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(table S1). Water content in the dry olivine aggregate is less than
20 parts per million (ppm) H/Si, and that in the wet olivine aggregate
is 511 (TO-14 run) or 4071 ppm H/Si (M1301 and M1601 runs), respec-
tively. In the deformation runs of the dry olivine aggregates and a wet
olivine aggregate (TO-14), the change in dissolved water content was
not significant. A significant water loss was observed in the M1301 and
M1601 runs (that is, wet olivine aggregates) because the initial water
content (4071 ppm H/Si) exceeds the solubility limit of water under the
experimental conditions (see also Materials and Methods).

Microstructures

The recovered samples show protomylonitic or mylonitic microstruc-
tures with large porphyroclasts (30 to 80 um) and recrystallized grains
with grain sizes between 0.5 and 10 um (Fig. 1 and fig. S1). Recrystal-
lized grains were formed during the cold compression process followed
by annealing (that is, before the deformation process) in the present
experimental setup (19). Many grain boundaries are straight or slightly
curved, and some lobate grain boundaries are also observed. The dis-
tribution of subgrain boundaries and dislocations is inhomogeneous,
and larger porphyroclasts having grain sizes larger than 50 um tend to
have lower subgrain boundary densities and lower dislocation densi-
ties (Fig. 1). Most dislocations are straight or slightly curved, and they
are not tangled with each other. Although the samples were deformed
under high differential stress (for example, 355 to 708 MPa in the
TO-24 sample: Fig. 1 and table S1), the dislocation density is signifi-

cantly lower (for example, 3.7 um ™ in the TO-24 sample) than that ex-
pected from the dislocation density piezometer for olivine (for example,
10 to 50 um’z for the TO-24 sample) (20).

The development (or absence) of CPO during sample deformation
is one of the most important types of evidence to constrain the defor-
mation mechanism (21). In most cases, the observed olivine CPO pat-
terns are similar to each other in the present study (fig. S2). The [010]
axes of olivine are preferentially subparallel to the direction of the axial
differential stress. The [100] and [001] axes tend to form girdles perpen-
dicular to the direction of the axial differential stress at high strains,
though the concentration of the [100] and [001] axes is much weaker
than that of the [010] axes. This fabric is consistent with that predicted
by numerical simulations of the uniaxial compression of olivine having
the dominant slip system of (010)[100] (22). From electron backscatter
diffraction (EBSD) analyses on the lattice rotation around a tilt wall
(fig. S1, E and F) and the transmission electron microscope (TEM)
micrograph (fig. S3), activation of the (010)[100] slip system (and also
the (100)[001] system) is supported, and thus, the development of A-type
olivine fabric is expected under the present experimental conditions
(see Supplementary Materials text for details) (23).

Mechanical data and flow laws

All the stress-strain curves obtained using five diffraction peaks (hkl =
021, 101, 130, 131, and 112) are shown in Fig. 2 and fig. S4. In many cases,
quasi-steady-state creep strength was achieved at a strain of € ~0.03,

Fig. 1. Microstructures of deformed samples. (A and B) A forescattered electron (FSE) image (A) and an orientation map (B) of olivine in a deformed
sample (TO-24). (A) and (B) were obtained at the same place in the sample. Large arrows in (A) represent the direction of the uniaxial compression.
Uncolored points in (B) represent misindexed points. Red and black lines in (B) represent low-angle grain boundaries having 2 to 10° misorientation
angles and grain boundaries having the misorientation angles greater than 10°, respectively. Wild spikes were removed and orientation data were ex-
trapolated in (B). The orientation maps are colored by the relationship between the direction of uniaxial compression and olivine axes (blue: compression
direction // [100]; green // [010]; red // [001]). (C to E) Backscattered electron (BSE) images showing heterogeneous distribution of dislocations in a
deformed sample (TO-24). The internal-oxidation dislocation-decoration technique was adopted for the TO-24 sample. Bright lines show (sub-) grain
boundaries (GB) or dislocations (Dis). Grains having many free dislocations and a dislocation-poor porphyroclast are observed in (D) and (E), respectively.
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Fig. 2. Stress-strain records for dry olivine aggregates. The stress values were obtained from the five diffraction peaks of olivine (cross: 021; circle: 101;
diamond: 130; square: 131; triangle: 112). The hatched areas indicate that the steady state was achieved in each deformation step. The change of pressure

Strain

during the sample deformation is also shown.
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Fig. 3. Evaluation of flow law parameters for olivine aggregates. (A) Strain rate dependencies of steady-state creep strength (hereafter, strength) of
olivine aggregates (dry: TO-23; wet: TO-14). The stress exponent n was obtained from this data set without any data normalization. (B) Strength of dry olivine
aggregates plotted against inverse temperatures (TO-24 and M1375). Data was normalized to a strain rate of 107> s~ using the n, and then the apparent
activation enthalpy (E* + PV*) was obtained. After the determination of the activation volume V* in (E), the activation energy E* was obtained. (C) Grain size
(G) dependence of the strength of dry olivine aggregates at 5.2 to 6.2 GPa and 1373 K (data from TO-23-step2, M1598-step1, and M1684). Data are
normalized to the conditions of a uniform pressure (5.5 GPa), strain rate (10~ s™'), and water content (50 ppm H/Si) using the n, V¥, and water fugacity
exponent r=1.25 (see text). The data are best fit by the flow law with the grain size exponent p = 1.1 + 0.3 (gray solid line). The best-fit lines assuming reported
values of p are also shown (p = 0.7: short-dashed; 1.0: long-dashed). (D) Water fugacity sensitivity of the strength of olivine at 3.0 to 3.6 GPa (circles: data
from TO-14-step1, TO-28-step1, and M1301-step1) and at 5.2 to 5.6 GPa (squares: data from TO-23-step2, M1598-step1, and M1601-step1) in the case of p= 1.
The data are normalized to a strain rate of 107 s~ and a temperature of 1373 K. The best-fit lines assuming theoretical values of r are also shown (r= 0.75: dot-
dashed; 1.0: long-dashed; 1.25: short-dashed). Both of the data sets are best fit by the flow law with r = 1.25. (E) Pressure dependency of the strength of dry
olivine aggregates in the case of r=1.25. The strength is corrected for water fugacity effects (that s, fi1 5). Data are normalized to the conditions of 1373 Kand a
strain rate of 107 s™". The grain size effect on strength is not corrected because the determined value of p has a significant uncertainty in this study. The
strength was obtained from the five diffraction peaks of olivine (cross: 021; circle: 101; diamond: 130; square: 131; triangle: 112). The dashed lines represent the

Pressure (GPa)

r/n

best fits defined as the flow law. The averaged best-fit values of flow law parameters (shown by subscript “ave”) are also shown.
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