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Table 1 Experimental conditions and oxygen isotope results for magnesium chloride method

- Mjﬁjg NeOH | H,0 | FH | NeCIO | i@ ff 7’;@%%@ KEE | R L oine
o | @ | @b | w | e | o | BER LSS o
95Mg009 10.194 | 1.608 250 24 2.02 25 1.17 —1.53 | —5.61 4.08
95Mg002 5.108 | 0.812 250 24 1.04 40 0.58 —4.22 | —5.61 1.39
95Mg018 10.004 | 1.405 1000 172 0.49 40 1.16 —3.59 | —5.61 2.02
95Mg004 10.155 | 1.604 250 24 1.98 70 1. 16 —7.26 | —5.61 | —1.65
95Mg011 10.521 | 1.585 250 24 2.04 90 1s 15 —8.16 | —5.61 § —2.55
95Mg039 10.105 | 0.212 1000 360 0.74 90 0.15 —5.48 | —3.69 | —1.79
95Mg032 5.923 | 0.852 500 8 0. 60 90 0.62 —6.04 | —3.69 | —2.35
95Mg038 5.137 1.2 250 504 1. 06 50 0. 87 —2.64 | —3.69 1. 05

@ FRER RS EL AR 2.

(2) RAbBER DAL SR AR, HAL 2 R T RN
Mg:N,+ 6H,0 = 3Mg(OH), ¥ + 2NH; 4

Zlijk?ﬁéz\jﬂﬂﬁ*}‘ ® AR H & KB (B 99. 9 R EALBE R D 4KITE T
Y B A A SEAN BB R EK K BRAR, £iE 29 15min IBRR KPR FRZES . REH
8 v A 2 PR B o R KC A 2 T TILASC 48 A AR 7240 » LA 2 ol XRD U k. @
RS TE S R B AT CRUILBE R — R FE 0. 12— 1. 00) SRR B9 ZRIB/K R 7 . AR AN
NEACEE , FF B M RTREBE PR 28 503k o8 S0 R AR IS WK BE T 0, SR TR IR 48 B R AL B IR R 56 &2
EEBHERL, BN RFAEESK L. REMEEAELE 2.

(3) E Atk BNE K, B R T N

MgO-+H,0=Mg(OH), ¥
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Table 2 Experimental conditions and oxygen isotope results for magnesium nitride method

'#u% s MgN. | H,O | BtfE z&ﬁ };ﬁfg 7§%OE ffg 1003lna

(@ | (mL) | G c ® O | (%)
95Mg023 | 0.5008 | 250 180 15 0.87 | —0.87 | —5.61| 4.74
© 95Mgo15 |1.0028 | 1000 | 192 25 1.74 | —1.89| —5.61| 3.72
95Mg006 | 0.2209 | 250 24 25 0.35 | —1.61| —5.61| 4.00
95Mg019 | 1.0012 | 1000 | 192 40 1.75 | —3.69 | —5.61 | 1.92
95Mg007 | 0.1208 | 5000 48 70 0.21 | —6.16 | —5.61 | —0.55
95Mg021 | 1.0052 | 1000 | 192 70 1.75 | —5.74 | —5.61 ] —0.13
95Mg013 | 1.0071 | 250 24 90 1.76 | —7.54| —5.61| —1.93
95Mg028 | 0.9542 [ 500 30 105 1.73 | —6.87 | —3.69 | —3.18
95Mg017 | 1.0001 | 1000 12 120 1.74 | —6.96 | —3.69 | —3.27
95Mg033 | 0.7421 | 500 8 90 1.25 | —6.06 | —3.69 | —2.37

B8R 0.15—1. 00g By AL (LR AAFD ZBAMA 250—1000mL ZEE K EFHET
BN, ZEARIR T BRAL W B K BE A K R G R M85 AR A PRILIREERI SR . IR R
1 P B A KRN A& 3R 3. o ‘
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BHE LS R . @FE 70C T, A F A —E B SS90 H pH E, W E K
BAR-KEREANESBESHERBRBENXR. ARERABRERAMHTITR 4IRS,
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Table 3 Experimental conditions and oxygen isotope results for magnesium oxide method

wmg | MeO | HO | s | miet | e | R | ooty | RS B 10on
(g) (mL) [Q6D) (h) (h) [§eD) & %) %o (%)

95Mg033-0 0. 25 1000 90 48 48 90 0. 36 —5.67 | —3.69 | —1.98
95Mg033-1 0. 25 250 90 48 672 15 0. 36 1.19 —3.69 4. 88
‘95Mg033-—2 0.25 250 90 . 48 672 25 0. 36 0.14 —3.69 3.83
95Mg033-3 0. 25 250 90 48 672 40 0.36 -| —1.50 | —3.69 2.19

95Mg033-4 0. 25 250 90 48 672 70 0. 36 —4.62 ) —3.69 | —0.93
95Mg037 0.5 500 40 — 528 40 0.72 —1.12 | —3.69 2.57

95Mg036 0.5 500 .70 — 528 70 0.72 —4.30 | —3.69 | —0.61
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Table 4 Relationship of oxygen isotope fractionation for the brucite-water system to aging time

#as |- om0 NeOH | O | W | WE Senk | $0 | s 10w
® g (mL) (h) «C) &) % % (%)

96Mg038-1 | 5.137 .2 250 168 50 0. 87 —2.48 | —3.69 1.21
96Mg038-2 | 5.137 1.2 250 336 50 0. 87 —2.59 | —3.89 1.10
96Mg038-3 | 5.137 1.2 250 504 50 0. 87 —2.64 | —3.69 1. 05
96Mg038-4 | 5.137 1.2 250 672 50 0. 87 —2.74 | —3.69 0. 95
96Mg038-5 | 5.137 1.2 250 1008 50 0. 87 —2.74 | —3.69 0. 95
96Mg038-6 | 5.137 1.2 250 1344 50 0. 87 —2.57} —3.69 1,12
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Table 5 Relationship of the brucite-water system oxygen isotope fractionation
to the pH values of solution '

pae | MeO | NaOH | HO | mE | #E | pH Iéjffé i g T
(g) (@) (mL) (h) Cc) | Bl @ % % &)

96Mg040a-1 1. 0001 | 21. 928 1000 672 70 13.74 1.45 —4,56 | —3.69 | —0.87

96Mg040a-2 1.0001 | 2.193 1000 672 |- 70 12.74 1. 45 —4,20 | —3.69 | —0.51

96Mg040a-3 1. 0001 | 0.219 1000 672 70 11.74 1.45 —4.68 | —3.69 | —0.99

96Mg040a-4 1. 0001 | 0.022 1000 672 70 11.04 1.45 —4.31| —3.69| —0.62

96Mg040a-5 1. 0001 | 0.002 1000 672 70 10. 83 1.45 —4,11 ] —3.69 | —0.42
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YABAR,10°/T? R AR TR 3 P& BT B B B 9 BT A SISO A B /D S R e T R L 4,
8%] 10°Ine 5 10°/T* KRR BT .

10°lna=1.59X10°/7?—14.10 (r=0. 9921)

KA T AL KO B 3 BiR, 7 15—120 CTE E /KB A - K ik 2 9 LA 11 B 4018 R 50bE



F 48 BERSE KER-KERARLRMERBHRELRFR 345

IR EN I EEE, KYE
62CERA —IHH A, K&
FKEGHEMFKE < 62CH 4 ——
BEECO A > 62CH T - 70°¢
180o

KA ERERE Zheng 1)
BT EHER TR E
281315 Savin and Lee /R 3E42 7Y
AT 418 i RUH AT R
W 4 BrR . AXEREER 5
BT R B A REA G T K
BEKKRRRAKEMEE — - ”,
KUY & BRI, XA AR pH
LA TALRERERNAT @ 00 FRABKBREREKER Kk 28R Z4HE
RSB E LR R4, ik 5 pH {EA L% &
AERBEG TN EAAESHT Fig. 2 Relationship of oxygen isotope fractionation for the
EHERMEFE B ZEBEM  brucite-water system to the p}:I values by MgO hydrolysis at 70 C
ISR N E N BT (1) ERRFL: MgO + H:0 = Mg(OH) (G 5, UID#RR)
. ESHEFNO, KEL-K (2) &E R : MgO + H,0 = Mg(OH), (3 3, @R R);

(3) AR : MgsNs+ 6H,O = 3Mg(OHD.+ 2NH; 4 (3R 2, LLARRR);
= i 2 2
RARGCR S BARERS T B 008 . 0. 225

SMg021

(=]

I 95Mg007 96Mg040a-5 96Mg040a-2
b [
.................................. OO JOUOTPTURU OSSO

96M036 96Mg0d0a-4  m O
’ 96Mg040a-3 96Mg040a-1

10%na JKEER —IK

V-

95Mg033-4

i
L
[

—
[==)

400CELF Z< AE A 10°lnacc1/T* (1) Synthesis reaction:MgO + H,O = Mg(OH),(Table 5,1 ;
E(J;é %ﬁﬂé%ﬁ ’ TI'ﬁEZi}"Z E] ETJ'/B\ (2) synthesis reaction: MgO + H,O = Mg(OH),(Table 3,@);
BT 1/T W, 2L ) (3) synthesis reaction:

%E%E 100°CLL T%m lOalnaOCI/ MgsN;+ 6H,0 = 3Mg(OH);+ 2NH; 4 (Table 2, A);

dashed line denotes average fractionation value —0. 68 & 0. 22%,

T* RAXRRZWA G, H
A ELZSMEE 100CL B,
TR RAELHEE O, R, 7E 120 CRETHERESE R DN SERTEEY .
MRAE 120°C LA AT LI A8, W LATORY, BT B89 018 07 8 5 A< 3CFE 120 C LA TR 2 41
FRERA AR B AR AR, (B 5 R T — 2L

AXERGRGRUBETUE R DHEZER, XRF Y RENAME T HRR B UG &R
U TARE R B-1 2 8RB EIE R RR T 55 % 8 680K F R ROROISMES
FlAy, F LA RERR Me-OH AR R ML RMEIT N . BT EMTW-KE R ERCLRTE
M RN 0 X4 T SRR 1K i R 0 LR 3 5008 R R TR T I R B R
AN SE R I RE By 45 R T UARIE R AITE IR R F T E R EAF &M ERERNBIE.
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Fig. 3 Oxygen isotope fractionation curves derives from the three synthesis methods
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A—Magnesium chloride method (JlD); B—magnesium nitride method (A);C—magnesium

oxide method (@) ; D—summarized results for the three methods
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EXPERIMENTAL STUDIES OF OXYGEN ISOTOPE
FRACTIONATIONS BETWEEN BRUCITE AND

WATER AT LOW TEMPERATURES

Xu Baolong, Zheng Yongfei, Gong Bing ahd Fu Bin
(Department of Earth and Space Sciences, University of Science and Technology of china, Hefei )

Abstract

Oxygen isotope fractionation for the brucite-water system was determined experimentally by
chemical synthesis techniques at temperatures of 15 to 120°C. Magnesium oxide, magnesium ni-
tride and magnesium chloride were used as reactants, respectively, to produce brucite in aqueous
solutions. All of the synthesis products were identified by X-ray for crystal structure and by
SEM for morphology. Isotope equilibrium was achieved between the synthesized brucite and wa-
ter, yielding the consistent results from the three different methods of synthesis. In the range of
experimental temperatures, the oxygen isotope fractionations between brucite and water are tem-
pérature dependent and not relevant to the chemical compositions, aging time and acid concentra-
tion of solutions. The oxygen isotope fractionation equation is obtained as follows:

10%ina=1.59X10°/T%*—14.10 (r=0.9921)
When the results for the brucite-water system are compared with those for systems gibbsite-wa-
ter and goethite-water, it suggests the following order of *O enrichment in the metal-OH bonds
(M-OH) of hydroxides: AI**-OH > Fe®**-OH > Mg?"-OH. The results from the synthesis ex-
periments agree well with the theoretical calculations by increment method, providing experimen-
tal evidence for the theoretical prediction. The synthesis methods can overcome the problems due
to the extremely low rates of isotope exchange at the low temperatures. According to the differ-
ent reaction paths in the different synthesis experiments, the mechanism of the low temperature

geochemistry can be explained in addition to testing for isotope equilibrium.

Key words: fractionation factors, oxygen isotopes, equilibrium fractionation, brucite-wa-

ter, chemical synthesis, low-temperature geochemistry
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