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Black shale heaving at Ottawa, Canada' 
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tlra ncil. huniltl eil\ironrnent,. Liere cor:l~r ~ i i c . ~ i  131 I.itwr:itor].' cliItrirr\ t o  t t x i i t  iri the rock xaters. 
1 he potc-~li~tl  impor-tatice o i  iic.i\i. ~lnLI \11lf,11e alt,iih or, fu~ul . e  ~~ndc~ . s round  concrete 

strt ciui-e\ iii :lre.i, of 0tt ; ia; i  ~~rltiei-l.iin f.) i h . ~ i h  \h<ile i~ di\cusieil. 

I ' n  \oi~li.\ernerit iliff6rentic.l ~ i e  tr-oi, j ~ o u ~ c \  t 7.6 ern) ,I carlit. tie5 ~Iriorrnations structllrales 
\<\ :re\ ,I u r ~  ~.tiificc. 12~2rement ch.trzc t.; ~l i re i temcn~ appiijc iiir uti lit tlc. \chi\te a r~ i leux  noir 
iir-;iini.. L c \  ~): ir t i t \  tic 1'i.clifici: rzposani .Llr Ic ,chi\ti. : I I - C ~ ~ C U X  > ~ L I - ~ Z \ S O U <  L I Z  In tahle d'eau n'ont 
s~1t.1 . i ~ i i ~ ~ r - i  i~ i i I> \ emcn t .  

\orlter-r.~inea en l7t.toii coiirtriiitt,\ ~ l . i r i  I<: \  rcsioni ii'Oit,l\ra ou l'on tri>~1\1: Ir', \ihiite\ argileux 
noi - \  e\t  ~i~c, .utcc 

Introduction t11cr.s ll:i\ bccri coiiaiiJcr.~hle distortion of 
, 1 i n  , 'ULIC~LIII .  illid it i i i i , ~cn ic r~ t s  continue, the 

structill i t i l ~ ~ i c r  ti 

i!rr.cctl\ o i hliich \h:ili. h r t l rock .  ..\ltliouch his- n t  \~I . I I ' ,~ , I I - I .~  & I \  1 1  

tior, [':!),[I: ,,\'I!( 

in~rtriol-. ~ e r t i c ~ ~ l .  i.lectric,tl condu i t s  I i a ~ c .  11ecn 
, J , , t l l n ~ i  , , , !ion p ~ - ~ ) c c ~ l ~ l ~ c ~  i -~ . i j i~ i r ed  t o  prevent si 

1 ,  1 c i  , , , I  , i i c ; ~ ~ - i n s  of  o t h c r  . ; i r ~ ~ ~ c t ~ i r i . s .  
( 10.2 i n 1  of i l i l l i . r i .~~ti :~l  hcat.c. O n l ~  thc  Hoc~r I hc  nark d t ~ n c  hit\ consisted of c 

slab :11'c,i< Iia\i. l ~ ~ ~ c r ~  a l fcc tcd .  \o tlicrt. ll;i> I,ezn 
ktrt~~,t j ir : i l  ~ ; I I J I ; I ~ L  t o  (1~11e. 111 t l ~ c  \ L : C O I I ~  n >ni;1.l3 .I,.:.), i ,  

T l i ~ l ~ . ~  7 :  k ,  

I n  \ i c o  n i  r i i ~  l c r )  c i i m p l e ~  chemical 
a'te* 

- , , 1 ,  , ‘ 'ion' ~ i l i l t  itlTlCiir 10 J ~ : , \ c  ~ ~ i ~ l s e d  he35* 

c i r ~ ~ l  t11c rtit11c1- ~ i n i i ~ c c i  scope o f  the fie'' 
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L t:iblt, t l e , i ~ i  f o n t  

It? x l~ i \ t s  : i~ .? i lc~ix  
C\ di p lu \  ;:,lnti 
:~utot~ophicj l i t . j  tie 
d , ln\  {I?'. el?\  iron- 
toils. 
f u t u r . ~ ~  \truitLircs 
, \ c l~ i ( , i e s  : ~ r g i l e ~ ~ s  

:rsi\ r ~ f  tlli.; work 

nple,,  taken from the 
196)': 1i;ive been sub- 

~ p l ~ r .  cheinical ;illera- 
: caiised t l ~ c  heaving 
lpe i:f tllc field inves- 
:c\te.i that th i s  p p e r  

in 11;iture. It is the 
fie~t I excavation and 

1 0 4 2  1 FEET 
. - - - _ - .- i 

; ,  1. ('roi5 \ ~ i t i ~ ~ l  ~ h o \ \ i n g  h c i x e  of yroniid tloor \1,111 and  uplift  ot wci~nd i t c ~ r )  floor 

sampling P ~ I I  he done bcinu thc l l e a ~ c d  \:rut- 

ture s~ that the h!potllc\cs 111 thi$ p'lller ccin 
be confirmed 

Site and (;cology 

The struct~l le  u n d e ~  ti1scu5\1on 15 the thi.rap\ 
treatment building of the Ktde'iu Health ' ~ n d  
Occupation Centre \ \ l i lc l~ IS located ~n \ o ~ ~ t l i -  
east O t t ~ w a  cilx>ut three m ~ l e \  ( 4  S h1~1) frnnl 
the city centel-. I he rnck In 11115 'ire'i i \  dark 
gray shale of the I , o r r , ~ ~ n ~  F a ~ n l a t ~ o r l  accoldinr  
to Canad'i Del>.xtnlent 01  I l lnes  a11d l ie \ource\  
map 41 3A ( L i  ll,on 1961 ) 1 hc Lo1 r'ilne ~Ii,i le\ 
are somewh,~t  11yhtel- 1r1 color t h i n  the  b1:ick- 
brown shales of tlic untie1 I \  1119 Hill111g'~ For-  
mation nhich cutend, ~ n r o  the centcs of tile 
city. The  roll,\ (ire of O ~ d i > \ ~ c l a n  agc and 'Ire 
relatively flat l! ing. 

Description of Structure and h.lovements 

The structure ;t \ in ,~l l .  tuo-5torj  b u l l d l n ~  
in which there hLiii.ment a rc~ l r .  ' ~ n  ;Ired 
without basement ancl ~i deep \uirnInlng pool. 
211 founded o n  5hdle beclroch F ~ g u r e  1 sho\\5 

1 \ \ - \ e l  l l 1 ' i l l  1 l l l l t l  Thc. 
, i t i c i~ed  nic'i 1. tile ti\('-itor! pi>1110i1 \ \ ~ t l ~ o u t  
b,~\:nien toundci! d ~ ~ ~ c t l !  o n  ~ n t  ~ c t  I ocl\ 1 h: 
.id\ icent hL~5erncnr ' i l C , i  ,ind tllc cl~,ep \\'rjlnnllni' 
pool sho A 110 ~ I ~ I I \  lieLi\ c 

4 ~ o u r ~ d - c c ~ n c ~ ~ t e  h c , ~ t ~ n ~  'ind scr\lce tun- 
nel <~t>out  5 f t  ( 1 5 rn) \ \ ldc m d  ' it ( ?  1 rn) 

c7 Into rock h ~ g t i  n .I. con\ti-ui lcii 1t1 ,I tl ench du, 
,rroi~nci the rect,in~uI,ir clrc~rrllfi~rencc ot the 
builiilng The c .at~rloi  t11 ~ c l \  \r dl\ v.111ch \11(7n 
no '1 ,ICE ~ n g .  '11 c j(-rr~nilcd on  the c a t e ~  II)I nilll \  

tlli. 1 let: runnel 1 !it cc11t1 '11 I I I ~ I ~ ,  0 1  \ l l c i l ~  
ilctiroLl\ \r not cxc,ix <itcci ~ i n d  to1 in \  ' I  hcu - 
l/ont,ll ?l'ite,iu 6 to  7 i t  ( 2  1 111 ) L ~ l x ) \ ~ '  the 
130 t o ~ n  of t l i~,  i t l ~  \lei' ~ L I I I I I ~ : ~  i Fly 1 ) TIIC 
l n t s l ~ o l  coIunln5 ot t tic huli~11ni: 'it e founclCd 
on t111\ rock p1'1te~li L i r l ~ l  ' I I L  l~?l l t l> l ( > L ~ d e ~ i  
t h r ~  \ u ~ q ? o r t  onl! thc. floor a e ~ g h t  ot the \ t  cond 
floc71 . ~ u ~ . l ~ t o r ~ u r n  1 he  root abokc the , i u d i t o r ~ ~ ~ r n  
I \  C I ~ ~ C I I  :ntl! c , l r r ~ i d  b\ 'in .[I cli 4 ~ 1 ~ ~ p 0 1 t e d  I>! the  
ex1i.l lor \\ 'ill,  1 Ile ?round Hoor \1'113 c o n ~ ~ s t k  
of concl ctc, pi'urt.d nxer ,113out I S In 146 ctrl) 
ot 21 ,iri,~l,ir n i < l t ~  I ~ , i l  r h o ~ e  bedl ock. - l h ~ \  floor 
,ilc,o to1 ms the I ~ c ~ t  oi tile jer v ~ c e  tunnel.  
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Shale Bedrock 
C O N C R E T E  F L O ‘ R  .I-hi: I . O C ~  is ~i lc i l i~lm-to-dark gray 

\v!iic11 exhibits n distinct mica slleen on [he 
P ~ d d i n ~  pl:lrie c l ~ i l ~ : i ~ ~ ~ .  and thus might 
cl;~\sitied :I\ a lo\\ sraclz s1;lte. ,\lthough 
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'- d P P E R  F3CT O < , C  Z E 3  - '  "1 
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1 lic c o r u  bet\\ <c11 5 ;~: icl  C, f t  ( 1.5 and 2.7 a) 

rIiickne\s. F:isi~se 4 i \  ;i photograph showing a 

Ft1(~ti11; ~ l . ; i i ~ i \  I (  L :I~L,:I  < ~ I o I I ~   lie c \ t c ~ i , ) r  c ~ L I ) \ c - u ~  of tlic\c cs!,t;il\. I t  i~ probable that 
i~iorc' s! p\111ii i \  p~-c \cn t  I I I  the rock than sho*~ 

\ i , i I l \  of i l l ;  .;r\ i ~ , ~ ,  i ~ n n c l  hccp ~ h i l  \r.:~:ils li,\cl 
I I I  1112 core. nliiL~ii i i ; i \  Ili.i.n subjected to torque, 

~ l r i l l i t l ~  o ~ ~ c ~ - ; ~ t i o ~ ~ ~ .  
13:1o\r. 0 ft ( 2.' 111 ) ttic corz was sound and 

, I l ~ O ~ l t  0 f ~ ,  
Fic.4. ( l o \ c  u p  c't 

S - r a ~  L)ifiraction, Chemical and ~acterial 

the 11 7 .'i pc;~i '  "1' 
pota\ \ iu~~i  ~ ~ I ~ L ~ T ~ L I I ~ ) ~  





I 5 X u  i - I  t i  - 2  fr.,ictio~l of Lorrziinz \h,ile. 1 - 1 i 1  ill-icii prefe11sJ 
urientatiol~, 2 :l!a)l prefer-red orienr,itioi! 

L:\;tr;ictj o ' thi. u . i . r . ~ -  s.ilnplt.s lvesc incub:~ti.d 
in .I F L . I - ~ o u \  >illf:itc. rclxliuiii a t  pH 2.6 for two 
\\eel\\ (111 ; I  rot:tr\ ~1i : rki~r .  >licroscopic c ~ -  
~iniin;ii . io~~ 51 o n e t i .  tllc i.I-i.i.nct of :ibuni!~it~t 
;i i i totrorhic I):tctcri,i o f  tlii. T/~iol~irc~i/lrc.c i c > r . r o -  
o.\iiiii~;\ and ~ ' c ~ r r o l ~ i r c ~ i l l i i :  tc~rr-oo.~itlut~v t.1125. 

01 \ulfidc.\ t o  produce \cc-c>nd,~rq 5 ~ l i ~ 1 t c s  , ~ n d  
llc"~\ i. ~ . c ' \ ~ r l t t ~ i p  t t  on1 prz\\llrt.s oi c r ~ ~ t ~ 1 1 l 1 ~ ~ ~ -  
tion 

B c , ~ u s c  the c i i l ~ ~ ~ c e n t .  11:htlq 1o:lded haic- 
t11t.rit 11t)~)rb ~ O I ~ I I ~ I C C I  L I I I  e c - t ~ ~  01, \L11,111er?ed 
\ l i , ~ l c  l i , ~ \ e  not hi. ~ \ e d  .\lid h c ~ , i ~ r s e  rlic 
ot \ l ~ ~ ! l i .  111 cj~12kt1ori I \  L ~ l ~ ~ > ~ , c  tllc \LL,tcr t~ l l l r .  
/ ~ c , I ~ L '  ~ C L , I L I \ C  01 h\ili ,it ion \?ern\ \ e r \  Im- 
p t ! ~ b . ~ h l ~  Zc \ i r th r l i . \ s  , I  \\\ell ts\ t  \r , I \  1 ~ i r l  o n  
.in .ill. drq ~ ~ I L ' C C C ~ I  \h.ili. tort, from 9 f t ( 2  ' m) 
iicpth .I\ h o h n  rn t I F  h Ini t~, l l  ll?drLitron 
\\it11 c l~ \ t~ l lcd  \r,itcr proiluci.cl ti bout O g G  
\ \ \ t . I l i ~ l ~  t o l l i ~ ~ ~ d  h \  ~n ,idii~tion,ll O i' \well- 
Inc t l ~ ~  I<l,id u , I \  I edui ed I'rorn 3000 to 
I00  lh  tt '  ( 1  0 t o  0 0 7  h y  ~ 1 1 1 ~ )  ,\\\11111111~ 

i ( (  hc ,~ \ i .  1,) h?cIr,it~on o \ e r  the lock plug 

id.-_ - 

0 400 
N O R M A  

thicknt,, ot S f t  ( 

heaw of , ) ~ i i \  I iri. 

3 in, I - 6 ctil ) ;ir 
~t i< lvl~i.:  cd t 11:it 111 

i tion ;\ ~ i c ~ l i z ~ h l e  
lii>ui,\ tts. or1 the cf 
[he , l i , ~ l ~  111 < I  Iiur11i 
~ ~ ~ r I o ! i \  t \  I ~ C \  of i': 

i ~ c i . u ~ t I . , ~ : r ; l i l i ' a n n  i ~ 0 0 1 1 1 1 ~  L \ + C I C ,  
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1) londed h,i$e- 
on \ut?rnc~ ~ e d  

ecauje rllc plug 
thc \\ ' i tC1 l < i l > I ~ .  

sce~ti\ he]-> ]In- 
tC5t L\;i\ 11171 on 

om 9 f t  ( 2  7 ni) 
ni11,ll t i \  dl 'tt~on 
d ,iboui 0 O r c  
n,~l 0 3 ' i  \isell- 

from 2000 to 
1') -2\su1n1nq 'I 

thc 1 ocL plug 
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SAMPLE C R O M  B.H. I A  

I 
I I A T  OFT.  12.7mI D E P T H  

I N I T I h L  S W E L L  

0.82 % W h E H  

0 l S T l L L E O  

W A T E R  A D D E D  

R O C *  S A M P L E  
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N O R M A L  S T R E S S  ( ~ 5 . 1  S O . F T  

FIG. 6 Swell tc\t on Lorr,t~nc \ h d e  from !J f t  
g' (2 .7  m) depth 

thickneic of 8 ft ( 2  4 m )  i e l d s  n calculated 
heave of on14 1 in. (2.5 cni) conlpared to the 
3 11 (7  6 ern) present . i t  the present tune. 
it 1. bellebed that hea\e b! cl,~! minerdl hqdrn- 
tior is negliyhle. More \%ark is propo~ed.  
hov+cvc~. on the effects of hot-cold cqcling of 
the qhalc In a humid emlronnlent Conceivably 
var ous types of fatigue and expansion ~nlght 
o c c x  from the ,~nnual w~ntcr-he'ttlng-\ummer- 
eoollng ckcle. 

l'he import,lnt heave mechanlsln at the \lte 
15 I~e l l c~ed  to be geochem~c~ll c~ltei,lt~on of 
\ulfldes In tlie rock to produce secondary sul- 
fates having a much greater ~ o l u m c .  Fxpnnslon 
of the 1,l'lck. b~tuminou< shdle\ in Ode. Kor- 
~ d j  ha3 been attributed to \ulfide ox~dation by 
Hast~anscn et a1 (1957) P~r rho t l t e  In the Oslo 
<hales 15 the re,icti\c component, oxidizing so 
rdpldlj on expowre to ,iir that ~ t \  prcsencc was 
dlfiicult t o  estclbli\h In 'idd111on to tlie effectc 
of I \ o n n  oxidation. the p l rho t l t e  apparently 

c,rtal>zei the ox~d'itlon of normall!, non-rcac- 
t n e  pq ntc. 

Sekere h l x k  shale exp,insion prohlerns al\o 
occur ,ilong the \out11 s h o ~ c  of Lake Erie 'ind 
nre t ~ p ~ f i e d  bq condition\ In Cleheland, Ohlo 
In 'I genc.r,il ed~ to r t~ \ l  m the 12n~meer ins  N e w  
Record (1960).  hc<i\e\ of uy to i f t  \%ere 
ciescrlbcd ,Ag'lln. cr.i~d~it~on of ]roll sulfide to 
h!drou$ Iron kulf;lti.\ of much gre,.ter ~ o l u m c  
I \  thc caui t  

4 t  the Ottam,~ \lte u n d e ~  dl\cusslon. the 
Li~iiount of second,~rq g ~ p ~ u m  u l i ~ c h  props 
'ip'lrt the b e d d l n ~  pl:inc clea\accs In the core 
15 be l le~cd to correcpond roughly to the amount 
of h e a ~ e .  n h ~ c h  Is nbo~it 3 In ( 7 . 6  em) The 
~ c a s o n i  €01 the gronth of thl\ econdarq ~ p -  
\urn In\ol\: some complex ~henllcal  alterat~on\ 
n h ~ c h  \ e r n  to I?c cont~olled 0) the enhlron- 
rnent'll condition I,€ the \hale plug 
1 he f ~ d l o & ~ n g  arcilment 1s presented a\  the 

nlost pl,ius[ble expl,in,~tion at the present trrnc 
I ) Secondarq sypsurn occurs only a b o ~ e  the 

water tablt in a 7onc nhlch I \  p robab l~  par- 
tlLill\ saturated h\ cap111,irj rlsc. The enIlron- 
ment I \  ,I ,&arm. h u m ~ d  one. especlall~ during 
the \\Inter when the \er\lcc tunnel ts hot from 
hcatlng oyer,itions Such an envlronmcnt I <  

ide,il tor the gro\\tli of ,ieroblc. O X I ~ I Z I I I ~  bac- 
terla nh1c11 \\ere confirmed tc-, exiht f ~ o r n  the 
culture\ 91 oun  in the laborator>. 

2 )  The (lark \hale\ around Ottav,a normall\ 
cont,lin p)rlte (FcSL) In thln lamin,~e, patches. 
~11d in d~sq:m~nated LerJ fine-gr,llnCd forn: In 
f ~ c t .  pbiltc normall! coiitributzs. along ~ l t h  
orcr~inic m'ltter. to the bl'lch color of the shale\ 
The presence of \ultur dlsseniinatcd In the 
hl,~cb sh,ll~: (prtrh'lbl! a\  p ~ r l t e )  a:ls con- 
tirmed t7\ chem~cdl an'il>se\ as inetit~oned 

3 ) Autotroph~c h ~ c t e r  1'1 of the Ihiohmcrllirc 
~ n d  Ferr oh(7t r/llr\ {el roo  t~drrr? types. uhich \\ cre 
iclund In the groundn,itcr the \lte. derl\e 
thelr energ) froni oaidi r~ng p j r ~ t e  or f e r ~ o u \  
julfc~tc ~ Z ~ J I C  1969) It I \  h~po~he j rzed .  therc- 
fore, th'tt thme b a c t c r ~ , ~  h a b e  ox~dlrzd  or cat'i- 
l!~cd the ox~datlon ot p ~ r i t e  In the shale pro- 
ducmg suli uric 'icid T'hn sulfuric acid h ~ i  
5low I \  d15holr ed calcltc dlrscn~~nated In the 
shde and In thc r o d  c leava~c\ .  al:ering it to 
gipium The ~ J P \ L I I I ~  h , ~ \  m~grated In solution. 
e\entu,\ll) preclpltnting o ~ ~ t  a\ the R a t  cr~st , i l \  
o h w - ~ e d  In the horlrontCil and lncloled cler:~ age 
opcninss For thl\ rnech,inl\m to c a u c  heavlns 
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Black shale heaving at Ottawa, Canatia: Discussion 
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71,~ authccrs ( Q u i g l c ~  and \ ogan, this issue) 
ha\c prewntcd :I ~ c r \ .  interc\ting case which 
,-~ulii  he indexed under ki.!\\or(Is such as :  
fc.uncli~tioli problem.;. 11-cath~.riny, sulfate attack. 
;]nd hacrzl.i:il le~iching. 1-llis list of kcy\vords 
indic:lti.h the con lp l~xi ty  ot [lie 13rot;le~~i, I 

like t o  cliscuss e\rei.iall! t\vs factors 
mentioned hy the ; ~ u t h o r s :  the e f f e c t  of bac- 
tcri:r ,111cl ot the tenlperat~i~-c'  sr;1die11t in  :lie 
soil. 

The .Ef t rc~rc oi Hrictc9ritr or1 P\ l . i r c ,  

cter (,I ~ r i c  u\ed i..i~~ir1mcnt,il1\ in o re  
d~esclrlf to  recupr , l t c  n i ~ t , i l \  train \el! 101% 

1 g l ; ~ c ~ r  \olf~di.  oic\ .  e ~ l ~ ~ i i . i ~ i ;  ! l o n ~  tiic Inorc 
5tahl.: rnlncr,~l\ l ~ h e  c h , ~ l c o p \ ~  it? ,ind s p h ~ ~ l r ~  j t e  

11: the c'1.i ol un\tCrhle mini.] I I \  11kc p r l t i '  .ind 
p)rrliot~te the h,rcteri,rl ,ictlon I \  not n c c e ~ ~ , r ~ - j  
to p .od i~ec  r L i p ~ d  ~ ) r l d ~ ~ t l o ~ i  r lte clu\t ~n 'I 

ucll \ e r i t~ l ,~ ted  iiilnlng dlift i , ~ n  oxldirc Inst 
enough to c,itch file ( r ~ \ c n  the I 1gh1 ox~d' l t ion 
potcntl,~l. \ch~cli 1s no im,~l l \  oht,iincd In \oils 
aborc the \\ '1ti.1 t,ible. thcie  I \ \  (1  sulhdc\ w 111 
t ran<forn~ ~ n t o  lo\\ er 1 1  ~s cIli.rg\ miner,rls 11 

7 1 ~  1 tic,c r\ o f  (7 I r i l l l~crr i i icr  i ( r t  i i ~ l l c  i l t  

11 I \  I l l '? ,lLllIlc~l~\ < ~ / ~ l l l l < ~ f l  ?11<11 r I l L %  c1itl~'ll 
tactc r c,iu\lng p r l t i .  oxld i t 1  In I \  the tcrnrel- 
a t  l ' l~i1el l t .  r e c ' l l l  111 i t 1  1 1  'I 0 F 
to 3 )  F t~~rnl~e1,1tu1c dill~.rc.ntl,il c ~ i n  he ob- 
t a i n ~ d  I I l l \  t eml~sr , i t i~ re  gr,iilli'nr I \  r e~pon\ ih l i .  
for I I J ILI  , L ~ c I  I U I ~  ~ t l o l l  o f  \I tci  id dis\ol\  LA 
oxjgcn u h ~ c h  In ~ L I I  11 C ~ I U \ C  t l i ~  o\iii:1tli111 of the 
pyrite <lncl thi- ~ c \ ~ i l t ~ n g  sult,it,,tion ot tlic c,tlclte 

Tlic , l i~t l~i , r  would like t l l  ~ l l i l \ t r  , ~ t e  the rnl- 
por1,incs ot the tcmpcl ,~tur  c fl l~ldie~l t  h! 131 C-  

5enting ,I i , lw ~\111ch h , ~ \  ccrt,rtli 11oir11\ In conl- 
mon i k l t i  the on2 de\zrii~,tl I > \  Ouli.le\ ~ 1 i c 1  

O ~ ~ I I ~  4 c ~ n c r i  ti. f o o l  sl,iil \s hclc c'il)o\ed to  

r-:1~11:1iit Iic:~t fr-(xli ;ilxjvi.. \\-;I\ c ( :~r~pl~ :c ly  iiisiri- 
t c ~ r a t c d  ; t f t ~ r  one \c,ir \ ~ I l c r ~ a s  unhcated 130s- 
tion5 of tile ,.;uric \]all .  a feu feet : i \ \ . i \ ,  do not 
!~lio\v cIc~erii~r:ition. .I tic coarse zoncr<te : ~ g r c -  
Fate i \  coiiiposcd ol limc\fone and grallular 
clol<,rnitc. th: 1;ltter- contilininy vi3r\ !inel\ dix- 
zeiiiin:itcd p5,ritC. .l'hc 1ic;itc.d and dl\intcgr;~ti.d 
c c ) ~ i ~ ~ r ~ t i >  col-~t:iins :I \el-\ I . L I L ~ \  doloniite which 
irurnllii.\ r c a d i l ~  ~?,hcri- I ~ r c s ~ c i i  hi.tv\een the 
f i i i ~ c ~ . \ .  \ \flsrca\ [lie i,inie c l o l ~ i ~ ~ i t r ~  renlairl, 
p;ile gr;i\- ;11i11 \-CI.\ \0111id in the n i n r t ~ v  coticsetc 
noor-. 

I t  sccnli that tlie ti2nil:c.~-atur~ gi.,~dient I,  

ic\jloi~\il>lc filr  thi. ull\\;ir(i moxcrncn! of i\-;~tsi. 
anif ox \  ~ i . 1 1  ;I hizh rni:,.r-atc~ t h ~ - i ~ u s l i  th2 concrctc~ 
to c ,x~cl i /~ tile I>\  rite. F'\ I-itc oxiclation ~>rodlrcc\  
\ullate ion\ \rtiicli 211. tlicri avail:ihIc to  fi1rni 
c t t l . in~i tc .  1Lin1oni:c. c;ilcile. arayonitc. and 
pol-tl;inilitc arc  konic of tl-ic n ~ ~ n e r ~ l i s  \r hicli 
\\iTrc. clL~tc~:?cci i l l  11v ~ i u i ~ i ~ ~ r - o ~ ~ ~  fr- :~ct~lrei  (3' ~ I I L T  
:iltc~.ccl c l o l o ~ ~ ~ i t e .  

Tlii\ i , x ; i ~ i ~ p l c  i i  \c>incul~; i t  siiiiilar t ~ )  that of 
the LllacL \halts c ~ r l i i  11 \ i ~ i ~ n i i  to  iridic;iti. ;I 

l i i ~ t i l \ -  :~zcclcr- :~tc~l  r-,!tc (>I' rcact:on due lo a 
~ I L I I L I ~  1 e r c n 1 : I  1 l:~llor-atc~i-\ cxpcri- 
11icrit pcr-Ioi~~1~ecl ti) t i ~ t  tIi15 li\potlie5i\ 
-\ core ( > f  tlic ~~n:tItcrccl L ~ O I I C I - ~ ~ ~ .  the \ ids\  o f  
I\ 111~11  \\ LI-e \c ;~lei l  \? it11 cpiox> , \ \ < I \  pI;iec(l 
uj;riplit \\ it11 i l i  l i j \ \  tXr. ~ % n ( l  in ,I \liaIlo\\- 11 ,itel. 
i ~ ; 1 t 1 1 ,  I 1 1 ~  LJp/l~'l- rricl I 1 1  1 1 1 ~ ~  L . I ~ I  L~ \ \ ; I \  l ~ ~ ~ ~ i t i . ( l  
t i  I i i I 1 . 1 c 1  I -\l:e:. tliri'r iiionth\ t l i ~ .  

L , \  1111cic1- N : I ~ <  l ~ s o k c i ~  O I - L ~ I ~  (11ic1 t . 3 ~  j~rec. \~\ t i i lc  
t ~ . ~ i c t u r c \  ;ippc~ir-ci1 ; ( I : I I ~ . ~ ~  nit11 c ~ ~ l c i t c  s i ~ ~ c l  

o ~ i c  I I I ~ i l i  \olilbIi. 
niinc1.;11\ likt, p / ~ \ u ~ i i  ';HI hc i l c~-~~s i t i , i l  in tr-;ic- 
I I t i  I I r o i c l c  :I per-- 
iii,incnt i ; ~ l l : l l a ~ \  r i w  i \  ~ r i t i ~ ~ c e t l  I?! ;I therlr1;rl 
<:r-,~clic~i~ 

A \  1I1e : l l l ~ l l ~ ~ l - ! -  l l ~ l \ ~  po111tecl f.lLlt. tI1er-e ill-c 
1 ; I I . ~ ~ I I \  , I I  i to  l)r-c\ (,11t C ~ Y I L ~ ; I ~ I O I I .  .I ~ ~ - ; ~ t e r -  
tic111 L ' O ~ I I I I ~ L .  like : ~ \ ~ > I I ~ I I I .  5111-:1!e~i i11i11iccIi~1tel\ 
:~l'tcs e x c : ~ ~ . :  t1o11 \celil\ 1 0  his ;I yood solt~tioii  



hecau\t: it ~ ~ ~ u l d  p r i l e n t  the ~ l p ~ v a l - d  cycap': of there i \  n thcriniil sradient  \t-hich w o l ~ l d  catlse 
v-atcr from t I C  nlatcr~irl antierl\ing the Eourlci:~- :I c ~ ~ p i l l ~ ~ r y  rise. 
tion and t h ~ ~ i  prevclit the capillar!- r i w  of thi\ 
n a t c r  acrusa the concrete. O n  the other harici. o L r c ,  y ,  I<, h , ,  lrc l  R ,  131t3ck 

; I  yunnite o r  concri'te cn:iting, it' not thcrnlallv ih'iii: h e : ~ i i n s  , i t  Ott.liin. CcinLiiln. Cx11. (;eoti:~h. 
i n ~ ~ l a ~ c d ,  m g h t  no! 13s efficient. e\peci;illy if J .  7~ pp. 100-1 1 2 ,  

Black shale heaving at Ottawa, Canada: Discussion 

M,ln\ t r o ~ ~ b l e s i m , :  fe'ltures of soil and rock 
t ~ r . h , ~ \ ~ o r  C,III be ,rttllbutcd to the d c \ e l o p n l ~ n t  
of $1 p\um 1tl \1t11 'irid Qu~gle \  ' ~ n d  Vc.g,rn 
ithrs rssuc) 11,1re ni, d c  '1 v,ilu~ible con t r~hut lon  
b\ th!>lr ex1 o\ltlon of I f , r \ c ~ n , r t ~ n ~  c.;,lrnrlz 
Much of Lherr e s p I L r r , ~ t ~ o n  l i  e n t ~ r e l ~  con! Incliit! 
.inti i t  1s n o u  01 rnt~>r:\t t,) kno% nh, i t  ~ i i c , ~ \ u r c s  
the\ l , ~ \ o r  to  .~\orcI t h ~ \  t \ p e  01 p ~ ~ h l c i ~ i  111 

t icC~tci3 h,r\en ents In he future. 
In  my ycrlcr:rl r c ~ x ) ~ - t  to the Oslo (ieotcc~li- 

nical (_'onferi:nce i l lorycnstern 1968).  L clr~txv 
:ittention to the role of cti:~genc.si\ of hecond:rr~- 
:yp\11111 i l l  p . . (~s rc \ \ i \  c Siiilure a n d  I T L O L I I ~  like 
L > 

to t;ikc this o p ~ : o l - t ~ ~ ~ l i t \  to discuss this FUI-t/icr. 
I tic l>ri~cc\s  is rel;~ti:ti directly to {hi: e x a ~ r ~ p l c  

of hc;ivc juj des;ril)cd h~ the autliurs. P ~ r ~ t e  
( FcS')  is a .er)- coinn~ori  c~onstitucnt in many 
\tiff c ;a j s  ; r r r l  nlurl\torii.\. For  example. it i h  

found in the l-oncinr. C ' l , r \ ,  !he Hcarpa~v  SShai~. 
rhc Pierre S i ;~le. ;illti nianJ- other  C'reti~ci.ou\ 
:tnd I crtiirr) dcri)sit\  of ~ e ~ t c c h ~ l i c ; ~ l  \ii'iiifi- 
c'111ce. 11s rc.rctiori \ &  it11 ox)  gen hearing \\- Ltel- 
in the ronc n c a t l ~ e r i r ~ ~  i \  ~vi.11-knolvn i e s. 
Fairhridgc 1'167 ) ,inil is :IS i'ollo\vs: 

Fcr rou j  \ l l l f ,~tc  '111d \ulturic 'icid ,ire tnrnieil 
1 he I I S I O L I \  , u l t , ~ t e  rri,~j often combine turtl1i.r 
u ~ t h  \c,itcr to  \ ~ c l t l  I ~ n i o ~ l l t c  c r ~ ~ d  Inore \ ~ I I ~ I I I I L  
& ~ c i d  I he c l ~ ~ r i  , ~ ~ t c r  \tic crzenrsh-,ello\\ \t,iln 
of Ilmonitc I ,  cornii30rr in the f ,~ce  ol l i \ \~ i re \  
to\\ .II d the b 1tton1 { i f  thc wi':~thered r c ~ ~ e  I'hc 
deh>dr ,~ t ion  , ) f  limonrte to hcm,ttlte .~ccount\  
lor thc  riiore comnionl\ tound rcdcl~\li \ t , i~n  (211 

fi5iurcs. T h e  rcactioti which fencrates the 
l i inon~te is:  

1'cSOI -'- 2 H 2 0  - F c (  OH) t I-12S0, 

C : ~ l c i t ~ n ~  carboniitc is yencrallv availa1,le in 
r n a n  rnatcri:il.; in the I'orrn of foraniinifer:~ or 
d i \ l~crscd  liiiic .;:ilt.;. Llnie combines ~vitti sul- 
furic acid to j~rcltii~ce . ~l i jpkun~ . \I-hich cr\.\t;~llizes 
ou t ,  '1.11~ re;rction i \ :  

P h i  torrn,rtlon ot y p \ u r n  in pl,lce c rc ,~ te \  a 
loc,il L nlunie lncr C C I W  nh lch  d ~ \ r u p t \  the clay 
I I l l \  li'icii to ,I mcchanlc 11 \xc,iken111~ ,~nci en- 
I 1 1 1 1  t i  I I Differential 
\tr ,)In\ i ~ \ \ c ) c ~ c ~ t ~ ~ i  1% itti !ion-~~tiifilrnl \ \ L  elllng 
111cr L ~ I W  the PI  ope11\1t~ tor  prc>yrc\si\e f'111ure. 

r l ie  pr s~eiic': 01 ~ \ L I I ~ I  ril;l\ al\o be , i ~ n ~ t i -  
~ , i n i  111 cxpl,~lnln? tile h i " ~ \ e  of subyrade in 
ro,rri-iut\ H c ! l \ ~ o r t l ~  i 1965) descrlbetl In d t -  
t.111 t h ~ c c  \ectlorl\ In ihc Crprer ('~eL,lceous 
hl,~rico\ 5ti,rlc n h e r c  llc,~\.e of the zrounct zur- 
!,let: i~ccur rcd  ; ~ t  the h,r\c of cutt~ri&. 111 eClch 
c;lse gypsun1 p r c ~ e ~ l t .  ..I pl;~usihlc relation- 
\ l i i f  here ic  that l ~ o t l ~  the chenl ic;~l  2nd 
r ~ ~ c c h ~ r n i c ~ i l  \\e:itile~-inp ell'ccts wllich ~-e\ult 

C _  1 

for111 ~ \ P S L I I I I .  'l'hiq i \  ;iccornpanied ;I sub- 
it:~ntial incrcii\c in \olurnc and a considernblc 
~ r e ~ c u r c  if confinerl Brrl~ic i 1 9 6 5 )  h:~\ de- 

, L 1  15cd \e \  crCll tlr'~ni 
, ~ ~ l ~ r ~ o r n c . n o r i  F o r  cx'lr 
/?c.,~ril onc  n ~ p h t  in  th 
1 L X . I \  'lllci l t  \ t L I i  cilcc( 
1, lil O , ~ L I I  r ed on a ne 
S \ ! i ' ~ ~ i i ~ i i  to r  I000 f t  ( 

.\lL~nriil uhc)\e bed h'ld 
I 0  t t  ( 3  0 m )  Wat t  

1 7 , t I  111 c \  I ~ I L I ~ \  N ~ ~ i r l )  
~ l l 1 1 1 i '  o~c11rred be111 
i, ' 1  I hc: lrn~lllc'ltlc 
)f  I L X L  I olr\  ~ i r c  o b \ i c ~  



hii.11 \ \oLlj , j  ;,~,) I icril,rci \ctLxr:lj c,r;l~Tl~ltic c ~ : ~ , r ~ p ~ c h  of t]ii\ BI<I- \T.  C.;. l ( 1 6 i .  A 4 ~ ~ h ~ ~ ~ s i t c  ,111d ~ > ~ J \ , I J I I  ~ ~ O I > ~ J I I ~  in 
phe~~i i l  l tni in .  F o r  cs;illlplc. ; I  ioud hoorn \%as e r ~ g ~ l i z c ~ i n : _ '  ,yeolor>. t-nr (I~eol 2 ,  pp .  2 ( ,  38 .  

~ \ I K ~ K I I ) c , ~ .  R.  \\I. lY/17, 1 7 1 i ~ l k e t  0 1 '  cii~gc11e5i\ 'IIIL~ 
he:lrd imi. niylit in the town of Paint Kock. .~l~lliigenesii. Iti Dinsenexi\ irl \cdilr?ent\. Ltiiicti 

< I t .  1 , -  8 1 ) )  . &  
TcxaS xnd 11 t \ ~ s  disco\ercd t l i n l  :I rock ~ lp l i f t  C;. 1.~r5e1i :111cl (;. \ Chil~ng~ir. f;l~e\ier. 

l - 1 ~ 1  ! ( , I  ( , -  .,: ] r 011 I I -  i i c  rhi: uplift :\ni\triil,tm. 
extind ,il f o r  1 ()()0 f t  , In ) ;llonS a stre;im 1 1 ~ ~ ' \ ' 5 0 i < l  1'. R .  C ' .  1005.  Hc:I\ in? iri tile uiI'?r:~lc 

i)f hi;h\\:i)\ con\l~~uctcI o n  the \I,trico\ Shalt.. chiinn( I \\ t - ~ i ~ \ c  hccl 1i:d hccti r;ri\cii h y  a\  r r~uch 1 r,iri\ Soc. \ l i ~ i .  t 11g S I I T I ~ ,  pi>, 1 2 4  141 
10 it ( 3 . 0  rn) .  M'atcr had stnod in the chan- ,,,,,, ,,,, ,,, h ,  Icir jX, Shc,,i- of  \ t i f T  

n21 ~ “ . ; \ i i ~ i ~ . ; I \ ,  Ncarlv all t i ,? c a ~ c s  cited b> ~ l ~ i .  PJOL, Oslo (-teotr<hniial ( 'uili .  2 .  pp. 
Brtlni, occ~l r red  hc~~e; i th  j ' i ' o j ,  of standin? iuj-7 1 

Uares, i l l ,  i,l,l,~jc~,lii.Il, for. i \ l e  in l  ndin? ~ J I  l ( ~ l i > .  I< f1 .  ~ 1 1 d  \ ~ ~ ( l ~ ~ \ .  \ \ .  ~ ' l ? i I ,  Rl:t~'k 5h<dIc 

I , I  0 I ,  ( i (~ ari .  (;eotcch. 1 .  7. 
1 of rcii  r\.(oi~-s :ire obvic~u.. pp. I (I(>- 1 12 
1 

HI: *~ 11:SC): 

;111\' :\\ :~i l ; i l ) l~ in  
)I' f 'or ,~rnini l '~r :~ or 
i l  \ t "1- 
\\ h:ch i.r! \ t ; i l l i ~ ~ ~  

2 H,O -+ I-I,CO, 

1 place crz:ites a 
cli\r-ul~t\ thc clay. 
eakenins  and  en- 
tics. Ditfc~.ential 
unil'ornl \\i elling 
-o;rcsdi c failure. 

;11so 1)c \ignifi- 
: of \uhgrade in 
dc\c~-i t~cci  in de- 

Jpper ('r-ctaceous 
f tlic ~ r o l l l ~ d  sur- 
cuttir~(,r.\. In c:ich 
~lau\il,!c relation- 
c ciic.micai and 
: t j  \\-liicl~ rcsult 
*urn neakcn  the 
:ap:icit\ I,] <\\ell 


