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INTRODUCTION -___ 
Calla, CIan C r e d  proper+(f s' 

' A N o r t h a i r  M i n e  2 s  about: 85 IC n o r t h  of Vancouver on t h e  western s i d e  of Nt. 

General gcol.ogy of the zrea S p r o a t ,  8 k n o r t h  by gravel. road from highway 99. 

field season  a more d e t a i l e d  s t u d y  was under taken  of  some aspects of the r,col.ogy 

i n  the immediate v i c i n i t y  of the rni2era.l. d e p o s i t s .  T h i s  was done as a con- 

t i n u a t i o n  of a p r o j e c t  i n i t i a t e d  a t  U.13.C. through t.he E . C .  t i i n i s t r y  of klirics 

I 

and Petroleum Resources  and cont inued with the srrppor't of 3iorthaj.r  Ibfincs L t d .  

and the N a t i c n a l  Research Counci.1 of Canada. We p a r t i c u 1 a r l . y  thank M r .  24 .3 .  

a n  impor tan t  f a c t o r  i n  its success .  

GENERAL GEOLOGY 

A d e t a i l e d  g e o l o g i c a l  map of a siiiall area i n c l u d i n g  N o r t h a i r  Mine i s  g i v e n  

and have been s u b d i v i d e d  f u r t h e r  where poss ib l e .  A11 A &its  s t r i k e  nor the ; - ly  or 

n ~ r t h r ~ r c s t e r l y  and are n e a r  v e r t i c a l .  w i t h  tops  f a c i n g  e a s t e r l y  wherever sucli 

d e t e r m i n a t i o n s  coiilcl be  made, most ly  o u t s i d e  the a r e a  of f i g u r e  1. nunbcr of 

samples were c rushed ,  ground and f u s e d  to produce g l a s s  beads f o r  re f rac t ive  

index  measurements. These measurements can b e  c o r r e l t e d  roughly  w i t h  cornpositi.ol1 

(e . g .  IlatIiews , 1.951; Church, 19751 and r e s u l t s ,  shown g r a p f i i c a l l y  i n  figure 2 ,  

i n d i c a t e  the predominance of r l i yodac i t i c  t o  a n d e s i t i c  composi t ions  f o r  t h e  pyro- 

c l a s t i c  units (Units  3 t o  5 i n c l u s i v e ) .  The Coast P1utoni.c Complex i s  rcpi:c- 

sen ted  i n  t he  map area by a d i o r i t e  ( u n i t  611). Descriptions of  t hese  u n i ~ s  



, 

fdAF UNITS 
GARlS&DI GROUP; 7 b ,  RHYO- , 

OAClf E. 
COAST PLUTGW CO~JPLEX; .: 
6b, DIWSITE. 



i 



I 

LiT;'.IOI-OGIC DESCRIPTIONS 

L'nit 3: A n d e s i t i c  c r y s t a l  t u f f  

A n d e s i t i c  c rys t a l .  t u f f  has an a p h a n i t i c ,  dark  grey  m a t r i x - s u r r o u n d i n g  

clasts of z o n k d ,  s u b h e d r a l  p l a g i o c l a s e  and less abundant ho rnb lende .  Clasts 

xkc-  up abou t  twenty p e r c e n t  of the rock, and some are up t o  one c c n t i m c t r e  

iri l e n g t h .  The clasts are broken c r y s t a l s  that  common1.y show E! c r u d e  a.li.gn- 

a e n t  (bedding) .  

sleter zre  p r e s e n t  in smal.1 amounts i n  the lower p a r t  of t h i s  u n i t .  These 

f r q m n t s  arc  g e n e r a l l y  s p h e r i c a l  and sub-rounded, with c l a s t s  of broken 

phenocrFsts of p l a g i o c l a s e  and hornbleiide making up For ty  p e r c e n t  of the 

A n d e s i t i c  c r y s t a l  t u f f  f ragments  up t o  6 cm i n  d i a -  

.Unit  4 : D 3 c i t i c  ' agglomera te  (matr ix-supported)  . 
Dacitic agglomerate  has a f i n e  g ra ined  medium grey-green,  t u f f  acc.011~ 

matrix which c o n t a i n s  ':three fragment . types ,  i n  decrcasi .ng o r d e r  of ahui~ct~ii:ct:; 

d a c i t e ,  r h y o d a c i t e ,  and a n d e s i t e .  Fragments arc sub-angu la r  and elongate 

and r ange  up t o  t h i r t y  c e n t i m c t r e s  i n  d iameter  (average  abou t  s i x  c c n t i m c t r c s ) .  

Xat r ix  vari'es from twenty t o  seventy percent: b u t  averages ,?bout f i f t y  p c r c e n t .  

Grsded bedding and cross-bedding  \.rere observed i n  the  b a s a l  p a r t  of the u n i t :  

and indicate. t ops  f ac ing  east .  S i . l i ceous  s i l t s t o n e  (Unit  4a) is  d a r k  grey 

with a very f i n e  grained, uniform texture and c o n t a i n s  trace amounts of fine1.y 

disseminated p y r i t e .  Dzcitic agglomerate - fragment: supported ( U n i t  411) is 

s in i la r  to the general d e s c r i p t i o n  of u n i t  4 excep t  t h a t  the matrix is  ccl:rlsis-- 

t c n t l y  about  t e n  p e r c e n t  and 41) is  fragment-supported.  Tuf faceous  sandstones and 

s i l t s t o n e  (Unit: 4 c )  a re  d a r k  g ray ,  s i l i c e o u s  siltstones t o  p a l e  g ray ,  tu f faceous  

sands tones  i n t e r b e d d e d  on v a r y i n g  scales, from one c e n t i m e t r e  t o  f i f t y  metres:  

and toge the r  comprise  a layer about  35 m t h i ck .  
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Uni t  5: A n d e s i t i c  aggLomeratc 

i l n d e s i t i c  agg lomera te  has a f i n e  g ra ined ,  dark green tnffaccous niatrii: 

~ ~ h i c h  su r rounds  si.x d i f f e r e n t  fragment t y p e s .  Thesc are,  i n  order of de- 

c r e a s i n g  abun,dance; a n d e s i t e ,  a n d e s i t i c  tuff, d a c i t e ,  tuffaceous sands tones ,  

d a c i t i c  t u f f  and jasper .  Fragments r ange  from . C J C ~ ~  rounded t o  sub  iiri@zr, 

cormonly are ovoid  i n  g e n e r a l  shape, and a re  up t o  seventy cen t i rne t r e s  i n  dia-  

meter (average  a b o u t  f o u r  c e n t i m e t r e s )  . T h t r i x  varier; frcm twenty t o  ni.net.y-- 

f i v e  p e r c e n t  w i t h  an ave rage  of about  f o r t y  perccilt. E p i c l a s t i c  v o l c a n i c  

brecc:ia ( U n i t  5a) h a s  a ve ry  f i n e  g r a i n e d ,  bl-ack matrix s u r r o u n d i n g  f o u r  

d i f f e r e n t  c o a r s e  f ragment  t y p e s ,  which are,  i n  decreasing o r d e r  of abundance.;  

a n d e s i t e  e q u i g r a n i i l a r  t u f f ,  d a c i t e  and s i l i c e o u s  s i 1  t s t o n e .  T h e  f ragmints  

are a n g u l a r  t o  s u b a n g u l a r  and e l o n g a t e  i n  shape w i t h  an average cliariictcr of 

t h r e e  c c n t i m e t r e s  b u t  range  UP to t h i r t y  c e n t j m e t r c s .  var ies  from 

n ine ty  t o  f i v e  p e r c e n t  and ave rages  about  f i f t een  percent:. Tuffaceous sand- 

s t o n e s  and 

and c o a r s e  
I 

’ t 11 r: 0 u gho Ll t 

s i l t s t o n e s  (Uni t  Sb) va ry  between p a l e  t o  medium g ray ,  s i l t s t o n e s  

g r a i n e d  s a n d s t o n e s .  Graded bedding and cross-bedding  were observed 

t h i s  u n i t .  A n d e s i t i c  c rys ta l  t u f f  (Un i t  5c) has  an  aphanitic, 

d a r k  gray m a t r i x  su r round ing  broken phcnocrys ts of zoned, subhcdra l .  p lag io-  - 
cl.ase, The p l a g i o c l a s e  l a t h  s are up t o  1 c e n t i m c t r e  i n  l eng th .  

U n i t  6b: D i o r i t e  

D i o r i t e  is f i n e  t o  medium gra ined  and pale t o  medium g r a y g r e e n  w i t h  an 

e q u i g r a n u l a r  t e x t u r e .  tiinera1 composi t ion  i s  about: 45% p l a g i o c l a s e ,  25% 

c l r l o r i t e ,  14% e p i d o t e ,  82 q u a r t z  and the remainder  accesso ry  m i n e r a l s .  
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Three.  o r e  zones are known on t h e  Ca l l aghan  Creek p r o p e r t y  of  Xo.rt1iai.r 

fdines, f rom n o r t h  t o  s o u t h ,  the Discovery,  Warunn ,azd i-lan-i.fold. zones ( f i g u r e  3) 
2 

fill zones are' t a b u l a r  i-n form, strike about N4O"W and  have near v e r t i c a l  d i p s .  

Average Lhicknesses are about  6, 8 and 1 7  fecr. r e spec t ive ly  from s o u t h  t o  n o r t h .  

O r e  g rades  d i f f e r  p rog res s ive ly  f ron zone t o  zone. 'In g e n e r a l  tlie s o u t h c r n  

(hianifold)  zone i s  h igh  i n  p r e c i o u s  metals and low in base meta1.s. 

is true f o r  tlie Discovery zone and  t h e  Warman zone i s  i-ntcrrnediate i n  charnc- 

t e r .  S i r n i l a r l . y ,  the form of m i n c r a l i z a t i o n  variics from s o u t h  LO iiort:h. 7.17 t h e  

The co!ivcrse 

s o u t h  (Planifold) zone s u l p h i d e s  a re  disserninaCed 01- t h i c k l y  1 a y c r e d  i.ii 3 

s i l i c e o u s  carbonate  layer and i n  the n o r t h  (Discolvcry) zone  s u l p h i d e s  arc1 1 aye red  

and  l o c a l l y  massive i n  form. Again the Warmail zcnc i s  i n t c r n e d i a t c i  i n  ciial-:ietcr. 

The three zones appear  t o  r ep resen t  faulted segments o f  3 s i n g l e  nir.era.tl- 

r i ch  sheet. 

of t h e  'Idarman arid 1-lan-ifold zones where srna.21 falilted segments of t h e  ore hzve  

been i d e n t L f  i c d  

Discovery zones.  

c h a r a c t e r i s t i c s  of  the  cxe i f  all t h r e e  zones a r c  r'cconsr:ructeii to a s - i n g l e  

body. 

r e spec t ive  ad j acen t p a r t s  of the Warman zone. 

Such ,211 i n t e r p r e t a t i o n  i s  apparent underground between thc ?rids 

A much more complex f a u l t  zone exists EcLtrecn the Wnrma;! arid 

T h i s  "s ingle  sheet'' hypo t h e s i s  i s  SiippOT'ied. by the g-rai!ational 

Characteris t i cs  of bo th  t h e  Discovery and M~n:ifold zones exterid 'io t!ie 
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O r i g i n  of t h e  N o r t h a i r  ni ineral  d e p o s i t s  receIitly I I Z S  been tht? s u b j e c t  or' 

con t rove r sy  l%fi.th t h e  two general extreme p o i n t s  of viex b e i n g  (1) a vcir: hy- 

p o t h e s i s ,  and ( 2 )  E! v o l c a n i c  e x h a l a t i v e  o r i g i n  followed by partial mobi1.izaE:i.Ol-i 

acconipaiiying' p lu ton i sm.  We w i l l  n o t  c o m i d e r  a l l  t:he arguments f o r  genc?sj-s i n  

t h i s  d i s c u s s i o n ,  'out some r e su l t s  of the 1976 f i e l d  Z G : ~  have a d i r e c t  hear in; ;  

t h e  problem . One of t h e  main p o i n t s  used i n  t h e  past. AS i n d i c a t i v e  of a2 

e p i g e n e t i c  n a t u r e  t o  t h e  o r e  zones has been the apparently d i v e r s e  o r i e l i t a t i o n s  

of .bedding and t h e  t a b u l a r  o r e  zones. T h e  nor thwes ter ly  t r e n d  of  t i i c  o r e  zones  

113s been c o n t r a s  t c d  w i t h  t h e  n o r t h e r l y  r e g i o n a l  trericl of b e d d i n g  rncasu.re2 bun-- 

drccis of meters t o  t h e  m s t  and s o u t h  of the o r c  ZOG(- 'S .  E x ~ r a p o l n t i o n  o f  t-hcs~ 

bedding o r i e n t a t i o n s  i n t o  t h e  area of  ore c icpos i t s  has l e d  t o  che sugg~:scion 

of  t r a n s g r e s s i v e  geometry .€or tlic o re  shoot-,s a i d  th~refore ail epT~;enet-? i: o r ; . g i n .  

D e t a i l e d  examina t ion  of c o r e  f rom 1 2  e x p l o r a t o r y  d r i  11 Iiolcs t o  t:h!. s o u t ? ~ - -  

west of t h e  Warman zone has e s t a b l i s h e d  a l o c a l  d c t n i l . c d  s t r a t i g r a p h y  t h a t  

ex tends  t h e  l e n g t h  o f ,  and pa ra l l e l . s ,  the 'IIJarrrian o r e  zone. An c:xainple .i.s 

siioim i n  cross s e c t i o n  A-A' cf f i g u r e  2, the l o c a t i o n  oE which i s  iiIdicaLc:d 

i n  f i g u r e s  1 and 3 .  

(113 m) t h i c k  l a y e r  of  a n d e s i t i c  aggl.orneratc ~71iicZ1 con:;-i.stt:s of R C.i.1ie ;;r:!i.fii?d 

tuf faceous  matrix c o n t a i n i n g  70 p e r c e n t  l a r g e  fragments a s  in tlhc genera l  de-- 

s c r i p t i o n  of U n i t  5.  

t o  fifteen-foot ( 0 . 3  t o  4 ,  G rn) 

l o c a l l y  is  d i s r u p t e d  i n t o  f ragments .  

i s  a pa le  grey  t o  g r e e n  t u f f a c e o u s  sands tone  unit t h a t  c o n t a i n s  r a re  suh- 

rounded fragments up t:o 3 c m  i n  d i ame te r .  T h e  c o n t a c t  between the  t u f f a c e o u s  

sands tone  and the a n d e s i t i c  agglomerate i s  g r a d a t i o n a l  over a b o u t  S f ee t  ( l c 3  

m). 

observed i n  a s i n g l e  diamond driJ.1. h o l e  on the s o u t h y e s t  s i d e  of t h e  Dlr;cov:?.ry 

The immediate footwal.1 of t h e  ?-!armzn zone  i s  i3 370-foot 

About 110 f e e t  ( 3 4  m) be1.ot.r che \Sa-i-man zcne is a fine 

f ine-grained t u f f a c e o u s  i:iarl:cr l a y e r  t h a t  

&los.7 t h e  andcs5 . t ic  agg1onerat.c laye' 

A similar andes i t - i c  agglomera te  c o n t a i n i n g  a t h i n  t u f f  marker has been 
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zone,  b u t  t h e  marker canno t  be t r a c e d  becziise of l a c k  of b o t h  o u t c r o p  and ot.her 

a p p r o p r i a  teip l o c a t e d  d r i l l  h o l e s .  Hevcr- the- less  'r this occurrcnce  i n d i -  

c s t e s  t h a t  t h e  s t r a t i g r a p h y  inmed ia t e ly  southwest  of and p a r : i l . l e l  t o  t he  Karrnan 

zone es tends8over  a t o t a l  distance of l ea s t  500 meters. As y e t  we have not 

been ab le  t o  check t h e  p re sence  of a comparable s t r a t i g r a p h y  t o  t h e  soutlivest: 

of  t h e  Xan i fo ld  zone becaxse  of the dcteriorafed c o n d i t i o n  of of dril.1 

core from e x p l o r a t i o n  ho le s  d r i l l e d  seve ra l  years  ago.  . Hcwever, we n o t e  the 

parallelism of s o - c a l l e d  a l t e r a t i o n  zones napped i n  one c r o s s - s e c t i c n  of [:he 

?fanifold zone by T,j..ttle (1974) and sugges t  the  possibility t h a t  . in rt-:alj t y  

t h e s e  zones which parai le l .  bedding cicf i n e d  abovs ,  

r e p r  e s en t o r i g i n a l  c omp o s i t i  o na 1 d i f f i? r m i  c es r a t h e  r tha  TI s u p  e r imp o s e d 3 1. t- c r - 

a t i o n  zones.  

I n  a d d i t i o n  t o  r e c o g n i t i o n  of a paral le l ism between o r e  zones a i d  l)?ddiiIg 

on a sca le  of 100's of metres, i t  i s  COTiiInDn i n  underground workings  t o  sc?it 

s u l p h i d e  l a y e r s  f rom a fcw millimcters t o  a few c m t i m c t e r s  t h i c k  t h a t  parc.,i.l.el 
, I  

- 
a l t e r n a t i n g  layers  of c a r b o n a t e ,  q u a r t z ,  and l o c a l l y ,  s i l i c a t e s ,  over d i s t x n c c  

of c e n t i m e t e r s  t o  meters. These l a y e r e d  s u l p h i d e s  a r c  p x r t  of  R l i i g l i l y  ,!e- 

formed ( fo lded  and f r a c t u r e d )  i n t e r l a y e r e d  sequence t h a t  i s  (:ut by v.c-ins a i  

coarse-gra ined  c a l c i t e  wi th  o r  w i t h o u t  quar tz  and /o r  s u l p h i d c s  . 
these form a myriad of su lph ide -bea r ing  v e i n l e t s  of  p o s t  cleformation a g e ,  

I n  p l zces  

o f  a pre-deformat iona l  m i n e r a l i z i n g  e v e n t .  It was this obvious f i n e l y  ?-ayered 

aspect,  appa ren t  underground l .ocally i n  a l l  o r e  zorics, t h a t  o r i g i n a l l y  l e d  u s  

t o  s u g g e s t  a n  ear ly  "volcanogenic"  s t a g e  i n  the  dcvc:lopmcnt of t h e  o r e  ZCJI~CS. 

(Isfi l ler  and S i n c l a i r ,  1978; 3 l i l l e r  e t  al-, 1.978). 

I n  i d e a l i z e d  form the model t h a t  t7e propose i s  a distal volcznogenic 03:' 

exhalative model i n  which a loca l  mar ine  b a s i n  formed dur ing  a h i a t u s  i n  

/ .  
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e x p l o s i v e  r h y o d a c i t i c  t o  a n d e s i t i c  vo lcanism.  Ore f l u i d s  were f e d  t o  the 

water-sedinient i n t e r f a c e  from a p i p e  zone, no t  now known, t o  contribt1t .e Lase 

and preciot ls  metals t o  t h g  b a s i n  of  chemical  scdimenta t i o n .  F u r t h e r  cxpI.osf.vt: 

volcanism f o l lcwed . The d e p o s i t  vas de f  ornied and nictamorphosed t o  grecnschis t :  

facies d u r i n g  subsequen t  emplacement of Coast p l u t o n i c  rocks and i t  vas  I.ztt:e i n  

th i s  i n  t e r ~ a l  tha t p o s t -de f o rina t i o  r! al , s u 1 p h i  d e-b e a r i n  gvqu a 'f: t z v e  i n  1 e t: s 20 i.-me d 
ca rbona te  a n d / o r  

by m o b i l i z a t i o n  of  o r i g i n a l l y  s y n g e n e t i c  m a t e r i a l .  S i in i la r  . vejitlct.cj re- 

moved 

d i s r u p t e d  by n o r t h e r l y  t r e n d i n g  f a d  ts, many v i t h  s i g n i f i c a n t  s t r ike-s  i.Fp 

from known m i n e r d  zoiies 3re f ree  of s u l p l i i d e s .  T h e  deposi t :  1~7;-is l a t e r  

components. One of t h e s e  f a u l t s  t r u n c a t e s  the Disco rc ry  zone  on t h e  m s t .  

coxcLus IONS 

I 

I 

D e t a i l e d  mapping i n  the v i c i n i t y  of t h e  Nort1mi.r o r e  d e p o s i t s  Iias l . ~ d  t o  

t h e  e s t a b l i s h m e n t  of a f a i r l y  d e t a i l e d  s t r a t i g r a p h y  wi . th in  t h e  p y r o c l a s t i c  

sequence t h a t  c o n t a i n s  t h e  ores.  

Warman Zone and probably  t o  t h e  Disovcry zone a s  wel l .  

Nani fo ld  zone is r e q u i r e d .  

Bedding has been shoim t o  be paral.le1. t o  the 

Re-examination or' thc 

The we igh t  of a v a i l a b l e  ev idence  h d i c a t c s  n coniplez o r i g i n  Ecr the 

N o r t h a i r  d e p o s i t s .  T h e i r  c lose  a s s o c i a t i o n  w i t h  a t h i c k  pyroclastic sequence 

of r f iyodac i t i c  t o  a n d e s i t i c  composi t ion i s  well es ta1)l.i shed as is  the 1 a y e r e d  

na tu re  of t h e  o r e s  and t h e  parallelism of t h i s  layerLng w i t i i  bcddin,q i l i  t h e  

e n c l o s i n g  p y r o c l a s t i c  rocks. T h e s e  f e a t u r e s  as w e l l  as t h e  nore decai2e;l. 

a s s o c i a t i o n  with common e x h a l i t e  p roduc t s  such  as l a y e r e d  c h e r t  and carbonate 

would appear  t o  n e c e s s i t a t e  some g e n e t i c  re la t ionship  of o r e  t o  vo lcmisn; .  

However, superimposed on t h i s  "volcanogenic"  e x h a l i t e  are t h e  obv ious ly  late?: 

e f f e c t s ,  t h e  v e i n l e t s  t h a t  c r o s s c u t  deformed l a y e r e d  s u l p l i i d e s .  -it ~~~~~~i~ 

unreasonable  t o  r e q u i r e  t h a t  metals '  i n  t h e s e  Geinlets be d e r i v e d  e3~se~d:zre 
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p a r t i c u l a r l y  because  s imi la r  v e i n l e t s  elseidlere i n  the pendant  do no t  c o n t a i n  

s u l p h i d e s  . Consequent ly  we a t t r i b u t e  these su lphide-bear ing  v e i n l e t s  t o  

loca3, r e m o b i l i z a t i o n  d u r i n g  metamorphism t h a t  accompanied i n t r u s i o n  of ~ h e  ad- 

j a c e n t  Coast P l u t o n i c  Comples. 

T h e  model proposed l ie re  h a s  impor t an t  i m p l i c a t i o n s  r ega rd ing  e x p l o r a t i o n  

oE o t h e r  roof  pendants  and s e p t a e  i n  the Coast P l u t o n i c  Complex. 

b e a r i n g  v e i n l e t s  appear t o  r e q u i r e  a me ta l - r i ch  sou rce ,  . t h a t  i n  some cases 

cou ld  b e  a bedded vo1canogcni.c c o n c e n t r a t i o n .  

Sulphide-  

T h i s  poss i . ’b i l i t y  i s  i.n accord  

w i t h  the general p r i n c i - p l e  enunc ia t ed  by  Si.nc1ai.r e t  a 1  , ( I 9  78) r e g a ~ d i n g  t 1 1 ~  

importance of metal  o c c u r r e n c e s  as an i m p o r t m t  f a c t o r  ir, m i n e r a l  e x p l o r a t i o n  

and r e s o u r c e  e v a l u a t i o n  . 
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' CAPTIONS -- 

F i g u r e  1: 

De~ailecl geological.  map of a p a r t  of C d l a g h a n  Cree!: pendant i n c l u d i n g  

mine ra l  d e p o s i t s  of Nor tha i r  14i.nes L t c ? .  Por ta l s  t o  tlic m i n  deposit:; itre 

labelled 14 - i4anifold Zone, W - Warman Zone, and D - DTscovery Zonc.  i'i-if,' 

i s  t h e  l o c a t i o n  of a cross-section through t h e  ',~Jar!ilnn Zone, shown i r !  

f i g u r e  4 .  

F i g u r e  2 :  

Ilistogram of r e f r a c t i v e  index  measurements f o r  fused glass heatis ~ b ~ . a i . . n c d  

f rom crushed po.rdcrs of fiand specimens of U n i t s  3, 4 a n d  5 .  

F igu re  3: 

Generalized plan of underground haul age l e v e l s  showing relative 1ocatior;s 

of 3 p r i n c i p a l  ore zones. 

(modif ied from Diclcson and I.icleod, 1975) .  

A-A' is  l o c a t i o n  of tile c r o s s - s e c t i o n  of f i g u r e  4 

F i g u r e  .4 : 

18 5 0 Cr o s s - s e c t ion p CT p end i cul a r t o  W a rman z o 11 e show i n  g p a r  a 1 I e 1 i s n  

of l i t h o l o g i c  contac ts  and the Warman zone ~ d i o s c  t h i c k n e s s  is  shown t o  coi-rect 

sca ie .  


