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Tém tit: Piéu kién nhiét do, ap sudt thanh tao cdc dd xam nhdp
trong s6 d6 cé granitoid, luén la vin dé cdp thiét doi véi cac nha
dia chdt vi lién quan mdt thiét dén cac van dé vé nguon goc va
chuyén héa sinh khodng ciia da. Biotit dwoc nghién ciru nhiéu,
thuwong duwoc sur dung dé so sanh, phan logi magma, xdc dinh nhiét
dé va dp sudt thanh tao, xdc dinh pha va thanh hé va diéu kién dia
hoa tgo khodng. Biotit khoi Phu Tai thuéc loat anniste -
siderophyllite giau Fe, cao Mg. Theo thanh phan ciia biotit trong
ching, khéi duoc tao thanh & nhiét do tir 745°C dén 802°C va trung
binh la 773°C +£12°C va ép suat 1,38 kbar dén 2,29 kbar trung binh
khodng 1,72kba, twong g véi dé sau ~ 5,21km. Granite khoi Phil
Tai thuéc logi I-granit. Biotit trong khoi giau CI va nghéo F, theo
chuyén héa sinh khodng ching thudc Kiéu - I: thugc truong soé 2.
Granitoid song mii Kyraminskyi, Bic Thién Son. Granitoid lién
quan dén mé dong - molipden (Cu-Mo).

Mé& dau

biéu kién nhiét dong thanh tao cac d4 xam
nhap trong s6 d6 c6 granitoid, ludn 1a van dé
cap thiét d6i véi cac nha dia chat vi lién quan
mat thiét dén cac van dé& vé& ngudn goc va
chuyén hoa sinh khoang cua da. Piéu kién
thanh tao (nhiét do, ap suit, ché do chit béc,
ché d¢ axyt - kiém) cac d4 xam nhdp c6 anh
huong rat 16n 1én thanh phan cac khoang vét
tao da ddc biét 1a cac khoang vat sim mau.
Biotit 1a mdt trong nhitng khoéang vét tao da
cua cac thanh tao magma va bién chit c6 phd
bién thién thanh phan rong, hinh thanh trong
khoang 16n cac théng s6 nhiét dong, nhidu khi
1a khoang vat mau duy nhét trong céc bién loai
d4 sang mau. Biotit dwoc nghién ctru nhiéu,
thuong dugc st dung dé so sanh, phan loai
magma, xac dinh nhiét @6 thanh tao, xac dinh
pha va thanh hé, xac dinh ché do axyt - kém
ctia méi trudong, ngudn gde da va diéu kién dia
hoa tao khoang (Speer, 1984). Do 1a khoang
vat kha bén vitng trong cac diéu kién nhiét do
va ap suit khac nhau (Yavuz, 2003), c¢6 kha
ning két hop véi nhidu nguyén tb chinh va vét

khac nhau, biotit dugc xem nhu la khoang vét
chi thi quan trong cho nhiéu qua trinh tao
quing khac nhau. Thanh phan hoa hoc cua
biotit phu thudc cht yéu vao thanh phan chinh
clia magma nguyén thiy nén c6 thé sir dung dé
xac dinh céc dac trung hoéa 1y khac nhau cua
magma nguyén thuly. Ngoai ra, ham lugng Flo
va Clo cua biotit co thé duge st dung dé du
doan hoat tinh Flo va Clo cua pha chit bdc
(Munoz, 1984). Mot s6 nghién ctru da chi ra
rang thanh phan héa hoc ciia biotit (Stussi and
Cuney, 1996) phan anh manh m& ngu6n gbc
kién tao cua granitoid me cua no. Quan trong
hon, thanh phan biotit da dugc sur dung dé
nghién ciru nguén gbc cha qua trinh khoang
héa trong nhiéu moé Cu, porphyry Cu-Au,
porphyry Cu-Mo, porphyry Cu-Mo-Au, da
granit chira thiéc, da granit chtra vonfram va
pegmatit chira nguyén té hiém. Do d6, nhiéu
nha nghién ctru da c6 gang sir dung héa hoc
biotit dé phan loai d4 granit voi tiém ning
khoang hoa ctia chiing.

Céc thanh tao granitoid thudc khdi Pha Tai
(Tran Tinh (Chu bién). 1994) luén 14 d6i tuong
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quan tdm cua cac nha dia chat. bay la mot
trong nhiing kh01 magma phat trién manh
trong d6i uén nép Truong Son; ¢ mot s0 noi
da xac lap duge cac kiéu khoang hoa da dang
v6i quy mo khac nhau. Cho dén nay, di co
nhiéu cong trinh dé cdp dén thanh phan vat
chat cia khéi ciing nhu diéu kién T-P thanh tao
ctia chiing. Song dé giai quyét tinh chuyén hoa
sinh khoang cua to hop, cing voi cac nghién
ctru kinh dién vé thanh phan vat chat, can c
céc nghién ctru toan dién vé diéu kién hoa 1y
vé ché d6 chat bdc trong qua trinh thanh tao
chung. trong bai bao nay, biotit tir cac da granit
cuia khéi Phu Tai duge xem xét toan dién nham
xac dinh cac thong sb nhiét dd, ap suit va va
tinh chuyén hoa sinh khodng cua chung. cac
két qua nghién ciru s& gop phan lam sang to
dic diém thach luan cua khu vuc nghién ctu.

2. Poi twgng va phwong phap nghién ciru

2.1. Déi twong nghién ciru

Déi tugng nghién ciru 1a biotit thude khbi
Phu Tai khu vuc Béo Cu Moéng, tinh Quy Nho,
Tuy Hoa va Phu Yén.

2.2. Phuwong phap nghién ciru

Phan tich don khoang: Do biotit ngudn gbc
magma duoc chia ra 3 loai: (i) Nguyén sinh,
tao thanh dau tién trong giai doan magma som;
(ii) tai cAn bang trong trang thai cin bang voi
cac khoang vat chira sat khac ¢ giai doan
magma mudn va (iii) tao méi hodc thir sinh tao
thanh trong giai doan hau magma. Thanh phan
héa hoc cua biotit ¢ thé phan anh cac dac
trung hoa 1y khac nhau cua moéi trudng ma nod
phat trién. V6i muyc dich xac dinh diéu kién
nhiét d6 va ap suét thanh tao granitoid chi
biotit nguyén thuy mai c6 ¥ nghia. Do do,
trong qua trinh tach don khoang can lam sao
thu dugc loai nay bang cach ap dung phuong
phap thach hoc.

Thanh phan héa hoc cua biotit ctia khbi
dugc phan tich bang may EPMA - Jeol JXA-
8100. Cac phan tich dugc thyc hién ¢ dién thé
20 kV, chum electron c6 cuong do 20 nA, thoi
gian doc 10s. Cac két qua dugc chuan hoa
bang cac mau chuin c6 ¢ phong thi nghiém
nhu céc khoiang wvat wollastonite, albite,
adularia va cac hop chét tong hop SiO,, TiO»,
A1203, CI‘203, F6203, MnO, MgO, Can, NaCl.
Cac két qua phan tich duoc tinh toan va hiéu
chinh dya trén chuong trinh hi€u chinh ma tran
ZAF cho oxit. Cong thuc hoa hoc cua biotit
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duogc tinh toan dya trén tong s6 oxy 1a 22 va
OH duoc tinh: OH = 4-(F+Cl). Ham lugng Fe
trong biotit dwoc quy vé Fe?*. Loai bo cac cic
thanh phan biotit tai can bang va thi sinh duoc
tién hanh theo phén loai cua (Nachit et al.,
2005). Phuong phap nay st dung twong quan
nhiét d¢ ctia sy két hop Ti trong biotit dé phan
loai cac hat thanh cac loai nguyén sinh, tai can
bang va tht sinh.

3. Két qua nghién ctru

3.1. Pdc diém dia chit, thach hoc -
khoang vt

Granitoid khéi Pht Tai khu vuc déo Cu
Mong bao gdm céac bién loai da chu yéu 1a
granit biotit, granodiorite chii yéu thudc cac
phtic hé¢ Van Canh. Ngoai ra con c6 cac phirc
hé khac nhu Péo Ca va Pinh Quan ... (Hinh
1). V6i thanh khoang vat 1a plagioclas, felspar
kali, thach anh, biotite va it horblend. Cac
khoang vat phu thuong gap la apatit, sphen,
zircon, quang ca orthit.

Plagioclas: 1a nhitng lang tru dai, cdu tao
song tinh da hop, phd bién theo luat anbit-
carbat, doi trang thuong bi saurixit hoa khong
déu. Thanh phan oligioclas — andesin (N°18-
32). O cac da thudc d6i tiép xtc trong,
plagioclas c6 phan basic hon (N°34-36).

Felspar kali: phd bién khong déu v6i ham
luong thay ddi 30-45%, 1a nhiing hat 16n vira,
lich thuéc 0,5-2mm. Chung hau hu khéng c6
céu tao song tinh, perthit yéu. Doi hat perthit
kiéu thay thé, 2v = (-)70-75°. Ven ria céc tia
mach perthit thuong thay orthoclas c6 dang
song tinh kiéu mang ludi thanh nét. Cac hat
orthoclas kém tuy hinh hon plagioclas. Loai
felspar kali cdu tao song tinh mang lu6i (thé
hé II) it phat trién, khoang 2-3% trong cac da
nhung phé bién khong déu, hat nho, hau nhur
khong b bién d6i, thay thé plagioclas, biotit.

Thach anh: c6 ham lugng khoang 15-25%
dang hat tha hinh, d6i khi tat lan song yéu, kich
thudce nhd, co it hat thach anh kha ty hinh chen
1an vao trong feldspar. Duéi kinh hién vi céc
hat thach anh va feldspar nam kéo dai theo mot
huong.

Hornblend: Tao thanh nhiing lang try
khong déu, kich thugc thay ddi, phan bo rai
ric, co khi tap trung di cung biotite, chiém ty
1€ khoang tir 0-10%, da sicrd, dasicrd : Ng-
mau xanh luc , Np- vang phot luc, goc 2V(-)
=50°.



Cac khodng vdt phu: apatite 1a nhiing lang
tru kéo dai, khong mau di cung véi quang va
biotite. Zircon tao thanh nhitng ling try ngén,
tiét dién hinh vudng, c6 mau phdt hong nau.
Sphen thuong c6 mat trong cac da tu bi bién

ddi cung véi apatite va quing. Orthit gip rai
rac nhitng hat co nhiéu kich thudc khac nhau,
da sic khong déu theo ddi: nau do, vang nau
(déi trang).
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Hinh 1. So' do phdn bé cac phirc hé khoi Phii Tai

3.2. Thanh phén héa hoc ciia biotit

Biotite: Tao thanh nhiing vay vira phan bd
khong déu trong da, da sac t6 Ng- mau dam
phét luc, Np — mau vang phét nau, clorit hoa.

Két qua phan tich thanh phan khoang vat
bang phwong phap microzond cho thiy, biotite
khu vuc déo Cit Méng c6 thanh phan héa hoc
trung binh 5 mau tuong ung: SiOx: 34,72%-

36,92%, TB = 35,65%; TiOz: 2,68%-4,56%,

TB=3,88%,  ALO:: 12,94-14,24%,
TB=13,47%; FeO: 16,14-25,83%,
TB=21,66%; MgO: 6,65-15,34%,

TB=10,26%; MnO: 0,15-0,78%, TB=0,34%;
Cr20s: 0,01-0,05%, TB=0,02%; Na>O: 0,05-
0,27%, TB=0,13%; K.O: 8§,27-10,25%,
TB=9,63%; F: 0,29-0,82%, TB=0,60%; CI:
0,11-0,25%, TB=0,19% (Béng 1).
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Bang 1. Thanh phan héa hoc ciia biotite trong granitoid khoi Phii Tai

Thanh phin ?l}z(l)g;‘ A(I:BIS g)/ 1 A(ln9=015 58)/ 3 ?1:2;] 2)9 A(ln9=016 50)/ 1 Min Max Aveg
Si02 35,20 34,72 36,92 35,77 35,64 34,72 36,92 35,65
TiO2 2,68 4,46 4,07 3,66 4,56 2,68 4,56 3,88

Al203 14,24 12,94 13,34 13,43 13,37 12,94 14,24 13,47
Cr203 0,01 0,01 0,05 0,04 0,01 0,01 0,05 0,02
FeO 23,69 25,83 16,14 21,51 21,11 16,14 25,83 21,66
MnO 0,22 0,78 0,15 0,29 0,27 0,15 0,78 0,34
MgO 8,99 6,65 15,34 10,14 10,17 6,65 15,34 10,26
CaO 0,03 0,00 0,02 0,01 0,04 0,00 0,04 0,02
Na20 0,05 0,12 0,27 0,06 0,14 0,05 0,27 0,13
K20 9,96 10,25 8,27 9,78 9,87 8,27 10,25 9,63
F 0,73 0,58 0,29 0,82 0,58 0,29 0,82 0,60
Cl 0,17 0,25 0,11 0,21 0,20 0,11 0,25 0,19
Total 95,97 96,60 94,97 95,71 95,94 94,97 96,60 95,84
Si 5,55 5,54 5,58 5,60 5,55 5,54 5,60 5,56
Ti 0,32 0,54 0,46 0,43 0,53 0,32 0,54 0,46
Al 2,65 2,43 2,37 2,48 2,45 2,37 2,65 2,48
Cr 0,00 0,00 0,01 0,00 0,00 0,00 0,01 0,00
Fe 3,13 3,45 2,04 2,82 2,75 2,04 3,45 2,84
Mn 0,03 0,11 0,02 0,04 0,04 0,02 0,11 0,05
Mg 2,11 1,58 3,45 2,36 2,36 1,58 3,45 2,37
Ca 0,00 0,00 0,00 0,00 0,01 0,00 0,01 0,00
Na 0,02 0,04 0,08 0,02 0,04 0,02 0,08 0,04
K 2,00 2,09 1,59 1,96 1,96 1,59 2,09 1,92

Fe/(FetMg) 0,60 0,69 0,37 0,54 0,54 0,56 0,50 0,54
XMg 0,40 0,31 0,63 0,46 0,46 0,31 0,63 0,45
W.F 0,25 0,27 0,09 0,29 0,23 0,09 0,29 0,23
W.Cl 0,02 0,03 0,01 0,03 0,03 0,01 0,03 0,03

W.OH 1,57 1,37 1,36 1,42 1,36 1,36 1,57 1,42
X-Phlo 0,38 0,28 0,58 0,42 0,42 0,28 0,58 0,41
X=Sid 0,32 0,30 0,16 0,25 0,25 0,16 0,32 0,25
X-Ann 0,30 0,43 0,27 0,34 0,34 0,27 0,43 0,33
T°C 745 767 802 769 781 744,99 802,25 772,89
P 2,29 1,57 1,38 1,73 1,64 1,38 2,29 1,72
Depth 6,93 4,76 4,18 5,23 4,96 4,18 6,93 521

Ghi chii: MAu phan tich tai Vién Dia chat-KVH Novosibirsk, LB Nga bang phwong phap microsond

3.3. Nhiét d9 va 4p suat

Nhigt dg: Trén co so cic két qua thuc
nghiém, Henry et al., 2005 da dua ra dia nhiét
ké dua vao thanh phan biotit (WoNes. et al.,
1965)
T = ((In(Ti) — a — c(XMg)*)/b)**%3(1)
Trong d6 T nhiét do tinh bang °C; Ti - sd
nguyén tir Titan trong cong thuc khoang vat
chuan hoéa véi 22 nguyén td O; XMg =
Mg/(Mg + Fe); a = -2,3594, b= 4,6482 x 107
va ¢ =-1,7283, sai s6: + 24°C dbi véi bién loai
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nhiét d thap (<600°C) va +12°C dbi voi bién
loai nhi¢t d6 cao (>600°C). Theo cong thire (1)
trén nhi¢t do thanh tao biotit cua khdi tir 745
dén 802°C voi trung binh 773°C+12°C (Bang
1).

Ap suét: Uchida et al. (2007) da dé xuit
mot phuong trinh thyc nghiém sir dung téng
ham lugng Al cta biotit dé wdc tinh ap suat
qua trinh c¢b két cac khdi xdm nhap nghéo va
giau quang & Nhat Ban. Nghién ctru ctia ho
cho thdy mdi twong quan giita ham luong Al



cua biotit va ham luong Al cta hornblende
(toc 1a hornblend dia ap k&) cho thay rang,
tong ham luong Al trong biotit c6 thé duoc st
dung nhu mot dia ap ké. Ap suat co két co thé
dugc udc tinh theo phuong trinh thuc nghiém:

P (kbar) = 3,33741 - 6,53 (£0,33) (2)

Trong d6 "Al-tong Al apfu ctia biotit chuin
hoa v6i 22 don vi 6xy. Theo cong thirc (2) trén
ap suat thanh tao biotit ctia khoi tir 1,38 dén
2,29 kbar voi trung binh 1,72 + 0,68 kbar
(Bang 1).

Thao luian

Tio2*10

Blotite thu sinh

FeO+MnO MgO

Hinh 2. Biéu do ba cdu tir (FeO + MnO)—
TiO>*10-MgO phan logi Biotite theo (Nachit et
al., 2005); Nachit et al. (1985)

MgO

S-granite

Al203

Nhiét do thanh tao cua biotit trong granit
xét theo Ti (WoNes. et al., 1965) tir 745°C dén
802°C va trung binh 1a 773°C +£12°C. Do bioit
thuong két tinh ¢ giai doan cudi ciia qué trinh
dong ngudi magma nén nhi¢t do thanh tao cia
ching trong granit va thudng thip hon nhiét

Fe(Fe+Mg)

Trén biéu d ba cau tir (FeO + MnO)-TiO,-
MgO theo phan loai cua Nachit et al. (2005)
cho thdy ching tng véi biotit nguyén sinh
(Hinh 2).Theo biéu d6 phén loai mica ciia Hiép
hoi khoang vat hoc qudc té (IMA) (Rieder M.
et al., 1998) chung ing voi biotit day annite -
siderophyllite (Hinh 3) giau Fe, cao Mg.
Thanh phan hoa hoc cua biotit ¢ thé dung dé
nghién ctru cac diéu kién nhiét dong thanh tao
clla magma géc cua no, tirc 1a nhiét 49, ap suét,
ap suat riéng phan cua oxy va halogen.
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Hinh 3. B?éll do phan loai biotit Fe/(Fe + Mg) - Al
(apfu) khoi Phu Tai theo Rieder M. et al. (1998)

Hinh 4. Phén loai granite dia trén thanh phan
FeO-MgO-AI203 cua Biotite theo Abdel-Rahman
(1994)

d6 bat dau dong ngudi kh6i magma, nén cé thé
coi nhi¢t d¢ thanh tao nay phan anh diéu kién
nhiét d6 dong cua hé khi diéu kién hoa Iy can
bang trong subt qua trinh két tinh. Ap suét
thanh tao cta biotit tinh theo tong Al (apfu) tir
1,38 kbar dén 2,29 kbar trung binh khoang
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1,72kba. Voi gia tri 4p sudt trung binh 1,72
kbar, c6 thé néi khéi thanh tao & do sau ~
5,21km trng véi tudng mezoabyssal. Phan loai
granite dya trén thanh phan FeO-MgO-ALOs
cua Biotite theo Abdel-Rahman (1994) cho
thay khdi Pha Tai thudc kiéu I-granite (Hinh
4).

3.4. Tiém ning sinh khoing

Cac halogen dong vai tro quan trong trong
qué trinh tién hoa cia magma silic, qua trinh
chuyén tiép giita magma va dung dich nhiét
dich, phan ra kim loai thanh dung dich va hinh
thanh cac mo quing. Do hau hét lugng F ¢
trong vo luc dia déu nam trong cic da granitoit
va cac da bién chat cua chung, ham luong F
trong granitoid lién quan dén ban chat da
magma ngudn va cac qué trinh néng chay lién
quan. Ham lugng tap hop cac khodng vat khan
hoac ngédm nudc quyét dinh hanh vi caa F hoat

<
o

N e I

Cl (%)
02
1

0.1
=
]
V
™~
s
%

00

F(%)

4. Két ludn

Biotit khdi Phu Tai thudc loat annite -
siderophyllite giau Fe, cao Mg. Theo thanh
phan cua biotit trong ching, khdi dugc tao
thanh ¢ nhiét d6 tir 745°C dén 802°C va trung
binh 1a 773°C +£12°C va ap suat 1,38 kbar dén
2,29 kbar trung binh khoang 1,72kba, tuong
ung voi d6 sau ~ 5,21km. Granite khdi Pha
Tai thudc loai I-granit. Biotit trong khdi gidu
Cl va ngheo F, theo chuyén hoa sinh khoang
ching thudc Kiéu - I: thudc trudng sb 2.
Granitoid song nui Kyraminskyi, Bic Thién
Son. Granitoid lién quan dén mo dong -
molipden (Cu-Mo).
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dong nhu nguyén t6 khong tuong thich hoic
teong thich trong magma (Munoz, 1990).
Trong qua trinh két tinh magma, trong khi F
c6 xu huéng bi giit lai trong cac dung thé,
fluor, apatit va micas hoac van chuyén cac kim
loai trong mot sb hé khoéng chit cu thé, Cl lai
tao cac phirc kim loai va van chuyén ching
trong cac dung dich nhiét dich. Do d6, CI co6
anh huong va kiém soat mot phan kha ning
hinh thanh qua trinh khoang héa quang cua céc
thanh tao nay. Trén biéu do chuyén hoa chit
boc - sinh khoang, biotit cua khbi Pha Tai
phan b chi yéu trong truong chuyén héa chat
bdc-sinh khoang gidu Clo va nghéo F theo
chuyén hoa sinh khoang ching thudc kiéu-I:
thuoc truong s6 2. Granitoid séng nui
Kyraminskyi, Bac Thién Son. Granitoid lién
quan dén mo dong - molipden (Cu-Mo) (Hinh

5).

Hinh 5. Thanh phan granitoid khu viee Cii
Méng véi moi twong quan CI-F. Céc kiéu chuyén
héa dia héa chat boc- sinh khodng va cdc thanh
tao magma di kém cdc kiéu khodang héa: Kiéu I:
1. Gabbro — norit trapp Talnakh, 2. Granitoid
song nii Kyraminskyi, Bdc Thién Son. 3.
Granitoid séng niii Stanovyi ; II: Kiéu mieéc, 4.
Granitoid lién quan dén mé dong porphyr Bic
My, II - kiéu CI-F: 5 - granitoid cdc khoi
Soktuyskyi va Oldodinskyi, Zabaikalya; 6 -
greizen va mach thach anh quang hoa W -Sn,
Zabaikalya; 7 - granitoid cdc khoi Akatuyskyi va
Sherlovogornyi, Zabaikalya; 1V - kiéu F.
(Bushlyakov I.N. and Kholodnov V.V., 2001).

Tai li€éu tham khao
Abdel-Rahman, A. F. M., 1994, . Nature of

biotites from alkaline, calc-alkaline, and
peraluminous magmas: J. Petrol, v. 35, p. 525-541.

Munoz, J. L., 1984, F-OH and CI-OH
exchange in mica with application to hydrothermal
ore deposits: Rev. Mineral, v. 13, p. 469-493.

-, 1990, F and Cl contents of hydrothermal
biotites: A reevaluation: GSA Abst. Prog, v. 22, no.
Al35.

Nachit, H., Ibhi, A., Abia, E., and Ohoud, M.,
2005, Discrimination between primary magmatic
biotites, reequilibrated biotites and neoformed
biotites: Comptes Rendus Geosciences, v. 337, p.
1415-1420. 10.1016/j.crte.2005.09.002.



Nachit, H., Razafimahefa, N., Stussi, J. M.,
and Carron, J. P., 1985, Composition chimique
des Dbiotites et typologie magmatique des
granitoides: C.R. Acad. Sci., Paris, v. 301, p. 813—
818.

Rieder M., Cavazzini D’yakonov G.Y.S.,
Frank-Kamenetskii V.A., Gottardi G.,
Guggenheim S., Koval P.W., Mueller G., Neiva
A.M., and Radoslovich E.W.,, 1998,
Nomenclature of the micas: Clay Miner, p. 46.

Speer, A., 1984, Micas in igneous rocks: Rev.
Minerals, v. 13, p. 299-356.

Stussi, J., and Cuney, M., 1996, Nature of
Biotites from Alkaline, Calc-alkaline and
Peraluminous Magmas by Abdel-Fattah M. Abdel-
Rahman: A Comment: Journal of Petrology, v. 37.
10.1093/petrology/37.5.1025.

Trén Tinh (Chi bién). 1994, Ban d6 Pia chit
khu vuc Tuy Hoa ty 1§ 1:200000. Danh phap D-49-
XXVI.Cuc dia chat va khodang san Viét Nam.

Uchida, E., Endo, S., and Makino, M., 2007,
Relationship Between Solidification Depth of
Granitic Rocks and Formation of Hydrothermal
Ore Deposits: Resource Geology, v. 57, p. 47-56.
10.1111/.1751-3928.2006.00004.x.

WoNes., R. Eucstnn., and HaNs P., 1965,
Stability of biotite: experiment, theory, and
application: J American Mineralogist, v. 50, p.
1228-1272.

Yavuz, F., 2003, Evaluating micas in
petrologic and metallogenic aspect: Part II—
Applications using the computer program Mica+:
Computers & Geosciences, v. 29, p. 1215-1228.
10.1016/50098-3004(03)00143-2.

Summary

Formation temperature, pressure(T-P) and mineralization of Phu Tai massif based on
biotite composition

Phan Puc L&', Tran Tuan Anh% Pham Ngoc Can% Tran Trong Hoa>
!Journal of Geology, 2 Geological Instutute - VAST

Formation temperature and pressure conditions of intrusive rocks, including granitoids, are always urgent
issues for geologists because they are closely related to the issues of origin and mineralogy of rocks. Biotite
has been studied extensively and is often used to compare, classify magmas, determine the formation
temperature, pressure, determine the phase and formation, determine the acid-base regime of the
environment, the origin of the rock and the geochemical conditions of mineral formation. Biotite of Phu
Tai massif belongs to the annite - siderophyllite series rich in Fe, high in Mg. According to the composition
of biotite in them, the massif was formed at temperatures from 745°C to 802°C with an average of
7730C+12°C and at pressure from 1.38 to 2.29 kbar with an average of 1,72 + 0.68 kbar, corresponding to
a depth of ~ 5,21km. Granite of Phu Tai massif belongs to type I-granite. Biotite in the massif is rich in Cl
and poor F, according to mineralization they belong to type-I: belonging to field number 2. Kyraminskyi
mountain ridge granite, North Thien Son. Granitoid related to copper-molybdenum (Cu-Mo) mine.

Keywords: Phu Tai, biote, EPMA, Temperature, pressure, mineralization
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