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2 Truomg Dai hoc Kanazawa, Ishikawa, Nhdt Ban

TOM TAT

Céc dai mach plagiogranit thuong xuat hién v&i khéi lwong nhé (1-2 %), xuyén cit cac da gabro trong kiéu
vo dai duong the thu & khu vuc séng nui tdy nam An D6 Duong Trong khi 16p vé gabro dugc thanh tao
tlr nguon magma basalt me c6 déc trung kho néng (MORB); cac khodng vat nhém amphibol - thanh phan
chinh trong céc dé plagiogranit dugc thanh tao tir dung thé magma mudn kha glau H>O (4- 6%) Vi vay dac
diém dia hoa, diéu kién thanh tao nhém khoéang vét nay c6 y nghia 16n trong viéc nghién curu co che thanh
tao cac dai/mach va ban chit qu4 trinh tién hoa magma bén dudi sdng nui gitra dai duong. Hé théng cac
phuong phap phan tich dudi kinh hién vi phén cyc, do v& X- -ray, EPMA, Laser ICP-MS dugc st dung aé
nghién ctru cac dic tinh quang hoc, dic diém dia hda, va ludn giai ngudn gdc nhém khoang vét nay. Tong
hop céac ket qua phan tich thach hoc, dia hoa cho thay (1) Céc khoang vat amphibol mau nau do khd giau
thanh phan TiO; (1-3%) va cac nguyen t6 vét, dat hiém (gip 200-1000 lan chondr1t) la san phdm két tinh
tr dung thé magma mudn; (2) cac khodng vat c6 mau lyc/khong mau ngheo céc thanh phan TiO», REEs la
san phim bién ddi nhiét dich tir nhom amphlbol néu do. Nghién ctru cling chi ra ring ngoal co ché két tinh
truc tiép tir dung thé magma da tlen hda giau cdc thanh phén SiO,, H;O, TiO,, cac khoang vat nhém
amphibol c6 thé 1a san pham thay thé dong hinh tir khoang vat pyroxen c6 trudc trong cac da gabro.

Tir khéa: Vo gabro, plagiogranit, amphibol nguén magma - nhiét dich, két tinh, thay thé dong hinh.

1. D3t véan dé

Cac dai mach plagiogranit chiém ham lugng nho trong sb cac loai da thu h01 tir khu vue nui ngam
Atlantis, song nui tay nam An Do DuO'ng (MacLeod et al., 2017). Tuy nhién cac the dia chat nay xuét hién
kha phd bién, xuyen cit cac da gabro va dé dang duoc phan biét v&i gabro boi mau sic sang mau cuia chung.
Thanh phan chi yéu cua cac dd gom plagioclas (albit dén andesin), amphibol nau do, cac oxit Fe-Ti, +thach
anh. Khodng vat phyu gdm zircon, apatit, +titanit, +biotit, +felspat-K. Cac khoang vt thu sinh gom amphibol
xanh luc den khong mau, icacbonat + sét. Theo hé thong phan loai da sau cua Hiép hoi Dia chit Quéc té
(TUGS) dé xuat bai (W. Le Maitre et al., 2002), cac dai mach plagiogranit ndy 12 hornblend gabro, anorthosit
chira hornblend va anorthosit chira thach anh. Trén biéu dd Q-A-P (thach anh - felspat kali - plagioclas),
chung dugc xép vao diorit, diorit thach anh, va tonalit.

Trude day, nhiéu nha dia chét cho ring cac dai mach plagiogranit c6 ngudn goc nhiét dich hogc c¢ lién
quan dén hoat dong nhiét dich hau magma. Ngay ca khi cac dai mach nay dugc coi la c6 ngudn goc magma
thyc thy, it nhit 3 mé hinh khic nhau c6 thé dugc ap dung dé giai thich cho sy thanh tao dung thé magma
giau SiO; tir dung thé magma basalt me¢ (MORB), bao gdm: (1) Nong chay timg phin céc da gabro bi b1en
dbi (Koepke et al., 2006; Koepke et al., 2007; Koepke et al., 2005; Koepke et al. 2004) 2) phan doan két
tinh sau chudi gabro (N1u etal., 2002); va (3) dung ly. magma: Trong do plaglogranlt va gabro giau oxit Fe-
Ti c6 thé 1an luot 14 san phdm ket tinh cta 2 dung thé giau SiO; va giau FeO*. Tuy nhién m6 hinh magma
dung ly méi chi duge chimg minh bang cac két qua thi nghiém & latm ciia mét s6 tac g1a (Charlier and
Grove, 2012; Charlier et al., 2011; Dixon and Rutherford, 1979; Phllpotts 1979) Do d¢, viéc khang dinh
nguon goc cling nhu xéc 1ap co che thanh tao cdc dai mach nay ¢ y nghia vo cung to 16n trong viéc nghién
clru ban chit cua qué trinh tién hoa magma tai cdc sbng nti gitta dai dwong (MORB)

Dura vao dic diém thach hoc va thanh phin dia héa nhém khoang amphibol, tic gia s€ luan glal vé ngudn
gbc, didu kién va co ché thanh tao cia chung, tir d6 g6p phan hiéu biét hon vé ngudn gbc cic dai mach
plagiogranit néu trén.

2. Phwong phap nghién ctiru .
2.1. Phwong phdp nghién ciru thanh phan khodng vit

Dé nghién ctru dac diérn thach hoc, khodng vt cdc dd, phuong phap dugc sir dung gdm phén tich thach
hoc lat mong dudi kinh hién vi phan cuc két hop voi do vé X-ray trén thiét bi M4-Tornado, Bruker tai Vién

*Tac gia lién hé
Email: nguyenkhacdu@humg.edu.vn
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Khoa hoc Cong nghé Dia chit Nhat Ban. Céc phép do sir dung dong dién 50 kV véi cuong do 600 pA,;
chum tia X c6 duong kinh 1a 25 pm, mdi dlém anh dugc do v& c6 kich thude 20 um x 20 pm trong thoi
gian 1 mili gidy. Cubi cung, s dung phin mém Imagel, anh cac nguyén t6 riéng 1¢ duoc chdng ghép 1én
nhau tao ban do6 phan b céc khodng vat trén toan bd mau hodc dwoc sir dung truc tiép phuc vu tinh toan
dinh lugng thanh phan thach hoc céc da.

2.2. Phwong phdp nghién ciru dia hoa khodng vit
2.2.1. Dia hoa nguyén to chinh va phu

Thanh phén chinh, phu ctia amphibol dwoc x4c dinh bang thiét bi vi phan tich hién vi diu do (EPMA)
JEOL JXA-8800 sir dung ph?m mém hiéu chinh ZAF tai Dai hoc Kanazawa, Nhat Ban. Céc phan tich duoc
thue hién trong didu kién dién dp 20 kV, chum tia electron c6 cuong d6 20nA, duong kinh 3pum. Tai cdc vi
tri diém cao va phong nén cua tia X, cac nguyén t6 dugc phan tich lan lugt trong 20 glay va 10 gidy, ngoai
trur Ni trong 30 gidy va 15 gidy. Cac mau chuan qudc té bao gdm mAiu ty nhién va miu téng hop c6 thanh
phén da duoc cong bé trén cac tap chi qudc té uy tin.

2.2.2. Dia héa cdc nguyén 16 vét va dat hiém

Thanh phén cc nguyén té vét bao gdm nhom dit hiém (REEs) cta amphibol dugc xac dinh bing phuong
phap LA-ICP-MS (MicroLas GeoLas Q-plus 193nm ArF excimer laser system and Agilent 7500s) tai Dai
hoc Kanazawa. Cac phan tich dugc thyc hién trong didu kién 6Hz, 8 J/cm? bang chum tia Laser c6 duong
kinh 60 pm. Méu chudn quédc té s6 hiéu NIST 612 dugc phén tich dAu tién va cudi cung trong mdi mé (gém
< 7 diém phan tich). Thoi gian tich hop tin hiéu lan luot 1a 50 gidy cho phong nén va 50 gidy cho khoang
ban Laser (twong tng 250-300 1an bin pha mau). Mau chuin s6 hiéu NIST 614 dwoc phan tich cung trong
m&i mé dé quan Iy chét lwong phén tich. Cac phép tinh ham lwong st dung 2°Si lam nguyén t6 chudn.

3. Két qua va thio luin
3.1. Ddc diém thach hoc

Amphibol 1a nhém khoang vat c6 ham lugng phong phu thir 2 (chi it hon plagioclas) trong cac dai mach
plagiogranit. Chung ton tai dudi cac dang khac nhau tuong tng véi cac loai dai mach c6 dic diém riéng
biét. Trong cac dai mach cd ranh gidi rd rang vdi gabro, cac khoang vat amphibol thuong cé dang hat tur
hinh, nira ty hinh véi kich thude tir hat nho dén vira. Nguoc lai, trong cac dai mach mang dac trung cua qua
trinh thay thé, sw xudt hién cila cic khoang vat nhém amphibol c6 lién quan mat thiét vdi cac khoang vat
pyroxen trong gabro.

Dua vao mau séc, sy xuat hién va méi quan hé vé6i khodng vét pyroxen trong dé gabro, cac khoang vat
amphibol trong plagiogranit dugc chia lam 3 loai sau: (1) cac hat amphibol riéng ré&, tu hinh dén nira tyr
hinh, mau nau dén ndu sim (Hinh 1. a); (2) amphibol mau ndu do thay thé/moc ghép lién quan dén su tiéu
thu khoang vt pyroxen trong gabro doc theo ranh gidi dai mach (Hinh 1. b), va (3) actinolit mau xanh luc
dén khong mau.

Hinh 1. Trang thdi xudt hién cia amphibol trong cac dai mach plagiogranit. (a). Dang hat tu hinh -
nika tie hinh; (b). Kién triic lién tuc tir khodng vt pyroxen xién trong gabro (Nguyen et al., 2018).
Apm: Amphibol; Cpx: Pyroxen xién; CPL: Plagioclas giau calci; LCP: Plagioclas nghéo calci;
Ap: Apatit; Zrn: Zircon; Ox: Oxit Fe-Ti

3.2. Pdc diém dia héa

Cong thirc héa hoc ctia cac khoang vat amphibol dugc tinh toan chinh x4c bing cach 4p dung phwong phap
ctia Ridolphi trong tic phim (Ridolfi et al., 2018). Céc két qua tinh toan duoc st dung dé phan loai amphibol
theo bang phan loai quic té (IMA) d& xuit boi (Hawthorne et al., 2012), v4i tén ciia cac khoang vit trong céc
phu nhom thu dugc béng cach su dung bang tinh cua Locock trong (Locock, 2014). Toan bg céc khoang vét
amphibol khu vuc nti ngam Atlantis thugc phu nhdm Ca-Amphibol. Trong d6, amphibol mau luc den khong
mau 13 actinolit va dugc bidu dién trén truong tremolit. Cac khoang vét amphibol mau niu - niu sim gdm
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magnesio-hornblende, magnesio-ferri-hornblende, magnesio-hastingsite va magnesio-hastingsite giau Ti, va
duoc the hién trén truong magnesio-hornblende va pargasite (Hinh 2. a).
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Hinh 2. Phdn logi phu nhém amphibol (a) va ,bién thién thanh phﬁn hoa hoc (b, ¢, d, e) cac khoang vt
amphibol khu vuc nii ngam Atlantis, song niii tdy nam An D6 Duong (Nguyen et al., 2018)

Su da dang mau séc cua amphibol duoc thé hién qua ham luong TiO; va Al,Os. Néu thanh phin chira
Ti0, <0,5% va Al,O3 <3%, ching 1a amphibol luc dén khong mau. Truong hop vdi amphibol mau nau,
thanh phan chtra TiO, = 0,5-1,5% va Al,Os = 3-6 %. Trong khi d6, amphibol mau nau sim thuong c6 TiO,
>1,5% va A,O3>6%. Cac hat amphibol c6 nhdn mau nau va ria ngoai mau luc dén khong mau cﬁng thuong
xuyén dugc quan sat thiy. Nhin chung, quan hé giira ham lugng ALOs va TiO,, NayO, SiO»; va gilta Mg#
(60-75%) va TiO cua khoang vat amphlbol 1a quan hé tuyén tinh twong ddi chat ché (Hinh 2. b, ¢, d, €).

Thanh phin cac nguyén t6 vét va dét hlem cla cac khoang vat amphibol c6 ddi blen thién khd rong, trong
d6 cac khoang vat amphibol mau nau, ndu sAm dugc lam giau tir 200 dén 1000 14n so v6i chondrit. Tét ca
cac dlrong cong duoc dic trung bdi cac di thuong &m cia Eu va cac nguyén t6 c6 truong lyc manh (Zr, H,
Ti) so véi cac nguyén t6 dat hiém lién k& (Hinh 3). Méc du céc duong cong chan nhén song song nhau, tuy
nhién cdc khoang vat amphibol mau néu, niu sam thudng giau cac thanh phin nguyén té vét va dat hiém
hon nhiéu so véi céc khodng vét amphlbol mau xanh luc dén khong mau, ngay ca khi 2 loai nay c6 mat trén
cing mot khoang vat. Diéu nay goi y rang cac khoang vt amphibol mau luc va khong mau 1a san pham
bién ddi nhiét dich tir amphibol mau nau do.

Thém vao do, cac khodng vat amphibol mau néu trong cac dai mach plagiogranit c6 ham lu(rng Nb tuong
di cao; voi ty sb Nb/La thap, dao dong tir 0.39 dén 1.26, 1a dic trung dé nhén biét amphibol ¢6 ngudn gbc
magma thyc thy trong 16p v dai duong (Coogan et al. 2001) Trong khi do, cac khoang vat amphibol mau
luc dén khong mau co ty 1¢ Nb/La rat cao (0.86-16. 59) s0 v6i nhdm amphibol mau nau do. Boi 1€ nguyén
t6 Nb rat giau {rong céc dung thé magma thuc thu, nhung la nguyen t6 linh dong trong cac dung dich nhiét
dich, am chi rang cac dung dich nhiét dich da tdn tai trong cac loai da nay sau khi chung dugc hinh thanh.
@ ®

Amphibol mau nau Amphibol mau nau
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Hinh 3. Thanh phan cdc nguyén 16 vét (a) va dat hiém (b) ciia khodng vdt amphibol trong cdc dai mach
plagiogranit. S6 liéu tir (Nguyen et al., 2018) dwoc chuan hoa theo chondrit
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3.3. Piéu kign va co ché thanh tao

Pé hiéu 13 hon vé diéu kién thanh tao cac khoang vat amphibol, cic d4 plagiogranit va dic diém dung
thé magma, tic gia d tinh toan diéu kién nhiét do, ap sudt, thanh phin ciia dung thé magma bdo hoa SiO,
can bing véi cac khoang vét amphibol theo mé hinh thuc nghiém cua (Ridolfi and Renzulli, 2012; Ridolfi et
al., 2010). Két qua nghién ctru cho thiy, dé két tinh dugc cac khodng vét nay, dung hé magma & nhiét do
700 - 900 °C, ap suit 50 - 200 Mpa (tmg v&i d6 sau thanh tao <I1km) phai c6 ham lugng SiO; > 70%, H,O
=4 - 6% (Hinh 4).

Tuy nhién dung thé magma basalt me (MORB) c6 dic tinh néng va rat kho (chi 0,2-0,4% H,0), do d6
viée ludn giai co ché thanh tao dung thé bao hoa SiO, — ngudn gdc céc dai mach plagiogranit ndy con 1a
van dé gay nhiéu tranh cii, cdn thém nhiéu nghién ctru chuyén siu hon trong twong lai. Mac du vay, can ctr
vao dic diém kién tric cac khoang vat, cAu tao cac da, cac sb liéu dia hda da trinh bay cho phép khé‘ing dinh
nhém khoang vét amphibol mau nau do va céc dai mach plagiogranit nay cé ngudn gbc magma thuc thy.
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Hinh 4. Piéu kién thanh tao khodng vt amphibol va cdc dai mach plagiogranit.

Ngoai ra trong cac dai mach mang dic trung ctia qua trinh thay thé, amphibol mau ndu dén nau sim luén
xuét hién tai ranh gidi mach, cd kién trac lién tuc tir pyroxen trong cac da gabro. Bén canh do, kién tric tao
ra boi nhiu hat plagioclas nghéo calci dugc bao chira trong amphibol mau nau dugc bao ton tir kién tric
kham ophit thuong quan st thiy trong cac d4 gabro (Hinh 1. b). Ddy 1a minh chimg 15 rang cho sur thay thé
ddng hinh tir cic d4 gabro dé tao nén céc dai mach plagiogranit véi co ché hoa tan - tai két tinh thuong dwoc
quan sat thiy trong cac da bién chét (Putnis, 2002; Putnis, 2009; Putnis and Austrheim, 2013; Putnis and
John, 2010; Putnis and Putnis, 2007; Ruiz-Agudo et al., 2014). Do do, tac gia dé xuit ring khodng vat
pyroxen trong da gabro da phan tng vdi dung thé magma mudn tao ra amphibol mau nau den niu sam,
ddng thoi v6i su thanh tao cua plagioclas nghéo calci tir plagioclas giau calci trong gabro (chi tiét xem thém
trong Nguyen et al., 2018) dé thanh tao cic dai mach plagiogranit. Qu4 trinh tai cin bing giita dung thé
magma mudn vdi pyroxen trong gabro tao thanh cic khoang vat amphibol mau nau, ndu sim dugc tinh toan
dinh luong bang cong thirc ciia Gresens trong (Gresens, 1967), va dugc thé hién thong qua phuong trinh
sau:

100g pyroxen (Mg#sgs) + 0.75g TiO> + 2.58g Al,03 + 7.02g FeO* + 0.19g MnO + 1.16g Na,O +
0.20g K20 — 93.94g amphibol (Mg#7) + 6.42g SiO2+ 2.69g MgO + 10.97g CaO

Pay 14 qué trinh tai can bing giira khoang vat/da co trudc - dung thé magma bio hoa SiO» véi co ché hoa
tan - tai két tinh (Putnis, 2002; 2007; 2009; 2010; ) dién ra phtrc tap hon nhiéu so véi qua trinh két tinh cac
khoang vat thong thuong.

4. Két luan

Céc két qua nghién citu chinh c¢é thé dwoc tém gon lai nhu sau:

- Céc khodng vét amphibol mau néu dén nau sam c6 ham lugng TiO; twong ddi cao (1-3%), giau cac
nguyén t6 vét va nhém dét hiém (gap 200 dén 1000 1an so véi chondrit) va do dé ca cac dai mach
plagiogranit c6 ngudn gbc tir dung thé magma muon.

- Cac khoang vat amphibol mau luc dén khéng mau 1a san phim bién dbi tir cac khoang vat amphibol
mau ndu, ching to hoat dong nhiét dich xdy ra sau khi cac dai mach plagiogranit dugc thanh tao, gép phén
lam x6a nhoa nguon gbc magma thuc thu cua cac dai mach.

- Ngoai co ché két tinh tryuc tiép tir dung thé magma gidu H,0, SiO; (ching han & cac khe nit trong da
¢6 trude), cac khoang vat amphibol mau nau dén nau sim con dugc thanh tao bang qué trinh thay thé dong
hinh ctia khoang vt pyroxen trong céc da gabro.
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Lo&i cam on

Nghién ctru sir dung mau 16i khoan thuéc Chuong trinh Khdm phé Pai dwong (IODP, L3 khoan U1473A,
https://www.iodp.org/about-iodp). Céng tac gia cong, phan tich mau duge thue hién tai truong Pai hoc
Kanazawa, v6i su giup do tan tinh cua Yumiko Harigane tai Vién Khoa hoc va Cong nghé Dia chat Nhat
Ban trong cong tac do v& X-ray, va Akihiro Tamura trong cong tac phén tich ICP-MS. Bén canh d6, nhiing
trao d6i, thao luan cua tac gia véi gido su Biswajit Ghosh (Pai hoc Kolkata, An D) rat hitu ich dé hoan
thién cong trinh nay. T4c gia xin chan thanh cam on céc su hd tro néu trén.
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ABSTRACT

Petro-geochemical characteristics of amphiboles
in the plagiogranites recovered from Atlantis Bank,
Sounthwest Indian Ridge

Nguyen Khac Du!, Tomoaki Morishita®
! Hanoi University of Mining and Geology, Vietnam
? Kanazawa University, Japan

Plagiogranites appear in small quantities (1-2%), penetrating gabbroic rocks in oceanic crust at ultraslow
spreading Southwest Indian Ridge. While the gabbros are crystallized from hot-dry parental MORB; the
amphiboles - the main component in plagiogranites, are formed from SiO, saturated magmas rich in HO
(4-6 wt%). Therefore, the geochemical characteristics, forming conditions of these minerals play key roles
in studying the formation of plagiogranites and the nature of magmatic evolution at mid-oceanic ridge. The
analytical methods including microscopic observations, X-ray mapping, EPMA, LA-ICP-MS were applied
in this study systematically. Results show that: (1) Brownish amphiboles rich in TiO2 (1-3%) and trace
elements including REEs (200-1000 times higher than in chondrite) are crystalization products at the late
stage of magmatic evolution; (2) Green - colorless amphiboles are hydrothermal products from the brown
amphiboles; (3) In addition to the crystallization mechanism from highly evolved melts, the amphiboles
could be formed by pseudomorphic replacement processes from earlier clinopyroxene in the gabbros

Keywords: Oceanic crust, plagiogranite, magmatic - hydrothermal amphiboles, crystalization, pseudomor-
phic replacement.
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