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Phase Relations of Hydrous Peridotite: Implications for
Water Circulation in the Earth's Mantle

Tetsuya KOMABAYASHI"

Abstract

0 O Using recent results from high-pressure experiments and thermodynamic calculations,
phase diagrams of simplified hydrous peridotite in the system MgO-SiOs-H2O have been con-
structed to lower mantle conditions. Possible water subduction and circulation processes in the
deep mantle are discussed on the basis of the constructed phase relations. For water transporta-
tion by subduction of peridotites, important phase relations are {1 10of antigoritd] serpentine(Jat
lower pressured] less than 10 GPal] and 200of seven different high-pressure hydrous phases at
higher pressures. In cold subducting slabs, water in antigorite is partially transferred to the hy-
drous phase A at depths greater than 160 km. With further subduction, water in phase A may
be transported to the bottom of the transition zone via solid-solid reactions among seven high-
pressure hydrous phases. If the slab temperature at 30 GPa is lower than 10000 , hydrous phase
D will carry water into the deep lower mantle. Along the cold slab geotherm, large fluid fluxes
are predicted at shallow] 0 300-km depthOand deed] [0 700-km depthlevels, depending on the
slab temperature. The depth distributions of dehydration reactions suggest that observed sub-
duction zone seismicity could be related to dehydration reactions in the slab. The lower water
activities in the fluid phases at deep mantle conditions imply that such fluid phases could dis-
solve significant amounts of silicate components. Therefore, fluid phases released by dehydration
reactions at deeper levels should have different physical properties from those at shallower lev-
els.

Key words[] hydrous phase, phase relation, high-pressure, fluid, water, water circulation, deep-
focus seismicity
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Fig. 10 Compositions of phases in the system MgO-SiO.-H.O modified after Komabayashi and

Omori] 20061 Filled circles denote the composition of the various phases. The bulk compo-
sition of the phase relations in Fig. 3 is shown by the star. Phases are Atg, antigorite; phA,
phase A; phE, phase E; phD, phase D; shB; superhydrous phase B; cHu, clinohumite; Br,
brucite; hy-Wad, hydrous wadsleyite; hy-Rin, hydrous ringwoodite ; Pc, periclase; Fo, fors-
terite; dry-Wad, dry wadsleyite; dry-Rin, dry ringwoodite; En, enstatite; Aki, akimotoite;
Pv, magnesium-perovskite; St, stishovite; FI-H,0, fluid-H2O; ice VII; ice X. Note that the
composition of the fluid phase at higher-P-T conditions is not pure H,O. See text for details.
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Fig. 20 Phase relations for hydrous peridotite and MORB modified after Komabayashi et
all] 2005al] The stability of Mg-end member antigorite above the melting temper-
ature of ice VII and the' water-line” reaction Fo 0 FI-H,O O phA O En are from
Komabayashi et al.0] 2005all The stability of antigorite below the melting tem-
perature of ice VII is tentatively assumed. The solidus curve for water-saturated
MSH peridotite is from Inouel] 199401 The stability limits of lawsonite] Lawand
phengitel] Phellin the hydrous MORB are shown by broken linesl] Schmidt and
Poli, 199801 The stability of chlorite, Mg-sursassite, and Al-antigorite in the system
MASHO 3 wt. 0 Al,Os0] which were modified after Bromiley and Pawleyl] 20020]
Pawleyl] 20030 and Bromiley and Pawleyl] 2003[] are shown by dotted lines.
Shaded region denotes the region where all of the H,O in the system is a free
fluid. Relatively hot, cold, and very cold temperature profiles in subducting slabs
are shown as profiles A, B, and C, respectively. Large and small stars indicate the
critical conditions for hydrous phase stability in the peridotites in the subduction
zone in Mg-end member and Al-bearing systems, respectively. See text for details.
Atg, antigorite; Fo, forsterite; En, enstatite; phA, phase A; DHMS, dense hydrous
magnesium silicates; Chl, chlorite; Mg-sur, Mg-sursassite.
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Fig. 30 Phase relations for the subducting hydrous peridotite with an average mantle] Ito and Katsura, 1989[)
representative cold subducting and hot up-welling P-T paths. The bulk composition after antigorite
breakdownl] beyond reaction 2[0along the cold slab path is shown in Fig. 1. Three cold slab geotherms
at the MBL correspond to/J ilJthe slab stagnation at the MBL/[J iillthe avalanche of the stagnant slab
into the lower mantle, and[] iii(J the slab penetration into the lower mantle. The shaded region illus-
trates where hydrous minerals are stable. The reactions are listed in Table 1. Thick lines are dehydra-
tion reactions, while thin solid lines are fluid-absent solid-solid reactions. Thin broken lines denote the
water-bearing reaction, which does not occur in the subduction process. Note that free fluids generated
by the dehydration reactions are assumed to escape from the system such that no re-hydration reac-
tion occurs in the slabs.
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Table 10 Chemical reactions in the petrogenetic grid.

No. Chemical Reaction® No. Chemical Reaction®
1 Atg0 FoO EnO Fl 26 hy-Rin 00 St O F1 O hy-Wad
2 AtgO phAO EnO F1 27b hy-Wad O St0 Aki O Fl
3 phA O En 0 Fo O FI 28 shB O St 0 hy-Rin O F1
4 phA 0 En 0 cHu O F1 29 hy-Rin 0 St 0O Aki O Fl
5 ¢HuO EnO FoO Fl 30P hy-Rin O St 0 Aki O shB
6 phE O cHuO En O F1 31 shB 0 Aki O hy-Rin O F1
7 phA 0 En 0O cHu O phE 32 shB O St 0 Aki O FI
8 cHu O En 0O phE O Fo 33 Aki O Pv
9 phE 0 FoO En O FI 34 shB O Pv O hy-Rin O F1

10 hy-Wad 0 Fo O En O phE 35 shBO St0O PvO Fl

11 phA 0 En O hy-Wad O phE 36 hy-Rin 0 Pv 0O Pc O Fl

12 hy-Wad O FoO En O Fl 37 shB O phD O Pv O Fl

13 phD O shB O phE O En 38 shB O St phD O Pv

14 shB O phD O phA O En 39 shBO PvO PcO Fl

15 shBO St0 En O phD 40° shB O Pv 0O PcO phD

16 phA O En O shB O phE 41 phD O PcO Pv O Fl

17 shB O StO phE O En 420 phA O En 0O F1O phE

18> shB O En O hy-Wad O St 43 phA O phD O F1O phE

19 phE 0 hy-Wad 0 En 0O F1 44 shB O F1O phA O phD

20 hy-Wad O St 0 phE 0O En 45 shB O phD O F1 0 phE

21 hy-Wad U St 0 En O Fl 46 shB O St F1O phE

22 phE O hy-Wad O St O FI 47 phD O shB O St O F1

23 shB O St phE O hy-Wad 48 phD O Br O phA O F1

24 shB O St hy-Wad O Fl 49 phD O Br O shB O Fl

25 hy-Rin 0 shB 0 St 0 hy-Wad

00000000000 0O0Atg, O00O0OD0ODO0O0OFe, DOODOUODODODO0ODEn, ODDODOODOO

phA, A0O0OphE, E 00 cHu,

00000000 O0OphD, DOOshB, 000000000 BOOhy-

Wad, 0000000 0OO0Ohy-Rin, 00000000000Bry, 000O0ODOOOSt, 000000000
Aki, 000DDO0O0O0Py, Mg-0OOOOODOOPe, O0ODOOOOOF, 000
boooooooooo

& Left term is low-temperature side of equilibrium. Atg, antigorite ; Fo, forsterite; En, enstatite; phA, phase A;
phE, phase E; cHu, clinohumite ; phD, phase D; shB, superhydrous phase B; hy-Wad, hydrous wadsleyite;
hy-Rin, hydrous ringwoodite ; Br, brucite; St, stishovite; Aki, akimotoite; Pv, Mg-perovskite; Pc, periclase;

Fl, fluid.
b Left term is low-pressure side of equilibrium.
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