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Estimation of Asthenospheric Deformation Law for Post Glacial
Rebound Based on the Deformation Mechanism Map of Olivine

Atsuki Kuso*

Abstract: Linear deformation laws have been applied to post glacial rebound,
while many speculations based on real rock samples support non-linear rheology
in the upper mantle. Essential information is required to support the assumed
constitutive relation. Based on a comparison between present plate motion and
formation of seismic anisotropy in the asthenosphere, the critical strain rate
between linear and nonlinear deformation laws has a value of about 1~10X 10"
s~ This critical strain rate for formation of anisotropy due to plate motion has
a larger value than typical strain rate of post glacial rebound (1~10X 107 s~1).
Thus, the effective deformation mechanism in the asthenosphere for the post glacial
rebound is linear rheology.
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YIFEFEDO LV A 0 Y — (micro BRI TIREENLZ V) — ) WP o s, Bk EE O €
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%2 (Bz1X Wu and PELTIER, 1982). < DODZEIC & » T L 4 0 ¥ — D RREME LY
XN TV25DY (PosT and GRIGGS, 1973; YOKOKURA and SAITO, 1978; NAKADA, 1983; GASPERINI
et al., 1992; KArRaTO and Wu, 1993; Wu, 1995) O3 ievs. BROFEZ H & LT, Flz
(EHH « LAMBECK (1989) TIERD L H WFRHEINT W3, “BR TIPS 7 A7 2 VET NV
ThHdELTELEED, REUCTAEEBELE/ RO v A oY ANVETVER
HCT200GHTHE”. EQOLIBEEEZIRES 20O B THZ SN
e FigiE . DX REIEE S RE VA U YR EEIEE TE ZBREEL VL E L
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Fig. 1. Schematic figures of the deformation mechanism map of olivine. (a) Description on
temperature and differential stress space. Solid lines show boundaries of deforma-
tion mechanisms. The especially thick line shows the boundary between dislocation
and diffusion creep regimes. Broken lines show equal strain rates. The shaded
region has possible upper mantle conditions. (b) Description on grain size and
differential stress space. Meanings of solid lines, broken lines, and shaded regions
are the same as in (a).
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Fig. 2. Seismic anisotropy formation and its relation to absolute plate motion; modified from
KuBo and HIRamATsU (1998).
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DEWHBEIIBRED v — NEEINS 7 v F AT ETT TH A5, BIED L —
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Fig. 3. Compiled map of seismic anisotropy due to SKS wave splitting: modified from Kuso
and HIRAMATSU (1998).
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Fig. 4. Plate velocities for seismic stations based on NNR-NUVELI model (ArRGus et al,

1991) modified from Kuso and HiramaTsu (1998).
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Fig. 5. Relation between absolute plate velocities and delay times of SKS splitting: diamonds

correspond to correlated data of FPD with APM within +30°; other data are
plotted as crosses. Modified from Kupo and HRAMATSU (1998).
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ZSERIGE BN —BL R 252 2 D BfICEEREETH 5.
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SWEIL, L — MEhES) 2 ECuR 5 reference frame & LT no net rotation SR & ZER LU 7o BF
WIZBARTH B3, Ky PARy v REHAOLLHESRZOMEMRBREZ L. E56DFRMIE
Lt EE~ > FVIC return flow 23T 20082, KRy PARY FBFEN T B0 E
>k RIREICIKTET 5 (Kuso and HIRAMATsU, 1997). EBERICHERE & 035 2 D3k HA R
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ELBOLEL. JHOERTO T AREOHE L L TRECEEA VL, ZHIZHKRSIR
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MRS B (I, 1986) TH 2 A[REMEI/INS v, BB A %% 2 2 1) Bk
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FHERREODOEE LT M 2 EREOMOMAIERABEEC k5. T TWKEAADT
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(G - BTER, 1978). Lo CHENC L > TR ENE 7 7 7)) v 713 F D FEOHEN &80T
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