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1. Mé dau

Trong ddi hat chim, nhiét do phﬁn dudi luon
thép hon nhiét 3 mat trén ctua déi [6, 18]. Vi vay,
theo quan diém ciia mot sé nha khoa hoc Stalder
va cong sy, (2001); Frost va n.nk, (1999);
Komabayashi va n.n.k (2005) [4, 11, 20], khi méang
dai duong bi hut chim, tai d¢ sau khoang 200km s&
xay ra su chuyén héa ciia serpentin - khoang vat
phé bién trong peridotit ngdm nudc tai manti -
thanh cac khoang vét silicat giau magie ngdm nudc
(DHMS - hydrous magnesium silicates), trong do
c6 khoang vat pha A, mdt khoang vat cia nhom
humit. Phan mg biéu dién sy chuyén héa 1a : Atg =
phA + En + Fld (Atg- antigorit, phA - pha A, En -
enstatit, Fld- fluid- chat bdc) [15, 19]. Su phan b
cac khoang vat ngam nudc trong doi hat chim
dugc biéu dién trong hinh 1. O do sdu khoang 400
km, cting voi su ting ap sudt va nhiét do, pha A s&
bién dbi thanh pha E [10, 14]. Su ton tai cta pha A
& cac do sau noéi trén khong chi cho thay nudc da
dugc mang xudng rat sau, toi tan 16p manti ma con
¢6 y nghia quan trong trong viéc xac dinh tinh chat
dan hoi cua manti thach quyén dai duong bi hut
chim (deeply subducted oceanic lithospheric
mantle). Lién quan véi y nghia quan trong trén, da
¢6 nhiéu cong trinh nghién ciru sy ton tai va tinh
chit dan hoi cua pha A dugc tién hanh nhu cia
Pawley (1995), Kudoh (2002) va Kuribayashi
(2003) [12, 13, 16]. Tuy nhién, két qua thu dugc lai
kha khac nhau. Vi dy, bang phuong phap nhiéu xa
tia X (X-ray diffraction) cua Pawley (1995) [16]
tinh dugc Kgo= 145(5) GPa, K’s = 4; trong khi d06,

bang phuong phap nghién ctru don tinh thé bang
tia X, Kudoh (2002) [12] va Kuribayashi (2003)
[13] lai thu duge Ks,= 105(4), K’ =3,9(8); Crichton
va Ross (2002) [2] c6 Kgo= 97,5 GPa, K’s= 5,9 va
gan day, Sanchez-Valle (2008) [17] bang thuc
nghiém Brioullain tinh dugc Kgi= 106(1) GPa,
K’s= 5,8(3). Ngoai ra, su ton tai cia pha ngdm
nuée ciing dugc ding dé giai thich sy xuét hién
ctia 16p di thuong 4m (16p van tdc thap) nim & do
sau khoang 150-250km trong doi hat chim [6, 7].
Tuy nhién, sy giai thich trén chua c6 tinh thuyét
phuc khi khong biét gia tri van tdc truyén song
trong doi. Vi vay, muc ti€u ctia cong trinh nay la
tao ra cac pha khoang vat ngdm nudc nhu pha A cé
thé ton tai & nhiét d6 va ap suat cao, sau d6 dung
san phém ndy lam mau dé thuc hién cac thi nghiém
do van tc song nén (P) va séng ngang (S) trong
diéu kién twong tu ¢ d6i hut chim.
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Hinh 1. Sy phan b6 nhiét va cac khoang vat trong
ddi hat chim lanh (cold subduction zone)
- Theo Schmidt va Poli (1998) [19]
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2. Miu va phwong phap nghién ciru
2.1. Chudn bi méu

Pha A 1a mét khoang vat thugec nhém humit, co6
cong thirc hoa hoc 1a (Mg781208(OH)6 (hinh 2).
Méu da tinh thé cia pha A duoc tong hop bing
phuong phép Sol-gel va ép nong dang huéng (hot
1sostatlc pressing) [8]. Mot loat thi nghiém duoc
tién hanh voi su thay doi ty 1& thanh phan chat
tham gia phan ung MgO, SiO,, H,O; thoi gian
phan tng; chu trinh nhiét d6 va ap suit trong qua
trinh phan tng; kiém tra chat lvong miu bang cac
phuong phéap phan tich vi do dién tir (kinh 3); phd
Raman, nhidu xa tia X. Két qua 1a tac gia da thanh
cong trong viéc tao mau pha A co kich thuéc hat
7+4um voi sy phan bd dong déu, ding hudng. Mat
d6 dat 99%. Viéc tao mau dat chat luong nhu trén
1a v6 cung quan trong vi d6 chinh 1a yéu t6 quyét
dinh thanh cong cta cac thi nghiém tiép theo [9].

H;0

Hé
MgO-SiO,-H,0

Brucite

Chondrodite

Clinohumite

MgO forsterite enstatite Si0s

Hinh 2: D6 thi biéu di&n thanh phan ctia pha A

FSE 15.0kV x1000 10um ——

Hinh 3. Kiém tra chat lwong mau bang phwong phap
phan tich vi do dién tlr (Microprobe FSE-forward scatter
electron)
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bé do song dia chén, miu cua pha A dugc tao
dang hinh try, duong kinh 1a 2mm, 46 dai la 1,3 +
2mm. Hai mit day dwoc mai nhin bang bot kim
cuong c6 d6 hat 0,5um.

2.2. Phwong phdp do séng dia chin
2.2.1. Ldp ddt mau

Céch bd tri miu trong phép do tuwong ty nhu
trong [9], theo d6 bd chuyén nang (transducder)
bién ning luong dién thanh ning lwong dao dong,
tao ra song P va S truyén qua khbi dém WC (dé
bao dam thi nghiém dugc tién hanh trong moi
truong 4p sudt cao) va corindon. Mﬁu dugc dat
trong chi (Pb) va Teflon dé bao toan mau trong moi
truong ap sudt cao va ddng hudng. Bi dung dé
kiém soat dugc ap suit trong qua trinh do vén toc.

2.2.2. Thu né séng siéu am

V6i bd chuyén ning LiNbO; (transducer) bién
d6i dién niang sang co nang tao dao dong dé phat
song va nguoc lai, chuyen tr nang luong cua song
vé ning luong dién dé ghi lai tin hiéu, ta co the
phat, thu dugc song doc P va song ngang S truyén
qua mau nghién ctru. Trén may thu - oscilloscope-
thé hién rat rd tin hiéu ciia song P va song S. Hinh
4a biéu dién thoi gian phan xa cta song P trén man
hinh oscilloscope, gom 3 phan xa giita khdi WC va
corundum (P1), corundum va mau (P2), cudi cling
la day ctia mau (P3) (hinh 4c). Xung song dudi
dang sin(x)/x véi tan sb cong huong (resonance
frequency) la 20 MHz dd dugc phat ra boi bd
chuyén ning (hinh 4b). Do thoi gian truyén song
tai cac ap suat khac nhau ta c6 thé tinh dugc van
toc truyen song P va séng S & cac 4p suét twong
{mg bang phwong phap ham tuong quan (hinh 4d).

3. Két qud nghién ciru

beé co thé tinh dugc van toc truyén song va cac
dac tinh dan hoi cua mau, trinh tr nghién cuu va
cac két qua dat dugc nhu sau:

3.1. Thoi gian truyén séng

Bing phuong phép tinh ham tuong quan lién
két ta ¢6 thé tinh chinh xéac thoi gian do song dén
10”us. Hinh 4d biéu dién ham tuwong quan cua
song P. Khi chay ham tuong quan lién két, tai cac
diém co phan xa duong biéu dién s& thé hién rd
hon giup cho viéc do thoi gian xay ra phan xa dugc
chinh xac hon.
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Hinh 4. Thu nd béng transducer sau d6 dwoc ghi nhan
a) trén may oscilloscope v6&i b) xung séng ban dau;
c) s6 liéu thé thu dwoc; d) ham tw twong quan cla sé liéu oI

3.2. Tinh chiéu dai ciia méu

Khi ap sudt ting thi chiéu dai cia miu s& bi
giam di do lyc nén. Chiéu dai ctua mau da duoc
tinh theo cac cong thuc cua phuong phap Cook
(1957) [11:

P
b _ P j _ar 2)
! 3hy o 1 _ 4
r 3t
hy =412 p, (3)

Véi Iy - 46 dai ban diu cua mau tai diéu kién
nhi¢t d6 va ap suét cua phong; [ - d6 dai cta mau
tai diéu kién 4p sudt P va nhiét do cua phong;
py - khdi lugng riéng cua miu tai diéu kién nhiét
do va ép sut cua phong; A = 0,01 cho phan 1c'yn cac
chit rin ding huong, ty, ts - th(n gian truyén ciia
song P va S qua mau véi ap suét tuong ung P.
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3.3. Tinh cac gia tri dan hoi ddc trung cua méu
(elastic properties)

Céc tham sb duoc dung dé tinh cac gia tri dan
hoi dic trung cia mau hién thi twén bang I
bao gbm: P 14 4 ap suét (GPa) p khéi lugng riéng cua
mau tai 4p suit P; € sy bién dang (stram) duoc xac
dinh theo cong thitc (7); Vp, Vs van toc truyén song
P va S ctia miu tuong Gng véi ap sudt P; Vo, V thé
tich ctia mau tai didu kién nhiét do, 4p sudt phong va
nhiét d¢ phong, ap sut P; G, K - modul nén (bulk
module) va trugt (shear module) ctia mau.

Cac gia tri dan hdi dac trung cua mau dugc tinh
tur gia tri van toc do dugc va dung phuong trinh
chuoi hitu han Eulerian bac 3 [3]:

Ve'= (1-26) (L1 +Lo¢) )
pVs’= (1-26)"*(M+Me) (5)
P=-(1-2e)"*(C,e+C,%/2) (6)
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Bang 1. Két qua thwc nghiém do thoi giant p, ts va cac gia tri khac khi ap suét thay ddi tir 0 dén 11 GPa

P(GPa) p(kg/ms) 2tp(ps) 2ts(us) lo/li li(mm) Vo € Vp (km/s) Vs(km/s)
0,68 2,94 0,354 0,591 1,003 1,303 1,008 -0,003 7,372 4,412
1,36 2,96 0,338 0,572 1,005 1,301 1,015 -0,005 7,705 4,549
2,03 2,98 0,323 0,550 1,007 1,298 1,020 -0,007 8,049 4,723
2,71 2,99 0,314 0,538 1,008 1,296 1,025 -0,008 8,267 4,821
3,39 3,01 0,310 0,538 1,010 1,294 1,030 -0,010 8,360 4,813
4,07 3,02 0,305 0,534 1,011 1,292 1,034 -0,011 8,485 4,842
4,75 3,03 0,300 0,529 1,013 1,291 1,038 -0,013 8,616 4,881
5,43 3,04 0,296 0,530 1,014 1,289 1,042 -0,014 8,723 4,867
6,10 3,06 0,294 0,517 1,016 1,287 1,048 -0,016 8,766 4,980
6,78 3,07 0,290 0,515 1,017 1,285 1,051 -0,017 8,878 4,994
7,46 3,07 0,285 0,514 1,017 1,285 1,053 -0,018 9,028 5,001
8,14 3,09 0,286 0,509 1,019 1,282 1,060 -0,020 8,978 5,040
8,82 3,10 0,282 0,509 1,020 1,281 1,061 -0,020 9,100 5,036
9,49 3,12 0,282 0,504 1,022 1,279 1,067 -0,022 9,083 5,077

10,17 3,13 0,282 0,510 1,023 1,277 1,071 -0,023 9,073 5,012
10,85 3,13 0,278 0,506 1,024 1,277 1,073 -0,024 9,198 5,048

Vé6i € dic trung cho sy bién dang duogc tinh
nhu sau:

& = [1-(pop)**12=[1-(Vo/V)**12=[1-(Iy/D)*12  (7)

Hé s6 L1, L2, M1 va M2 dugc dung dé tinh
module nén Kg, va module trugt Gy tai ap sut
phong va dao ham cua chung K’So, G’o theo cong
thirc sau:

M,=G, 3
M>= 5G¢-3K50Go’ 9)
L= Kg+4Gy/3 (10)
L= 5L,-3K0(Kso™+4Gy’/3) (11)
Cl=3L,-4M, (12)
Cy=3L,-4M,+7C, (13)

bé khéng dinh tinh xac thuc cua két qua thuc
nghiém, viéc do céac gia tri dugc thuc hién trén
mot sb mau. Két qua cac lan thu dugc 1a gidng
nhau véi sai s6 < 0,5 %.

Két qua do thoi gian va quing duong song
truyén dugc tinh theo cong thuc (2) va (3), tir d6
suy ra van toc song doc Vp va song ngang Vs.

3.4. Phan tich két qua

Céc ket qua nghlen ctru bang thuc nghiém bao
gdm van toc truyén song va cac dac tinh dan héi
ctia khoang vét pha A dugc thé hién trong bang 1
va biéu dién trén hinh 5. Két qua cho thiy co su
trung 1ap cao gifra cac gia tri do dugc trong nghién
ctru ndy theo phuong phap siéu am véi cac gia tri
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thu dugc cua Sanchez - Valle (2008) [17] theo
phuong phap Brillouin cho don tinh thé (single
crystal). Trong nghién ctru nay chi dung céac gia tri
thyc nghiém voi 4p sudt 1on hon 2 Gpa dé xay
dung du(‘mg ndi suy (fitting curve) vi trong diéu
kién ap sut thap hon 2 Gpa, do cac mit tiép xuc
¢6 khong khi nam xen, gid tri van toc do duogc luon
thdp hon gia tri that. Puong noi suy s& cat truc tung
tai nhitng gia tri tuong tmg van tdc song tai diéu
kién nhiét do va ap suat thuong (diéu kién phong).
Két qua 1a Vp=7,9km/s, Vs=4,5km/s.

Pha A
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Hinh 5. Sw phu thudc van téc Vp, Vs va khéi lwgng riéng
vao ap suét. Buong lign nét mau den 1a dwdng noi suy
tinh theo phwong trinh bac 3 ca chudi hiru han [3]



Hinh 6 biéu dién sy bién dbi ciia modul nén va
truot dugc tinh trén co s¢ cac gia tri Vp, Vs va st
dung ham chudi hitu han bac 3 [3] theo ap suét.
Két qua thu duoc: Kg,=100(1), K’=6,1(1),
G,=61(1), and G’,;=2,2(1).

Pha A

Nghién ctu nay
S6 lieu dung dé noi suy

Budng ndi suy trong nghién clru nay
Puwong ndi suy clia Sanchez Valley (2008)
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Hinh 6. Ham phu thuéc modul nén va modul truot
clia pha A theo ap suét téi 11 GPa

4. Két luan

Két qua cua bai bao nay la minh chung cho
phuong phap tao miu co chit lugng cao theo
phuong phéap sol-gel va dung soéng siéu am dé do
vén tdc truyén song dan hdi trong dbi tugng quan
tam voi diéu kién ap sut cao, lam tién dé cho viéc
tinh toan cac dac tinh dan hdi cua cac loai da trong
diéu kién nhiét do va ap suit cao twong g véi
didu kién sdu trong long dit. Két qua thu duoc
trong nghién ciru nay 1a cac gia tri va dao ham cua
modul khéi va modul trugt: Kg,=100(1), K’= 6,1(1),
G, = 61(1), G’;= 2,2(1) va Vp = 7,9km/s, Vs =
4,5km/s. Két qua nay turong ddi phu hop véi cac két
qua cua Crichton va Ross (2002) [2], tuy nhién no
khéac biét voi két qua cua Pawley n.nk (1995) [16]
va ¢6 thé giai thich sy khéac bi¢t nay do viéc nén
khéng ding huéng gitra céc tinh thé pha A trong thi
nghiém cta Pawley.

Céc két qua cua pha A duogc trinh bay tai day
cung voi cac két qua thi nghiém tuong tw cho mot
s6 mau khac nhu clinohumit, peridotit va eclogit s&
lam co so cho viéc xay dung mo6 hinh van tdc cho

cac kiéu tap hop khoang vt trong d61 hat chim va
trong manti, tr 46 danh gid kha nang su dung tai
liéu dia chin tomography dé tim cac déi di thuong
chura nudc.

Loi cdm on: Nhan dip nay tac gid gui 161 cam
on chan thanh t61 GS.TS. Peter Ulmer, TS. Reusser

Eric, PGS.TS. Sanchez-Valle da giop do tan tinh
deé cong trinh dugc hoan thanh.
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SUMMARY

Elastic wave velocity measurements of polycrystalline phase A (Mg;Si,Os(OH)g) at high pressures of subduction zone

Ultrasonic wave propagation velocities of polycrystalline aggregates of phase A (Mg;Si,Os(OH)s), a dense hydrous
magnesium silicate (DHMS) phase, has been measured in the pressure range from 1 to 11 GPa at room temperature.
The combination of sol-gel and hot isostatic pressing techniques were employed to produce high quality specimens.
Measurements were carried out in a 6/8 multi-anvil device using an ultrasonic wave propagation technique. A sin(x)/x
signal was propagated through the rock sample and reflections were collected to measure the travel times that, in turn,
were used to determine the wave propagation velocities. From the measured velocities, the elastic properties of phase A
have been obtained by applying a third order Eulerian finite-strain equation of state resulting in Ks,=100(1) GPa,
K’'s=6,3(1), G=61(1) GPa, and G'=2,2(1). Experiments are reproducible and confirm that we can measure elastic wave
velocities of dense hydrous magnesium silicate minerals at pressures corresponding to the Earth’s upper mantle
approaching transition zone pressure conditions in a multi-anvil apparatus.
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