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T »£ :lThC, nr pRESFf'Rl AfTD TEMPERATURE ON THF. TKf.RMA/. PROPERTIES 
Of A SALT AND A QS'ARTZ M0M2OMT1. 

W. l i . Durham and A. K. A^tv 

/.fc'.TKA'/: 

>i:r Ciinin.' .-: <>Cr i j j a r l z moTuoniU' no pn.'<i*iUTi* 
rippi'nrJ.-: (.. ' ! rh*'rmM ( k f f u f i i v i t y ha.1, b^fri r e s M v e d , 
!>nL cnri(]n>.i U'H y does flhow a drop of approximate! y l r ^ 
v l t n lie i r* •'' ififj pressure- i rnfr. Vj tt i 1 K^ i , 'Ihc 
j.rt 's. l. i i: (• i< [.•fiiricncc is not measurably a l t e r e d hv 
M-riMnv ; ' i ' rr.c'i" . 9 as h i g h as «J J K unri i r V.> KPs. 
'ji^r fff-aisi't-n^r.t;. so f a r ort che E^rmsJ cjrjduc t J v i ry cJ 
quar tz i v - / " " i t t * vs . u-nperature and pitjssturp 9r<- i -
q^rccoi ' ; , ' w i l l i - r t ' d i -_ t i jns of t , i * >Ja I sh j f td Lx-ckt-r 
i jH ' i fw m » i - . •-: thermal c o n d u c t i v i t y vs . crsei-

| - r i ' t ; , i ! , - (J iTi independent measuTpment'. >-•] . ;,j..c 
p. n M l . - L« ,-:,|'"r«C'iri ,ind pr f i .sure for Uie Srfir,i' 
r | i i i irt, trr,; . ' :,j c.-. We t t teref on.- t t f ' ieVP that h f -a i i : , / 
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THE EFFEC OF PRESSURE AM) UHPZUV'RL *Vf 7TE 7HFRM/1 r W O T l E S 
OF A SMT fflD A QVART7 MON20M7I'. 

W. B. Durham and A. F.. Abrv 

I ' n J v c r s t c y of C a l i f o r n i a 
Lawrence M v e n n n r e N a t i o n a l I.aL-irat.'ir-" 

L U v m r t , C a l i f o r n i a 9iV>i. 

["<.• • M I sjtapi 5 were c c r t i i iron 1 a -iKj-n^ 
; s : r i ' ; ' J / t " " ' ' I I I M K P I t , T f U - ' i l J . s u p p l i e d hy i (£ /»P^ . I n f . , Rap. 1 

C." i IV, ; n , r : iMki ' t . i . The Cor" was - av n ! *"Om , (,'• fl;>(>r 
c.l w . : rk : r , " p.i [dp IM-m l evc i ar tr>- sift- ;>! an i " 
s i t u r<-a*>: r.i*it m tru Aver- U i a n . l domal s a i l 
format n ' . . C h e m i s t r y <••! siuipi-?." I r o i . tftf Av< rv IM.i:< : 
Hint- shot, roughly '*9 .1 i NaCl (by w e i g h t ; , I ] . , * •-•at,-r 
lnooLiDi i - s , ' j . j i C..bu^ ( j i i h y r i n t c J and U-Ji. w-v.<-r 
\Kautmari:., l v / j i . The -nek s a l t has a ; . T ' j S i t y ••! 
*Vyf f-\ i" h'*''.'* ','- anii t h e K ' " ' r ' M ? " r ' ' ' ' " ; . a i n > 
t ,'ir i'f" i r>T * .'» tu 1'» nm wit i a.r r*ijj i«t . , - • 
. ( . , - , " • : j r . : I | .ir". r , WKtU- TK.- dmi . iL • i Mi- r - -
s a i l ; .J •• " [inrrs rr' '. ' i ,i;rE"-. ' r bf > n u ;• ; : :-'iT' I'v i 
. , : : • i i - ; + r * : i : - ' : < : . ! • - ^K -

' ' • i i i i u o e :>[..(<• i s if* ;•!•'! -it E n ' - I ' . M M I I - - , ! 
;• , : , • ' ; . ' ! , i . [(;• q - . d r l j ; n [,, '••'•, '• i r : '••• •-'•• u- ' u ' 

• . T : , . " : . ] - • : : r T t i n - V - : W i ' r I i . "•' i - i • >.pr. - i ' -. 
; • :;• t - ' . n , ; !i<.t.-nit f r o r t r n J . . P I I ; ! • , - . K p.v. H <: • 
v.'r -i- :» i . M i i c i . is i ' ^ t;'. W e l t M r j i . J i : ! : ' , J '• i\'-«'i 
! ' • i ' - ' . ; . .* . .'• t ' l ' - i t i ' - ' U s r . *i H ' ' . : • . .>: : . • 

hi ••<-«• i . - ii .i-r*i" <• ; Ma IrtoiiAdf), ; - ' . - r a • • c ; ?<• 1 -

t In ir.,l' M A I J i - l i . * mn I>» I 1 ' i :-•)!- •• 'I'lrtl '. r 

i l i ' - " i t i M 1 - ( ' . - I U * f<n- v o l u m e ' . I V f r . l , ' . * " / - ^IT ;r. 

•!., t i nr t l i - ;L c m '-!-,ir, i c a 1 

' rt'i'O!.) '- \ • I •• I [ifrtr.« i 

u'-lOt r & Lfltirl l iif ..1 Lin-

p n . p P T t i i " -rr. c l i a n K ( > d b . v 

! trit-rn.-,! [ i ' | • rt ;• 

,• t j v i t v i , ! • 

: , , - , • • 1 * 1 !•- l 

i • ; • . -•, • i 

f * i i m i s ! r - ' . 

v , ! , . . /i i ,u; .i rn< r- ;•• f i x i t y i-f . . • i t . .. ( . r ; c » r 
i i . j ' j - ' .'. . ' i - , jr r i ' .v i i 1:1 r h«.- m • J • 'i-!'i '. L i'. 11 - . 

.-•- • •• t,,: !''•.)•»•• r 'T p r ' - . ' M j r t • • ' . ' - . • ( v r ^ ' M ^ «U". 
. ; . : ! i . i : ; : t - i t ! - M ( i r c&i .u r i ' l £- : «at !-r; i t ir.K ,i 
r, i<-i: >tm[: iff fffjcr i. J v* , '•flrt Cdir--' ( r ;it*- p o r ^ . s l t , 

. , ' i . i j t - r . f - l i i i i a - K i ' s , '.'lit, ! - l . » ^ n <•' a l - , H " . 
•(• 'if' l'4iti:s, lu*-i>J. f - ' i ju iui i i i i t | - : i - h M i n ' A c t s I 

flvi-r;i^ i n ; - I T i n irt'.yr;, 1.1 
T )H ' . j rLhni. l a t v p h f l .)• r v « : s 

•:ti*ir it, f r . c r 'C*/. n v -c ; r t t ' -1 

.,1. •,}.' i c i J L J - a .-• t . : -

1 i " . '. • • - 1 '. •'! .u'.il ',,' r n . . ri- '-j . t l v» . . ••. ." " a f -
'•'• ".i ' • • m v . , en ti • i a n p ! ' ' i*- in i r t . I md :• ., c T t n r . -
r , i ( . i ] , M7H.J L \ : 1 tl 'TlT •: Pi l l ' t k , Vn i T . •" ' .MDlI' le! 3 M 

• i . i . ! i . .i It (jK-t ifftit t l n . i - w a . ;-• • , ."• i • i - * • r l ^ c r t ' t i 
i - X i l . i r tli** j i r r s M . i r ^ mtvii'-rr . H I N T . l(*tnp**rari:r'.'5> a r i -
mea .Mir fii -y • - i j i ' t t hc rn .u i .k i . ip i ••• ^ L - M I l . i r .pc a t 
-T; I W ' r v : ' ! r a . H i i n t h ( s a n ( i i - , T).- i * i t ^ - s ^ o ? ; , « u . -

• l ' i ' tL . y i u u t n o l « r » t > ' n n r o s i t v < ^-*n>'. a n d h r a f , • -
i c r .i n v a s u r f u i f i i l J w e r e chOat ' i i i n -r>it't 1<J i n c i , . - a s e i r d . l ^ b - ' i H.iff a n d H e a r d , 1«-*i 1, ( t jumi an«i 

n d i n , I V ^ U , , ' i n i , Dv t n t d i s c j s - , i o i : a b o v e , woul r t 
v ' j i i i ' i i t y o : t n c n t i*HfenHTi) t i l . i*"^( '-^rJinp' i>^ 

| , , s ! : | . , n t : I < « , . f l u r t i v u y -.nd « J 1 f f : , 6 i v i ( y a l . y v ror.ff 3 B n J r « K f c a " ' 1 t o """" ' i ' t l l P ' - " ^ ^ ^ ' - " " I 
p r . - ^ u r . ' v i l u c s . Wf . t -p . ' t r hei - im.'a««iw-m^nt(, o : v f l r u t i . ^ tr> a ssmpli- Tde a r a s u r f n ^ n t i s conducts 
K u r i i a l r - u ' l u c t i v i t ; , ( J i l f i - M v i t v , ami l i n r n r t-xpfl.i- I K - . K W .»n f x ' o r n a l l v hpateri pr*"-.h'.ri- vi-sh.-l-
(>i>n M m i ' i . out i r .K: a|'p.M.it«is d".si ,•:.-! I .J nflkf s - i ! '* '• ' ' ' •"'", 1 S •*>• •'m'Mfc*^ ' " ' ' • ' *.n=J>!f î i a"-
iin-ifcur"ir 'nl8 on U r r - g r a i n e d r o - * * ."it pli>'Mcal n r J a p p r o M T - t t P l , ax \ SVAIFI-I r )•; r a ' l i a l par r . - i t i N\ a s n a i l 
,lieinic.ii cot^iLuriB (*xrtfCU'd in un n n ' ^ r ^ r u u n d wrsti? i n k i e r j o t a i i - d o imi^ t h f j x i s .»i l lu ' sampU . '•'(J. I uf 
r e p o s i t o r y . Ijatfl a r e r e p o r t e d f u r tbc f i r s t t w n-eJc thermdl t o r n l u c t u r . t v ffe^siireinnit d s t e a < J / - » t a t e hea t 
t v p e s t c & ; i : a ionial saJf flnrf a qnarf j ! n x m / n i n O . f ' o w i q P S t a b l i s h o d . For the d i f t u s i v i t y ^easuremer. 

a t r a n s i e n t lit-at f l iw cond i t ion , •i.*,''.l]y a 60-50 s e c 
r*nd puis*? uf LII«? c e n t r a l h e a d e r , i s i r apose i . Sat tpl? 
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- • • - 1 ~ 

Avery island Sa'i 
1 

Run t Run 2 

n 
• lOMPa 

30 MPs 

» SOMPa 

K n n p = P -

^ x n 

ft • * -» „ 

^ 
3(JU Am bQO 600 

Tptmwalua 1 !Kj 

i . Trier ma I i nnriin t i v i t v v j . temperature an<l 
',-;r« io r Iv/- s t o i c s M Avery I s land s a l t . The 

• ; :•-: i s t y p . c a ! t.l the rancoro e r ro r ' W s . d . ^ 
••a- !• p n i r t - Tn" ;'.;,-,r i-rt curve i .<. hand d rawn 

.<,, I i , r t a l e . 

!'•: :*U KMis u s e d 

; ; i ' r . :«•> i,^ni ! **s iC i i l l ' - ' l inn*; 1 dn(J I Hi 
••-, " ! nv-r '- I f i - i n i n ft- '•'•fit uer*' t e s t e d , 
•v ' i . | i i i i - r r , i i VIIN : t i v : i ; , a l i t i j s i v i i y , ;inc 
,• ,• .i :. HIP V > • ••: r 4-s. 1 1, 
•.- . . , :•,. ! , r ' i .".-rii-.i- ;d.'i<-l r;ii|i-<I t n 'T <+M 
".: „ , '• r | i ; . -Int A a: L rm.,- f i f e , i v i ' 
.,. I i ' - . j ; r • •••' M i l , ; [ . f s f - i ; •• ir.ni.i-. pe-r-
, ( , r ; i ' - .mr [ o c r f l l n r e UU MI'a to ')ti HIM; 

.'i Mi'a or . ' . , / , V i i ' l a rh - t f a i l u r e uCuj r re ' i 
i l i v \nyi ' l i C i r . i i pupans iv i t y of th** roc* 
• .- .- :, !« , • • ) - ; . - n . ' , / i')-'> r 1 v s . 
• K" -.' - "< .• ;:-,»• ]arket i n t e g r i t y was 
-i;j ':ii | • -"-"-—•-r • n.-iliuin was trur t n f i i t iM t i e 

: , . . " . . f l in -..iLplc iini) t in- f l l p f L IV I 
.':,'. f;(-r-<) , i f ] i .w [».(• L'Otif i n inj.' p ressure . fiV' 
.,. :•:•. r I her inrj'.e flfin the rie.lsiirvmeriU 

i : s*'v--:ai d« / s. M . i t i s ..f.Mim^d that :r.e 
; r . - - - . f i t - 1 , t i . l e ^ r i d " . No r n a n f ?!•• 

: :<• ' . ! .- . wah maae fo ; '.he s*'^nnd roc* sa l t 
in a i .?u i i -d i , P. o i anoli-.ei i a t k c ' l a u . , n -

' • ;,[.: , ; I , [ i - i i ic-Tf l i i i r i m, remem & "e re 
].•[ ,v"i n: j pi cis-ures WITI- explored l m O f 

«; < ,,', *-fl f rt"W ! " r p i r j t nr*1 ' t i l / 

t • • . . ( , ISr t l l ' l J<! I 

r-

Run 1 I'Uh? 
» lOMPa 
• 30 MPa 
i bOMPa 

C P. • P 

W 1 " j t o 400 iTc 50C &!>0 600 

Figur. . 2. Thermal d i f f u s i v i t y vs . temperature and 
[>reK6i re f n r two sampUe of Avery U l a n d s a l t , The 
&ane conventions apply ae i n ^i£> 1. 

Av.'-y r land Sail R»« 2 , / R u n ' ^ » 

^ ^ " 
^ Yang 

30U 400 

Ternperdfu" 

500 

F igure >. Tl ie r ma' l i n e a r e x p a n s i v i t y v&, Lemperature 
far twn samples o i Avery I s land « U , Yane's c^rvr-
is i o r ^ i ^ g l e c r y s t a l ' , and the shor t dashed cyrve 
r r p i e s e i . t s our data it a system c a l i b r a t i o n i s 
a p p l i e d , tdat c a l i b r a t i o n being out m^asyr^aients or, 
quar tz monzunite against thf 1 same raeasiirements V. 
Heard ( i»an;. 

secomJ san;;,lp i.icket f a - l e d at 438 K and f i j H ? T . 1 r.t-
f i r s t r u i VM. ^on^inued to i t s intended I I T I ! of ' j ' i K 
I o l l ( iw i : t f the jacket f a i l u r e . The second run was 
terminal i'il i ran f t ' i a te ly f o l l o w . n g the jackpt f a i l u r e . 

lie- f ier i r . - i l c o n d u c t i v i t y t f i g . I.) and thermal 
riithi'-iviiv ( F i j i - -J snow good aRretitnent b e t t e r 
zur.1,. <'•••:< cie-rf:>ise w i t h inc r * ;as in^ t e ^pe r - l t u r " . 
T i , i r t : , i l L..ndiu t i v i t y shous no l iLscernable prt-Siur--
dep i " .ipn* .• wnpre ti\H jacket is i n t a c t , and shovf -
ni iviuus di ' . c o n t i n u i t y wlien the jacket loses i t s 
m t u n t y . Thertnj l d i t t u s i v i l y show; no depende:-'* - '>-i 
pressure Irom 'JO to 5(J MPa, but apparent ly increase-, 
b>- 4pf.ro>,in-.itriy 2u% «hcn pressure drops tc 10 rffa-
The e f f e c t is sctm in both run* A& c iscuir .ed undfir 
K«K'.if. t i i i - r i s e <,t d i f f u s j v i t y w i t h deirpa.sir^; prtss-jr.--
IJ , i cntrj i i v e l y exp la ined awav af 3 sys t tnwvK t n -r of 
uuhnnwii n r i j i i n . The vera- . i ty of t i n s e x p l a t i a t i i n u i l i 
be i ' ' r te iu wiirn i c a r e f u l c^ l i l - ra t t JH »t tht . - r p a r ^ t ' ^ 
l s ri.'i-ip. 

.n> i- • • s t r x t f n s i v e 'her ra ' , c X p a ' ** i - .• .i ca ta ' • - . ; . 
3,' Citrr.e l-.m. ; i - r i i r s t r un , where t i n [emperatun 
' har.jd*- wft«- t * i ; c tnac of tr.c ^ecor,d, The expansiv : : , -
T15. .•. s . ' i j ' f i t l y v i i n inc reas ing tenperA tu r r . T'n.-1 

c o n l m i r , ( , pressure lo r the f i r s t r in wdS ^-' Hf'A l.ir 
a l l p f» in '> , hut ahuvp <-J'j K t_r e pore ;-r* ^ -* vjrt< al=..' 
c los f I D VI Hl'a h«.'iai5e ui [tie j a ^ r i [ . n , . i ' - (nf 
han-J of nam <n '«( ; • J F**oir t lw sec.-r.i; r j r r-pt-psf-nt*: 
rept-arrd s lmr l (fl'!' = 4 ' 1 to tit) Iv) pxciirsir.ns upwards 
and diawnv.irds i n tempera tu r e at several c o r . i i n m i ; 
pressurps, No dependence upon c o n f i n i n g pressure was 
seen, nor was any remperari/re dependence se>?n( not 
s u r p n ^ i n j , in i i ^ l i t o i the small temperature steps 
laker, anti the moile'.'i 'e tenpt f ra ture dependpnf s ! ' , t r : i e r . 
i n run 1, The v m t n of .he band compared :e the 
height of t l ie e r ro r bar f n r run 1 i s an i n d i c a t i o n rt 
l b? r e p r o d u c j h i J j l y of t n ^ t^r-rmal expansion da ta . 

( ju^rt z Honzoni te . Two samples ( runs L and 2* oi 
ClimjK S|{-ck quart?, mo i i ' o r i t e have b«'er t e s t e d . 
Resul ts tor thermal c o n d u c t i v i t y , o i l l u s i v i t y , ac.'' 
thermal ft pans ion are shi-w^ in F i g s . ^ " 9 . Th&rmal 
expati'-u-ir. t iata fo r the second run suggest apparatus 
problems jnd a.re not inc luded. Tes t i ng plan& for f>oth 
samples t a i l e d fo r repeated excurs ions to h igher 
temperatures at the h ighest pressure (50 MPa) fo l lowed 
by h f a t i n j i utvfer louer p ressu re . However, both runs 
vere terminated premature ly dur ing the 50 HP* heatir . . 
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rye l e t both because of jacket f a i l u r e s , The £ i m run 
produced c o n d u c t i v i t y data ( F i g - 5) and d i f f u f i i v i t y 
data to 1^0'C ( F i g . 8 ) . The second run produced 
c o n d u c t i v i t y data to 2">QCC ( F i g s . 6,7) and d i f f u s i v i t y 
data to 2i/-*C ( F i g . 8J . Absolute values do not agree 
we l l i ron run ' to r j n 2 for reasons which may be the 
r esu l t o i poor system c a l i b r a t i o n (see EKROfU ra the r 
than d i f f e rences ir. the rocks themselves. However, 
trie q u a l i t a t i v e behavior of the thermal p rope r t i es 
W I L I I chant::np P and T is cons is tent between runs . 

T u - r r v l c o n d u c t i v i t y ( F i g s , ',-!) shows a stjvoot n 
decrease wi th lncreas ' i .g temperature and an 
a, vCU' ra t ing decrease w i t h decreasing pressure- The 
reduced sca t te r I r o n run . t o run I i s rhe r e s u l t of a 
chamv ir. the aie.'surement technique (see ERROK). The 
inp^oveu p rec is ion or the measurement in run 7 has 
a . l o w d r e s o l u t i o n of a pressure e f f e c t ( F i g . 7) and 
nas revealed a curvature toward zero slope ir. 
L . n c ^ i i v . u vs , temperature, hp j t he r run t e s n l v t d 
a*v.- c :.i:ii'i- ir. f i e rooir t e i r p o r i t r r e c o n d u c t i v i t y vs . 
j - n SMITH as a resu l t oi heat mg under Y> MP a p ressure , 
ijusr c V a r i v 'eitonst rated in F i g . 1-

Thermal t t i f ( n ^ i v i t y i s o f f se t Yi% i r nn run I i t . 
tun . lo r rear "s wncn a r e n ' t yet knowr. (see ERfcOft). 
D : f : ; s i v i l v in pc:l i run* 'decreases, prr.pcirl ion«l 1 y 
zbf-.ui : H P r.ar.e f?;i'-.ni w i l l , increa.'-in,' t enperst " i f f . 

._ j , — , 
Ciirnax Slock Quartz Monzonite 

3.5-- R u n l 0 lOMPa 
fi D 30MPa 
6 A 60 MPa 

. 0 A 3 
~ 30 ' 

?5-

X 

300 

A "• 

400 SCO 

FiKure '•• [hernial c o n d u c t i v i t y vs- ter-perature and 
pressure »or thp f i r s t run on Climax Stock quar tz 
ponr. "MUt'-. The Hashed curve i f hand draum. 

MP a 
: .e, 

Clns ?' ' 
Ke.is. T*-r 
| i a rJ | •T3] 

' .;( clip rraa i c y c l i n g was nut checked, but was 
•>p thp samp us t ha i for c o n d u c t i v i t y nn the 

'.',•? t h r e e : r e l a t i o n s h i p between d ; f l u s i v i f -
. M\ . ' i t y . The e l l e c t n! pressure on 
;:••' natri:t»t the amiiT.aiivjs behavior se*r ::. 
;:,.>.] v i t v i <: roughly -jr." f i ance ; r >s -0 i> r-
r i ses s i g n 4 icant !y at '0 MPa. As d i ^ c u s s f ' 

•• p t i e c ' is s u s p e c t s L,' be a i a r t i U u r-'. 
. - f p ' - . t system. 

iRkuk 

rcasuremrnls reported here havi' been made 
!.iein T l i t e l a system c a l i b r a t i o n , sc t h e i r 

is sp[nevi,<i[ specu la t i ve and t-e.st judged a: 
• ; r,v |KIU ttu'> cotnpflrP to e x i ^ i m * , va lues . 
•( r cs^ l u t i«in, discussed in t in t n i l u v i n j . 

: , ri;is OT ',•• r ecen t l y m.piuved t^ thv p u n , r 
. = <•;,[ ca i i'>r<it mi ; run, u s m / a r " l r r e r c . 
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Figure 4 . Thermal d i t f u s i v i t y and c o n d u c t i v i t y of 
Avery I s land sal t lompared to Yang's s ing le c r y s t a l 
va lues . 
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Figure f i . Thermal c o n d u c t i v i t y vs . temperature t o r 
tiro samples o l Climan Stock quar tz monzonitc. The 
e r r o r bar is the t y p i c a l random e r ro r of our run 2 
da ta . The dahsed curve n l i f t e d from F i g . b. 
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F igure •'. Thermal l i n e a r pxpans i v i t y of Climax Stock 
quar tz monzonite run 1 , The c a l c u a l t e d cu-ve i s ar. 
es t imate o l the i n t r i n s i c rock expans i v i t y based on 
a weighted average (by volume c o n c e n t r s t i j n ) of the 
e x p a n s i v i t i e s of the . r t d i v i dua l a i toe r * ! * i n the roe.'A 

h n i ' < • T ^ ' r r a ] t / i rn iu ' t j v i t y vs . pressure l o r 
< '. l rtiA x St [>i"l, quart?, immzi'nite run ? -H 313 K 
l i l l o f i n y ; var ious npflt t rea tments . 'Ilie e r r o r bar 

* 3-1 i* t tii- ' " • ' . r . i : •••: measure DPI-.! ;>re; I s i on. 

'f f l i f : • '-rma i r(,:\".^i ( i \, <ly (ri jasijren<;:it 
', a v i f mid l o r quart i: mopzomt e run 1 
U/nif' an'l a t t m j n U for most o l tin.' 

»"w I ati<) i . M<ift rtl t l n i f r r o r i s 
1"(. f l u c t u a t i n n s in the outputs of three 
'w rnoc ju i ' l c s »Ver the > 1 WOntr 

run . A r a d i c a l chanR** in the 
'• unique I.H1- imptowri p r e c i s i o n lo r Chr 
i f ' - r u - . [<> af-u-i.i *'.-.ij7 W/mK, e s t i m a t e 
h nWi-T in F i / . ? and ,m cursory 
s i ' i v i t . «,L uri i f & made dur ing run 2. Tin 
i t (,ft fine r"p.ace& c o n t r o l of heater 
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F igure 8. Therpal d i i f u s i v v t y v s . teuper&ure and 
prL'ABure fo r tun samples of Climate Stock quar tz 
mon ion i t e . 

temperatures by c o n t r o l o f heater powers, but requ i res 
compute} model ing M the system in order to deterrcint-
des i r ' ' ' : f i e a t T p t w t r s . One a d d i t i o n a l f o s s i b l p mjuK-" 
i.f s y s t f - i a t i c e r r o r ha? che r r f o re been mf roducft f , .<-' 
uhi lL- t i ie p r e c i s i o n of the run 2 data is super ior l<-
th . i l <••; t:ic : ' t h t ! d a t a , . h e i r accuracy could be w t r s e . 

l is f p r e c i s i a n of t^e d i f f u s i v i t y measurement i ••» 
no b e t t e r than +101 at 1.0 X 1 0 " 6 m^/s, WhTtner 
the fliflprenct between Climax Stock quar tz monzuni t " 
r'tpf- 1 .ind '1 (Fif>. 8) i6 the r e s u l t of poor p r e : i s r > ' ; 
or poor accuracy is u n c e r t a i n . ( I t i s probably not 
the r e s u l t of sample d i f f e r e n c e s because the thermal 
c o n d u c t i v i t y mismarch from run 1 to run 2 ( F i g . 1 > has 
a d i f f e r e n t s ign than trie c" i. f f us l v i t y mismatch-) The 
anomalies u s e in room temperature d i f f u s i v i t y at \'i 
HPa se,.x- i n a l l iuur runs is a s ign that sorce Sj i .**;*^ 
a t i t [Tt.olernF *>xisr. r g iven thernial c o n d u r t i v i t v vs . 
pressure ( r i g s - 1 . X 7 ) , the d i r e c t r e l a t i n n s i n ; 
between c o n d u c t i v i t y ani d i f f u 9 i v i t v , and the f a r t 
t ha i (*r/ick p o r o s i t v tends in Lmpedp thermal t r a n s p o r t , 
the PXpeUed change i n d i f t u e i v i t y w i t h pressure i s 
- i d i e r no change ( i f no cracks e x i s t ; nr a decrease 
w i t h dt'creasinp pressvrff ( i f some crack? are present J . 

DISCUSSIUh 
^ c k Sa l t - For the s a l t ue observe nc pressure 

dependf-rsce oi flny o! the thermal p rope r t i es (except ing 
the anomalous behavior of d i f i u s i v i t y at 10 KFa 1 at 
about the +55 r e s o l u t i o n leveL ( F i g s . ' J . Based on 
the Walsh and flecker (1966) equat ion {</, a 104 change 
in thermal c o n d u c t i v i t y between 10 «nd SO HPa ( t h e 
maxifnun, uh ic l i would escape pur de tec t i on at the * 5 i 
r e s o h i t i o n l i m i t ) corresponds to a change of rock 
volume due to cracks of roughly 0 . 1 3 t . Even assuming 
a l l o f t h i s crack p o r o s i t y was ind jeed by n e a t i n ^ to 
573 K ( i . e . assuming none of the o r i g i n a l IX p o r o s i t y 
(Kaufnann, I960) was crack p o r o s i t y ) , i t i s a smal l 
va lue compared, say, t o most g r a n i t i c rocks . Heard 
(196U), (or insLance, sees in the Climax Stock quar tz 
monzor.iip a t he rma l l y - i nduced p o r o s i t y increase at 0 .1 
MPa ot o . U between 300 and 573 K. Such a small 
amount ot thermal damage in s a l t might be exp la ined by 
i t s near ly i s o t r o p i c e x p a n s i v i t y ( n a l i t e is cub ic ) and 
i t s low s t reng th (Heard, 1972), The lack o f pressure 
dependence of d i f f u s i v i t y ( F i g . 2) and tne smoothly 
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i nc reas ing c o e f f i c i e i t at thermal l i nea r expansion 
( F i g . 3 ) , un in te r rup ted by the j acke t f a i l u r e and drop 
i n p f f e c t i v e pressure , are a lso cons is ten t w i t h the 
ex is tence of very l i t t l e crack p o r o s i t y . 

The s a l t data are compared in F i g . 3 and F i g . 4 
to an extens ive compi la t ion bv Yang (1981) of s i ng le 
c r y s t a l Nad data. The most ser ious disagreement is 
the d i f f u s i v i t y which f a l l s ab ju t 202 below Yang's 
values at any g/.ven temperature* The apparent 
disagreement in thermal expans iv i t y ( F i g . 3) may 
vanish once system c a l i b r a t i o n is complete. I f the 
co r rec t . on requi red to b r i n g the expansion data f o r 
the quar tz monzonite i n to agreement w i th Heard's 
U9BD) data (s« e F i g . 9) i s app l ied to our rock s a l t 
da ta , the shori dashed curve in F i g . 3 r e s u l t s . That 
c-rvf* i s very ( l ose to Yang 's , 

Add i t i ona l thermal conduc t i v i t y measurements on 
rock sa l t for t a s t e r epos i t o r y B i t e - s p e c i f i c s tud ies 
art? repor ted by Morgan (197y) fo r two Ba i ts i n c l u d i n g 
Aver*. I s l a n d , and by Acton 11978) find Sweet and 
r lrCreit f l i t (197** tor thp Southeastern New Hexjco rock 
s a l t . These data are compared in Table 1. Only in 
the [ resent stitoy was t rue hydro-eta! ic prpssuru 
appl ied to the i " s i specimens. The data of Sweet and 
McCreight (1979) agree we l l w i th our da ta , Ac ton ' s 
U97r,J tiara is s c a t t e r e d , and Morgan's Avery U l a n d 
da!,-, •-i s : a t l e r e d but cons 11- tent ly much Iwuer than our 
own. Alt. ' .oufh Merman's s-srfpies werp taken from a 
pn lM in the mine h o r i z o n t a l l y separated irom the 
snurci- L't our own i v leS>. ! isn SO rr, he repo r t s t ha t 
the samples art; weak 3 n d l i i a b l e , ra ther in con t ras t 
to o'jr :>ur . A p i j \ : i M e F-X'-I anat ion of Lhr d i f f e r e n t 
tliHi/n-i<T i." fi(t$h '*• s a i | i ' ' * is t h f l ! rtJ5 samples came 
I (,>n '.i -JO ;: tafrt-'.i-: t ( r e v i |e ours tame from ^U0-ran 
Ci>Tf am! [ I :dl bl1- s i i : . [ ' l fs yt-re t h t r e ' o r e oore prone 1c 
dana,,»' ri.rnv e n r m , . I l is p laus ib le tha t the lower 
i (induct I V I t l.'b rept:i [ H i'v M":>:an ar? the r esu l t o l 
ext >••••• .v.- i r a r t u r p s and H K r;-: r a c u r e s w i t h ' n h i s 
S5ir| i i 's uh l ' ! - u^re I K i . r red dur ing ( f i re d r 111 i r- • . 

I t s r i ' i . l r he po.r.ted f j t that extens ive tc ;ng 
( f a s i m i l a r rocV sa i, Southeastern New Mexico bedded 
( .a l t , r.as semonst rf l i *(• throu^ ' i mechanical t e f i t i n g 
•Wawt-rsir a n ; Hantun, i 9 " ( i / and j;as ; e roeab i i i l y meas-
i.rt'ni'-,! i. ' ;.„L*.erland ami i 'ave, 1SH01 that crack poroS-
. [ v in I'.e s t a r t i n g m. i tena i in the laLora to ry i s non-
vi-ri . [" '".•(• sft>. -P! i -yp*r i merit!) those authors cor-
: ji.ct tr .ai 'hp sour ip "J crar l - po ros i t y is sample-
! . ;n id ; . ' . , ' ; ! j n ^ , ! rat '^i-nrt , ^xpenmenta 1 p repa ra t i on * 
j.pta.j'-i- tin- rani f *»i! *t ions i.l crack p o i n s i t y (r.on-
l i r e . ' i r j.rpss.re-vDlDir,! r e l a t lonsrup a t lowest p res-
" • j r t " . , i n i t i n l high j prnt-ahi 1 i t y at inw pressure) can 
t-e nact- to c:sap|-ear permanently w i t h the a p p l i c a t i o n 
{,; |i:i-e?i»-pt. in. thp ;*i-3u MPa rangp. Sal t is known tr, 
nelnrr , ; 1 a1-1 . : a J 1;. w i l l , r e l a t i v e past- an s t resses ol 
Li,e same o f l i * r ( l lpard 197?), so permanent crack c l o s -
.iri- 1,-in-r iuw pressures is p l a u s i b l e . In the present 
voift nn ffli-a^LfcetfnLs were made «t j e r o e f f e c t i v e pre-
ssp,rr wi thout f u s t having subjected t h * sample to 
p f i f d i v r pr ' -^sure i nf 10 UPa or more, so i t is p o s s i ­
ble that a.ty j n i L t a l craid's ^i- ich might have impeded 
fie/ii i r ansp iT t i n our sampiee were squeezed out of ex-
is ier , .• i,j ine t i m t the f i r t t measurpaments were made-
I M 'whaviDr of the Southeastern New Hexico e a l t and 
i,[ the Avery Is land t a l t appear to be c o n s i s t e n t , 

(>'iHTi.z Hongonitp^ The Quartz raonzonite, in c o n -

i r a s i to the ^ a l t , shows e pressure e f f e c t even i n the 
unhealed rock ( F i g . 7 ) , wher« the decrease i n thermal 
c o n d u c t i v i t y is roughly 102 between 50 and 3 HPa. 
Taking the Walsh and Liecker (196n) model, the requ i red 
change in crack po ros i t y is approximately 0 . 2 6 1 , & 
value which is cons is ten t wich a connected p o r o s i t y 
(which presumably inc ludes some round pores) of 0.S42 
(Page and Heard, 1961). Using the same a n a l y s i s , the 
observat ion that heat ing to 473 K at 50 HPa produces 

no change, *7X, i n c o n d u c t i v i t y ( F i g . 7) means that 
thermal ly induced crack p o r o s i t y a t 3 MPa, generated 
by hea t ing to 473 K a t 50 HPa, i s Leas than O . K . The 
crack p o r o s i t y increase under the s ine cond i t i ons as 
ca l cu la ted by Page and Heard (1981) on the bas is of 
l i n e a r expansion measurements i s about G.07X. I t can 
a t leas" be sa id t ha t thermal c o n d u c t i v i t y vs- crack 
po ros i t y as modeled by the WaLsh and Decker equat ions 
(7) and ( 9 ) , p lus crack p o r o s i t y vs . pressure as 
deduced by Page and Heard (1981) form a thermal 
c o n d u c t i v i t y vs . pressure r e l a t i o n s h i p wh ich , so f a r , 
i s cons is ten t w i t h our own observa t ions . 

The only other data we are aware of f o r the 
c o n d u c t i v i t y of Climax Stock quar tz monzonite at 
pressure and temperture are from P r a t t et a l . 11979). 
At room temperature they repor t a c o n d u c t i v i t y o l ?>7 
*_ 0.2 W/mK w i t h no measurable pressure dependence 
between 0 .1 and 35 MPa. Al though the magnitude is in 
ser ious disagreement w i t h our measurements, our 
measured pressure- induced s h i f t o l 0.3 + 0-1 W/mK 
beteen 3 and 30 HPa could be masked by the s l i g h t l y -
lower r e s o l u t i o n of the P ra t t et a l . measurement. 
Conduc t i v i t y as a f unc t i on ol temperature at 0.1 HPa 
measured by P r a t t et a l . i s p l o t t e d d i r e c t l y in our 
F i g . fc. The a c c e l e r a t i n g drop in c o n d u c t i v i t y w i t h 
increas ing temperature at 0-1 MPa which they observt 
i s d i s t i n c t l y a i l f e r e n L from >*liai vc observe st V; 
MPa. Presumably the rock at 0-1 MPs would he mere 
prone to thermal c r a c k i n g . The increase i n crack 
pnruf . i ty requi red by the Walsh and Decker model c i t r . i 
Prat t et a l . data between 300 and 673 K is Q.Bfc, which 
doc', nr>t a^ree we l l w i t h the increase i n crack 
p r r m t y c.i f i .25x measured by Heard (I98<!j at O.I W a . 

The d i f f e r e n c e i n thermal l i nea r expansion ( F u . 
9 ; beewtitr. our data a t 50 HPa and tha t of Heard (19*"'. 
a t V ,li MP a is probably ntorfc c l o s e l y r e l a t e d t c a lac-
of ca i l'li-at inn of nur system ra the r than the 
d i i f e r f n c e in [pressure. F i r s t l y , our ^0 MPa curve 
ind ica tes a higher expans i v i t y than at 27,b M?a, whic*-
is r.ot reasonsb le . Recent data hy Page and H^^rd 
(19&U shuw that at S i . 2 MPa the expans i v i t y of the 
quar ts monjioritc is lever than tha t a l 27-6 HPa by '.-i. 
j . j , , - . , y.g a t ^ u temperatures tes ted- Secondly, 
the expected i r t r m s i . expans i v i t y ol the rock , 
ta lc i j ia t r - , : hy weighing the expans i v i t y of each phas-
by i t s voiinr.e cone en t ra t l or. i n the r o t h , f a i l s c I j s e 
to Heard's curve at 2/".k HPa, suggest in^' ( "a t H e a r £ ' l 

data are r loser '-o tht- t r u t h than our own. AF 
mentioned above, i f He-arc's dala i s mer. to c a l i b r a t e 
our tnermai expansion measureinei.t, our data or. the 
thermdl expans i v i t y (<\ s a l t a lso f a l l n i c e l y ID*. ' 
place witr- thi_* int r ins IC expansi v j t y I F i g . j ',. 

Table I 

A coTpar isor cf l abora to ry r r ^su rec thermal 
c o n d u c t i v i t i e s u n W/tiH) for two rock s a l t s . 

30'J K 373 K Un K >73 K 

Tins sr^dy U I i 6-3 -i.3 ^ . 0 3.3 

Morgan ( A l ) 4.0 1.2 2.6 2.2 

Acton (SENM) 6 ^ 6.3 

3-fl* 

Sweet 4 McCreight (HKNH) 6.U 4,7 3,6 2.y 

* lor h a l i t e / a n h y d r i t e mixed-rock w i th ? 50? 
h a ' i t e . Conduc t i v i t y increases w i t h i nc reas ing 
p u r i t y of rock s a l t . 



SliHHARY 

Measurements of thermal c o n d u c t i v i t y , 
d i f f u s i v i t y , and l i near expansiqn to 573 K and 50 HPa 
nn two samples each o f Avery I s l and sa l t and Climax 
Stock q u a r t i mon2onite have been c a r r i e d o u t . From 
thesp measurements we conc lude: 

W For Avery I s l and s a l t at 0 5 P < 50 MPa and 
300 <• T < 573 K, the thermal c o n d u c t i v i t y , d i f f u s i v i -
t y , and l i nea r expansion show no dependence (+-5D upon 
c o n f i n i n g pressure . T t ' i r n a l c o n d u c t i v i t y at room te i " " 
perature measures 6,1 +_ 0,6 W/mK and decreases monot-
o n i c a i i y to L i + 0.6 W/mK at 57} (v. Thermal dillu-
s i v i t y decreases from 3.0 + 0.8 X 10"° m

2 / s a t 
room tem-.ivratur* t o 1 .U *_ 0.5 X 10 ' * m 2 /s at 573 
K. T^er ra l l i nea r expans i v i t y increases from 4.R • 
n.'J X lt:~'' |C" 1 at room tE-irperature to 5.6 +_ f ] ,1 X 
l ' l ~ ' K~' .it 57 J K- Tr.ese va l u r s arc approx imate ly 
i r . r i n t r i n s i c values for fiinple c r y s t a l h a l i t e . 

; j Handl in f of 6.1 I t samples between the f i e l d 
and Idhf i ra tary ma;. damajM- th f ma te r ia l s u f f i c i e n t l y 
: I ;J I { zer- prt'S'-'ir*' Lncrn-al tnnriuct i v i t y of the bu lk 
may h* Ifwi'TPd by as much as 5 0 1 . The e f f e c t nn 
t n n f l u r t j .-it v can be permanently Tt*v<TSed by sub jec t i ng 
I h f roLk tu p r e s s u r e o l Hi MPa cr morf . 

I) Tor f i im.ix St[i[_k quar tz mniuor i i te , room 
t rn i j i r raU. r r tl.t-rniai c o n d u c t i v i t y IS approximately 3 
W/mK u : i t i unce r ta in a^cu ra i y . Room temperature 
Litfv'uLt 1 v i t y dffreasf"> -it an a c c e l e r a t i n g ra te by u.i'H 
* n . l . ' I d a L [•tess'.rc (1 r-^ps from V) to 3 MPa. 
W i t M n tni-jjMirerr'-nt «'ir.>r r h i s hnhav i i r i s nnt a f f e c t e d 
l'i ' f - l t i f i , .it "" Mf'a 1, f f rp iTatur f ' -^ " f tD W J K. 

- j [n Ui< ' H I . I M ; n i ) [?on j [o th i i rna l c o n d u c t i v i t y 
r !.•;<. » ; , - . n » ™ n ly >:. < « ' ' - I 1 - W/ftK dur ing Ml Hfa 
i*- • - : . - . i i i -d t i i i i ; I f c r . J ' , - d - 5. !) K- Heat in).' at lower 
; r ' -^sufe^ w i i . ;>t••>'>*:•'. , ; a.is<- a yjrxtQi drop m 
: '[!••: . / t 1 v11*. J-ir- t<; :hi<rr.f l i i« m d ^ n ; c r a c k i n g . 
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