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PIEU KIEN NHIET DO -

AP SUAT THANH TAO

DA HOA CHUA PA QUY VUNG MO LUC YEN

NGUYEN THI MINH THUYET, NGUY TUYET NHUNG,

1. GIGI THIEU

He tdng An Phtt (PR; - £,ap) do Hoang Thai
Son xac 14p nam 1997 [13]. C4u thanh hé ting An
Phii chtl y&u 14 da hoa canxit c6 xen da hoa canxit-
dolomit, Cac da clia he tdng nay tao thinh mot dai
kéo dai theo hudng tay bic - dong nam, ndm chuyén
tiép trén da phién thach anh, mica cta hé tdng Thac
Ba (PRsth), duoc x€p vio loat Song Chay va thudc
d6i cau tric Lo Gam. Trong da hoa gap ruby, spinen,
héu nhu khéng gap saphir va té hgp khoang vat di
cung corindon, spinen 1a khac nhau.

Hién nay, c6 hai quan diém vé diéu kién thanh
tao da quy trong da hoa hé tdng An Pha, d6 1a bién
chat khu vuc [2-8] va bién chat trao ddi lién quan
dén cac phirc hé xam nhap kiém, 4 kiém trong ving
[10, 11]. Tuy nhién, cic phitc h¢ xam nhap trong
khu vyc di duge xac 1ap lai ¢6 tudi khong phi hop
voi thdi gian hinh thanh cda da quy.

Cic tac gid ban d6 dia chat khoang san ty lé
1/50.000, nhém t& Luc Yén Chau [12] x€p d4 hoa
hé tang An Phi cling véi da phién clia hé tdng Thac
Ba vao loat Song Chdy va cho ring ching trdi qua
hai loat bién chat phat trién doc lap, chéng chéo
nhau. Loat ddu thudc phén thap tudng epidot - am-
phibolit (khodng 550 °C). Loat thir hai 12 bién chat
vom nhiét thuoc twéng bi€n chét epidot - amphibolit
voi khodng nhiét do 600 °C, ap sudt nhS hon 6,5
kbar. Con da quy duoc hinh thanh do qua trinh bién
chat trao déi (doc ti€p xlic véi cic xam nhép axit
kiém gidu nhom). Hoang Thai Son (1994 - 1997),
trong bao cao dia chdt va khoang sdn nhoém td
Poan Hing - Yén Binh xép cac da cua he tdng An
Phii vio tuéng bién chat epidot-amphibolit [13].
Theo Nguyén Kinh Quéc va nnk (1995), ruby, spinen
dugc hinh thianh do qui trinh skam gitta da voi
canxit, dolomit v&i cic than pegmatit va xam nhap
granit, granosienit [10]. Pham Van Long (2003)
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cho corindon dugc thanh tao trong qué trinh bién
chdt nhiet dong & twéng amphibolit (nhiét do cia
moi trudng trong khoang 630 - 745 °C) vdi su
tham gia tich cuc cta cic hoat dong bién chat trao
ddi [8]. W. Hofmeister (2001) cho ring, corindon,
spinen trong da hoa dugc hinh thanh trong diéu
kién nhiét do trén 700 °C, ap suat 16n hon 7 kbar
[6]. C.A. Hauzenberger va nnk (2001, 2003) da
xé&p da hoa chita spinen, corindon viing Luc Yén
vio doi cfu tric Day Nii Con Voi va xac dinh
chiing dugc hinh thanh trong teéng granulit (nhiét
do thap nh4t 12 700 °C) [2, 3]. Bhuwadol Wanthana-
chaisaeng va nnk (2005) dua trén sy thay ddi cla
cac dai phd phat quang Cr™ trong tinh thé corindon
di xac dinh chiing dugc hinh thanh trong diéu kién
ap suat khodng 1,5 kbar (nén 1a 1,2 kbar).

Bai bao nay trinh bdy cac két qua phan tich dac
diém thach hoc, t8 hop kho4ng vat cong sinh voi
corindon, spinen, tir d6 xac dinh trudng nhiét do,
4p sudt thanh tao cua ching.

IL. DAC PIEM THACH HOC CUA DA HOA
CHUA DA QUY HE TANG AN PHU

1. Thanh phin héa hoc

Tir két qua phan tich thanh phén héa hoc (bdng
1) cba da hoa chira corindon, spinen hé tdng An
Phi c6 thé thdy di chira corindon c6 ham lugng
nhom troi hon va magie thudng thdp hon da hoa
chita spinen. V&i thanh phin nhu trén c6 thé xép
ching vao he héa hoc CMAKSH.

2. Thanh phin khoing vat va 6 hop khoing
vit cong sinh djc trumg

P4 hoa chira da quy hé ting An Phi bao gém
cac dang thach hoc sau :



Bdng 1. Thanh phin (%) hoa hoc cta da hoa chita corindon va spinen hé tdng An Phu
(phén tich biing phuong phap huynh quang tia X tai Vién Dia chat, Greifswald, Dirc)

Ky hieu

il Si0, TiO, ALO; Fe,0; MnO MgO Ca0 NaO KO P.Os F H,O- Téng Cr* V*
Da hoa chira corindon

AP4 042 0,118 3,60 049 0005 077 5180 004 002 0018 0 025 5754 32 <12

LYol 142 0051 243 017 0008 1,80 5105 013 016 0020 0 021 5746 18 12
Da hoa chira spinen

LY140 142 0044 139 0,18 0009 135 5226 009 006 0050 0 023 5708 15 <12

LY120 329 0020 1,18 017 0022 1041 4272 006 001 0068 01 0,14 5816 77 13

*ppm

a) ba hoa canxit

P4 mdu tring, kién tric hat bién tinh, khéng déu,
kich thudc tir nhdé dén 16n. Nhin mét thudng thay
tap hogp khoang vat canxit, corindon, phlogopit,
amphibon, margarit. Phan tich Ronghen cho két
qua da hoa canxit chita corindon thudng c¢6 amphi-
bon, phlogopit, margarit, clorit, grafit, vi muscovit.
Phan tich trén lit mdng thach hoc thdy té hop
khoang vat cong sinh dac trung cho loai da niy 1A
canxit + corindon + amphibon + phlogopit.

- Corindon : tinh th€ tit ty hinh dén tha hinh,
kich thudc rat thay déi, tir nhé hon 1 mm dén hang
centimet. Phat trién hién twong song tinh da hop.
Phan tich lat mdng thach hoc thdy corindon thudng
cong sinh cung canxit, amphibon, phlogopit, d6i
khi I3 anortit, margarit va clorit. K&t qud phan tich
microsond (bdng 2) cho thdy chi s6 Al tir 1,9969
dén 1,9823, ham lugng crom tr 0 dén 1,201, titan
tir 0,011 dén 0,120, sit tir 0 dén 0,076. Ngoai ra, co
cic nguyén t6 P, Si,.. ton tai & dang tap chat.

- Canxit : két tinh tha hinh, kich thuéc r4t thay
déi (tir nhé t&i16n). Trong 14t méng thach hoc, canxit

cong sinh v3di corindon, amphibon, phlogopit, anortit,
doi khi muscovit, margarit. Phan tich microsond
cho thdy chi s6 Ca tir 0,9883 dén 0,9788, Mg tir
0,0187 dén 0,0021.

- Amphibon : két tinh tha hinh, kich thugc rat
thay déi (tt nhé hon 1 mm dén hing centimet),
thuong di vi corindon, phlogopit, canxit, d6i khi
la anortit. Phan tich microsond cho thdy ching
thuoc nhém amphibon canxi, gidu nhém 1a pargasit
(bang 2).

- Mica : dang vdy, thuong tap trung thanh timg
dam. Két qud phan tich microsond cho th4y chiing
1a phlogopit, loai mica kiém gidu magie.

Cic dnh 1-4 thé hién hinh dang va khoang vat
cong sinh v@i corindon.

b) Ba hoa canxit dolomit

Pa mdu tring, tring xam. Kién trdc hat bién
tinh, khong déu, hat nhé dén vira, doi khi hat 16n.
Nhin mat thudng thdy tap hop khoang vat canxit,
dolomit, forsterit, spinen, amphibon, clinohumit,
phlogopit. Phan tich Ronghen cho két qua cac miu

Bdng 2, Thanh phin hoa hoc clia cic khoang vt trong d4 hoa chita corindon

(phén tich biing phuong phap microzond tai Vién Khoa hoc Pia chat va Khoang san)

Miu LY1-1 Méu LY1-2 Miu LY108
Co* Cc Amp Mar Chl Co Mar Ce Co
1) (2) (€))] @ (%) 6) ) (8) 9 (10)

SiO, 0,028 0,260 38,969 37,908 30,302 0 37,908 0,022 0,064
TiO, 0,120 0,000 1,370 0,029 0,041 0,011 0,029 0,023 0,055
ALO; 99,023 0,104 24,163 49,111 28,029 98,290 49,111 0 99,379
Cr,0; 0,000 0,000 0,067 0,288 0,190 1,201 0,288 0,022 0

FeO 0,000 0,130 1,612 0,054 1,549 0,011 0,054 0,075 0,076
MgO 0,000 0,087 15,170 0,168 31,693 0,016 0,168 0,782 0,027
CaO 0,003 57,036 12,674 8,819 0,849 0,006 8,819 56,871 0

* Cac chir viét tat xin xem & cudi bai
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Bdng 2 (tiép theo)

€9) 2 A3) @) &) 6 0] ®) ® (10
MnO 0,033 0,000 0,003 0,000 0,000 0 0 0 0
Na,0O 0,002 0,025 3,169 2,290 0,086 0 2,290 0,016 0,013
K,O 0,018 0,041 0982 0225 0,137 0,030 0,225 0,004 0
NiO 0,000 0,022 0,015 0,04 0,018 0,018 0 0 0
P,0s 0,008 0,006 0,000 0,000 0,020 0 0,044 0,006 0
Téng 99,235 58,494 98,194 98,936 92,914 99,583 98,936 57,881 99,614
Si 0,0004 02600 54640 4,7620 5,9434 0 47620  0,0004  0,0011
Al 1,9969 0,1040 25360 3,2380 2,0566 19823  3,2380 0 1,9961
Al 1,4570 4,033t 5,9202 4,0331 0
Ti 0,0015 0 0,1445 0,0027 0,0073  0,0001 0,0027 0,0003  0,0007
Cr 0 0 0,0074 0,0286 0,0377 0,016  0,0286  0,0003 0
Fe 0 0,0018  0,1890 0,0057 03120 0,0002 0,0540 0,0010  0,0011
Mg 0 0,0021  3,1710 0,0315 11,4993 0,0004 0,0315 0,0187  0,0007
Ca 0 0,9883  1,9034 11,1870 0,2206 0 1,1870  0,9788 0
Mn 0,0005 0 0,0004 0 0 0 0 0 0
Na 0 0,0008 08615 05578 0,0406 0 2,2900  0,0005 0,0004
K 0,0006 0,0008 0,1756 0,0361 0,0726 00003 02250 0,0001 0
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Anh 1. THCS Co +Am +Cc + Phl
MAau LY101, nicon : +,d = 1,2 mm

Anh 3. THCS Co + An + Cc + Phl
Mau LY101(1/3), nicon : +,d = 1,2 mm

Anh 4. THCS Am + Phl + An + Cc
Mau LY101(1/3) nicon : +,d = 1,2 mm

il

Anh 2. THCS Phl + Amp + An
Mau LY123, nicon : +,d = 1,2 mm




da hoa canxit dolomit chira spinen thudng gém céc
khoang vat forsterit, amphibon, phlogopit, clinoclo,
margarit, muscovit va grafit. Phan tich 1at mdng
thach hoc thdy t6 hop khoang vat dic trung cho
loai da nay la spinen + amphibon + phlogopit +
forsterit + dolomit + canxit + corindon + clinohumit.

- Spinen : hinh dang, kich thudc tinh thé phong
pha. Cic tinh thé ty hinh thudng phat trién trén nén
carbonat, tinh thé tha hinh, bj thay th& tai nhitng noi
cb mat anortit, clorit, margarit. Khoang vat céng
sinh v4i spinen c6 dolomit, phlogopit, amphibon,
forsterit, clorit, margarit, corindon. Phan tich
microsond cho th4y spinen thuéc loai cao nhom va
magie (bdng 3).

- Forsterit : tinh thé tha hinh, kich thudc rét thay
déi. Trong cic 1at mdng thach hoc, khoang vat cong
sinh v&i forsterit 13 dolomit, phlogopit, spinen,
amphibon, anortit.

- Amphibon : tir ty hinh dén tha hinh, kich thuéc

thay déi. Dva vao thanh phadn héa hoc (bang 3),
ching dugc x€p vao nhém amphibon canxi gidu

nhom 14 pargasit. Trong cic 1at méng thach hoc
thdy ching cong sinh véi forsterit, dolomit, canxit,
phlogopit, anortit.

- Ngoai ra, con c6 phlogopit, margarit, corindon,
clorit cong sinh v6i spinen ; chiing déu thuoc loai
gidu nhom, magie (bang 3).

III. TRUONG NHIET B0, AP SUAT THANH TAO
DA HOA CHUA DA QUY HE TANG AN PHU

Nhiét d6, 4p su4t thanh tao da hoa chirta da quy
he ting An Phit dugc x4c dinh dua trén diéu kién
xdy ra phan (g bién chat hinh thanh cac t8 hop
cong sinh khoang vat chita corindon va spinen.

Dung chuong trinh PTAX - version 1.0 clia Th.
Brown, R.G. Berman, E.H. Perkins, 1988, 1989 d¢
tinh toan cac diéu kién P-T x4y ra phan trng bién chét.

S6 lieu dua vao 1a cac hop phdn héa hoc clia he,
céc pha khoang vat hinh thanh, thong s6 4p suét va
két qud 1a nhiét do x4y ra cac phan tmg bién chat.

Bdng 3. Thanh phdn hoa hoc clia cac khoang vat trong da hoa chira corindon, spinen
(phan tich biing phuang phap microzond - EPMA)

Miu AP12

Co Cc Amp Mar Chl Phl Sp
SiO, 0,058 0,047 39,761 33,584 30,326 39,484 0,029
TiO, 0,029 0,000 1,483 0,058 0,043 0,553 0,006
AlLO; 98,927 0,007 23,823 52,985 27,005 22,783 73,948
Cr,0;4 0,020 0,051 0,040 0,060 0,160 0,045 0,234
FeO 0,019 0,055 1,383 0,152 1,520 1,250 5,081
MgO 0,012 0,695 15,815 1,863 30,999 23,569 19,725
CaO 0,001 STA539 12,208 8,292 0,083 0,046 0,010
MnO 0,000 0,011 0,013 0,009 0,027 0,017 0,038
Na,0 0,000 0,003 3,198 2,486 0,019 1,701 0,000
K;0 0,013 0,005 0,725 0,089 0,056 7,748 0,030
NiO 0,000 0,000 0,000 0,051 0,035 0,051 0,053
P,Os 0,019 0,012 0,000 0,000 0,000 0,016 0,024
Téng 99,098 58,425 98,449 99,629 90,273 97,263 99,178
Si 0,0008 0,0007 5,5323 4,2154 6,1002 5,3302 0,0006
Al 1,9973 0,0001 2,4677 3,7846 1,8998 2,6698 2,1128
Al 1,4389 4,0542 5,9882 0,9541
Ti 0,0004 0 0,1552 0,0055 0,0074 0,0561 0
Cr 0,0006 0,0006 0,0044 0,0060 0,0328 0,0048 0,0044
Fe 0,0003 0,0007 0,1609 0,0160 0,3143 0,1411 0,1029
Mg 0,0003 0,0165 3,2805 0,3486 11,5430 4,7433 0,7185
Ca 0 0,9809 1,8199 1,1152 0,0223 0,0067 0,0003
Mn 0 0,0001 0,0015 0,0010 0,0059 0,0019 0,0007
Na 0 0,0001 0,8625 0,6050 0,0089 0,4452 0
K 0,0004 0,0001 0,1287 0,0143 0,003 1,3343 0,0014
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Nhur trinh bdy trén, d4 hoa canxit, dolomit chira
corindon, spinen thudc hé héa hoc KCMASH, dic
trung bing hai td hop cong sinh khoang vat canxit
+ corindon + amphibon + phlogopit va spinen +
dolomit + amphibon + phlogopit + forsterit +
canxit + clinohumit * corindon. Vi vay, hop phin
héa hoc d€ dua vao chuong trinh tinh toan bao
gbém Ca, Mg, Al K, H, Si, C, O ; cic pha khoang
vat 13 nhimng khoang vat xac dinh dugc trén lat
mong thach hoc gém corindon, spinen, amphlbon
olivin, phlogopit, canxit, dolomit,.. . Két qua xac

dinh nhiét d6 va cic phan ang bién chét dugc thé
hién & bdng 4, hinh 1. Tt d6, lua chon cac phéan
img hinh thanh nén t8 hop cong sinh phu hgp voi
thuc t& xac dinh trén lat mong thach hoc.

Cac phan Gng bién chat duge xét trong diéu
kién ap sudt tir 1,5 dén 5,5 kbar. Vai tro cia H,O
theo Kerrick va nnk (1981), CO, theo Harr va nnk
(1984). Trong db, tai thdi diém p = 5,5 kbar thi cic
phan ng cho t8 hop phi hop nhat vdi t8 hop
khoang vat x4c dinh trén 14t mong.

Bdng 4. Nhiét dd va cac phan (mg bién chit theo chuang trinh PTAX

TT Nhiet do (°C)

Cac phdn @tng

31Sp + 5Co + 13W + 3Amp

An + 2Phl + 2CO, = Sp + 2Fo + 2Kfs + Do + 2W

Sp + 2Fo + 6Cc + 4CO,

4Cc + 11Chl = 11Sp + 17Fo + 42W + 4CO, + Amp
17An + 5Cc + 18Chl =35Sp + 61W + 5CO, + 11Amp

5Fo + Chl + 4An = 5Sp + 2Amp + 2W

Cc + 118p + 5Amp = 18Fo + 11An + 5W + CO,

Do + 13Sp + 6Amp = 6W +2CO, + 22Fo + 13An
4An + 9Do + W =4Sp + 11Cc + 7CO, +Amp

23Cc + 8Chl + 11CO, = 8Sp + 17Do + 3Amp + 29W

3Sp + 11Fo + 2An + 2CO, + 20W

13Chl + 4Do = 13Sp + 2Amp + 23Fo + 50W + 8CO,
23An + 22Chl + 5Do = 45Sp + 14Amp + 74W + 10CO,
Chl + 2Do = Sp + 3Fo + 2Cc + 4W + 2CO,

31Sp + 3Amp + 29W + 12CO,

13Co + 2Do + 8Fo + W = 13Sp + Amp + 4CO,
11Co + 2Do + Amp = 7Sp + 4An + W + 4CO»
6Co + Do + 2Fo =5Sp + An + 2CO,

3Cc + 11Co + 2Chl = 10Sp + 3An + 8W + 3CO,

10Sp + 14An + 3CO, + 19W = 11Mrg + 2Chl + 3Cc
18An + 12Chl + 5Ms = 35Co + 9Amp + 5Phl + 39W
3Do + Ms = Co + 3Cc + Phl + 3CO,

1 787 - 650 6An + 4Chl =
2 773 - 671

3 755 - 706 An + 5Do =

4 739 - 685

5 734 - 650

6 729 - 703

7 722 - 706

8 710 - 680

9 706 - 658

10 704 - 685

11 703 - 619 2Cc + 5Chl =

12 693 - 631

13 687 - 650

14 685 - 550

15 735 - 550 Co + Do = Sp + Cc + CO,
16 665 - 631 23Co + 6Do + 8Chl =
17 662 - 618

18 662 - 645

19 676 - 648

20 653 - 593

21 593 - 531

22 693 - 550

23 620 - 549

24 594 - 553 Mrg = Co + An + W

Tu ket qua bang 4, ta thdy cac phan ung tao
nén nhitng t6 hop khoang vat chira spinen x4y ra
trong diéu kién nhiét do tx 787 dén 593 °C. Phén
ung tao thanh spinen & nhiét do cao nhit 1a phan

tmg s6 1, duge ghi nhan bang s¥ cén bing cda
corindon va spinen trong miu LY120 (dnh 5). Cac
phan tmg ti€p theo hinh thanh nén sw can bang
giita spinen v&i forsterit, amphibon, dolomit va
canxit déu c6 nhiet do thap hon 787 °C (phén ing
s6 2 dén 19), dugc ghi nhan qua céc t8 hgp cong
sinh hay su can bing gita cac pha (dnh 5-7). Qua
trinh hinh thanh spinen cho dén khi nhiét d6 ha

258

Anh 5. Can bing Sp - Co
Mau LY120. nicon : +.d = 1.2 mm



550 T T T f T T
0 01 0.2 03 04 05 06 0.7

T
Hinh 1. Biéu d6 TX o, cho céc t6 hop chira spinen
va corindon viing mé Luc Yén

Anh 6. THCS Fo + Sp + Do + Phl
MaAu LY140/1, nicon : +,d = 1,2 mm

xuéng 593°C thi spinen phdn @ng véi anortit dé tao
thanh clorit, margarit (theo phan {ng 21) dugc ghi
nh4n trong miu LY140/1 (dnh 8).

Anh 7. Sp can bing Amp
M#iu LY140/1, nicon : +,d = 1,2 mm

Anh 8. Sp phan tng v4i An
M4Au LY140/1, nicon : +,d = 1,2 mm

Té hop chitta corindon dugc hinh thanh trong
diéu kién nhiét do thap hon spinen, tir 693 - 550 °C
theo cac phan fing 22 dén 24. Trong d6, ngay & phan
mg s6 21 da chita dd cac khoang vat trong t6 hop
cong sinh. Ching dugc ghi nhan bing s can bing
giita cac pha trong t6 hop cong sinh d6 (cic miu
LY101, LY101/1, LY101/2, LY101/3, LY101/4 va
LY123; anh 1 dén 4).

KET LUAN

Tir nhitng két qua nghién ctru trinh bay trén c6
th€ thdy da hoa chita da quy hé ting An Phii dwoc
tai ket tinh trong diéu kién bién ch4t nhiét dong,
nhiét do tir 787 dén 550 °C, ap sudt khodng 5,5 kbar
véi hai t6 hop cong sinh dic trung 13 corindon +
amphibon + phlogopit + canxit va spinen + amphibon
+ phlogopit + forsterit + dolomit * canxit + clinohu-
mit  corindon, trong dé qua trinh hinh thanh t8
hop chira spinen dugc thanh tao trong diéu kién
nhiét do cao hon. Tuy nhién, d€ c6 két luan chi tiét
hon vé dién bién cha qua trinh bién chat hinh thinh
corindon, spinen trong khu vuc ndy cén c6 nhitng
nghién ciu ti€p theo.

Bai bao hoan thanh véi sy hé tro kinh phi cia
dé tai trong diém trudng Pai hoc Qudc gia Ha Noi
(QGTD.05.01) va Chuong trinh nghién citu co ban.
Tap thé tac gia xin chan thanh cdm on.

Chu gidi cac ky hiéu viét tit str dung trong bai
béo : THCS - t6 hop cong sinh, Amp - amphibon,
An - anortit, Cc - canxit, Chl - clorit, Co - corindon,
Do - dolomit, Fo - forsterit, Kfs - fenspat kali, Mar -
margarit, Ms - muscovit, Phl - phlogopit, Sp - spinen,
W - nuéce.
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SUMMARY

Pressure temperature froming conditions of
gemstone-bearing marble of Luc Yen deposits

Gemstones in Luc Yen area such as ruby, sap-
phire, spinel, etc., are mined mainly in placer depo-
sits. However, the main source lithology of gemstones
here is calcite and calcite-dolomite marbles of An
Phu formation which is characterized by KCMASH
chemical system and 2 mineral parageneses :
corundum + calcite + phlogopite + amphibol and
spinel + amphibol + phlogopite + forsterite + dolomite
+ calcite £ clinohumite + corundum. Based on inves-
tigating the mineral parageneses that containing
corundum and spinel as wall as calculation of para-
meters of metamorphic reactions of their formation,
a conclusion can be made: the paragenesis contai-
ning spinel was formed in the temperature interval
from 787 to 593 °C, while the assemblage comprising
corundum was formed at lower temperature interval
(from 693 to 550 °C). Pressure of formation for both
parageneses is nearly identical (about 5.5 kbar).
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