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Abstract Raman spectra of different salinities (0.0% , 5.0% , 10.0% and 20.0% ) of the NaCl-H,O systems is studied at high
pressure and high temperature using hydrothermal diamond-anvil cell (HDAC). It is shown that the frequency shift (Av .y, ) of
Raman band in the region of OH stretching vibration increases with increasing temperature at a given pressure for the same salinity of
NaCl-H, O system; at different pressures, the relationship between Av .y, and temperature is influenceded by the salinity, not the
pressure. This property has an important application on the determination of the salinity of fluid inclusion, and the calculated equation
is described by: W =123.258 —128. 115 +32. 40, the uncertainty is 0. 46% .

Key words Fluid inclusion; Salinity; High pressure and high temperature; Raman; NaCl-H,O

B OE  AAKALRBEBEAET SEHET0.0%.5.0% .10.0% F= 20. 0% 5 NaCl-H,0 4k % #) Raman .3, 5F 5 4
RAEIL AT B E— 249 NaCl-H,0 4k &, % R A R % B, /K 89 Raman 4 % 3854 09 B 4 EALF Av o, MR JE 09 Tt & 0 R 57 38
Aoy B E A RE R, Av o) IR T E R (RBHES) REEHQYra,f Rl & EAE , FURZER T 2R k8 2 R
QLEARE (W), LA X T W=123.255 - 128. 11S +32.40,3% £ % 0. 46% ,

KEWR  RAREFER; HE ;5 IR G A Raman; NaCl-H, 0

HREESES P59

2008) o YL A FEAAAE gl —ORAT T 2k 9 3 5T R 1 b v

. TLARRE S, B R AT R X TR 5E 08 8 Ak B A BAE A

1 505 ZARR R MR . M PR AL SR B 5 VOB T, K-
VO A R TR A I R R PR IO fE I E 3 okl RRRRRIRTRERIGIRRZ — A fh R, Bl NaCl-
L HN 0T 2 H AR BRI U (Zheng RO MRRBOWHUL A7 2 T RGBT IR S T 25
et al. ,1998 ; Tourret,2001 ; Scambelluri and Philippot,2001 ; Fan A5l TR S5 b AR ot R P T A e A A
et al. ,2005; vk B %5, 2005 ; # £ 4% 2006; Zhang et dl. | %2 —(Roedder, 1984 ; Shepherd et al. ,1985 ; Bodnar,2003 ; fii

w AN E R S EERLTSE & R (2009 CB825007 F12006CB403508 ) Fl[E % 1SRRI~ 4 4x (40821002 F140730314) (&%) .
FE—EERN: BN, £, 1982 44 4, 8 = I R S B BR A 2 AL B0 5 A 245, E-mail ; ypyang@ pku. edu. cn
wx IBWEE B K, E-mail ; hfzheng@ pku. edu. cn



2024

R 2003 ; /B 2004 Ni et al. ,2006) , 4258 (A Eh B
R ERNEESHZ —, & R ER e S 0K A&
F I PVT ERIATHE L BT 3l ) 4 AR R i el . HA,
BOCHL SO AR R RN R N — BRI RE T,
WK FIE "% Mernagh and Wilde (1989 ) $i¢ i1 1 i it 1334
TR 2 TV 11 RS 2 500 D R A 28 AR 3 11 v, AR A 3k
J, BAEAE(2001) TR IESF (2004) HiiE T A 2 ARIE T
LR B 2 7 TR TAE o Ni et al. (2006 ) #F S0MPa/100MPa,
500 ~600°C Tl BB & i T 4l H, 0 {& & J NaCl-H, 0 {k & 1)
AR, A & T AR AT A9 Raman J6 3%, A £k b &
P AIVK A Raman 1506 19 AH X 38 B8 A AL 2 LE ok 48 7 AR A2
FEURER B AT N

ARSCHFSE T 1 IR K N SRR BE 1) NaCl-H, O R R 11
Raman Jt3% , & BU Y Raman 1506 RERE 19484k ¢ R 5 88
FERAWE MR WTE T — R i 8 Rt g R 3 1
ke

2 SYRJiik

SR FH A v 2 R K B B W TR (18] 15 Fang et
al. ,1999; i 24545 ,2006) , JEAl U EAE K 0. 8mm, #)52
0. 8mm JERIBR A, #F i % LA N 0. 4mm SEEGHE i3 51k

N ]
I'_' '
M
i 7
% | 5 r N: FE# 2
! SSHESSN FFVH
| D .
| N N \
! Y a&& R
Nl PYESTN |
i |
|
© '® ®© T
~N / ‘\H
220V AC PR
[_PC ]
FI1 Bassett K FAE WA T A0 5296 /s 3 K]
Fig. 1 Schematic diagram of Basseti-type hydrothermal

diamond anvil cell and experimental assembly

ELFI| 2009, 25(8)

Acta Petrologica Sinica

0.0% .5.0% ,10. 0% i1 20. 0% KJ NaCl-H, O {& Z ( H [N
18.2MQ By K L #) , J& 3 45 5 90 5t g A7 3 (£ 0. 1mm)
(Schmidt and Ziemann,2000) 157 77 E AL (CBN) (28 — 1%
Fr,250. 1mm) ( Kawamoto et al. ,2004a) , %A UFpY) 54T
TR RE - 1251 (369K) , /K1 1R (432K) , ThJR TR (461K) FiI
BEK (538K) o TEHEA SR AR TE I IR ZE A 1K,

Raman St iR B2 75 I8 50 R 27 Bk 15 25 [ B 227 Be 1)
B[R RM1000 BUHOEH SO EVET. I S1dem ™ G E
TROCE LG, T D)2 S0mW 4 5t 1 #2532 D 2 2
o SmW , ASPHREE Ny S0pum, 20 £ 9 BB BE . 11
2000 ~ 4000em ™", 4 $ i 6] o 30s, H A 1 WK, A HER N
lem™,

S5 1 Raman Y635 £ 88 #) | JANDEL SCIENTIFIC
PEAKFIT V4. 04 BRAFHEAT I, R 10 2 22, #UIRTE 2800
~3800cm ~ "B AL P 19 Raman 335 I 504, FE2e R F H 22,
HEAHHE 0 b PR AR o A LB SRR B

3 SRS R

K2 REEEET 0.0% .5.0% .10. 0% F1 20. 0% H)
NaCl-H, O A& Z7E 3%k 2700 ~3900em ™' 35 [l P4 7K () Raman
gk id (LR AR kg ) o NETh AT LAE 3], X5 T4k
JE—E M NaCl-H, 0 fA F , 4 He Sy AR, 7K e it 5 Tt 8 1) 7
s I Bl 1) 25 KT 1) s ) 5 100 W 58 8 R0 88 ) T sy i U
TERE IR HE B b 7 78 ARATAL I W T T 2

HHT, ¢ T NaCl-H, O f& & (1) H-O $g 3 ) Raman i i
(2800 ~ 3800cm ™ S, 1 2) MRS A7 2204 L. AT T4
K I A T O-H (45 9% 20 3 Y , & = h TE 4
AT T AR, — B IA A, HE v A A R I AR SR 1K
HEMEA - S BEMMN G T8 (Abe and Tto, 1978;
Kawamoto et al. ,2004b) , %}F NaCl /KIEW , AR ATRER 4 O
55 C1™ 2 J) 15 #2490 B AR T, 7 2 3 5k — Rl e ok 1) Ak 2
O—H-- ClI™ g 7= /£ Bk &, X Fl gt v LA AR Z o &
(Bondarenko et al. ,2006) . 25 T4l 7k r iy A48 9 1E
NaCl 7K 7 9 2B (O—H:--CL™ ) AT REXT 1 I8 1 5 1 B 1%
VTR R T B E T

TERT A TAEH, X7 F NaCl-H, O {4 £ Y Raman Yt fff
I, AL 1 7K U b 3 T i — MR R A 5P A L E Y
Gauss W ATHIG , I EZHIGE B (0285 il s B K
ZER A A L)L e S B9 A B AE ] ( Kawamoto et al. , 2004b;
Okada et al. ,2005 ;4% % 445 ,2006,2009) , i A< SCHY H # 2&
T WFFEHE Y Raman 3% 047 Ui 04 60 52 1456 2 I 7 Jy 18T 114
WEFH LA T 3K Al 5 v BB A SN A S T T EL RS o R R
(Yang and Zheng,2009) , [K it , /F 3 3E £ H 844 Gauss WX
TRETHAT TG, A IR A ) 8 n 4 45 R &1 3 i
No

e UL B TEAR SCI TR o, o T S AR A R K Y



BEFE . HiB5HET NaCl-H,0 4k % 49 Raman .35 547 : —Fr37 69 54k 6L B4R 25 B 2 5 ok

10000 . : :
P=370MPa
8000 -
B :
5 6000 5
= £
= =,
24000 |3 £
g g
E E
2000
L
2700 3000 3300 3600 3900
Frequency (cm"}
10000 : - .
_ P=439MPa
= 8000 g ~
3 5
< 6000 i <
= z
= =
£ 5
= 4000 - |
g’
2000 k biafint
oL L L 1 s
2700 3000 3300 3600 3900

Frequency (Cm_l)

[ 2

Fig.2 Raman spectra of the OH stretching bands of 0. 0% , 5.

temperatures and pressures

6000 T T T T

O Measured spectra

Gauss _fit

=
W
=3
(=4

3000

Intensity (arbitary)

1500
0 i
2800 3000 3200 3400 3600 3800
Frequency (cm'l)
&3 I 296K F1 % 5 370MPa B4R 417K ) Raman 1%

e R FCALL 3 0
Fig. 3
spectrum of pure water obtained at 296K and 370MPa

Example of band component analysis on the Raman

Raman 300 1515 12 8 X6 3 K 0 0 B o 2%
Av o0y A IR A5 1 5 3505 g, 19 S0 3 K01 ( Schmidt
and Ziemann,2000) .

10000 , .

2025

P=707MPa

8000

6000

4000

2000

3000 3300 3600 3900
Frequency (cm_l)
15000 T T T
20.0% P=673MPa
12000 | E

9000

6000

3000 |

3300

Frequency (em-l

EREE R R 0.0% \5.0% .10.0% Al 20. 0% ffj NaCl-H,0 {£& Z /) Raman 316

0%, 10.0% and 20.0% NaCl-H, O system measured at high

AV(O-H> (PHTi) :V()-H(PisTi)-VO-H(Pref’Tref) (1)
Hrh Av oy (P, T) RUEEARHEA 22, vou (P, T)) AR
LA T BT IS W DB, v (P, T ) PR HEIR S
T B, AR SO Fk v (ELR R IR TR (296K,
0. 1MPa) B AR R K 9 Raman {45 1% 0 (4 33 5008, %74
YRSy R HR FH B8 62:%1,0. 0% 5. 0% ,10. 0% i1 20. 0%
NaCl-H,0 R Z& K I Bk & Vou (P, Top) it
3400cm ™' 3406cm ™' 3416cm ' Hl 3440em ', SR R ECIE
AL IR T AT LA S AR FT RE AR AE I R G iR 22, BN, AN TR
A0 52 1Y) Raman (7 19 0H 22 5 50AS [F] 2% 35 15 135 06 A0 31 B
FKHAMIUEGSHES
K4 2R EI T 0.0% .5.0% .10.0% Fi1 20. 0% NaCl-
H,0 IR R M EARMEAL 250 Av o) STRIEMXRE ., HE
AT LAE B % F 35 B — 2 19 NaCl-H, O (K &, 4 = S A2 BT,
K Raman fHAFTEE (K IE) 19 Aw o, BEIREE 1 T 107 A BT
K, BTN, Av ., B 08 14 0 7 AR 26 BE AR AH [
FIA y = a + by BIRIG AR RSN BB , FLA5 SR AHH G
BHEWE 1,
G4 k1 R BAE T LU R F—E W
NaCl-H, 0 {& &, RFEES T ELE HL AT, HL A
mERE, MESRAEER S (AEFKT « K0.01 8,



2026 Acta Petrologica Sinica # %54k 2009, 25(8)
120 T T T T 40 T ! y
® 370MPa 5.0% ® 550MPa
L 0.0% - =
=~ B ° " 550MPa ~ 30f O 707MPa| -
o © 973MPa ”-E o ®]129MPa
L 60t 4 o (el
5 ° 3 20 7
= =
= 30 F i g
o o
2 o 10f B g
= gl | =
0or o =1
=30 7
_ﬁn 1 1 1 1 _10 1 L L
200 300 400 500 600 700 300 350 400 450 500
Temperature (K) Temperature (K)
70 T T T T 26 L !
60 10.0% ® 439MPal 1 ~ 20.0% ® (73MPa
i r O g25Mpal 1 T 24 [ 01026MPa| |
= g
e s0F 1 £
540 {1 22
2 B,
2, o
2 g
e 30 7 =~ 20 | &
20 ° 1
18 il
10 [ h
0 1 1 1 16 L 4
300 400 500 600 450 500 550 600
Temperature (K) Temperature (K)
B4 AFEIT0.0% .5.0% .10.0% Fi 20. 0% NaCl-H, O {4 Z (1) Raman {i 45515 08 0 % BOR EAL 2208 Av o) FIRBERIC

ENH|

Fig.4 Temperature dependence of frequency shift of the stretching vibration of 0. 0% , 5.0% , 10. 0% and 20. 0% NaCl-H, O

system at high pressures

x1
EFERERBHENENE
Table 1

NaCl-H, O system and their global slopes at high

pressures

AREEHNT0.0% .5.0% ,10.0% F0 20. 0% NaCl-H, O {& Z Y Raman {1 45 1% 1§ B i AR U Z1E Av (o) SIRE(T) B

The functions between temperature and frequency shifts of the stretching vibration of 0. 0% , 5.0% , 10. 0% and 20. 0%

Salinity (wt% ) P( + P)(MPa) Fitting Function R? Global Slope ( Error)
370 (=14) Aviom =0.4197 - 135. 874 0.991
0.0 550 ( £13) Av opy =0.430T - 146. 036 0.992 0.431( = 0.0082)
973 ( +44) Av oy =0.443T - 162. 406 0.929
550 (£17) Av (o, =0.3017 = 112. 468 0.914
5.0 707 ( £16) Av oy =0.309T - 105. 321 0. 969 0.307( = 0.0175)
1129 ( +26) Av oy, =0.3107 =102, 212 0.999
10.0 439 (£16) Av (o =0.222'~60.420 0992 0.218( = 0.0041)
. B + 0.
825 (22) Av oy, =0.214T - 64. 974 0.999
20,0 673 ( +£26) Av oy =0. 1057 -31. 957 0.988 0.109( = 0.0033)
. B + 0.
1026 ( +47) Av oy, =0. 1127 -39, 532 1

HRFBR TiImAE) , RUZ HL RS R xR, W

I, AR )R 5 LR P {E 0] DU iR R 7E—
SEIETIT Aw o B BEAZ LRI RER (RS RER S) o

K5 AR (0.0% 5.0% .10. 0% #ll 20. 0% ) NaCl-

H,O (R Z i B R (S) SRR E (W) B ZR A,y [&T T
VAT 2, B R 2 10 38 7K e £ i B o R B TR AIR . i T



B EEE . HEEHET NaCl-H,0 4k & 49 Raman K& 547 . — AP 37 69 74k 6 4R 2 72 5 ok

30 T T T T T T T T T T
Model Polynomial
25 Adj.R-Square 0.99694 -1
Value Standard Error
B Intercept 32.40149 1.31199
= B Bl —128.11082 10.8995 _
20 B B2 123.24752 19.76366
215 7
=
B
10 F 1
e
#
5 F -
ok -
1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6
fi#RFE S, ATEMD
KI5 NaCl-H, O A& £ B9l B 8 5 (S) S WL Z (W<

20.0% ) (R FR
Fig.5 The relation between offset-slope (S) and salinity ( W<
20.0% ) of NaCl-H, O system

Vi s Ry 6 B2 9 38 hin s A5 IRLE XT 7K 43 v H-0 4R 3l Y 52
W PTE . MAERLZE(S) FH R R (W) Z A ik 2 i
IALER Ny W =123.258* —128. 11S +32.40, fEH L T
— S R 2 N RV B (T A T 0 T AR A 2 R A
il ) AT RS, G5 AR R IR 220 0. 46%

-3 NaCl-H, O {4 Z /KW B bR i AL 2208 Av o) XTI
BEAR IR R S B Y 56 20T LU T e R AR AR 2 1A
PR R B A - A R AR R . 5340,
R A5 TR T K DA TR 8 5 1 B O 28 0 R 238y i 8, TR G R 3K
PRIE AR 25 44T 1 i A 2244 b /K 9 Raman
ST I AE

(&1 6 2] FHZK W 1) O % Ak 238 T 2 I A 2 1R 6 B

T T T T

Determining the salinity of fluid inclusion

Tsochores

= Homogenization T Critical point =
T L
0 Liquid-vapor Curve
oo~ . A
0 100 200 300 400 500
r('c)

K6 7RIS E I A R0 2R PR R JEE A s T T
Fig.6  Schematic diagram of the determination of salinity of

fluid inclusion

2027

B, AEHRTLIE ], RO SR T L S AR e, AL R A
RETE TP LR AL, AR F 3 — B DU I AF 45 2k
Al N AR AR /N — B OL T, a3y — I & 7E 400°C
VLR A AR Y TR AR b AS 23 5 10MPa, A I 7E 3 — 3
2T IR B S N AT AR A5 TR 4. SEBR I & I B4R
AR — B B G A — & BREOER 2 IR, LT 2
-SRI AR (T 6) -

(1) A 2 A PR e 1) S (T 22

EBRH A BRI AL S AR, ) o 1P o 2R A v i
FHAY Raman 3 16, 75 3 30 {4 (1) Raman fi 45 315 06 (9 ZEfE(E,
v (Py,T,) o

(2) A ZE AR — I BE T 7K W 7 2 e 1)

Xof A A T AT G2 0 iR 00 S A ()3 P SRV
FHER S0 Raman 350 (v (P, T)) ,v(Py, Ty), v(Py, Ty),
""" ), HEME RS2 —2AH (v (P, T,) ) 6

(3) B HERER B 43

() LA TR itk BObR e AL 25 0H (Av) 11

BB v(P,T,) ,w(P,,T,) ,w( Py, Ty) oo v(P,,T,) )
SR Z AR » (P, Ty ), BIVAT A5 31 1% 06 130 e $50bm 1 Ak 2508
Av(P,,T,) ,Av(P,,T,) ,Av(P;,T;) -+ Av(P,,T,) .

(b) KRR AL (S) BLA T

F AL AR AN L 08 0 BOhR AL 22 1 ( Aw ) Bt
SR (T) BPRT A — 2558 Rk (Av =A™ T + B) , bR
A BRI AL R S,

(o) AR EMITE

MRS AR SR M5 R0 (W =123.255° - 128. 115
+32.40) BV AT 15 B3 A B A 0 R

X E A A9 Raman 63k £k BE &5 1, AR T VAR B
R AR AR IR BRI, R RE S AR AN R B N
FEUREE ) Raman R ) I B0bm i Ak 2206, BV AT 3RA5 56,
A ERD A SRR A AT SRR R

4 4k

A SCFIFHK #44: MIA R i (HDAC) iR 5% 1 8 i s = T
0.0% .5.0% .10. 0% F1 20. 0% f4 NaCl-H, O & 2 (47 & 6
T, B TR HIZK Y Raman 1506 () (i 8% A5 000 5 U 14 . 28 14
HERN Y, FESBWT

(1) X FEfF—& NaCl-H, 0 IR R, S RN &G T,
HoAR I B P PR UEIL 2218 Aw oy, BETREE AR FL B RL R H 54
FEAR G 5 R T6 %

(2) FIHES T8 (1) W] LR 5 it A 22 i iy 2 B 3
=R/ W1

W = 123.258" - 128.11S + 32.40, H I & % 2% K
+0.46% ,



2028

References

Abe N and Ito M. 1978. Effects of hydrogen bonding on the Raman
intensities of methanol, ethanol and water.
7. 161 -167
Introduction to aqueous-electrolyte fluid inclusions.
Anderson A and Marshall D (eds. ) . Fluid
Inclusions; Analysis and Interpretation.
Short Course, 32: 1 -8, 81 —99
Bondarenko GV, Gorbaty YE, Okhulkov AV et al. 2006. Structure and

hydrogen bonding in liquid and superecritical aqueous NaCl solutions

Journal of Raman
Spectroscopy ,
Bodnar RJ. 2003.
In: Samson I,

Mineral Assoc. Canada,

at a pressure of 1000 bar and temperatures up to 500 degrees C: A
comprehensive experimental and computational study. The Journal of
Physical Chemistry A, 110: 4042 —4052

Cao SH, Zhang LF, Sun Q et al. 2006. A Raman spectroscopic study of
phengite under high pressure. Acta Petrologica et Mineralogica, 1:
71 =76 (in Chinese with English abstract)

Ding JY, Ni P, Rao B et al. 2004. Evaluation of the laser Raman
microprobe method for the determination of salinity in a single fluid
inclusion by using synthetic fluid inclusions. Geological Review, 50
(2):203 -209 (in Chinese with English abstract)

Fan HR, Guo JH, Hu FF et al. 2005. Fluid inclusions evidence for
differential exhumation of ultrahigh pressure metamorphic rocks in
the Sulu terrane. Chinese Science Bulletin, 50(11) : 1139 - 1148

Fang 7Z, Smith RL, Inomata H et al. 1999. Phase behavior and reaction
of polyethylene terephthalate water systems at pressures up to 173
MPa and temperatures up to 490°C. The Journal of Supercritical
Fluids, 15: 229 -243

Matsukage KN, Nishimura K et al. 2004a.

spectroscopy of cubic boron nitride under high temperature and

Kawamoto T, Raman

pressure conditions; A new optical pressure marker. Review of
Scientific Instruments, 75(7) ; 2451 —2454

Kawamoto T, Ochiai S and Kagi H. 2004b. Changes in the structure of
water deduced from the pressure dependence of the Raman OH
frequency. Journal of Chemical Physics, 120(13) ; 5867 —5870

Lu HZ, Fan HR, Ni P et al. 2004. Fluid Inclusion. Beijing: Science
Press, 52 =58 (in Chinese)

Lii XB, Yao SZ and He MC. 2001. The determining of the salinity of the
ore-forming fluid inclusions using MLRM. Earth Science Frontiers, 8
(4): 429 -413 (iin Chinese with English abstract)

Mernagh TP and Wilde AR. 1989. The use of the laser Raman
microprobe for determination of salinity in fluid inclusions.
Geochimica et Cosmochimica Acta, 53 765 -771

Ni P, Ding JY, Rao B et al. 2003. Studies on the synthetic fluid
inclusions and their application to laser Raman spectrum analysis
field. Acta Petrologica Sinica, 19(2): 319 =326 (in Chinese with
English abstract)

Ni P, Ding JY and Rao B. 2006. In situ cryogenic Raman spectroscopic
studies on the synthetic fluid inclusions in the systems H, O and
NaCl-H, 0. Chinese Science Bulletin, 51(1): 108 - 114

Okada T, Komatsu K, Kawamoto T et al. 2005. Pressure response of
Raman spectra of water and its implication to the change in hydrogen
bond interaction. Spectrochim Acta A, 61(10) ; 2423 -2427

Roedder E. 1984. Fluid inclusion. Reviews in Mineralogy, Mineral Soc.
Amer. , 12 644

Scambelluri M and Philippot P. 2001. Deep fluids in subduction zones.
Lithos, 55. 213 -227

Schmidt C and Ziemann MA. 2000.

A pressure senor for hydrothermal diamond-anvil cell

In-situ Raman spectroscopy of
quartz:

ELFI| 2009, 25(8)

Acta Petrologica Sinica

experiments at elevated temperatures. American Mineralogist, 85:
1725 - 1734

Shen K, Zhang ZM, Sun XM et al. 2005. Composition and evolution of
ultrahigh-pressure metamorphic fluids: A fluid inclusion study of the
drill cores from the main hole of Chinese Continental Scientific
Drilling Program. Acta Petrologica Sinica, 21 (2): 489 - 504 (in
Chinese with English abstract)

Shepherd TJ, Rankin AH and Alderton DHM. 1985. A pratical Guide to
Fluid Inclusion Studies. London: Blackie and Son Lim. , 1 =20

Touret JLR. 2001. Fluids in metamorphic rocks. Lithos, 55: 1 =25

Yang YP, Zheng HF and Sun Q. 2006. Evidence of discontinuities in the
Raman spectra of water at high pressure. Progress in Natural
Science, 16(1): 116 =119 (in Chinese)

Yang YP and Zheng HF. 2009. Pressure determination by Raman spectra
of water in hydrothermal diamond-anvil cell experiments. Applied
Spectroscopy, 63(1): 120 —123

Yang YP, Zheng HF and Sun Q. 2009. Evidence of discontinuities in the
Raman spectra of aqueous NaCl solution at high pressure.
Spectroscopy and Spectral Analysis, 29 (6).: 1573 - 1576 (in
Chinese with English abstract)

Zhang LF, Lii Z, Zhang GB et al. 2008. The geological characteristics of
oceanic-type UHP metamorphic belts and their tectonic implications :
Case studies from southwest Tianshan and North Qaidam in NW
China. Chinese Science Bulletin, 53(20), 3120 —3130

Zheng YF, Fu B, Gong B et al. 1998. Stable isotope geochemistry of
ultrahigh pressure metamorphic rocks from the Dabie-Sulu orogen in
China: Implications for geodynamics and fluid regime. Ear. Sci.
Rev. , 62, 105 - 161

Zhou XZ, Zheng HF and Sun Q. 2006.
study of phase transition at high temperature and high pressure. Acta
Petrologica Sinica, 22(12) ; 3047 —3051 (in Chinese with English
abstract )

In-situ Raman spectroscopic

Bt HR 325 2 Sk

HOE, TS K, PMRRSE . 2006, 1R T Z28EE o BE R BSOS
. AATYFERE, 1: 71 -76

TRYe, ks, BEUKSE. 2004, B GRIEOERE R IE I e A f K
R SRIRAFIT . HUTETE, 50(2) : 203 -209

FUREE, RS, BURAE . 2004, FARGIEM . JbnT: Bl
52 -58

B, BEBIR, (s . 2001, BLAT ARG AR R BE Y B 80k
ME . H2FRTZE, 8(4) : 429 413

filds, Bevk, TRIEAE. 2003. A T4 g2 i 52 1 i o5 B HLAE
WOGHL S E B . A AR, 19(2) : 319 -326

LR, ST, PMBEISE . 2005, i iy e AR ST A A4 (9 2H A 5 v A
[ Rl B R TR LA O R TR BRI GT . a2,
21(2) : 489 504

kBN, M, IME . 2006. 55 T K 9 Raman SEI5EAR % 2PE Y
R . BRFHFERE, 16(1): 116 119

BB, M, PR . 2009. 5 R NaCl 7K ¥ WY AS 2 22 M 1Y
Raman JEIEEHE . Bl 50605541, 29(6) : 1573 1576

JARE, MO, MR . 2006, il e R A B K A AR Y TR hr
BRI . A AR, 22(12) : 3047 —3051



