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Rock Deformation by Pressure Solution and its Implicatiens
to the Rheology of Lithosphare: A Review
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Echiko Shimizu®

Abstract: Pressure solution-diffusion-precipitation process is important in de-
formation and compaction in the earth crust. This paper reviews the theoretical
and experimental works on the thermodynamics and kinetics of pressure solution
creep. It is often misunderstood that pressure solution is caused by increase in
solubility due to increase in hydrostatic pressure (Thomson principle}. In truth,
the driving forces of pressure solution is differential stress at loading-faces (stress
solution) and strain energy at free-faces (strain solution). Stress solution is domi-
nant in deformation in non-porous rocks during metamorphism. If diffusion
coefficient through grain boundary water is small enough, the strain rate of press-
ure solution creep is proportional to d * (diffusion-controlled pressure solution
creep), whereas if that is large enough the creep rate is proportional to 4! {reac-
tion-controlled pressure solution creep).

L BIC

WS T OFIERT- b, AHERS SR
KEHBOKFOITEFL, YD truncate T
7ZREEELZ 7o L TIE S ERR pressure solution &
VO HEFE D SEORTA LA, Fok
B Co TR - TR - 1R
HEhTa7, RETIENERE VI SE
BN % &9, BES EOREHEL LT
LDUMIERLTEL. BhEEs#HEshT
WLDREIROFEHORERERT CT
HoT, MEICLTIZ~350T 6 WOERT
&% (McClay, 1977). @ZEBERKTIRRENE

BoiErE L2 baEeBHBR YD T ) RE
LTwh»wZtd—oDBERE L Tthifoht
I, LA LEEREE&L-BERERTY,
L Lid 2 o LR AR &S O REE
D—EHPFEIZR > THEESN T 208H5
L, Haraet al. (198402 X - TREDBEMIZL A
SOLMRS NS, FRLIWEIRERL %
BUTER»LRD LR, LidLideR0E
TR % b7 6T, Bk Fic & i
THaER LD, BERS 5 7 AICHIER L
OLTHERERICEYE o TWELEELE
[PRY

IEN G ER O REL B L T4

19934 9 H 2 B&{F. 19934128 16 H 5.
R KEME RS,

— 153 —



HR LT

OAERBL T ORRDPEILL, SRR —LilB
TAERLEHENT I SEZ A, KEEAML
L7oRRERC LB 20— 71, EHERS
1) 7 (Green, 1984), EWL B 7 V-7
solution-precipitation creep (Raj & Chyung,
1984; Den Brok & Spiers, 1991), # H 2 8
solution-transfer (Durney, 1972; Graz, 1991) |2
LAEZ - TEOFRBTHENRT S, HEO
KADEBEEICERIZZ )~ 7OEREEL
THE LTv%Z &t Pharr & Ashby (1983)
DEBRIZL-TRENRL, EHOKAB LY
WHEOREHERIZB T, BEEKEETH
72 LB EIESERMEE W EREENT
DEHFT L LEIBIET L0, THMTA
LA dry DRBETEELL S
72{81K). T 7> Gratier & Guiguet {1986 )L
BRAK D NaOH iR * 2L S THEDEHER
EBILw, AROFBENEVESIZISORR
PFORFIEFRESNEFRELH TV A,
EhH&EB -7, i Ey—Fhsh
AL LTER 2 RIZBITL 2 ) —FOR
Bl %5 2 &0k, HiERmEh, $RICAnEo L
VEKEEGATBEBOL A O Y -2 R
THELTEETHAEINN T, HodmL
2=y MVILBIAERER AN M OGHEREY
EZDL LTI GEANLWIETSH L. FET
WENEHZ ) —F2nT, ThEThanhT
FlES T RAEERN R LB A,

BHTO#®NE

B Y —TOERRBLTER L7200 KE
ERBBHEIIODWTHEIZTI LD LS. JE
KETF CORBREEIC A2 LTS, ddsh
FEZOETIORCTHERATAI LETE W,
AT OBAEE, AHLALF-DETL D
272 Gibbs (1906} D HEFICE TH#M B, Gibbs
DEZIEEHIEBZOSHIZB VT, Kamb
(1950 %X Lo & T A RBTFi HaRICT | 2 fH
iz, & 2TRIETT O RFE I BT L L3
Ty VARROBETEZ 6N T D

LOAD
LOADING RAM \\
TOP CAP [ }
O-RING

———r]
CELL FLUID - __xy
SPECIMEN ___

RUBBER
SHEATH

O-RING

TO CELL
a)

STRESS DEPENDENCE OF CREEP RATE, SUGAR

® SATURATED SUGAR SOLUTION
IG5’ & KEROSENE T
o DRY

j
fl 1

WET

STEADY STATE CREEP RATE £ (s7)
B,
)

D\QYJ

b) « ; '
) 0 102 0ot 10
AXIAL STRESS, ¢ (MPa)

E1H MBAFSESEOZ ) - TEEOEET A5
(Pharr & Ashby, 1983). Bb# % flv7:20T4C
B3 MimREQI TEE sV —7HEE ¢
i3, FBE#HEFEOLVIEEdry), B XUERY
STIMT AT U5 {5 {kerosene } 42 o3, BHHELC
BALZKERTHZ LG (wet HZE L L
W2 THY, BIBEREIH RN
DT ERELTWAIITER C, RO
BEIEA 7 ) - TORBBIGINATOL I E
TeT H(b). FABRBOBEIRI)-F
EEAEHE FIZHRBIL TV D,

— 154 —



FABRRICLABROERELICTY - L 2 —

pr=—owts {1)

ZITCg, REMHERROREET. KE WLH
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