 15.3 9.53  - -  -  -  
Ho 5.36 2.98 1.78 - - -  -  
Er 15.24 8.51 5.28 - - -  -  
Tm 2.43 1.36 0.83  - -  -  -  
Yb 14.13 8.3 5.1 4.06 12.2 13.2 11 
Lu 2.04 1.31 0.84 0.54 1.33 1.74 1.52 
Ga  - -  -  26 28.3 21.4 34.1 

 
Table 4.17a Chemical composition of biotite from granite in the O Quy Ho Pass 

(data form Tran Trong Hoa et al., 1995) 
               Samples 
Oxides V-9274 V-9272 V-9263 

SiO2 38.97 39.05 42.04 
TiO2 1.10 0.83 2.41 
Al2O3 14.92 13.71 9.27 
FeO* 18.27 19.20 15.91 
MnO 0.42 0.75 0.93 
MgO 11.83 13.10 13.10 
CaO 0.00 0.01 0.02 
Na2O 0.11 0.09 0.13 
K2O 10.00 10.10 10.40 
Si4+ 6.66 5.94 6.02 
Al3+ 2.71 2.46 1.73 
Ti4+ 0.13 0.10 0.29 
Fe2+ 2.36 2.44 2.11 
Mn2+ 0.06 0.01 0.13 
Mg2+ 2.72 2.97 3.10 
Ca2+ 0 0.002 0.003 
Na+ 0.033 0.027 0.04 
K+ 1.97 1.96 2.10 

Table 4.17b Representative chemical composition of granitoids from the Ye Yen Sun complex  

(data from Tran Tuan Anh et al., 2002) 

Sample 
SH.1326 SH.1327 SH.1328 SH.1329 SH.1331 SH.1332 

West O Quy Ho East O Quy Ho 

SiO2 75.74 69.75 70.1 71.99 78.15 71.9 

TiO2 0.08 0.22 0.2 0.17 0.27 0.36 

Al2O3 14.89 16.27 16.56 16.1 11.48 14.25 

Fe2O3 0.35 1.33 1.19 0.8 2.66 2.92 
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Sample 
SH.1326 SH.1327 SH.1328 SH.1329 SH.1331 SH.1332 

West O Quy Ho East O Quy Ho 
MnO 0 0.04 0.02 0.02 0.01 0.05 
MgO 0 0.13 0 0.07 0 0.22 
CaO 0.81 1.75 1.45 1.6 0.11 0.17 

Na2O 4.04 4.44 4.34 4.12 2.16 3.73 

K2O 4.03 4.56 4.72 4.17 5.55 6.13 

P2O5 0.01 0.07 0.03 0.04 0.02 0.04 
Cu 1.826 4.892 7.541 4.064 4.825 4.515 
Co - 0.995 0.321 0.508 - - 
Cr - 2.717 - 1.041 - - 
Pb 39.39 30.01 32.56 29.31 16.74 11.13 
Cs 3.348 3.092 1.642 3.319 2.869 1.681 
Rb 187.6 150.4 135.3 163 201.4 219.3 
Sr 216.7 1289 1447 448.6 46.7 26.02 
Y 10.21 11.58 8.1 6.051 97.52 64.37 
Zr 92.89 177.2 178.3 103.6 1013 728.8 
Nb 17.9 11.35 7.148 11.91 167.7 94.12 
Ba 481.1 2890 3319 1229 109.2 349.3 
La 9.57 42.32 37.42 14.62 124.5 121.5 
Ce 17.15 71.63 60.06 25.44 259.2 238.4 
Pr 1.981 7.945 6.364 2.896 31.92 28.27 
Nd 6.61 26.89 20.5 9.875 112.1 97.27 
Sm 1.278 4.419 3.117 1.796 21.78 16.7 
Eu 0.249 1.38 1.057 0.68 0.707 1.637 
Gd 1.163 3.462 2.44 1.412 18.1 13.41 
Tb 0.19 0.416 0.282 0.167 3.056 2.08 
Dy 1.272 1.98 1.329 0.865 17.84 11.54 
Ho 0.257 0.339 0.221 0.163 3.45 2.219 
Er 0.916 1 0.651 0.525 10.18 6.511 
Tm 0.165 0.146 0.09 0.082 1.659 1.061 
Yb 1.259 1.002 0.645 0.62 10.19 6.692 
Lu 0.236 0.159 0.095 0.1 1.555 1.083 
Hf 3.612 5.382 4.643 3.007 28.06 20.32 
Ta 1.594 0.751 0.454 0.762 12.98 6.858 
Th 16.61 20.97 19.67 12 27.52 22.1 
U 8.978 4.524 4.514 4.036 6.862 4.213 

K/Rb 178.33 251.58 289.29 212.52 228.68 232 
Rb/Sr 0.87 0.12 0.09 0.36 4.31 8.43 
Rb/Ba 0.39 0.05 0.04 0.13 1.84 0.63 
Eu/Eu* 0.62 1.04 1.17 1.3 0.11 0.33 

(La/Yb)N 5.38 29.99 41.46 16.73 8.65 12.88 

Table 4.18 Content of main components of rare and trace elements of trachyte and 

trachyrhyolite of the Pu Tra Formation (T – Sample from the Institute of Geosciences (VAST), 

P – Sample from the Phong Tho sheet group at 1:50,000 scale). 
Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

T.776 59.55 0.48 15.21 3.58 0.07 0.57 4.77 2.61 8.79 0.25 
P.175 70.79 0.20 15.01 1.72 0.03 0.74 0.82 3.44 6.17 0.11 

 Rb Sr Nb Zr Y La Ce Nd Sm  
T.776 259.6 1777 25.99 413.7 37.3 106.3 196.2 72.9 12.4 
P.175 296.3 614.7 23.39 180.2 18.9 49.5 96.6 32.9 5.2 

 Eu Gd Tb Yb Lu Th U Ta Hf 
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T.776 2.77 8.95 1.29 3.02 0.45 25.8 7.33 1.356 9.6 
P.175 1.15 3.46 0.55 1.81 0.28 24.8 11.67 1.77 5.09 

 

Table 4.19 Representative chemical and trace elementcomposition of alkaline granite of the Nam 

Xe-Tam Duong, Pu Sam Cap and Coc Pia complexes (data from Tran Trong Hoa, 1996 & 1999) 

Sample 
H.43 H.45 

MT. 
7077/4 

MT. 
7076/3 

MT. 
7076/2 

N. 
7107/1 

T.770 V-III P.45 T.1591 T.1737 

Nam Xe-Tam Duong Pu Sam Cap Coc Pia 

SiO2 64.29 64.51 68.62 73.53 73.78 73.86 56.87 62.15 48.32 54.26 52.88 

TiO2 0.3 0.22 0.2 0 0 0 0.54 0.41 0.63 0.54 0.8 

Al2O3 16.81 17.38 14.32 12.5 12.38 12.12 16.24 15.63 11.03 10.02 15.36 

Fe2O3 2.84 2.59 3.3 0.22 2.82 3.17 5.35 4.01 6.52 5.14 6.73 
FeO -   - 1.15 3.52 0.32 0.86  -  -  -  -  - 
MnO 0.06 0.08 0.07 0.3 0 0 0.09 0.14 0.14 0.11 0.15 
MgO 0.17 0.17 0.3 0 0.3 0.6 0.21 0.49 9.25 6.07 5.59 
CaO 2.52 1.96 0.28 0.28 0 0 3.93 2.98 10.99 6.73 6.52 

Na2O 3.57 5.23 4.64 4.1 4.5 4.1 2.29 4.2 0.3 1.04 2.61 

K2O 9.4 7.33 5.42 4.64 4.5 4.25 10.17 8.27 6.25 4.98 6.23 

P2O5 0.08 0.06 0.08 0.05 0.11 0.11 0.18 0.18 0.57 0.3 0.53 
Rb 180 154 136 59.4 124 80.6 265.7 241.6 253 218 163 
Sr 1606 2169 224 147 78.5 120 3989 2535 4318 1226 2555 
Nb 13.01 19.3 17.2 7.61 8.74 26.4 32.89 32.27 11.9 20.6 13.1 
Zr 91.8 72.9  - -   -  - 521.8 559.1 246 206 469 
Y 37.9 28.8 63.5 50.4 59.4 78.4 47.11 43.52 26 24.2 25 
Th 10.1 48.1 8.51 8.11 11.4 12.5 37.4 38.1  - -   - 
U 70.5 93.9 2.68 1.64 1.58 1.66 1.1 9.3  -  -  - 
Ta 0.8 1.1 1.42 0.75 1.48 1.36 1.5 1.5 0.6 0.9 1.4 
Hf 3.9 2.4 3.7 10.6 10 7.89 12.5 13.3  -  - -  
La 31.5 37 85.9 110 114 79 156.3 146.1 170 49 117 
Ce 70.5 93.9 62.2 114 102.1 87.5 292.8 268.2 224 89 185 
Nd 44.1 47.8 13.1 21.2 36 20.8 105.9 91.8 68 41 81 
Sm 10 8.8 11.7 10.9 22.3 13.9 17.9 14.6 10.3 7.5 17.2 
Eu 2.5 1.9 0.23 0.41 3.65 0.15 3.9 3.3 2.5 1.9 3.7 
Gd 3.3 2.9  - -   -  - 12 10.1 6.1 5.9 13.6 
Tb 1.2 0.9 0.67 0.59 1.54 0.91 1.7 1.5 0.9 0.9 1.9 
Yb 3 2.9 5.99 4.79 7.64 7.44 3.6 3.4 1.9 1.9 2.6 
Lu 0.5 0.5 1.29 0.7 0.75 0.76 0.5 0.5 0.3 0.3 0.3 
Sb  -  - 0.58 0.21 1.09 0.3 -   -  -  -  - 
Cr -   - 3.55 6.85 16.5 6.35 -   - 863 335 169 
Ba -   - 94.6 137 796 35.3 -   -  -  -  - 
Zn -   - 20.4 16.9 12 39.4 -   -  -  -  - 
Cu -   - -   - -   - -   - 73 64 61 
Ni -   - -   - -   - -   - 346 149 76 
Co -   - -   - - - - - 39 15 28
V -   - -   - - - - - 128 107 118

 

5. GEOMORPHOTECTONIC MODELING 

The model for tectonic geomorphology of NWVN area is based on the defined spatial 

controls using analysis of Digital Elevation Modeling (DEM) and remote sensing images. It 

helps to recognize the tectonic boundaries and better understanding recent tectonics of the area.  
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linear features may represent natural morphological alignments or those of anthropogenic 

nature (roads, aqueducts, crops, etc.). Structural discontinuities of rocks and other features 

related to tectonic activity often results in morphological lineaments (fault scarps, joints, fold 

axis, etc.; (Ramsay and Huber, 1987). These lineaments can be expressed as linear valleys, 

linear slope breaks or linear ridgelines (Jordan et al., 2005). 

There are many specific landforms associated with faults which allow the fault type 

recognition (Burbank and Anderson, 2001; Keller and Pinter, 1996). Fault scarps are the most 

clear fault features (Ollier, 1981). They are very steep slopes with the same aspect parallel to 

the fault trace. The size of fault scarps could vary between a few meters up to hundreds of 

kilometers of length (Burbank and Anderson, 2001) and between fraction of meter and 

hundreds of meters of height. As normal and strike slip faults usually present high dip angle 

they are not affected by topography and tend to be a straight line in plan view, although they 

may be curved or sinuous (Burbank and Anderson, 2001; Ollier, 1981). Thrust and reverse 

faults have low dip angles and in this way they present more complex topographic expressions 

and they are more difficult to recognize in remote sensed images (Burbank and Anderson, 

2001; Ollier, 1981). 

However, not only fractures and faults have linear topographic expressions. Lithological 

contacts, intersection of bedding and topography, some wind erosion and glacial features could 

also appear as lineaments in images (Jordan et al., 2005; Smith and Clark, 2005). In this way, 

discrimination between tectonic and non-tectonic features can only be stated using geological 

and other ancillary information. 

Tectonic geomorphologic studies and drainage network analysis are nowadays being 

analyzed in a fast and easier way by means of digital elevation data and geographical 

information systems (Jamieson et al., 2004; Jordan, 2003). 

Shaded relief maps have been largely used to identify faults and lineaments from digital 

elevation data (Ganas et al., 2005; Onorati et al., 1992). Onorati et al. (1992) compared 

geological data with two visual interpretations of shaded relief maps. Both of them used 

orthogonal illumination with respect to the known tectonic trends. They defined the accuracy in 

terms of delectability, length and displacement of features with respect to the truth. 

 

5.2.2. Digital elevation model and remote sensing image  

Implementation of digital elevation model (DEM) by a Surfer software is based on the 

existing topographic maps at 1: 100,000 scale; they are sheets of the Lai Chau (F-48-39), Lao 

Cai (F-48-40), Pho Lu (F-48-41), Muong Lay (F-48-51), Than Uyen (F-48-52), Lien Son (F-48-

53), Dien Bien Phu (F-48-63), Son La (F-48-64), Hat Lot (F-48-65). DEM construction is based 

on scanning maps, then loading scanning map as a base map in the Surfer program (version 8.0) 

and then carrying out digitizion. The study area is very broad, it covers around 23,100 km2. 

Such a large area requires a selection of areas for detailed studies, because the DEM 

construction for entire area based on the basic topography maps at scale of 1:100,000 would be 

too time consuming for one person. Selected areas like the Pho Lu (Cam Duong) and Lai Chau-

Muong Lay regions corresponding to a part of the Red River and Dien Bien-Lai Chau fault 
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zones, respectively were studied using interval between contour lines of 40m - to satisfy 

techniques for acquisition of DEM source data (Li, Z. et al., 2005). For the remaining area, 

intervals of 200m were used, and a remote sensing image will be used to help for detail study. 

The obtained model of DEM construction covers an area of 23,100 km2 and 153 m to 

3,143 m above sea level. Extracted lineament is based on a change in the angle of illumination 

shaded relief map (Fig. 5.2), contour map is interval of every 40 m (Figs 5.3, 5.4) and the 

spatial model (3D surface) (Fig. 5.1). 

 

 Entire area Lai Chau-Muong Lay Pho Lu (Cam Duong)

Number of digitized parameters 660778 87080 120270 

Z Minimum 153 110.77 54.36 

Z Maximum 3143 2048.7 2458.34 

Z Mean 907 833.3 463.56 

Z Median 800 802.04 316.64 

Z Standard Deviation 474.5 389.48 405.8 

Interpolated type Kriging point Kriging point Kriging point 

Drift  linear linear linear 

Grid Size 100/97 100/97 100/97 

 

Table 5.1. Parameters of digitized values and digital elevation model (DEM) interpolation. 
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5.2.4. Lineament extraction by drainage network analysis 

Drainage network analysis is a fundamental tool in tectonic geomorphology. Fractures 

represent zones of rock weaknesses prone to intense erosion and hence valleys form along fault 

lines. Consequently, flow path routing and drainage network used in hydrological model can be 

applied for the purpose of morphological fracture tracing and network analysis. River acts as 

erosion or depositional, but their arrangement often depends on geological structure and 

tectonics of the area in which its network was developed. Generally, close-range in density or 

river-channel direction indicates similar rock types and also tectonic conditions are similar. 

These factors are based on the hydrological network of designated boundaries (Fig. 5.8) 

reflecting the diverse lithology, structure, and slopped terrain. This study focuses on utilizing 

drainage network extracted from several topographic maps at 1:100,000 scale in order to 

constrain the structure of the NWVN area. Topographic base was derived from the compilation 

by State Department for Cartography, and Geodesy and Cartographic Department of General 

Staff of the Vietnam published from 1990 to 1994. 

Drainage network of the NWVN area has preserved good geological record of the 

movement, displacement, regional uplifts and erosion of tectonic units, simple linear patterns 

are arranged reflecting linear subsurface structures. We are dealing here with the Red River, Da 

River, Nam Na River, and Ma River. They are mainly playing a key role controlling drainage 

network of the area and are considered as old rivers, which more or less reflected actual offset 

of the faults. Common is the linear deflection of several rivers in a certain direction, visible in 

the tributaries of the Red, Da, Ma, and Nam Na Rivers. Perhaps the lineaments along main Red, 

Da, and Nam Na Rivers designated dislocations within the area. In addition, there are many 

straight stretches of river valleys, often contracted along a line zone, such as the Nam Cay, Nam 

Kim, Nam Co, Nam Khai, Ngoi Bo, Du Cang Thang streams. Their stream courses often 

coincide with the occurrence of many small tectonic lineaments (Fig. 5.7) and indicate a similar 

course. This type of elements is dominated on the lines of Red, Da, Nam Na, and Ma rivers. 

The collinear stream lines from northeastern to northwestern part of the investigated 

area represent a large valleys that are known as a members of the Red River fault system 

running as long as 55km in the northeastern part of the area. Red and Nam Ma Rivers are 

oriented by Red River and Dien Bien - Lai Chau fault. The drainage network is transformed 

into lineament map (Fig. 5.8). In this experiment, 166 lineaments are identified basing on 

analysis of the individual river. The minimum and maximum lengths recorded are 3.09 and 

55.468 km. The mean length of the lineaments is 17.679 km, and the total sum of their lengths 

is 2,917.1 km. They are divided into four groups by terms of direction, namely ESE-WNW, 

SSE-NNW, NNE-SSW, and ENE-WSW directions (Fig. 5.9). Among them, the lineament 

group of ESE-WNW direction is dominating and often set along the main rivers and streams in 

the area. Second one is lineament group of SSE-NNW direction which cut and moves 

lineaments of the NNE-SSW and ENE-WSW systems. With regard to the extent of the Red 

river valley lineament, these are arranged obliquely. The Chay River, Red River, Phong Nien, 

and Mai Dao-Lang Vai oblique lineaments extend from adjacent areas into the Red River 
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5.2.5. Lineament extraction by terrain analysis  

Limited coverage of the NWVN area indicated by a digital elevation model and remote 

sensing image of the site matches the description presented above. The study area comprises the 

Lai Chau, Son La, Hoa Binh provinces and part of the Lao Cai, Yen Bai and Thanh Hoa 

provinces. 

Lineament terrain map presents lineament accumulation derived from analysis of 

selected SPLOT HRV images, and digital elevation model (shaped relief, contour maps and 

spatial model). Moreover, lineament map also can be attributed to the fractures that are 

recognizable on the satellite image (http://earth.google.com). Most lineaments were designated 

by individual model, then they were compared with each, chosen according to similar direction, 

aligned, averaged and affixed to one foundation forming shaded relief image (Fig. 5.11). The 

advantage of this method is that interpretation of results reveals tectonic lineaments, which are 

not visible on the area surface, and therefore not marked on the available geological maps at 

1:200,000 scale. However, some of the designated lineaments are recognized in the field as the 

Red River and Dien Bien-Lai Chau fault zones. Analysis of the digital elevation model in 

comparison with the drainage network produces a better result in the lineament interpretation. It 

is possible to designate not only the lineament directions, but also their lengths. The obtained 

results from splot and remote sensing images interpretation have demonstrated the usefulness of 

digital elevation model in lineament map (Fig. 5.11). A total of 222 lineaments were extracted 

from the terrain model with length range from 2.543 km to 53.298 km, and average values of 

their lengths are 14.739 km. 

Interpretation of the direction and spatial distribution of lineaments in Figure 5.11 

demonstrate that four main directions dominate. These directions also influence lineaments’ 

density. Analyzing the drainage network, we are dealing here with lineaments trending NNE-

SSW, ENE-WSW, SSE-NNW and ESE-WNW (Fig. 5.12). The group of lineaments trending in 

SSE-NNW direction dominates in the area, showing also arrangement in faults. Some of these 

lineaments form a system of linear extension arranged in the Red River valleys along slopes of 

the Con Voi mountain range, they indicate a part of the Red River fault zone. Second group of 

lineaments shows the ESE-WNW direction. These lineaments are distributed mainly in the Tu Le 

volcanic zone, they cut and move the SSE-NNW lineament group. In the northwestern area, 

another group of lineaments of the NNE-SSW direction (sublongitudinal) occur with a length of 

69.86 km, they indicate the Dien Bien-Lai Chau fault zone. Tectonic lineaments distributed in the 

central area are closely related to boundary of the Tu Le volcanic and Da River zones, they also 

suggest a combination with the Nam Xe-Van Yen-Phong Tho, and Da River fault systems, 

respectively. However, some of tectonic lineaments of the ESE-WNW directions are distributed 

in the southwestern area and display a pattern corresponding to the Ma River and Dien Bien-Sop 

Cop faults.  

Moreover, the central part of NWVN area is covered by a few lineaments trending in 

SSE-NNW and ENE-WSW directions, they are similar in orientation to the lineaments and 

fotolineaments which were designated by Phan Trong Trinh et al. (2004, 2006) in the Son La, 

Hoa Binh areas (Fig. 5.10). 
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Fig. 5.12. Distribution of lineament groups extracted from the terrain analysis. 

 

5.2.6. Lineament correlation between the drainage network and terrain analysis 

Lineaments extracted from analysis of the drainage network and terrain illustrates the 

topographical correspondence with the assigned structures. The obtained results of lineaments 

analysis from the drainage network are almost identical to distribution of lineaments extracted 

from the terrain analysis (Fig. 5.13). Distribution of lineament groups from analysis of the 

drainage network and terrain are quite similar (Figs 5.13 & 5.14). Therefore, the structure of 

linear system designated by rivers and streams must be regarded as complementary to digital 

elevation model analysis. A speculative lineament is the Red River line located in Pho Lu 

segment, other one is along the Chay River line and distributed in northwest slope of the Con 

Voi mountain range. Illustration showing the lineaments relationship between the drainage 

network and terrain is given in Figure 5.15. The rose diagram of the lineaments extracted from 

terrain clearly indicates four dominant directions, which are also observed in the rose diagram 

for the lineaments extracted from drainage. Visual interpretation of the lineaments over the 

drainage network suggests that some of the lineaments fit the stream channels indicating that 

these channels have a structural control. So, the obtained results of different lineament groups 

imply a strong positive correlation between the drainage networks and terrain. 

 
Fig. 5.13. Distribution of lineament groups from the river network and terrain. 
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5.3. Domain analysis of aligned morphological features and geological field data 

Main tectonic lineament structures in the NWVN are the Red River fault zone (RRFZ) 

and Dien Bien-Lai Chau fault zone (DBFZ). A regional boundary between the Tu Le volcanic 

and Da River zones is the Van Yen-Nam Xe-Phong Tho fault; it expresses clearly an active 

normal fault which was suggested by Phan Trong Trinh (2004). 

The Red River and Dien Bien-Lai Chau fault zones are considered as conjugate strike-

slip faults (Phan Trong Trinh et al., 1999; Zuchiewicz et al., 2004), which in Pliocene-

Quaternary times have shown, respectively, right-lateral and left-lateral sense of motion. The 

RRFZ marks the boundary between the South China and Indochina blocks, main activity 

occurred in two phases: during sinistral ductile shear active in 27–16 Ma, followed by 

exhumation and uplift from a depth of 20–25 km, and as dextral, predominantly brittle shear 

active in Plio-Quaternary times (Leloup et al., 1995), and new structural and geochronological 

data appear to document the polyphase ductile shear active between Early Cretaceous through 

Miocene times, which included dextral, sinistral, dextral transpression, and sinistral transtension 

regimes (Źelaźniewicz et al., 2005). The sinistral displacement was accompanied by rapid uplift 

and cooling. During the sinistral slip along RRFZ, the stress arrangement was different in 

particular massifs (Dian Cang Shan, Ailao Shang, Day Nui Con Voi (DNCV)), being all the 

time transtensive within the DNCV (Anczkiewicz et al., 2007). This change of the sense of 

motion is related to collision between India and Eurasia. 

At a particular scale, some of the tectonic features may appear sharp, well defined 

although very extensive. On the other hand, other tectonic features may appear as a wide zone, 

characterized by numerous parallel en-echelons to overlapping lineaments, with a similar sense 

of displacement, spread over a wide zone, e.g. the Red River, and Dien Bien – Lai Chau fault 

zones (Fig. 5.8). 

 

5.3.1. Red River fault zone (RRFZ) 

In Vietnam, the RRFZ comprises four narrow (<20 km wide) high grade metamorphic 

massifs of the DNCV. All Quaternary valleys are narrows. The size of individual dextral offset 

of them has been calculated and mentioned by several publications, depending on their size, as: 

70 m to 17 km (Nguyen Dang Tuc & Nguyen Trong Yem, 2001), 200-1,200 m (Phan Trong 

Trinh et al., 1993), 0.3-2 km (Lacassin et al., 1994) or up to 2 km (Nguyen Quoc Cuong & 

Zuchiewicz, 2001). The corresponding rates of Quaternary dextral slip range, therefore, are 

between 1 and 9 mm/yr (Allen et al., 1984) or 1 and 4 mm/yr (Weldon et al., 1994). 

Particularly, between Cam Duong and Chau Que Thuong, right-lateral offsets are between 

941-966m and 1,238-2,866m, where cumulative effect of several deformational episodes 

resulted in nearly 8.969 km-long dextral offset of a large meander of the Red river. 

The amounts of right-lateral offset deduced from deflected drainage pattern, shown in 

Figures 5.8 and 5.29. Indicators of right-lateral slip include: drainage deflection (from 941m to 

2,866m), beheaded streams, shutter ridges, en echelon oriented minor fault and fault-line 
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lineaments in the NWVN area. Analysis of shape and extension of the Red River and Chan Nua 

valleys also helps to recognize the RRFZ and DBFZ. 

Drainage network is mostly based on the combinations of two systems; the system with 

ESE-WNW direction is a more significant one. The valleys primarily based on the NNE-SSW 

and ENE-WSW directions prevail in the northwestern and northeastern parts of the study area, 

while the other groups prevail in the remaining area. The typical drainage networks are strongly 

influenced by tectonics or controlled by abrupt lithological changes. Types of the drainage 

networks indicate dendritic; rectangular and angular; parallel; and rectilinear geometries. 

Lineaments analysis allowed recognition of 166 lines. They summarized length is 2,917.1. Most 

of these lines are oriented ESE-WNW and SSW-NNE quite parallel to the most important 

regional system that affects the area. It’s possible to recognize another organized system, 

prevalently oriented SSE-NNW. Transect analysis, applied to stream channels developed 

perpendicularly to lineament systems, shows a right strike-slip kinematics for ESE-WNW lines 

and a left strike-slip for lines oriented NNE-SSW. Surface roughness, topographic profile, 

contour maps and hydraulic gradient lets us to discriminate different area affected by tilting in 

recent period. In particular, at regional scale, the application of this methodologies to 

hydrographic basins located in the NWVN area (such as the RRFZ and DBFZ), allowed to 

distinguish four different morphologic regions in the investigation area. The boundary between 

these regions seems to be due to a lithological change from north to south, whereas in the 

northeastern region there is a structural boundary corresponding to the Red River dextral strike-

slip system, in the northwestern there is also a structural boundary corresponding to the Dien 

Bien-Lai Chau sinistral strike-slip system. Geomorphic features from the study area vary from 

north to south and from west to east.  

Four groups reflecting the linear structures can be distinguished among the topo-and 

photo-lineaments. They indicate the ESE-WNW, SSE-NNW, NNE-SSW and ENE-WSW 

directions. Tectonic lineaments are arranged in extensional (basins), strike-slip, and 

transpression regimes. The resulted network of tectonic lineaments was compared with the 

geological map on the scale 1:200,000. In general lineaments, complies with the mapped faults. 

The relief and shade of NWVN area emphasize marked tectonic lineaments and the 

dislocation structures of the area corresponding with these lineaments. In turn, in the 

northeastern area a valley forms of positive flower structure (the Pho Lu segment). This valley 

belongs to the RRFZ. In the northwestern area, another dislocation structure of the DBFZ is a 

dominating feature of the sinistral strike-slip motion forming some pull-apart basins (Chan Nua 

basin) by combination of the subsidiary faults. Application of this analysis helps finding 

solutions to the problem of relationship between faults and lineaments partly shown on surface 

within the mountainous region as well as other small scale lineaments.  

As far as we are concerned, the overall picture of the study area from digital elevation 

model interpretation and field studies revealed that the study area has been seriously affected by 

tectonics on a large scale and the series of faults detected on the terrain and drainage network 

are products of geotectonic activities. 
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6. EARTHQUAKES 

At the Palaeocene-Eocene boundary, the interactions of two plates (India and Asia or 

Eurasia) have made an impact on the crust of the NWVN area. This areas suffered tectonic 

stress in many directions, making a complex stress environment. Mantle dynamics and plate 

interactions in Southeast Asia have been repeatedly examined based on plate tectonic 

reconstruction, geological and geochemical data (Chung et al., 1997, Metcalfe, 1996a,b, 2000; 

Golonka et al., 2006a); however, the relatively small number of geophysical surveys and 

seismic observations means that little is known of the present tectonic stress field and the nature 

of structures in the deep crust and upper mantle – features that provide a unique constraint on 

the geodynamic evolution of Southeast Asia. The seismicity of the NWVN area is influenced 

by India-Asia collision. From the local point of view, seismic activity is classified as high in 

some regions of Vietnam (Nguyen Dinh Xuyen, 1994). The discussed documentary earthquake 

material from the investigated area was gathered in catalogues belonging to seismological 

stations in Vietnam, the National Earthquakes Information Centre (NEIC), the International 

Seismological Centre (ISC) and the Harvard Centroid-Moment-Tensor (CMT). The papers 

linked to this subject were also used. Figure 6.1 presents epicentre distribution for earthquakes 

with a magnitude greater or equal to 4.0. This magnitude was calculated from surface waves 

recorded in the northern Vietnam during the time period 1975 - September, 2009. 

 

6.1. Distribution of earthquake epicentres in the northern Vietnam 

Scientists have admitted that the occurrence of earthquakes is related to faults, so the 

determination of focal mechanism of earthquakes has great scientific and practical significance, 

which helps to understand the activity of faults in the present time.  

In Vietnam, during the XX century, two earthquakes were observed with intensity Io = 8-

9 (MSK-64) and magnitude M = 6.5 - 7 Richter degrees, fifteen earthquakes with Io = 7 and M = 

5 - 5.9, and more than 100 earthquakes with Io = 6-7; M = 4.5-4.9. Earthquakes in the northern 

Vietnam are not scattered but distributed along different fault zones, such as Dien Bien - Lai 

Chau, Ma River, Da River, Red River, Chay River, Cao Bang – Tien Yen, Dong Trieu, and Ca 

River - (Figs. 6.1 & 6.3). In recent time eight earthquakes with magnitude of 4.7 to 6.1 have been 

recorded, and the focal depth of the typical earthquake on 27 February 1969 reached up to 68 km. 
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the DBFZ systems. Data from the National Earthquakes Information Centre (NEIC-

http://neic.usgs.gov) also show that the earthquakes are shallow – all occurred at h < 35 km, 

most at 10 ≤ h <35 km (Fig. 6.3). 

 
Fig. 6.3. Profile of the depths of earthquake focus in northern Vietnam and adjacent area 

(from 1975 to 2009; see appendix for detail) 

 

According to Nguyen Kim Lap (1990), the investigation of more than a million 

earthquakes, which occurred in the north part of Vietnam, indicated that earthquake density is 

higher in northwestern Vietnam, and almost all hypocenters in this region were in the Earth's 

crust. The earthquakes are generally related to the tectonic faults and geological structures in 

the northwest-southeast directions. Some of them were as follows: the Dien Bien earthquake 

(1935) on the Ma River fault, M= 6.75 (the intensity in epicentre Io=9), the Bac Giang 

earthquake (1961) on the Dong Trieu fault in the Red River delta, M= 5.9 (Io=7) and Tuan Giao 

earthquake (1983) on the Son La fault, M= 6-7 (Io=8-9). The intensity “I” is the measurement 

of the earthquake effects on humans, constructions (damage to buildings) and nature (land). 

“Io” is the intensity in the epicentre of the earthquake. 

Parameters of some earthquake events were determined at the highest reliability as 

follows (Cao Dinh Trieu, 1999; Le Tu Son & Nguyen Thi Cam, 2002; Nguyen Dinh Xuyen, 

1992) - see also Figure 6.4. 

1. Earthquake occurrence in the Dien Bien area (1935) - M=6.8 was recorded by 23:22' 

on 1st Nov. 1935 (Ha Noi time) in the southeast of the Dien Bien City. It caused severe damage 

to the residential houses in the Dien Bien and Son La provinces. 

2. Earthquake in Luc Yen (Yen Bai) in 1953-M=5.4. 

3. Earthquake in Luc Yen (Yen Bai) in 1954-M=5.4 where the earthquake epicentre was 

located quite near to that of the earthquake occurred in 1953. These two Luc Yen earthquake 

events occurred at the same seismic intensity but isoseismic width of the latter incidence (1954) 

was narrower. This event was also was longer. 

4. Tuan Giao earthquake (1983) - M = 6.7. It happened at 14:00 on the 24th Jun., 1983, 

about 11km northeast from Tuan Giao town, causing heavy losses to the Tuan Giao district and 
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2. The macro seismic field is based on the data obtained from field investigations of 

surface deformations and from historical sources (Nguyen Van Luong, 1996), with the 

successful application of the double-couple forces in tectonic interpretation. However, a weak 

point of this method lies in its being applicable for those earthquakes occurring at ground 

surface. Gibowicz et al. (1987) used this method for analysis of the Tuan Giao earthquake. 

3. The moment tensor inversion uses the radiation pattern of body-and/or surface-waves. 

The complete waveform data is inverted to fit synthetic waveforms calculated for a reference 

earth model. If the earth’s structure is known and waveform data is available, the seismic 

moment tensor and thus the focal mechanism of an earthquake can be calculated by inversion. 

From 2000 to present, more than 17-stations (up to 25 stations) for broadband seismic array 

have been installed in northern Vietnam. The stations are distributed uniformly over the area, 

and provide a high density of seismic data with a wide dynamic range that enables analysis of 

the tectonic evolution of the fault zones. The array also provides useful information in 

determining crustal and mantle structures for the purpose of regional earthquake monitoring and 

seismic hazard mitigation in this region, for a similar result when the moment tensor inversion 

method is applied. However, results of the method ere not publicly known by many until now. 

Phan Thi Kim Van (2006) in particular applied this method for the Dien Bien – Lai Chau fault 

and showed successful results. 

Table 6.2. Focal mechanism of earthquakes determined by means of the first motion of long P 
wave (Nguyen Kim Lap et al., 1989; Le Tu Son, 2000) 

No 
Event 
name 

Date (d/m/y) 
Latitude 

(N) 
Longitude 

(E) 
Depth 
(km) 

Nodal plane (o) 
P -axis(o) 

(compression) 
T-axis (o) 

(dilatation) Ms 
Strike Dip Slip Azimuth Dip Azimuth Dip 

1 
Tuan Giao 

24/06/1983 21.71 103.43 11.0 313 60 224 187 35 93 16 6.7 
2 15/07/1983 21.41 103.83 7.0 82 72  213 21 123 6 5.4 
3 Aftershocks (after Gibowicz et al., 1987) 7.0 121 50  50 40 268 17 5.7 

4 
Muong 
Luan 

22/06/1996 21.29 103.31 7.0 304 46 67 230 1 137 74 4.9 

5 Lai Chau 29/03/1993 21.83 103.15 10.0 155 75 155 -158 6 109 28 4.9 
6 Ta Khoa 6/10/1991 21.38 104.17 7.0 135 72 157 -178 2 91 29 4.9 

 
In response to double couple forces, the first motion of P way is symmetrical through 

the slip surface of the discontinuity of focus and the plane, which is perpendicular to form the 

change sign of quarterly arcs. Mapping the distribution of first motion of P way by a set of 

seismic stations by using an appropriate method can determine the parameters of fault plane, 

the compressive and dilatational stresses in the focus of earthquakes. The focal mechanism of 

some earthquakes determined by means of the first motion of P wave is listed in Table 6.2.  

 

Table 6.3. The parameters and focal mechanism solutions of three events occurring on the Dien 

Bien-Lai Chau fault zone from February to April 2001 (Phan Thi Kim Van, 2006) 

No 
Date 

(m/d/y) 
Time (UTC) 
(Hr:Mn:Sec) 

Latitude 
(oE) 

Long 
(oN) 

Depth 
(km) 

Azimuth 
(o) 

Nodal plane Slip 
(o) 

Mw 
VR 
(%) 

Dist.(km)/sat 
Strike (o) Dip (o) 

1 2/19/2001 15:51:35.97 21.396 102.715 12 234 299;35 76;68 157;15 5.1 96 485/(CHTO) 

      0      413/(KMI) 

2 2/19/2001 19:02:52.40 21.292 102.882 12 237 103;37 84;67 -157;-7 4.4 97 494(CHTO) 

      358      425(KMI) 

3 4/2/2001 20:45:50.92 22.124 103.157 15 231 307;37 89;69 159;1 4.5 96 571(CHTO) 

      352      335(KMI) 
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6.4. Discussion 

Active faulting in NWVN is a direct indicator of active crustal extrusion of Indochina 

due to the convergence between India and Asia (Tapponnier et al., 1982; Golonka et al., 2006a 

and references therein). Since in many cases movements along active faults of north Vietnam 

have been associated with earthquakes, the study of active faults can be based on strong 

scrutiny of available earthquake data. Geomorphological and geomorphotectonic 

characteristics, mechanisms and the trend of active fault zones in the area have been discussed 

while considering their tectonic differences. The focal mechanism solutions of the earthquakes 

within the investigated area point to the presence of both thrust and strike-slip faulting in the 

basement, whereas in the rest of the country most active fault reaches the surface. The 

earthquake mechanism solution along active fault systems imply dominance of strike-slip 

faulting in a transpression regime in western and central NWVN, while oblique reverse faults in 

convergent regime prevail in southwestern part of NWVN area. 

The study of earthquake focal mechanisms allows us to view the geometry and 

orientation of the faults at the time of movement. By combining the focal mechanism data with 

the longer-term geological record, it is possible to reconstruct the tectonic process of a region 

through time. In this study, although the observed mechanisms of the minor earthquakes are 

rather diverse, and over time, the focal mechanism distribution may vary, we do see some 

intriguing patterns already. Among the 11 events shown in the Fig. 6.13, reverse faulting was 

observed only in the southwestern part of NWVN, with P-axes trending NE-SW. Strike-slip 

faulting dominated in the remaining NWVN area with P axes trending NNW-SSE or NW-SE 

and T axes trending ENE-WSW or NE-SW. Thus, a certain degree of regionalization of focal 

mechanisms can be seen in the NWVN area. 

The Himalayan event is frequently mentioned as a typical example of the extrusion, 

having extensive effect on NWVN area (Tapponnier et al., 1982; Leloup et al., 1995). In the 

model, the deformation and metamorphics of this belt is dominated by strike-slip faults and 

combination with some pull-apart basins. In this study, only 3 out of the 11 earthquake events 

in the area are shallower than 15 km, while the other 8 are located in the mid- and lower-crustal 

levels. Most of these events have nodal planes dipping at high angles (> 30°). These mostly 

steeply dipping nodal planes and the depths of these reverse faulting earthquakes show that 

reverse faulting in the NWVN is not confined above the assumed shallow detachment surface 

but occurs in the crystalline basement at high angles. 

In an extruding motion, strike-slip faulting is generally the dominant mode of 

deformation, but the completely opposite mechanism is also commonly recognized within the 

NWVN (Leploup et al., 1995; Nguyen Van Hung & Hoang Quang Vinh, 2001; Zuchiewicz & 

Cuong, 2004). As mentioned above, active strike-slip faulting is taking place in the 

southwestern portion of the area at both the shallow (≤ 15 km) and deep (15-33 km) levels. The 

shallow faulting may be related to the extensive effect caused by the Himalayan event in the 

NWVN to the outer portion of the core. On the other hand, the finding of deep faulting under 

the northeastern and northwestern area is certainly not new, and the cause of the deep strike-slip 

faulting is rather intriguing, for example the Red River and Dien Bien-Lai Chau fault zones. As 
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the focal mechanism solutions accumulate over time, they can be used to examine whether the 

NWVN basement height indeed acts as an indentor. Nevertheless, the best-fitting stress models 

in these areas are in agreement with the results of Nguyen Van Hung (2002) and are consistent 

with the plate motion vectors in the vicinity of NWVN (Lacassin et al., 1994; Findlay & Phan 

Trong Trinh., 1997; Becker, 2000; Phan Trong Trinh et al., 2004; and references therein). 

 

7. MINERALIZATION 

These igneous and eruptive activities have formed many mineralizations in whole area 

of the NWVN. Totally around 100 ore deposits and occurrences have been discovered from the 

area (Fig. 7.1). These deposits comprise iron, chromium, copper, lead-zinc, molybdenum, gold, 

and the non-metal ores including barite and fluorite, pyrite, graphite, potassium-sodium, rare 

earth and radioactive ores. Based on geochronological and geochemical data of the igneous and 

eruptive rocks that constitute main lithologies in the NWVN, it is possible to estimate the 

timing of each mineralization related to the host rocks and to discuss their implication to 

tectonic setting and metallogeny in the northwestern Vietnam. Detailed geological, geochemical 

and mineralogical data were given by the Department of Geology and Minerals of Vietnam 

(2000). This interpretation is supported by field relationships, magmatic petrographic and 

isotopic data, and theoretical considerations. The distribution of mineralization in NWVN 

reflects several events of magmatism, tectonism, and metamorphism.  

 

7.1. Mineral deposits 
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7.1.2. Chromium 

There are two chromium occurrences in the Thanh Hoa province, both located in the Song 

Ma zone (one of them is not shown in Figure 7.1 because it’s situated outside the investigated 

area), namely Nui Nua and Lang Mun. They occur in the Nui Nua ultramafic rocks. The 

chromium mineralization is categorized into a podiform type hosted by serpentinized peridotite 

(Nguyen Van Chien, 1963). The ore occurs as chromian spinel concentrations (chromitite) in 

forms of lenses 3-4.5m wide and 10-15 m long. The ores have been exploited on small scale. 

Ore grades vary from 29.83 to 33.98 Cr2O3, 9.06 to 9.89 Fe2O3, 0.01 to 0.03 Ni, 0.017 to 0.05 

Cr in wt % and Cr2O3/FeO ratio larger than 2.5. The classification for formation of mineral 

deposits (Economou & Naldrett, 1984; Naldrett, 2004; Misra, 1999) suggest that the Nui Nua 

chromium hosted by Nui Nua serpentine body formed as concentration of ore minerals as direct 

consequence of magmatic crystallization (orthomagmatic origin). However, the podiform 

chromites could be formed by the interaction between mantle harzburgite and an exotic magma 

(Arai, 1997). The Nui Nua ultramafic complex allows unraveling history of the emplacement 

and cooling of hosted pluton. It contains sulfide liquid which was extracted from a sulfur-

saturated mafic magma at late stage of its crystallization.  

 

7.1.3. Copper 

Eighteen copper mineralization sites have been discovered. The host rocks are Proterozoic 

metamorphic rocks of the Sinh Quyen, Carboniferous-Permian carbonate of the Ban Pap, 

Permian basalt of Vien Nam formations, and Ban Xang ultramafic complex, and sometimes 

Devonian limestone of the Da Dinh, Cha Pa formations. 

Based on the chemical and mineral composition of copper mineralization, four types of 

mineralization have been recognized, forming major ore deposits: (1) nickel-copper (Ni-Cu-

PGE); (2) copper sulfide; (3) native copper; and (4) copper, copper-gold related to metamorphic 

rocks. 

First and second ore types are distributed in the Song Da zone and hosted by Permian Ban 

Xang ultramafic rocks and Vien Nam mafic effusives. Four small deposits of first ore type have 

been registered, namely Ban Phuc, Ban Khoa, Ban Trang, Ban Mong. Most of the copper 

deposits occur in the confines of the Ta Khoa anticline, closely related to Permian ultramafic 

intrusions of Ban Xang complex. The mineral composition of this ore type is relatively complex. 

The ore contain mainly pyrrhotine, magnetite, pentlandite, chalcopyrite, and pyrite and in minor 

quantities sphalerite, galenite, nickeline, skutterudite, mawsonite, rammelsbergite, kremneritc, 

violarite, cubanite, ilmenite, etc. Mineralized zones depend on the size of intrusive bodies. These 

zones form bodies of compact or disseminated ores at the bottom or in fixed position within 

intrusive bodies. In the hardening process, the ores could penetrate the surrounding rocks or the 

intrusive massif itself forming vein-shaped bodies. 
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consists of galenite, sphalerite, pyrite and chalcopyrite. The lead-zinc content in ore varies from 

few percents to nearly 40%. 

Based on the mineral association, host rocks, shape of orebody and hydrothermal 

alteration, Tran Xuan Duc (1963) and Nguyen Ngoc Lien (1990) considered that most of the 

lead-zinc mineralizations in the Song Da and Song Ma zones represent mesothermal and 

epithermal genesis. The formation of mineralization is associated with granite intrusion of the 

Pu Sam Cap complex, and basalt rocks of the Vien Nam Formation. 

In the Tu Le zone, the lead-zinc deposits and occurrences form 3 large bands of NW-SE 

direction; each band has a length of 10-20 km, a width of 2-6 km. These ores are often located 

in hydrothermal quartz veins, penetrating Cretaceous felsic effusives of the Tu Le-Ngoi Thia 

complex and volcano-terrigenous sediments of the Tram Tau Formation. Main mineral 

compositions consist of galenite, sphalerite, a little pyrite, chalcopyrite; non-ore minerals are 

quartz, dolomite, calcite, etc. Veins, 0.5-1m in thickness, up to 600 m in length (Co Gi San 

deposit), consist principally of the silver-bearing galena (4-5 kg/t Ag). They are hosted in the 

slightly metamorphosed, volcano-sedimentary rocks of Triassic and Lower Jurassic. Ore grades 

vary from 4 to 6% Pb and 1 to 2.5% Zn. Most of the lead-zinc mineralizations belong to the 

hydrothermal type, formed chiefly in Late Mesozoic (Do Hai Dung, 1990). 

Thus, syngenetic and epigenetic mineralizations were distinguished within NWVN lead-

zinc ores. First one perhaps was formed in epithermal to mesothermal process in an exhalative 

environment of Phia Bioc, Song Ma granitoids, or was associated with Pu Sam Cap and Tu Le-

Ngoi Thia subvolcanic rocks. The second one perhaps was formed in basinal brines dominated 

carbonate rocks, probably it was related to submarine volcanic process within Cam Thuy 

Formation during Late Permian -  Early Triassic times. Perhaps faults also played a key role in 

providing conduit for the hydrothermal fluids to site of mineralization (Misra, 1999). 

 

7.1.5. Gold  

Gold has been mined in Vietnam since ancient times. At present, its production is 

probably about 1 ton/year, part of which is produced by the local population. Nineteen gold 

mineralization sites are known, they are located mainly along the Sam Nua, Song Ma, Song Da 

and Tu Le structural zones with primary genetic types. The gold ore occurrences are distributed 

in various rocks and quite prospective. 

In the Song Ma zone, gold mineralizations can be divided into 2 groups. First group is 

located in terrigeno-metamorphic rocks; there are 4 occurrences, namely Pac Ma, Ban Cheo, 

Lom Hom, and Ban Lam. Gold ore occur in quartz-sulfide veins and forms crushed and 

crumpled zone, or in the bedding surface of Upper Permian quartz-sericite schist of the Nam Ty 

and early Devonian Nam Pia formations, sometime in Cambrian clay shale of the Song Ma 

Formation. The common ore bodies are lenses including nest or string types and veins. 

Mineralized zones and ore bodies are generally composed of many quartz veins ranging from 

few mm to tens cm in thickness. Main sulfide minerals consist of pyrite, arsenopyrite, galenite, 

chalcopyrite, etc. Gold content reaches from 0.3 to 2.83 g/ton, sometimes reaches 4 g/ton. 
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Second group occurs in basalt and diabase; there are 3 occurrences, namely Hua Va, Cong 

Noi and Ban Thon. Gold mineralization has generally large distributive area with high Au 

content, and forms mineralized zones or independent ore bodies. Gold ores are associated with 

Permian Cam Thuy basalt, and Huoi Hao metabasalt. Mineralized zones or ore veins stretch 

generally on some tens to 1000 m with a thickness of 0.2 - 6 m, they are also composed of 

many micro-veins of quartz-sulfide-gold or of lenses, nestsand so on. Alterations of vein side 

consist of quartzification, sericitization, chloritization and epidotization. Sulfide minerals are 

pyrite, pyrrhotine, chalcopyrite, arsenopyrite and chalcosine. Gold content reaches from 0.3 to 2 

g/ton. This group bears characters of volcanic massive sulfide deposit type (VMS). 

Generally, gold mineralization in the Song Ma zone is associated with late Palaeozoic 

shales and Permian basalts; the host rocks for the gold deposits are Lower Proterozoic 

metamorphic rocks intruded by late Palaeozoic granitoids. Gold mineralization is distributed in 

quartz brecciated zone situated in the destruction zone of sericite schist of the Song Ma 

Formation. Sometimes, it is distributed in coincidence with large fault. For this reason, gold ore 

types are related to basalt rocks of the Huoi Hao, Cam Thuy formations, and were formed after 

the last effusive phase of the Huoi Hao, Cam Thuy formations.  

In the Sam Nua zone, gold mineralization occurs in felsic intrusives, there are 4 

occurrences, namely Pac Khin, Pac Nam, Muong Luan and Na San. Gold mineralization is 

distributed along crushed zones in Permian - Triassic granitoids of the Song Ma and Dien Bien 

Phu complexes. Gold ores commonly forms ore bodies 100-300 m long, 2-5 m up to 70-80 m 

wide. Ore minerals are pyrite, arsenopyrite, chalcopyrite, galenite, sphalerite and antimonite, 

sometimes cinnabar, hematite (Pac Khin). Gold content reaches from 0.2 to 6 g/ton (Muong 

Luan); locally reach from 0.5 to 2 g/ton (Pac Nam). Most of the ores are associated with Permo-

Triassic of the Song Ma, Dien Bien Phu granite rocks and Permian Cam Thuy volcanic rocks 

and treated as a byproduct of exploitation of Cu-Pb-Zn ore types.  

In the Tu Le zone, there have been known three occurrences, namely Minh Luong, Nam 

Say, and Meo Sa Phin; they are situated in the middle of the Tu Le volcanic zone near the Phan Si 

Pan range. Gold mineralization occurs in Cretaceous porphyritic rhyolite rocks of the Phu Sa 

Phin complex. Gold ore bearing quartz-sulfide veins intruded Cretaceous effusive, such as 

orthophyre, quartz orthophyre of the Tu Le - Ngoi Thia complex and volcano-sedimentary beds 

of the Tram Tau Formation. Hydrothermal alterations of the surrounding rocks are commonly 

chloritization, sericitization or pyritization. Gold content commonly reaches from 0.7 to 11.2 

g/ton, somewhere gold is accompanied by Pb, Zn and Cu. Both gold ore veins and rhyolite 

rocks of the Phu Sa Phin complex intruded volcanic rocks of the Tu Le subcomplex. Therefore, 

gold ores are associated with rhyolite rocks of Phu Sa Phin complex. The stratigraphical 

relations indicate that gold ores may be supplied by hydrothermal fluids from granitoids of Phu 

Sa Phin complex.  



 

In

around t

Structur

mineral

cataclas

Formati

the faul

meters i

(Ban P

chloritiz

chalcop

malachi

south B

element

Ng

mineral

depths (

constitu

type in m

Go

formatio

formatio

complex

out that

byprodu

 the Song D

the Pi Toon

re of the a

ization wa

stic and crus

ion, as well 

lt trends. M

in length, so

Penh). Hyd

zation, carb

pyrite, nativ

ite, pyrrhot

Ban Ten); an

ts as Pb, Zn

guyen Dac

ization in t

(120o-370oC

uents in wt 

mesotherma

old ore min

ons, associa

ons and gra

xes. Moreov

t the ore-for

uct of explo

Fig. 7.9. a)

b) 

Da zone, fo

ng - Muong 

area is dom

as introduce

shed zones,

as in Permi

Mineralized 

omewhere r

drothermal 

bonatization

e gold, min

ine and cha

nd from 1 to

n, As, and C

c Lu (200

the Song D

C, high pres

%) varies f

al genesis (M

neralizations

ated with m

anitoids of th

ver, gold m

rming proce

oitation of C

) Gold beari

Come back

our gold ore

Trai area, n

minated by

ed through

, or schistos

ian mafic ef

zone varie

reaches from

alterations

n, kaoliniti

nor bornite, 

alcosine. G

o 57 g/ton (H

u are usuall

05) by us

Da zone (D

ssure 1.1-2.

from 4.7 to 

Misra, 1999

s in the NW

mafic effusi

he Song Ma

mineralizatio

ess is closel

Cu-Pb-Zn or

ing quartz v

k from Saph

 

e occurrenc

namely Ban

y NW-SE a

 numerous

se zone of t

ffusive of th

es from 10 

m 70 to 100

s consist 

ization and

hematite; r

Gold conten

Hua Non, B

ly accompan

sing exper

oi Bu, Suo

5 kbar), the

13.8%. Th

9). 

WVN are hos

ve of the H

a, Chieng K

on is often l

ly related to

re deposit ty

vein in Minh

hin gold dep

ces were dis

n Dua, Sout

and sublon

s extension

terrigeno-ca

he Vien Nam

to 30 m in

0 m in thick

mainly of 

d adularizat

rarely met g

nt varies fro

Ban Dua). B

ny ores. 

rimental re

oi Chat) hav

e salinity of

hese parame

sted by sedi

Huoi Hao, C

Khuong, Die

ocated in th

o developed

ype. 

h Luong are

posit. 

scovered, an

th Ban Ten, 

ngitudinal tr

n fractures, 

arbonate bed

m Formatio

n thickness,

kness and o

f quartzific

tion. Ore 

galenite, sph

om 0.4 to 3

Beside gold 

esearch arg

ve been for

f the fluids 

eters allow 

iments of th

Cam Thuy, 

en Bien Phu

he cataclasic

d faults. Go

ea; 

nd develop

 Hua Non, B

rending fau

and locate

ds of the M

on trending 

, and some

over 1000 m

cation, seri

minerals a

halerite, ars

3.4 g/ton (B

mineralizat

gued that 

rmed at int

(total disso

us to arrang

he Song Ma

Vien Nam

u, Tu Le, Pu

c zone whic

ld is also tr

119

 

ed mainly 

Ban Penh. 

ults. Gold 

ed in the 

Muong Trai 

parallel to 

 hundreds 

m in length 

icitization, 

are pyrite, 

senopyrite, 

Ban Penh, 

tion, some 

the gold 

termediate 

olved solid 

ge the ore 

a, Nam Pia 

m, Nam Ty 

u Sam Cap 

ch pointed 

reated as a 



 

Fig. 

volcani

Fig

 

7.1.6. A

Fo

to baux

low, the

answer 

material

Si

Gin, Ba

margin 

7.10. Gold m

ic breccia-ag

Gold rec

g. 7.11. a) U

Minera

Allite - sialli

ormerly, the

ite; howeve

e Al2O3, con

the standa

l for firepro

ix allite-sial

an Pang, La

of the sy

mineralizatio

gglomerate, 

covered from

Upper Nam 

alized brecc

ite 

e described 

er the analy

ntent is low

ard of baux

oof material

llite ore occ

ang Sang a

ynclines for

on in the Pu 

(c) Finely di

m Crater mou

Dich drill c

ia, Can Ho 

allite-sialli

ytic results h

, at the sam

xite ore, bu

 industry. 

currences h

and Pa Ty L

rmed by P

Sam Cap ar

isseminated 

untain  (Pho

core, alterat

mine (Photo

ite occurren

have been s

me time that 

ut they hav

have been r

Leng. Allite

Permian ma

rea, (a) Pu Sa

pyrite in zon

otographs fro

tion and min

ographs from

nces were a

shown that 

of SiO2 and

e been con

egistered, n

e- siallite m

afic effusiv

am Cap mou

ne  of silicic-

om Howell e

neralization

m Howell et 

attributed by

the silica m

d Fe2O3 is h

nsidered as 

namely Ta 

mineralizatio

ve, lying u

 
untain,  (b) A

-argillic alter

et al., 2007) 

 
n in syenite; 

al., 2007) 

y different 

modulus of t

high, so the 

high-alum

Phinh, Bac 

on is conce

unconforma

120

Altered 

ration, (d) 

b, c) 

geologists 

the ores is 

ore do not 

minum raw 

 Na, Nam 

entrated in 

ably upon 



 121

Carboniferous to Lower - Middle Permian sediments. Ore bearing Permian mafic beds of the 

Cam Thuy Formation forms ore seams 1-5m thick (in average 3 m), extending discontinuously 

on 1-10 km. The ore seams contain usually interbeds of non-ore rocks. Main ore mineral is 

hydrargillite, in minor quantity occur diaspore, gibbsite, boehmite; in addition, leucoxene and 

some other minerals. Ore grades vary from 19.95 to 35.36% Al2O3, 5.1 to 48.26% SiO2, and 

9.13 to 40.89% Fe2O3, 0.74 to 5.25% TiO2, and 0.06 to 0.18% P2O5. 

Aallite-siallite ore mineralizations occur in Permian basalt of the Cam Thuy, and 

limestone of Yen Duyet formations with seam shapes. They are composed mainly of hematite, 

goethite, gibbsite, boehmite and diaspore. One suggests that the ore type is associated with 

volcano-sedimentary origin of the Cam Thuy Formation; and belong to the allite-siallite types, 

but locally reaching characteristics of the bauxite. 

 

7.1.7. Molybdenum 

There are five registered molybdenum occurrences and deposit, namely O Quy Ho 

(deposit), Ban Khoang, TN O Quy Ho, Ma Quay Ho, La Ly Tchay. Most of molybdene 

deposits and occurrences are distributed in developmental field of Proterozoic metamorphic 

rocks of the Sinh Quyen and Suoi Chieng formations, and along their contact with the Ye Yen 

Sun subalkaline intrusive. They are situated in the eastern slope of the Ye Yen Sun range, 

stretching on about 40 km in NW-SE direction from Muong Hum through Sa Pa to Lao Cai.  

Molybdenum mineralization is of large scale, with the worth attention content. Molybdene 

ores occur in quartz small veins or vein nets, or are disseminated in the contact zone between 

the Ye Yen Sun subalkaline intrusive and metamorphic rocks of the Sinh Quyen Formation. 

The penetratation of Ye Yen Sun alkaline granites form ore bodies with the thickness varying 

from 0.45 to 4.42 m, the length from 150 to 1408 m. Ore minerals are molybdene, chalcopyrite, 

magnetite and hematite. The Mo content varies from 0.09 to 0.4%, locally; it reaches up to 

53.48% (O Quy Ho). Molybdenum mineralization belongs to quartz-pyrite-molybdene and 

copper-molybdene ore types (Nguyen Van Nhan, 1988; 2008). From recent studies, granite 

rocks of the Ye Yen Sun complex can be separated into two different magmatic massifs (Tran 

Tuan Anh, 2002): The west of O Quy Ho granite massif (35Ma) and the east of O Quy Ho 

granite massif (72-41 Ma). In the east granite there have been met the veins of leucocratic 

aplitic granite or quartz veins containing molybdenum mineralization which may be the last 

products of the west granite. This one proves that the west granite was formed later than the 

east one. The fieldwork results indicated that molybdene quartz veins, molybdenum sulfide 

quartz veins and fluorite molybdene sulfide quartz veins in O Quy Ho and Ban Khoang deposits 

are likely related to small porphyritic plutons, granite aplite and granite pegmatite. They intrude 

gneissic granite of east O Quy Ho granite massif (Fig. 5.12). A reasonable interpretation of 

molybdenum mineralization is that it is genetically related to west O Quy Ho granite massif.  
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Formation. Mineralization is developed as ore veins and lenses of some cm to 50-60 cm thick. 

Ore minerals are composed mainly of quartz and pyrite with the content of (%): S= 37.56-

39.53, SiO2=4.68-13.86, As=0.09-0.3, P=0.003-0.018. Near the ore occurrence location, two 

gabbroid bodies were found and dated as 5Ma (Koszowska E., et al., 2004). Possibly, the pyrite 

ore mineralization is formed as Ni-rich pyrite and chalcopyrite hydrothermal genesis that 

produces by gabbroic intrusions. 

Located in the Bo Xinh area, pyrite ore is in the form of nests and lenses, hosted by 

greenschist and quartz-sericite schist of the Nam Ty Formation and associated with metabalsalt 

of the Huoi Hao Formation. Pyrite mineralization is mainly developed in cataclazite zone of 

NW-SE direction and played a role cementing tectonic breccias, in some places; ore filled 

cracks and formed ore veins few meters thick. 

Nguyen Ngoc Lien (1990) point out that pyrite mineralization cemented breccias of quartz 

and volcanic tuff; hydrothermal alterations are chloritization, sericitization, quantization, 

epidotization. It indicates a hydrothermal genesis of the epigenetic ore type. 

In the Song Da zone, there are two pyrite occurrences, namely Muong Trai and Ban Lai. 

They are situated in both sides of the Song Da zone, respectively. Pyrite mineralization bearing 

brecciated quartz veins form a zone 50-60 m wide, over 1 km long and located in a fault of 

NW-SE trend. They occur in Triassic sandstone, siltstone of the lower Muong Trai Formation 

(Muong Trai) and in Permian mafic effusive of the Vien Nam Formation (Ban Lai). Small-grain 

pyrite is concentrated in compact veins or disseminated in the rock. Main ore minerals are 

quartz, pyrite; in minor quantity is goethite, malachite and azurite. Ore grades vary from 12.78 

to 13.6% S, 0.03 to 0.62% Cu, 0.001 to 0.007% Pb-Zn, and 0.4 g/ton Au (atom absorption 

spectrometry analysis). 

Together with copper, gold and lead-zinc mineralizations, pyrite ore in the Song Da zone 

is also formed by epithermal process during Permian-Triassic times. It also suggests that ore-

forming processes of sulfides mineralization are at or immediately beneath sea floor and related 

to volcanic activities, precipitation and concentration of ascending hydrothermal ore forming 

fluids in the sea water. Both syngenetic and epigenetic ore types are present. The Ban Lai ore 

occurrence bears characteristics of volcanic massive sulfide deposits (VMS). 

In Song Hong zone, eight pyrite ore occurrences have been found and investigated, 

namely Lang Coc, Ben Den, Lang Vang, Lang Loat, Van Son, Song Do, Lang Sung and Sa Pa. 

They form mainly accumulations of erratic boulders of ore, located usually along the fault lying 

between the Da Dinh, Sinh Quyen, and Cam Duong formations. In the area where primary ore 

has been found, it is in the form of veinlets and lenses, or disseminated in limestone or schists 

of cataclastic zone. Ore mineral composition is pyrite, chalcopyrite, galenite, pyrrhotme. Sulfur 

content varies from 6 to 20%, locally up to 36% (Lang Coc), 40% (Then Thau). 

Generally, the pyrite ore types in Song Hong zone originated during metamorphose of the 

Sinh Quyen, Cam Duong sedimentary rocks (Tran Van Tri ed., 2000). 
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7.1.11. Rare earth and radioactive ores 

There are many occurrences of rare earth and radioactive ores. They were  are discovered 

in the process of geological mapping and mineral prospecting at 1:200,000 scales, among them 

two deposits and one occurrence have been recognized, namely Then Sin, Dong Pao and Y Lin 

Ho, they are distributed in the western slope of Phan Si Pan zone. 

Mineralization anomalies are situated in the two sides of Phong Tho fault separating the 

Phan Si Pan and Song Da zones. Strongly developed Palaeogene alkaline intrusions of the west 

Ye Yen Sun and Nam Xe - Tam Duong complexes are located east of the fault. West of the 

fault, there are small intrusions of the Nam Xe - Tam Duong and Pu Sam Cap complexes. The 

ores are hosted in a zone of crushed Carboniferous-Permian limestones and volcanics that were 

affected by metasomatism at the margin of Palaeogene alkaline volcanics and syenite. The ores 

consist of bastnaesite, parisite, barite and fluorite (Dinh Van Dien, 1990). The weathered zone, 

to a depth of 20 m, contains 4-5% of RE oxides and the primary ore is averaging 1.4% REO 

(mainly Ce, La, Nd, Pr, Y, but also Gd and Eu - 4% of REO), 1.1% Nb, 200-300 ppm U and 

30% Ba. The reserves are huge: 7.8 Mt of REO, from which 1.7 Mt are proved at Nam Xe 

North alone (Le Thac Xinh, ed., 1990). Dong Pao deposit, situated 40 km S has about 7 Mt 

REO of a similar quality. It is hosted in a Palaeogene syenitic intrusion of the Pu Sam Cap 

complex (53 Ma).  

The genesis of rare earth and radioactive ores, until now it is still hot topic of debate. 

Vlaxov (ed., 1960) investigated the North of Nam Xe mine and explained mineralization as 

carbonatitic products, based on the stratigraphical relation. Dinh Van Dien (1976) also 

considered hydrothermal metasomatism genesis of this ores. Extensive collection of 

carbonatitic samples from the Nam Xe area allowed arranging them in the Pu Sam Cap 

complex (Nguyen Thi Ngoc Huong, 1994). Moreover, Bui Minh Tam (1995) affirmed presence 

of carbonatite of alkaline magmatic genesis in the Nam Xe-Phong Tho area. Tran Trong Hoa 

(1995, 1996) discovered some inclusions in pyroxene of dyke rocks; their compositions are in 

similarity with carbonatite solutions of the Dong Pao area. In addition, To Van Thu (1996) 

described carbonatitic dykes penetrating Upper Permian limestone at the Then Thau, Ban Mao 

areas; they have similar origin with minetic dykes, sonkinite, etc. In summary, as was 

mentioned above we can consider carbonatite genesis the ores supplied by magmatic, and 

hydrothermal metasomatic sources (Manthilake et al., 2008). 

So far as we are concerned, the genetic model of the rare earth deposits can be understood 

as follows. The Triassic system in this region were subjected to the Indosinian orogenic 

movement and broken into a number of blocks by major faults and fracture systems trending 

mostly in the NW-SE direction. In the early Palaeogene, intrusions of alkaline magmas were 

initiated along the NW-SE trending fault systems at depth in the Lai Chau area and then formed 

syenite bodies. Magmatic melt at the bottom was enriched in volatile matters and then in rare 

earth elements as the vapor pressure increased. The high-pressure and high-temperature vapor 

enriched in volatile matters migrated through cooling-joints, formed in the peripheries of 

syenite bodies or through fractures formed in surrounding limestone. The vapor, as ascending 

through joints and fractures, was mixed with groundwater and cooled down to precipitate rare 
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Representative of close relationship between ore and magmatic intrusion are specific 

cases of chromium, copper-nickel disseminated in ultramafic rock, iron, lead-zinc, gold, 

molybdenum, pyrite, rare earth and radioactive ore mineralization. Generally, the referred ores 

formed in relationship to magmatism activity. Chromium ore represent syngenetic segregation 

of fractional crystallization of peridotites from the Nui Nua ultramafic complex. Copper 

mineralization hosted by ultramafic rocks was formed in magmatic crystallization process of 

the Ban Xang ultramafic complex. Molybdenum and iron were formed in relation to the West 

Ye Yen Sun alkaline granite. Lead-zinc and gold are associated with the Dien Bien Phu, Song 

Ma granites. Other group of lead-zinc and gold mineralizations is hosted by the Tu Le-Ngoi 

Thia, Phu Sa Phin volcano-plutonic rocks. Pyrite is associated with Palaeogene gabbroids. 

Graphite, rare earth and radioactive ores are hosted by the Nam Xe-Tam Duong alkaline granite 

and Pu Sam Cap syenite. 

Permian (260 Ma) Cu-Ni-(PGE) mineralization was revealed in ultramafic intrusions of 

the Song Da zone (Ban Phuc massif) (Tran Trong Hoa, 2005). The gold-sulfide ore 

mineralization includes Au-sulfide (gold-arsenopyrite), Au-Sb, Au-Sb-Hg mineralization, 

widespread in the Song Da zone (there are known as the Ban Dua, South Ban Ten, Hua Non, 

and Ban Penh ore occurrences). The Ar-Ar age of these ore associations reaches 252-228 Ma 

(Tran Trong Hoa, 2008), which is consistent with the Rb-Sr dating age reaching 257 Ma (Tran 

Trong Hoa, 1998) of the volcanic rocks in relation to the ore deposits. Thus, these ores are 

spatially associated with Late Permian volcanic rocks of the Cam Thuy and Vien Nam 

formations. 

Palaeogene (38 Ma) molybdene mineralization was revealed in alkaline granite of the 

Phan Si Pan zone (the west of O Quy Ho massif). Ore deposits of the metamorphic types 

include iron, pyrite, graphite, copper and copper-gold. They are related to Proterozoic and 

Cambrian metamorphic rocks of the Ngoi Chi, Sinh Quyen, and Song Chay formations. These 

ores are located mainly in the Song Hong (Red River) zone. 

Published data on SHRIMP U-Pb zircon of Tran Ngoc Nam (1998, 2006) and TIMS U-Pb 

zircon of Lan (2001) showed at least two metamorphic events that affected the Phan Si Pan-

Song Hong zone (gneiss rocks of the Con Voi mountain range in particular). The first event 

took place in Neoproterozoic (838±45Ma) produce mineralization group consisting of pyrite, 

copper and copper-gold associated with granitoids of the Xom Giau, and Po Sen complexes as 

well as Bao Ha gabbros. The second event, in Cenozoic (30±11Ma), produced graphite 

mineralization. 

 

2. Mineralization related to geological structures  

Geological structures including faults, photolineaments, and fractures can control 

circulation of mineralizing fluids and hence ore and mineralization. Structures (faults, 

photolineaments, and fractures) are considered as type of geological setting often formed prior 

to a mineralizing event. Therefore, they control on formation of rocks other than hydrothermal 

ores is indirect. These structures are also related to erosion and sedimentation in the adjacent 

area. Structures formed after a mineralizing event, may be responsible for offset or removal of 
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mineralized zones. These structures are referred to as “post-mineral”.  In some cases the 

formation of structures and mineralization appear to be nearly synchronous.  In these situations, 

shearing was probably ongoing during the mineralization event.  This is evidenced by ore 

minerals localized along deformed fault planes. 

In the study area, the relationship between ore and faults is expressed by most of the ore 

occurrences. In the Song Ma zone, the intrusions of Nui Nua ultramafic, Song Ma and Chieng 

Khuong granites, gabbroids of the Bo Xinh complexes and Huoi Hao metabasalt are controlled 

and distributed along Song Ma marginal deep-seated fault and Na Hiem-Phieng Na fault. 

Chromium in ultramafic rock, gold, pyrite ore and theirs geochemical anomalies always have 

genesis and spatial relation to the Nui Nua intrusions and Huoi Hao eruptions. Thus, only in the 

southwestern Song Ma zone, in strip between Song Ma fault and Na Hiem – Phieng Na fault is 

responsible for origin of ore deposits of chromium, gold, and pyrite in mafic and ultramafic 

rocks. Southwestward within the study area, Sam Nua zone is formed by volcano-sedimentary 

and carbonate beds of the Dong Trau and Hoang Mai formations, coal-bearing beds of the Suoi 

Bang Formation and granitoids of the Song Ma complex. Coals and quartz veins bearing lead-

zinc and barite are located in the crushed zones of the Suoi Bang Formation. Occurrences of 

gold are located in altered or crushed zones in granitoids of the Song Ma and Dien Bien Phu 

complexes. Perhaps hydrothermal fluids were supplied from plutonic rocks and formed 

mineralization. 

The Cam Thuy and Vien Nam mafic effusive are abundant in the Song Da zone, they are 

controlled and distributed along the Song Da, Son La and Van Yen-Nam Xe-Phong Tho fault 

zones. Copper sulfide, native copper, gold, lead-zinc, pyrite ore and theirs geochemical 

anomalies always have genesis and spatial relation to the Cam Thuy, Vien Nam effusions. The 

intrusion of Ban Xang ultramafic rock is controlled and distributed along the Ta Khoa anticline. 

Copper-nickel (Ni-Cu-PGE) mineralization and its anomaly also have genesis and spatial 

relation with the Ban Xang intrusion. The copper-nickel ore in ultramafic rock occurs in the Ta 

Khoa anticline. Northwestward within the Song Da zone, the Pu Sam Cap and Pu Tra magmatic 

rocks are distributed along southwestern side of the Phan Si Pan range. They display a strong 

spatial relationship with the barite-fluorite, rare earth and radioactive ore, and potassium-

sodium mineralizations. 

In the Tu Le volcanic depression, the intrusions of Nam Chien, Tu Le, Ngoi Thia, Phu Sa 

Phin, Nam Xe-Tam Duong complexes and Suoi Be volcanic rocks are controlled and 

distributed along the Van Yen-Nam Xe-Phong Tho and Phong Tho faults. Lead-zinc, gold 

mineralizations are displaying a spatial relationship with Tu Le, Ngoi Thia subvolcanic 

granites. Especially the Tu Le ladle contains the lead-zinc, gold ore deposits. Beside the Tu Le 

zone, the Ye Yen Sun (west and east of O Quy Ho massifs), Po Sen and Song Chay granites 

developed along right side of the Phong Tho fault, and are located in the Phan Si Pan-Red river 

zone. Mineralizations in this area consist of lead-zinc, iron, copper, and molybdenum; they 

display a very strong spatial relationship with granite intrusions of West Ye Yen Sun, and Po 

Sen complexes.  
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The strike-slip fault zones display a strong spatial relationship with minerals in the study 

area. Particularly, graphite and pyrite ore types are distributed in the Song Hong, Dien Bien-Lai 

Chau fault zones, respectively. They are related to metamorphic events, geomorphologic 

features, and geodynamics during Palaeogene times. 

The Quang Tan Trai ore strip consists of gold, copper, lead-zinc, and allite-sialite and so 

on. It extends from the Quang Tan Trai to Son La areas and occurs along cataclasite zone of the 

Son La fault zone. Mafic-effusive rocks are located along this fault. This relationship suggests 

that the mineralization is controlled by the fault zone. 

Transtensive synsedimentary tectonics is associated with basin opening. When faults 

undergo displacement (e.g. strike-slip motion), they change their fluid transmissibility 

properties by juxtaposing varying lithologies (and lithological properties) across the fault. 

During this process, some pull-apart basins were formed along the fault zone by combination of 

the subsidiary faults. Sedimentary materials were deposited within these basins. These fault 

types are referred to as “synsedimentary faults”. Most of the NW-SE intrazonal faults in Song 

Da zone belong to the synsedimentary fault type. A synsedimentary fault system was active at 

the time of mineralization (Goodfellow et al., 1993). Therefore, most of ore mineralizations in 

Song Da zone including copper, lead-zinc, gold, pyrite and theirs geochemical anomalies are 

displaying spatial relationship associated with those synsedimentary fault type (Nguyen Ngoc 

Lien, 1990). 

Some high-angle deep-seated faults define the southwestern margin of the Song Ma zone, 

southwestern and northeastern Song Da zone are the Song Ma, Song Da, and Van Yen-Nam 

Xe-Phong Tho faults, respectively. They are the primary conduit for vertical flow of the 

hydrothermal fluids forming mineralization. Based on the anomalously high density of Cr-Ni, 

Cu, and Ba distributions dominating these faults, the present author suggests that the faults must 

have high permeability. Deep permeability along the faults is consistent with observations of a 

high incidence of deep (~10-15 km) seismicity following the earthquake that ruptured a large 

segment of the NWVN area (see chapter 6). In the study area, the Song Ma, Song Da, Van Yen-

Nam Xe-Phong Tho fault zones plays the role of boundaries between IDB and SCB; between 

the Song Ma and Song Da zones; between the Song Da and Tu Le zones, respectively. 

Chromite ores are distributed along the southwestern Song Ma fault zone, copper ores is in the 

southwestern Song Da fault, lead-zinc and gold ores in the right side of Van Yen-Nam Xe-

Phong Tho fault.  

The gold mineralization accompanied by cinnabars strong anomalous zone is underlain by 

the Cam Thuy, Vien Nam basalt rocks. Their genesis is known as initially syngenetic and 

genetically related to eruption of adjacent submarine volcano. Cinnabars geochemical 

anomalies zone distribution display close spatial relationship between those zones and NE-SW 

tectonic lineament (Nguyen Ngoc Lien, 1990). It is possible that Hg has been supplied from 

underneath sources along NE-SW tectonic lineament in the Song Da zone. 

Open fractures provide ready pathways for fluids and space for vein-forming minerals. In 

the brittle upper crust, fractures tend to open in directions perpendicular to the least principal 

stress, especially if they are newly formed, rather than inherited. There is good evidence that 
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most epithermal veins form in this way, as do magmatic dykes and sills. In the NWVN, most 

veins and dykes that were formed by hydraulic fracturing are almost vertical and horizontal, 

indicating that the least principal stress was NW-SE and NE-SW. In local scale, along the Dien 

Bien-Lai Chau and Red River fault zones, most veins strike NNE-SSW and WNW-ENE  and 

they are compatible with regional extension marked by pull-apart basins mentioned in the 

chapter 5. 

 

7.2.2. Geochemical anomaly related mineralization  

Based on results of investigation of Nguyen Ngoc Lien (1990) some anomalous zones for 

each element were recognized in the whole Song Ma and Song Da areas (Fig. 7.15 and Table 

7.1). Fig. 7.15 mapped some anomalous zones of elements. Areas with concentration of 

anomalous elements were distinguished. These anomalous zones are considered as indicating 

features for ore mineralization. 

 

No Element 
Anomalous elements contents (n.10-3 %) 

Background Min Max 

1 Cu 1.2 3  

2 Pb 1.5 3  

3 Ag 0.3 1  

4 Zn 5 10  

5 As 5 10  

6 Sb 5 10  

7 Cr 6.8 10  

8 Co 1 3  

9 Ni 4.9 10  

10 Sn 1 3  

11 Mo 0.3 1  

12 Be 0.2 1  

13 Nb 5 10  

14 La 5 10  

15 Th 5 10  

16 Au over some tens of grains/m3 

 

Table 5.1. Anomalous elements contents 
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The Cr-Ni and copper anomalies indicate relatively dense Cr-Ni and Cu distribution. 

Anomalous zones of Cr and Ni overlap one over another in the Song Ma zone, along Song Ma 

fault. These elements are believed to have been supplied from the Nui Nua ultramafic 

serpentine intrusions, and were verified by chromium ore occurrence in Song Ma area.  

Copper shows strong positive correlation with Cr-Ni. The copper mineral anomaly is 

found in some parts of the Ban Xang area especial those surrounding the Ban Xang and Ban 

Phuc massifs. Thus, Cu anomalies suggest that the existence of copper 

mineralization accompanies the Ban Xang dunite-peridotite. 

The Pb-Zn anomalies are distributed within large area on the known lead-zinc 

mineralization occurrences, and have relationship with the Cam Thuy, Vien Nam effusive rocks 

and Song Ma granitoid intrusions. Thus, there is possibility that anomaly indicate lead-zinc ore. 

Pb-Zn anomalies are limited in Song Da zone. They are distributed along the Van Yen-Nam 

Xe-Phong Tho deep fault zone and indicate the relationship between fault and mineralization. 

 

7.2.3. Hydrothermal alteration related to mineralization 

Mineral deposits formed from hydrothermal fluids are often accompanied by alteration of 

the surrounding rocks by the same fluids. In essence, the process of hydrothermal alteration is 

the response of a rock to new conditions of temperature, pressure, and composition imposed by 

the introduced fluid; the result is an altered rock with changed mineralogy and texture that may 

provide an interpretable signature of the characteristics of hydrothermal fluid. Thus, each ore 

style contains individual characteristic hydrothermal alteration. In the study area, the data from 

Vietnamese literature (Nguyen Ngoc Lien ed. 1999; Tran Van Tri et al., 2000; and references 

therein) indicate the following relationship: 

Dolomitization, quartzitization, ankeritization, and sideritization are main hydrothermal 

alterations in lead-zinc bearing carbonate rocks. 

Gold-sulfur-quartz mineralization is distributed along the Song Da zone; mineralization is 

closely related to basalt rocks, where widespread hydrothermal alteration of propylitization, 

chloritization, and silicification occurs. 

Copper, copper-nickel mineralization is distributed along the Song Ma and Song Da 

zones, hydrothermal alterations include common chloritization and epidotization. 

 

8. SUMMARY AND CONCLUSIONS 

8.1. Geological evolution and tectonics in northwestern Vietnam 

The suggested model for the tectonic evolution of the NWVN is depicted in Fig. 8.1. The 

core of South China block was formed during the Proterozoic times (Khuong The Hung, 2010). 

The NWVN mafic and acid rocks of the Bao Ha, Xom Giau and Po Sen correspond to the 

major episodes of crustal formation of this block (Li et al., 1999). The gabbros of the Bao Ha 

complex represent a spreading process of continental margin and they also indicate the 

existence of Palaeo-South China Sea between the Yangtze and Cathaysia plates during 
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Proterozoic times. The metamorphic rocks of Suoi Chieng and Sinh Quyen formations 

dominate along the Phan Si Pan-Red River zone (Tran Ngoc Nam, 1998; 2006). They belong to 

Early Proterozoic petrotectonic assemble of the basement and existed before the amalgamation 

of Yangtze and Cathaysia. 

The Jinning episode may represent the Late Proterozoic collision between Yangtze and 

Cathaysia plates (Tran Ngoc Nam, 2003). The other events may be related to the early effects of 

the mantle plume that initiated the breakup of Rodinia (Li et al., 1999), or to earliest collisions 

leading to formation of Gondwana (Metcalfe, 2006), resulted in a united Palaeo-South China 

plate. This collision produced the Late Proterozoic granitoids of the Xom Giau and Po Sen 

complexes. The granitoids of Xom Giau complex were formed in relation to subduction zone, 

while the granitoids of the Po Sen complex in syn- collisional tectonic setting. The micro-

continental plates, perhaps derived from Gondwanaland existed during Palaeozoic times 

(Metcalfe, 1996, 2000; Golonka et al., 2006a,b,c).  

 Based on the global plate tectonics and palaeogeographic studies of Southeast Asia, 

Krobicki and Golonka (2006) showed that South China (SCB) and Indochina (ICB) were 

separated by deep-water basin with thinned continental or may be oceanic crust in Ordovician 

times (Fig. 8.1). The presences of Ordovician-Silurian sediments and the uplift and volcanic 

rocks support this possibility (Khuong The Hung, 2010). According to Shouxin & Yongyi 

(1991), the southern part of the SCB is covered by deep water synorogenic clastic deposits – 

more than 4000m of weakly metamorphosed flysch, sandstones and graptolitic shales. Similar 

rocks formed on the margins of Indochina block. They are known as Pa Ham Formation in the 

Northern Vietnam. The deep water Ordovician and Silurian synorogenic deposits were replaced 

by continental Early Devonian red beds (Tran Van Tri, ed., 1979). The Lower Paleozoic 

greenschists of deep sea origin are also unconformably covered in many localities by Devonian 

redbeds. This redbeds were followed, particularly in Song Ma zone, by Lower Devonian Nam 

Pia Formation composed mainly of terrigenous sediments and Lower-Middle Devonian Huoi 

Nhi Formation composed of marl, medium-bedded to massive fine-grained limestone (Khuong 

The Hung, 2010). These formations represent shallow water sediments (Phan Son, ed. et al., 

1978). Perhaps the Late Silurian-Early Devonian was time of the first accretion of ICB to SCB 

in the collisional process. The granitoids of Song Chay complex are linked to this event. Plate 

tectonic reconstructions (Metcalfe et al., 1996) indicate the possibility of connection between 

the Early Devonian deformation and uplift and the rifting of the South China block from 

Gondwanaland. This event is perhaps also related to the global Caledonian orogenic process. 

The Devonian shallow-water sedimentary rocks were followed by Carboniferous-Permian 

sequences, represented the limestone of Carboniferous-Permian Bac Son, clay shale of Lower-

Middle Permian Si Phay, and the limestone of Middle Permian Na Vang formations (Phan Son, 

ed. et al., 1978). The new oceanic basin opened between ICB and SCP plates during Late 

Permian times, recorded by ophiolite belt, which consists of the Nui Nua, Bo Xinh, Chieng 

Khuong complexes, Huoi Hao Formation and perhaps ultramafic Ban Xang complex. Its origin 

is related to the closure of the Palaeotethys Ocean between Sibumasu and ICB by subduction 

below Indochina (Fig. 8.1) (Golonka et al., 2006a, Khuong The Hung, 2010). 
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The discovery of the Hon Vang serpentinite body within the ICB and SCB (located 

outside the investigated area) provided additional in formation about ophiolite belt in this area 

(Nguyen Minh Trung et al., 2006, 2007). The ages of these ophiolites, are still somewhat 

uncertain. Probably, they crystallization and accretion process was completed by Late Permian 

times (Khuong The Hung, 2010). 

The widespread volcanic eruption took place in the Song Da zone during Permian times. 

This event is related to the origin of the Cam Thuy and Vien Nam formations. The cause of this 

event is still subject of hot debate. Some geologists argued that Cam Thuy and Vien Nam 

formations were perhaps related to the plate reorganization and mantle plume activity, known in 

China and Indochina as Emeishan plumes and related to Siberian basaltic traps (Hanski et al., 

2004; Tran Trong Hoa et al., 2008b; Krobicki & Golonka, 2008 and references therein). They 

were formed in within-plate (intraplate) setting, related to back-arcs spreading (Lepvrier et al., 

1997, 2004; Golonka et al., 2006a,c) or Song Da rift of Tran Van Tri (ed., 1979). The preferred 

geodynamic reconstruction assumes that this magmatism was formed during the convergence of 

the Sibumasu and the newly formed Indochina-South China block. The oceanic crust was 

subducted southward under ICB (Tran Trong Hoa et al., 2008a). This subduction led to the 

origin of Late Permian – Triassic magmatic events and Song Da volcanism (Khuong The Hung, 

2010).  

Remnants of oceanic lithosphere were accreted into the northern edge of the IDB and 

appeared in Song Ma fault zone and Sam Nua zone (Golonka et al., 2006a; Nguyen Minh 

Trung et al., 2007 and references therein). The Indosinian orogeny of Fromaget (1937, 1941) 

represents the final stage of this closure. The orogeny was recorded by magmatic, metamorphic 

and deformation events in Truong Son, Sam Nua, Nam Co, and Song Ma structural zones 

(Hutchison, 1989; Tran Ngoc Nam ,1998; Lepvrier et al., 1997, 2004, 2008; Lan et al., 2000). 

The folded Triassic and older rocks were uncoformably covered by Upper Triassic coal bearing 

molasse beds of the Suoi Bang Formation. The granitoids of the Dien Bien Phu, Song Ma and 

Phia Bioc complexes, are related to Indosinian orogeny. The granitoids of Dien Bien Phu 

complex were formed in syn-collisional, while the granitoids of the Song Ma and Phia Bioc 

complexes in post- collisional tectonic setting (Khuong The Hung, 2010).  

During the Jurassic times, the strong volcano-plutonic activities, known as an Yanshanian 

tectonic cycle, related to the collision between the Izanagi Plate (proto-Pacific Ocean) and 

South China blocks, appeared in the southeastern China (Metcalfe, 1996a.b; Golonka, 2007). 

This event was not restricted to the southeastern China but was also recorded in many areas of 

Vietnam including the NWVN. The Jurassic - Cretaceous intraplate magmatism, which 

includes basalt of the Suoi Be Formation, gabbro from Nam Chien, rhyolitic Tu Le, Ngoi Thia 

subcomplexes and granosyenite and granite of the Muong Hum, Phu Sa Phin, East Ye Yen Sun 

complexes provides the evidence of the Yanshanian tectonic cycle activity in the NWVN. 

However, based on the similarity of lack of depletion in the high field strength elements (Nb, 

Ta and Ti), it is possible to speculate that late Permian-early Triassic Song Da basalts may 

serve as the source material for Jurassic to Cretaceous A-type granitic rocks of the Phu Sa Phin 

complex as well as rhyolites of Tu Le and Ngoi Thia subcomplexes (Khuong The Hung, 2010).  
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During Palaeogene times, the extrusion, transpression, transtension and extension related 

processes, which  resulted from the India-Asia collision (Himalayan tectonic cycle), produced 

high-potassic rocks in the northwestern Yunnan and northern Vietnam (Leploup, 1995; Lan et 

al., 1999, 2001; Golonka et al., 2006a). The related tectonic activities formed the leucocratic 

granite, rhyolite and calc-alkaline intraplate rocks of the West Ye Yen Sun complex, Pu Tra 

Formation, Nam Xe-Tam Duong, Pu Sam Cap, and Coc Pia complexes. Following the 

Himalayan cycle activities, the transtension tectonics accompanying the mantle plumes have 

moved from the South China Sea southwestward to ICB continent (Nguyen Hoang & Martin, 

1996). This movement leaded to the formation of intraplate volcanism of "pull-apart" type with 

the assemblage of basaltic effusives in Vietnam's territory including the Late Neogene basalt in 

Dien Bien Phu basin of the NWVN (Koszowska et al., 2004, Khuong The Hung, 2010). 

Besides, several faulted segments acompanied by this event dominate in this area with strike-

slip characters along Red River, Dien Bien-Lai Chau, Ma River, Da River, and Son La fault 

zones. Most of them are also recorded on the topographic surface by geomorphological 

features, and by focal mechanisms of earthquakes. 

Results of DEM analysis also help to recognize the Dien Bien-Lai Chau, and Red River 

fault zones which formed the tectonic lineaments and distributed in the northeastern and 

northwestern parts of the area, respectively. Along the RRFZ, a typical structure was 

determined as the positive flower structure of Pho Lu segment, suggesting a transpressive 

tectonic regime. Also, in the DBFZ some small pull-apart basins are dominated as the Chan 

Nua basin. 
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8.2. Metallogeny 

The localization of the mineral deposits is controlled by tectonic setting, which in turn is 

also controlled by others factors favorable for the formation of mineral deposits. These factors 

include genesis, forming age, distribution, textural form, and composition of the associated 

igneous bodies, the formation of sedimentary basins and the characteristic of sediments that fill 

up the basins, the development of fault that provides conduits for mineralizing fluids or 

distributes mineralization in shear zones (Snelgrove, 1971; Staude & Barton, 2001; Bierlein et 

al., 2002; Pirajno, 2004; Groves et al., 2005). Therefore, many authors have interpreted the 

metallogeny of specific mineral deposit areas on the basis of some factors including their 

genesis, forming age, and spatial distribution of mineral deposits and their relation to the 

tectonic setting of that area (Misra, 1999). The metallogeny of mineral deposits in NWVN was 

discussed following that idea. 

Several tectonic settings have been identified for the igneous and eruptive rocks in the 

NWVN. On the basis of the ore forming ages, deposit types, and the relationship between ore 

deposits and their host igneous rocks as well as and tectonic settings, reconstruction is possible 

for five distinguished metallogenic types in the NWVN. 

 

8.2.1. Metallogenic type related to metamorphic rocks during Proterozoic 

Iron, pyrite, copper and copper-gold mineralization are distributed in metasomatic rocks 

of Proterozoic basement and genetically connected with metamorphic process and magmatic 

events. In turn, iron, copper ore mineralizations of metamorphic type are produced by the Bao 

Ha gabbros and Sinh Quyen metamorphic rocks. Particularly, the Sinh Quyen sedimentary rocks 

were metamorphosed to epidote-amphibolite facies during Late Proterozoic (Tran Ngoc Nam, 

2006). Copper and gold mineralization of gabbros of the Dong An massif of Bao Ha complex is 

related to hydrothermal alteration. Other copper, copper-gold ore mineralizations of the 

metasomatic type were produced by the Po Sen granitoids and Sinh Quyen metamorphic rocks. 

Copper porphyry is related to the Proterozoic Po Sen granitoids. Pyrite metamorphic ore type 

was produced by the metamorphic process of Sinh Quyen Formation. The Proterozoic 

metallogenic types are related to the Jinning event, caused by the collision between Yangtze 

and Cathaysia plates (Tran Ngoc Nam, 2003), or to earliest collisions leading to formation of 

Gondwana (Metcalfe, 2006). They are closely related to the Phan Si Pan – Red River zone. 

 

8.2.2. Metallogeny in Early Palaeozoic –Devonian- Carboniferous 

The main tectonic activities during so-called Caledonian event took place in South China 

plate. They do not have a significant effect on mineralization in the study area. Particularly, in 

the Phan Si Phan – Song Hong zone, we found only early Devonian granite rocks of the Song 

Chay complex which was generated in post orogenic setting, and is considered a product of the 

first accretion of IDB to SCB. Mineralizations consist of iron, pyrite, and graphite, copper and 
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copper-gold are distributed around the complex. However, it looks like the hydrothermal and 

thermal processes, which supplied most of the ore-forming metals, are related to the Proterozoic 

Po Sen granite complex which was intruded later by the Song Chay granite complex Therefore, 

the “Caledonian” metallogeny is not very well recognized in the study area and requires further 

research. 

 

8.2.3. Metallogenic type related to Upper Permian Ophiolite belt 

This metallogenic type includes mineralization that is related to the igneous rocks of 

upper Permian ophiolite belt. It consists of chromium of orthomagmatic origin hosted by the 

Nui Nua ultramafic, and epithermal pyrite, gold, copper and pyrite are related to the Bo Xinh 

gabbros and Huoi Hao metabasalt Formation of the Song Ma structural zone. 

 

8.2.4. Metallogeny in Late Permian-Triassic Indosinian 

1. Metallogenic type related to Indosinian 

Generally in the whole Vietnam's territory and particularly the NWVN, it has been 

considered that the Permo-Triassic metallogenic type coincides with Indosinian tectonic cycle. 

This metallogenic type is related to the Permo-Triassic magmatism in the Song Ma and Sam 

Nua zones, i.e. mineralizations related igneous rocks that were formed in collision magmatic 

setting. They consist of hydrothermal gold, lead-zinc of the Dien Bien Phu, Song Ma and Phia 

Bioc granitoids. In general, syngenetic mineralization types are formed by epithermal and 

mesothermal processes. They are closely related to the sedimentary rocks of the Suoi Bang 

Formation and plutonic rocks of the Dien Bien Phu, Song Ma and Phia Bioc complexes, which 

have been formed in a continental collision setting (Tran Trong Hoa, 2008).  

 

2. Metallogenic type related to Permian intraplate extension 

Progressive convergence between South China and Indochina plates, the Nam Co block 

could break apart from the southwest margin of South China plate, the volcanic eruption was 

took place as widespread as over Song Da zone. This event led to formation of the Cam Thuy, 

Vien Nam Formations and Ban Xang ultramafic complex accompanied by mineralization as 

well. The metallogenic type is related to the Permian basalt volcanism and ultramafic intrusion 

that were formed in intraplate extension setting, related to back-arc spreading. They consist of 

magmatic segregation and hydrothermal nickel - copper (Ni-Cu-PGE) of Ban Xang ultramafic 

rocks, and copper sulfide, native copper, lead-zinc, gold, pyrite, allite-siallite hosted by the 

basalt and carbonate rocks. In general, syngenetic mineralization types are formed by 

epithermal and mesothermal processes. They are closely related to Devonian, Carboniferous - 

Permian carbonate rocks of the Ban Pap, Bac Son formations and late Permian volcanic rocks.  

 

 

 

 



 139

8.2.5. Metallogeny in Yanshanian (Jurassic-Cretaceous) 

Presently, this metallogenic type in the NWVN is known by several types of small 

syngenetic mineralization such as ore deposit type of gold and lead-zinc occurrences. They 

were formed by epithermal process, and were originated from Jurassic-Cretaceous within plate 

calc-alkaline magma. It includes volcanic rocks of the Tu Le, Ngoi Thia complexes, Suoi Be, 

Tram Tau formations and its comagmatic intrusions of the Nam Chien, Muong Hum 

complexes. 

 

8.2.6. Metallogeny in Himalayan (Palaeogene) 

The ore deposits specified to Himalayan metallogenic period in the NWVN are 

syngenetic, epigenetic mineralization, which were formed by magmatic and hydrothermal 

processes of carbonatite mineralization of rare earth and radioactive ores; and hydrothermal 

mineralization of molybdene, iron, and potassium-sodium of volcanic origin. Their genesis is 

related to Palaeogene within plate alkaline magma of the west Ye Yen Sun, Nam Xe-Tam 

Duong and Pu Sam Cap syenite; which might has been produced by upwelling of mantle 

asthenosphere during Palaeogene caused by the activation of Red River shear zone (Tran Trong 

Hoa et al., 2004).  

 

8.3. Conclusion, tectonic processes conducive to the formation of the mineral deposits 

The NWVN area is rich in mineral resources and has a wide diversity of deposit types. 

The region has undergone multiple tectonic and magmatic events and related metallogenic 

processes throughout the earth history. Many tectonic settings create conditions conducive to 

the generation of water-rich magma, hydrothermal fluid flows, they also influence on formation 

of mineralization. Crustal influence is evident in the strong structural controls on the location 

and morphology of many ore deposits in NWVN. Fault and fracture systems, many involving 

strike-slip elements, have provided the fabric for major plumbing systems. These tectonic and 

metallogenic processes were responsible for the formation of the diverse styles of mineral 

deposits in NWVN making it one of the resource-rich regions in Vietnam country. 

The crust of South China block corresponds to the convergence between the Yangtze and 

Cathaysia blocks or the breakup of Rodinia during the Proterozoic. Although old, the Phan Si 

Pan-Song Hong zone suffered only low-grade metamorphism and its rocks and ore deposits are 

remarkably well preserved (Tran Ngoc Nam, et al., 1998, 2006). The metallogenic type of 

endogenic ore related to metamorphic rocks of the Phan Si Pan-Song Hong zone are 

characterized by iron, pyrite, copper and copper-gold, copper porphyry mineralization. 

During continued evolution of the NWVN the new oceanic basin opened between ICB 

and SCB in Late Permian. A remnant of Upper Permian Ophiolite belt is characterized by 

chromium podiform- of orthomagmatic origin. It was formed by concentration of ore minerals 

as a direct consequence of magmatic crystallization of ultramafic tectonites as component of 

remnant ophiolite. It consists of epithermal pyrite, gold related to the Bo Xinh gabbros and 

Huoi Hao metabasalt Formation. The chromium ores are hosted by Nui Nua ultramafic, pyrite, 
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gold hosted by Bo Xinh gabbros and Huoi Hao metabasalt; they are closely related to the Song 

Ma fault zone.  

During the Late Permian- Early Triassic, the subduction of the oceanic crust under the 

continental crust of Indochina led to the formation of the Triassic continental volcanic arc in 

Song Ca of Truong Son mountain range (Tran Van Tri ed., 1979; Tran Trong Hoa, 2007) or in 

Sam Nua zone. Following a period of compressional tectonics, crustal-scale thrusting thickened 

the continental crust of the Song Ma zone. Compression is related to formation of the Dien Bien 

Phu syncollisional magmatism and of a network of faults trending mostly in the NW-SE 

direction as Song Ma, Song Da, and Son La fault zones and so on. A significant shift in the 

compressional tectonics was accompanied by granulite-facies metamorphism from the Song Ma 

suture zone (Nakano, N. et al., 2006, Nakano, N. et al., 2008). In the Laos country, near Truong 

Son fold belt, the geologists have discovered the Carboniferous copper-gold porphyry 

mineralization (Manaka, et al., 2008), Middle Triassic (230 Ma) gold-copper-molybdene 

mineralization (Newsletter, 2003). Early Triassic copper-molybdene porphyry was discovered 

in the Sa Thay area and central Vietnam (Tran Trong Hoa et al., 2006). These deposits 

originated also in collisional plate tectonic setting. 

The evolution of collision between ICB and SCB blocks in the NWVN during Permo-

Triassic time is recognized by the existence of Dien Bien Phu, Song Ma and Phia Bioc 

granitoids. The Permo-Triassic metallogenic type related to continental collision is the most 

important in the ore-forming processes in NWVN's. These processes are clearly associated with 

the origin of the Dien Bien Phu, Song Ma and Phia Bioc granitoid intrusions and sedimentation. 

The ore deposits of the gold, lead-zinc types are epigenetic mineralizations which were formed 

by hydrothermal solutions via magmatic resource in a collisional environment related to 

continental collision. Generally, these ores and mineralization are located near the Song Ma 

faults. 

Meanwhile, the Nam Co block could break apart from the southwest margin of South 

China plate. This break,  related to the back-arc spreading, formed Song Da Ocean along the 

Song Da and Son La fault zones, where large scale of magmatic segregation and hydrothermal 

nickel - copper (Ni-Cu-PGE) of Ban Xang ultramafic rocks, and copper sulfur, native copper, 

lead-zinc, gold, pyrite, allite - siallite are associated with oceanic volcanism and hosted by 

carbonate rocks. Most of the ore deposits of copper-nickel, copper, lead-zinc, gold, pyrite, and 

allite - siallite types represent syngenetic mineralizations, which were formed by epithermal and 

mesothermal processes via precipitation and concentration in an exhalative environment related 

to submarine volcanic processing. They are closely related to the Song Da and Son La fault 

zones.  

The broad-scale calc-alkaline magmatism of the Tu Le volcanic depression appears to 

have been controlled by Yanshanian tectonic processes. These processes provided the source 

for hydrothermal fluids that gave rise to gold and lead-zinc mineralizations. Ore formations are 

associated with volcanic rocks. Generally, Yanshanian metallogeny period is characterized by 

Jurassic - Cretaceous intraplate metallogeny in southeastern China, and particularly Jurassic-

Cretaceous in the NWVN. However, this metallogeny period is not as typical as that in 
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southeastern China, where it is called Yanshanian metallogenic explosion with very rich and 

mineral resources of gold, tin and especially wolframite (Hua, R. et al., 2003; 2005; Zaw, K. et 

al., 2006). In the study area, Yanshanian metallogeny period is known by several small 

syngenetic mineralization types such as gold and lead-zinc ores. They were formed by 

epithermal process, and originated from Jurassic-Cretaceous intraplate calc-alkaline magma, 

which produced volcanic rocks of the Tu Le, Ngoi Thia complexes, Suoi Be, Tram Tau 

formations. 

Finally, the ore deposits related to Himalayan tectonic cycle in the NWVN belong to 

Himalayan metallogeny period within Palaeogene exhibiting intraplate metallogeny 

characteristics. This metallogeny period consists of syngenetic mineralizations of barite-

fluorite, rare earth and radioactive ores; and hydrothermal mineralization of gold (skarn or 

porphyry), molybdene, iron, and potassium-sodium; metamorphic mineralization of pyrite and 

graphite. Their origin is related to Palaeogene intraplate potassic magma of the Pu Sam Cap, 

west Ye Yen Sun, and Nam Xe-Tam Duong. In the NWVN, they represent leucocratic granite, 

rhyolite and calc-alkaline granite, which appear in a close relation to the upwelling mantle 

asthenosphere during Palaeogene times. Large pull-apart basins formed along main tectonic 

lines of strike-slip character, such as Song Hong (Red River) and Dien Bien-Lai Chau fault 

zones. These were compartmentalized into smaller linked subbasins with half-graben and 

positive flower structure geometries, filled with sedimentary, metamorphic and volcanic rocks. 

The most likely source of hydrothermal fluids and metals in the NWVN is in middle crust, 

associated with the magmatic intrusions, and that small extensional zones in a transpressional 

setting provided pathways for the rise of fluids to higher crustal levels where a range of mineral 

deposits was formed. 
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APPENDIX 

Appendix 1: Geochronological data and chemical compositions of ore deposits, size and 

content of orebodies, and their statistical distribution, list of ore deposits and occurrences 

in relation to host rocks of the NWVN. 

Table 1. Rb-Sr isochronal age of pyrite mineral for the V0849 sample; in which MSWD is an 
average value of weight, the O Quy Ho deposit of Northwestern Vietnam 

 

No Mineral 
Point in 
analysis 

Rb 
[μg/g] 

Sr 
[μg/g] 

87Rb/86Sr 87Sr/86Sr Error (2σ) 

V0849 

Pyrite 1  0,037 0,041 2,58  0,71127  0,00011  

Pyrite 2  0,040 1,266 0,09  0,70972  0,00012  

Pyrite 3  1,437 0,437 9,52  0,71583  0,00004  

Pyrite 4  1,652 0,369 12,98  0,71835  0,00006  
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Table 4. Ore chemical compositions of the Dong Pao mine 
 

No Oxides 
Content of ore type (%) 

Race earth-
barite-fluorite 

Race earth-
barite 

Race earth-
fluorite 

1 SiO2 9.0300 10.9300 10.7400 
2 TiO2 0.1590 0.2140 0.1220 
3 Fe2O3 1.5300 2.6700 2.3800 
4 Al2O3 0.5400 2.0500 1.7800 
5 MnO 0.9430 1.3670 0.4910 
6 CaO 24.7200 4.1100 35.7300 
7 MgO 0.2800 0.300 0.2800 
8 BaO 24.4800 35.6200 18.4500 
9 Nb2O3 0.0250 0.0400 0.0210 

10 TR2O3 10.8400 15.5900 3.7000 
11 ThO2 0.0160 0.0180 0.0160 
12 U3O8 0.0065 0.0043 0.0077 
13 BeO 0.0025 0.0018 0.0044 
14 ZnO 0.0002 0.0040 - 
15 SrO 0.8400 0.6200 0.5200 
16 PbO 0.3500 0.4600 0.3800 
17 CuO 0.0110 0.0250 0.0140 
18 Na2O 0.0600 0.0500 0.0080 
19 K2O 0.500 0.1200 0.4100 
20 P2O5 0.2970 0.5190 0.5410 
21 SO3 12.8700 19.5100 9.6300 
22 CO2 3.2200 302800 0.4100 
23 F 15.9400 2.8800 23.8600 
24 H2O 0.3300 0.7000 0.3600 
25 H2O

+ 0.3100 1.0800 0.4300 
 

 
Table 5. Distribution Rare earth elements of Rare earth oxides of Dong Pao mine 

 
Ore 
type 

Oxide contents (%) Y2O3/ 
TR2O3La2O3 CeO2 Pr6O11 Nd2O3 Sm2O3 Eu2O3 Gd2O3 Tb4O7 Dy2O3 Ho2O3 Er2O3 Tm2O3 Yb2O3 Lu2O3 Y2O3 

R
ac

e 
ea

rt
h 

-
fl

uo
ri

te
 40.91 6.38 0.503 1.220 0.0923 0.0195 0.0333 0.0028 0.0143 0.0020 0.0050 0.0006 0.0030 0.0004 0.1030 1.11 

5.32 7.69 0.593 1.470 0.1240 0.289 0.0486 0.0043 0.0218 0.0029 0.0062 0.0007 0.0031 0.0004 0.0102 1.34 

R
ac

e 
ea

rt
h-

fl
uo

ri
te

-b
ar

ite
 4.85 5.81 0.420 0.890 0.0400 0.0074 0.0103 0.0007 0.0031 0.0004 0.0008 0.0001 0.0005 0.0001 0.0185 0.50 

2.46 2.76 0.185 0.408 0.244 0.0049 0.0075 0.0006 0.0035 0.0006 0.0065 0.0002 0.0013 0.0002 0.00243 0.60 

4.54 5.28 0.557 1.640 0.1480 0.0327 0.0568 0.0044 0.0211 0.0030 0.0058 0.0007 0.0031 0.0005 0.0900 0.94 

7.01 9.25 0.835 2.240 0.1820 0.0391 0.696 0.0056 0.0265 0.0004 0.0079 0.0010 0.0043 0.0006 0.1420 1.49 

R
ac

e 
ea

rt
h-

ba
ri

te
 

11.89 17.50 1.400 3.730 0.3160 0.0818 0.691 0.0069 0.0324 0.0052 0.0103 0.0012 0.0046 0.0007 0.2130 1.36 

2.40 16.40 1.390 3.780 0.2910 0.0579 0.0990 0.0071 0.0340 0.0044 0.0101 0.0012 0.0056 0.0008 0.1920 1.31 

12.25 14.30 1.120 3.020 0.2520 0.0452 0.0723 0.0051 0.0249 0.0031 0.0068 0.0008 0.0001 0.0005 0.1000 0.13 

12.95 15.10 1.310 3.630 0.2820 0.0538 0.0838 0.055 0.0251 0.0031 0.0060 0.0007 0.0026 0.0004 0.1170 1.26 

8.73 13.35 1.020 2.570 0.2200 0.0425 0.0634 0.0044 0.0189 0.0024 0.0040 0.0005 0.0017 0.0002 0.0763 1.26 

12.10 18.15 1.320 3.450 0.2770 0.0504 0.0703 0.0046 0.0202 0.0026 0.0048 0.0006 0.0023 0.0003 0.1090 1.13 
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Table 6. Statistical content characteristics of main compositions of ore types in Dong Pao mine 
 

Ore type 
Parameter 

study 
Average 

content (%) 
Variance

(σ2) 

Coefficient 
of variation 

V (%) 

Distributed 
model 

Race earth 
-fluorite 

TR2O3 2.87 3.05 60.88 

G
am

m
a 

BaSO4 6.63 6.05 38.70 
CaF2 45.32 15.37 8.86 
Y2O3 0.09 0.0019 49.41 

Race 
earth-

fluorite-
barite 

TR2O3 4.14 5.18 58.10 
BaSO4 21.45 173.19 61.34 
CaF2 20.06 129.28 56.67 
Y2O3 0.22 0.04 85.61 

Race 
earth-
barite 

TR2O3 5.37 13.62 68.65 
BaSO4 28.28 499.08 77.51 
CaF2 8.36 51.55 85.84 
Y2O3 0.28 0.03 56.00 

 

Table 7. List of ore deposits and occurrences, their relationship to host rocks in NWVN 

No 
Name of 
deposits, 

occurrences 

Main 
(associated) 

minerals 
Size 

Host and country rocks 
Genesis 

Metallogenic 
zone Formation Complexes 

1 KipTuoc Fe Sma. Sinh Quyen  Mesomatics Red rive 
2 Ben Den Py Occ. Sinh Quyen  Mesomatics Red rive 
3 Koc Tang Gra Occ. Ngoichi  Mesomatics Red rive 
4 Lang Vang Py Occ. Sinh Quyen  Mesomatics Red rive 
5 Lang Loat Py Occ. Sinh Quyen  Mesomatics Red rive 
6 Van Son Py Occ. Cam Duong  Mesomatics Red rive 
7 Lang Bat Gra Occ. Ngoichi  Mesomatics Red rive 
8 Lang Bong Gra Occ. Ngoichi  Mesomatics Red rive 
9 Song Do Py Occ. Cam Duong  Mesomatics Red rive 
10 Lang Lech Fe Sma. Sinh Quyen  Mesomatics Red rive 
11 Tam Dinh Fe Occ. Sinh Quyen  Mesomatics Red rive 
12 Ta Phoi Cu Occ.  Po Sen Hydrothermal 

or Porphyr? 
Red river 

13 Lang Coc Py Occ. Da Dinh  Hydrothermal Red river 
14 Sa Pa Py Occ. Da Dinh  Hydrothermal Red river 
15 Dong Pao TR (Bar,Fl) Lar. Dong Giao Pu Sam 

Cap 
Hydrothermal Red rive 

16 Pu Sam Cap K,Na Occ.  Pu Sam 
Cap 

Magma Red river 

17 LaoTyT.Chay Mo Occ.  West Ye 
Yen Sun 

Hydrothermal Red river 

18 Y Lin Ho U,TR Occ. Ban Nguon Sinh Quyen Hydrothermal Red river 
19 Ma Quay Ho Mo Occ.  West Ye 

Yen Sun 
Hydrothermal Red river 

20 Tay Ang Ping Cu Occ.  West Ye 
Yen Sun 

Hydrothermal Red river 

21 Ban Khoang Mo Occ.  West Ye 
Yen Sun 

Hydrothermal Red river 

22 O Quy Ho Mo Lar.  West Ye 
Yen Sun 

Hydrothermal Red river 

23 TNO Quy Ho Mo Occ.  West Ye 
Yen Sun 

Hydrothermal Red river 

24 Minh Luong Fe Occ.  West Ye 
Yen Sun

Hydrothermal Red river 

25 Lang Sung Py Occ.  East Ye Hydrothermal Red river 
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No 
Name of 
deposits, 

occurrences 

Main 
(associated) 

minerals 
Size 

Host and country rocks 
Genesis 

Metallogenic 
zone Formation Complexes 

Yen Sun 
26 Ma Thi Ho Py Occ. Song Ma Epithermal Ma river
27 NaPeo Py Occ. Song Ma  Epithermal Ma river
28 Han Cho Pb-Zn Occ. Banphiet  Hydrothermal Ma river
29 Nam Gin Atl Occ. Yen Duyet  Volcanic 

sediments 
Ma river

30 Xa Nhe Pb-Zn Occ. Banphiet  Hydrothermal Ma river
31 Na Tong Pb-Zn Occ. Banphiet  Hydrothermal Ma river
32 Hua Va Au Occ. Nam Pia  Hydrothermal Ma river
33 Ban Cheo Au Occ. Huoi Hao  Hydrothermal Ma river
34 LongHom Au Occ. Nam Pia  Hydrothermal Ma river
35 Cong Noi Au Occ. Cam Thuy  Hydrothermal Ma river
36 BoCam Au Occ. Cam Thuy  Hydrothermal Ma river
37 Ban Lam Au Occ. Song Ma  Hydrothermal Ma river
38 NaHem Cu Occ. Banphiet  Hydrothermal Ma river
39 Pac Ma Au Occ. Huoi Hao  Hydrothermal Ma river
40 Bo Xinh Py Occ. Huoi Hao  Hydrothermal Ma river
41 Bo Keo Cu Occ. Huoi Hao  Hydrothermal Ma river
42 Pac Nam Au Occ. Huoi Hao Chieng 

khuong
Hydrothermal Ma river

43 Ban Thon Au Occ. Huoi Hao  Hydrothermal Ma river
44 Ta Lenh Pb-Zn (Au) Occ.  Phia Bioc Hydrothermal Sam Nua 
45 Nam Ngam Pb-Zn Occ.  Phia Bioc Hydrothermal Sam Nua 
46 Na Phat Pb, Bar Occ.  Dien Bien Hydrothermal Sam Nua 
47 Pac Khin Au Occ.  Song Ma Hydrothermal Sam Nua 
48 Na San Au Occ. Dien Bien Hydrothermal Sam Nua
49 Muong Luan Au Occ.  Dien Bien Hydrothermal Sam Nua 
50 Sam Kha Pb-Zn Occ. Suoi Bang  Hydrothermal Sam Nua 
51 Ban Lai Py Occ. Vien Nam  Hydrothermal Da river 
52 HuoiLang Cu Occ. Vien Nam  Hydrothermal Da river
53 CocPhat Cu Occ. Vien Nam  Hydrothermal Da river
54 Muong Trai Py Occ. Muong Te Hydrothermal Da river
55 Ban Dua Au Occ. Muong Te  Hydrothermal Da river
56 Nam BanTen Au Occ. Vien Nam  Hydrothermal Da river
57 Hua Non Au Occ. Vien Nam  Hydrothermal Da river
58 Ban Penh Au Occ. Vien Nam  Hydrothermal Da river
59 Ta Phinh Alt Occ. Cam Thuy  Volcanic 

sediments 
Da river

60 Bac Na Alt Occ. Cam Thuy  Volcanic 
sediments 

Da river

61 BanMua Cu Occ. Vien Nam  Hydrothermal Da river
62 Ban Pang Alt Occ. Dong Giao  Volcanic 

sediments 
Da river

63 Ya Sui Thang Pb (Zn) Occ. Dong Giao  Hydrothermal Da river
64 T. Sin Thang Pb (Zn) Occ. Dong Giao  Hydrothermal Da river
65 Then Sin U,TR Occ. Pu Tra  Hydrothermal Da river
66 QuangTanTrai Cu Occ. Bac Son  Hydrothermal Da river
67 Nam Kham Pb Occ. Tan Lac  Hydrothermal Da river
68 Nam Nguyen 

Trai 
Pb (Zn) Occ. Bac Son  Hydrothermal Da river

69 NamTia Cu Occ. Vien Nam  Hydrothermal Da river
70 NamNga Cu Occ. Vien Nam  Hydrothermal Da river
71 Can Ty Pb (Zn) Occ. Cam Thuy  Hydrothermal Da river
72 Lang Sang Alt Occ. Yen Duyet  Volcanic 

sediments 
Da river

73 Pa Ty Leng Alt Occ. Cam Thuy  Volcanic 
sediments 

Da river
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No 
Name of 
deposits, 

occurrences 

Main 
(associated) 

minerals 
Size 

Host and country rocks 
Genesis 

Metallogenic 
zone Formation Complexes 

74 Na Ca Cu Occ. Conoi  Epithermal Da river
75 Ban Mong Ni,Cu(Co) Sma. Ban Cai Ban Xang Comagma and 

hydrothermal 
Da river

76 ChimThuong Cu(Pb) Occ. Vien Nam Ban Xang Hydrothermal Da river
77 Ban Khoa Ni,Cu(Co) Sma.  Ban Xang Comagma and 

hydrothermal 
Da river

78 Ban Phuc Ni,Cu(Co) Lar. Ban Cai Ban Xang Comagma and 
hydrothermal 

Da river

79 Ban Trang Ni,Cu(Co) Sma. Ban Cai Ban Xang Comagma and 
hydrothermal 

Da river

80 NaLui Cu Occ. Conoi  Epithermal Da river 
81 Nam Say Au Occ.  Tu Le Hydrothermal Tu Le 
82 Meo Sa Phin Au Occ. Tram Tau  Hydrothermal Tu Le 
83 Nam Kim Pb-Zn Occ.  Ngoi Thia Hydrothermal Tu Le 
84 TuSan Pb-Zn Occ.  Ngoi Thia Hydrothermal Tu Le 
85 Nam Co Pb-Zn Occ.  Tu Le Hydrothermal Tu Le 
86 CoGiSan Pb-Zn Sma. Tram Tau  Hydrothermal Tu Le 
87 HuoiPao Pb-Zn Sma. Tram Tau  Hydrothermal Tu Le 
88 BanLin Pb-Zn Sma. Tram Tau  Hydrothermal Tu Le 
89 NamChan Pb-Zn Sma. Tram Tau  Hydrothermal Tu Le 
90 Ban Ang Pb,Zn,Cu Occ. Vien Nam  Hydrothermal Tu Le 

 
Note: 
Au – Gold 
Alt- Allite, sialite 
Ap- Apatite 
Bar – Barite 
Cu – Copper 
Zn – Zinc 

Mo – Molybdene 
Pb-Zn - Lead & zinc 
Py – Pyrite 
Grp – Graphite 
K, Na – Potassium, sodium 
U, TR- Radioactive ores 

 

Appendix 2 - NEIC: Earthquake Search Results (http://www.neic.cr.usgs.gov) 

U.S. GEOLOGICAL SURVEY - EARTH QUAKE DATA BASE 
 
FILE CREATED:  Sun Nov 22 14:18:55 2009 
Geographic Grid Search   Earthquakes = 82 
Latitude:   23.316N - 19.533N 
Longitude:   107.953E - 101.617E 
Catalog Used: PDE 
Data Selection: Historical & Preliminary Data 
 

No Year Month Date 
Origin 
time 

Latitude Longtitude Depth Magnitude 
IEM 
NFO 
TF 

DTS 
VNWG 

Distance 
(km) 

1 1975 8 18 152038.6 22.73 105.16 33 4.9 mbGS ... - 

2 1975 10 27 231853.6 21.5 101.7 33 5.1 mbGS ... - 

3 1977 10 19 24448.4 23.23 107.59 33 5.1 MsGS ... - 

4 1978 9 28 102230.1 21.78 101.91 33 4.3 mbGS ... - 

5 1979 1 9 232844.3 20.91 101.77 33 4.8 mbGS ... - 

6 1979 1 9 233344.6 20.97 102.02 33 4.9 mbGS ... - 

7 1979 3 18 64122.7 20.9 101.98 33 4.6 mbGS ... - 

8 1982 2 20 92517.01 22.26 102.42 33 4.6 mbGS ... - 

9 1982 6 1 61216.39 22.02 101.98 33 5.2 MsGS ... - 

10 1982 6 7 21206.46 21.9 102.07 33 4.4 mbGS ... - 

11 1982 6 12 20549.4 21.84 102.04 33 4 mbGS ... - 

12 1982 10 17 85203.81 20.8 102.03 33 4.7 mbGS ... - 
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No Year Month Date 
Origin 
time 

Latitude Longtitude Depth Magnitude 
IEM 
NFO 
TF 

DTS 
VNWG 

Distance 
(km) 

13 1983 6 24 71822.14 21.72 103.28 18 6.6 MsGS 6FM - 

14 1983 6 24 84342.73 21.77 103.5 33 4.6 mbGS ... - 

15 1983 6 24 90714.3 21.4 102.6 33 6.9 MsGS ... - 

16 1983 6 24 142516.08 21.71 103.35 33 4.5 mbGS ... - 

17 1983 6 24 154505.54 21.6 103.61 33 4.1 mbGS ... - 

18 1983 6 25 35202.53 21.71 103.27 33   ... - 

19 1983 6 25 131624.43 21.61 103.61 33   ... - 

20 1983 6 25 174034.24 21.69 103.48 33 4.2 mbGS ... - 

21 1983 7 15 44852.65 21.77 103.43 10 5.1 mbGS ... - 

22 1983 9 4 163940.1 21.77 103.26 33   ... - 

23 1984 11 11 1639.49 23.12 102.41 33 4 mbGS ... - 

24 1985 3 20 135449.21 20.89 101.63 10 4.8 mbGS ... - 

25 1985 6 9 52240.45 21.93 102.6 33 4.3 mbGS ... - 

26 1985 8 19 134118.81 22.15 102.67 10 4.8 mbGS ... - 

27 1985 8 19 163147.99 22.18 102.7 10 4.9 mbGS ... - 

28 1985 11 13 161502.68 22.03 102.79 33   ... - 

29 1986 3 5 235210.74 21.9 102.97 33 4.4 mbGS ... - 

30 1987 1 6 104554.13 21.54 106.19 10 4.9 MLBJI ... - 

31 1987 11 13 164802.13 21.58 103.39 33 4.3 mbGS ... - 

32 1988 1 30 44842.56 22.81 102.88 33 4.4 MLBJI ... - 

33 1988 8 8 143153.86 20.72 102.73 10   ... - 

34 1988 10 22 1111.02 20.73 102.59 33 4 mbGS ... - 

35 1989 5 22 230543.21 22.34 104.46 33 4.1 mbGS ... - 

36 1989 6 16 201231.26 20.67 102.45 33 5.5 MsGS ..M - 

37 1989 10 15 143603.66 22 101.72 10 4.5 MLBJI ... - 

38 1991 3 5 91801.71 23 102.2 33 5 MLBJI ... - 

39 1991 7 12 192623.32 20.75 102.21 33   ... - 

40 1991 10 6 105044.46 21.38 104.23 10 4.5 mbGS .F. - 

41 1991 10 11 22629 21.93 105.21 10 4.1 MLBJI ... - 

42 1992 8 7 84322.59 23.16 103.92 10 4.3 MLBJI ... - 

43 1993 3 29 11729.17 21.87 103.1 33 4.6 mbGS ... - 

44 1993 3 30 135709.19 21.88 103.07 33 4.4 mbGS ... - 

45 1993 9 19 201414.94 22.13 101.94 33 4.8 MLBJI ... - 

46 1993 10 23 35838.23 21.54 104.87 33 4.2 MLBJI ... - 

47 1993 12 21 100405.48 22.22 103.25 10 4.5 MLBJI ... - 

48 1994 9 23 40250.63 21.54 107.49 33 4.6 mbGS ... - 

49 1995 4 24 161311.48 22.74 102.91 33 5.2 MwHRV ..M - 

50 1995 6 21 31557.56 20.11 103.24 10 4.2 mbGS ... - 

51 1995 6 21 90701.66 20.35 103.25 33 4.4 mbGS ... - 

52 1995 7 25 154124.5 23.2 105.85 10 4.7 MLBJI ... - 

53 1995 11 9 205517.68 22.06 102.72 33 4.7 MLBJI ... - 

54 1996 2 2 225958.74 22.13 103.18 33 4.3 MLBJI ... - 

55 1996 4 27 95219.7 22.35 102.22 33 3.7 mbGS ... - 

56 1996 11 13 185150.45 22.35 102.76 33 4.3 mbGS ... - 

57 1997 4 22 114355.37 23.11 105.06 33 3.6 mbGS ... - 

58 1997 10 24 93042.54 22.48 101.73 10   ... - 

59 1997 11 19 65158.06 22.03 101.71 33 3.8 MLBJI ... - 

60 1999 3 31 31916.06 19.53 101.64 10 4.5 mbGS ... - 

61 2000 12 13 234624.42 21.44 102.03 33   ... - 

62 2001 2 19 155135.97 21.4 102.71 10 4.9 MsGS .C. - 

63 2001 2 19 190252.4 21.29 102.88 10 4 mbGS ... - 

64 2001 3 4 201851.2 21.36 102.93 10 4.7 MLBJI ... - 

65 2001 4 2 204550.92 22.12 103.16 33 4.4 mbGS ... - 

66 2001 4 30 224933.83 23.04 102.27 33 4.6 MLBJI ... - 

67 2001 6 4 210216.44 21.89 102.54 10 4.6 MLBJI ... - 

68 2001 11 28 44221.77 22.46 103.06 33 4 MLBJI ... - 

69 2002 4 12 50448.81 22.36 102.64 10 4.5 mbGS ... - 

70 2003 4 3 234824.64 20.64 103.17 10 4.7 mbGS .F. - 
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