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DANH GIA DIEU KIEN MAGMA GRANIT MUGNG LAT:
NHIN TU THANH PHAN BIOTIT

TRAN QUOC CONG!, PHAM THANH THUY? TRAN TUAN ANH!
Vién Cdc Khoa hoc Trdi ddt - Vién Han lam Khoa hoc va Cong nghé Viét Nam
*Truong Dai hoc Khoa hoc ty nhién - Dai hoc Quoc gia TP. Ho Chi Minh

Tom tat:

Nghién ciiu ddic diém thanh phdn héa hoc cia khodng vit tao dd c6 tdm quan trong ddc biét, lam co sé
dé ddnh gid diéu kién thanh tao ciing nhu nguén magma ban ddu. Biotit la mét trong nhiing khodng
vdt tao dd ciia granit Mudng Ldt, vi thé nghién ciiu da st dung phuong phdp phan tich thanh phdn
khodng vt tao dd (biotit) bang phuong phdp microzond (EPMA). Khodng vdt biotit dugc tdch ra tiy
granit Mudng Ldt la biotit nguyén sinh va c6 thanh phdn tuong ting véi ki€u biotit giau sdat (Fe-biotit).
Biotit Mudng Ldt c6 ham lugng Al cao (3,34 - 3,66), gid tri A/CNK dao dong tii 1,75 - 1,93 (trung binh
la 1,84), Mg# (28,08 - 35,27) tuong ting granit kiéu S. Nhiét d¢ két tinh tinh todn nam trong khodng tiy
610°C dén 685°C chi ra mot dic tinh dd granit "lanh". Ap sudt két tinh udc tinh tit 4,6 kbar dén 5,7 kbar
tuong duong vdi vi tri I6p vo giiia (14 - 17 km).

T khéa: Granit Mudng Lat, biotit, nhiét do, dp sudt.

Ngay nhdn bai: 13/1/2025; Ngay siia chiia: 5/2/2025; Ngay duyét ding: 17/2/2025.

Assessment of conditions of the Muong Lat magma granite:

From the analysis of the biotite composition

Abstract:

Studying characteristics of the chemical composition of rock-forming minerals is of particular importance, as a
basis for assessing formation conditions as well as the initial magma source. Biotite is one of the rock-forming
minerals of the Muong Lat granite, therefore in this study we analyzed the composition of biotite using the
electron probe microanalysis (EPMA) method. The biotite mineral extracted from the Muong Lat granite is
primary biotite and has a composition corresponding to iron-rich biotite (Fe-biotite), with high aluminium
contents (3.34 - 3.66), its A/CNK values range from 1.75 to 1.93 (average of 1.84), and Mg# ones are from 28.08
to 35.27 which are typical of S-type granite. Calculated crystallization temperatures ranging from 610°C to
685°C indicate a "cold” granite characteristic. Crystallization pressure is estimated from 4.6 kbar to 5.7 kbar,
corresponding to a mid-crustal depth of 14 km to 17 km.

Keywords: Muong Lat granite, biotite, temperature, pressure.

JEL Classifications: O13, P48, Q57.

1. DAT VAN PE

Tay Bac Viét Nam la khu vuc ¢ dic diém dia
chat phtic tap, dugc hinh thanh bdi hang loat cac giai
doan hoat dong kién tao, gom ca su dap v6 va sut lun
ctia vo Trai dat dan t6i su lang dong trdm tich, cac
bién dang tao nui xay ra trong suét lich su lau dai
cua Trai dat va kéo dai dén hién tai. Cac thanh tao
granitoid trong viing da dugc cac nha dia chét tién
hanh nghién ctu tii nhiing nam 60 cua thé ky XX
va nhiing nam dau cua thé ky XXI. D6i v6i granit
Muong Lat da c6 nhiéu cong trinh nghién ctiu dé
cdp va tiing phan lam sang to cac ddc trung vé thach
hoc, dia héa nguyén t6 chinh, hi€ém vét, dong vi va
tudi dong vi (Pao.b. Thuc va nnk, 1995; D6.V.Thanh,
2015; Tran. V. Tri va Vii.Khuc, 2009; Tran Vian Thanh
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va nnk 2018). Tuy nhién, viéc nghién ctiu chi tiét vé
khodng vat, dac biét la cac khoang vat chi thi cho diéu
kién thanh tao nhu ap suét, nhiét do, hoat do oxy hdéa
nhu khodng vét biotit ctia cac thanh tao granit nay
hau nhu chua dugc dé cép.

Biotit 1a khoang v4t mica phé bién trong céc
da magma (ddc biét magma thanh phéan axit),
bién chdt va cac moi trudng lién quan dén quidng
nhiét dich, do biotit kha bén viing trong cac diéu
kién nhiét do va ap suat khac nhau (Yavuz 2003a,
b). Biotit c6 céng thiic hoa hoc phtc tap, chung
c6 kha ndng két hgp v6i nhiéu nguyén té chinh
va vét khac nhau, do dé ching dugc xem nhu la
khoang vat chi thi quan trong cho cac qua trinh
tao quang khac nhau. Thanh phan héa hoc cua



mica phu thu¢c cht yéu vao thanh phan chinh
clia magma nguyén thuay (Dreher, S.T. 2002)).
Vi vay, thanh phan héa hoc cta biotit c¢6 thé st
dung dé€ xac dinh céc dic trung hoéa ly khac nhau
clia magma nguyén thuy hay cach khac chinh la
moi trudng ma nd phat trién (Zhu et al. 1992;
Tischendorf et al. 2001). Do d6, dic diém thanh
phan hoéa hoc ctia biotit rit hiiu ich cho viéc
tim hiéu qua trinh tién héa magma, nhiét dich
(Barriere va Cotten 1979; Van Lichtervelde va
cong su 2008) va thach luan cac da granit (Neiva
1981; Pla Cid et al., 2001; Machev et al., 2004 ;
Masoudi va Jamshidi Badr 2008; Karimpour et al.,
2011). Ngoai ra, ham lugng Flo va Clo cta biotit
c6 thé dugc su dung d€ du doan hoat do Flo va
Clo ctia pha chat boc (Munoz and Swenson 1981;
Munoz 1984, 1992; Coulson et al. 2001; Boumeri
et al. 2006; Zhang 2016).

Trong pham vi bai viét nay, nghién ctu tap
trung giai quyét van dé diéu kién nhiét dong trén
cd 86 cac nghién ctiu chi tiét vé khoang vat biotit
ctia cac da granit nay. Viéc nghién ctu chi tiét vé
ddc diém khoang vat, thanh phan héa hoc cua
khoang vat biotit 1a co s& khoa hoc gép phan: (i)
phan loai cac kiéu granit; (ii) sti dung cdc thong
s6 thanh phan hoéa hoc ctia khoang vat dé€ tinh

toan va gép phéan lam sang to dac diém cua granit
Muong Lat.

2. POI TUONG VA PHUONG PHAP NGHIEN CUU

2.1. Déi tugng nghién ciu: Biotit thudc khoi
granit Muong Lat khu vuc huyén Quan Hoa, tinh
Thanh Hoéa.

2.2. Phuong phdp nghién ciiu

Phuong phdp phan tich thanh phan khoang
vét tao dd bang phuong phdp microzond (EPMA).
Thanh phan héa hoc ctia biotit trong granit Muong
Lat dugc phéan tich bang may vi do (EPMA - Jeol
JXA-8100) tai Vién Dia chit va Khoang véat hoc
Novosibirsk, phan vién Siberi (Vién Han lam Khoa
hoc Nga). Cac phén tich dugc thuc hién & dién thé 20
kV, chum electron cé cuong do 20 nA, thdi gian doc
1310 gidy (10s). Cac két qua dugc chudn hoa biang cac
mau chuén ¢ & phong thi nghiém nhu cac khoang
vét wollastonite, albite, adularia va cac hgp chat tong
hop SiO,, TiO,, ALO,, Cr,O,, Fe,O,, MnO, MgO,
CaF, NaCl. C4c két qua phan tich dugc tinh todn va
hiéu chinh dua trén chuong trinh hiéu chinh ma trdn
ZAF cho oxit. Cong thtic hoa hoc cta biotit dugc
tinh toan dya trén tong s6 oxy la 22 va OH dugc tinh
nhu sau: OH = 4-(F+Cl). Ham lugng Fe trong biotit
dugc quy vé Fe *.
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NGHIEN CUU
KET QUA VA THAO LUAN

3.1. Ddc diém dia chdt

Khu vuc nghién cttu ndm trong d6i Tay Bac B,
tiép giap v6i hé rift Permi mudn - Mesozoi séng
ba - Tu Lé qua déi dat gay Son La - Ha Trung, phia
Tay Bac bi déi duat gay trugt bang phai Lai Chau -
Dién Bién cat chéo, phia Nam dugc gidi han basi dut
gy song M3, phia Dong tiép gidp vinh Bac Bo theo
(Tran. V. Tri va Vi. Khug, 2009).

Phtic hé Muong Lat gobm cac khdi khac nhau
nhung tap trung va dai dién nhét la khoi Muong
Lat. Khéi Muong Lat phan b6 doc theo song Ma tit
dia phan xa Tam Chung dén xa Trung Son, huyén
Quan Hoéa, tinh Thanh Héa. Chung tép trung kéo dai
khoang 30 km, rong trung binh 8-10 km véi dién tich
~300 km? (Hinh 1).

Két qua nghién ctiu dia chat khi thanh lap ban
do dia chat va khoang san ty 1¢ 1:200.000 to Sam
Nua (Tran Nghia, cht bién, 1995) cho théy, granitoid
Mudng Lat xuyén cét va gay bién chét tiép xuc cac dd
vay quanh. Tai ranh giéi phia Tay, phia Bac va phia
Nam khoi quan sat thdy granitoid xuyén cat da phién
thach anh-mica-granat va gneis microlin dang mat
thudc h¢ tang Nam Co (PR3-€1nc). Ngoai ra, & phia
Tay khoi con quan sat thay granitoid xuyén qua trdm
tich Paleozoi ctia hé tang song Ma (€2sm).

Thanh phén thach hoc cac granitoid kha da dang
bao gom: granit biotit, granit muscovit va granit 2
mica, granit aplit, granit pegmatit (P4. V. Thanh,
2015). Két qua phan tich tudi dong vi pegmatit ti
kho6i Muong Lat cho két qua dao dong trong khoang

A Anh 1. Mgt cit thic dia (a) va mau granit hai mica
nghién ciiu (b).
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217-238 Tr.n, trung binh 230 + 7 Tr.n (U-Pb, LA-
ICP-MS) (Tran Véan Thanh, 2018).

Mau granit hai mica ML18-14 trong nghién ctu
nay dugc lay tai huyén Mudng Lat, Thanh Héa thudc
phtic hé Mudng Lat ndm trong d6i cdu tric Tay Bac
B¢. Mit cat 14y mau ndm canh dudng qudc 10 (c6 toa
do X=104.7910946, Y= 20.547782) cao 12 m, dai 16
m, mau ldy tuai, hat tho (Anh 1).

3.2. Ddc diém thach hoc - khodng vit

Granit Muong Lat la loai granit hai mica (biotit
va muscovit) hat tho saing mau, cdu tao khoi, c¢6 kién
trac nta ty hinh. Thanh phan khodng vat chinh la
plagioclas (36 - 39%), thach anh (30 - 32%), feldspar
kali (14 - 17%), biotit (5 - 7%), muscovit (3 - 5%).
Biotit trong mau c6 dang tdm, vay kéo dai, gdm mon,
duéi 1 nicol c6 mau nau do, da sac ro, cat khai rat
hoan toan. Biotit thudng cong sinh plagioclas, thach
anh, feldspar kali, muscovit, it khoang vat quang.

Két qua phén tich thanh phan héa hoc ctia khoang
vat biotit Mudng Lat dugc trinh bay trong Bang 1. Tu
két qua phan tich cho thay, biotit thudc granit phtic hé
Mudng Lt c6 thanh phan SiO, = 33,82 - 35,62% tl;
TiO, = 1,83 - 3,62% tl; ALO, = 17,85 - 20,11% tl; FeO
= 20,35 - 24,25% tl; MnO = 0,41 - 0,61% tl; MgO =
5,19-6,77% tl; CaO = 0 - 0,04% tl; Na,0 = 0,03 - 0,21%
tl; KO = 8,99 - 9,93% tl. Ham lugng F thay doi trong
khoang ti 0,77 dén 1,21% tl; con ham ligng Cl cht
yéu dao dong trong khoang 0,0033 - 0,0226% tl.

A Anh 2. Anh ldt méng thach hoc granit hai mica
(mdu ML18-14): A-nicol (-) va B- nicol (+)

Cdc ky hiéu: PI- Plagioclas, Kfs- Feldspar kali, Qtz-
Thach anh, Mus- Muscovit, Bt- Biotit.
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A Hinh 2. Thanh phdn héa hoc biotit ciia granit phiic hé Mudng Ldt a) Biéu do TiO,+FeO - MnO - MgO theo
Nachit et al.(2005); b) Biéu do Fe/(Fe+Mg)-Al theo Rieder et al. (1998); c) Biéu do6 MgO-FeO-Al O, theo Abdel-

Rahman (1994). d) Biéu dob theo Foster (1960).

3.3. Phan logi biotit va kiéu granit ddc trung

Nghién ctu dac diém thanh phan héa hoc cta
biotit trong granit thudc kh6i Mudong Lat c6 thé giup
nhan dinh vé ddc trung cta cac da thudc khu vuc
nghién ctiu. Budc dau nghién ctiu cho thay, biotit
Mudng Lét c6 ham lugng titan cao (TiO, = 1,83 -
3,62% tl); cao nhom (AL O, = 17,85 - 20,11% tl), thap
magnesi (MgO = 5,19 - 6,77% tl) dugc xép vao loai
granit c6 lién quan dén magma c6 thanh phéan bao
hoéa nhom (Hinh 2¢) theo Abdel-Rahman (1994).
Ham luigng kiém dao dong trong khoang K,O = 8,99
- 9,93% tl. Dya vao biéu d6 phén loai biotit (Hinh 2d)
ta thdy cdc mau nghién ctu thudc loai Fe- biotit theo
Foster (1960).

Ham lugng Ti trong biotit lién quan véi diéu kién
nhiét do. Khoang vat biotit nguén magma c6 nhiét
d0 cao hon so vdi cac hat biotit tai két tinh hodc biotit
thi sinh. Nachit et al. (2005) da dé xuét biéu do 3 ciu
ti 10*TiO,-(FeOT+ MnO)-MgO nhidm phan biét
biotit nguyén sinh véi cac loai biotit dugc hinh thanh
do qua tinh tai két tinh hodc biotit thii sinh. Cac hat
biotit nghién ctiu cht yéu thuc loai biotit nguyén

sinh (Hinh 2a) v6i ham lugng TiO, dao dong trong
khoang 1,83 - 3,62% tl. Theo Liu et al., (2010), biotit
nguon magma c6 cation Ti<0,55. Theo tinh toan
trong bang 1, cac hat biotit déu c6 Ti<0,55.
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A Hinh 3. Biéu do tuong quan A/CNK - Mg# thé hién
bién loai da granit xét cho granit Muong Ldt (theo Gao
et al, 2016)
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Hinh 4. Biéu d6 tuong quan gitia XMg va nguyén t6 chinh ctia biotit trong granit Mudng Lét

Xem xét tuong quan gitia gid tri XMg va ham
lugng cac nguyén t6 chinh trong thanh phan cua
biotit (Hinh 4) cling cho thay, trong thanh phan hoa
hoc cua biotit ham lugng titan, sit, silic tuong quan
nghich véi XMg; ham Iugng nhom, kiém, mangan
tuong quan thuan véi XMg, ham lugng cua chung
tang theo chiéu tang ham lugng magnesi.

Nhu & trén da trinh bay, vé khoang vét trong
thanh phan d4 c6 mit cac khoang vat cao nhom nhu
muscovit (d4u hiéu mang dic diém granit kiéu S).
Dbiéu nay con dugc minh chiing béi cac gia tri cta
biotit trong granit Muong Lat nhu ham lugng Al cao
(3,34 - 3,66), gia tri A/CNK dao dong tii 1,75 - 1,93
(trung binh la 1,84), Mg# (28,08 - 35,27; trung binh
32,36) tuong ung véi truong thanh phan biotit ctia
granit kiéu S (Hinh 3). Nhu vy, granit Muong Lat
thudc kiéu S granit dugc xép vao loai granit co lién
quan dén magma c6 thanh phan bao hoa nhom.

3.4. Tinh todn nhiét dj va dp sudt thanh tao dva
trén co sé thanh phdn khodng vat biotit

Dé ban luan va xdc dinh vé diéu kién nhiét dong
thanh tao cta granitoid can thiét phai dé cap dén cac
thong s6 quan trong vé nhiét do (T), ap suat (P), do
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sau thanh tao, ché do oxy trong boi canh thanh tao
do; ngoai ra con cac thong s6 vé ché do chat boc (ap
suat riéng phan ctia H,0, E Cl) dugc tinh todn tit ham
lugng cac halogen da phan tich.

Dbéxac dinh nhiét d¢ thanh tao ctia cdc dd magma,
bién chét c6 thé st dung nhiéu phuong phap khac
nhau: theo su nong chay ctia bao thé, xay dung do thi
va xac dinh giao diém cta cac dudng cong d6; hoac
sti dung cac dia nhiét ké dua vao thanh phén ctia cac
cap khoang vat tao da trong granitoid... Cac kiéu dia
nhiét nay doi hoi phai c6 thanh phan héa hoc cua cac
cap khoang vat trong da nhu sau Amf-Bi, Amf-Cpx,
Bi-Gr... Tuy nhién khong phai bat cti loai dd nao cling
c6 nhiing cdp khodng vat cong sinh nhu trén. Chinh
vi thé€ ma Herry va nnk, (2005) dua trén co s& cac két
qua thuc nghiém da dua ra kiéu dia nhiét ké dya vao
thanh phan hoa hoc ctia biotit:

y (ln{ﬁ]—-d - c{ XMg)? ]“'m
b
Trong dé: T tinh bang d6 C, Ti - s6 nguyén tii titan trong cong thiic
khodng vat chudn héa véi 22 nguyén tii oxy; XMg = Mg/(Mg+Fe);
a=-2.3594; b= 4.6482x10-9 va c = -1.7283; sai s0 + 24°C doi v{i

bién loai nhiét d¢ thdp (<600°C) va £12°C doi vdi bién logi nhiét do
cao (>600°C).



Tt cong thtic trén, tinh dugc T= 570 - 690°C. Vé
nhiét do thanh tao ctia biotit trong granit thudc phtic
hé déu cho trudng nhiét roi vao khoang 610 - 685°C
(Hinh 5).
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Hinh 5. Nhiét do thanh tao biotit thudc granit
phiic hé¢ Mudng Lat trén biéu dé tuong quan giiia Mg/
(Mg+Fe)-Ti (Herry va nnk, 2005).
Mot cach tinh nhiét @6 tinh khac theo két tinh
cua biotit trong da granit (theo Luhr va nnk, 1984):

838 Trong dé: T tinh bdng dé C, Ti,
TK= —T Fe?* - s6 nguyén tii titan trong
1.0337 - —12 cong thiic khodng vét chudn héa
Fe Vi 22 nguyén ti; oxy.

Tu cong thic trén tinh dugc nhiét do thanh
tao dao dong trong khodng tit 602 - 675°C. Gia tri
nay kha tuong dong véi phuong phap tinh toan
nhiét d¢ néu trén. Day la nhiét d¢ thanh tao cua
biotit trong granit va thuong thdp hon nhiét do
bat ddu dong nguoi khoi magma. Vi bioit thuong
két tinh & giai doan cudi ctia qua trinh déong ngudi
magma nén c6 thé coi nhiét do thanh tao biotit
trong granit phan anh diéu kién nhiét do6 dong
ctia hé magma. Theo Miller va nnk (2003), cac da
silicic thanh tao & nhiét do duéi 800°C thudc kiéu
granit “lanh”.

Theo Uchida va nnk (2007) da chiing minh tong
ham lugng Al trong amphibol va tdng ham lugng Al
trong biotit tang cuing véi ap sudt tang, hay noi cach
khac, ap sudt két tinh ctia granitoid c6 thé bi han ché
bai tdng ndng do Al trong biotit. Do d6, Al trong biotit
c6 thé dugc st dung thay cho Al trong hornblen dé
udc tinh dia khi 4p khi thich hgp. Phuong trinh duéi
day dung d€ tinh ap suit két tinh cua biotit trong da
granit chia t6 hgp khoang vét plagioclas + biotit +
muscovit + hornblend + feldspar kali:

P (kbar) = 3.33AIT - 6.53 (+0.33)

Két qua tinh toan thu dugc ap suat thanh tao ctia
khoi Mudng Lat bién thién tii 4,6 kbar dén 5,7 kbar
tuong tng véi do sau thanh tao tii 14 dén 17 km (vd
gitia).
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3.5. Diéu kién chdt boc thé hién trong thanh
phdn khodng vit biotit

Két qua nghién ctiu ctia mot s6 tac gia (Munoz va
Ludeton, 1974; Munoz va Swenson, 1981; Lentz 1992;
Selby and Nesbitt 1998) cho thiy, ham lugng halogen
trong khodng vt tao da phu thudc vao thanh phan va
ban chat magma me cling nhu cac giai doan tién hoa
dia chét, la chi s6 cho ché d¢ chat boc va diéu kién hoa ly
thanh tao da cting nhu déc tinh sinh quang ctia ching.
Nhiing nghién ctiu ctia Bushliakov and Kholodnov nam
1986 da chi ra ham lugng cao nhat ctia Cl lién quan véi
hoat dong nhiét dich nguoén goc magma, trong khi dé
ham lugng cuia F lai lién quan véi hoat dong nhiét dich
ctia cac chat Iuu nguon goc khi tugng.

Phan 16n (70-90%) ham lugng F cua cac da
granit khong chita muscovit va fluorit dugc chia
trong biotit (Grabezkev et al.1979), phan con lai ndm
trong apatit va titannit. Gia tri XMg ctia biotit c6 anh
hudng dang ké dén sy phan viing cta F (Munoz va
Ludeton, 1974) va Cl (Munoz va Swenson, 1981).
Mtic do6 thay thé halogen ctia hydroxyl trong biotit
dugc diéu chinh bdi ty 1é Mg/Fe ctia nd. Cac biotit
co ty 1é Mg/Fe cao c6 xu hudng két hgp véi nhiéu F
hon, cac biotit c6 Mg/Fe thap thi chtia nhiéu Cl hon
(Munoz, 1984). Vi vay, xay dung biéu d6 tuong quan
gitia gia tri XMg va ham lugng (%) cta F va Cl trong
biotit d€ xem xét sy anh hudng nay.

Trén Bang 1 va biéu do6 tuong quan F-Cl (Hinh
6), biotit thudc phtic hé nghién ctiu ngheo Cl (0,003 -
0,023%) va ngheo F (<1,5%). Phan 1én biotit ctia khoi
chtl yéu nam trong trudng granit “u6t”. Xem xét moi
tuong quan cho thay, gia tri XMg c6 moi tuong quan
nghich v6i ham lugng Cl va tuong quan thuan véi ham
lugng F (Hinh 7). Ham lugng Cl giam theo d¢ ting ctia
ham lugng Mg va ham lugng F tang theo d¢ ting ctia
gia tri Mg trong khoang vat biotit trong cac bién loai da.
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Hinh 6. Biéu do tuong quan gitia ham lugng (%) ciia
F va Cl trong biotit Mudng Ldt (theo Bushlyakov and
Kholodnov, 2000)
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4. KET LUAN

Biotit kh6i Mudng Lat chu yéu la la biotit nguyén
sinh thudc loai biotit giau sit (Fe-biotit). Biotit
trong granit Muong Lat c6 ham lugng Al cao (3,34 -
3,66), gia tri A/CNK dao dong tti 1,75 - 1,93 (trung
binh la 1,84), Mg# (28,08 - 35,27) thudc truong bao
hoa nhom tuong ting véi trudng thanh phan biotit
cua granit kiéu S. Pay la ki€u granit "lanh", c6 qua
trinh két tinh giai doan cudi tu 685°C dén 610°C,
dugc hinh thanh trong 16p vo gitia 6 d6 sau khoang
(14 - 17 km) v6i ap suat két tinh trong khoang 4,6
kbar dén 5,7 kbar. Day la nghién ctiu dau tién kha
day du vé biotit trong granit Muong Lat, nhung cac

mau mdéi dugc trién khai theo mot mit cat. D€ co
danh gid chac chan vé diéu kién thanh tao magma
granit Muong Lat cin c6 thém cac nghién ctiu bo
sung, thu thap cic mau theo mot s6 mat cat khac.
Viéc nghién ctu chi tiét vé dic diém khoang vit,
thanh phan hoéa hoc ctia khoang vat biotit 1a co
s& khoa hoc d€ phén loai cac kiéu granit; st dung
cac thong s6 thanh phan hoa hoc ctia khoang vat
dé tinh todn va gép phén lam sang to dic diém cta
granit Muong Latm

Loi cdm on:

Bai bdo dudc hoan thanh védi sy hé trg ctia dé tai
md s6: DTDLCN.15/23

Bang 1: Thanh phan hoéa hoc (tl, %) ctaa biotit trong khéi Mudng Lat

KHM ML18-14
biém 1 2 3 4 5 6 7 8
SiO, 3442 34.40 33.98 34.28 35.10 34.55 34.83 35.37
TiO, 2.63 2.50 3.28 2.43 2.95 3.12 2.63 2.70
ALO, 18.99 18.91 17.85 19.42 19.48 19.61 19.58 19.47
FeO 22.84 21.89 22.92 22.19 22.44 20.87 22.47 21.49
MnO 0.47 0.48 0.43 0.50 0.47 0.50 0.47 0.48
MgO 5.80 5.59 5.63 5.90 5.74 5.79 6.11 6.00
CaO 0.01 0.04 0.02 0.00 0.01 0.00 0.00 0.00
Na O 0.12 0.16 0.03 0.07 0.06 0.13 0.07 0.09
K0 9.55 9.43 9.39 9.59 9.69 9.57 9.38 9.71
Cl 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.00
F 1.07 1.04 1.07 1.05 1.07 1.21 1.04 0.99
Total 95.91 94.60 94.63 95.45 97.04 95.37 96.63 96.31
A/CNK 1.80 1.80 1.75 1.85 1.84 1.86 1.91 1.83
Mg # 31.18 31.29 30.45 32.16 31.33 33.11 32.66 33.22
Tinh theo 22 don vi oxy
Si 5.38 543 5.40 537 5.40 5.38 5.37 5.45
Al(IV) 2.62 2.57 2.60 2.63 2.60 2.62 2.63 2.55
Al(VT) 0.88 0.95 0.74 0.95 0.93 0.98 0.93 0.98
Ti 0.31 0.30 0.39 0.29 0.34 0.37 0.31 0.31
Fe 2.99 2.89 3.05 291 2.89 2.72 2.90 2.77
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Mn 0.06 0.06 0.06 0.07 0.06 0.07 0.06 0.06
Mg 1.35 1.32 1.33 1.38 1.32 1.35 1.41 1.38
Ca 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.04 0.05 0.01 0.02 0.02 0.04 0.02 0.03
K 1.90 1.90 1.90 1.92 1.90 1.90 1.85 191
Cl 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F 0.53 0.52 0.54 0.52 0.52 0.59 0.51 0.48
OH 3.47 3.48 3.46 3.48 3.48 3.40 3.49 3.52
Al total 3.50 3.52 3.34 3.58 3.53 3.60 3.56 3.53
X(Mg) 0.31 0.31 0.30 0.32 0.31 0.33 0.33 0.33
X(Fe) 0.69 0.69 0.70 0.68 0.69 0.67 0.67 0.67
T (°C) 628 627 653 623 642 659 630 637
P (kbar) 5.1 52 46 54 52 55 53 52
KHM ML18-14
biém 9 10 11 12 13 14 15 16
SiO, 35.55 35.60 34.61 35.17 34.99 35.14 34.58 35.53
TiO, 2.78 3.33 2.87 2.82 2.60 1.83 2.92 2.66
ALO, 20.10 20.11 19.16 18.81 19.45 19.77 19.15 19.31
FeO 20.97 21.34 22.30 22.14 22.36 21.71 22.46 22.32
MnO 0.46 0.49 0.46 0.47 0.48 0.49 0.56 0.54
MgO 6.02 5.19 6.08 5.99 6.02 6.24 5.62 5.68
CaO 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01
Na,O 0.12 0.09 0.08 0.10 0.10 0.11 0.15 0.09
K0 9.44 9.93 9.48 9.71 9.54 9.78 9.49 9.66
Cl 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
F 1.11 0.77 0.99 1.00 1.00 1.06 091 1.08
Total 96.60 96.87 96.04 96.25 96.56 96.15 95.86 96.98
A/CNK 1.93 1.85 1.84 1.76 1.85 1.84 1.82 1.82
Mg # 33.87 30.24 32.69 32.52 32.43 33.90 30.83 31.22
Tinh theo 22 don vi oxy
Si 5.44 5.43 5.38 5.45 5.40 5.44 5.39 5.46
Al(IV) 2.56 2.57 2.62 2.55 2.60 2.56 2.61 2.54
Al(VI) 1.06 1.05 0.88 0.88 0.94 1.04 0.90 0.96
Ti 0.32 0.38 0.33 0.33 0.30 0.21 0.34 0.31
Fe 2.68 2.72 2.90 2.87 2.89 2.81 2.93 2.87
Mn 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07
Mg 1.37 1.18 1.41 1.38 1.38 1.44 1.30 1.30
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.04 0.03 0.03 0.03 0.03 0.03 0.05 0.03
K 1.84 1.93 1.88 1.92 1.88 1.93 1.89 1.90
cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.53 0.37 0.49 0.49 0.49 0.52 0.45 0.52
OH 3.46 3.62 3.51 3.51 3.51 3.48 3.55 3.47
Al total 3.62 3.62 3.51 3.43 3.54 3.61 3.52 3.50
X(Mg) 0.34 0.30 0.33 0.33 0.32 0.34 0.31 0.31
X(Fe) 0.66 0.70 0.67 0.67 0.68 0.66 0.69 0.69
T (°C) 643 665 640 639 629 602 641 631
P (kbar) 55 55 5.2 49 53 55 5.2 5.1
KHM ML18-14
Diém 17 18 19 20 21 22 23 | 24
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SiO, 33.82 35.61 35.62 35.18 35.42 35.20 34.78 35.55
TiO, 3.25 2.62 2.34 2.08 2.52 2.33 2.56 243
Ale3 18.51 19.68 19.07 19.92 19.80 19.10 19.48 20.09
FeO 24.25 22.27 21.86 21.38 21.18 21.79 21.68 21.07
MnO 0.54 0.47 0.48 0.43 0.47 0.46 0.46 0.46
MgO 5.57 6.06 6.77 6.27 6.06 6.38 6.02 5.89
CaO 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.03
Na,O 0.07 0.16 0.11 0.17 0.20 0.09 0.11 0.14
KO 8.99 9.51 9.52 9.50 9.52 9.81 9.72 9.37
Cl 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.02
F 0.84 1.11 1.08 1.20 1.05 1.14 1.05 0.98
Total 95.95 97.51 96.90 96.17 96.35 96.33 95.90 96.29
A/CNK 1.88 1.87 1.82 1.89 1.86 1.77 1.82 1.93
Mg # 29.06 32.67 35.57 34.34 33.79 34.30 33.12 33.26
Tinh theo 22 don vi oxy
Si 5.31 5.43 5.46 5.43 5.45 5.45 5.40 5.46
Al(IV) 2.69 2.57 2.54 2.57 2.55 2.55 2.60 2.54
Al(VI) 0.73 0.97 0.91 1.05 1.03 0.93 0.97 1.10
Ti 0.38 0.30 0.27 0.24 0.29 0.27 0.30 0.28
Fe 3.18 2.84 2.80 2.76 2.72 2.82 2.82 2.71
Mn 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Mg 1.30 1.38 1.55 1.44 1.39 1.47 1.39 1.35
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Na 0.02 0.05 0.03 0.05 0.06 0.03 0.03 0.04
K 1.80 1.85 1.86 1.87 1.87 1.94 1.93 1.84
Cl 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.42 0.53 0.52 0.58 0.51 0.56 0.52 0.48
OH 3.58 3.46 3.47 3.41 3.49 3.44 3.48 3.52
Al total 342 3.54 3.45 3.62 3.59 3.48 3.56 3.63
X(Mg) 0.29 0.33 0.36 0.34 0.34 0.34 0.33 0.33
X(Fe) 0.71 0.67 0.64 0.66 0.66 0.66 0.67 0.67
T (°C) 645 630 621 613 631 621 630 628
P (kbar) 4.9 53 4.9 5.5 5.4 5.1 5.3 5.6
KHM ML18-14
biém 25 26 27 28 29 30 31 32
SiO, 34.64 35.34 35.18 34.50 34.70 3543 35.04 35.22
TiO, 3.03 2.68 2.52 3.62 3.51 2.98 2.95 2.60
ALO, 18.81 19.80 19.48 18.56 18.97 19.53 19.73 20.01
FeO 22.57 21.57 21.40 22.03 21.05 21.78 21.66 20.35
MnO 0.48 0.49 0.47 0.53 0.50 0.48 0.50 0.41
MgO 6.06 6.05 5.83 5.67 5.32 6.04 5.98 5.94
CaO 0.02 0.02 0.03 0.02 0.00 0.00 0.00 0.00
Na,O 0.11 0.21 0.12 0.18 0.06 0.10 0.09 0.07
K,0 9.69 9.48 9.61 9.51 9.54 9.60 9.70 9.74
Cl 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
F 1.02 0.99 0.84 0.91 0.88 1.16 1.00 0.95
Total 96.47 96.66 95.54 95.62 94.57 97.14 96.65 95.30
A/CNK 1.76 1.86 1.84 1.75 1.82 1.85 1.85 1.88
Mg # 32.37 33.33 32.69 31.44 31.06 33.09 32.98 34.21
Tinh theo 22 don vi oxy
Si 5.38 5.42 5.46 5.39 5.44 5.42 5.39 5.45
Al(IV) 2.62 2.58 2.54 2.61 2.56 2.58 2.61 2.55
AL(VT) 0.82 1.00 1.02 0.81 0.95 0.95 0.96 1.10
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Ti 0.35 0.31 0.29 0.42 0.41 0.34 0.34 0.30
Fe 293 2.77 2.78 2.88 2.76 2.79 2.78 2.63
Mn 0.06 0.06 0.06 0.07 0.07 0.06 0.06 0.05
Mg 1.40 1.38 1.35 1.32 1.24 1.38 1.37 1.37
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.03 0.06 0.03 0.05 0.02 0.03 0.03 0.02
K 1.92 1.86 1.90 1.89 1.91 1.87 1.90 1.92
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.50 0.48 0.41 0.45 0.44 0.56 0.48 0.46
OH 3.50 3.52 3.59 3.55 3.56 3.43 3.51 3.53
Al total 3.44 3.58 3.56 3.41 3.50 3.52 3.57 3.65
X(Mg) 0.32 0.33 0.33 0.31 0.31 0.33 0.33 0.34
X(Fe) 0.68 0.67 0.67 0.69 0.69 0.67 0.67 0.66
T (°C) 645 636 630 673 675 647 647 639
P (kbar) 4.9 54 53 4.8 5.1 5.2 5.4 5.6
KHM ML18-14
Diém 33 34 35 36 37 38 39
SiO, 35.27 35.16 34.94 34.85 35.14 34.56 34.38
TiO, 2.85 2.43 2.70 2.85 2.73 2.49 3.03
ALO, 19.64 19.31 19.03 19.43 19.11 19.93 18.77
FeO 21.94 22.48 21.98 22.62 22.89 21.58 24.05
MnO 0.47 0.48 0.46 0.50 0.48 0.53 0.61
MgO 5.90 6.15 6.15 5.82 6.13 5.53 527
CaO 0.00 0.00 0.00 0.01 0.00 0.00 0.04
Na,O 0.18 0.10 0.05 0.19 0.16 0.08 0.03
K,0 9.56 9.68 9.64 9.43 9.53 9.86 9.32
Cl 0.01 0.01 0.01 0.01 0.00 0.01 0.01
F 1.14 1.05 1.01 1.11 0.91 0.87 0.86
Total 96.98 96.85 95.99 96.84 97.11 95.45 96.40
A/CNK 1.85 1.81 1.81 1.85 1.81 1.85 1.84
Mg # 32.39 32.78 33.27 31.45 32.33 31.34 28.08
Tinh theo 22 don vi oxy
Si 5.41 542 5.42 5.38 5.40 5.38 5.36
Al(IV) 2.59 2.58 2.58 2.62 2.60 2.62 2.64
Al(VT) 0.96 0.92 0.91 0.91 0.86 1.04 0.82
Ti 0.33 0.28 0.32 0.33 0.32 0.29 0.36
Fe 2.82 2.90 2.85 2.92 2.94 2.81 3.14
Mn 0.06 0.06 0.06 0.07 0.06 0.07 0.08
Mg 1.35 1.41 1.42 1.34 1.41 1.28 1.22
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Na 0.05 0.03 0.02 0.06 0.05 0.02 0.01
K 1.87 1.90 191 1.86 1.87 1.96 1.85
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.55 0.51 0.50 0.54 0.44 0.43 0.43
OH 3.45 3.49 3.50 3.46 3.56 3.57 3.57
Al total 3.55 3.51 3.48 3.53 3.46 3.66 3.45
X(Mg) 0.32 0.33 0.33 0.31 0.32 0.31 0.28
X(Fe) 0.68 0.67 0.67 0.69 0.68 0.69 0.72
T (°C) 641 622 635 637 632 628 637
P (kbar) 53 5.1 5.1 5.2 5.0 5.7 5.0
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