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Tap chi CAC KHOA HOC VE TRAI AT

9-2009

DIEU KIEN NHIET DONG THANH TAO GRANITOID
TO HOP BEN GIANG QUE SON TREN CO SO
THANH PHAN BIOTIT CUA CHUNG

PHAN LUU ANH, TRAN TRONG HOA, TRAN TUAN ANH

I. MO PAU

Cac thanh tao granitoid thuoc t6 hop Bén Giing
- Qué Son (E.P. Izokh,1981 [7]) lu6n 12 d6i tugng
quan tam cua cic nha dia chat. Day 1a mét trong
nhiing t6 hop magma phat trién manh nhat trong
d&i uon nép Trudng Son ; & mot s6 khéi di xac lap
duoc cac kiéu khoang hoéa da dang véi quy mo khac
nhau. Cho dén nay, di c6 nhiéu cong trinh dé cap
dén thanh phén vat chét cha cac kh6i trong t8 hop
ciing nhu diéu kién P-T thanh tao cba chang. Song
d€ gidi quyét tinh chuyen hoa sinh khoang cla t8
hop, cing v&i cac nghien ciru kinh dién vé thanh
phdn vat chat, cdn c6 cac nghién ctu toan dién vé
diéu kien hoa ly va ché€ do ch4t béc trong qua trinh
thanh tao ching. Trong bai bao nay, biotit tir cic da

granit cha moét s6 khoi thuoc t6 hop Bén Gidng - Qué

Son 14n ddu tien dugc xem xét toan dién nham xac
dinh cac thong s6 nhiét dong thanh tao va tinh chuyen
hoa sinh khoang cla ching. Cac két qud nghién citu
s& gop phdn 1am sang té dic diém thach luan cua t6
hop, dong thai gidi thieu mot phuong phap nghién
ciru méi vé diéu kien nhiet dong thanh tao granitoid
14n d4u dugc ap dung & Viet Nam.

IT1. SO LUQC BAC DIEM bDIA CHAT THANH
PHAN VAT CHAT CUA MOT SO KHOI
GRANITOID VA BIOTIT

T6 hop diorit-granodiorit-granit biotit-amphibol
loat kiém - voi tuéi Permi - Trias thuoc phirc he Bén
Giang - Qué Son [7] phé bién kha rong rii & ria bic
kh6i nho Kon Tum (doc theo déi dit gy Tha Khet
- Ba Nang) va ria tay kh6i nho Kon Tum (doc theo
déi dirt gy Kham Pirc - Sa Thdy) véi cac khoi xam
nhap dién hinh nhu Qué Son, Bén Gidng, An Khe,
M'Drak... Tuy nhién, trong bai bao nay chi gi6i thieu
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cac két qua nghién ciru vé cac khoi Qué Son, Pudng
Hé Chi Minh va Sa Thdy. Cac khéi nay tao nén
nhing thé batolit kha 1én, xuyeén cit cac da trdm tich
phun trao Paleozoi s&m - giita gdy simg hoa & nhiéu
mirc d6 khac nhau va bi pht béi cac thanh tao Jura
- Creta (hinh I).

Khéi Qué Son c6 dang kéo dai theo phuong 4
v§ tuyén tr phia nam diit gdy Lang Ro thuoc Phusc
Hiep & phia tay dén Tra Kién & phia dong, c6 cdu
tao dia chat rat phtrc tap gém nhiéu pha xuyen cat
nhau tao nén tinh da dang vé thanh phan thach hoc.

Thanh phdn thach hoc cla t6 hop 1a diy phan
di lien tuc tu diorit, diorit thach anh homnblend -
biotit hat vira va nhd, tir sdm mdu dén sang mau,
granodiorit hornblend - biotit hat vira, mdu tring
sang c6 thach anh néi ban yéu, granodiorit homblend
- biotit hat vira dang porphyr c6 ban tinh feldspar
mdu héng nhat, it phé bién hon 13 granit biotit -
hornblend hat vira doi khi c6 dang porphyr ¢6 ban
tinh feldspar hat trung, mdu xam sang. Trong ting
khoi co thé co mat ddy db cac bién loai (Qué Son)
hoic mot s6 bien loai clha diy phan di (cac khéi
Pudng H6 Chi Minh, Sa Thdy). Cac bién loai nay dac
trung bdi t6 hop khoang vat cong sinh bén vimng Q+PI
+ Ksp+Bi+Hb va chi khac nhau bdi twong quan dinh
lugng cia cac khoang vat d6. T8 hop khoang vat phu
thuong gap 1a magnetit, ilmenit, apatit, zircon, sphen.
Ham luong ortit tang cao hon & pha cu6i phan anh
dac di€m phan di theo chiéu huéng ting cao kali
[6]. Phé tudi cha granitoid thuoc t6 hop nghien ciu
bién thien kha rong fir 269 dén 232 tr.n [6].

Biotit c6 mat trong tat ca cac bién loai clia t6 hop
tir mot vai dén 10 % tuy vao d6 sim mau clia ching,
thuong & dang vdy nhd, kich thuéc 0,25-1,1 mm, tha
hinh, c6 méu nau, da sic manh, cat khai hoan chinh



Hinh 1. >

Vi tri cic khéi granitoid Qué Son,
Pudng Hé Chi Minh va Sa Thdy
trén so d6 cdu tric dia chat vang

Ky hiéu : 1. cic thanh tao Tién
Cambri, 2. cac thanh tao Paleozoi
som-gilta, 3. cac thanh tao Permi-
Trias, 4. cac thanh tao Jura-Creta,
5. cac thanh tao Kainozoi, 6. cac
khdi granit
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theo Ng. Biotit thudng bi clorit hoa khong déu va
thudng chira zircon, apatit. Thanh phén hoa hoc ctia
biotit dugc néu trong bdng I va biéu dién trén hinh
2. Ching thuoc loai gidu Fe, nghéo Al, thudc loat
Phlogopit-Annit. Do sat f(Fe/(Fe+Mg)) trong biotit
clia kh6i Qué Son c6 phé bién thién cao nhét, voi
gia tri tir 0,45 dén 0,81, ¢6 xu hudng déng bién voi
AI"Y. Do st thap nhat (0,39-0,48) 14 cha biotit trong
kh6i Sa Thdy. Biotit clia khéi Dudong H6 Chi Minh
giit vitri trung gian v&i phd bién thién 0,53-0,64. D6i
véi hai kh6i ndy, khong quan sat dugec mdéi tuong
quan rd rét voi dai lugng Al",

III. CAC THONG SO NHIET DONG THANH TAO

Khi nbi dén diéu kién nhiét dong thanh tao cia
granitoid c6 nghia 1a dé cap dén cac thong s6 vé ap
suat (P), nhiet do (T), ch€ do chdt bc (ap suat rieng
phin ciua H,0, O,, F, Cl.. trong ch4t béc) trong qua
trinh thanh tao granitoid d6.

Nhiét do thanh tao ctia d4 c6 thé xac dinh bing
nhiéu phuong phap khac nhau : theo su néng chdy
clia bao thé; bang d6 thi : giao diém cta dudng cong
bén vitg fH,0-T véi dudng cong néng chdy clia he
“granit - hoi nudc”, hoac st dung céc dia nhiet k&

dua vio thanh phén cac cap khoang vat tao da trong
granitoid... Cac dia nhiét k& ki€u nay doi hoi thanh
phén hoa hoc cac cap khoang vat tao da cong sinh
trong da (vi du Amf-Bi, Amf-Cpx, Bi-GCr...), khong
phai luon phii hop d8i v6i moi bién loai da. Méi
day, trén co s& cac két qua thuc nghiém, Darrell J.
Henry va nnk (2005) [4] di dua ra dia nhiét k€ dua
vao thanh phdn biotit ;

- [mm) —a - c(XMg)? J"'m
b
trong d6 T nhiét do tinh bang °C, Ti - s6 nguyén ti
titan trong cong thitc khoang vat chudn héa voi 22
nguyen tir O, XMg = Mg/(Mg + Fe), a = -2,3594,
b =4,6482 x 10° vac= -1,7283, sai s6 +24°C d6i
vdi bién loai nhiét do thdp (< 600 °C) va =12 °C
d6i véi bién loai nhiét do cao (> 600 °C). Theo dia
nhiét k€ nay, nhiét do thanh tao bjotit trong cac da
cla t6 hop Bén Giing - Qué Son duoc trinh bdy
trong bang 1. Nhiét do thanh tao biotit cla khéi
Puong H6 Chi Minh tir 600 °C dén 700 °C, kh6i Qué
Son 14 620 °C - 690 °C va khéi Sa Thdy 1a 670 °C -
720 °C (bang 1). Py 1a nhiét do thanh tao ciia biotit
trong granitoid, thuong thap hon nhiét do bat ddu
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o Fe/(Fe+Mg) 1
Phlogopit Annit

Hinh 2. Thanh phin biotit trong granitoid t6 hop
Bén Giang - Qué Son trong tuong quan
Al"- Fe/(Fe+Mg)

1. Qué Son, 2. Dudng H6 Chi Minh, 3. Sa Thdy

qua trinh k&t tinh do biotit duge thanh tao muo6n hon
cac khoang vat tao da khac nhu plagioclas, feldspar
kali trong hé. Biotit trong granitogneis cla khoi
Puong Hé Chi Minh duoc thanh tao & nhiet do 550 °C
- 610 °C (bang 1), th€ hien nhiét dé thanh tao cla
biotit trong qua trinh gneis hda vé sau.

Véi nhiét do thanh tao dd néu, bang phuong phap
d6 thi, can clr vao dudng cong bén viing PH,0/Ps-T va
dudng cong néng chay cia he "granit - hoi nuéc”,
cho thdy ap sudt thanh tao cla khéi Duong H6 Chi
Minh - 3,4 kbar, kh6i Qué Son - 3,0 kbar va khai Sa
Thdy - 2,9 kbar, tuong duong véi do sau tir 9 km
(kh6i Qué Son, Sa Thdy) dén 11 km (khéi Pudng
Hé Chi Minh).

Céc thuc nghiém vé biotit va ché€ do chat boc cla
qué trinh thanh tao granitoid cho thdy phdn ng trao
d6i giita biotit va dung thé silicat hodc pha hoi nuéc
- chalt béc ¢6 thé biéu dién nhu sau :

Bi(OH) + HHL = Bi(HL) +H,0 va
Bi (Cl) + HF = Bi(F) + HCI
trong d6 HL - halogen (F hoac Cl), Bi - hop phan
tuong tng cda biotit.

Nhu d3 biét, biotit gdm cac hop phin phlogopit
(PhI)-KMg;3AlSi;0,0(OH,F),, annit (Ann)-KFe’*;AlSi;
O10(OH,F), va siderofillit (Sid)-KFe,,5Al0,5S125Al0s
0,9 (OH,F),. Thanh phdn mol cia Phl, Ann va Sid
trong biotit vd dugc tinh theo cong thirc cla J.
Gunow (1980) [5] :

254

Xpwy = Mg/Zcation trong bat dién,
Xsia = (1- Xon)x(3-Si/AD/1,75,
XAnn = 1- Xpurt Xsia)-

Cac ty lé ap suat rieng phdn cua céc acid halo-
gen véi nuge fH,O/fHF va fH,0/fHCI va fHF/fHC]
trong cac phan (ng trao déi trén dugc tinh bang cac
cong thic sau :

1g(fH,0/fHF) = 2100/T + 1,522 Xop +
+0,416X,n + 0,2 Xya - 1g(XFpi/XOHg;)

theo Gunow J. (1980) [5]

lg(HC/fH,0) = 5,01 - S1S1/T + 1,93 Xpp +
+ ]g(XCI,;,/XOHBi)
va
lg(fHF/Hcl) = 3051/T - 5,34 - 3,13 Xpp +
+ 1g(XF 5/ XCl i)

theo Munoz J.L va nnk (1984) [8]. Trong d6 T-
nhiet dO, tinh béng °K, XFBi ) XClBi va XOHBi - hdm
fuong mol caa F, Cl va OH trong biotit.

Trén co sO cac s6 lieu thuc nghiem vé do bén
viing cla biotit loat Phl-Ann, D.R. Wones, H.P.
Eugster, (1965) [9], d4 rt ra két luan : ty lé Fe®,
Fe'* va do sit cla biotit phu thudc chat ché vao
nhiét d¢ thanh tao va ap suat rieng phidn cla oxy
trong dung thé va dugc tinh theo cong thirc :

1gf0s = (-A/D+B+{ | Cx(P-D]/T)

Buffer A B C
Fe,05-Fe;0, 24912 14,41 0,019
Fe,0,-Fe,.,O 32730 13,12 0,083
NiO-Ni 24709 8.94 0,046
Si0,-Fe,Si04-Fes0, 27300 10,30 0,092

T- nhiét do tinh bang °K, P - 4p sust tinh bing bar

Bang cac cong thiic neu tren, cac thong s6 ap
sudt rieng phan tuong déi clia cac halogen véi nudc
(fH,O/fHF, fH,0/fHC1) va 4p sudt riéng phan cla oxy
(fo,) cling nhu ty e ap suat rieng phan cla cac halo-
gen trong cac khdi granit dd duoc xac dinh va thé
hién trong bang 1 va cic bidu dé. Cac khoi thuoc
t6 hop duoc thanh tao trong diéu kien ap suat rieng
phdn tuong ddi cha flo véi gia tri 1g(HF/fH,0) tir
(-4,19 + -3,54) & khéi Duong H6 Chi Minh va Qué
Son dén (-3,82+3,21) & khéi Sa Thdy. Ap sudt rieng
phdn tuong d6i cla clo d6i véi cac khéi Duong H6
Chi Minh, Qué Son va Sa Thdy c6 gié tri lg(HC1/fH,0)
trong ing -1,95+-1,31, -2,24+-0,77 va -1,46+-0,84.



Ap sudt rieng phdn clia oxy c6 cac gia tri Igfo,
tuong ng -15,90+-11,29, -13,41+-11,40 va -12,11+
-10,82.

Nghién cilru biotit trong cac thé batolit Sierra
Nevada va Pennisular Range vung California (USA),
J.J. Ague, 1988 [3] da chia racéc loai granit nhu sau:
I-WC (granit kiéu I hén nhiém yéu), I-MC (granit
kiéu I hén nhiém vira phai), I-SC (granit kiéu I hén
nhiém manh) va I-SCR (granit kiéu I hén nhiém vira
manh va khir tuong duong véi S-granit theo Chappel
and White) (hinh 3). Ciling theo céc tac gia nay,
granitoid I-SC thudng c¢é tiém nang khoang héa Mo
porphyr, con cac granitoid I-MC - khoang hoéa Cu
porphyr. Trén biéu dé tuong quan Ig(fHF/fH,0) - 1gf0,
trong diéu kien T = 800 °C va P = 3 kbar (hinh 3)
phin 1én cac diém biéu dién thanh phan biotit clia
t6 hop Bén Gidng - Qué Son phan bd & viing ¢6 moi
truomg oxy hoa, chu yéu tap trung vao loai granitoid
I-WC, it hon vao loal granitoid [-SC. Cling trén biéu
d6 nay cé thé thay ap suat rieng phén tuong déi clia
F caonhdt doi vdi khéi Sa Thdy, va thap nhat déi véi
khoi Dudng H6 Chi Minh. Theo J.J. Ague, 1988, tit
ca cac khéi déu c6 tiém nang khoang hoa Cu porphyr.
D6i véi khéi Sa Thdy, ngoai tiém nang khoang hoa
Cu porphyr, con c6 thé c6 tiém nang khoang hoa
Mo porphyr.
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Hinh 3. Thanh phin biotit trong granitoid t6 hop Bén
Giang - Qué Son trong tuong quan Ig(fHF/fH;0) -
lgfo, trong diéu kien T = 800 °C va P = 3kbar
KY HIEU : cac trudng sdm mdu : [-WC : I-granit hon
nhiém yéu, [-MC : I-granit hén nhiém vira phai, I-
SC: [-granit hén nhiém manh, [-SCR : [-granit hén
nhiém manh va khtr, cac ky hiéu khac nhu hinh 2

Tren biéu dé tuong quan lg(fHC/fHF) - 1g(fHCI/fH,0)
(hinh 4a) cac diém biéu dién thanh phan biotit cla
t6 hop phan bs trong ving cac granitoid chra quang
hoa Cu-Mo : Jirekenskoie, Agsugskoie va Sorskoie,

LB Nga [9], song c6 ap sudt rieng phdn tuong doi
cta F 16n hon nhiéu (hink 4b).
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Hinh 4. Thanh phdn biotit trong granitoid té hop
Bén Gidng - Qué Son trong tuong quan lg(fHCY//HF)
- lg(fHC1/M,0)(a) va lg(fHCI/MF) - 1g(fHF/fH,0)(b)
KY HIEU: c4c truong granitoid chia quang hoa Cu-
Mo : 1. Sakhtaminskoie, 2. Jirekenskoie va
Agsugskoie, 3. Sorskote (LB Nga) [Sotnikov], cic
ky hiéu khac nhu hinh 2

IV. HAM LUONG HALOGEN TRONG BIOTIT
VA KHA NANG KHOANG HOA CUA TO HOP
BEN GIANG - QUE SON

Nhiéu cong trinh cho thdy ham luong halogen
trong khodng vat tao da phu thudc vao thanh phin
va ban chit magma me cling nhu cic giai doan tién
hoa dia chat, 1a chi s6 cho ch& d¢ chat boc va diéu
kién hoa ly thanh tao da cling nhu dac tinh sinh quing
cla ching. Ham lugng Cl cao nhét lién quan voi
hoat dong nhiét dich nguén géc magma, con ham
luong F lien quan véi hoat dong nhiét dich cua cac
chdt luu nguén géc khi tuong |1].

Dua vao ham lugng Cl va F cia khoang vat cong
sinh trong granitoid (apatit, biotit va amphibol),
I.N. Bushliakov, V.V. Kholodnov, (2000), |2| da
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x4c dinh duoc hanh vi clia cac nguyen t6
halogen trong qua trinh tao d4 va tao quang trong
qua trinh phat trién dai dong Ural, déng thdi xac lap
duoc cac kiu thanh tao granit va hé magma -
guang di kém v&i chang : kiéu granit "uét” va
kiéu granit "kho". Trong kiéu granit "kho", dua theo
ham luong uu the cla halogen chia ra cac kiéu : Cl,
F va F-Cl. Cac tac gid trén ciing da xac lap duogc cac
tieu chi thach - dia hoa chdt béc vé kha ning sinh
guang cla cic xam nhap granit dai Ural, cho phép
du b4o tiém nang sinh quang cta ching.

Tren bang 1 va biéu dé tuong quan F-Cl (hinh
5), granitoid cac kh6i cla t6 hop nghién ctru gidu Cl
(0-0,27 %tl) va nghéo F(< 1,5 %tl). Phan I6n biotit
clia c4c kh6i Duong HS Chi Minh va Sa Thdy ndm
trong truong granit "udt” hoac trén ranh gidi gifta
granit "u6t” va "Cl-granit” [2]. Theo ham luong F-Cl,
biotit cac kh&i nay rdt gdn giii vdi biotit trong granit
lien quan véi md Cu-porphyr Biac My véi khoang
hba Au, Cu, Pb, Zn. Do d6 c6 thé néi chling c6 tiém
nang khoang héa Cu-porphyr. Biotit kh6i Qué Son c6
tinh hai mat, chiing nghéo F (< 0,6 %tl), gidu Cl, tap
trung thanh 2 nhém riéng biét phan bd tai cic truong
granit "udt” va "Cl-granit”. Theo ham lugng F-Cl, cac
biotit thuoc nhoém granit "udt” rat gan giii véi biotit
trong granit lién quan voi mé Cu-porphyr Bic My,
con nhoém "Cl-granit" ndm hoan toan trong trudng
biotit clia t6 hop gabbro-granit & Ural véi khoang
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Hinh 5. Thanh phén biotit trong granitoid t6 hop
Bén Giang - Qué Son trong tuong quan Cl-F
Cic truong : I - ki€u CI, II - ki€u "nuéc”, 11 - kiéu
Cl-FvalV - kiéu F. Cac kiéu dia hoa cac da xam
nhap : 1. t6 hop gabbro-granit & Ural voi khoang
héa skarn magnetit, 2. granit lien quan v&i mé Cu-
porphyr Bic My véi khoang hoa Au, Cu, Pb, Zn
[2], cac ky hieu khac nhu hinh 2
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héa skarn magnetit (hinh 5). Vi vay, ngoai khd nang
khoing hoa Cu-porphyr, c6 thé trong doi cac khoang
hoa skarn magnetit d6i véi khéi Qué Son.

KET LUAN

Dua vao dic diém thanh phédn cua biotit trong
granitoid Bén Giing - Qué Son va cé4c thong s& nhiét
dong clia chiing c6 thé dua ra mot s6 két luan sau :

Biotit trong granitoid thudc t6 hop Bén Giéng -
Qué Son thuoc loai gidu Fe, nghéo Al, thuoc loat
Phlogopit-Annit. Theo thanh phdn cuda biotit trong
chiing, cac khéi cla t8 hop duoc tao thanh trong ché
do nhiet dong sau : nhiet do 600-720 °C, ap suat
dia tinh 2,9-3,1 kbar, 4p sudt riéng phén tuong d6i
cla F véi gia tri Ig(fHF/fH,0) = -4,19+-3,21; 4p sudt
riéng phdn tuong déi cla Cl c6 gia tri 1g(fHC1/fH,0)
=-2,24+-0,77 va 4p suit rieng phdn clia oxy cb gia
tri lgfo, = -15,90+-10,82. Cac théng s6 vé chat boc
cho thdy cic khéi cla t6 hop dugc thanh tao trong
moi truong oxy hda, ing vai granitoid I-WC, it hon
vao loai granitoid I-SC[3]. Biotit trong granitoid cla
t6 hop gidu Cl nghéo F, ing véi granit "uét” va "Cl-
granit”, chirng t6 chat boc gidu H,O va lién quan
voi hoat dong nhiét dich ngudn géc magma. Voi cac
thong s6 néu trén, tat ca cic khéi Duong H6 Chi
Minh, Qué& Son va Sa Thdy c6 tiém ning khoing
hoa Cu(Mo) porphyr 16n. Déi voi khéi Qué Son,
ngoai kha niang khoang hoéa Cu(Mo) porphyr ¢
thé hy vong gip cac khoang hba skarn magnetit.

Cong trinh dugc hoan thanh trong khuon khé dé
tai Khoa hoc NCCB mi s6 70.87.06., dé tai HTQT
theo Nghi dinh thu Viet Nam - LB Nga (2007-2009).
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SUMMARY

Thermo dynamical forming conditions of the
Ben Giang - Que Son granitoid association on the
basis of biotite composition

Detailed investigation in biotite composition of
the Ben Giang O Que Son granitoid show that they
are Fe-rich and Al-poor biotite, belonged to Phl-Ann
series. The rocks were formed in intervals of 600-
720 °C, geostatic static pressure of 2.9 0 3.1 kbar ;
relative fugacities of HF and H,0 Ig(fiF/f,0) = -4,19
+3,21; relative fugacities of HCl and H,0 Ig(fici/f4,0)
= -2,24+-0,77 and fugacity of oxygen Igfo, = -15,90
+10,82. Majority of the associationlls intrusive
bodies were crystallized in oxidized environment that
similar to I-WC granitoid, minority of I-SC granitoid [3].
Biotit-es are Cl-rich, F-poor, similar to Taqueousl
and (CI-" granites, implying the fluids are enriched
in H,0 and associated with magmatic hydrothermal
activi-ties. The intrusives along HCM roads, Que
Son, and Sa Thay massives have high potential of
Cu(Mo)-porphyry mineralization. In addition, the
Que Son massive has potential in skarn magnetite
minerali-zation.
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Vién Dia chdt (Vién KH&CN Viét Nam)
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