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1. Dit vin dé

Sy luu tra va trt nude trong long dat (core
mantle) 1a van d€ tranh luan gitra cac nha nghién
ctru Trai Dét trong thoi gian dai va hién nay van
chua ngd ngil. Nudc trén mit dit chi chiém 0,025%
khdi lugng toan thé nudce co thé ton tai trén Trai Dat.
Ngoai ra, n6 ciing chi chiém mot phan muoi lu(,n}g
nuge dugc chira trong magma tholeit trong quyén
mém dudi cic diy niii ngam giira dai duong hay chi
mdt nua trong manti [8]. Pdi hut chim chuyen nude
vao trong manti khoang 8,7*10"" kg/ndm, nhiéu gip
6 lan nu6c duge tra lai trong qua trinh phun trao
(1 4*10”kg/nam) [16]. Didu do chi ra rang nudc &
trén Trai Dat duoc ludn chuyen trong phan trén cua
manti va tham chi con c6 thé xudéng dén phan sau
ctia manti trong qua trinh hat chim. Tuy nhién, cho
dép nay, viéc tra 101 cau hoi “trong manti, nudc cod
thé tdn tai dudi dang nao va sy phan bd ra sa0?” van
con ton tai nhiéu y kién tranh luan.

Theo nhiéu nha nghién ciru, nudc trong manti
c6 thé ton tai dudi ba dang: nudc tu do [22]; nudec
dudi dang lién két (hydrous phases - [24]); hodc
nudc ton tai dong hanh trong cau tric tinh thé cta
cic khoang vat cAu thanh manti ‘nhu olivin,
pyroxen, granat [1, 7]. Lép thach quyén cua vo dai
duong trong d6i hit chim céu thanh tr manti
peridotit serpentin hda, cac tadp hop mafic/siéu
mafic pluton, gabro, phun trao basalt va cac tram
tich tir pelit t6i carbonat. Trudc kia, ngudi ta cho
ring chi c6 d4 gabro va da phun trao cua lop
magma vo dai duong va da pelit dac trung cho
tram tich day dai dwong trong doéi hut chim dai
duong 1a co trién vong chira nude [4, 15, 20, 22].

Tuy nhi€n, nhitng nghién ctru gan day di lam thay
dbi quan diém trén boi cac ly do sau: (1) ba siéu
bazo serpentin hoa ton tai nhiéu trong ophiolit va
day bién; cac mau khoan day bién khing dinh sy
ton tai ctia d4 peridotit serpentin hoa trong cac hoat
dong kién tao khac nhau; (2) Serpentin antigorit
ton tai bén vitng hon amphibol trong diéu kién ap
sudt cao; (3) Kha nang do6i hat chim lanh (cold
subduction) s& mang nhiing pha ngdm nudc xudng
sau trong diéu kién ton tai bén viing cua serpentin
antigorit va chlorit [23].

Mot loat cac thi nghiém tién hanh trong diéu
kién nhiét do va ap sudt cao [9, 10, 24, 26] da chi
ra mot sd khoang vat chtra nuée (hydrous minerals)
clia da c6 thanh phan siéu bazo kha bén viing trong
diéu kién nhiét d6 va ap sut ciia d6i hat chim
(hinh 1). Theo biéu db ta thiy rd, trong diéu kién
cua d61 hut chim lanh, hoac déi hat chim c¢é nhiét
d6 trung binh (v6i sy c6 mat cia mot $6 nguyén tb
nhu A" [5], Ti*'[11] va F [21] (dudong miii tén A,
B - hinh 1) thi cac pha giau Mg, Si ¢6 chira nudc
(HDMS-hydrous dense magnesium silicates) ton
tai bén virng.

D6 14 quan diém cua cac nha dia chit thach
hoc, cau hoi dit ra 1a li€u cac nha dia vat 1y co thé
du doan dugce sy phan bé cia nude trong manti
khong? Dé lam sang to Van dé nay, cac tham s6 can
quan tam la: van toc truyen song, su tat dan cta
bién d¢ song, tinh di hudng va mat do trong do,
van toc 1a tham s co nhiéu trién vong dung dé
nghién ctru ciu triic cua Trai Dat vi thoi gian
truyén song trong long dat co thé do dugc véi do
chinh xac tuong dbi cao.
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Hinh 1. Biéu dé biéu dién cac pha hinh thanh theo nhiét d6 va ap suét ctia peridotit chira nuoc.
A, B, C, D- dac treng cho cac duwong P-T trén be mat cta déi (slab). X4, Xz, X5- cac diém xac dinh
trang thai cia nwdc trong d&i hut chim [13]

Di co nhidu tic gid nghién ciru doi hut chim
theo tai liéu dia chdn nhu Iwamori va Zhao [6]
Roth [18], Sato [19], Van der Lee [26]. Hinh 2 chi
ra sy phan b6 bat ddng nhit ciia van tdc trong doi
hat chim va khu vuc xung quanh. Hién tuong nay
khong thé giai thich don thuan bang dia nhiét hay
thanh phan dia hoa téng (bulk composition) ma
phai tinh dén sy tham gia ciia nude: (1) d6i van tde
thip ¢ trén tAm huat chim (subducting slab) hinh
thanh do nudc dugc gidi phong tir dai hut chim;
(2) su tang van tdc bén trong tAm huat chim 1a do su
ton tai ciia nhimg pha ngdm nudc. Tuy nhién d6
méi chi 1a gia thuyét, cho tdi nay chua c6 mot gia
tri do truc tiép nao dé khang dinh gia thuyét do la
dung. Do chinh 1a dong luc thic day ching toi
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nghién ctru phuong phap va tién hanh do séng dia
chan truyén qua céac ‘pha ngém nudc trong didu
kién nhiét do va ap sut cao cua doi hut chim.

bo ngﬁm nudce cﬁa cac thanh tao dé énh hudng
rit 16n van tbe truyen song Giai quyet mdi tuorng
quan nay c6 ¥ nghia rat 16n trong nghién ciru cdu
tric sau, dédc biét trong khu vuc d6i hit chim. Bai
toan nghién ctru thuc nghiém ¢ day la tao ra cac
mau tiéu chuan va trén cic mau d6 xac dinh méi
tuong quan glua do ngam nude véi cac tham sd vat
1y van tdc, sy tit dan ciia bién do song, tinh dang
hudng va mat d6 da, hay ndi cach khac 1a sy khac
nhau cta van toc truyén séng trong da c6 do ngdm
nudc khac nhau.
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2. Phuong phap nghién ciru

Pé tién hanh do séng dia chén truyén qua cac
da ngdm nudc trong diéu kién nhiét do va ap sut
cao cua d6i hiit chim, viéc dau tién 1a phai tao duoc
méu do. Trong bai béo nay tac gia d& cap téi cac
yéu ciu cua miu do va su thanh cong trong viéc
nghién ciru phuong phap tao mau. Viée do song dia
chan bang thiét bj Hé thong khdi de (multi-anvil
system) s€ dugc trinh bay trong bai bao khac.

2.1. Tiéu chi méu thwe nghi¢gm

CAc tiéu chi mau do thuc nghiém bao gdm kich
thude hat, mat do hat, ty s6 giita do dai va duong
kinh mau, ty. sO giita dwong kinh mau va budc
song. Cac mau do trong thuc nghiém nay la céc
silicat magnesi ngdm nudc, chung phai dap Ung
dugc cac yéu cau khit khe vé cac thong s nhu
kich thudc hat, mat do hat, kich thudc ban than
méiu dé bao dam cho cac thi nghiém tiép theo dat
két qua chinh xac.

(i) Kich thuéc hat: theo nghién cuu cia Mason
va McSkimi [14], sy suy giam bién d6 (A) cua
song dich chuyén trong vat chit phu thudc vao kich
thudc hat va bude song. Do d6, dbi véi mdi budce
song cho trude, kich thudc hat can phai can nhéc

dé co thé han ché dugc viéc giam bién dg, bao dam
nhan dugc tin hiéu song tai may thu.

Mason and McSkimin da chung minh kich
thudc hat (a) cang 16n thi bién d§ song giam cang
nhanh theo cong thire: 4 = f(a)’ (1). Hinh 3 1a két
qua thyc nghiém véi mau cé kich thude hat 1a
0,23mm (hinh 3a) va 0,13mm (hinh 3b), két qua
chi ra (4, /4,)=5,4 (2) phu hop véi cong thirc

2
(1): A :[ﬂj _5.5 (3) V6i Ay, A la bién do
4, 3
song cua mau 1 va 2. Noi cach khéac 1a bién do cua
song phu thudc vao kich thudc hat, hat cang 16n thi
bién d¢ cang 16n.

>

Ngoai ra cling theo thuc nghiém, Libermann
[12] d4 chi ra rang dé nhan duogc tin hiéu séng thi
mdi quan hé giita bude séng A va kich thudc hat
(a) phai thoa man: (A1/a) >3 vagiatri (1/a)>10
la gia tri dwoc khuyén khich. No6i cach khac, dé
nhan duoc song truyén qua mau thi kich thudc hat
phai nho hon budc séng it nhat ba lan, tin hidu thu
dugc kha quan khi kich thudc hat nho hon mot
phin muoi bude song.
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Hinh 3. Do sw giam bién d6 cla séng doc va séng ngang theo tan sb déi v&i cac mau co kich thwéc hat
a: 0,23mm va b: 0,13mm [14]

Néu nhimng yéu ciu trén dwoc tudn tha, bén (ii) Mat do cua mau: Dé thi nghiém thanh cong
canh viéc bao dam bién do song khong bi suy giam  thi mat o cua mau phai 16n hon 90% (d¢ trong x
nhiéu trong qué trinh dich chuyén thi van téc  nho hon 1/10 thé tich), ngoai ra khong c6 vi nirt
song do duoc trong diéu kién ndy bao dam tinh  (micro cracks). O ddy can dic biét chu y 1a khong
dang hudng. chi cac vét nut thong thudng ma ké ca nhiing vét
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nut doc theo ranh gidi cua cac hat cling can pha1
khéc phuc. Cac vét nut nay ¢6 thé gay nhiéu ric rdi
cho qua trinh do. Su khic phuc s& dwoc giai thich
trong phén thuc nghiém. Ngoai ra, néu mat do hat
thap, hay noi cach khac d6 rdng cao s& lam van toc
do duoc giam gia tri va tin hiéu do duogc bi yéu do
tinh chat hip thu khong dan hdi trong mau.

(iii) Ty s6 gitta d6 dai va duong kinh cua miu
(I/¢) Song doc truyen trong moéi truong ddng
nhit v6 han dugc biéu dién theo cong thuc:

p = [(A+2u)/p]"* (2). Trong d6 A = hé s6 Lamé,
p = module trugt, p = mat do. pé gia tri do duoc
dung 14 gia tri cta song truyén trong moi trudng vo
han va ding hudng, theo Birch [2], ty sé giita do

dai (1) va duong kinh hat (¢) khong dugc qua gia
tri 4 hoac 5. Néu I/¢ vuot qua gia tri d6 thi song do
duoc s& bi anh huong réat 16n do hidu mg ranh gidi
va khi d6 ndng luong thu dugc chi c6 mot phﬁn
nho 1a cta song phan xa va c6 xu hudng roi vao
phong nhiéu. Van tde do duoc khi nay chinh 1a van
toc cuia thanh (rod/bar velocity) V= (E/p)"?, v6i E
la modul Young.

(iv) Ty so gitra duong kinh mau (¢4) va budc
song (4): theo Tu va céc tac gia khac [24], dé van
toc do duoc khong phai la vén tc clia song truyén
trong mot khdi c6 dang thanh hay dang dia ma
trong moi truong vo han twong dwong voi didu
kién ma chung ta do trong moi truong ty nhién thi
(¢/1) phai nho hon 2,4 (hinh 4).

Nhom|
| ——] Y Thép
« Hinh 4. Méi quan hé gitra
Bong van tbc do dwoc va tfi sb
gitra dwdng kinh mau
* [ Pbng thas va budc séng ¢/ [24]

JAIAN

Vg (10°cm/s

/Z//
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Hinh 4 biéu dién két qua thyc nghiém cho mot
s6 mau kim loai va cho thay chi khi ¢/4 dat dén gia
tri 2,4 thi van tde do duoc madi dat dugce van tde
thuc trong moi truong vo han.

2.2, T(fng hop méu

Viéc do van tdc cho nhitng pha ngdm nudc co
vai tro giéng nhu cau nbi tir két qua do dia chin t6i
nhitng gia thuyét dia chat, kiém dinh tinh dung din
clia nhitng gia thuyét nay. Dua theo két qua phan
tich ctia cac nha thach hoc [21, 25], tac gia da chon
hai d6i tugng gidu magnesi va la silicate ngdm
nudc co tinh dai dién thanh phﬁn cho cac thanh
tao doi hat chim dé nghién ctu, d6 1a clinohumit
(MgoSi4016(OH);) va pha A (Mg;Si;05(OH)e)
(phase A dung dé phan biét voi phase E va D cung
1a thanh phan gidu hydro cta cac d4 magnesium
silicat. Dya vao diéu kién nhiét do, ap suit ma tai
d6 ton tai phase A, D hay E).

3.2 a6 4.0

C6 3 cong doan tién hanh trong qua trinh tao
mau, gom:

Buédc 1: Qua trinh hoa tan-ddng khd (solution
and gelation). Pay 1a mdt phuong phap kha phd
bién trong khoa hoc vt liu, nhung hiu nhu chua
dugc cac nha thach hoc thuc nghi¢ém tng dung. Chi
sau khi cac thi nghiém cua tac gia thanh cong thi
phuong phap nay moéi bit dau duoc chu y dén
nhiéu hon.

Dau tién, ding may rung siéu 4m va may quay
tir tinh dé hoa tan Mg(NOs),.6H,0O vao ethanol.
Sau d6 rot TEOS - viét tit tetraethylorthosilicate
[Si(OC,Hs),4] vao dung dich trén va tiép tuc hoa
tan. Qua trinh thity phan bat dau rdi dén qua trinh
polymer héa (hinh 5). Tiép tuc sdy nhe dung dich &
nhi¢t d¢ khoang 70°C. Sau khoang 8 gid thi qua
trinh dong kho (gelation) bat dau [17] va két thuc
sau 24 gio.
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Hinh 5. Qua trinh hoa tan - ddng kho (R- gbc CHs)

Uu diém ciia phuong phéap nay 1a: (i) Phan ung xay ra gitra
cac hat cé leh thudc phan tr nén bé mit tiép xuc de xay ra
phén @ng rat 16n, dan dén didu kién nhiét d6 va ap suit dé xay
ra phan ung thap; (ii) Phan @ ung gitta cac hat c6 kich thudc phan
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ttr duoc trén 1an nén tinh déng nhét cua
chét tao thanh sau phan tng la rat cao,
dac biét khi so sanh voi cac chét duoc
thanh tao boi phan ung gilra cac oxit
hodc khoang vat; (iii) Loai bo duogc
nhiéu tap chét; (iv) Kich thudc cua cac
hat dong déu. Piéu nay co thé giai
thich nhu sau: do kich thudc ban dau
cta cac hat rat nhé nén khi tién hanh
giai doan 2 1a ép néng (hot-presing)
mau di tranh dugc hién twong phat
trién bat thuong mot sb tinh thé lam
cho kich thudc ciia cac hat trong mau
khong dong déu, chénh léch nhau 16n,
anh huong nhiéu dén mat d hat cling
nhu thanh tao cac vi nut (micro-crack).

Budc 2: Qua trinh téng hop mau.
Sau khi dd c6 hdn hop bot véi kich
thudc phan ta, MgO va SiO, dugc tron
lan rat déu, qua trinh tao khoang vét
clinohumite va pha A dugc tién hanh
theo biéu db biéu dién trén hinh 6. Két
qua dugc kiém tra béng phuong phap
nhiéu xa ronghen (X-ray diffraction -
XRD) va phé Raman (micro-Raman
spectroscopy). Thi du cho clinohumit:
hinh 7a va 7b.
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Hinh 6. Bidu db biéu di&n didu kién nhiét do va ap suét dé tén tai chum (clinohumit) va pha A.
Fo - forsterit; Br - brucit; En - enstatit
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Budc 3: Qua trinh nén mau tai nhiét do cao
(hay la qua trinh €p nong/ hot-pressing), day 1a qua
trinh tang 4p sudt va nhiét do dong thoi sao cho
khoang vat khong thay ddi, chi co mat do hat tang
lén. Uu diém cua phuong phép la vi chu truc cia
vat chit hoan toan duoc kiém soat. Trong truong
hop ndy ta c6 thé lam tang mat d¢ hat ciia miu ma
van bao dam kich thudc hat khong 16n. Trén hinh 7
c6 thé thay mot vai 16 trong, thye chat d6 khong
thé hién d¢ réng ciia mau vi chung dugc tao ra do
hat khoang vat bi bong trong qua trinh mai nhin
mau cho thi nghiém.

2.3. Két qud nghién civu

Két hop phuong phép hoa tan - dong kho va ¢ép
nong, nhom tac gia da tao duge cdc mau co chat
lugng cao, thda man cac yéu cau cho viéc tién hanh
thyc nghiém do song trong diéu kién nhiét do, ap
suit cao. Cu thé 13 miu hinh try cé kich thude
khoang 2mm duong kinh; chiéu cao tir 1,5 dén
2mm; kich thudc hat nho hon 20um. Céc thi
nghiém da chi ra rang, nhiét do, ap suit va thoi
gian 12 ba yéu t6 kiém soat su thanh cong cta qua
trinh ép nong. Néu qua trinh ép néng duge chia
lam hai giai doan, giai doan du nhiét d¢ thap dé
khuyén khich nay sinh nhiéu mam tinh thé
(nucleation) sau d6 modi ting nhiét o dé cac mam
phat trién, thi két qua lam ting mat d6 cua mau 1én
dang ké trong khi kich thuéc hat khong tang nhiéu.
Tuy nhién, néu thuc hién theo qua trinh nay thi
nhiéu vét nirt xuét hién doc theo ranh giéi giita cac
hat, kh()ng thich hop cho viéc do song siéu am. Do
do, tac gia da chon chu trinh nén néng (hot-
pressing) theo kleu mot glal doan. Két qua Ia hat to
hon, nhung van trong gia tri chip nhan dugc,
khéng c6 vi nit, do rong thip. Chu trinh cho
clinohumit 1a 24gio, véi ap suét 1a 3,3 GPa va nhiét
d6 1a 800°C, cho pha A la 24gio, ap suit 1a 6 GPa
va nhiét d¢ la 700°C

3. Két luan

Viéc tao mau thanh cong c6 y nghia quan trong,
dap {mg céac yéu cau cho budc tiép theo la do song
siéu am trong diéu kién nhiét do va ap suit cao.
Céc nghién ciru ndy mé ra mdt phuong hudng
nghién cru méi vé thanh phan, cAu tric siu cua trai
dat. Két qua cua thi nghiém cling ching t6 su phoi
hop khéng thé tach roi gitta cac nganh khoa hoc
khac nhau nhu dia hoa, thach hoc, tinh thé, dia vat
1y, dia chat trong viéc nghién ctru Trai Dt.

O Viét Nam, bao xung quanh la cic d6i hat
chim Philippin, Indonesia, d&i dung d6 Hymalaya,
noi thanh tao cac déi sinh khoang phong phua va
ciing 1 ngudn phat sinh céc tai bién dong dat. Viéc

198

tang cu(‘)rng hiéu qua cua phuong phap nghién ctru
do song siéu 4m trong diéu kién nhiét d6 va ap suat
cao c6 thé dong gop cho viéc nghién ciru cac cu
tric nay .
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SUMMARY

Measurement elastic velocity of hydrous phases at high P-T of subduction slab by multi-anvil apparatus

The relationship between seismic wave propagation velocities and water content of hydrous rock has been identified
by a study at Swiss Federal Institute of Technology Zurich (ETHZ). As a result, the Earth’s deep structure can be studied
by combination of seismic tomography and petrological experiment. The result was achieved by applying ultrasonic

techniques under ultra high temperature - pressure condition in multi-anvil apparatus. In this paper, the study is

presented including the selection of represented samples, an important requirements for hydrous samples and their

synthesis method that assure the sample quality suitable for the measurement of elastic velocity in condition

corresponding with high P-T in subduction slab.
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