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Tom tat 

Hogt dgng magma liin quan din dung do An Do - Au A vdo Kainozoi trin lanh thd TBVN bliu hiin 
khd da dgng vd phirc tgp. Dua vdo mdi tuang quan vdi hogt dgng dich trugt trdi mgnh (35-22 trieu ndm) 
dgc theo ddi biin dgng - biin chdt cao Sdng Hdng, cd thi phdn chia 3 giai dogn hogt ddng mggmg: trudc 
dich truat, ddng dich truat vd sau dich truat. Hogt ddng magma trudc dich truat dgc trung bdi sir hinh 
thdnh cdc td hap mil lira - pluton mafic -felsic cao kali (sieu kiem kali) vd carbonatit vdi mice tudi 42-35 
triiu ndm chii yiu phdt trien trin ranh gidi giira paleorift Sdng Dd vd khdi ndng Phan Sl Pan; di kem vdi 
chiing Id khodng hda Cu-Au vd ddt hiim- U-Th-F. Cdc thdnh tgo magma ddng dich trirgt (35-25 triiu 
ndm) trong ddi bien chdt cao Sdng Hdng bao gdm cdc the xdm nhap nhd vd dai mgch bi boudin hog cd 
thdnh phdn chii yiu Iherzolite, websterite vd gabro amphibol; tren khdi ndng Phan Si Pan, cdc granit cao 
kali, gidu nhdm vd ngheo Nb, Ta cd ngudn gdc vd cimg thude giai dogn ndy. Hogt ddng magma sau dich 
tnrgt (22-19 triiu ndm) ddc trung bdi cdc granit cd ddc diim dig hda tuang tu vd aplit granit ciing nhu 
pegmatit cao nhdm trong ddi cdt trirgt Sdng Hdng. 

Cdc td hgp nui lica - pluton dugc hinh thdnh trudc dich trugt cua ddi Sdng Dd bao gdm cdc thdnh tgo 
mafic (lamproite kieu Dia Trung Hdi, absarokite, minet) cd mdi lien quan chdt che vi khdng gian vd 
ngudn gdc vdi trachyte vd syenite cimg nhu carbonatit. Vi mgt dia hda, chiing thugc logt siiu kiim kali 
(K20/Na20 thuang >2), gidu cdc nguyin td ddt hiim, Rb, Sr. Zr. Th, U, song tuang ddi ngheo Ti, Nb, Ta 
vd dugc hinh thdnh tir dung the magma ndng chdy tir vgt chdt manti dd bi biin chdt trao ddi sdu. Cdc dd 
felsic kiem la sdn phdm ciia qud trinh phdn di tir cdc magma trin. 

Cdc thi xdm nhap mafic vd siiu mafiic ddng dich trugt trong ddi Sdng Hdng tgo thdnh nwt td hgp 
magma thdng nhdt Iherzolit-websterit-gabro amphibol dirge hinh thdnh trong 2 mice tudi: 35 vd 25 tr.n., 
irng vdi do sdu thdnh tgo khdc nhau, trong do cdc td hgp magma sdm dugc hinh thdnh a dg sdu vd dp sudt 
ldn han. Granit d kiim cao nhdm (35 tr.n) ciia khdi ndng Phan Si Pan vi mat dia hda vd ddng vi thi hiin 
la cdc granit cd dgc tinh pha trgn giira kieu I-, kiiu A- vd kiiu S- granit, khd gdn giii vdi cdc thdnh tgo 
ngudn gdc vd. 

Granit, granit-aplit vd pegmatit sau vg chgm (24-19 tr.n.) chii yiu mdi thdy biiu hiin trong ddi Sdng 
Hdng. Cdc dgc trung dia hda, ddng vi (Sr, Nd) chicng td chimg cd ngudn gdc vd vd dugc hinh thdnh tir 
dung thi tdi ndng chdy vdt lieu trdm tich biin chdt cua mdng Prolerozoic. 

Sir hinh thdnh cdc td hgp nid lira - pluton vd pluton mafiic -felsic Kainozoi a TBVN dugc trinh bdy 
trong bdo cdo ndy chimg td chiing la sdn phdm cua cdc hogt ddng cap ddi "tdch gidn - nen ep" liin tuc 
xdy ra trong qua trinh dung do .An Dd - Au .4 vdi su hinh thdnh vd tiin hda ciia ddi trugt lan Ailao Shan-
Sdng Hdng trong Kainozoi 

1. Mo dau 

Hoat dong magma Kainozoi lien quan toi dai va cham An Do - Au A dugc nhiSu nha dia chit khu vyc 
va thS giai quan tam nghien cii'u, Cac tai lieu do truac het gop phan lam sang to qua trinh hinh thanh va 
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tiSn hoa ctia tao mii H}-malaya, mat khac cho phep ly giai cac \-an d̂  ngudn goc ciia cac kieu quang hoa 
Cu. Cu-Au. Cu-Mo-.Au porph}T rit ph6 biin trong cac ciu tnic lien quan tdi dai dung do nay [8, 31], Mot 
ttong cac > Su to ciu ttiic quan trong ciia dai va cham An Do - Au A la sir hinh thanh doi djch ttorot lan 
Ailao Shan - Song Hong co chieu dai khoang 1000 km tir Tibet (Trung Qu6c) den vinh Bae Bp (Viet 
Nam) [21. 28] voi 4 doan (segment) khac nliau. Trong Cenozoic, dia khdi Ddng Duong da dugc^dich 
chuygn doc theo dai ttuot cit nay vS phia ddng nam so vdi khdi Nam Trung Hoa, Ve thai gian va bien do 
dich trugt cho den nay cdn chua cd su thdng nhit, Tuy nhien, nhieu nha nghien ciiu cho rang thai gian xay 
ra dich chuyin manh vdi su hinh thanh cac dai biin chit nhiet do ap suit cao (ttrdng granat-amphibolit va 
granulit) xay ra ttong khoang 35-22 ttieu nam, cdn bien dd dich ttiigt cd thi den 500 - 700 km [21, 5, 32], 

TRUNG ^QUOC 

,/ 
i-^? 

CHU GIAI 

y Cac thanh tao Paleozoi muon - Mesozoi, 
3 Cac thanh tao Paleozoh—, 
3 Cac thanh tao Proterozoi. ''--^, -. 

Da sieu kiem kali Paleogen ciia phiie-he Pu iSam Cap: 
Lamprxiii, absarokil, Minet. '- ' Carbonatit. 

I i Trachyt, 1 2 3 Sycnit. 

^ Granit kiem Ccnozoi ciia phiic he Y YSn Sun, 
Cac thanh tao magma trong doi tnrgt cat Song Hong: 

D Cac iht xim nliAp Iherzolit. pyroxciiil viigabio. ^ 

B ^ B Leucogranil, granit'aplit v;i pegmatit. X j ^ \ v J 

|-,-" I Granit Archaeozoi - Proierozoi. 
'y. Gninit ki jm Penni - Trias, 

Hmh 1. Sa do phan bo cac thanh tao magma Cenozoic tren lanh thd TBVN 

Tren lanh thd Viet Nam, boat ddng magma Cenozoic lien quan vdi va cham An Do - Au A gSn lien vdi 
sy hinh thanh va tien hda ciia ddi Sdng Hdng va cac cau ttnic ki can (Phan Si Pan, Sdng Da) [1, 2, 10, 13, 
19, 25 ], Hoat ddng magma mafic kiem cao kali tten ranh gidi giOa ciu tnic Sdng Da va Phan Si Pan, TB 
Viet Nam tudi Paleogen - Neogen cQng cd nliung dac diim tuong ty nhu cac boat dgng magma d Pamir 
(phiic he Bargan, KN'ẑ -lrabat, Dunkeldyk) [23] va Tibet [5, 22], Nhung ttj lieu nay cho phep phan chia 
dugc mdt dai boat ddng magma cao kali Cenozoic lien quan tdi cac qua ttinh va cham va lanli thd Viet 
Nam (ca biet la TB\^) trd thanh mot mat xich ctia chudi sy kien magma dac thii nay. Theo cac nehien 
ciiu gin day, cac hoat ddng magma Cenozoic tt-ong pham vi ddi biin chit ap suit - nhiet do cao'song 
Hdng cung nhu trong cac cau ttiic Phan Si Pan va Sdng Da ki can, dya theo moi tuong quan vdi boat 
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ddng chuyen djch manh dgc theo ddi Sdng Hdng (35-22 tt.n,), cd the phan chia thanh 3 giai doan: tnrdc 
djch trugt (42-35 tr,n.), ddng dich ttrrgt (35-25 trieu nam) va sau dich m.rgt (22-19 tr.n,), Cac thanli tao 
magma hinh thanh trudc djch trugt bao gdm: cac td hgp mii liia - pluton mafic kiem kali va sieu kiem kali 
(lamproit, absarokit, minet) va felsic kiem (trachyte, granosyenit, syenit) [13], Tudi thanh tao ciia cac td 
hop magma nay chii yeu nim trong khoang 42-35 trieu nam [1, 10], Cac thanh tao magma ddng dich tnrgt 
(35-25 tr.n.) trong ddi Sdng Hong chii yiu la cac the xam nhap mafic - sieu mafic (Iherzolit, vebsterit, 
gabro amphibol) [19], cdn tren ddi Phan Si Pan la granit sang mau a kiim kiiu Ye Yen Sun (35 tr,n,) [26], 
Bieu hien ciia hoat dgng magma sau dich trugt chii yiu quan sat dugc ttong ddi Sdng Hdng dudi dang cac 
dai mach mafic (dolerit) khdng bi biin dang va cac the nhd granit sang mau hoac cac mach granit aplit, 
granit pegmatite cd tudi ddng vi biin thien trong khoang 24-19 trieu nam [13], Vi tri phan bd ciia cac 
thanh tao magma Cenozoic TBVN dugc bieu dien tren hinh 1, 

Trong bai viet nay, cac tac gia mudn trinh bay mgt each tdm tat ve hoat ddng magma giai doan trudc 
dich trugt va ddng dich trugt ttong cac cau tnic dia chat chiu anh hudng tryc tiep hoac gian tiep ciia qua 
trinh hinh thanh va phat trien ddi dich trugt Ailao Shan - Sdng Hdng trong mdi lien quan vdi va cham An 
Do - Au A. Cac thanh tao magma dugc hinh thanh sau dich trugt dugc gidi thieu trong mdt bai viet khac 
[Trdn Tudn Anh vd nnk, 2009, trong Tuyin tgp nciy]. 

2. Hoat dong magma trudc djch tru-gt: cac to hgp niii lu-a - pluton sieu kiem kali vimg Pu Sam Cap 

2.1. Phdn bd vd cdu tgo dia chdt 

Hoat dgng magma kiem kali va sieu kiem kali Id ra rdng rai nhat d cac vimg Tam Dudng va Pu Sam 
Cap (Lai Chau), ve mat dia chat, thugc canh tay bae ciia ddi cau tnic dang rift Sdng Da, Dien Id chii yeu 
ciia chimg the hien dudi dang cac trudng da niii lira Sin Cao - Pinh Hd va Ddng Pao, Ngoai ra cdn gap rai 
rac dgc cac dirt gay dia phuong tir Tam Dudng den Phong Thd, Theo cac nghien cu-u cua [1, 8, 13, 25] 
chiing thugc ve cac td hgp da sau: 1) lamproit, absarokit, minet, shonkinit, thudng dugc md ta trong phirc 
he Pu Sam Cap; 2) trachyt-trachyryolit, syenit-granosyenit, thudng dugc md ta trong he tang Pu Tra va 
phirc he Pu Sam Cap [3, 7], Rieng lamproit cdn tao thanh nhirng the xam nhap dang hgng cd kich thude 
nhd. Chiing thudng gap ttong cac tram tich carbonat Trias ma dien hinh la cac the xam nhap Cdc Pia, Si 
Ma Khang [9], Phan Si Hoa [4], 

Cac dai mach minet, monchikit va camptonit thudng gap ttong cac ttam tich luc nguyen tudi Trias 
mudn va Creta. Mgt trong nliijng dai mach dien hinh la dai mach minet Nam Cay xuyen cat tram tich luc 
nguyen tudi Creta d TB Tam Dudng, vimg Phong Thd cd chieu day tdi 7,5 m va cau thanh chii yeu tir td 
hgp cdng sinh Cpx + Phi -̂  San. Monchikit gap ttong khdi xam nhap dang hgng Cdc Pia va trong viing 
dng nd Pinh Hd; camptonit gap dudi dang dai mach ttong fram tich Trias thugng (vimg Ddng Pao), cdn 
shonkinit chi gap dudi dang dai mach trong syenit sam mau khdi Cudn Ha d DN trudng niii lira Pu Tra, 

Cac da nui lira thanh phin ttachyt d hai trudng phan bd Sin Cao va Ddng Pao deu kha giong nhau, Rit 
pho biin cac ttif khdi tang, tuf aglomerat va ttjf san ket, 

Tudi ddng vi (Rb-Sr va Ar-Ar) cua lamproit (42-35 Tr.n.), ttachyt va syenit (35-30 Tr.n.) img vdi 
Paleogen [10, 13] cho phep gan sy hinh thanh cac td hgp mafic va felsic kiem kali va sieu kiem kali vimg 
Pu Sam Cap vdi boat ddng tach gian ndi mang lien quan din qua ttinh va cham An Do - Au A frong 
Cenozoic sd-m va xay ra trudc dich d-ugt frai manh dgc theo ddi dirt gay Sdng Hong, 

2.2. Thgch hgc - khodng vdt 

Lamproit chu yiu thugc 2 bien loai: lamproit OI-Cpx va lamproit Cpx-Phl, Cac da cd td hgp cdng sinh 
kha dn djnh: 01 -i- Cpx + Phi + San ± Leu, Ol, Cpx va Phi thudng gap ca frong thanh phin ban tinh va nin. 
Sanidin va leucit chi gap dudi dang khoang vat nen. Khoang vat phu phd biin la chromspinel, ilmenit, 
apatit, zircon, rutil.Kiin ttnic da chu yeu la porphyr hoac dang porphyr vdi nen tii gin aphanit din microlit 
gidng nhu dolerit. Trong lamproit cua cac khdi xam nhap, do ket tinh cua nen da tot hon, song khdng gap 
cac kiin ttiic xam nhap thyc thy - kien tnic toan tinh ttj hinh. 
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Absarokit cd td hgp cong sinh khoang vat gin ttrang ttJ' lamproit Cpx - Phi, Ve mat kien ttnic co the 
phan biet lava absarokit, ttif lava va phd biin bom nui lira, Trong absarokit rit hiem khi gap olivin, neu co 
thi cung da bi serpentin hda hoan toan. Ddi chd, 01 ttong absarokit the hien nhu la khoang vat ngoai lai, 
Trong nen cua absarokit ddi khi gap plagioclas, 

Nhdm lamprophyr bao gdm chu yiu minet, it hon cd monchikit va camptonit, ttong dd minet thugc nhdm 
sieu kiim kali, cdn monchikit va camptonit - kali-nafri, Minet cd do kit tinh hjong ddi tdt vdi td hgp cong 
sinh: Cpx + Phi + San, ttong dd cac ban tinh chii yiu la Cpx, ddi klii la Phi, Sanidin tao thanh cac tinh the 
dang tim keo dai, sip xep song song vdi tiep xuc cua dai mach vdi da vay quanh, Monchikit la cac da giau 
Cpx, ve thanh phin gin giii vdi pyroxenit kali. Da cd kiin ttiic dang porphyr ro ret vdi ban tinh chu yeu la 
Cpx, thudng cym lai thanh timg dam ldn fren nen hat nl-id-min bao gom chu yeu la Cpx, mdt it Phi va San, 
Camptonit cd td hgp cdng sinh: Phi + Cpx + San + Pi, frong dd ban tinh chu yeu la Phi, nen bao gdm 
Phi - San - PI - Cpx, 

Nhdm trachyt frong he ting Pu Tra thudng cd kiin tnic tuf vdi thanh phin manh vun kha phirc tap: 
trachyt, cac manh da silic, cat kit... Nin la lava frachyt hoac tuf trachyt hat nhd-min xen lin mdt it thuy 
tinh. Thanh phan khoang vat ciia frachyt chu yiu gom felspat kali, albit, clinopyroxen, biotit. Khoang vat 
phu phd bien la apatit, zircon, fluorit, ddi khi cd granat. 

Syenitoid cd thanh phin kha da dang, bao gom cac biin loai tii' syenit sam mau, syenit pyroxen-
amphibol-biotit den syenit chiia granat va granosyenit sang mau cd chua mdt it biotit, Trong khdi Cudn 
Ha cdn gap cac da sam mau tuong ty nhu shonkinit, Td hgp cdng sinh khoang vat: Fsp -̂ PI + Cpx ± Amf 
+ Bi ± Gr, Trong shonkinit cd the gap 01, 

2,3. Dia hda - ddng vi 

v i thanh phin hda hgc, cac da mafic kiem kali va sieu kiem kali rift Sdng Da deu thugc nhdm da cao 
magnesi, cao kiim va thip titan, Tuy nhien, giiia cac da lamproit, absarokit va minet cd nhung diem khac 
biet kha ro ret thdng qua cac gia tri thdng ke [9] va cd the tdm tat nliu sau: 

Lamproit dac trung cd ham lugng MgO cao (Mg# 85-95), thudng la cao nliit frong nhdm da mafic, 
trong dd lamproit 01-Cpx cd ham lugng MgO (11-12%) cao hon so vdi lamproit Cpx-Phl (MgO = 8-9%), 
Ca 2 kieu lamproit nay hau nhu khdng khac nhau ve ham lugng ciia Ti, Al, Fe va Ca. Ham lugng tdng 
kiem (K2O + Na^O) frong lamproit thudng > 1% va xet theo tuang quan K20/Na20 (> 2), chimg thugc 
loat sieu kiem kali, 

Absarokit ngheo magnesi, song giau nhdm va calci. Ham lugng MgO trung binh trong absarokit dao 
dgng frong khoang 6,7-8,9%, ham lugng AI2O3 = 12-13%. So vdi lamproit, absarokit giau tong kiem hon 
(7,5-8,1%)) va ciing thugc loat sieu kiem kali. 

Minet cd thanh phan hda hgc kha ddng nhat, rat giau kali, giau nhdm, silic va ngheo magnesi: ham 
lugng K2O tnmg binh dat 6,7%, AI2O3 trung binh: 16,14%, Si02 tmng binh: 55,07%), cdn ham lugng MgO 
trung binh chi 5,17%o, Xet theo hJong quan K20/Na20, minet ciing thugc loat sieu kiim kali, 

Camptonit gan giii vdi minet d ham lugng Si, Al, Ca song khac d chd cd ham lugng Mg, Na cao han, 
K thap hon, thugc loat shoshonit (1 < K^O/NajO < 2). Theo cac tuang quan khac, nhu CaO-Si02, Mg# -
Si02 va (K2O + Na20)/Al203, chiing tuong ty absarokit. Monchikit cd thanh phin hda hgc gin gui vdi 
lamproit d ham lugng Mg, Ti, AI song khac la cd ham lugng Ca cao va rit cao, frong khi do kiim rit thip. 

Dac diem phan bd nguyen td hiim vit dugc thi hien tten cac biiu dd gia fri chuin hda theo thanh phin 
cua chondrit va manti nguyen thuy theo [27] (hinli 2A-B). Nhdm cac da nui lira-pluton mafic kiim va sieu 
kiem kali diu tuong ddi giau cac nguyen td Ni, Cr, Rb, Sr, Ba, Zr, Th, U va dit hiim nhe; ngheo Nb, Ta, 
Hf Ty le La/Nb, La/SniN, Ce/Ybn cao ciing nhu dudng cong phan bd dit hiim ddc chimg td qua trinh tach 
ly ciia cac hgp phan sam mau frong dung thi cd vai ttd ro ret. Dac diim ngheo Nb, Ta, Ti (hinh 2B) biiu 
hien rd ret d cac di thudng am tten biiu dd chuin hda theo thanh phin cua manti nguyen thuy thudng 
dugc cho la lien quan tdi qua frinh hut chim. Sy dtsng nhit v i hinh dang cac biiu dd va gia tri chuin hda 
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ciia dat hiem (thudng vugt so vdi chondrit 200-1000 lin) va nguyen td hiem ciia cac da mafic kiem kali va 
sieu kiem kali chimg td chiing hinh thanh tti chit nguon gin gui, 

Cac da mii lira va xam nhap felsic kiem d cac viing khac nhau ciing cd nliung dac diem dia hda ttjong 
ty nhu cac da mafic: giau Ba, Sr, Zr, Th, U va cac nguyen td dat hiem nhe, ngheo Nb, Ta, Dac diem dudng 
cong phan bd dat hiem va nguyen to hiem ciia chiing (hinli 2C-D) gan nhu ttimg vdi cac da mafic vdi do 
lech khdng dang ki, biiu hien di thudng am Eu rd ret ban, Cac ty le La/Nb, Zr/Hf La/SniN va Ce/Ybx 
trong trachyt va syenit cung ttjong tt,r nhu trong cac da mafic kiem kali va sieu kiem kali, Dieu dd phan 
anh mdi lien quan ngudn gdc ciia chung, 

Ket qua phan tich ddng vj Sr va Nd ttong mdt sd mau lamproit cho thay chung dac tmng cd ty le 
* 'SrrSr nguyen thiiy klia cao (0,706585-0,707521), ty le "'^Nd/"*''Nd thip (0,512336-0,512450) vdi eNd 
bien thien trong khoang tu -0,76 den -4,0, Bang phuang phap dang thdi Rb-Sr cung xac dinh dugc ty le 
nguyen thuy "Sr/^'Sr ciia lamproit Ddng Pao (42 Tr,n,) va minet Nam Cay (40 Tr.n,) la 0,7069 va 0,7056, 
Cac dac diem ddng vi nay dac tmng cho cac san pham ciia ngudn manti giau kieu II [1, 10], Theo [3], t>' le 
ddng vi Sr/ Sr nguyen thiiy ciia trachyt va syenit viing Pu Sam Cap la 0,7072 hoan toan gan gui vdi dac 
diem dong vj ciia lamproit va khang dinh them tinli ciing ngudn giua chiing. 
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Hinh 2. Dac diem phan bd dat hiem chuan hda theo chondrit va nguyen to hiem chuan hda theo manti 
nguyen thuy ciia cac da mafic (A-B) va felsic (C-D) vimg Pu Sam Cap. [1, 9, 10, 13], 

Chit giai: Sin Cao: P-178, P168, T1772, TI589, T1597, P193, P210; Cdc Pia : P-55, P-81, P-66, T1765; 
Si Ma Kliang: P-237; Nam Cay: T1737, TI740; Pu Sam Cap: VI11; Tam Dudng: H43. 
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3. Hoat dong magma dong djch truot tren doi nang Phan Si Pan va doi tru-gl ep Song Hong 

3.1. Granitoid phicc hi Ye Yen Sun 

* Dia chdt 

Phirc he chi gdm mgt khdi granitoid duy nhat kem theo cac the ve tinh nhd, dd la klidi Ye Yen Sun, 
Khdi Ye Yen Sun phat friin theo hudng TB-DN, dai tdi 140 km (tir bien gidi Viet-Trung din viing thugng 
ngudn Nam Qua, TN Van Ban), hai phinh ra d hai diu va thdt lai d giiia, dien Id gan 1,000 km^ Thanh 
phin thach hgc chii yeu cua khoi gdm granosyenit biotit-amphibol, granit biotit-amphibol, granit biotit va 
granit sang mau, Quan he giiia cac loai da nay chua rd rang, cd the chuyen tiep vdi nhau. Cac loai da tren 
bj xuyen cit bdi he thong cac mach granit aplit, aplit va granit pegmatit vdi mat do kha cao, Tuy nhien, 
nhung nghien cim gin day da khing dinh dugc rang, tham gia vao cau tao khdi Ye Yen Sun cd cac 
granitoid vdi dac tinh dja hda khac nhau va hjdi khac nhau [2, 13, 14], va ddi hdi can cd sy nghien cim chi 
tiit them di khoanh djnh rieng dien phan bd cua chiing, Theo cac tac gia nay, granitoid thugc phirc he Ye 
Yen Sun tudi Kainozoi chi la cac granit biotit va granit sang mau cd dac ttimg giau Al, giau K, cao Ba 
song ngheo Nb-Ta-Zr, cdn cac biin loai ngheo Al, giau K va Nb-Ta-Zr la thugc ve boat ddng magma 
Permi - Trias, 

Cac gia trj tudi ddng vi phdng xa (K-Ar) ciia granit phirc he Ye Yen Sun nam trong khoang 41-52 Tr.n. 
[7] va 35 Tr.n, [29] img vdi Eocen, Diiu nay phii hgp vdi kit qua phan tich tudi ddng vj (U-Pb) cua titanit 
trong granit sang mau (loai ngheo Nb-Ta-Zr) khdi Jinping (phan keo dai cua khdi Ye Yen Sun tren lanh 
thd Tmng Quoc [30]), Sy thanh tao granit Ye Yen Sun (35 Tr.n.) dugc gan vdi hau qua ciia va cham An 
Do - Au A ttong Kainozoi, ca biet, vdi hoat ddng dich tragt dgc theo ddi Sdng Hdng [13], 

* Thgch hgc - khodng vdt 

Grgnit biotit la loai da phd bien nhat. Da thudng cd do hat vira den nhd, bi ep manh cd dang gneis. Da 
dugc dac tnmg bdi ham lutpng gan tuong duong giua felspat kali va plagioclas (tuang img vdi 
monzogranit) va thanh phan khoang vat mau da phan la biotit, rat it hoac khdng chira amphibol, Thanh 
phan khoang vat (%)'. felspat kali (35-37), plagioclas (26-35), thach anh (32-35), biotit (6-7), vai vay 
muscovit, mdt it khoang vat phy (apatit, zircon, sphen, orthit) va khoang vat quang (ilmenit, magnetit, 
molybdenit), 

Granit sdng mdu hgt nhd dgng gplit la loai da mach klia phd bien, cd be day thay ddi tii' vai centimet 
den hang met, keo dai hang ttam met, Cd nai cac mach granit aplit phat trien day dac nhu d Seo Mi Ty, 
Deo May, vdi dien Id tdi hang km^, 

* Dig hda - ddng vi 

Thanh phan hda hgc ciia granitoid Ye Yen Sun kha phuc tap song chu yeu thugc loat granit vdi ham 
lugng Si02 bien thien trong khoang 10-15%, lugng AI2O3 tii' 15 din 16,5%), tdng kiem cao 
(NazO + K2O = 8-9%) vdi tuong tquan KjOfNaiO tuong duang nhau [13]. Chung kha giau Ba (340-3300 
ppm), ngheo cac nguyen td dat hiim va nguyen td cd ttirdng lyc cao (Nb, Ta, Zr). Dac diim phan bo dat 
hiim kha dac biet: khdng cd dj thudng am Eu hoac biiu hien nhe (hinh 3A) va chi vugt cac gia fri 
chondrit khoang 100-200 lan (ddi vdi nguyen to nhe) tuong ttj nhu cac da loat kiim vdi. Biiu hien ngheo 
Nb, Ta, Zr rat rd tten bieu dd chuin hda theo thanh phin manti nguyen thuy (hmh 3B). Cac ty le Nb/Y, 
La/Yb, ThAJ frong cac granit Ye Yen Sun ciing gin giii vdi granitoid loat kiim vdi cao K. Tren biiu dd 
phan biet bdi canh kien tao theo [24] (khdng thi hien d day), granit Ye Yen Sun rai vao ttTjdng ciia granit 
kieu cimg niii lira, Nhimg dac diem nay lam cho chung hoan toan khac biet vdi granit giau Nb-Ta-Zr ciing 
dugc the hien trong khdi Ye Yen Sun tren tat ca cac ban dd dja chit hien cd. 

Ty le ddng vj Sr^'/Sr^^ ciia granitoid giau Nb-Ta-Zr klioi Ye Yen Sun kha cao (0,7085-0,7157); 
Nd"'^/Nd"'' = 0,51246-0,51251 vdi 6*% = -1,71 din 2,83 [20]. Cac nghien cu'u vi dac diim ddng vj ciia 
granit ngheo Nb-Ta-Zr khdi Ye Yen Sun cho thiy ty le *^Sr/̂ ^Sr cao ban - 0,7288-0,7347 [4] vdi ENd(T) tap 
trung frong khoang hi -4,68 den -4,84 [13] chimg td sy gin giii vdi granitoid ngudn goc vd, 
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* Tudi thdnh tgo vd bdi cdnh dia ddng lire 
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Hmh 3. Dac diem phan bd cac nguyen td hiem-vet frong granit Ye Yen Sun chuan hda theo thanh phan 
cua chondrit (A) va manti nguyen thuy (B). Cac mau H.1326-1329 la granit hat nhd sang mau (chira biotit 
5-7''/o) dugc thu thap d phia tay 6 Quy Ho (dinh deo Hoang Lien San). Sd lieu phan tich mau de xay dimg 
biiu dd dugc lay tir [13]. 

3.2. Cdc xdm nhap Iherzolit - vebsterit - gabro ddi truat cdt Sdng Hdng 

Trong ddi tnrgt cat Sdng Hong kha phd bien cac thanh tao mafic - sieu mafic frong cac da bien chat tudi 
Proterozoic thugc cac he tang Ngdi Chi va Niii Con Voi va dugc coi la san pham cua boat ddng magma manti 
biiu hien ddng thdi vdi giai doan djch chuyen manh cua ddi Sdng Hdng (35-25 Tr.n.) [13], 

* Phdn bd vd cdu tgo dja chdt 

Cac xam nhap mafic - sieu mafic frong ddi Sdng Hong cd thanh phan kha da dang, gdm Iherzolit 
spinel, websterit chira olivin-spinel va gabbro amphibol, Ket qua khao sat theo cac mat cat ngang qua 
dudng phuong cua ddi Sdng Hdng d cac viing Bao Yen - Bao Ha, Mau A - Tan Nguyen, Yen Bai, Yen 
Kien (Viet Tri), niii Gdi (Nam Dinh) cho thay, trong dien Id ciia plagiogneis gap vd sd cac the dang thau 
kinh nhd nam gia chinh hgp hoac xuyen cat ro ret da gneis vay quanh, cd khi tao thanh tiing cum, mdi 
cum gom vai the, Cac the nay, theo mgi dau hieu ve cau tnic va thanh phan cd the coi la cac khuc ddi - ket 
qua ciia hoat ddng bien dang deo trong plagiogneis xay ra mugn hon, vao Kainozoi sdm, Chieu day cua 
moi the thudng khoang vai met, cd klii tdi hang chuc, tliam chi hang fram met, Theo kit qua khao sat gin 
day, cac the cd thanh phan chu yeu sieu mafic (Iherzolit va websterit) tap ttomg d vimg ttnng tam (dgc theo 
mat cit Mau A - Tan Nguyen; viing Lang Chang; Km 8 Yen Bai), cdn cac thi gabbro amphibol (va 
hornblendit) hoac diorit thudng gap d hai miit DN va TB cua day Niii Con Voi. 

Tai mat cit Mau A - Tan Nguyen da gap mdt sd thi da cd thanh phin phiic tap: Iherzolit, 'websterit 
chira olivin va spinel, gabbro sIm mau va gabbro amphibol [12]. Trong mat cit theo dudng Bao Yen - Bao 
Ha, each thi tran Phd Rang 9 km, gap cac ldp kep amphibolit granat cd tinh phan ldp biin chit trong gneis 
biotit-sillimanit-granat vdi cac the migmatit, Cac da nay cimg vdi gneis tao thanh cac nip udn nhd phirc 
tap, vi the cd the coi chiing la thanh tao bien chat (para-amphibolit). Ciing tai day gap metagabbro ciu tao 
khdi chua granat cd chira pyrrotin, chalcopyrit dang xam tan nhd vdi cac tinh thi biotit dang kham 
poikilit, Theo thanh phan hda hgc, chimg ttrang img vdi gabbro a kiim (monzogabbro), dac tnmg cao 
T iO,vaK20[19] . 

Kit qua phan tich hidi ddng vi bang phuang phap Ar-Ar cho 2 khoang gia ttj 35,5 ± 1 ddi vdi 
websterit, gabbro amphibol chua granat va 25 ± 1,6 Tr.n, ddi vdi hornblendit tti'ong iing vdi Oligocen [13, 
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19], cd nghia la ttning \ i thdi gian vdi boat ddng djch ttTjgt manh dgc theo ddi dirt gay Sdng Hong. 
Monzogabbro bi cac mach granit pegmatit chira granat-cordierit mudn ban xuyen cat. Tudi ddng vi cua 
granit pegmatit dugc xac djnh theo don khoang plagioclas bing Ar-Ar la 20 ± 0,9 Tr.n, img vdi Miocen 
sdm [13], 

* Thgch hoc - khodng vdt 

Dya vao cac dac diim thach hgc - khoang vat va dia hda, cd thi phan biet mdt sd nhdm da: peridotit va 
peridotit amphibol (Iherzolit va srisgeimit), pyroxenit (websterit oli\'in, websterit, websterit chira granat va 
websterit hat ldn chua orthopyroxen dang poikilit), gabbro amphibol, gabbro-dolerit amphibol va 
metamonzogabbro, 

Lherzolit dac ttomg bdi td hgp cdng sinh khoang vat: 01 + Qpx •̂- Cpx + Amf + Sp; ttong chung khdng 
thay plagioclas va khoang vat nay chi xuat hien ttong websterit, Trong Iherzolit ciing khdng gap granat, 
thudng chi dac trung bdi spinel, Gabbro amphibol cd 2 kieu: kieu chira granat va kieu khdng chira granat. 
Thanh phan khoang vat chii yeu cua chung bao gdm plagioclas + amphibol ± pyroxen ± biotit ± granat, 

Olivin ttong Iherzolit cd thanh phan tuong ung vdi chrysolit (f = 17-27), ham lugng CaO thap, ham 
lugng NiO kha cao (0,17-0,20%)) [11], Kit qua tinh toan frinh ty ket tinh cho dai mach gabbro-dolerit, cd 
thanh phan dugc gia djnh la thanh phan cua dung the ban dau, cho thay pha ldng dau tien d nhiet do 
1335°C la olivin cd dd sat bang 12-18%>, phii hgp vdi cac sd lieu phan tich olivin frong Iherzolit neu tren, 

Orthopyroxen (Opx) trong Iherzolit cd thanh phan tuong iing vdi bronzit (f = 13-20%), ham lugng 
AI2Q3 kha cao, den 3,4%), Trong mdt sd tinh the Opx xac dinh dugc ham lugng Cr cao, den 0,35%o, chung 
td chimg dugc thanh tao d do sau ldn, 

Clinopyroxen frong Iherzolit va websterit dac tnmg cao AI2O3 (6,9-7,6%o), cao Cr203 (0,25-0,38%) 
song rat thap CaO (11-12%)) tuong img vdi augit (song giau cau tti fassait). Clinopyroxen frong gabbro 
amphibol d mat cat Bao Yen - Bao Ha va md da Yen Kien cd thanh phan tuong img vdi diopsid (Wo45,23-
49j4En36,58-38,59Fsi4,27-i5,93) va thuoc loai cd ham lugng magnesi thap nhat (MgO = 16,68-16,8%)) va calci 
cao nhat (CaO = 21,81-23,12%o), Chimg ciing thugc loai cd ham lugng chrom va titan thap (Cr203 = 0,04-
0,18%; Ti02 = 0,11-0,35%) song kha cao nafri (Na20 = 0,36-0,53%) va cd ham lugng nhdm ttrang ddi 
bien ddng (ALQj = 1,51- 3,16%), Gabbro chira clinopyroxen cao nhdm hinh thanh dudi ap suat cao 6-8 
kbar va cd le da xam nhap trade qua frinh trdi Id gneis ciia ddi Sdng Hdng, cdn gabbro vdi pyroxen thap 
nhdm cd le hinh thanh sau khi gneis da dugc trdi Id [13, 19], 

Amphibol cd mat trong tat ca cac bien loai da Iherzolit, pjToxenit va gabbro vdi nhiing dac diem khac 
nhau kha rd ret. Amf frong gabbro cd thanh phan rat bien ddng, dac biet la ham lugng magnesi (MgO = 
11,11-16,52%), kiem (K2O = 0,24-1,23%) va ham luqng titan (Ti02= 0,47-2,49%) [13]. 

Spinel rat phd bien frong Lherzolit va pyroxenit. Thanh phan hoa hgc cua Sp kha dn djnh : AI2O3 = 56-
58,25%, Cr2Q3= 6,02-9,68%, MgO = 13,05-16,35% [11]. 

* Dia hda 

Dya theo cac mang quan MgQ-Al203, MgO-CaO, Iherzolit, pyroxenit va gabbro tao thanh mgt day 
bien thien thdng nhat va dieu dd cho phep coi chimg la ciing mdt td hgp phan dj [11]. Dieu nay hoan toan 
phii hgp vdi cac quan sat thyc te d mdt sd the da ma trong dd da ghi nhan dugc sy td hgp cua Iherzolit + 
pyroxenit + gabbro. Ham lugng MgO frong Iherzolit bien thien tir 35 din 25%); khdng thiy ttiang quan 
ciia SiOi vdi MgO chimg td qua frinh phan dj xay ra do sy tach ly olivin. Websterit va websterit chira 
olivin dac trung giau nhdm, calci va sat; thap titan, thap kiem. Dya theo thanh phin hda hgc thi gabbro 
chira granat cung nhu gabbro khdng chira granat khdng cd gi khac biet. Chung dac trung tuang ddi thip 
nhdm (AI2O3 < 17%o), thap titan (TiQ2 < !%>) va thap P2O5; dya vao do kiem chiing thugc kiiu cac da 
mafic cd do kiem binh thudng, Tmdng hgp ngoai le la gabbro bj bien chit dac trung cao titan 
(TiO, = 3,85%), cao sit (Yt.O^ = 16,89%o) va cao kiim kali (K2O = 1,99%), kha giau cac nguyen td dit 

144 



'vi'im Lherzolit va pyroxenit diu rat giau Cr, Ni ngheo Cu, Co. Ty le Ni/Ni + Cu va Ni/Co klia cao: 0,98-
0*99 va 10,59-13,40, 

H^ Dac diim phan bo cac nguyen td dat hiem frong Iherzolit, pyroxenit va gabbro amphibol trong cac mat 
• -X ̂ 4t khac nhau deu rat gan giii nhau (hinh 4A) va trdi hon so vdi chondrit tir 10 den 50 lan, cd di 

Vl rdn" arn nhe d Eu, Tren bieu dd chuan hda theo thanh phan ciia manti nguyen thiiy (hinh 4B) cd the 
hy rd di thudng am d Zr, Hf, di thudng dirong d Th, Sr, Rb, U. Sy khac nhau ve mirc do giau dat hiem 

cac da mafic va sieu mafic phii hgp vdi md hinh tach ly ciia dung the thanh phan picrit hoac thay 
trong 

icrodolerit. Cac gia tri ham lugng cac nguyen td dat hiem thap nhat la thugc ve Iherzolit va websterit 
hira olivin, Tuy nhien, cac gia frj nay van cao hon rd ret so vdi cac gia tri dac tnmg cho peridotit manti, 

rabbro amphibol va gabbro chira granat cd dac diem phan bd REE kha gidng nhau ehirng td cac da nay 
rhudc vi ciing mgt loat, Sy co mat hoac vang mat granat trong gabbroid cd le lien quan tdi dac diem thanh 

hin dung thi (do sit) hoac do sau thanh tao (ap suat), Ty le La/Sm va Ce/Yb trong Iherzolit (2,4-3,0), 
pyroxenit (2,15-2,4) va gabbro amphibol (2,2-2,3) rit gin giii nhau. 
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Hmh 4. Dac diim phan bo cac nguyen td hiem - vet frong Lherzolit (H1720/1, H1718), websterit (H1708, H 
1712, H1722) va gabro amphibol (H1704, H1711, H1714, H1716, H 2012f, H2018) chuin hda theo thanh 
phin ciia chondrit (A) va manti nguyen thiiy (B). 

4. Thao luan va ket luan 

Hoat ddng magma giai doan Kainozoi MBVN bieu hien chu yeu tren lanh thd TBVN, frong cac cau 
true ki can vdi ranh gidi Kainozoi cua dia khdi Ddng Duong va dja khu lien hgp Viet - Trung trong bdi 
canh va hue (collision) An Do - Au A, Trong sd cac td hgp magma kiem kali va sieu kiem kali Paleogen 
tren canh ddng bic cua rift Sdng Da cd the phan chia dugc cac da mafic sieu kiem kali, cao magne va thap 
titan ma theo nhiiu diu hieu ve dac diem khoang vat, dja hda va ddng vi cd thi ddi sanh vdi lamproit thap 
titan kiiu Dia Trang Hai. Da xac lap dugc sy gidng nhau ve dang bieu hien, dac diem thanh phan vat chat 
(bao "dm: dac diim giau cac nguyen td LILE va REE, ngheo Ti, Nb, Ta,...) ciia lamproit TBVN ciing nhu 
cac da kiem Paleogen khac vdi cac thanh tao ttiong tti trong cac ciu biic dgc theo ranh gidi xd dyng mang 
fren lanli thd Trung Qudc. Sy hinh thanh cac td hgp magma nay la kit qua cua qua frinh phan dj dung the 
cd thanh phin tuang img vdi lamproit, dugc ndng chay tir manti giau do biin chit frao ddi va sy xuat hien 
ciia chimg Hen quan tdi hoat ddng tach gian thach quyen do va cham manh giua An Do va Au A. Vdi 
khoan" tudi da dugc xac lap - 42-35 tr.n., sy hinh thanh cac td hgp nay xay ra trade qua frinh djch tmgt 
manh cua khdi Ddng Duang dgc theo ddi dirt gay Sdng Hdng, 

Tren ddi nang Phan Si Pan ke can bieu hien cac granitoid a kiim vdi cac dac ttung dja hda ciia loat 
kiim vdi trong khoang 34 - 35 fr.n,, nghTa la ttiing vdi giai doan dau cua qua ttinh dich tragt manh dgc 
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theo ddi Sdng Hdng, Do nhdm cao, cao kiim, hiang ddi ngheo Nb, Ta, Zr va t>' le nguyen thuy 'Sr/ Sr 
cao minh chimg cho ngudn goc vd ciia dung thi ban diu. Mat khac, sy cimg thdi ciia hoat ddng magma 
granit nay vdi thdi diem bit diu hoat dgng djch truat manh chimg td cac granit nay ciing la cac san pham 
ddng ddng lyc (synkinetic), 

Hoat ddng magma manti dong djch tmgt trong ddi Sdng Hong la mdt td hgp thdng nhat cac xam nhap 
nhd thanh phin Iherzolit - vebsterit - gabro, bi boudin hda ttong qua frinh bien dang mudn hon. Da xac lap 
dugc hai giai doan xuit hien cua chiing: 35 va 25 frieu nam, Sy cd mat clinopyroxen vdi ham lugng hgp 
phan fassait cao va phd bien granat trong cac gabroid giai doan sdm chi thj cho do sau ket tinh cua chiing 
ldn hon so vdi cac da thugc giai doan mudn, Dieu nay cho phep gan sy hinh thanh cac da mafic - sieu 
mafic giai doan sdm vdi qua trinh trade nang frdi, cdn cac da giai doan mudn vdi qua trinh sau nang frdi 
gneis frong ddi dich tragt, Ve mat dia hda, cac da cua ca hai giai doan gan nhu tuong ty nliau, chiing td 
chung cd chung ngudn. Hoat ddng magma mafic - sieu mafic d muc 35 frieu nam ciing thdi vdi boat ddng 
magma mafic - sieu mafic kiem kali va sieu kiem kali trong cac cau tnic ke can (chang ban nhu rift Sdng 
Da), chimg td sy ton tai cac chit nin (subsfrat) khac nhau (ngay frong mdt khu NOTC) ddi vdi mdi kieu hoat 
ddng magma. 

Lien quan vdi cac khu vyc phat frien boat dgng magma mafic kiem la cac bieu hien quang hda Ag-Sb 
va Cu-Ag 45 fr.n. d Pamir [23] va d Tibet 50-45 fr.n, (dai quang Lanping [16]); cdn lien quan vdi cac 
phuc he latit d ddi Yulong phia ddng Tibet la cac md Cu va Cu-Mo-Au porphyry ldn cd tudi 40-35 frieu 
nam [17], 6 segment Ailao Shan fren lanh thd Tmng Qudc bieu hien rdng rai cac boat ddng magma 
granitoid, mafic kiem va kiem Kainozoi va cac bieu hien quang hda lien quan vdi chiing: Cu-Au-porphyr, 
Au, Au-Sb va Ag [31], Tai day, cac nha nghien cim da phan chia dugc cac ddi quang ldn vdi cac md Cu-
va Cu-Au kieu porphyry tudi 40-36 fr.n. va 16-11 tr.n, cd quy md cdng nghiep; dai quang hda vang Ailao 
Shan (vdi cac kieu quang hda Au-As va Au-Sb cd tudi 30 fr.n.) ciing nhu cac md Ag va kim loai hiem 
khac, Tren lanh thd TB Viet Nam, trong pham vi khdi nang Phan Si Pan va ke can ciing ghi nhan dugc 
nhiiu bieu hien quang hda Cu-Au-REE (Sin Quyen, Liing Pd), Cu-Au (Chinh Sang), Mo-(Cu-Au) (Pa 
Khoang) nhung chua cd cac nghien ciru xac dinh tudi thanh tao va mdi lien quan vdi boat ddng magma. 
Khdng loai trir chimg ciing la cac san pham cua giai doan boat ddng magma - sinh khoang Kainozoi. Ca 
biet, md Cu-Au Ta Phdi (Lao Cai) dugc cho la thugc kieu Cu-porphyr [6]. 

Viec nghien cim chi tiet ban ve cac thanh tao magma Kainozoi dgc theo ddi trugt cat Sdng Hdng ciing 
nliu trong cac cau tnic dja chat ke can se md ra nhieu dieu thii vi nira ve giai doan magma - kien tao dac 
thii nay d ven ria ddng nam cua luc dja chau A. 

L&i cdm ffn: Cac tac gia bai bao xin chan thanh cam on cac nha khoa hgc ddng nghiep cua phdng Magma, 
Vien Dja chat thugc vien KHCNVN va Vien Dja chat - Khoang vat hgc thugc phan vien Siberi, Vien 
HLKH Nga da hgp tac chat che trong qua trmh nghien cim, 
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Abstract 

Cenozoic magmatism of Northwest Vietnam in relation to the Red River Shear Zone (RRSZ) 

The Cenozoic magmatism in relation to Indian - Eurasian collision in the Northwest Vietnam are 
abudant and complicated. On the basis of correlation between left-lateral displacement (35 - 22 Ma) along 
the RRSZ and magmatism, three stages of igneous activities are identified: pre-collisional, syn-collisional 
and post-collisional stages. The pre-collisional magmatism is characterized by the formation of 
ultrapotassic volcano-plutonic mafic-felsic magmatic series and carbonatite (42 - 35 Ma), cropping out at 
the boundary of Song Da Paleozoic rift and the Phansipan Uplift. Associated mineralization with this 
stage are Cu-Au and REE-U-Th-F metalogenies. Syn-coUisional stage (35 - 25 Ma) is represented by 
small intrusions and boudinas of Lherzolite, websterite and amphibole gabbros inside the RRSZ, as well as 
Ta-Nb depleted peraluminous granite in the Phansipan Uplift, The post-collisional stage (22 - 19 Ma) is 
characterizes by aplitic and peraluminous pegmatitic bodies, intercalating the RJRSZ, 
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The pre-collisional magmatism of Song Da Paleozoic consists of Medditeranean type lamproite, 
absarokite and minette, spatially and genetically related to syenite, ttachyte and carbonatite, 
Geochemically, they are belonged to ultrapotassic series (K20/Na20> 2), enriched in REE, Rb, Sr, Zr, Th, 
U, but depleted in Ti, Nb, Ta, implying they were originated from a mantle metasomatized source. 
Alkaline felsic rocks are differentiated products of the above magmas. 

The syn-collisional mafic and ultramafic bodies inside the RRSZ were formed a Uierzolite-websterite-
gabbro association, intraded in 35 and 25 Ma interval, corresponding to different depths, in which the 
earlier rocks were fomied at greater depths and pressures, Peraluminous granite (35 Ma) of the Phansipan 
Uplift characterized by mixed feaUires of I-, A-, and S- types granite, and relatively similar to cmstal 
derived granites, 

Post-collisional granite, aplite granite and pegmatite (24 - 19 Ma) are cropped out only in the Red 
River. Geochemical and isotopic characteristics (Sr, Nd) imply the cmstal sources, originating from 
melting of Proterozoic metamorphosed sedimentary basement. 

The formation of Cenozoic volcano-plutonic associasions in Northwest Vietnam imply that they are 
products of sequential extensional - compressional regimes of the Indian - Eurasian collision, recording at 
the RRSZ. 
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