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Harper-Dorn Creep in Minerals and Rocks:
A New Trend in the Rheology of Asthenosphere

T A - BmEfET
Jian Nong Wang" and Toshihike Shimamoto’

BOR DEBRIIES £ UBICHEShTWw
EKBRF-SOBEBINIZL-T, 2B -5 3 o
TR - HY - EROPLEDOWMEDY, BENT
BT LRRGABA UL IIHE B3 ~5 D
power-law creep) H HARIE I FIZ BT B 8K 7
1) — 7 (Newtonian creep) ~OBiFE T4+ o L
FhhosTEL(XHMEBE). Lhd ZoHE
7)) =7, BB OBETOLREIIKEL
B L BRI BV THRO LRI L,
IREITHONR TR REC LA ) -7
(Coble creep) & H B (superplasticity ) & 13,
LADY WA THERC R 2 5T b,

OBy )T RREREIILEAT
Harper-Dorn creep (HD 7 1) — 7)) F i € s
AW, AWOFE-FEGITLHEEOHTR
L oT, DREIZEZ GR T L0 $@hI005
WRAETTEIZWHEENEVZ EAURI D
DHhbH LLHD 2 - PABLUT
O T/ AT 7 CHBELTWARL
W, 7R 7 2 TIRRENS IS LT LHFLLE
LREMEIZEA TV DRSS, XM
NiREL ) E I EOME L SO L
{hh AGOERREHCETLILIDY -0
B TIE, 1960410 hydrolytic weakening B
L URRIRAE T A (S 32k

BAILEORELEFEXELNTCVWAL D LI,
5. AWTHE, EFETHTCHD S —TOE
ErduE L, B.LELRFEEOOICHE
BB EIBTTH w7,

FIHE, HEEVIEHORTIZEL R -TE
FAE D5 ML HBU~BTTLERTH
L, B2RE, 05 o EHBROTFTRER
BHHIDETE 7 1) — T~ B hAFITH L. ZOH
TEIXHH SN T WL D3, HE 7% Kohlstedt
& Goetze (1974) D % » 5 » FHEE KB IZ>n T
DT —F73H, ORI TReETnr—-¥
WREHTHELENL T, F—y2Eoh s
IGH OEEI Y, EH b L F— %
THEET— 5 %1,400C 2 1,600CIZ 28 LTHE
TE, B2-OL D ITEHETHEIITE VTR
BIEESAEO N O TH S, I, HE
VTS REAEN 0D 2 ) - PRI GOT
WME, BFEEII0 s OB ST 20 TRD
LOTHL, HEVEANREIRO FER TR
SHD L H600—800T MBS FCit, i
BISHOTFRMEA ] ~ 2HibE-TWn5,

51 HOoERIRAEA =SBy Huv T
WMohz0T, LiE LIRS fE 0 £
PRI CE . FHREAABRIE YRS
NTETWEHE, JRICHTFTOF—#{ZHhIcE

199447 1 H21H%f. 19944E 2 H218 8.

*BGUA S BER SR, Earthquake Res. Inst., Univ. of Tokyo.

—219—



TR - REFE

100 200 3(%0 50|0

700 (MPa)
-3 1 1

800°C
n: Stress Exponent

Log (strain rate) (s°1)

0 Mn butfer
n=123 & Cu buffer
0 Mo bulfer
& Ta bulfer
'7 ¥ L} T L} T
20 22 24 2.6 28 30

Log (stress) (MPa)

IR S00COBRE FICBITLEROZ) - TF—F.
WA e Eon A5 1 (BRI ED ) O AT, IS
ST CHBIIES 5 b (Wang, ] N, 1992.Ph.
D. thesis, Monash Univ.: JC@EE[18], [19]).

' Kohlstedt & Goetze, 1974 1600°C
. n=123

1400°C
n=24%5

Log {strain rate) ( sh

-8 T v T ¥ T T
0 0.5 1.4 15 20 25 30

Log (stress) ( MPa}

¥l Ay rREGROY-TF—FDT L0
AMEUEBTF— ¥ ot G- ml 51, [12]
#£08). Relandeau (198102 L 57 £ WRF S
A FEREROF -8 L EBOBIT R EhT
Wb,

B gy wsabiticiduske. Lkl,
Luan & Paterson (1992} L 2 @i A A E#E
RV ALESCOWTORRL, HIEHH

1 1 1 1 L 1 1 1
42t 12 oL
LEEEIE H . - -
34555525 strain rate: 104 s
M il
Yeseie. ~
R fH20 = 300 MPa
VAIPEAL
AR
CLAAL
AL
2 L5
%
% - Power Law
Seve, Creep
AEEEL A
1 A SEEEELET Ry -
LA A AL A )
- ATy
o PELESEL AL LIRS Ry
= R ey e L
A
E LA R AR AR AR
0+ AV ey 8
BELTOTILEL IR PAALEP PP
~—~ HEPLLLELRLDLPLELLI LI A
o o
A T
HAAPRRPERLES AP,
E TRLLELLELII I A
iy
< .17 hglned™
.§) i
II&IPCI”DUIH
Creep
-5 T T T T ¥ T T T

600 700 800 900 1000 1100 1200 1300
Temperature (K)

EIH HLORSEHNIZET S Harper-Dorn Creep &
power-law creep @ T HICGE B E =10 '¥/s 1,0
5 =#9300 MPa & %2 SCRR| 1 8] &HEL 1
Paterson & Luan (199002 L o TE L b i
power-law creep -1 {ll#3 (.

TREZIVEF L AW TER IR WSE 2R LT
WL (XAELI8]). ThITORREILELLSY
mitkwvlllE, HDZ Y- FIZFB Lz L 03
MAHEIZL T, KEE 1 HEEDO Wang 12 &
AHHBIRESE LV &) %, Ehd LS
THAHI., BBhdn, HD 2 ) —7R3HF L v
R E LTETO™ERL 4 0 - ofsgic
BHINTHWDLEUTFAEWEITH A,
Wang 12 K D84 R oEhic 1 5 87T
DFEERT— ¥ DFHFII L - T, BHA - HD
gU—=F W U - TR EERA R
V= OB OHEREEOMESHL IR D
D0HhbE IRLDOERIZIAL, HDZ ) -
WA SR TR A N A T W I STy s B Ol W I
WHHIZIZIF—EORNEET TR, s
) — TADBITORES 73 TV BT
LTw5s 6L,

A, Wil BRIDD T CREORVWEREY
B> TENPAOBBOMBRTRTL, &

— 220 —



- HMO Harper Dorn 7 Y — 7

(VR L IE D OBME L B ERET A L ERD
L., ELICHD 7 U —FiZE LT, 1,500T
THA L SRTC, EEEMERVEBOK
BA BRI EFSHL. HERAFICR, BE
B ERECATIE AT (RS - B s iR
MBS H D, EHL S Fh AT L TEEY
Wik ZATHB. F/7z, FAFAZENE
BHEIE CEBEBMIRE SR L FEL
o TVLOT, 19948 DRRICIEHD 72 ) —
DENWERNLMELRETEL EBbhE.

X

[1] Wang, J. N.. 1993, On the transition from
power law creep to Harper-Dorn creep.
Serip. Metall. Maier., 29, 733-736.

[2]

stress model of Harper-Dorn Creep. Scrip.

Metall. Mater., 29, 1267-1270.

. 1993, Dependence of dislocation

., 1993, Comments on the internal

(31
density in Harper-Dorn creep on the
Peierls stress. Scrip. Metall. Mater., 29,
1505-1508.

(4] | in press, Harper-Dorn creep in

olivine. Maler. Sei. Enging.

[5] __ . in press, The effect of grain size
distribution on the rheological behaviors
of polycrystalline materials. J. Struct. Geol,

[6] , in press, Experimental evidence

for Harper-Dorn creep in Mn-Zn ferrite. J.

Amer. Ceramic Soc.

[7] _,in press, Harper-Dorn creep in

polyverystalline ferrite, beryllia, alumina,

calcite and olivine. Scrip. Metall. Mater.

[8] , in review, Newtonian flow pro-

cess in polycrystalline silicon carbides:

diffusional creep or Harper Dorn creep? J.

Mater. Sci.

[9] , in review, Effects of the Peierls

stress on the transition from Harper-Dorn

creep to diffusional creep. Philos. Mag.

[10]

, in review, Establishment of a

(1]

[12]

[131

[14]

[15]

[16]

[17] _

[18]

[19]

[20]

— 221 —

steady dislocation density in Harper-Dorn
creep by the Pelerls stress. Philos. Mag.
{A).

. in review, Harper-Dorn creep in
single crystals of lead, rutile and ice. Phi-
los. Mag. Lett.

.+ in review, Creep of single erys-
tals of olivine at low stresses. linear or
non-linear? J. Struct. Geol.

. in review, Effects of the Peierls
stress on power law creep. Acta Metall.
Mater.
. Boland, j. N, Ord, A., and Hobbs,
B. E.. 1993, Microstructures and defects in
heat treated only quartzite. Jn: J. N. Bo-
land and J. D. Fitz Gerald, eds., Defects
and processes in the solid state: geoscience
applications, The McLaren Volume, Else-
vier Science Publishers, Amsterdam.
_, and Langdon, T. G., in press, An
evaluation of the rate-controlling process
in Harper-Dorn creep. Acta Metall, Mater.
. and Toriumi, M., in press, Har-
per-Dorn creep in feldspar. Mater. Sci.
Engng.
. and Shimamoto, T., in press, On
Newtonian viscoplastic dislocation creep
in crystalline materials. Mater. Sci. Engny.
. Hobbs, B. E,, Ord, A., Shimamoto,
T. and Toriumi, M,

dislocation creep in quartzite: implication

in press. Newtonian

for the rheology of the lower crust. Sci-
ence. .

. Hobbs, B. E,, Ord, A. and Boland,
J. N.. in review, Creep of a quartzite in
controlled chemical environments. | Geo-
phys. Res.
. Shimamoto, T., and Toriumi, M.,
in review, Experimental evidence for Har-
per-Dorn creep in polycrystalline MgCls -
6H30, CaTiOz and (Cop sMgg.s) O. /. Ma-
ter. Sci. Letl.





