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MARK F. LINKER AND SBTEPHEN H. KirBY

US Geslogwa! Surwy. 345 Mrddicheid Road. Menlo Pari, Colyfornra pi00s

Samples cut from a hydrothermally grows synthetic quarts crysial with 3 ppm dy-
droxy! were tested at constant compressive load 8t stmospheric pressure over s ramge
of temperature T = 400-800°C, axial stress ¢ = 800-2000 bar, and duration of lead ¢ = $¥
min to 2 months. Two orientations of compression were chosen: 0° (45° to {2T10] ond v
(0001]} and 1m (perpendicuiar to (0110)}. Plastic strains up to 103 ghortening wese
achieved. Microcracking was minor or abeent. We report the following contrasts in be-
havior in the two arientations of compression:

Orientation o i
o..,i. slip system 2110} <e) /
curve shape ., Incubation M/ Duplex (1016} (a)
Accelerating ereep ratm No sigmificant
incubation
Tutatymage T Rardening stage enly
only for No tertiary stage
; T = 090-430°C
’ Astivatisn snergies
. Per wonp, benl ol
lq-u:: Bl $123
h““-t'. Rt We?2
$-qurn Wrar 53208
e 34202

& CREEF ANISOTROPY OF SYNTHETIC QUARTZ
TARE L wmu-rmsnmq\mcqu-m

Activation Energy for Creep. £,°, beai/mol Stress Exponent, &
- » & B-quarts feid equarts ield Squarts ield

QrisnLstinn aged, barut eguarts held J-quarts feld
£.® dularminad 8l ¢ = 1400 du7
o -4 ®3izle 30202
Nzl
2B 04
E.'dmr-n-duc-zawm
o b Y3 T
. K.* determined at ¢ w [,00 bur 3205
im -43 %9230 1518 20 seees
- M6zl

Bernin rotes piched ot the maxiuswm strais rate.




TABLE 1. S1ip Systess ldentified im Quart: = 19{“'\

e Quarts 1) s Quarte (821)
> = 4ml, ¢ = 5.408 s« 3,028, ¢ = 5.484
irsction Plene Direction Plane
s <2llo> {0001) ¢ s <2ilo> (0001) ¢
{o111) z ., / {1jo0} a -
{0l r - {0311) 8
{otjol s fol11) ¢
(0112) 5- of12) 3
!oin}‘
¢ [0001) (1300} » ¢ 10007] {1500} »
{2T10) & {2710) g
gt ally 1jo} » cty> 2113 {0110}
ge11) 3 . {io11} i
thu) ¢ {112}
Huh g
* > <2111>? 103
. «*ly M

: Carear et al. [196h]; Cwristie ot sl. [1964s]: Christie swd Creem
[1964]; Mets snd Ashbee (1967, 196%a]; Beard and Carter [1968); Morrison-Smith
[1974); Werriseu-Bmith et al. [1976); Teiss [1976¢]. Italicized letters with
directions sre the crystal axes snd those with planes are the Dana symbols for
the crystellographic forms [Fromdel, 1962, p. #0]; these are commonly used
imstend of the slip planes in discussicas cf the slip systems.
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TasiLs 1. MATERIAL PROPIRTIES POR OLIVINE

webune
Mhﬂvﬂ.

TR
molecular volume per enygen ion  L° 1.B8xi0® =t This value wed for diffusional flew,
< st iatm.t equation (8.1)
*  qaygen ion volume at 1 aun. fo 1.15x10® m! This value ued for activation
. vaolumes, equation (5.9).
Burgers vecior at 1 atm. » 60x10-“ m . An averagr of scveral values - §4
melting point at | atm. Ty 2140 K ; ‘
shear modulus at 300K snd 1 am. A* S.13x 10 ‘l
T-dependence of shear modubm (Tals®) (dudT) 0.38 -— 2.2 and 2.3 for references
P-dependence of shear modubs  dajdP 18 - :
um.uumxnnn r 1L2Txi0" P
ol bulk modubs  (T/AT) (AKMT) 028 - §§ 2.2 and 2.3 for references
mdh‘-ﬁ aKjhPr 5l -
anige iffmien I, [ §] =l
activatios congy, lnstiss ilfusisn Q. - i.lfnd The data are discumed in § 5 and
snivative velume/ecygen e re)0, -1 ' ‘— plotied in Sgure §

T8 'l ‘There are o data for olivine.

-n--qt-*r % " kJjmel These are olxained by scaling:
igsion lD.-lo—'D..-llQ.-lQ.
acvvetion velumajenyges isn Peg, -4 -—
valwne .

- See § 8.4 for the rate equation used
-"I-- : : - 1 ﬁtpwu-hwqmp.fhenhg
o crevp conmant A, s - m)”m”m(m
el cronp Conva Ay Séx 19 -_— l
stivenion enoagy fw coeep % - - Q, and V2 are the ame as these for
el :
fow cous 2 OK, (dassier vip I - y
smtstmnce} jomssbub This determines the flow strem at

, for latuioe 1 .- " 1 0K and throughout the plasticity
ey fickd - see abio §4
activatios entegy for latsice AL oV o -
Fintance J
fow srem 2t 0K, (shuseche L X xi10-* -
conwel} jmuinke This determines the piatesu in the
preanpeseminl, chowche conwal  §, 1 [ flow strems separating plastcity
activetion emtegy for olatache AF [pb o8 - from power-law crcep- e abo § 4
clanvege swem in e medube 78 Bx10® —  Sccf3anduabled
t lamm P
- 2 -
N : h, k|




! equivalen: axial strem, (¢, — #,)fkbar

£ A
”MI W) 1 0

:/7[
[ I
‘.. l ’
-
] O Carter &
i Ave’ Lallemant (1970)
: . ! O Goctee & Brace
. ' _ (1972) '
X “ | & Kirby & Rakigh
_‘L- (v73)
& Kohined: & Gertze
. . trom)
00 000

squivalent axial srem, (¢, - ¢,)/MPa

Flm:ulz.maupd&ycﬁviu.mﬁu.muﬁmdwamﬂnm using
) perature (1400 °C) by an
activaten eneryy of K22 k] fmol, are replotied from the work of Kahlsied! & Goetze (1974).

(1) D= 0.1 exp~ (522/RT)
(2) Stocker & Ashby (r973)
(3) Geetze & Kohlstedt (1973)
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) a2 04 0.6
| homologous 1emperature, 77Ty

Form Itﬁﬁﬁ“ﬂhumﬁedmm;mm.mqmﬁﬁidmdfyupeﬁmulpofmb.
and are inbollad with the negative of the Jogarithm 1o the base 10 of the obeerved shear strain-rate. Cleavage
uwummmw;hmmrwqmm,mm would be truncated
2t the lovel marked ‘coavage srum 5 10-%2". Data: 4, Evam {1976) hardnen dats; a, Canier & Awe'
Lollemant (yg79) (peridotite, 18kbear); @, Durham « ol. (1976); A, Phakry o & (1973) (snghe crystals,
hasd divection); G, Kohistedt & Goewe (1974); [, Durham & Goetze {1976)- -
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OLIVINE
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