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IODP-Hole U1473A was drilled on the summit of Atlantis bank, Southwest
Indian Ridge recovered large amounts of gabbroic rocks including mainly
olivine gabbro. Felsic rocks are minor, approximately 1,5% of the total
volume, which are comprising significant amount of quartz in some
samples. The Ti concentrations and the estimated temperatures of the
guartz in veins are relatively high, ranging from 30+130 ppm and
540+7000C, coupled with the myrmekitic textures in some veins are
unambigeous evidence for the late magmatic origin. In addition to the
crystallization mechanism in free spaces, such as crack/ fracture systems
during the penetration of SiO; - saturated magmas; the quartz is also
formed by re-precipitation process at the same location leaving behind
after the previous olivine in the host gabro has been dissolved.
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Luan ban vé dac diém, nguon goc va co ché thanh tao khoang
vat thach anh caa dai mach felsic trong lép vé dwéi gabro thuoc
kiéu vo dai dwong thuc thu, vi du tir 16 khoan U1473A
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Cong trinh khoan U1473A duwoc thuc hién trén dinh nui ng&m Atlantis dwdi
ddy An DY Dwrong da thu hoi luvong Ién mau I6i khoan gom chil yéu cdc da
thudc chudi gabro cé thanh phdan tir gabro olivin dén gabro chira oxit. Cdc
dai mach co thanh phdn felsic chi chiém lwong nho, khodng 1,5% tdng
Iwong mau nhung cé y nghia Ién trong nghién citu tién héa magma séng
nui giita dai dwong. Két qud phdan tich thanh phdn thach hoc va ddc diém
dia héa da chi ra rdng khodng vdt thach anh trong cdc dai mach nay kha
giau thanh phdn Ti (30+130 ppm) va c6 nhiét do thanh tao twong doi cao
(540+700°C), kém theo vi kién triic khdm myrmekit/ granophyr la bdng
chikng rdt r6 rang cho ngudn géc magma mudn cia cdc dai mach felsic/
plagiogranit. Nghién cttu cho thdy cdc khoang vdt thach anh nay c6 thé la
sdn phdm két tinh truec tiép tai cdc khe nirt, divt gdy trong qua trinh xam
nhdp ctia dung thé magma giau thanh phdan SiO, vao Iép vé gabro, tuy
nhién ching ciing cé thé 1a sdn phdm tdi ldng dong két tinh tai vi tri cua
khoang vdt olivin trong cdc dd gabro olivin thudc 16p vé dai dwong thuc
thu.

© 2020 Trudng Dai hoc M6 - Bia chit. T4t ca cac quyén duogc bao dam.

1. Mé dau

cht yéu la gabro olivin, it hon la cac da gabro,
gabro chitra oxit va cac dai mach felsic. Trong do,

L6 khoan U1473A thudc Chuwong trinh Quéc té
kham pha dai dwong (I0DP) d& khoan dwoc gan
800 m trén dinh ndi ngdm Atlantis, séng nui tay
nam An D6 Dwong. Tap mAu I6i khoan gom khéi
lwong lém cac da thudce chubi gabro cé thanh phan
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khéi lwong cac dai mach felsic/ plagiogranit chi
chiém khoang 1,5% t6ng lwgng mau (MacLeod va
nnk., 2017), tuy nhién ching xuit hién kha phé
bién trong 16i khoan va thudng dé dang dwoc
phan biét v&i cac da gabro bang mat thwong.

Cho dén nay, nhiéu nha dia chit cho rang cac
dai mach felsic/ plagiogranit cé thé cé nguon goc
magma thuc thu hodc ciing c6 thé la san pham
nhiét dich/ hau magma. Trong truong hop céc dai
mach nay la san pham cuia quéa trinh magma thuc
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thu, c6 it nhat 3 mo hinh c6 thé giai thich cho sw
thanh tao dung thé giau SiO; nhw sau: (1) Néng
chdy tirng phan cac da bién doi (Koepke va nnk.,,
2004, 2007; Koepke., 2005); (2) két tinh phan
doan (Niu va nnk., 2002); va (3) magma dung ly
(Charlier, Grove, 2012; Dixon va Rutherford,
1979; Philpotts, 1979). Do d6, viéc khang dinh
nguon goc cling nhw co ché thanh tao cac dai mach
nay c6 y nghia lén trong nghién ciru ban chat qua
trinh tién hoa cia magma bén dwéi séng ndi gitra
dai dwong (MORB).

Cac dai mach felsic/plagiogranit c6 thanh phan
chu yéu gom plagioclas, amphibol niu do, cac oxit
Fe va Ti, thach anh. Khoang vit phu gém zircon,
apatit, £titanit, +biotit, +felspat-K. Cac khoang vat
thir sinh gom amphibol luc, +cacbonat, + sét. Theo
bang phéan loai da siu cua Hiép hoi bia chit Quéc
té (IUGS) dwoc dé xuit boi (Le Maitre va nnk,,
2002), cac dai mach felsic/ plagiogranit nay la
hornblend gabro, anorthosit chita hornblend va
anorthosit chira thach anh theo nghia hep. Trén
biéu d6 Q-A-P (thach anh - felspat kali -
plagioclas), cac dai mach c6 thanh phan felsic bao
gom diorit, diorit thach anh va tonalit.

Thach anh la khoang vit két tinh cudi cung
trong chudi phan &ng Bowen, tuy nhién, khoang
VAt nay cling c6 thé dwoc lang dong tir cac dung
dich nhiét dich hdu magma nhiét dé thip dén
trung binh. Vi vay viéc nghién ctru, phan biét, lam
sang té cac loai hinh nguon géc, co ché thanh tao
khoéng vat nay déng vai tro quan trong trong viéc
luan giai nguon goc cac dai mach felsic, lam co s&
nghién cru qua trinh tién héa magma séng nui
gitra dai dwong. Trong cong trinh nay, dwa vao dac
diém thach hoc va thanh phan dia héa khoang vat
thach anh trong cac dai mach, tac gia sé luan giai
vé nguon géc, diéu kién va co ché thanh tao cua
chang, ttr d6 gép phan hiéu biét hon vé nguon goc
cac dai mach felsic/ plagiogranit néu trén.

2. Phwong phap nghién ctru

2.1. Phwong phdp nghién citu thanh phdn
khoang vat

Dé nghién ctru dac diém khoang vat cac da khu
vuc ndi ngdm Atlantis, trung tam tach gian tay
nam An Db Dwong, phwong phap dwoc st dung
gém phan tich thach hoc lat mong dwéi kinh hién
vi phan cuc két hop véi do vé X-ray trén thiét bi
M4 - Tornado, Bruker tai Vién Khoa hoc Céng nghé

bia chat Nhit Ban. Cac phép do str dung dong dién
50 kV véi cwong do 600 pA; chum tia X c6 dwong
kinh 1a 25 pm, mdi diém anh dwoc do vé cé kich
thwée 20 x 20 um trong thoi gian 1 mili gidy. Sau
dé, str dung phan mém Image)J, cac birc anh riéng
Ié ctia tirng nguyén té dwoc chong ghép tao ra anh
phan bé cac khoang vat trén toan bd mau hoic
dwoc st dung truc ti€p dé phuc vu tinh toan dinh
lwgng thanh phan thach hoc cac da.

2.2. Phwong phdp nghién ciru dia hoa khoang
vat

Thanh phan chinh va vét cda thach anh duoc
xac dinh bang thiét bi vi phan tich hién vi dau do
(EPMA) JEOL JXA - 8800 str dung phan mém hiéu
chinh ZAF tai Pai hoc Kanazawa, Nhat Ban. Cac
phén tich dwoc thuc hién trong diéu kién dién ap
20 kV, chum tia electron c6 cwong do 20 nA,
dwong kinh 3 um. Tai céc vi tri diém cao va phong
nén cda tia X, nguyén to Si dwoc phan tich lan lwgt
trong 20 gidy va 10 gidy. Trong khi d6, dé thu dwoc
ham lwong cac nguyén to Al, K, Fe, Ti c6 do chinh
XAc cao, tac gia da ap dung phwong phap phan tich
dé xuat bai (Mdller va nnk., 2003) trong thoi gian
lau hon (300 gidy va 150 gidy). CAc mau chuin
qudc t& bao gom mAau tw nhién va mau téng hop co
thanh phan da dwoc cong bé trén cac tap chi quéc
té uy tin.

3. Két qua va thao luan

3.1. Pdc diém thach hoc

Trong mét sé dai mach felsic, thach anh xuat
hién véi ham lwgng dang ké (3+25%) dudi cac
dang sau: (1) Moc ghép véi plagioclas tao thanh
kién tric myrmekit/granophyr; (2) Dang hat nhé
tha hinh, tan du 14p day 16 héng gitra cac khoang
vat thanh tao trwérc, dao dong tir 0,1+0,5 mm hoac
hién dién gitra cac dai mach thanh phan felsic véi
c& hat 16n hon (dé€n 2 mm) (Hinh 1). Bén canh do,
trong tap mau nghién cttu kha phd bién, hién
twong cac hat thach anh cé ranh gi&i ré rang nam
sat canh nhau nhung cé dac tinh quang hoc lién
tuc, tao thanh tip hop hat Ién (dé€n >3 mm).

3.2. Pdc diém dia hoa

Theo két qua phan tich EPMA, cac hat khoang
vat thach anh trong tap mau nghién ciru c6 thanh
phan SiO, dao dong tir 98,795+101,351%. Dé



70 Nguyén Khdc Du va nnk./Tap chi Khoa hoc Ky thudt Mé - Pia chdt 61 (4), 67 - 74

. ¢

e s

Hinh 1. (a) Anh do vé X-ray ciia toan bé mdu lat méng (Mdu 66R4, 46-49 cm). Két qud cho thdy
mdu gom 2 logi dd cé thanh phdn khac nhau: (1) gabro chira plagioclas giau calci+ pyroxen xién,
(2) cdc dai mach felsic/ plagiogranit chita plagioclas nghéo calci+ Amp. Cac dang ton tai cia
thach anh trong cdc dai mach felsic gém: (b) céng sinh cung thach anh tao ra kién trdc myrmekit
(Mdu 64R2, 110-113 cm) va (c) ldp ddy cac ké hé gitka cac khoang vat két tinh truéc (MAu 64R2,
128-133 cm). (Cpx: Pyroxen xién. CPL: Plagioclas giau calci. LCP: Plagioclas ngheo calci. Amp:
Amphibol. Q: thach anh. Zrn: Zircon).

kiém tra thanh phan nguyén t6 vét (gom Ti, K, Fe,
va Al), tac gia da lwa chon phan tich 26 hat khoang
vat trong 4 mau thach hoc lat méng, trong d6 mot
mau (64R2, 110+113 cm) c6 chira khoang vat
thach anh dwéi dang moc ghép véi khoang vat
plagioclas tao thanh kién tric kham myrmekit/
granophyr rit dic trung. Trong cdc mau khéc,
thach anh ton tai dang tan dw 14p day céc 16 hong
(< 0,2 mm) va/ hoac tao thanh cac tap hop hatlén
hon (> 1 mm) trong 2 miu con lai (Mau 64R2,
128+133 cm; 66R5, 1+7 cm va 66R4, 46+49 cm).

Két qua phan tich thanh phan cac nguyén to vét
trong thach anh dwoc thé hién trong Hinh 2, tit ca
cac hat thach anh dwoc phan tich cho két qua ham
lwong Ti va K twong ddi cao, dao déng lan Iwot tir
30+130 ppm va 20+60 ppm. Ham lwong Fe bién
do6i manh trong thach anh, dao dong tir bén duai
gi&i han phan tich cta thiét bi dén 180 ppm. Trong
EPMA trong t4t cA ca&c mAu phan tich. Diém néi bat
nhat tir cac két qua phan tich trén la cac hat thach
anh ton tai dwdi dang tan duw, 14p day 16 hdng gitra
cac khoang vt khac cé thanh phan twong tw véi
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Hinh 2. Twong quan ham lwong cac nguyén té vét (a) K-Ti va (b) Ti-Fe ciia khoang vt thach
anh trong cdc dai mach felsic/ plagiogranit khu vuc nGi ngam Atlantis, trung tam tach gién tay
nam An P6 Duong.

cac hat thach anh ton tai dwéi dang moc ghép véi
plagioclas (myrmekit/granophyr).

3.3. Nhiét dé thanh tao khoang vdt thach anh

Nhiét do can bang cta thach anh trong cac dai
mach felsic/ plagiogranit dwgc tinh toan dwa vao
ham lwgng Ti trong khodng vat nay. Pay la nhiét
ké khoang vét thach anh lan dau tién dwoc biét
dén véi tén goi “nhiét ké TitaniQ”, sau dé dwoc
hiéu chinh chinh xac hon trong cong trinh nghién
ctru cia Huang va Audestat. (2012). Trong do, gia
tri &p suit dwoc str dung la 1 kbar thu dworc tir két
qua tinh toan cho khoang vat amphibol mau nau
do trong cac mau nay (khéng trinh bay chi tiét &
day). Cac két qua tinh toan cho thay, khoang vat
thach anh trong cac dai mach felsic khu vuc
Atlantis c6 nhiét do can bang kha cao, dao dong
540+700°C (Bang 1).

3.4. Nguon gdc va co’ ché thanh tao khoang
vat thach anh

Thach anh trong cac dai mach felsic c6 thé la
san pham két tinh tir dung thé magma bao hoa
Si02 hodc la san pham lang dong tir cac dung dich
nhiét dich. D& phan biét dwoc cac loai nguon goc
khéac nhau ctia khoang vat nay, tac gia dwa vao dac
diém cau tao - kién tric dudi kinh hién vi va ham
lwong Ti cling nhw diéu kién nhiét do thanh tao
cua khoang vat. Vi thach anh ton tai duéi dang

moc ghép vai plagioclas (kién trdac myrmekit/
granophyr) (Hinh 1) da dwoc chap nhan réng rai
la san pham két tinh & nhiét dé6 cao/ magma thuc
thu, thanh phan héa hoc cua ching dwoc sir dung
dé so sanh véi thanh phan cta thach anh trong cac
mau khac. Bén canh d6, nhiéu tac gia ciing da chi
ra rang ham lwong Ti la chi thi rat hitu ich d€ phan
biét cac loai hinh nguon géc khac nhau ciia khoang
vat nay. Trong d6, thach anh ¢6 ngu6n géc magma
thuc thu sé chira ham lwong Ti dang ké, nhuwng lai
rat thap (thwong <5 ppm) trong céc hat thach anh
c6 nguon goc nhiét dich (Breiter va nnk,, 2017;
Jacamon va Larsen, 2009; Muller va nnk., 2003).

Két qua nghién ctiru dia héa cho thiy, cac phan
tich déu cho ham lwgng Ti kha cao (30+130 ppm)
trong tit ca cac hat thach anh dwéi dang myrmekit
hoic dang l4p day 16 hong, twong tng v&i nhiét do
thanh tao twong déi cao (540+700°C) ctia khoang
vat nay (Hinh 2, Bang 1). Nhiét d6 nay hoan toan
phu hop véi giai doan magma muén va khdng hé
c6 lién quan vé mat nguon géc dén hoat dong nhiét
dich hdu magma. Vi vdy, tac gia dwa ra két luan
rang khoang vat thach anh la san pham két tinh tir
dung thé magma muon bao hoa SiO..

Bén canh do6, thach anh va cac tap hop khoang
vat 4n tinh hodc v dinh hinh giau Fe, Mg trong
mot s6 dai mach felsic c6 tinh twong déng vé khéi
lwong, kich cé va hinh dang so véi cac khoang vat
olivin trong da gabro (Hinh 3). Do d6, tac gia dé
Xuat rang khoang vat olivin trong d4 gdc gabro da
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Bdng 1. Téng hop két qud phan tich, tinh toan nhiét dg thanh tao ciia khoang vdt thach anh trong
cdc dai mach plagiogranit khu vuc Atlanstis, An D6 Duong theo céng thitc clia Huang va Audétat
(2012) tai ap sudt 1 kbar.

IODP-

viaan |1 “onantch | 08 | (o) | em) | pm) | €0y | binh | M | M

6arp. | L |84R2W_110-113 Q1] 101,096 | 46 60 10 | 620
110+113 | 2 |64R2W 110-113 Q2| 99635 | 37 | 102 7 | 677 can | 610 677

om 3 |64R2W 110-113 Q3| 99,992 | 33 96 10 | 670

4 |64R2W 110-113 Q4| 100874 | 42 54 10 | 610

5 |64R2W 128-133 Q1| 99,223 | 54 | 132 | 119 | 707

64R2, | 6 |64R2W 128-133.02| 99,74 | 33 | 102 | 105 | 677
128+133 | 7 |p4R2W 128-133 Q3| 100,79 | 54 72 84 |[639| 676 |639 | 707

cm 8 |64R2W 128-133 Q4| 100,465 | 33 | 114 | 98 | 689

9 |64R2W 128-133 Q5| 100,428 | 42 96 | 122 | 670

10 |66R4AW 46-49 Q1 | 99,493 | 37 96 3 | 670

11 |66R4W 46-49 Q2 | 101,351 | 50 48 14 | 598

66R4, | 10 |66R4W 46-49 Q3 | 101,012 | 50 96 0 |[670
46+49 | 13 |66RAW 46-49 Q4 | 101,012 | 50 78 77 | 647 | 651 |598 | 670

cm | 14 |66R4W 46-49 Q5 | 99,097 | 33 78 14 | 647

15 |66R4AW 46-49 Q6 | 99,047 | 29 90 63 | 663

16 |66R4W 46-49 Q7 | 98,795 | 25 90 45 | 663

17 |66R5W 1-7 Q1 98,903 | 42 66 31 | 630

18 |66R5W 1-7 Q2 99,761 | 54 36 77 | 572

19 |66R5W 1-7 Q3 100,346 | 50 48 | 178 | 598

20 |66R5W_1-7 Q4 99,892 | 46 84 21 | 655

66RS, | 21 |66R5W 1-7 Q5 100,525 | 46 24 7 | 537
_ 630 |537 | 677

1=7cm | 22 |66R5W 1-7 Q6 99,668 | 42 96 21 | 670

23 |66R5W_1-7 Q7 99,784 | 42 78 38 | 647

24 |66R5W_1-7 Q8 100,278 | 54 96 35 | 670

25 |66R5W_1-7 Q9 100,015 | 46 | 102 | 87 |677

26 |66R5W_1-7 Q10 99,616 | 62 78 42 | 647

bi hoa tan hoan toan, déng thoi véi sw thanh tao
caa plagioclas nghéo calci va amphibol mau nau
dé (Nguyen va nnk., 2018) do phan &ng cia
plagioclas giau calci va pyroxen trong da goc véi

dung thé magma b&o hoa SiO, trong qua trinh
thanh tao cac dai mach.

Qua trinh tai can bang giita dung thé magma
mudn v&i cac da gabro két thic bang su két tinh/
lang dong ctia thach anh va cac tAp hop giau Fe, Mg
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Hinh 3. Sw bién déi ciia khoang vt olivin trong gabro: (a) dwoc so sanh véi sw xudt hién cia
thach anh trong dai mach felsic; (b) mdu 66R5, 1-7cm. Nguon: (Nguyen va nnk., 2018).
(CPL: Plagioclas giau calci. LCP: Plagioclas nghéo calci. Q: Thach anh. Cal: Calcit. Fe-am:
Khoang vdt dn tinh giau Fe. Mg-am: Khoang vt dn tinh giau Mg. Sap: Saponit. Ol: Olivin. Srp:
Serpentin. Chl: Chlorit. Tlc: Talc. Ox: Oxit Fe-Ti).

tai ding vi tri d€ lai ctia olivin c6 trwdrc va dwoc thé
hién thong qua phwong trinh sau:

100 g olivin (Fo76) + 38,68 g SiO, — 77,06 g thach
anh+39,77gMg0+21,88gFe0*+03gMn0O (1)

Xét vé mit ban chat, day 1a qua trinh tai can
bang gitra d4 c6 trwdc - dung thé magma co sau véi
co ché hoa tan - tai két tinh/ lang dong (Putnis,
2002, 2009; Putnis va John., 2010; Putnis va
Putnis, 2007) dién ra hét sirc phitc tap so véi qué
trinh két tinh cac khoang vat thong thwong.

4. Két luan

Cac két qua nghién ciru chinh cta cong trinh
nay cé thé dwoc tdm gon lai nhw sau:

(1) Khoéng vat thach anh trong cac dai mach
felsic twvong déi giau ham lwong Ti (30+130 ppm)
va nhiét do can bang kha cao (540+700°C), cling
voi kién trac myrmekit/ granophyr la nhirng
minh chirng rd rang cho nguén goc magma mudn.

(2) Ngoai co ché két tinh truc tiép trong hé
thong cac khe nit, dirt gdy; cac hat thach anh trong
cac da gabro chira cac dai mach felsic con dwoc
thanh tao tai vi tri cia khoang vit olivin trong da
gabro olivin c6 truéc.
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