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1. Mé dau

Luc Yén dugc biét dén 1a ving mo giau tiém
nang da quy nhu ruby, saphir, spinel va tourmaline.
Nhitng nam gan day, cung voi viéc tlm thdy
tourmalin chat lugng ngoc trong mot sb than
pegmatit con phat hién mot bién loai cua khoang
vat microcline 1a amazonit. Than pegmatit chira
amazonit dugc the“iy & xd Minh Tién, huyén Luyc
Yén [10-12].

Cho dén nay méi chi co6 mot cong bd vé
tourmalin Minh Tién, Luc Yén di nhic toi
amazonit vung nay [14]. Tuy nhién, tac gia cho
ring amazonit 1 loai amazonit-orthoclas (nghia la
amazonit khong dién hinh). Vi vay, bai bao s& dé
cap dén cac dic diém tinh thé, thanh phan hoa hoc,
mau sic cia feldspar trong pegmatlt Minh Tién va
dbi sanh v6i cac dic diém cua amazonit tir
Madagarskar, Nigeria, Namibia nhim lam sang to
bién loai cta feldspar ving nghién ctru c6 phai la
amazonit thyc sy hay khong?

2. Khai quit vé cac bién loai ciia feldspar

Feldspar 1a nhom khoang vat alumosilicat, cau
trac khung, duoc biéu dién dudi dang cong thirc
héa hoc nhu sau: XAl(Al,Si)Si,Og. P4 mat trang -
moonstone, da mat troi - sunstone va da amazon -
amazonit 12 ba bién loai chinh duoc s dung lam
d6 trang strc ciia nhom khoang vat nay.

Da mit trang 1a bién thé ctia ortocla (thudc day
K-feldspar, cong thirc hoa hoc 1a KAISi;Og, két
tinh trong hé mot nghiéng) c6 cac mau tring, vang,
cam hodc xam, mo duc va cé anh ngoc trai [2], truy
cap website: [http://www.wisegeek.com/what-is-
moonstone.htm].

P4 mat troi 1a bién thé cia labrado, oligocla
(thuoc day plagiocla, c6 cong thitc hdéa hoc
(Na,Ca)AI(Al,Si)Si,Og, két tinh trong hé ba
nghiéng), khong mau. Nhung khi cé6 anh sang
chiéu vao tir cac hudng khac nhau thi xay ra hiéu
ung quang hoc lam cho noé ryc rd, dac biét 1a khi
chung co6 chtra cac vay hematit [2].

Amazonit hay con goi la “da amazon” dugc xac
dinh 1a bién loai mau xanh cua feldspar kali
KAISi[Si;O4] va két tinh trong hé ba nghiéng
(nghia 1a bién thé cta khoang vat microcline). Nam
1971, Cech va nhiing nguorl khac [3] da mo rong
xac dinh nay va cho ring, amazonit bao gdm ca
ortocla. Cho dén trudc 1985, nguyén nhan giy mau
clia amazonit con 1a diéu bi an. Nhidu nguoi da cho
ring amazonit ¢6 mau xanh 1 do chira déng (Cu)
boi vi cac hop chét ctia ddng (Cu) thudong c6 mau
xanh duong hodc mau xanh 14 cdy. Nhimg két qia
nghién ctru cua Hofmeister va Rossman [5, 6] da
tim ra nguyén nhan gay mau clia amazonit la do
nguyén t chi (Pb) va nudc trong cau tric cua tinh
thé feldspar. C6 hai cach dé nguyén té Pb tham gia
vao cau triic ciia feldspar kali: Pb*" + AI’* thay cho
K+ Si** va Pb*" + o thay cho 2K' tao ra 18i céu
trac (defect structure). Tuy nhién, Pb*" khong gay
mau ma do Pb’". Pb*" dugc hinh thanh do su phan
mg cia Pb”" v6i san pham phan ly ctia nuée bao
quanh cdu tric. Vi vy, nhom tac gia nay da dé
nghi m¢ rong amazonit bao gdom cac bién loai
feldspar c6 mau twong tu. Theo nhém nghién ciu
nay, co bdn kiéu mau khac biét: (1) mau lam (blue)
kiéu B - Microcline perthit thdp Pb (PbO nho hon
0,2%); (i) Mau lyc (green) kiéu G - orthoclas cao
Pb (PbO 16n hon 1%, tham chi t6i 1,8%); (iii) kiéu
D - microcline chtta ham luong Pb trung binh;
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(iv) kiéu T véi mau lam nhu turquoise. Sau do,
nghién cru cta Ivan Petrov va nhiing nguoi khac
(1993) chi ra ring cip [Pb-Pb]*" 1a nguyén
nhan gdy mau va dic trung cliia amazonit loai
microcline, ma loai orthoclas hodc plagioclas
khong c6 [7]. Tam [Pb-Pb]*" thuong dwoc hinh
thanh trong feldspar trat tu (ordered feldspar). Vi
vdy, Ivan Petrov dé nghi amazonit dién hinh chi la
bién loai ctia microcline. Nam 1998, A. Julg chi ra
r?lng mau xanh lyc ciia amazonit (bién loai cua
microcline) 12 do Pb" con mau lam 1a do Pb** [1].
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[ ] cacaaTeam tich b réi B8 tir khang phan chia.
Trong thanh tao nay cd chira ruby, saphir, spinel
chét lwgng ngoc va tourmalin

HQ thng An Phi: da hoa calcit, d4 hoa calcit dolomit
xen cac cac thiu kinh g4 phién hai mica

_ H& ting Thac Ba: da phién thach anh, feldspar, Birt gay
mica xen kep cac théu kinh da hoa, d4 quartzit

- Cac da phién thach anh, feldspar, mica xen kep céc thau kinh da
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Ba mach: pu- diaba, py- pegmatit granit
- Phia Bioc complex: granite, plagiogranite
- Phirc hé Tan Linh: da syenit, granosyenit
EEE rnoc he Tan Linh: 64 gabro

Séng, subi

Hinh 1. So db dia chéat viing Luc Yén [14]

Amazonit 1a mot bién loai kha hiém. Truée day
no chi thay & khu vuc Miass & vung nui Ilmen,
cach Chelyabinsk, Nga 50 ddm vé phia tdy nam.
bén nay, amazonit da duogc tim thay & Hoa Ky,
Australia, Madagascar, Namibia, Nigeria va
Brazil,... Amazonit thuong thdy trong pegmatit
granit, cdng sinh cung khoang vat K-feldspar binh
thuong trong moéi truong giau Pb [3, 4, 5, 9, 13].

3. Pic diém dia chét viing mé

~ Vung mo Lyc Yén bao g(‘A)m cac thanh tao dia
chat cha yéu sau day (hinh 1):

104°52'

e hoa, da quartzit cua hé tang

Théc Ba (PRstb);

- P4 hoa calcit, d4 hoa calcit
dolomit xen cac cac thau kinh
da phién hai mica ciia hé tang
An Phu (PR;3-giap). Trong hé
ting c¢6 chia ruby, saphir va
spinel chit luvong ngoc;

- Céc da trim tich bé roi Dé
Ti khong phan chia. Trong
thanh tao nay c6 chua ruby,
saphir, spinel chit lwong ngoc
va tourmalin;

- Cac da gabro, syenit,
granosyenit ctia phuc hé Tan
Linh (VEPZ,t));

- Céc da granit, plagiogranit
cua phuc h¢ Phia Bioc (yT;pb);

- Pegmatit granit, dai, mach
diaba khong rd tuoi.

4. Miu nghién ciru, phwong
phap phan tich

Mau nghién ciru dugc thu
thap tir than pegmatit xa Minh
Tién (hinh 2, 3, 4a, 4b), huyén
Luc Yén c6 nhimg dic diém
sau: kich thudc 16n, mau xanh
luc - luc nhat, duc, rat hiém théy
ban trong; di cung thach anh am
khoéi, tourmalin, lepidolit va
cleavelandit. Ngoai ra, cac tac
gia con phan tich mét s6 mau
amazonit dién hinh do gido su
Wolfgang Hofmeister cung cap
(amazonit Madagascar - hinh 5;
Namibia - hinh 6; va Nigeria -
hinh 7) nhim déi sanh véi
feldspar ving nghién curu.

. 22°00'
okm  104°52



Hinh 5. Amazonit Madagascar

Hinh 2. Than pegmatit nguyén tb hiém tai xa Minh Tién

Hinh 7. Amazonit Nigeria

Dic diém tinh thé cua feldspar dugc xac dinh
tr nim mau bot bang phuong phap nhidu xa
Ronghen (XRD); st dung may Siemens 3000TT,
dng ddng (Cu), goc 20 quay tir 5 dén 80°, toc dd
quay 1a 0,6°/phiit. Thanh phin hoa hoc duge xéac
Hinh 3. Feldspar (mau xanh I’uc nhat) trong pegmatit dinh béng phuong phap huynh quang tia X (XRF).

Minh Tien Céc nguyén t6 chinh dwoc xac dinh tir dia thiy
tinh, chuan bi béng cach nghién mau thanh bot.
Tron déu 0,4g miu bot voi 5,2g LiBO,. Hon hop
nay duoc d6 vao cbe (95% Pt-5% Au) va nung
néng & 1000°C dé tao thanh cac dia thiy tinh. Cac
nguyén t6 vi luong, nguyén té vét duoc xac dinh &
dang dia bot, chuén bi bé“mg cach tron déu 6g mau
bang sap két dinh (Hoechst) sau d6 dtic thanh dia
va nung kho. Cac nguyén td chinh, nguyén t§ vi
luong va nguyén t6 vét dugc phan tich trong mot
phé ké BRUKER SRS3000. Hai phuong phap,
Hinh 4. Feldspar tinh th& ving Minh Tién XRD va XRF, duoc tién hanh tai Vién Dia chat;
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Khoa héa, Duoc va Khoa hoc Trai Dét, Trudng
Pai hoc Johanes Gutenberg, Mainz, CHLB Duc.

5. Két qua va thio luan
5.1. Dic diém tinh thé

Feldspar Minh Tién c6 dang tinh thé hoan
chinh dén tha hinh, kich thudc tuong doi 16n (hinh
3, 4a, 4b), c6 khi t6i trén 10cm.

Tir két qua nghién ctru bing phuong phap nhidu
xa Ronghen (hinh 8-12, bang 1) feldspar Minh
Tién (hai miu Minh Tien, LY) va cac ving dbi
sanh déu gdm cac hop phan microcline va albit.
Tuy nhién, mtrc d¢ trat tu cia cac hop phﬁn la khac
nhau. Feldspar Minh Tién gdm microcline trat tur
trung binh va albit trat tu. Amazonit Madagascar
gém microcline trat ty va albit trat tu. Amazonit
Nigerira gdm microcline trat tu trung binh va albit
khong trat ty. Amazonit Namibia gém microcline
trat ty va albit trat ty. Nhu vay, feldspar Minh Tién
1a khoang vat microcline.
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Hinh 8. Phd Ronghen clia feldspar Minh Tién (mau LY)
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Hinh 9. Phd Ronghen clia feldspar Minh Tién
(m&u Minh Tien)
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Hinh 10. Phd Ronghen clia amazonit Madagascar

3000 | Nigeria

2000

0

cuong d¢

1000 -

0 k AM.JLJ il | A A

0 10 20 30 40 50 60 70 80
goc 2teta

Hinh 11. Phd Ronghen clia amazonit Nigieria
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Hinh 12. Phd Ronghen clia amazonit Namibia

Bang 1. Hop phan khoang vat cua feldspar Minh Tién
va cac vung déi sanh

Microcline

Mau Microcline N Albit Albit khéng
trat tu Trét tw trat t trat tue
T trung binh
Minh Tien + +
LY + +
Madagascar + +
Nigeria + +
Namibia + +




5.2. Mau sic

Co ché gdy mau trong amazonit 1a do tim mau
[Pb - Pb]*" [1, 6, 8]; Dibu kién thuan loi dé hinh
thanh cac tAm mau la trong microcline trat tu va
gidu cac nguyén t6 phong xa U, Th, Rb [8]. Nhu
vay, mau sc clia amazonit duoc quyét dinh
boi ham lwong cic nguyén t& Pb va mot phin boi
cac nguyén t6 U, Th, Rb va ciu trac tinh thé
cua chung.

Feldspar Minh Tién c6 mau xanh luc nhat, ban
trong sudt (hinh 4a) dén duc (hinh 4b), giong
nhitng dac diém cia amazonit di€n hinh.

So v6i mau & mot s6 noi co thé thiy ching cé
mau nhat hon cua amazonit Madagascar (hinh 5)
nhung ddm hon amazonit Namibia (hinh 6) va
Nigeria (hinh 7). Pic diém nay c6 thé do ham
luong nguyén t6 Pb trong amazonit Madagascar la
cao nhat, tiép dén 1a trong feldspar Minh Tién, thép
nhét 12 amazonit Namibia.

5.3. Thanh phan héa hoc

Thanh phan hoa hoc (bdng 2) cho thy feldspar
Minh Tién va cac vung doi sanh déu c6 ham lugng
tuong tu (chi s6 Or déu tir xap xi 80% dén trén
85%), chi s6 An rat thap, khong c6 sy xuat hién

Bang 2. Thanh phan héa hoc (%) cta feldspar Luc Yén (MT-LY1 va MT-LY2) va amazonit déi sanh (phwong phap XRF)

Minh Tien LY Madagascar Namibia Nigeria

SiO, 64,44 63,90 64,21 64,10 64,85
TiO, 0,01 0,01 0,01 0,01 0,01
Al,03 18,18 18,32 18,32 18,11 18,52
Fe,03(t) 0,15 0,07 0,14 0,17 0,10
MgO 0,00 0,00 0,00 0,00 0,00
CaO 0,05 0,04 0,06 0,32 0,06
Na,O 1,79 1,20 1,95 1,13 2,33
K20 13,13 13,93 13,36 14,40 13,11
PbO 0,0939 0,0896 0,1819 0,0048 0,0368
Cs,0 0,1073 0,2309 0,0424 0,0070 0,0153
Rb,0O 1,2950 1,9608 0,5375 0,5409 0,2301
LOI 0,57 0,57 0,64 0,58 0,4
Téng 99,82 100,32 99,45 99,37 99,66
Sé cation theo 8 oxy

Si 3,0002 2,9882 2,9920 2,9950 2,9930
Ti 0,0004 0,0004 0,0004 0,0004 0,0003
Al 0,9975 1,0096 1,0060 0,9972 1,0073
Fe 0,0053 0,0025 0,0049 0,0060 0,0035
Mg 0,0000 0,0000 0,0000 0,0000 0,0000
Ca 0,0025 0,0020 0,0030 0,0160 0,0030
Na 0,1616 0,1088 0,1762 0,1024 0,2085
K 0,7798 0,8309 0,7941 0,8582 0,7718
Pb 0,0012 0,0011 0,0023 0,0001 0,0005
Cs 0,0021 0,0046 0,0008 0,0001 0,0003
Rb 0,0388 0,0589 0,0161 0,0162 0,0068
Téng cation 4,9892 5,0070 4,9958 4,9916 4,9950
% mol

An 0,25 0,20 0,30 1,60 0,30
Ab 16,16 10,88 17,62 10,24 20,85
Or 77,98 83,09 79,41 85,82 77,18
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ctia nguyén t6 Mg, Mn hodc ham luong thip dudi
ngudng phéan tich.

D6i sanh véi cac mau nghién ctru c6 thé thiy
diém dic biét cua feldspar Minh Tién 1a c6 ham
lugng Pb, Rb va Cs cao va dic biét cao ddi voi
nguyén t& Rb (Ién t6i xp xi 1%). Tuy nhién, diém
dang luu y & day 1a ham lugng nguyén t6 Pb va Cu
vi Pb 1a nguyén t6 gy mau cho amazonit con Cu
ciing 1a nguyén té thudng tao mau xanh cho nhiéu
khoang vat. Két qua phén tich cho thdy Pb trong
amazonit Madagascar c6 ham lugng cao nhét, tiép
dén 1a trong feldspar Minh Tién, amazonit Nigeria
va cudi cing 1a amazonite Namibia. Dic diém nay
hoan toan phu hop v6i dic diém mau sic cua
chung nhu di d& cap trén. Con d6i v6i Cu c6 thé
thdy rd rang 1a Cu & mirc ham lugng chi vai ppm,
khong phai la nguyén nhan gay nén mau xanh cua
feldspar ciing nhu cac miu amazonit nghién ctru.
Céc nguyén td Ga, Zr, Zn, Ni, Cr, Ba xuét hién véi
ham lugng thap hon.

Tu thanh phan hoa hoc (bang 2) c6 thé tinh
cong thuc hoa hoc nhitng mau nghién ctru nhu sau:

- Feldspar Minh Tién:

(Ko,7798-0,8300Nag,1616-0,1088C0,0025-0,002Pbo,0012-

0,0011C80,0021-0,0046R b0 0338-0,0589)-

(A10,9975-1,0096F €0,0053-0,0025 1 10,0004511,0002-0,9882) S1,05

- Amazonit Madagascar :

(Ko,79041Na9,1762Ca,0030 Pbo,0023C0,0008Rbo0161)

(Al1.0060F€0,0049T10,0004510,9920)S1,0s.

- Amazonit Namibia:
(Ko,8580Nag,1024Ca0,0160Pb0,0001CS0,0001Rbo,0162) (Alg,097
oF e0,006T10,0004Slo,9950) S1,04,

- Amazonit Nigeria:
(K0,771SNaO,2085CaO,003PbO,0005C50,0003Rb0,0068)(All,0073
FeO,0035T10,0003810,9930)812084

Két qua phan tich ham luong nguyén to vi
lwong, nguyén t6 vét trong feldspar trong khu vuc
Minh Tién va amazonit Madagascar, Nigeria,
Namibia (bang 3) cho thiy mic du khac biét nhung
chung c6 nhimng gin giii nhau ¢ dic trung: Cr, Ni,
Cu, Zn, Ga, Rb, Zr, Cs, Ba, Pb.
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Bang 3. Ham lwong (ppm) nguyén t6 vi lwgng va
nguyén to vét cua feldspar Luc Yén (Minh Tien, LY) va
amazonit déi sanh (phwong phap XRF)

__ MinhTien _LucYen Madagascar Namibia _Nigeria
Sc 0,0 0,0 0,0 0,0 0,0
\ 0,0 0,0 0,0 3,0 4,0
Cr 9,0 8,0 7,0 10,0 8,0
Co 0,0 0,0 0,0 0,0 0,0
Ni 12,0 19,0 8,0 5,0 0,0
Cu 5,0 7,0 6,0 6,0 4,0
Zn 11,0 7,0 9,0 9,0 7,0
Ga 67,0 61,0 76,0 97,0 49,0
Rb 6117,0 9262,0 2539,0 25550 1087,0
Sr 0,0 0,0 29,0 5,0 33,0
Y 0,0 0,0 35,0 9,0 7,0
Zr 22,0 19,0 21,0 18,0 18,0
Nb 0,0 0,0 0,0 0,0 0,0
Cs 506,0 1089,0 200,0 33,0 72,0
Ba 7,0 27,0 83,0 22,0 159,0
w 0,0 0,0 10,0 1,0 0,0
Pb 872,0 832,0 1689,0 45,0 342,0
Th 0,0 0,0 0,0 0,0 0,0
Y 0,0 0,0 0,6 1,2 0,2

6. Két luan

Tur nhitng két qua nghién cuu trén c6 thé dua ra
mot sO két luan sau:

- Bién loai cua feldspar Minh Tién, Luc Yén,
tinh Yén Bai, Viét Nam la amazonit dién hinh.

- Amazonit Minh Tién, Luc Yén c6 cac dic
diém sau: gdm cac hgp phan microcline trat tu
trung binh (intermediated microcline) va albit trét
tu (ordered albite) v6i thong s6 77.98 - 83.09; Ab =
16,12 - 10,88 va An = 0,25-0,2. Amazonit c6 kich
thude 16n; mau xanh luc sang, luc nhat; ham lugng
Pb ¢ muc trung binh (832 - 872ppm), ham luong
nguyén t6 kiém hiém (Cs) cao: 506 - 1089, Rb dic
biét cao: 6117 - 9262.

Loi cdm on: Nghién ctru dugc thuc hién co su
hd trg kinh phi cua Pé tai nhom B - PHQG Ha
N6i, md s6 QG-10-09; Dy 4n TRIG - PHQG Ha
Noi; dic biét sy hd trg phan tich va cung cép mau
clia gido su Wolfgang Hofmeister. Tap thé tac gia
Xin bay t6 sw cim on t6i tit ca nhitng hd trg va
giup 4 quy bau trén.
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SUMMARY

To determine varieties of the k-feldspar of pegmatite from Minh Tien, LucYen

Amazonite or “amazon stone” is a bright to dark green (with some bluish hue) variety of microcline mineral. The
results of XRD, XRF, and petrographic microscopy have confirmed appearance of amazonite in Luc Yen, North West of
Vietnam. They are characterized by the variety of microcline that includes intermediate microcline and ordered albite with
according parameters: Or = 77.97 to 83.08, Ab = 16.16 to 10.88 and An is 0.25 to 0.2. Moreover, the crystal of
amazonite is in big size (usually greater than 1 cm even larger 10cm). They are pale and light green, opaque to semi-
transparent. Especially, the content of Pb is medium (832 - 872ppm), the content of rare elements (Cs, Rb) are high that
changed from 506 to 1089, 6117 to 9262 ppm respectively. All above characteristics imply that variety of Minh Tien K-

feldspar is an usual amazonite.
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