
Annales Societatis Geologorum Poloniae (2010), vol. 80: 185–226.

OVERVIEW OF MAGMATISM IN NORTHWESTERN VIETNAM

Khuong The HUNG 1, 2

1 AGH Uni ver sity of Sci ence and Tech nol ogy; Fac ulty of Ge ol ogy, Geo phys ics and En vi ron men tal Pro tec tion,
Mick iewicza 30, 30- 059 Kraków, Po land

2 Ha noi Uni ver sity of Min ing and Ge ol ogy, Ha noi, Viet nam; e- mail: the hung_humg@ya hoo.com

Khuong The Hung, 2010. Over view of mag ma tism in North western Viet nam. An nales So cie ta tis Ge olo go rum
Po lo niae, 80: 185–226.

Ab stract: Amal ga ma tion of tec tonic plates of South east Asia oc curred in north western Viet nam. Six groups of
mag matic rocks are re lated to the tec tonic events. The first group cor re sponds to the ma jor epi sodes of crus tal
for ma tion in the South China block, or is linked with the for ma tion of Gon dwana. The sec ond group in cludes
grani toids in con nec tion with the col li sion and for ma tion of the Cale do nian–Her cyn ian fold ing event. The third
group con tains Up per Per mian ophio lites, as well as the Per mian ex tru sives, formed in in tra plate set ting, re lated to
back- arcs spread ing. The fourth group is re lated to Tri as sic In dos in ian orog eny, the fifth group com prises
Ju ras sic–Cre ta ceous in tra plate grani toids. Fi nally, dur ing Ce no zoic times, mag matic rocks were rep re sented by
al ka line grani toids – the ef fect of strike- slip fault ing re lated to the col li sion of In dia and Eura sia plates.
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IN TRO DUC TION

In North western Viet nam (NWVN), mag matic in tru -
sions and ef fu sions have mainly acid and mi nor ma fic to ul -
tra ma fic com po si tions (Fig. 1). They have been sub di vided
into 21 com plexes and 5 for ma tions through Pro tero zoic to
Cre ta ceous times. The sci en tific re search on the mag matic
rocks of NWVN area ap ply ing new tech nol ogy led to new
re sults and dif fer ent in ter pre ta tion of the ori gins of geo logi -
cal events. There fore, car rying out a syn thetic re view of the
mag matic rocks is nec es sary in or der to pro vide a com pre -
hen sive over view of the re gional ge ol ogy. This pa per pres -
ents the over view of petrographic, geo chemi cal and geo -
chrono logi cal stud ies on dif fer ent mag matic rock types
from the NWVN area. It also at tempts to ex plain mecha -
nism re spon si ble for mag matic pro cesses and help to un der -
stand the mag matic char ac ter is tics and the tec tonic im pli ca -
tions. The author’s re search is com bined with re sults ob -
tained by the De part ment of Ge ol ogy and Min er als of Viet -
nam (DGMV). The geo chemi cal, min era logi cal and geo -
chrono logi cal data were given mainly by Tran Trong Hoa
(1996, Tran Trong Hoa et al., 1999). Some new est data
were pub lished by Pham Trung Hieu et al. (2008, 2009).
The mag ma tism his tory of north west ern Viet nam is also
sup ported by 1:50,000–1:200,000 geo logic maps and other
re cent geo logi cal stud ies (Bui Cong Hoa, ed., 2004, Bui Phu 
My, ed. et al., 1977, Dinh Minh Mong ed., 1977 and ref er -
ences therein). The pa per’s in ter pre ta tion is fo cused on: 1.

the re la tion ships be tween the NWVN area (in clud ing Song 
Hong-Phan Si Pan, Tu Le, Song Da, Song Ma and Sam Nua
ar eas) and ad ja cent ar eas; 2. the mag matic evo lu tion of the
NWVN as a whole.

The com plexes of grani toids are closely re lated to tec -
tonic set ting; there fore one can suc cess fully use the min er -
al ogy, chem is try and trace ele ment dis crimi na tion dia grams
for the tec tonic in ter pre ta tion of grani toids (Pearce et al.,
1977; Con die, 1997). Vari ous dis crimi na tion plots are pre -
sented which se quen tially dis crimi nate the dif fer ent tec tonic 
en vi ron ments. These plots used the Geo Plot soft ware and
some ele ments in the Corel Draw soft ware. Geo Plot is a free
VBA macro pro gram used in Ex cel for plot ting geo chemi -
cal data. It has the fol low ing ma jor plot ting func tions: X-Y
plot and tri an gu lar plot, nor mal ized spider gram, dis crimi na -
tion dia gram, and the re lated func tions, such as cal cu lat ing
for mu las and CIPW norm. Geo Plot also con tains many nor -
mali za tion val ues used for spider gram and many dis crimi -
na tion dia grams. Us ers can also add new nor mali za tion val -
ues for spi der dia grams and the speci fi ca tion data for a new
dis crimi na tion dia gram into Geo Plot. Geo Plot has the ad -
van tage over the ex ist ing stand- alone plot ting pro grams be -
cause it al lows data to be plot ted and visu al ized eas ily in the
Ex cel en vi ron ment, which geo chem ists use to or gan ize and
evalu ate the data. A menu and a tool bar in Ex cel al low easy
man age ment of data and func tions. In sum mary, Geo Plot is
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Fig. 1. Geo log i cal map of the North western Viet nam (com piled from geo log i cal maps of the north ern Viet nam at 1:200,000 scale). 1 –
Bao Ha com plex, 2 – Xom Giau com plex, 3 – Po Sen com plex, 4 – Song Chay com plex, 5 – Nui Nua com plex, 6 – Bo Xinh com plex, 7 –
Chieng Khuong com plex, 8 – Huoi Hao Formation, 9 – Cam Thuy Formation, 10 – Vien Nam Formation, 11 – Ban Xang com plex, 12 –
Dien Bien Phu com plex, 13 – Song Ma com plex, 14 – Phia Bioc com plex, 15 – Suoi Be Formation, 16 – Nam Chien com plex, 17 – Tu Le
vol ca nic subcomplex, 18 – Ngoi Thia vol ca nic subcomplex, 19 – Muong Hum com plex, 20 – Phu Sa Phin com plex, 21 – East Ye Yen Sun
com plex, 22 – West Ye Yen Sun com plex, 23 – Nam Xe-Tam Duong com plex, 24 – Pu Sam Cap com plex, 25 – Coc Pia com plex, 26 – Pu- 
Tra Formation



prac ti cal and en ables geo chem ists to plot data pro fes sion -
ally. The source codes are ac ces si ble to all us ers and can be
modi fied for spe cial use. The soft ware is de vel oped by Jibin 
Zhou from Guangzhou In sti tute of Geo chem is try Chi nese
Acad emy of Sci ences.

GEO LOG I CAL BACK GROUND

Sed i men tary rocks

More than fourty lithos tra tigraphic for ma tions have
been iden ti fied in the NWVN. They are di vided into 8 com -
plexes.

1. Neo pro tero zoic com plex in cludes Xuan Dai group,
Nam Su Lu and Nam Co for ma tions, Bo Xinh group and Sa
Pa group.

2. Cam brian com plex con tains Cam Duong, Ben Khe,
and Ham Rong for ma tions.

3. Or do vi cian–Si lu rian com plex con tains Dong Son,
Sinh Vinh and Bo Hieng for ma tions.

4. Si lu rian–De vo nian com plex con tains Ban Pap, Nam
Pia, Tay Trang, Nam Cuoi, Ban Nguon, Nam Sap, and Ban
Cai for ma tions.

5. Car bon if er ous–Per mian com plex in cludes Da Nieng, 
Bac Son, Ban Diet, Yen Duyet, Si Phay, Na Vang for ma -
tions.

6. Tri as sic com plex in cludes, Tan Lac, Hoang Mai,
Dong Giao, Nam Tham, Muong Trai, Lai Chau, Nam Mu,
Pac Ma, Suoi Bang for ma tions.

7. Ju ras sic–Cre ta ceous com plex con tains Nam Thep,
Nam Po, Nam Ma, Yen Chau for ma tions.

8. Neo gene–Qua ter nary sedi ments form the last com -
plex.

Meso zoic ter ri ge nous, terrigeno- effusive and acidic ef -
fu sive for ma tions oc cupy the large cen tral part of the
NWVN, while Pro tero zoic, Pa laeo zoic flyschoid and car bo -
na ceous sedi men tary for ma tions cover smaller area in the
north east and the south west parts of NWVN. The Ce no zoic
for ma tions are dis trib uted mainly along the river catch -
ment’s area. The Pa laeo zoic and Meso zoic sedi men tary
rocks have been in truded by Meso zoic gran ites and small
Ce no zoic in tru sive bod ies (Fig. 1).

Mag matic units

Mag matic rocks con sist of in tru sive and ex tru sive
rocks, oc cu py ing large part of the NWVN (Fig. 1) and
form ing bod ies of vari ous sizes (Tran Van Tri, ed., 1979;
Tran Duc Lu ong & Nguyen Xuan Bao, eds., 1995). Main
mag matic ac tivi ties took place dur ing the Late Pa laeo zoic,
Mesozoic and Ce no zoic, re sult ing in vari ous types of gran -
ites, gab bros and acidic vol canic rocks, namely: Nui Nua
and Ban Xang ul tra ma fics, gab broic Bo Xinh, Chieng
Khuong granitoid com plexes, Huoi Hao basalt Formation;
Cam Thuy, Vien Nam ma fic ef fu sive for ma tions, com plex;
Dien Bien Phu, Song Ma, Phia Bioc grani toid com plexes;
ba salts of Suoi Be Formation, gab broic Nam Chien, Tu Le-
Ngoi Thia vol canic, Muong Hum, Phu Sa Phin, Ye Yen Sun 
grani toid com plexes; Nam Xe-Tam Duong, Pu Sam Cap,

Coc Pia sub al ka line to al ka line sy en ite com plexes, and Pu
Tra Vol canogenic For ma tion. The Pro tero zoic gab broic
Bao Ha and gran ite of Xom Giau com plexes are dis trib uted
along the Red River fault zone and in NE area, while Pa -
laeo zoic mafic-ul tramafic Nui Nua, gab broic Bo Xinh, gra-
nitoid Chieng Khuong, Song Chay com plexes are dis trib -
uted in both NE and SW parts of NWVN, along Song Ma
and Song Hong fault zones. The Ce no zoic ig ne ous rocks,
com pris ing Ye Yen Sun, Nam Xe-Tam Duong, Pu Sam
Cap, Coc Pia grani toid com plexes, are dis trib uted in the
cen tral part of the NWVN area.

Plate tec ton ics

East and South east Asia com prise dif fer ent ter ranes and 
blocks, which were de rived from the north ern mar gin of
Gon dwa na land (Le loup et al., 1995, 2001; Find lay, 1997,
Find lay. & Phan Trong Trinh, 1997; Tran Ngoc Nam, 1998; 
Fan, 2000; Car ter et al., 2001; Golonka et al., 2006a). Suc -
ces sive rift ing and breakup formed sev eral con ti nen tal
blocks dur ing Pa laeo zoic and Meso zoic times. The north -
ward move ment of these blocks re sulted in the amal ga ma -
tion of pres ent-day South east Asia. The clos ing of the Pa -
laeo te thys be tween the blocks led to the for ma tion of sev -
eral su tures like Song Ma, Song Da, Nan-Uttaradit and so
on (Metcalfe, 1996a, b, 1999, 2006; Golonka et al., 2006a).

Met calfe (1998, 2002) and Golonka et al. (2006a,c) dis -
tin guished a number of plates and ter ranes within Viet nam
and ad ja cent ar eas (Fig. 2). The north western Viet nam be -
longs to In do china (ICB) and South China (SCB) blocks.
The SCB in cludes the south ern part of China and north east -
ern frag ment of Viet nam. It is sepa rated from North China
by the Quingling- Dabie su ture, from In do china by the Song
Ma su ture, from the Sibu masu Plate by the Ai laos han su -
ture, from the Songpan- Ganzi ac cre tion ary com plex by the
Long men shan su ture. The southeastern mar gin of South
China is a pas sive mar gin con nected to South China Sea by
ex tended con ti nen tal crust. To the East SCB is bor dered by
the Tai wan fold belt and the Oki nawa trough pas sive mar -
gin. The SCB block was fi nally formed dur ing Pre cam brian
times.

The In do china block (ICB) com prises the coun tries of
Viet nam, Laos, Cam bo dia and west ern Thai land, per haps
also south east ern part of Ma la yan Pen in sula, a frag ment of
Su ma tra and the wes tern most frag ment of Bor neo be long to
ICB. To the West ICB is sepa rated from the Sibu masu plate
(from south to north) by Raub- Bentong, Phra Kaeo and
Nan-Uttaradit su tures; to the north east it is sepa rated from
the SCB by the Song Ma su ture. The eastern mar gin of In -
do china is a pas sive mar gin con nected to South China Sea
by ex tended con ti nen tal crust.

The tec tonic struc ture of North west ern Viet nam re sults
from three ma jor collisional events that took place dur ing
the Palaeozoic, Permo-Tri as sic and Ce no zoic (Khuong The
Hung & Golonka, 2008). The large scale (~600 km)
sinistral dis place ment along the Ailao Shan-Red River
(ASRR) shear zone oc curred dur ing ~27±22 Ma (Chung et
al., 1997) event. The su ture be tween Indochina and South
China is lo cated along the Song Ma belt. The Song Ma belt
is char ac ter ized by the oc cur rence of mafic and ultra mafic
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masses orig i nated in oce anic do main and meta mor phosed
into Lower Palaeozoic greenschists. They are un con form -
ably cov ered in many lo cal i ties by De vo nian redbeds (Hut-
chison, 1989). These mafic-ultra mafic rocks have been
widely in ter preted as ophiolitic frag ments, de rived from the
Paleo-Tethys and obducted dur ing the col li sion of Indoc-
hina with South China (e.g., Golonka et al., 2006a and ref -
er ences therein). More over, the Song Ma ophiolite can be
cor re lated with the Shuanggou ophiolite crop ping out in the
south of the Ailao Shan range (Zhang et al., 1994; Graciano
et al., 2008). These ophiolitic belts de lin eate the bound ary
be tween Indochina and South China. The col li sion time had
pre vi ously been thought to be Si lu rian based on a green-
schist meta mor phic age of ~455 Ma ob tained by the K±Ar
method (Tran Van Tri, ed. 1979). Re cent data about meta -
mor phic ter ranes in Viet nam re corded that the Indosinian
meta mor phism oc curred ~250 Ma ago over print ing older
events (Lepvrier et al., 1997, 2004, 2008, Lepvrier &
Maluski, 2008, Lan et al., 2000; Tran Ngoc Nam, 1998).
This im plies that the fi nal su tur ing be tween Indochina and
South China took place in the ear li est Tri as sic, dur ing the
early phase of the Indosinian orog eny that re sulted in re -
gional meta mor phism and magmatism (Hutchison, 1989).

How ever, the tec tonic model that fully ex plains Indosinian
orog eny still re quires fur ther de tailed geo chem i cal and geo -
chron ol ogi cal in ves ti ga tions on the con stit u ent rocks.

Tec tonic sub di vi sion of North west ern Viet nam

Fromaget (1937, 1941) first dis tin guished struc tural
units in NWVN and gave those names such as Phu Hoat and 
Song Ma arcs, Song Da de pres sion, Song Ca and Sam Nua
syn clines. He called struc tural units in north Laos and Dien
Bien – Lai Chau fault zone the “Up per Laos el e ment”, dis -
tin guish ing Bur mese el e ment in the west ern Up per Laos.
Dovjikov (ed.) et al. (1965) de fined the en tire North Viet -
nam as the geosynclinal’s do main turned into folded Me so -
zoic, dis tin guish ing Sam Nua de pres sion as a struc tural unit
within the Truong Son folded re gion. Since 1965, Viet nam -
ese ge ol o gists have fol lowed these ideas re search ing ge ol -
ogy of Viet nam. Tran Van Tri et al. (1977) con ducted de -
tailed geo log i cal stud ies and de scribed the NWNV area as
the West Bac Bo Fold Sys tem, which ex tends be tween the
Song Ma Su ture and the Chay River Fault. A de formed Up -
per Pro tero zoic and Lower Pa laeo zoic meta mor phic belt oc -
curs north of the Song Ma su ture form ing broad antiform

188 KHUONG THE HUNG

Fig. 2. Main plates and ter ranes of South east Asia. Par tially from Mecalfe (1998), Golonka et al., 2006a. WB – West Burma, SG –
Songpan Ganzi accretionary com plex, QD – Qaidam terrane. Su tures and ma jor strike-slip faults: 1 – Red River zone, 2 – Song Ma, 3 –
Nan-Uttaradit, 4 – Phra Kaeo, 5 – Raub Bentong, 6 – Three Pa go das, 7 – Woyla, 8 – Shan bound ary, 9 – Indus Yarlung Zangbo, 10 –
Banggong, 11 – Ailaoshan



unit, called the Song Ma Anticlinorium. Far ther north,
mafic and ultra mafic rocks, in ter ca lat ing Perm ian–Early
Tri as sic terrigeneous-car bon ate sed i men tary suc ces sion,
form the strongly folded Song Da zone, which is un con -
form ably over lain by Cre ta ceous red beds.

Based on pres ent-day knowl edge of plate tec ton ics, dis -
tinc tive morphotectonic fea tures, struc ture and lithostrati-
graphy, the gen eral ge ol ogy of north west ern Viet nam, de -
picted in Fig. 3, shows five geo log i cal en ti ties, 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) re gion,
which lies be tween the Song Chay and the Phong Tho faults 
and is dom i nated by a lin ear belt of highly strained high-
grade schists as signed to the Pro tero zoic in Viet nam ese
geolog i cal maps. This re gion was re ferred to as the Phan Si
Pan struc tural zone in Dovjikov (ed.) et al. (1965) or the
Hoang Lien Son con ti nen tal belt which be longs to the
Tonkin – Yang tze – Cathaysia zone in Nguyen Xuan Tung
and Tran Van Tri (1992). The north west ern part of this zone 
is oc cu pied by the Phan Si Pan mas sif where the ge ol ogy is
dom i nated by migmatitic and gra nitic com plexes off set sini- 
strally by ma jor fault. Sliv ers of Cam brian to De vo nian sed -
i men tary se quences also oc cur in this zone and trend more
or less northwest.

The Tu Le re gion was re ferred to as the Tu Le zone in

Dovjikov (ed.) et al. (1965) or the Tu Le rift de pres sion in
Tran Van Tri (ed., 1977). It is lo cated be tween the Song Da
and the Phan Si Pan-Song Hong struc tures, and dom i nated
by Ju ras sic to Cre ta ceous calc-al ka line vol ca nic units and
con ti nen tal sedimentary rocks.

The Song Da re gion is a part of the SCB; it is bor dered
to the north east by the Van Yen-Nam Xe-Phong Tho fault
and to the south east by the Song Da fault. It was re ferred to
as the Song Da rift de pres sion in Tran Van Tri (ed., 1977) or 
the Song Da arc in Fromaget (1937, 1941). The Song Da
terrane con sists of Cam brian to Cre ta ceous sed i men tary
rocks rang ing from ma rine car bon ates to con ti nen tal red
beds, and in cludes a wide spread se ries of Perm ian bas alts
and Permo-Tri as sic sedimentary series.

The Song Ma re gion is lo cated be tween the Truong
Son fold belt and the Song Da re gion. It is an arched north -
west trending struc ture of ten re ferred to as the Song Ma
Anticlinorium (e.g., Tran Van Tri, ed., 1979). It is dom i -
nated by low to high-grade unfossiliferous schists in truded
by De vo nian and Tri as sic granitoids, metagreywackes,
greenschists, am phi bo lites, and mar bles. The south ern part
of the struc ture con tains serpentinised ultra mafic bod ies re -
ferred to as ophiolites by Viet nam ese ge ol o gists (e.g., Tran
Van Tri, ed., 1979; Phan Cu Tien, ed., 1989 and ref er ences
therein), and a gneissic plagiogranite called the Chieng
Khuong com plex. The Song Ma re gion also con tains non-
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Fig. 3. Geo log i cal terrane map of the North west Viet nam (Af ter Tran Van Tri ed., 1979)



schis tose fossiliferous mid dle Cam brian lime stones at Dien
Lu and per haps Perm ian Nui Nua ultra mafic mas sif west of
Thanh Hoa. The su ture zone be tween the IDB and the SCB
is lo cated within the Song Ma re gion.

The Sam Nua re gion (Truong Son fold belt) is a part
of the IDB within north west ern Viet nam; it is bor dered to
the north east by Song Ma fault and lim ited west ward by the
bor der be tween Laos and Viet nam. This is a com plex,
faulted re gion with imbricated thrust fold and fault struc -
tures, dom i nated by Or do vi cian to Cre ta ceous sed i men tary
and sub sid iary vol ca nic beds and con tains pos si bly Cam -
brian but un dated low to high-grade meta mor phic rocks at
Phu Hoat (Tran Van Tri, ed., 1977; Phan Cu Tien, ed.,
1989). The Tri as sic to Cre ta ceous units in north ern part of
the fold belt could be cor re lated with those in the Song Da
zone (Tran Van Tri, ed., 1977; Phan Cu Tien, ed., 1989).

THE CHAR AC TER IS TICS
OF MAGMATISM IN NORTH WESTERN

VIET NAM

The petrographic, geochemistrical and geo chron ol ogi -
cal char ac ter is tics of mag matic com plexes of the NWVN
are de scribed in this chap ter. Based on the pres ent geo chem -
i cal and geo chron ol ogi cal data, six groups of mag matic
rocks de vel oped in dif fer ent tec tonic set ting are rec og nized. 
These groups and com plexes are or ga nized ac cord ing to
their age, from oldest to youngest.

Pe trog ra phy and geo chron ol ogy

The first group – Pro tero zoic
The Bao Ha com plex was es tab lished by Izokh (in Do- 

vjikov, ed. et al., 1965). It com prises small mas sifs (1–2 km2) 
in the east ern part of NWVN area, found mainly within the
dis tri bu tion area of meta mor phic rocks of the Sinh Quyen
For ma tion, in the Phan Si Pan-Red River struc tural zone.
These mas sifs are com posed mainly of gab bros of ophitic
tex ture, amphibolized and albitized gabbrodiabase and
diabase, lo cally, melanocratic ol iv ine gab bros near to lher-
zolite. These rocks were meta mor phosed to epidote-am phi -
bo lite fa cies. Cu and Au min er al iza tion of gab bros of the
Dong An mas sif is re lated to the hy dro ther mal al ter ation.
The iso to pic dat ing of gab bros in di cated Pro tero zoic times,
reach ing 1777 Ma ob tained 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 com plex was de scribed by Phan Viet
Ky (1977) (in Phan Cu Tien, ed. et al., 1977). It is dis trib -
uted in the Suoi Chieng, Sinh Quyen for ma tions and be -
longs to the Phan Si Pan-Song Hong zone. Petrographic
com po si tion of this com plex is fairly sim ple, con sist ing
mainly of leucocratic microcline-rich aranite (bi o tite <5%)
or bi o tite monzogranite (?10%); lo cally pegmatitoid gran -
ite. Al most all rocks dis play reg u lar-grained or weakly por -
phy ritic tex ture and mas sive or striped gneissoid struc ture.
The Xom Giau com plex intrusives pen e trate meta mor phic
rocks of the Suoi Chieng and Sinh Quyen for ma tions. The
frag ments of these meta mor phic rocks are also pres ent as

xe no liths. The po si tion of the Xom Giau com plex in di cates
Neopro tero zoic age. Sim i lar mag matic intrusives sit u ated in 
the Ha Noi area gave iso to pic ages from 1350 to 1386 Ma
(Phan Cu Tien, ed. et al., 1977).

The Po Sen com plex was de scribed by Tran Quoc Hai
(1967). It in cludes granitoid mas sifs, dis trib uted mainly in
the mid dle of the Phan Si Pan-Song Hong struc tural zone,
with a com po si tion chang ing from diorite to granodiorite
and bi o tite-am phi bole gran ite. The great est Po Sen mas sif
with an area of 250 km2 and other small mas sifs are scat -
tered in the north west ern Phan Si Pan-Song Hong zone. The 
ma jor ity of granitoids of the Po Sen com plex be longs to
quartz diorite (tonalite) and granodiorite. Ac cord ing to
Wang et al. (1999), the TIMS U-Pb age of zir con from Po
Sen gneiss is 760±25Ma. The SHRIMP U-Pb age of zir con
is 751±7Ma, (Tran Ngoc Nam, 2003). Ac cord ing to Pham
Trung Hieu et al. (2009), the LA-ICP-MS Lu-Hf ages of
zir cons from Po Sen com plex are 723±14 Ma and 760±12
Ma, also Neoproterozoic.

The sec ond group – De vo nian
The Song Chay com plex com posed of the Song Chay,

Nui Lang and Nui Bao mas sifs, was es tab lished by Izokh (in 
Dovjikov, ed. et al., 1965). The Song Chay mas sif is dis trib -
uted mainly in the Phan Si Pan-Song Hong struc tural zone
with an area of 200 km2. It in cludes two mica, fel sic and
ultrametamorphic granites.

The Song Chay and Ha Giang for ma tions cover con -
form ably the Song Chay struc tural mas sifs. As was men -
tioned above, the Song Chay For ma tion was dated as Early
De vo nian (Tran Van Tri, ed., 1977), while bi o tite sam ple
from the Nui Lang mas sif pro vided iso tope age of 350 Ma.
Remarkably, the Song Chay gran ite is sim i lar to  the Dai
Loc com plex, which is dis trib uted in the south ern Viet nam,
where in tru sive granitoids pen e trate the Cam brian–Or do vi -
cian for ma tion and un der lies the Devonian Tan Lap For-
mation.

The third group – Perm ian
The Nui Nua com plex was es tab lished by Le Dinh

Huu (in Phan Cu Tien, ed. et al., 1977). This com plex is
com posed of 4–5 km long and 300–400 m wide lentiform
ultra mafic bod ies. They are dis trib uted in the Song Ma stru-
ctural zone, along the Song Ma Fault. The Nui Nua com plex 
is com posed of harzburgite, du nite and pyroxenite; al most
com pletely serpentinized or trans formed into talc, chlorite
and talc-car bon ate rocks. Sec ond ary min er als are rep re -
sented by actinolite and wide spread ac ces sory min er als:
mag ne tite, il men ite and rutile. Rocks of the Nui Nua com -
plex lie con form ably with metabasalt of the Huoi Hao For -
ma tion and are meta mor phosed to the greenschist fa cies.
The iso to pic dat ing (206Pb/238U) of metabasalt in di cates
254±12 Ma age (Pham Trung Hieu et al., 2008), the LA-
ICP-MS method in di cates Late Perm ian times. These Perm -
ian rocks be long to the lower part of the ophiolite sec tion,
com posed of ultra mafic rocks (Nui Nua com plex), meta-
ba salt (Huoi Hao Formation) and gabbrodiabase (Bo Xinh
complex).

The Bo Xinh com plex was de scribed by Dao Dinh
Thuc (1976). It is com posed of small bod ies of gab bro, gab -

190 KHUONG THE HUNG



bro-diabase, gabbroic am phi bole diabase, closely re lated in
space and time to meta mor phosed mafic effusives of the
Huoi Hao For ma tion. Many dykes of gabbrodiabase pen e -
trate greenschist (metabasite) of the Huoi Hao For ma tion
along the Song Ma zone. This set ting is sim i lar to the area
where the de scribed be low Chieng Khuong plagiogranite
pen e trates and causes the al ter ation to the metabasalt and
metagabbro.

The Bo Xinh com plex com prises am phi bole gab bro,
gabbrodiabase, gabbrodiorite and diabase. Am phi bole gab -
bro is light to dark green, small- to me dium-grained, dis -
play ing com pressed gneissoid struc ture. Along the Song Ma 
fault, it is strongly meta mor phosed and trans formed into
gab bro-am phi bo lite. Gabbrodiabase is rather wide spread
and forms in tru sive bod ies of great size. It is usu ally schis -
tose, green ish in col our, rarely of mas sive struc ture. Gab -
bro-diorite is small- to me dium-grained, green ish-grey in
col our, of gran u lar tex ture, rather rich in plagioclase (80%),
with pris matic, reg u larly ar ranged am phi boles. Diabase is
small- to me dium-grained, of re sid ual diabasic tex ture and
schis tose, mostly actinolitized and trans formed into green-
schist, dif fi cult to dis tin guish from metabasalt. Gabbroids of 
the Bo Xinh com plex are closely re lated to Late Perm ian
metabasalt of the Huoi Hao For ma tion (Pham Trung Hieu et 
al., 2008). Thus, this complex has been as sumed a Late
Permian age.

The Chieng Khuong com plex was de scribed by Dao
Dinh Thuc (1976). Plagiogranite of this com plex is largely
dis trib uted in the Song Ma struc tural zone. It forms usu ally
lentiform in tru sive bod ies stretch ing in the NE–SW di rec -
tion, in co in ci dence with the struc tural trend of sur round ing
Neoproterozoic–Lower Cam brian rocks. This com plex in -
cludes the Chieng Khuong and Ban Phung mas sifs and
some small bod ies lo cated within the terrigeno-vol ca nic
beds of the Bo Xinh group. They crop out along right side of 
the road from Ha Noi to the Song Ma prov ince, and in the
middle of Ma River.

These rocks are green ish-grey, small- to me dium- grai-
ned, weakly com pressed. Min eral com po si tion is as fol -
lows: 76–86% of plagioclase, 5–7% of hornblende, some
biotite sep a rated from hornblende, 5–8% of calcifeldspath;
quartz from 5% in diorite to 20–30% in granodiorite. The
rocks have re sid ual granulo-hypidiomorphic tex ture, and
di rec tive struc ture. Plagiogranite forms the ma jor part of
massifs.

As was men tioned above, the rocks of the Chieng Khu-
ong com plex pen e trate vol cano-terrigenous, terrigeno-cherty
and terrigeno-car bon ate beds of the Bo Xinh Group caus ing
their hornfelsification. The peb bles of plagiogranite from
the ba salt con glom er ates of the Mid dle Cam brian Song Ma
For ma tion of the Nam Co Anticline have pet ro chem i cal
char ac ter is tics sim i lar to rocks of the Chieng Khuong com -
plex. They yield the iso to pic (Rb-Sr) age of 254 ± 14 Ma.
Pham Trung Hieu et al., (2008) sup ported the iso to pic
(206Pb/238U) 262±8Ma age of Chieng Khuong plagiogra-
nite us ing the LA-ICP-MS method. Based on these re sults,
the Chieng Khuong com plex can be Mid dle-Late Perm ian
in age.

The Huoi Hao For ma tion was es tab lished by Pham
Dinh Tuong (ed., 1999). It is an equiv a lent of the for mer

“Lower Bo Xinh subsuite” (Phan Son, ed. et al., 1978) and
be longs to the Song Ma zone. The Bo Xinh metabasalt sec -
tion along the Huoi Hao stream was cho sen as type sec tion
for the new Huoi Hao For ma tion (Pham Dinh Tuong, ed.,
1999; Nguyen Van Thuat, ed., 1999).

The lower part of this for ma tion is com posed mainly of
greenschists (metabasalt, metadiabase) and beds of al tered
tuffs. Three mem bers were rec og nized in the sec tion ex -
tend ing along Ma River from Nam Ma to Bo Xinh. The first
mem ber is rep re sented by greenschist interbeded with
quartz-seri cite schist, sec ond mem ber by schis tose green-
schist, un clearly striped, lo cally mas sive greenschist, and
the last one by greenschist interbedded with cherty schist
and quartz-seri cite schist. The lower bound ary of the for ma -
tion is un known, while its up per part un der lies con form ably
the Nam Ty Formation.

The LA-ICP method (Pham Trung Hieu et al., 2008)
fol lows re sults of 206Pb/238U dat ing, giv ing the of 254±12
Ma age of metabasalt sam ples from the Song Ma belt. The
Late Perm ian age was es tab lished for Huoihao For ma tion
ac cord ing to these results.

The Ban Xang com plex dis trib uted in the Ta Khoa
area be long ing to the Song Da struc tural zone, was es tab -
lished by Dovjikow (ed.) et al. (1965). Ac cord ing to his de -
scrip tion, the Ban Xang com plex is lo cated near the axis of
the Ta Khoa anticline, and pen e trates micaschist, bi o tite-
mus co vite hornfels, and actinolite-mus co vite hornfels of the 
Nam Sap For ma tion. In tru sive mas sifs lay con form ably with
coun try rocks. Cop per-nickel min er al iza tion in the com pact
or dis sem i nated form oc curs of ten in the con tact zone.

The pe trol ogy of the Ban Xang com plex sug gests
ophiolitic, obducted or i gin. The mas sifs are com posed
mainly of strongly serpentinized du nite con tain ing for ster -
ite. Ac ces sory min er als are rep re sented by mag ne tite and
chrome-spinel. The rock has panidiomorphic, me dium- to
coarse-grained tex ture. It is serpentinized, com pact, near
black in col our, of net ted tex ture. Abun dant ol iv ine con sists
of nu clei sur rounded by antigorite, form ing lamellar,
acicular as sem blage; less nu mer ous chryso tile forms mi -
cro-veins and transversal fibres. In some places, chryso tile
is re placed by carbonate and some ore minerals.

The Late Perm ian age of the Ban Xang com plex was as -
sumed based on pen e tra tion of the sed i men tary beds, which
have yielded an age range from De vo nian to Early Perm ian.
The ophiolitic char ac ter con tra dicts this pen e tra tion. The re -
la tion ship to the other ophiolites from this area sug gests
similar, Permian age.

The Cam Thuy For ma tion ex posed west of the Son
La Town and be long ing to the Song Da struc tural zone was
de scribed by Dinh Minh Mong (ed., 1977). A sec tion cut -
ting through the Son La Pass com prises two mem bers: the
350 m thick mem ber one is com posed mainly of ba salt,
amyg da loid al ba salt, por phy ritic ba salt with beds of ba saltic 
tuffs and lavas (2–3 m thick); – 300 m thick mem ber two
con tains mainly choc o late tuffaceous siltstone with beds of
tuffs lavas and ba salt. The stud ied rocks are ex posed in the
road to Dien Bien area.

Krobicki and Golonka (2008) ar gued that bas alts of the
Cam Thuy For ma tion are loaf-shaped pil low lavas formed
dur ing sub ma rine erup tions, due to rapid cool ing of lava at
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the con tact with sea wa ter. Both the con ti nen tal bas alts and
the pil low lavas in di cat ing ma rine af fin i ties were per haps
as so ci ated with back-arc spread ing. More over, Tran Van
Tri (ed., 1977) and Tran Trong Hoa et al. (1998) con sid ered
them as products of Song Da rift.

The Cam Thuy For ma tion cov ers the eroded sur face of
lime stone con tain ing Neoschwagerina craticulifera of the
Car bon if er ous–Perm ian Bac Son For ma tion and un der lies
terrigenic-car bon ate beds con tain ing Late Perm ian brachi o -
pods of the Yen Duyet For ma tion. The iso to pic dat ing of
five ba salt sam ples from Cam Thuy For ma tion yield age
283 ± 21 Ma (Nguyen Hoang et al., 2004), cor re spond ing to 
Early-Mid dle Permian.

The Vien Nam For ma tion was de scribed by Phan Cu
Tien, ed. et al. (1977). This for ma tion is dis trib uted in the
Song Da and Song Ma zones form ing long bands of
NW–SE di rec tion. Well stud ied sec tions are ex posed along
the Trat Stream, and along the road from Phu Yen to Muong 
Lang (Son La prov ince). The for ma tion in these sec tions is
com posed in the lower part of por phy ritic ba salt, aphyric
ba salt, high-mag ne sium ba salt; in the up per part of por phy -
ritic diabase, ba saltic tuff, andesitobasalt, trachybasalt,
andesitodacite, dacitic tuff, trachytic tuff, por phy ritic tra-
chite, rhyotrachyte, rhy o lite, tuffaceous sand stone and
tuffaceous siltstone. Tran Trong Hoa et al. (1995) and To
Van Thu, ed. (1996) con sider the Vien Nam Formation as
basaltoids.

The Vien Nam For ma tion over lies un con form ably the
Bac Son For ma tion and un con form ably un der lies the Tan
Lac For ma tion. Tran Xuyen et al. (1983) and Nguyen
Hoang (2004) showed that volcanites of the Vien Nam For -
ma tion in its stratotype area pen e trate the Up per Perm ian
Yen Duyet Formation. The Late Perm ian–Early Tri as sic age 
of the Vien Nam Formation can be es tab lished us ing these
re sults.

The fourth group – lat est Perm ian–Tri as sic
The Dien Bien Phu com plex dis trib uted mainly in the

Sam Nua zone was de scribed by Izokh (in Dovjikov, ed. et
al., 1965). A well ex posed block of this for ma tion is lo cated 
in the Da River near the road from Muong Lay to Muong
Te. The com plex is com posed mainly of gab bro-diorite,
diorite, quartz diorite and bi o tite-hornblende gran ite. Ac -
cord ing to the time of the form ing pro cess, the com plex has
been sub di vided into three in tru sive phases as fol lows:
Phase 1 – gabbro-diorite and diorite; Phase 2 – quartz
diorite and granodiorite; Phase 3 – var ie gated bi o tite-horn-
blende gran ite, rich in K-feldspath gran ite. The rocks of
phase 2 are most wide spread. Granitoid mas sif of the Dien
Bien Phu com plex pen e trates the Nam Co, Ben Khe, Nam
Pia, and Song Da for ma tions form ing hornfels bear ing an -
da lu site and am phi bole in the con tact au re ole. These
granitoids are cov ered by coal-bear ing Suoi Bang For ma -
tion and pen e trated by bi o tite gran ite of the Phia Bioc com -
plex. Pb-Zn polymetal min er al iza tion re lated to the Dien
Bien Phu granitoids is ex pressed by placer dis persal aure-
oles, bearing pyromorphite, galenite and anglesite.

Fromaget (1937) con sid ered the Dien Bien Phu grani-
toids as Hercynian gran ite. In the geo log i cal work on North
Viet nam, Izokh (in Dovjikov, ed. et al., 1965) dated them as 

post-Perm ian. Tran Van Tri and Nguyen Xuan Tung (1977)
pos tu lated three stages of their de vel op ment Late Perm ian–
Carnian times. Some iso to pic val ues re ceived from grani-
toids of the com plex yield ages 252–266 Ma (Tran Trong
Hoa et al., 2008a). These re sults and geo log i cal po si tion in -
di cate Late Perm ian–Early Triassic age.

The Song Ma com plex was es tab lished by Dao Dinh
Thuc et al. (1995). Subvolcanic mas sifs, de vel oped mainly
in the Sam Nua struc tural zone and re lated to Anisian fel sic
effusives, be long to the Song Ma com plex. The Song Ma
mas sif is the great est in tru sion of the area, hav ing a clearly
pro longed form in W–NW di rec tion with a length of 80 km,
a width of 5–10 km and an area of about 418 km2. It spreads 
mainly on the left side of the Ma River, along the great fault, 
which sep a rates the Song Ma and Sam Nua struc tural zones
(Song Ma fault zone). In the east, the mas sif has tec tonic
con tact with greenschist (metabasite) and quartz-seri cite
schist of the Up per Perm ian Bo Xinh Group and grano-
diorite of the Dien Bien Phu com plex. In the south west, it is
closely re lated to Mid dle Tri as sic fel sic-in ter me di ate effu-
sives of the Dong Trau Formation. Be side the in tru sive mas -
sif, small sat el lite in tru sions de vel oped in the dis trib u tive
area of effusives of the Dong Trau For ma tion. The Song Ma 
com plex is com posed mainly of bi o tite gran ite and bi o tite
tonalite. In the north east of the mas sif, bi o tite gran ite has the 
small-grained poikilitic tex ture and grad u ally trans forms
into por phy ritic gran ite of ef fu sive ap pear ance. Two sides
of the mas sif are bounded by faults, and, be tween them,
large pieces of basal con glom er ate of the Norian–Rhaetian
Suoi Bang Formation occur, covering unconformably the
intrusive massif.

On the geo log i cal, pet ro log i cal and geo chem i cal sides,
the Song Ma com plex is closely re lated in space and in or i -
gin to the Mid dle Tri as sic fel sic-in ter me di ate ef fu sive of the 
Dong Trau Formation. Its rocks are cov ered un con form ably 
by coal-bear ing beds of the Suoi Bang Formation, the basal
con glom er ate of which con tains peb bles from granitoids of
the Song Ma com plex. The Rb-Sr whole rock isochron age
yields 232 ± 11 Ma age (Nguyen Minh Trung, 2007). The
subvolcanic Song Ma com plex can therefore be dated as
Middle Triassic.

The Phia Bioc com plex was de scribed by Izokh (in
Dovjikov, ed. et al., 1965). In the stud ied area, the Phia
Bioc com plex is bounded in the west by faults. In the east,
gran ite of the mas sif pen e trates shales of the Lai Chau For -
ma tion caus ing its hornfelsification (the hornfels zone is
200–300 m in width). It is cov ered by Up per Tri as sic coal-
bear ing beds of the Suoi Bang For ma tion in the south. The
geo log i cal po si tion of granitoids of the Phia Bioc in di cates
that this com plex is youn ger than Mid dle-Up per Tri as sic
rocks and older than Norian–Rhaetian coal-bear ing for ma -
tion.

The fifth group – Ju ras sic–Cre ta ceous
The Suoi Be For ma tion was de scribed by Nguyen

Xuan Bao (ed., 1970). This for ma tion is dis trib uted in the
south east mar gin of the Tu Le struc tural zone, form ing
NW–SE ori ented band which in cludes two parts. The lower
part is rep re sented by pur ple-choc o late to green tuffaceous
con glom er ates and gritstones, sand stones, silty sand stones,
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tuffs and lenses of aphyric ba salt. The up per part con tains
dif fer ent kinds of bas alts, such as the plagiobasalt, andesito- 
ba salt, and trachybasalt. These bas alts form ir reg u lar flows,
interbeds or lenses, interbeded with ba salt tuff, lenses of ag -
glom er ate tuff, and crum pled black-green tuffaceous shale.
Both parts are penetrated by small diabase bodies.

Post-ef fu sive al ter ations are rep re sented mainly by
propylitization with high tem per a ture fa cies (actinolite-
epidote). In ad di tion, me dium tem per a ture as so ci a tion (al -
bite-epidote-chlorite) and low tem per a ture as so ci a tion (cal -
cite-al bite-chlorite) oc cur. Au and Ag min er al iza tion occurs 
within the formation.

The iso to pic age of three ba salt sam ples yield ages
around 117.3 ± 0.6 ÷ 176.3 ± 0.8 Ma (Tran Tuan Anh et al.,
2004). Based on these re sults and Ju ras sic–Cre ta ceous flora
fos sils col lected in the ad ja cent Thuan Chau area, the for -
ma tion can be dated as Ju ras sic–Cretaceous.

The Nam Chien com plex in the Tu Le struc tural zone
was es tab lished by Phan Viet Ky (1977) (in Phan Cu Tien,
ed. et al., 1977). This com plex is com posed of am phi bole
gab bro and gabbrodiabase. Their min eral com po si tion is
rather sim ple with Cpx (amphibolized) + Plagioclase + Il -
men ite + Apatite.

Their com po si tion and or i gin are sim i lar to those of
subalkaline bas alts of the Suoi Be For ma tion. Be cause of
this sim i lar ity the age of gabbroids of the Nam Chien com -
plex have been pre lim i nar ily as signed to Cretaceous.

The Tu Le vol ca nic subcomplex was es tab lished by
Vu Khuc & Bui Phu My (eds., 1989). In the study area, the
com plex in cludes fel sic-in ter me di ate, subalkaline and al ka -
line effusives. It oc curs in the Tu Le vol ca nic de pres sion
zone. Rocks of the ef fu sive fa cies play a pre dom i nant role
in the com po si tion of the subcomplex. They are ac com pa -
nied by tuffaceous sand stones of erup tive fa cies and ag -
glom er ate tuffs of neck facies.

From the petrographic point of view, the subcomplex
con sists of rhyodacite, rhy o lite, and trachyrhyolite with a
por phy ritic trachyte. They usu ally dis play tran si tional re la -
tions with subvolcanites of the same com po si tion. Al most
all the rocks were show re sults of com pres sion, hav ing
banded struc ture and por phy ritic tex ture. The phenocrys-
talss con sist mainly of kalifeldspath, a lit tle plagioclase and
quartz. Be sides these, the com pressed felsite and mi cro-
felsite also oc cur. Chro matic min er als in rhyodacite and
rhy o lite usu ally are bi o tite of ti ta nium-high con tent and rel -
a tively iron-high con tent. In trachyte and trachyrhyolite,
there is alkaline amphibole apart from biotite.

Ac cord ing to Lan (2000); the iso to pic dat ing of 3 rhy o -
lite sam ples is around 58.603 ± 0.2 – 79.30 ± 0.3 Ma. Based
on these re sults, the subcomplex can be dated as Cre ta ceous.

The Ngoi Thia vol ca nic subcomplex, dis trib uted in
the Tu Le vol ca nic de pres sion zone was first dis tin guished
by Nguyen Vinh (ed.) et al. (1977). Bui Cong Hoa (ed.,
2004) de scribed the subcomplex as mainly the subvolcanic
fa cies with por phy ritic rhy o lite and comendite. Por phy ritic
rhy o lite is light-grey in col our, mas sive, its tex ture is por -
phy ritic with microgranular groundmass. Comendite con -
tains al ka line chro matic min eral (riebeckite); it is grey, mas -
sive, por phy ritic, with microgranular tex ture. The por phy -
ritic rhy o lite dis play micropoikilitic groundmass, mas sive

struc ture, por phy ritic tex ture with quartz sur rounded by
micropoikilitic groundmass. The Ngoi Thia subcomplex
over lies un con form ably the Suoi Bang and Suoi Be for ma -
tions, and oc cu pies the up per most po si tion within the Tu Le
struc tural zone. The Late Cretaceous age was assumed for
this subcomplex

The Muong Hum com plex was de scribed by Izokh (in
Dovjikov, ed. et al., 1965). Al ka line granitoid mas sif of this
com plex oc curs in the Phan Si Pan moun tain range and be -
longs to the Phan Si Pan-Song Hong struc tural zone. The
main com po si tion of the Muong Hum granitoid com plex
cor re sponds to granosyenite and gran ite. Main min eral
com po si tion in cludes quartz, feld spar K, plagioclase, am -
phi bole, and bi o tite; al ka line pyroxene (aegyrine) and al ka -
line am phi bole (arfvedsonite). Ac ces sory min er als are rep -
re sented by apatite, sphene, sometimes garnet.

Due to the Muong Hum granitoids ap pear ance on the
Phan Si Pan zone, the com plex has been pre lim i nar ily dated
as early Pa laeo zoic. The re sult of iso tope dat ing of Nguyen
Trung Chi (1999) shown that the Muong Hum granitoid
com plex reaches 75 Ma with TDM =0.6–0.8 Ga, and it can
be dated as Cretaceous.

The Phu Sa Phin com plex was de scribed by Izokh (in
Dovjikov, ed., et al., 1965). This com plex is com posed of
hypahyssal in tru sive and subvolcanic bod ies with kalifeld-
spath gran ite, granosyenite and syenite closely re lated in
space, time and or i gin to Cre ta ceous rhy o lite and comen-
dite for ma tions in the Tu Le zone. In the Phu Sa Phin moun -
tain ous area, these subvolcanic-in tru sive bod ies form the
base ment of the ef fu sive cover. In some places within the
Tu Le zone, these in tru sive mas sifs are as so ci ated with ef fu -
sive along the Phong Tho-Nam Pia fault zone.

The main rocks of the com plex con sist of al ka line feld -
spar gran ite, quartz por phy ritic syenite, por phy ritic grano-
syenite and granophyric gran ite. Av er age min eral com po si -
tion of gran ite is as fol lows: kalium-natrium feld spar =
50–70%; plagioclase = 0–10%; quartz = 30–35%; bi o tite =
3–5%; am phi bole and pyroxene = 1–5%. Ac ces sory min er -
als are rep re sented by flu o rite, sphene, ap a tite, zircon and
magnetite.

Ac cord ing to the field ma te ri als, pet ro chem i cal and
geochem i cal char ac ter is tics, the co-mag matic re la tion ship
be tween Phu Sa Phin granitoids and Cre ta ceous Tu Le-Ngoi 
Thia effusives has been proved. Thus, the age of granitoids
can be con sid ered close to that of effusives. The rocks of the 
Phu Sa Phin com plex were pen e trated by bi o tite gran ite of
the Ye Yen Sun com plex and in tru sions of the Pu Sam Cap
com plex. In ad di tion, Ar-Ar age data yield the value 89–144 
Ma to Phu Sa Phin gran ite (Tran Tuan Anh et al., 2003),
cor re spond ing to Cre ta ceous. There fore, the Cre ta ceous age 
of Phu Sa Phin complex is established.

The sixth group – Palaeogene
The Ye Yen Sun com plex was es tab lished by Izokh (in 

Dovjikov, ed. et al., 1965). The Ye Yen Sun batholith stret-
ches over thou sands square kilo metres from the Viet nam–
Chi nese bor der in the north west to south east through the
Phan Si Pan range. Bui Phu My (ed.) et al. (1977) and
Nguyen Trung Chi (1999) de scribed the north west ern and
south east ern parts of this mas sif. They dis tin guished grano-
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diorite and bi o tite-am phi bole gran ite, which be long to
rather typ i cal calc-al ka line se ries ac cord ing to their petro-
graphic char ac ter is tics.

Tran Tuan Anh (2003, 2004) has dis tin guished within
the Ye Yen Sun com plex, dis trib uted around the O Quy Ho
Pass, two dif fer ent types: leucocratic gran ite, with high-K
calc-al ka line char ac ter of I-gran ite type in the west, and
subalkaline bi o tite gran ite of A-gran ite type in the east. Ac -
cord ing to Zhang and Schärer (1999), the U-Pb age data
gives the Ye Yen Sun gran ite an age of 35 Ma (the west Ye
Yen Sun type) cor re spond ing to Palaeogene.

The Pu Tra For ma tion was es tab lished by Tran Duc
Luong & Nguyen Xuan Bao (1988). This for ma tion oc curs
in the Song Da struc tural zone with a small dis trib u tive area
(0.5–1 km2). It is com posed of volcanogenic rocks of erup -
tive fa cies with the clay shale, trachytic tuff, por phy ritic tra- 
chyte frag ments. The for ma tion can be sub di vided into two
mem bers: mem ber 1 – con glom er ate interbeded with me -
dium-grained sand stone, choc o late claystone, 15–20 m thick; 
mem ber 2 – al ka line effusives, tuffs, ag glom er ate tuff,
trachytic tuff, about 300 m thick. Ag glom er ate tuff con tains
many clasts of trachyte, por phy ritic trachyte and por phy ritic 
syenite. Their size ranges from few mil li me ters to 80 cm.
The Pu Tra For ma tion lay un con form ably upon the Up per
Cre ta ceous Yen Chau For ma tion. In ad di tion, a value of iso -
to pic dat ing of 45±3 Ma con firms the Palaeo- gene age of
the Pu Tra For ma tion.

The Nam Xe-Tam Duong com plex was es tab lished by 
Izokh (in Dovjikov, ed. et al., 1965). This com plex in cludes
small bod ies dis trib uted along the fault zone be tween the
Song Da struc tural zone in the west and the Phan Si Pan
zone in the east.

The mas sifs are com posed mainly of subalkaline to al -
ka line syenite and granosyenite. Char ac ter is tic paragenetic
min er als in clude quartz, K-feld spar, plagioclase, pyroxene,
am phi bole, and bi o tite. The stud ied rocks have reg u lar-
grained struc ture. Py rox enes are rep re sented mainly by di -
op side, some times rich in aegirine-augite, am phi boles by
high-al ka line hornblende or arfvedsonite. The rocks of ten
con tain sphene and ti ta nium-high gar net (melanite); the
con tent of gar net some times reaches 5–10% in melanocratic 
syenite.

The Palaeogene age of the Nam Xe-Tam Duong com -
plex is de rived from its geo log i cal set ting. The Nam
Xe-Tam Duong in truded vol ca nic tra chytes of the Pu Tra
For ma tion, the syenite bod ies of the com plex also pen e trate
granitoids of the Phu Sa Phin and Ye Yen Sun com plexes.
The Nam Xe de posit of ra dio ac tive ores and RRE and min -
er al iza tion of lead-zinc, bar ite and flu o rite are re lated to the
Nam Xe syenite.

The Pu Sam Cap com plex was de scribed by Izokh (in
Dovjikov, ed. et al., 1965). This com plex in cludes sub-vol -
ca nic in tru sions scat tered in the Song Da struc tural zone.
They are closely re lated to fel sic-in ter me di ate-al ka line
volcanites (trachyte, trachyrhyolite) of the Pu Tra For ma -
tion, and to gether with them they form a very typ i cal vol -
cano-plutonic association.

The mas sifs of the stud ied rocks have a rather sim ple
struc ture, al most en tirely com posed of leucocratic syenite
and granosyenite. The melanocratic va ri et ies, which have

the com po si tion cor re spond ing to monzogabbro and sho-
shonite, or melanocratic syenite hav ing clearly monzonitic
tex ture oc cur in some mas sifs (Khuon Ha, Khao Cum). The
iso to pic dat ing (Ar-Ar method) yield two val ues of 31.5
±0.2 and 35.4 ±0.2 Ma (Tran Trong Hoa et al., 1999) in di -
cat ing the Palaeogene age.

The Coc Pia com plex in cludes mafic-potassic al ka line
and potassic ul tra-al ka line for ma tions, com posed of volca-
nites, neck intrusives and dykes largely de vel oped in south -
east of Tam Duong and Phong Tho ar eas in the Song Da
zone. These rocks are best ex posed south east of Tam Duong 
(Coc Pia, Sin Cao) in the dis tri bu tion area of in ter me di -
ate-fel sic-al ka line volcanites and subvolcanites of the Pu
Tra, Pu Sam Cap type de scribed above, as well as of Tri as -
sic terrigeno-car bon ate for ma tions. They form rather typ i cal 
vol cano-plutonic as so ci a tions with three man i fes ta tion
forms: erup tive, in tru sive neck form, dykes and veins (Tran
Trong Hoa et al., 1999).

The mafic-akaline tuffaceous brec cia can be usu ally ob -
served in vol ca nic struc ture of pipe type, to gether with the
trachytic tuff. It of ten cor re sponds in com po si tion with al -
ka line andesitobasalt (absarokite-ac cord ing to Lacroix,
1933), or lamproite tuff (cocite tuff). Absarokite tuff con -
tains usu ally frag ments of trachyte and trachyrhyolite.
Some times, leucitite and sim i lar va ri ety as wy o ming ite have 
been observed.

The iso to pic dat ing by Rb-Sr method of lamproite from
the Dong Pao has yield the 42±7 Ma age (Tran Trong Hoa et 
al., 1995), by Ar-Ar method of lamproite and absarokite
from the Coc Pia and Sin Cao 29–34 Ma age (Tran Trong
Hoa et al., 1999). Based on these re sults, the com plex has
been dated as Palaeogene.

Geo chem is try

Rep re sen ta tive chem i cal and trace el e ment com po si tion 
of dif fer ent mag matic rock types from the NWVN are listed
in Ta ble 1 to Ta ble 19 (see Ap pen dix). The no men cla tures
of the plutonic rocks from the NWVN are de ci phered on the 
TAS di a gram of Cox et al. (1997) (Fig. 4) and on the AS
diagram of Dmitriev et al. (1972) (Fig. 6).

The Bao Ha, Bo Xinh, Nam Chien mafic rocks are clas -
si fied as gab bros. The Xom Giau, Po Sen, Song Chay,
Chieng Khuong, Song Ma, Phia Bioc, Muong Hum, Ye Yen 
Sun, Nam Xe-Tam Duong and Phu Sa Phin rocks rep re sent
gran ites, some times granodiorites. The rocks from Pu Sam
Cap are clas si fied as syenite and neph el ine syenite, Coc Pia
as syenodiorite and gab bro, and the Dien Bien Phu mag -
matic rep re sent rocks chang ing from gran ite, gabbrodiorite
to diorite, gab bro (Fig. 4).

On the AFM di a gram of Irvine and Baragar (1971),
gabbroic rocks be long to the tholeiitic se ries (TH), while the 
gran ites and dacites and oth ers are calc-al ka line rocks, ex -
cept the Dien Bien Phu mag matic rocks rang ing from
tholeiitic to calc-al ka line rocks (Fig. 7). The Nui Nua ultra -
mafic rocks are clas si fied as harzburgites some times lherzo- 
lites, while the Ban Xang ranges from clinopyroxenite,
verlite and lherzolites (Fig. 6). On the AFM di a gram of
Irvine and Baragar (1971) (Fig. 8), ultra mafic rocks be long
to tholeiitic series (TH).
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The no men cla tures of the vol ca nic rocks from the
NWVN are shown on the TAS di a gram of LeMaitre et al.
(1989) (Fig. 5). It shows that the Huoi Hao, Vien Nam are
clas si fied as ba salt; the Suoi Be is plot ted in basanite some -
times fodite field; while the Tu Le, Ngoi Thia rep re sent rhy -
o lite, and the Pu Tra, rhy o lite some times trachyte. On the
AFM di a gram of Irvine and Baragar (1971) (Fig. 8), rhy o -
lite and trachyte be long to calc-al ka line se ries (CA), while
ba salt and basanite be longs to tholeiitic series (TH).

The serpentinized harzburgite of the Nui Nua com plex
are poor in sil ica (SiO2 = 36.08–46.36%), al kali (Na2O+

K2O < 2%), and in alu mi num (Al2O3 = 0.21–2.12%), but
rich in mag ne sium (MgO = 34.39–38.8%); with the
MgO/FeO ra tio: 7–29 (Ta ble 5). The Mg/Fe ra tios: 8.9–12.8 
(Nguyen Van Chien, 1964) in di cate that this com plex was
crys tal lized from peridotite mag matic source. The serpen-
tinized du nite of the Ban Xang com plex are poor in sil ica
(SiO2 =34.3–45.82%), very rich in cal cium (CaO =0.24–
10.6%), with so dium > po tas sium (Ta ble 10). On the FeOt-
MgO-Al2O3 di a gram of Pearce et al. (1977) (Fig. 14), most
of all the ultra mafic rocks cor re spond ing to the ocean
ridge-floor (ORF). Ac cord ing to the DGMV (un pub lished
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Fig. 4. Clas si fi ca tion di a gram for the NWVN plutonic rocks (ap plied method of Cox et al., 1979)

Fig. 5. Clas si fi ca tion di a gram for the NWVN vol ca nic rocks (ap plied method of Le Maitre, 1989)



data), the con tent of Ba, Rb, Sr, Y, Yb, Th, Ce, Zn, and Zr is
1–14 times higher than Clarke; spe cif i cally the ore form ing
el e ments Cu, V and Pt are 3–8 times higher than Clarke. On
the Na2O-K2O-CaO di a gram of Green & Poldervaart
(1958) (Fig. 10), the Nui Nua and Ban Xang com plexes be -
long to sodic rock types. On the FeOt-MgO-Al2O3 di a gram
of Pearce et al. (1977), they also be long to ocean ridge-floor 
(ORF) magmatic rock types.

Geochemically, all studied plutonic rock sam ples from
the NWVN, ex cept for serpentinized harzburgite and du nite 
of the Nui Nua and Ban Xang com plexes, are fairly subdivi- 
ded into three se ries. The first se ries con tains the mafic plu-
ton ics of the Bao Ha, Bo Xinh, and Nam Chien gabbroic

sam ples, which are sil ica undersaturated rocks (SiO2 =
41.4– 55.14%) with low al ka lin ity (to tal Na2O+K2O =2.49– 
4.77%). Na2O con tent is higher than K2O con tent. On the
Na2O-K2O-CaO di a gram of Green and Poldervaart (1958)
(Fig. 9), they be long to sodic types. On the Nb*2 - Zr/4-Y
ter nary di a gram of Meschede (1986) (Fig. 13), the Bao Ha
com plex be longs to intraplate al ka line and tholeiite gab -
bros, while the Nam Chien com plex plot in intraplate al ka -
line field. On the other hand, on the FeOt-MgO-Al2O3 di a -
gram of Pearce et al. (1977) (Fig. 14), the Bao Ha be long to
is land ocean field (IO), while the Nam Chien fall into con ti -
nen tal ocean types (CO). The Bo Xinh com plex dis plays a
wide range of mafic rock types, but mainly is land ocean
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Fig. 6. Clas si fi ca tion di a gram for ultra mafic rocks (ap plied method of Dmitriev et al., 1972), A = Na2O+K2O+Al2O3+CaO; S =
SiO2-(TiO2+Fe2O3+FeO+MnO+MgO)

Fig. 7. A sub di vi sion di a gram show ing the bound ary be tween the calc-al ka line field and tholeiitic field of NWVN plutonic rocks (ap -
plied method of Irvine & Baragar, 1971)



(IO) and ocean ridge-floor (ORF). Par tic u larly, the chem i -
cal com po si tion of the Bao Ha com plex char ac ter izes the
rock type rel a tively high in ti ta nium (TiO2 =1.32–2.66%),
me dium in mag ne sium (MgO =6.73–7.32%), and rel a tively
low in alu mi num (Al2O3 =13.11–14.59%) (Ta ble 1). These
rocks are rather poor in Cu (55–73 ppm), Cr (146–271
ppm), and rel a tively rich in V (316–402 ppm). Their con tent 
of Rb is rel a tively poor (2.1–4.3 ppm), how ever Nb, Zr and
Y are rather sta ble in high level in com par i son with the

low-al kali tholeiite type. They are rich in rare earth el e ments 
(REE), es pe cially the light rare earth el e ments (LREE) (Fig. 
15-1). The dis trib u tive char ac ter is tics of Rb, Sr, Nb and
REE show that gabbroids of the Bao Ha com plex be long to
within-plate (intraplate) type (Fig. 21). The or i gin of this
com plex was re lated to the spread ing pro cess of the con ti -
nen tal mar gin. The de scribed rocks of the Bo Xinh com plex
are low in TiO2 = 0.8–2.1%, their chem i cal com po si tion
dis play ing a man tle or i gin (oce anic crust of the IO or ORF
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Fig. 8. A sub di vi sion di a gram show ing the bound ary be tween the calc-al ka line field and tholeiitic field of NWVN vol ca nic rocks (ap -
plied method of Irvine & Baragar, 1971)

Fig. 9. Na2O-K2O-CaO di a gram for the NWVN plutonic rocks (ap plied method of Green & Poldervaart, 1958)



type). The Cu, Ni, Cr, Ti and V el e ments are higher than
Clarke (Ta ble 6). Chem i cal com po si tion of the Nam Chien
com plex has fol low ing char ac ter is tics: high in ti ta nium
(TiO2 =2.02–3.63%); rel a tively high in cal cium (CaO =
7.47–11.22%) (Ta ble 14). The rocks are all rich in Rb, Ba,
Th, LREE, belonging to tholeiite within-plate (intraplate)
series of the mid-ocean ridges (Figs 13, 21).

The sec ond se ries con tains the fel sic plutonics from the
Xom Giau, Po Sen, Song Chay, Chieng Khuong, Dien Bien
Phu, Song Ma, Phia Bioc, and Muong Hum, Ye Yen Sun,

Nam Xe-Tam Duong, and Phu Sa Phin com plexes. These
plutonics are gran ites, some times granodiorites. They show
a wide range of SiO2 (57.94–78.15), and are rich in the al ka -
lis (Na2O+ K2O =3.89–13.0). On the Na2O-K2O-CaO di a -
gram of Green and Poldervaart (1958) (Fig. 9), most of
them be long to potassic types, ex cept the Xom Giau, Po
Sen, and Chieng Khuong com plexes, which be long to sodic
types. On the Na2O+K2O-FeOt-CaO di a gram clas si fy ing
gran ite types (I, S) of Chappell et al. (1974) (Fig. 11),
granitoids of the Xom Giau, Po Sen, Song Ma, Phia Bioc,
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Fig. 10. Na2O-K2O-CaO di a gram for the NWVN ultra mafic and vol ca nic rocks (ap plied method of Green & Poldervaart, 1958)

Fig. 11. Na2O+K2O-FeOt-CaO di a gram clas si fy ing for the NWVN granitoid types (I, S) (ap plied method of Chappell et al., 1974)



Muong Hum, Phu Sa Phin, and Nam Xe-Tam Duong com -
plexes be long to S-gran ite types, while the Chieng Khuong
com plex be longs to I-gran ite type. The Song Chay, Dien
Bien Phu, and Ye Yen Sun com plexes rep re sent the I-gran -
ite chang ing to the S-gran ite, re spec tively. Chem i cal com -
po si tion of bi o tite from the Xom Giau com plex places it in
the type low in ti ta nium (TiO2 =1.3%), rel a tively high in
alu mi num (Al2O3 =15.7%) and high in iron (FeO =19.5%).

It dis plays in ter me di ate char ac ter is tics be tween bi o tite from 
S-gran ite and A-gran ite (Nguyen Van The, ed., 1999). The
stud ied rocks char ac ter ize 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) (Ta ble 2). They are very rich in
REE, es pe cially LREE, with La =102–240 ppm, Ce =132–
140 ppm, Nb =43.3–102 ppm. Based on the dis tri bu tion of
Rb, Sr, Zr, Nb, Ta Th, and REE (Fig. 15-2), granitoids of
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Fig. 12. Discrimination di a gram for the NWVN vol ca nic rocks (ap plied method of Jensen & Rickwood, 1989). BK – Komatiitic ba salt;
PK – Komatiite; HFT – High iron tholeiite; HMT – High mag ne sium tholeiite; TA – Andesitic tholeiite; TD – Dacitic tholeiite; TR –
Rhyolitic tholeiite; CB – Ba saltic calc-al ka line; CA – Andesitic calc-al ka line; CD – Dacitic calc-al ka line; CR – Rhyolitic calc-al ka line

Fig. 13. Nb*2 - Zr/4-Y ter nary di a gram for the NWVN mafic rocks (ap plied method of Meschede, 1986), AI – Intraplate al kali bas alts;
AII – Intraplate al ka line and tholeiite bas alts; B – MORB-E type – En riched tholeiites of mid-ocean ridges and tholeiites of intraplate
struc tures; C – Intraplate al ka line; D – MORB-N type – De pleted tholeiites of mid-ocean ridges



the Xom Giau com plex bear the in ter me di ate char ac ter is tics 
be tween S-gran ite and A-gran ite. The short age of Nb, Ta
and other el e ments as well as its close spa tial (pos si bly even
time) re la tion ship with calc-al ka line granitoids of Ca Vinh
type in di cate that or i gin of Xom Giau granitoids is re lated to 
subduction. The chem i cal com po si tion of the Po Sen com -
plex (Ta ble 3) is rather rich in Rb (67–84 ppm), Sr (429–
548 ppm) and LREE; ex press ing a weak Eu min. The dis tri -
bu tion of REE is typ i cal for calc-al ka line se ries (I-gran ite).
The rocks are all rel a tively poor in Nb, Ta, Hf, Zr, Sm, Y
and Yb in com par i son with a gran ite of chrondrite and
ocean is land (Figs 15-3, 15-4). Based on these char ac ter is -
tics and the Rb vs Y+Nb cor re la tion, the Po Sen granitoids
cor re spond to vol ca nic arc gran ites (Fig. 20), and were per -
haps formed in the ac tive con ti nen tal mar gin tec tonic set -
ting. Lan (2000) ar gues that the gra nitic rocks orig i nated by
melt ing of older crustal sources, but with a sig nif i cant in put
of man tle com po nent dur ing magma gen e sis. Pham Trung
Hieu et al. (2009) us ing the Hf iso to pic ra tios lHf(t) = –16.1
to +3.4 and wide range of iso to pic ages TDM1(Hf) = 1186
to 1945Ma dem on strated par tic i pa tion of both man tle ma te -
ri als and newly-formed com po nents of con ti nen tal crust in
this com plex. The mix ing crust-man tle model best ex plains
the or i gin of the Po Sen Com plex. Ba si cally, the Sn, Pb, Sb,
Zr, Y bear ing rocks are pre vail ing in the Song Chay com -
plex. Zr is 10 times and Y 9–10 higher than Clark in dex.
The Song Chay granitoid com plex is de picted as S-type post 
orogenic gran ite in tec tonic clas si fi ca tion di a gram (Figs
17-4, 17-5). Rocks of the Chieng Khuong com plex have
high alu mi num con tent (A12O3 = 13.8–16.35%). In com -
par i son with Clarke, the rock mak ing mi cro-el e ments (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 ra tios Ba/Sr =2.7; La/Ba =1.03; Nd/Sm
=3.97; La/Sr = 0.08; 87Sr/86Sr =0.669 (after DGMV, 1999).

The gra nitic rocks of the Song Ma and Phia Bioc com -
plexes are sim i lar to the gran ites gen er ated in vol ca nic
arc-re lated tec tonic set ting (Figs 19, 20), while the rocks of
the Dien Bien Phu com plex are mainly of the I-gran ite
(early phases) chang ing to the S-gran ite (late phase) (Fig.
11). Their mag matic mixed na ture orig i nated dur ing their
form ing pro cess re lated to the subduction zone (Tran Trong
Hoa, 1999).They can be cor re lated to syn-col li sion gran ite
type. Par tic u larly, the Song Ma com plex rep re sents vol ca nic 
as sem blage formed dur ing the mag matic Tri as sic in a dy -
namic en vi ron ment of post-col li sion, bear ing char ac ter is tics 
of vol ca nic arc gran ite type (VAG). Based on the geo chem i -
cal char ac ter is tics of trace el e ment group (Fig. 16-1), the
de scribed rocks of the Phia Bioc com plex have clearly
higher con tent of light rare earth el e ments (LREE), com par -
ing with heavy rare earth el e ments (HREE), with out the
neg a tive Eu anom aly. Be sides, they have high con tent of
lithophilous el e ment group (Rb, Ba, Th, K, etc.) and low
con tent of el e ments hav ing sta ble field (Ta, Nb, Zr, Th).
More spe cif i cally, they have an ex treme low con tent of Ti,
Y and Yb, very char ac ter is tic for mag matic association
forming in the convergent margin – post collisional tectonic
setting (Fig. 17-6).

The Muong Hum granitoids are rel a tively rich in Ba
(285–3854 ppm), Rb (110–210 ppm), and rich in Nb
(83–252 ppm), Ta (5.88–21.28 ppm), Zr (668–1384 ppm),
Y (50.95–346.8 ppm), Hf (16.01–41.14 ppm), and very
poor in Sr (19.06–180 ppm); ex cept for the H-906 sam ple.
The K/Rb ra tio is rel a tively low (1653.2–451.9), Rb/Sr
(0.09–9.70), and Rb/Ba (0.07–0.67). They are rich in REE,
es pe cially the LREE, their con tent is 200 to 1000 times
higher than that of chondrite (Sun & McDonough, 1989)
(Fig. 16-3). The (La/Sm)N ra tio is (6.18–44.00) and based
on the REE char ac ter is tics, the Muonghum granitoids cor re -
spond to the A-gran ite and quite ex press the peaks of Eu

200 KHUONG THE HUNG

Fig. 14. FeOt-MgO-Al2O3 di a gram sub di vid ing the NWVN ultra mafic and mafic rocks (ap plied method of Pearce et al., 1977), IO – Is -
land ocean, CO – Con ti nen tal ocean, SCI – Spread ing cen ter-is land, OR – Orogenic ridge, ORF – Ocean ridge-floor



anom a lies (Eu/Eu* =0.14–0.39) (Ta ble 16). Based on char -
ac ter is tics of high in al kali (potassic al kali type), rich in Rb,
Zr, Nb and rare el e ments, Tran Trong Hoa (1995) in ferred
that the Muong Hum granitoids cor re spond to the A-gran ite
rep re sent ing the for ma tion and evo lu tion of the Tu Le De -

pres sion (144–73 Ma). Per haps, it is a prod uct of within-
plate (intraplate) mag matic ac tiv ity, re lated to the col li sion
be tween the Izanagi Plate (proto-Pa cific Ocean) and South
China blocks dur ing Ju ras sic–Cre ta ceous times. The de vel -
op ment of the Red River strike-slip in flu enced the Muong
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Fig. 15. Prim i tive man tle, chondrite-nor mal ized, ocean is land-nor mal ized, and mid-ocean ridge ba salt (ap plied method of Sun &
McDonough, 1989) REE dis tri bu tion pat terns for the NWVN ig ne ous rocks



Hum granitoids, pro duc ing “fish-tec ton ics”, and meta mor -
phism man i fested in the gran ite gneiss es wide spread in the
south east ern Phan Si Pan-Song Hong zone. For the Phu Sa
Phin com plex, based on the (K2O+Na2O)/CaO-(Zr+Nb+
Ce+Y) and Fe*/MgO-(Zr+Nb+Ce+Y) cor re la tions, they

cor re spond to the A-gran ite type. They rep re sent within-
plate (intraplate) magmatism related to intracontinental
spreading (Table 16, Fig. 21).

The subalkaline bi o tite gran ite of the Ye Yen Sun com -
plex in the east, based on the fol low ing char ac ters: rich in
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Fig. 16. Prim i tive man tle, chondrite-nor mal ized, ocean is land-nor mal ized, and mid-ocean ridge ba salt (ap plied method of Sun &
McDonough, 1989) REE dis tri bu tion pat terns for the NWVN ig ne ous rocks



po tas sium, in Rb, Zr, Nb, Ta and rare earth Th, U el e ments,
poor in Sr, Ba, is com pletely close to the subalkaline gran ite 
of the Phu Sa Phin com plex, and bears the char ac ter is tics of
within-plate (intraplate) mag matic ac tiv ity (Ta ble 17, Fig.
21). The leucocratic gran ite in the west of the pass is char ac -
ter ized by its rel a tively high al ka lin ity of the po tas sium-so -
dium type; it is rich in Rb, Sr, Ba and rel a tively poor in Nb,
Ta, Hf, and Zr, bear ing com plex char ac ter is tics of mag matic 
ac tiv i ties of con ti nen tal arc or post-collisional, re lated to the 
compressional move ment caused by the Eur asia-In dia col li -
sion. The Ye Yen Sun com plex needs fur ther de tailed stud -
ies on iso topes in as so ci a tion with iso to pic dating for
clarifying the problem of its exact setting.

The con tent and dis trib u tive char ac ter is tics of REE are
dif fer ent in the stud ied gran ites (Ta ble 17, Figs 16-5, 16-6).
In the east, gran ite is very rich in REE, es pe cially LREE
with the ra tio (La/Yb) N = 8.65–12.88. The west ern gran ite

is rel a tively poorer in REE with strongly chang ing ra tio
(La/Yb) N = 5.38–41.46. The east ern gran ite is char ac ter -
ized by strong neg a tive Eu anom aly (Eu/Eu* = 0.11–0.30),
while the west ern gran ite has pos i tive Eu anom aly or weak
neg a tive Eu anom aly (Eu/Eu* = 0.62–1.30). The ab sence of 
neg a tive Eu anom aly and the rel a tive rich ness in HREE is a
par tic u lar fea ture of the western granite that needs further
studies.

The stud ied rocks of the Nam Xe-Tam Duong com plex
are rich in Rb (59.4–180 ppm), very rich in Ba (35.3–796
ppm), Sr (78.5–2169 ppm), and Y (29–78.4 ppm), but rel a -
tively poor in Zr (73–92 ppm), Nb (7.61–19.3 ppm), and Ta
(0.8–1.48 ppm). The con tent of REE in Nam Xe-Tam
Duong gran ite is rather high, but not reach ing the char ac ter -
is tics of calc-al ka line granitoid se ries. The char ac ter is tics of 
dis tri bu tion of REE and the short age of Nb, Ta, Zr and Hf
(Ta ble 19, Figs 16-7, 16-8) cor re spond to granitoids re lated

 OVER VIEW OF MAGMATISM IN NORTH WESTERN VIETNAM 203

Fig. 17. Prim i tive man tle, chondrite-nor mal ized (ap plied method of Sun & McDonough, 1989) REE dis tri bu tion pat terns (1-3); the cor -
re lated di a grams be tween SiO2 and Al2O3; SiO2 and K2O (4, 5); and discrimination di a gram of granitoids (ap plied method of Maniar &
Piccoli, 1989). IAG – Is land arc granitoids; CAG – Con ti nen tal arc granitoids; CCG – Con ti nen tal col li sion granitoids, POG – Post-
orogenic granitoids; RRG – Rift re lated granitoids; CEUG – Con ti nen tal epeirogenic up lift granitoids, OP – Oce anic plagiogranites



to the post-col li sion tec tonic set ting, be long ing to the
within-plate (intraplate) granite (Figs 19, 20).

Other se ries in cludes syenite and neph el ine syenite of
the Pu Sam Cap com plex, and syeno-diorite and gab bro of
the Coc Pia com plex. Rocks of the Pu Sam Cap com plex are 
char ac ter ized by high and very high al ka lin ity (Na2O+K2O
=12.46–12.47%), and be long to the potassic and ul tra-
potassic se ries (K2O/Na2O>2–4.4). They are rich in Rb
(241.6–265.7 ppm), Sr (2535–3989 ppm), Zr (521.8–559.1
ppm), Y (43.52–47.1 ppm), but rather poor in Nb (32.2–
32.8 ppm), and Ta (1.5 ppm). They are also rich in LREE, as 
well as Th and U (Ta ble 19), and the curve of their dis tri bu -
tion has an un clear Eu min. In gen eral, the char ac ter is tics of
dis tri bu tion of rare el e ments rep re sent oce anic ridge gran ite

and are sim i lar to granitoids of the Nam Xe-Tam Duong
com plex with well man i fested short age of Nb and Ta (Fig.
17-1). As men tioned above, the char ac ter is tics of the Nb-Zr, 
Nb-Y and so on, in di cate that al ka line granitoids of the Pu
Sam Cap com plex (A-gran ite) were formed in the within-
plate (intraplate) (Figs 19, 20) ex ten sion en vi ron ment which 
per haps re lated to the strike-slip Ailao Shan-Red river fault
zone dur ing the Palaeogene. In ad di tion, the rocks of the
Coc Pia com plex (in clud ing all volcanites, intrusives, dykes 
and veins) cor re spond 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 rel a -
tively poor in Nb (12–20 ppm), Ta (0.6–1.4 ppm), and TiO2

(0.5–0.8 ppm) (Ta ble 19). The char ac ter is tics of dis tri bu tion 
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Fig. 18. Chondrite-nor mal ized, ocean is land-nor mal ized, and mid-ocean ridge ba salt (ap plied method of Sun & McDonough, 1989)
REE dis tri bu tion pat terns for the NWVN vol ca nic rocks



of rare el e ments and REE of lamproite and absarokite show
sim i lar i ties of rocks within the Coc Pia com plex (Figs 17-2,
17-3). The geo chem i cal char ac ter is tics in di cate that the
mag matic fluid orig i nated from ma te ri als of man tle base -
ment that are en riched by lithophilous mat ters and other in -
com pat i ble el e ments by lat er metasomatism. How ever, the
ex hausted manifestations of Nb, Ta, and Ti show properties
of a subduction zone dur ing the form ing pro cess of potassic
al ka line and potassic ul tra-al ka line rocks of the Coc Pia
complex. In gen eral, the mafic-potassic al ka line and pota-

ssic ul tra-al ka line rocks of the Coc Pia com plex are prod -
ucts of within-plate (intraplate) ex ten sion (Figs 19, 20) re -
lated to the strike-slip pro cess of the Ailao Shan-Red River
fault zone, which was caused by the col li sion be tween the
In dian and Eurasian blocks (Chung et al., 1997; and
references therein).

The geo chem i cal vol ca nic rocks from the NWVN area
are also dis tin guished into mafic and fel sic se ries (Figs 5, 8). 
Vol ca nic mafic se ries com prise mainly of bas alts of the
Huoi Hao, Vien Nam for ma tions, basanite and fodite of the
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Fig. 19. Nb vs Y bi nary di a gram for the NWVN granitoids (ap plied method of Pearce et al., 1984). ORG – Ocean ridge granitoids;
Syn-COLG – Syn-col li sion granitoids; VAG – Vol ca nic arc granitoids; WPG – Within-plate (intraplate) granitoids

Fig. 20. Rb vs. Y+Nb bi nary di a gram for the NWVN granitoids (ap plied method of Pearce et al., 1984). ORG – Ocean ridge granitoids;
Syn-COLG – Syn-col li sion granitoids; VAG – Vol ca nic arc granitoids; WPG – Within-plate (intraplate) granitoids



Suoi Be For ma tion, which are char ac ter ized by sil ica un der- 
sat u ra tion (SiO2 =36.82–54.29%), low al ka lin ity (Na2O+
K2O =0.38–7.29%), K2O/Na2O ra tio is of ten lower than 1,
ex cept the T931344 sam ple of the Suoi Be for ma tion, and
high in ti ta nium (TiO2 =0.4–3.26%). On the Na2O-K2O-
CaO di a gram of Green and Poldervaart (1958) (Fig. 10),
they be long to the sodic rock type, ex cept a sam ple of the
Suoi Be For ma tion, which is plot ted in the potassic field. On 
the dis crim i na tion di a gram of Jensen and Rickwood (1989)
(Fig. 12), the rocks of Suoi Be For ma tion are mainly high
iron tholeiite (HFT), while the Huoi Hao For ma tion is plot -
ted in high iron tholeiite (HFT) and high mag ne sium
tholeiite (HMT). The Vien Nam bas alts also dis play a wide
range of komatite (PK), komatitic ba salt (BK) to high iron
tholeiite (HFT). More over, on the FeOt-MgO-Al2O3 di a -
gram of Pearce et al. (1977) (Fig. 14), the Huoi Hao bas alts
fall into is land ocean (IO) and ocean ridge-floor (ORF)
type, the Vien Nam For ma tion are mainly is land ocean (IO), 
while the Suoi Be bas alts be long to con ti nen tal ocean (CO).

Par tic u larly, rocks of the Vien Nam For ma tion
are all rel a tively poor in Cu, Ni and Co, but
rather rich in V, lithofile el e ments (Rb, Sr, Zr,
Nb) and LREE (Ta ble 9, Figs 18-1, 18-2).
Based on the char ac ter is tics of dis tri bu tion of
REE and the Zr vs.Y-Zr, the mafic-ultra mafic
volcanites of the Then Sin-Phong Tho band
can be con sid ered as subalkaline as so ci a tion of 
within-plate (intraplate) magmatism (Fig. 21).
More over, the de scribed rocks of the Suoi Be
For ma tion have the con tent of Ti, Mn, Pb-Zn,
Au, V and Co is higher than Clarke (Ta ble 13).
The rocks cor re spond to within-plate (intra-
plate) magma- tism (Fig. 21).

Fi nally, the third se ries, which com prise
the Tu Le, Ngoi Thia, and Pu Tra for ma tions, is 
represented mainly by rhyolites and some tra -
chytes. They are char ac ter ized by high con tents 
of SiO2 (59.55–77.56%), and to tal Na2O+ K2O 
(5.27–11.4%) with po tas sium pre vail ing so -
dium (K2O/Na2O = 0.96–4.84). On the Na2O-
K2O-CaO di a gram of Green and Poldervaart

(1958) (Fig. 10), they be long to the potassic rock type. On
the dis crim i na tion di a gram of Jensen and Rickwood (1989)
(Fig. 12), the Tu Le, Ngoi Thia, and Pu Tra vol ca nic rocks
be long to the rhyolitic tholeiite type (TR). Both of the Tu Le 
and Ngoi Thia for ma tions also dis play ing the char ac ter is tics 
of dis tri bu tion of rare el e ments in rhy o lite from the Binh Lu
area are com pletely sim i lar to those from the Tu Le, and
Tram Tau ar eas and to gran ite (A-gran ite) of the Phu Sa
Phin com plex (Figs 16-4; 18-4, 18-5). They in di cate the
prod ucts of within-plate (in-traplate) magmatism (Ta ble 15,
Figs 19–21) and have iso to pic char ac ter is tics: 143Nd/144Nd
=0.512562; lNd(0) = –1.48 (orig i nal ra tio lNd(T) = 0.6)
(Lan, 2000 and ref er ences therein). In ad di tion, the Pu Tra
vol ca nic rocks are rich in Rb, Ba, Sr, Zr and LREE (Ta ble
18, Fig. 18-6). Due to the lim ited data of analysed sam ples,
we can not iden tify cer tain tec tonic set ting for the Pu Tra
Formation, but both char ac ter is tics of the Nb vs. Y+Nb, and
Zr vs. Zr-Y sug gest that the Pu Tra For ma tion may be re -
lated to the within-plate (intraplate) set ting (Fig. 21).
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Fig. 21. The Zr/Y vs. Zr cor re la tion for the NWVN mag matic rocks (ap plied
method of Pearce & Norry, 1979)

Fig. 22. The R1–R2 discrimination di a gram for granitoids (ap plied method of Bat che lor & Bowden, 1985). R1 = 4Si-11(Na+K)-
(Fe+Ti); R2 = 6Ca+Al



DIS CUS SION

The de tailed mag matic units and their re la tion ship to
tec ton ics are pre sented in Fig. 23.

The mafic and acid rocks of the first group were formed 
in strong ac tive con ti nen tal mar gin of the South China block 
dur ing Pro tero zoic time, cor re spond ing to the ma jor ep i -
sodes of crustal for ma tion in the South China block (Li et
al., 1999). The Jinning ep i sode may rep re sent the col li sion
be tween Yang tze and Cathaysia plates (Tran Ngoc Nam,
2003), the other events may be re lated to the early ef fects of
the man tle plume that ini ti ated the breakup of Rodinia (Li et
al., 1999) or to the ear li est col li sions lead ing to for ma tion of 
Gond wana (Metcalfe, 2006). The core of South China
block, re corded by the Bao Ha, Xom Giau and Po Sen com -
plexes in NWVN, was formed dur ing the Pro tero zoic times. 
The mi cro-con ti nen tal plates, per haps de rived from Gond -
wana land, ex isted dur ing Pa laeo zoic times (Metcalfe, 1996, 
2000; Golonka et al., 2006a,b,c).

Based on the global plate tec ton ics and palaeogeo-
graphic stud ies of South east Asia, Krobicki and Golonka
(2006) showed that South China and Indochina were sep a -
rated by deep-wa ter ba sin with thinned con ti nen tal or may
be oce anic crust in Or do vi cian times. The pres ences of Or -
do vi cian–Si lu rian sed i ments and the up lift and vol ca nic

rocks sup port this pos si bil ity. Ac cord ing to Shouxin and
Yongyi (1991), the south ern part of the SCB is cov ered by
deep wa ter synorogenic clastic de pos its – more than 4000m
of weakly meta mor phosed flysch, sand stones and grap to lit -
ic shales. Sim i lar rocks formed on the mar gins of Indochina
block. They are known as Pa Ham Formation in the North -
ern Viet nam. The deep wa ter Or do vi cian and Si lu rian syn-
orogenic de pos its were re placed by con ti nen tal Early De vo -
nian red beds (Tran Van Tri, ed., 1979). The lower Pa laeo -
zoic greenschists of deep sea or i gin are also un con form ably
cov ered in many lo cal i ties by De vo nian redbeds. This
redbeds were fol low, par tic u larly in Song Ma zone, by
Lower De vo nian Nam Pia Formation com posed mainly of
terrigenous sed i ments and Lower-Mid dle De vo nian Huoi
Nhi Formation com posed of marl, me dium-bed ded to mas -
sive fine-grained lime stone. These for ma tions rep re sent
shal low wa ter sed i ments (Phan Son, ed. et al., 1978). Per -
haps the Late Si lu rian–Early De vo nian was time of the first
ac cre tion of IDB to SCB in the collisional pro cess. The
granitoids of Song Chay com plex are linked to this event.
Plate tec tonic re con struc tions (Metcalfe et al., 1996) in di -
cate the pos si bil ity of con nec tion be tween the Early De vo -
nian de for ma tion and up lift and the rift ing of the South
China block from Gond wana land. This event is per haps
also re lated to the global Cal edo nian orogenic pro cess. The
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Erathem
Era

System
Period

Lithological
complexes

Symbol
Magmatic rocks

Probable tectonic setting
Intrusive Effusive

Cenozoic Palaeogene

Pu Tra 26 x intraplate extension

Coc Pia 25 x intraplate extension

Pu Sam Cap 24 x intraplate extension

Nam Xe-Tam Duong 23 x intraplate extension

West Ye Yen Sun 22 x intraplate extension

Mesozoic

Cretaceous

East Ye Yen Sun 21 x intraplate magmatism

Phu Sa Phin 20 x intraplate magmatism

Muong Hum 19 x intraplate magmatism

Ngoi Thia 18 x intraplate magmatism

Tu Le 17 x intraplate magmatism

Nam Chien 16 x intraplate magmatism

Suoi Be 15 x intraplate magmatism

Permian–
Triassic

Phia Bioc 14 x post-orogenies

Song Ma 13 x post-orogenies

Dien Bien Phu 12 x syn-collision related to the subduction zone

Palaeozoic

Ban Xang 11 x oceanic island basalt (OIB)

Vien Nam 10 x intraplate extension

Cam Thuy 9 x intraplate extension

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

Proterozoic

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

Fig. 23. The mag matic rocks and their re la tion ship to the tec tonic set ting of NWVN area



De vo nian shal low-wa ter sed i men tary rocks were fol lowed
by Car bon if er ous–Perm ian se quences, rep re sented by the
lime stone of Car bon if er ous–Perm ian Bac Son, clay shale of
Lower-Mid dle Perm ian Si Phay, and the lime stone of Mid -
dle Perm ian Na Vang for ma tions (Phan Son, ed. et al.,
1978). The new oce anic ba sin opened be tween ICB and
SCP plates dur ing Late Perm ian times, re corded by
ophiolite belt, which con sists of the Nui Nua, Bo Xinh,
Chieng Khuong com plexes, Huoi Hao For ma tion and per -
haps ultra mafic Ban Xang com plex. Its or i gin is re lated to
the closure of the Palaeo-tethys Ocean between Sibumasu
and ICB by subduction below Indochina (Golonka et al.,
2006a).

The dis cov ery of the Hon Vang ser pen tin ite body
within the ICB and SCB (lo cated out side the in ves ti gated
area) pro vided ad di tional in for ma tion about ophiolite belt in 
this area (Nguyen Minh Trung et al., 2006, 2007). The ages
of these ophiolites are still some what un cer tain. Prob a bly,
their crys tal li za tion and ac cre tion pro cess was com pleted by 
Late Permian times.

The wide spread vol ca nic erup tion took place in the
Song Da zone dur ing Perm ian times. This event is re lated to
the or i gin of the Cam Thuy and Vien Nam for ma tions. The
cause of this event is still sub ject of hot de bate. Some ge ol o -
gists ar gued that Cam Thuy and Vien Nam for ma tions were
per haps re lated to the plate re or ga ni za tion and man tle
plume ac tiv ity, known in China and Indochina as Emeishan
plumes and re lated to Si be rian ba saltic traps (Hanski et al.,
2004; Tran Trong Hoa et al., 2008b; Krobicki & Golonka,
2008 and ref er ences therein). They were formed in within-
plate (intraplate) set ting, re lated to back-arcs spread ing
(Lepvrier et al., 1997, 2004; Golonka et al., 2006a,c) or
Songda rift of Tran Van Tri (ed., 1979). The pre ferred geo-
dy namic re con struc tion as sumes that this magmatism was
formed dur ing the con ver gence of the Sibumasu and the
newly formed Indochina-South China block. The oce anic
crust was subducted south ward un der ICB (Tran Trong Hoa 
et al., 2008a). This subduction led to the or i gin of Late Per-
mian–Tri as sic magmatic events and Song Da volcanism.

Rem nants of oce anic litho sphere were accreted into the
north ern edge of the IDB and ap peared in the Song Ma fault
zone and Sam Nua zone (Golonka et al., 2006a; Nguyen
Minh Trung et al., 2007 and ref er ences therein). The Indo-
sinian orog eny of Fromaget (1937, 1941) rep re sents the fi -
nal stage of this clo sure. The orog eny was re corded by mag -
matic, meta mor phic and de for ma tion events in Truong Son,
Sam Nua, Nam Co, and Song Ma struc tural zones (Hutchi-
son, 1989; Tran Ngoc Nam ,1998; Lepvrier et al., 1997,
2004, 2008; Lan et al., 2000). The folded Tri as sic and older
rocks were uncoformably cov ered by Up per Tri as sic coal
bear ing molasse beds of the Suoi Bang For ma tion. The
granitoids of the Dien Bien Phu, Song Ma and Phia Bioc
com plexes are re lated to Indosinian orog eny. The granitoids 
of Dien Bien Phu com plex were formed in syn-collisional,
while the granitoids of the Song Ma and Phia Bioc com -
plexes in post-collisional tectonic setting.

Dur ing the Ju ras sic times, the strong vol cano-plutonic
ac tiv i ties, known as an Yanshanian tec tonic cy cle, re lated to 
the col li sion be tween the Izanagi Plate (proto-Pa cific
Ocean) and South China blocks, ap peared in the south east -

ern China (Metcalfe, 1996a.b; Golonka, 2007). This event
was not re stricted to the south east ern China but was also re -
corded in many ar eas of Viet nam in clud ing the NWVN. The 
Ju ras sic–Cre ta ceous intraplate magmatism, which in cludes
ba salt of the Suoi Be Formation, gab bro from Nam Chien,
rhyolitic Tu Le, Ngoi Thia subcomplexes and granosyenite
and gran ite of the Muong Hum, Phu Sa Phin, East Ye Yen
Sun com plexes pro vides ev i dence of the Yanshanian tec -
tonic cy cle ac tiv ity in the NWVN. How ever, based on the
sim i lar ity of lack of de ple tion in the high field strength el e -
ments (Nb, Ta and Ti), it is pos si ble to spec u late that the
Late Perm ian–Early Tri as sic Song Da bas alts may serve as
the source ma te rial for Ju ras sic to Cre ta ceous A-type gra -
nitic rocks of the Phu Sa Phin complex as well as rhyolites
of Tu Le and Ngoi Thia subcomplexes.

Dur ing Palaeogene times, the ex tru sion, transpression,
transtension and ex ten sion re lated pro cesses, which re sulted 
from the In dia-Asia col li sion (Hi ma la yan tec tonic cy cle),
pro duced high-potassic rocks in the north west ern Yunnan
and north ern Viet nam (Leloup, 1995; Lan et al., 1999,
2001; Golonka et al., 2006a). The re lated tec tonic activity
formed the leucocratic gran ite, rhy o lite and calc-al ka line
intraplate rocks of the West Ye Yen Sun com plex, Pu Tra
Formation, Nam Xe-Tam Duong, Pu Sam Cap, and Coc Pia
com plexes. Fol low ing the Hi ma la yan cy cle activity, the
transtension tec ton ics ac com pa ny ing the man tle plumes
moved from the South China Sea south west ward to ICB
con ti nent (Nguyen Hoang & Mar tin, 1996). This move ment 
led to the for ma tion of intraplate vol ca nism of the “pull-
apart” type, with the as sem blage of ba saltic effusives in
Viet nam’s ter ri tory in clud ing the Late Neo gene ba salt in
Dien Bien Phu ba sin of the NWVN (Koszowska et al.,
2004).

CON CLU SIONS

The sug gested model for the tec tonic evo lu tion of the
NWVN is shown in Fig. 24. Six groups of mag matic rocks
are re lated to the tec tonic events. The first, Pro tero zoic
group cor re sponds to the ma jor ep i sodes of crustal for ma -
tion in the South China block, or is linked with the for ma -
tion of Gond wana. The tec tonic en vi ron ment of the North -
western Viet nam changed from a subduction-re lated mag-
matism (orogenic) to a ma tured con ti nen tal intraplate mag-
matism (anorogenic) in the time span be tween the Pa laeo -
zoic–Early Triassic and Cretaceous.

The sec ond group com prises the De vo nian Song Chay
granitoids, co eval with the Pa laeo zoic orogenic event. The
third group con tains Perm ian mag matic rocks – ophiolites
of the Nui Nua, Bo Xinh, and Chieng Khuong com plexes,
ultramafic Ban Xang com plex and Huoi Hao Formation as
well as extrusives of Cam Thuy, and Vien Nam for ma tions
formed in intraplate set ting, re lated to back-arc spreading.

The fourth group is re lated to the the Tri as sic Indosi-
nian orog eny and in cludes granitoids of the Dien Bien Phu,
Song Ma and Phia Bioc com plexes. The granitoids of Dien
Bien Phu com plex were formed in syn-collisional, while the 
granitoids of the Song Ma and Phia Bioc com plexes in
post-collisional tec tonic set ting.
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Fig. 24. Plate tec tonic evo lu tion of the NWVN area



The fifth group com prises the mafic ef fu sives of Suoi
Be For ma tion, gabbroic Nam Chien com plex, acidic volca-
nics from the Tu Le and Ngoi Thia com plexes, granosyenite 
and gran ite from Phu Sa Phin and Muong Hum com plexes,
and biotitic gran ite of the East Ye Yen Sun com plex. They
were formed dur ing Ju ras sic–Cre ta ceous plate magmatism,
linked to the Yanshanian tec tonic cy cle, re lated to the col li -
sion be tween Izanagi Plate (proto-Pa cific Ocean) and South
China.

The last group com prises the West Ye Yen Sun leuco-
cratic gran ite, subalkaline to al ka line Nam Xe-Tam Duong
granites, syenite and granosyenite from Pu Sam Cap, mafic- 
potassic al ka line Coc Pia com plexes and rhy o lite from the
Pu Tra For ma tion. These rocks were formed dur ing Ce no -
zoic times, as an ef fect of strike-slip fault ing re lated to the
col li sion of In dia and Eurasia plates.
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Ta ble 1

Rep re sen ta tive chem i cal and trace el e ment com po si tion of gabbroids of the Bao Ha com plex
(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

Ta ble 2

Rep re sen ta tive chem i cal and trace el e ment com po si tion of microcline-rich bi o tite gran ite of the Xom Giau com plex
(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
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Ap pen dix

Ta ble 3

Rep re sen ta tive chem i cal and trace el e ment com po si tion of granitoids of the Po Sen com plex (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
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Ta ble 3 con tin ued

Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

Rb Sr Nb Zr Y Th U Ta Hf

RR28A 67 548 11.1 196 19 5.7 1.3 0.77 6.6

RR28B 75 433 9.4 163 15 6.7 1.7 0.76 5.8

RR29 84 429 9.8 169 16 6.0 2.4 0.70 6.0

La Ce Nd Sm Eu Tb Yb Lu

RR28A 54.1 102.2 54.3 6.20 1.23 0.87 2.26 0.25

RR28B 37.8 76.4 28.6 5.36 1.07 0.67 1.70 0.28

RR29 36.5 73.2 47.3 5.00 1.08 0.68 0.70 0.28

Ta ble 4

Rep re sen ta tive chem i cal com po si tion of granitoids of the Song Chay com plex
(data from Tran Duc Luong & Nguyen Xuan Bao, 1995)

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

SiO2 64.76 67.78 67.92 68.68 68.8 68.8 68.98 69.19

TiO2 0.43 0.39 0.39 0.25 0.35 0.4 0.14 0.41

Al2O3 14.45 16.43 16.94 16.47 16.94 15.68 16.65 16.67

Fe2O3 1.91 1.08 0.8 1.14 0.8 1.32 0.78 0.17

FeO 4.09 2.12 2.2 1.29 2.2 2.2 0.96 3.05

FeOt 6 3.2 3 2.43 3 3.52 1.74 3.22

MnO 0.13 0.07 0.11 0.06 0.11 0.06 0.05 0.04

MgO 1.01 0.71 0.75 0.68 0.75 0.78 0.36 0.8

CaO 3.23 1.04 1.2 0.5 1.2 1.29 0.45 1.45

Na2O 3.7 3.15 1.89 3.185 1.89 3.04 4.37 1.81

K2O 4.61 5 6.11 4.91 6.11 3.48 5 5.55

P2O5 0.15 0.31 0.06 0.22 0.06 0.18 0.33 0.02

NT2265 72/3 H4658/2 H4341 H4662/3 41M H4337/5 2268

SiO2 70.49 70.84 71.92 72.02 72.38 73.3 73.4 73.45

TiO2 0.25 0.57 0.02 0.21 0.04 0.46 0.29 0.25

Al2O3 10.19 13.77 13.39 14.68 13.28 13.89 13.3 10.83

Fe2O3 2.41 1 0.63 0.54 4.83 1.22 1.13 2.4

FeO 1.66 2.9 0.79 1.05 0.44 1.71 1.36 0.5

FeOt 4.07 3.9 1.42 1.59 5.27 2.93 2.49 2.9

MnO 0.18 0.07 0.29 0.03 0.14 0.16 0.05 0.05

MgO 2.42 0.89 0.5 0.46 1.37 1.33 0.81 0.2

CaO 3.32 1.09 2.48 0.28 1.19 1.01 0.71 3.64

Na2O 3.1 2.46 3.58 3.65 2.76 2.16 3.13 4.65

K2O 4.15 4.06 5.58 4.78 3.4 3.64 4.49 1.9

P2O5 0.39 0.21 - 0.17 - - 0.2 0.28

NT2150 H4339/1 H4345 NT.HG4 H4347 73/4a 73/5 H4663

SiO2 73.47 73.72 73.8 74.19 74.26 74.37 74.54 75.32

TiO2 0.01 0.12 0.37 0.08 - 0.16 0.06 0.02

Al2O3 12.86 13.7 12.66 13.3 13.49 14.14 13.88 13.32

Fe2O3 2.24 0.55 1.46 1.23 0.53 0.89 0.79 2.86

FeO 0.07 0.69 1.55 0.12 0.88 0.69 0.83 0.46

FeOt 2.31 1.24 3.01 1.35 1.41 1.58 1.62 3.32

MnO 0.01 - 0.05 0.09 0.03 0.05 0.03 0.11

MgO 0.5 0.05 0.77 0.29 0.51 0.46 0.18 1.23

CaO 1.54 0.35 - 1.05 0.14 0.2 0.4 0.2

Na2O 3.4 3.57 2.33 4 2.5 2.89 4 2.15

K2O 3.92 4.26 4.26 3.93 5.2 4.82 3.75 3.67

P2O5 0.54 0.22 0.19 0.3 0.13 0.17 0.27 -
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Ta ble 5

Rep re sen ta tive chem i cal com po si tion of the ultra mafic Nui Nua com plex
(data from Phan Son et al., 2005-in the Son La sheet group at 1:200,000 scale)

Sample S.7270/1 S.7268/1 S.5071 SL.6052 SL.5069/1 S.9101 SL.5124/3 SL.5203 SL.74/2 S.2511/2 SL.4007/3 SL.1806/5

SiO2 36.080 38.230 38.360 39.080 39.140 39.740 39.820 39.960 40.260 40.680 42.960 46.360

TiO2 0.070 0.040 0.000 0.000 0.000 0.110 0.000 0.000 0.000 0.060 0.000 0.000

Al2O3 2.020 1.270 1.630 2.040 1.430 1.570 1.630 1.850 1.730 2.120 0.930 0.210

Fe2O3 10.180 5.980 6.980 5.280 5.580 6.780 4.960 5.590 4.380 7.290 4.100 3.230

FeO 0.000 0.000 2.730 1.720 1.870 1.570 1.290 1.220 3.020 5.180 3.020 3.380

MnO 0.000 0.000 0.110 0.120 0.150 0.090 0.110 0.130 0.050 0.070 0.110 0.090

MgO 38.800 36.660 36.740 37.830 37.920 36.780 37.920 35.820 37.210 36.350 34.890 34.390

CaO 2.240 2.860 0.000 0.000 0.000 0.000 0.000 0.280 0.140 0.630 0.840 0.280

Na2O 1.830 1.100 0.110 0.130 0.130 0.990 0.130 0.900 0.000 0.180 0.150 0.370

K2O 0.050 0.050 0.130 0.130 0.130 0.160 0.130 0.250 0.000 0.160 0.080 0.000

P2O5 0.110 0.060 0.040 0.030 0.050 0.120 0.050 0.160 0.080 0.040 0.130 0.040

MKN 8.400 13.200 12.280 12.520 12.440 11.470 12.730 13.150 12.260 5.120 11.443 9.730

Ta ble 6

Rep re sen ta tive chem i cal com po si tion of the gabbroic Bo Xinh com plex
(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 SL.4008/5 SL.1802 SL.4012/1 S.1632/1 S.8515/1 S.7214

SiO2 41.4 47.08 48.18 48.6 48.6 48.78 48.94 51.48 52.72 54.68 55.06 55.14

TiO2 2.1 1.2 0.9 1.1 1.72 1.6 0.8 1.1 1 1.1 1.68 1.9

Al2O3 16.69 14.88 14.36 16.81 14.7 12.57 17.92 15.16 15.22 13.98 14.48 12.84

Fe2O3t 3.7 3.3 2.06 2.94 15.36 2.45 3.18 2.45 2.34 2.49 2.62 2.43

FeO 10.96 6.75 5.82 5.23 0 8.8 4.28 8.23 7.9 10.85 9.14 12.03

MnO 0.24 0.2 0.15 0.15 0 0.2 0.15 0.21 0.2 0.29 0.11 0.17

MgO 10.33 12.23 6.78 7.82 4.8 8.62 6.82 6.12 5.82 2.41 2.94 2.78

CaO 7.67 8.37 11.1 9.49 10.22 8.93 12 9.77 8.93 5.95 6.73 6.14

Na2O 1.56 1.77 3.44 2.29 2.6 2.84 2.19 2.31 2.31 3.16 3.74 2.27

K2O 0.17 0.17 0 0.09 0.52 0.8 0 0.58 0.75 1 0.97 1.8

P2O5 0.27 0.13 0.27 0.11 0.27 0.2 0.13 0.27 0.17 0.83 0.16 0.35

MKN 0.48 2.72 2.69 2.69 0.43 3.74 2.24 1.55 1.64 1.52 1.02 0

Ta ble 7

Rep re sen ta tive chem i cal com po si tion of plagiogranite of the Chieng Khuong com plex
(data from Phan Son et al., 2005-in the Son La sheet group at 1:200,000 scale)

Sample SL24 SL6121 SL1805/4 SL1805 SL6122 SL2511/2 SL2511/1 SL6106/1 S540/5

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
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Ta ble 7 con tin ued

Sample S7251 S3321 S540 SL1806c SL1806A S4219 S1481/1 SL1806B

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

Ta ble 8

Rep re sen ta tive chem i cal com po si tion of metabasalts of the Huoi Hao For ma tion
(data from Phan Son et al., 2005-in the Son La sheet group at 1:200,000 scale)

Sample SL.4007/4 SL.90KT SL.88KT/2 SL.1585 SL.5194 SL.6058 SL.94KT SL.88KT/3 SL.6062/1 SL.4007/1

SiO2 43.86 46.94 47.03 47.24 48.64 49.76 49.88 49.94 51.84 53.72

TiO2 1 1.8 1.7 2.6 1.4 2.1 2.2 0.9 1.3 0.4

Al2O3 16.45 13.89 13.34 13.23 14.97 12.32 12.3 16.52 14.06 12.72

Fe2O3 0.94 5.12 3.3 3.51 3.87 1.98 4.18 2.13 2.67 0.43

FeO 8.15 7.62 8.24 9.23 5.9 12.29 10 6.91 8.3 4.63

MnO 0.2 0.21 0.18 0.18 0.18 0.29 0.21 0.13 0.25 0.12

MgO 7.82 7.58 7.58 6.72 9.38 6.42 6.29 9.18 5.93 9.43

CaO 6.14 11.1 10.55 9.07 11.38 7.83 9.58 5 8.79 5.3

Na2O 2.05 1.72 2.19 2.84 1.88 2.25 1.41 1.72 2.25 2.41

K2O 0.5 0.13 0.19 0.67 0.23 0.25 0.13 0.13 1 0.17

P2O5 0.27 0.27 0.27 0.17 0.2 0.24 0.36 0.29 0.11 0.24

MKN 11 2.08 2.87 2.81 0.48 2.43 0.92 5.31 1.56 8.97

Ta ble 9

Rep re sen ta tive chem i cal com po si tion of picrite (P.18), picrobasalt (H.639), ba salt (H.615); andesitobasalt (T1500),
basaltolivine (T1648) of the Cam Thuy and Vien Nam for ma tions. (H – Sam ple from the In sti tute of Geosciences

(ASTVN); P, T – Sam ple 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
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Ta ble 9 continued

Sample 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

Ta ble 10

Rep re sen ta tive chem i cal com po si tion of the ultra mafic Ban Xang com plex
(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 VY6522

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

VY9536/2 VY968/1 VY9505/1 VY4156/2 VY4156/d VY9515/1 VY904 VY4154

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

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

Ta ble 11a

Rep re sen ta tive chem i cal com po si tion of granitoids of the Dien Bien Phu com plex
(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 M.1506 M.6128

SiO2 48.54 48.74 50.3 50.58 50.58 51.64 57.08 57.26 58.03 58.74 58.82 61.5

TiO2 2.1 0.2 1.3 1.9 1.08 1.33 0.6 1.4 0.76 0.7 0.97 0.4

Al2O3 14.75 14.77 14.87 15.59 15.04 17.09 16.47 16.69 17.5 16.4 16.68 17.43

Fe2O3 2.29 3.95 1.92 7.62 3.55 3.65 3.31 2.48 3.45 2.87 3.66 1.71

FeO 8.66 9.27 6.03 3.5 9.38 6.2 4.49 7.61 3.65 4.35 3.6 3.88

MnO 0.24 0.27 0.15 0.25 0.24 0.13 0.16 0.13 0.1 0.17 0.1 0.12

MgO 5.91 5.84 5.95 4.43 4.11 1.56 3.33 5.11 0.82 3.33 0.89 1.7

CaO 7.25 6.17 6.87 6.17 5.86 13.14 5.47 4.32 8.84 4.63 9.43 16

Na2O 3.06 3.75 3.57 3.59 3.47 2.75 3.21 4.75 2.3 3.04 2.16 3.06

K2O 2.34 0.87 1.25 1.53 0.47 1.26 1 0.42 1.2 1.87 1.43 1.71

P2O5 0.4 0.55 0.31 0.58 0.4 0.26 0.29 0.31 0.24 0.29 0.2 0.16
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Ta ble 11a continued

Sample M.6142 M.6135/1 M.6121 M.6117 M.5 M.6129 M.6158 M.6144/1 TD.68 M.6138 M.68 M.1038

SiO2 61.58 61.98 62.02 62.02 63.02 62.26 63.54 63.82 64.14 64.86 66.34 66.78

TiO2 0.4 0.4 0.3 0.3 0 0.2 0.4 0.2 0.5 0.3 1.3 0.4

Al2O3 16.33 15.51 16.6 16.55 14.8 16.96 15.51 15.42 15.46 15.62 13.31 15.34

Fe2O3 2.03 2.35 1.71 1.32 2.23 1.3 2.02 1.32 1.93 1.72 2.16 1.01

FeO 3.73 3.44 2.66 3.66 3.8 3.66 2.87 2.66 1.94 3.95 3.06 3.09

MnO 0.13 0.13 0.15 0.18 0.15 0.17 0.16 0.12 0.07 0.12 0.09 0.08

MgO 2.19 2.1 1.3 2.51 1.68 1.6 2.19 1.5 0.69 1.91 1.91 1.6

CaO 4.44 3.89 5.83 1.95 4.42 5.27 1.94 6.66 1.52 4.46 0.42 3.35

Na2O 3.21 3.21 3.25 3.5 3.75 3.06 3.21 2.5 4.14 3.19 2.81 3.33

K2O 1.72 2.5 1.25 2.97 2.5 1.05 4.17 0.91 5.5 1.93 3.75 2.32

P2O5 0.16 0.16 0.16 0.16 0.17 0.2 0.11 0.11 0.16 0.16 0.45 0.17

Ta ble 11b

Rep re sen ta tive trace el e ment com po si tion of granitoids of the Dien Bien Phu com plex
(data from Tran Dang Tuyet et al., 2005 – in the Khi Su-Muong Te sheet 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 MT.32/2 MT.50 MT.49 MT.305

Dien Bien 1 Dien Bien 2 Dien Bien 3

La 18 39.9 44.8 26 34.8 12 8.6 17.9 45.8 37 47.5 18.5

Ce 48.9 93.4 41.9 66.7 82.7 33 22 32 88.4 78.6 89.6 42.7

Nd 19.5 25.5 18.3 33.9 46.5 17.9 14 22.6 29 8.48 46.5 22.6

Sm 6.04 12.6 8.2 6.7 9.7 4 3.5 6 5.01 6 6.9 5.9

Eu 1.66 1.3 1.02 1.8 1.8 1.1 1 1.1 1.2 1.03 0.94 1

Gd  -  -  - 8.2 8.2 4.6 4.4 6.4 5.9 6.99 7.7 5.2

Tb 0.94 1.43 0.47 1.2 1.1 0.7 0.76 0.97 2.8 1 0.95 0.8

Dy  -  -  - 8 6.8 4.6 5 6.66 5.2 7.4 6.5 5.6

Ho  -  -  - 1.08 1.2 0.94 1 1.4 1.1 1.54 1.4 1.2

Er  -  -  - 5 3.6 2.7 2.9 4.21 3.19 4.64 4.2 3.6

Tm  -  -  -  -  -  -  -  -  -  -  -  -

Yb 3.49 6 3.6 4 3.4 2.2 2.5 3.9 2.9 4.2 2.74 3.5

Lu 0.15 0.22 0.16 0.5 0.58 0.37 0.33 0.51 0.3 0.45 0.47 0.5

Y 29.9 57.1 34.9 36 32 19 25.9 33.7 27 38 32 30.2

Nb 70 50.3 49.3 12 14 14.9 12.5 7 11 14.7 14 15

Ga  -  -  - 26.9 14.8 7 7.8 12.9 13.7 26 15 7.6

Zr  -  -  - 221 300 98 200 135 223 289 320 176

Sr 343 188 78.1 177 267 76.7 157 121 231 165 167 111

Th 5.53 6.34 7.58 5.4 14.5 2.1 2 1.9 16 18.2 20.7 3.9

Cr 18.6 65.7 53 64.5 16.4 328 35 325 66.9 4.8 656 226

U 0.44 0.75 1.5 0.4 4.4 0.2 0.5 0.3 2.2 3.9 3.6 0.2

Rb 8.02 24.9 16.4 30.8 66.6 48 49.3 80 68.7 129 80 51.8

Ba 139 135 271 511 984 121 520 353 1347 563 667 312

Hf 4.06 7.82 2.91 5.8 8.1 2.2 4.8 3 5.6 7.1 8.6 4

Zn 190 102 71.2 728 306 86 88.5 137 166 430.1 149 80

Ta 0.57 1.54 0.8 0.99 1.5 0.3 0.5 0.1 0.3 2 1.2 0.4

Sb 2.14 1.36 0.24 3.1 1 0.1 0.7 0.4 1.5 92.6 0.8 1.2
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Ta ble 11b con tin ued

Sample MT.7085/1 N.7112 MT.304/1 N.7111 MT.7122 MT.7109/1MT.7109/2MT.7082/3 N.7119/2 N.7119/1 MT.7082/2 N.7075

Dien Bien 3

La 104 30.3 29.8 45.8 31.6 44.17 54.8 41.5 14.8 20.1 37.2 26.9

Ce 92.9 46.7 51.2 64.3 92.3 53 146.8 34.7 44.2 17.3 27.5 38.3

Nd 16.2 11.7 19.1 13.3 18.1 22.38 22.9 7.49 4.52 4.82 9.96 7.7

Sm 9.93 5.18 3.1 9.17 3.43 4.88 6.05 4.12 2.61 2.86 4.83 6.79

Eu 0.63 0.55 0.5 1.93 1.45 0.51 1.22 0.5 0.96 0.43 0.34 1.21

Gd  -  - 2.8  -  - 3.95  -  -  -  -  -  -

Tb 0.55 0.26 0.5 0.94 0.35 0.64 0.77 0.31 0.35 0.23 0.24 0.98

Dy  -  - 3.5  -  - 3.56  -  -  -  -  -  -

Ho  -  - 0.75  -  - 0.63  -  -  -  -  -  -

Er  -  - 2.08  -  - 2.47  -  -  -  -  -  -

Tm  -  -  -  -  - 0.43  -  -  -  -  -  -

Yb 3.12 1.94 1.8 6.23 1.8 1.84 3.31 1.77 2.14 1.4 1.8 3.4

Lu 0.39 0.57 0.28 0.75 0.51 0.29 0.49 0.32 0.08 0.27 0.59 0.37

Y 32.4 21 15.7 55.7 14.2 14.17 30.7 19.7 20.5 16.3 20.9 31.6

Nb 12.1 27.5 7.9 35.5 21.3  - 12.3 2.12 17.2 37.2 15.2 46.9

Ga  -  - 6  -  -  -  -  -  -  -  -  -

Zr  -  - 135  -  -  -  -  -  -  -  -  -

Sr 207 142 176 139 168  - 69 176 189 209 150 131

Th 8.76 7.65 15.6 10.3 5.22  - 3.14 7.88 10.9 4.01 4.86 1.89

Cr 9.99 13.1 3.8 15.2 26.5  - 11.8 5.94 9.94 3.33 4.8 14

U 1.97 1.15 3.3 1.63 1.2  - 0.66 1.73 2.36 0.63 1.34 0.74

Rb 51 96.5 72.2 90.4 116  - 113 22.4 64.2 8.15 50.6 144

Ba 249 254 800 892 500  - 579 128 307 73.5 193 738

Hf 7.63 3.3 3.4 6.39 5.22  - 6.13 2.73 3.56 2.21 1.7 4.37

Zn 29.9 20.1 58.5 44 58  - 48.6 23.5 83.1 11.4 13.5 62

Ta 0.5 1.27 0.53 2.15 2.35  - 0.99 0.37 0.65 0.32 0.54 1.27

Sb 0.58 1.02 0.4 0.98 1.56  - 0.91 0.02 1.37 0.3 1.08 0.63
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Ta ble 12

Rep re sen ta tive chem i cal and trace el e ment com po si tion of granitoids of the Song Ma com plex
(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

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
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Ta ble 13

Rep re sen ta tive chem i cal and trace el e ment com po si tion of granitoids of the Phia Bioc com plex and Suoi Be For ma tion
(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

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  -  -  -
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Ta ble 14

Rep re sen ta tive chem i cal and trace el e ment com po si tion of gab bros of the Nam Chien com plex
(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  -  -

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

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 -  -
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Ta ble 15

Rep re sen ta tive chem i cal and trace el e ment com po si tion of rhy o lite of the Tu Le and Ngoi Thia subvolcanic com plex
(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

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

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

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
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Ta ble 16

Rep re sen ta tive chem i cal and trace el e ment com po si tion of granitoids of the Muong Hum and Phu Sa Phin com plexes
(data from Tran Trong Hoa et al., 2004)

Sample
H-902 H-903 H-906 H10/92 H12/92 H17/92 SH-1317 SH-1318 SH-1319 SH-1320 H178 H182 V188 T962

Muong Hum Phu Sa Phin

Analysis by XRF method

SiO2 71.52 71.07 73.37 75.21 76.14 73.67 71.51 75.54 75.35 72.91 62.87 72.9 74.5 77.23

TiO2 0.33 0.3 0.27 0.29 0.39 0.26 0.35 0.25 0.24 0.28 1 0.33 0.34 0.22

Al2O3 11.66 11.06 12.3 10.74 12.35 10.72 13.65 11.97 11.96 12.46 16.06 12.77 11.88 11.02

Fe2O3 3.15 4.18 2.85 3.4 4.04 3.05 3.64 3.39 2.56 3.09 2.36 1.19 0.97 1.22

FeO  -  -  -  -  -  -  -  -  -  - 2.82 2.32 1.78 1.07

MnO 0.05 0.05 0.08 0.03 0.13 0.07 0.12 0.07 0.03 0.05 0.19 0.08 0.12 0.05

MgO 0.06 0.19 0.18 0.15 0.04 0.05 0 0 0 0 0.93 0.45 0.13 0.24

CaO 0.38 0.91 0.5 0.18 0.52 0.36 0.59 0.39 0.29 0.22 2.03 1.11 0.07 0.36

Na2O 2.65 3.67 4.39 3.05 4.59 4.29 4.3 4.29 3.89 1.85 5.21 3.65 2.63 2.63

K2O 7.34 5.45 4.83 6.01 4.81 4.84 5.63 4.38 4.95 8.37 4.97 4.21 6.27 4.12

P2O5 0.03 0.02 0.01 0.02 0.03 0.02 0.03 0.01 0.01 0.03 0.27 0.02 0.01 0

LOI  -  -  - 0.13 0.07 0.34  -  -  -  - 1.13 1.58 1.66 1.24

Total 97.14 96.88 98.79 99.21 103.11 97.67 99.82 100.29 99.27 99.27 99.84 100.61 100.36 99.4

Analysis by ICP-MS method

Ba 1880 3854 450.9 285.6 1325 420.4 409.4 327.2 1127 1940 1245 277 91 69

Rb 205.1 194.4 29.32 110.4 158.6 187.5 115.4 220.1 184.8 210.4 98 108 202 209

Sr 171 180 309.5 76.97 85.3 70.34 22.34 25.33 19.06 121.9 196 26 7 13

Cs 1.29 0.63 1.16 0.51 0.36 1.09 0.49 0.73 0.74 0.65 - - - -

Ta 21.28 9.78 0.86 12.08 14.96 14.14 5.58 15.64 9.13 9.37 2.93 7.58 12.1 10.5

Nb 252.6 125.8 17.08 154.2 169.6 168.3 83.44 185.3 124.9 91.41 47.3 106.2 133.6 116.9

Hf 41.16 22.91 5.49 29.87 30.16 30.24 16.01 35.93 19.96 20.69 8.42 24.9 31.5 27.8

Zr 1384 874.3 187.3 1008 911.4 890.5 668.9 1167 759 734.3 320 877 1187 1002

Y 346.8 72.18 24.42 108.9 108.4 117.6 58.15 172 93.14 50.95 42 100 124 101

Th 60.57 24.6 18.73 30.35 29.19 32.02 17.61 31.49 27.57 13.81 7 24.6 38.3 23.4

U 10.8 6.91 11.41 5.74 8.98 6.83 3.05 7.71 5.95 3.26 2.8 4.3 7.7 5.8

Cr 0.87 1.68 6.26 2.18 4.18 1.2  - 1.65  - 1.1 7 23 4 8

Ni 0.76  4.26 0.59 0.27  -  - 1.08  -  - 3 4 4 4

Co 1.99 2.06 6.84 1.46 3.19 2.1  - 0.24  - 0.51 5 <1 1 4

Sc 14.49 4.91 12.7 22.36 7.62 12.55 11.89 20.46 10.33 20.64 8 0 0 3.41

V 9.11  11.38 3.05 8.82 9.03  - 2.24  10.86 33 <2 6 5

Cu 15.65 10.61 365 4.91 4.65 6 0.88 7.93 4.97 14.86 5 2 16 1

Pb 38.32 22.95 4.01 6.54 5.73 19.76 6.33 20.08 25.73 39.76 9 - -  

Zn 267.5 218.4 18.15 195 47.32 152.6 112.4 250.9 188.6 89.1 164 54 295 42

La 503.6 205.1 127.6 239.9 212.3 126.3 113.6 121.7 111.4 234.2 62.4 120.7 166.7 88.7

Ce 891.9 374.5 226.2 361.4 364.8 262 220.4 258.6 209.5 366.2 128.7 248.9 327.8 190.6

Pr 98.31 42.51 20.83 49.2 40.13 28.85 26.38 28.06 26.42 39.43 - - - -

Nd 379.3 141.8 71.07 178.7 147.1 108 92.07 111.1 94.06 124.1 78.7 134.9 160.6 121.8

Sm 64.03 20.7 10.03 28.83 24.63 21.41 15.26 23.72 17.83 16.51 10.6 20.4 21.4 16.9

Eu 4.35 2.25 1.46 1.27 1.9 1.01 1.18 1.15 1 1.96 2.95 2.07 1.2 0.76

Gd 55.91 16.84 7.64 23.47 20.98 18.4 12.11 20.61 15.08 13.78 - - - -

Tb 8.9 2.39 0.97 3.55 3.27 3.29 1.82 3.99 2.62 1.85 1.2 2.78 3.6 2.44

Dy 50.41 12.6 4.83 20.05 18.63 20.13 9.87 25.73 15.3 9.53  - - - -

Ho 9.82 2.37 0.86 3.93 3.74 4.1 1.88 5.36 2.98 1.78 - - - -

Er 26.54 6.87 2.33 11.34 10.62 11.8 5.57 15.24 8.51 5.28 - - - -

Tm 4.12 1.09 0.34 1.9 1.75 1.98 0.92 2.43 1.36 0.83 - - - -

Yb 23.93 6.81 2.08 12.07 10.57 12.09 5.98 14.13 8.3 5.1 4.06 12.2 13.2 11

Lu 3.58 1.14 0.32 1.89 1.58 1.75 1.02 2.04 1.31 0.84 0.54 1.33 1.74 1.52

Ga  -  -  -  - -  -  -  -  -  - 26 28.3 21.4 34.1
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Ta ble 17

Rep re sen ta tive chem i cal com po si tion of granitoids from the Ye Yen Sun com plex (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

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
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Ta ble 18

Con tent of main com po nents of rare and trace el e ments of trachyte and trachyrhyolite of the Pu Tra For ma tion
(T – Sam ple from the In sti tute of Geosciences (VAST), P – Sam ple 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

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

Ta ble 19

Rep re sen ta tive chem i cal and trace el e ment com po si tion of al ka line gran ite of the Nam Xe-Tam Duong, Pu Sam Cap and
Coc Pia com plexes (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
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Ta ble 19 con tin ued

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

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
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