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Abb. 2. Autoradiographie einer mit Uranpecherz durchsetzten Ge- 
steinsprobe. Die unregelmfssige und feine l)urehdringung des 
Chlorit-Serizitgneises mit Uranerz (hell) ist deutlich erkennbar 
(Handstfick Nr. 571008.5 aus Stollen Is6rables. Kodak Commercial 

()rtlm-Film, Exp. 52 h). 

I)er  Uran t rgge r  konnte  mit te ls  chalkographischer  und 
r6ntgenographischer  Methoden e indeut ig  als Uranpecherz  
(Pechblende) ident if izier t  werden.  Die Pechblende t r i t t  
meist in F o r m  kleiner,  kugel iger  oder  unregelm~issig ge- 
formter  Gebilde (Gr6sse meis t  un te r  0,02 ram) auf. Sie er- 
scheint eingeschlossen in Quarz,  Chlori t  (braune pleo- 
chroitische H6fe erzeugend),  Serizit,  selten in K a r b o n a t  
und im Albi t  des Gesteins.  Vielfach aggregieren sich die 
K6rner zu gr6sseren, makroskopisch  e rkennbaren  schwar-  
zen Massen, die aber  s te ts  s ta rk  von  Quarz  oder  Chlori t  
durchsetzt  sind. Die s ta rker  aggregier ten Par t ien  sind 
5fters ges t reckt  und ver laufen  dann  m e h r  oder  weniger  
konkordant  zu den Serizit-Chloritzfigen oder  Quarzlagen 
des Gesteins. Die Pechblende  f i ihrenden Proben  en tha l t en  
noch verschiedene weitere,  meis t  schon von  Auge s ichtbare  
Erzmineral ien.  Nach  erster  Durchs ich t  wurden  bes t immt :  
Pyrit ,  Kupferkies ,  Fahlerz ,  Bleiglanz, Covell in und als 
feinster S taub  HAmati t .  I m  Dfinnschliff  zeigen die erz- 
fiihrenden Proben  zur  Haup t sache  das Bild des normalen  
Gesteins: vorwiegend lagiges feink6rniges Gewebe von  
Quarz, un te rb rochen  von  gewell ten Serizit- und Chlorit-  
zfigen. E inge lager t  f inden sich gr6ssere K6rner  (bis fiber 
1 mm) von  Quarz  und Albit ,  dazu in unterschiedl icher  
Menge K a r b o n a t  (Kalzit) .  Turmal in  in id iomorphen diin- 
nen Pr i smen t r i t t  auffal lend reichlich als Nebengemeng-  
teil auf. Das gussere Bild der  Vererzung zeigt einerseits 
Analogien mi t  gewissen Cu-Bi-, Ni-Co- oder  Pb-Zn-Lager-  
ggngen des umgebenden  Casannaschieferkomplexes,  an- 
dererseits sind doch wesent l iche Unterschiede  festzustel- 
len, v o r  a l lem darin,  dass die Pechblende nicht  in einer 
Gangart,  sondern ver te i l t  im normalen  Casannaschiefer  
selbst auf t r i t t .  Die  Uranve re rzung  wird demnach  als eine 
mit dem Nebenges te in  gleichal tr ige Bi ldung gedeutet ,  
w~ihrend das Auf t re ten  der  genannten  sulfidischen Be- 
gleiterze eher  ftir deren jt ingeres Alter  spricht.  Die Ab- 
bildung 2, eine Autoradiographie ,  ve rmi t t e l t  einen Ein-  
druck yon der  Ar t  der  Durchse tzung  des Gesteins mi t  
Uranpecherz.  

b) Die Vererzung in,  Fensterstollen bei Sarreyer. Die 
Feststellung yon Felspar t ien  mi t  s tark  erh6hter  Radio-  
aktivit~tt wurde  im Fensters to l len  von  Sarreyer  (Vat de 
Bagnes) ebenfalls  mi t te ls  Szint i l lometer  gemacht ,  und 
zwar bei B der  Abbi ldung  1. Die gemessenen Akt iv i t / i ten  
im Stollen zeigten Wer t e  bis 0,8 mr/h .  Das ak t ive  Gestein 
hat ein v611ig unverdgcht iges  Aussehen. Es ist ein heller, 
karbonatf i ihrender  Serizi tquarzi t ,  von  ve rmut l i ch  permo- 
triadischem Alter  (Serie des Mont  Gond, siehe Abb. 1). 

Schieferungsflgchen weisen einen Serizi tbelag auf, der  
meis t  mi t  fe instem E r z p i g m e n t  ve rmisch t  ist und daher  
dunkel  erscheint .  Im  Schliff  e rkenn t  m a n  in diesen 
me tamorphen  Quarz i ten  neben rekr is ta l l i s ie r tem Quarz,  
Serizit, Plagioklas und Kalz i t  gr6ssere Mengen yon Pyr i t  
(grob- und feink6rnig) sowie ein feinstes,  fiber die ganze 
Gesteinsmasse diffus ver te i l tes  E r z p i g m e n t  (Korngr6sse 
nm Tausendste tmil l imeter) .  Auf  einzeInen Ztigen be- 
gleitet  diesen Erzs t aub  feines H~mat i t e r z .  I n  diesen 
Quarzi ten konnten  Uran  und T h o r i u m  q u a n t i t a t i v  che- 
misch nachgewiesen werden. Auf Grund  der  g e m a c h t e n  
Beobachtungen  nnd Vergleiche 5 dt irf te  fe ins tver te i l t e  
Pechblende als Radioakt iv i t i i t s t r l iger  der  Quarz i te  anzu-  
sehen sein. 
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Mineralogisch-pelrographisches Ins t i tu t  der Universi tdt  
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Rdsumd 

Des roches radioact ives  on t  6td d~couver tes  dans les 
galeries de la Grande Dixence S,A, (voir loc. A e t  B de la 
Fig. 1). Les analyses aux rayons X, les analyses  ch imiques  
et chalcographiques  ont  montr6  la pr6sence de l ' u r an ium 
sous forme de peehblende. La min~ral isat ion se manifeste ,  
dans les micaschistes g r&eux  et chlor i teux,  par  des ni- 
veaux  noirgtres.  La  pechblende est associ~e ~ lx pyr i te ,  
la chalcopyri te ,  la gal~ne, la coveUine et  l ' h6mat i t e  (loc. 
A). A Sarreyer  (loc. B) la min~ral isat ion n ' es t  pas  ap-  
parente .  La  roche radioact ive  est  un qua r t z i t e  s4r iei teux 
carbonate ,  con tenan t  de l 'u ran ium.  

s Siehe zum Beispiel Cm BIZARI~, C. R. Acad. Sci. (Paris) 240, 
791 (1955), 

The Genesis of the Mississippi Valley Type 
Deposits, U S A  

The three prevai l ing ideas on the  genesis of the  Lend- 
bel t  and the  Tr i -s ta te  deposits,  or, more general,  of the  
Mississippi Val ley  type  deposits,  are:  (1) Epigenet ic-  
hypogene  origin, i.e. epigenet ic  h y d r o t h e r m a l  mul t ip le  
center  or p a t c h y  rep lacement  of ca rbona te  rocks, pa r t ly  
control led by  bedding,  composi t ion,  fractures,  etc. (2) epi- 
genet ic-supergene origin, i.e. deposi t ion by  c i rcula t ing  
groundwater ,  la ter  t han  the  format ion  of the  sediments ,  
and (3) syngenet ic-supergene origin, i.e. weather ing-  
der ived lead formed con temporaneous ly  wi th  the  sedi- 
ments.  These three  in terpre ta t ions ,  as well as a weal th  of 
detai led observat ions,  are conta ined  in the  publ ica t ions  
of Bf0HLER 1, BUCKLEY 2, KEYES a, BASTIN 4, VV'EIDMAN 5, 
OULE and BROWN e, JAMES ~, and others.  

The  four th  possibili ty,  which  has  not  been found in the  
l i terature,  appears  to expla in  the  facts bes t :  i t  is the  syn-  
genet ic-hypogene origin, based on the  volcanic-exhala-  
t ive - sed imen ta ry  in terpre ta t ion .  

1 H. A. B011I.ER, 16th lilt. geol. Congr., Guidebook 2, p. 45 (1933). 
E. R. BUCKLEY, Geology o] the disseminated lead deposits o/ St. 

Francois and Washington Counties, Missouri (Mo. Bureau Geol. Min. 
IX, 1909), Part 1. 

a C. R. KEYES, Trans. Amer. Inst. rain. Engrs. 40, 184 (1909). 
4 E. S. BASTtN, 16th Int. geol. Congr., Guidebook 2, p. 32 (3933). 
5 S. WEIDMAN, 16th Int. geol. Congr., Guidebook 2, p. 3~2 (1933). 
6 E. L. Om, E and J. S. I~ROWN, Bull. geol. Soe. Amer. 6.';, 201 

0950. 
7 j .  A. JAMES, Econ. Geol. 47, 650 (1952). 
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The  P r e - C a m b r i a n  of t he  Mississippi  Va l ley  region is 
k n o w n  to cons is t  m a i n l y  of igneous  rocks :  rhyol i tes ,  
va r ious  porphyr ie s ,  some pegm a t i t e s ,  m a n y  d i abase  and  
spi l i te  dykes  a n d  sills, a n d  g r an i t e  in t rus ives .  Tuf faceous  
beds  w i th  ben ton i t e s ,  san id ine ,  pumace ,  vo lcan ic  necks  
and  s u b m a r i n e  vo lcan ic  s t r u c t u r e s  show t h a t  some  vol-  
canic  a c t i v i t y  h a s  c o n t i n u e d  d u r i n g  t he  Pateozoic  (see 
KIDWELL 8, ALLEN 9, BUCHER ~0, KELLER 11, etc.). 

V o l c a n i c - e x h a l a t i v e  a c t i v i t y  is a c o m m o n  accessory  
process  a c c o m p a n y i n g  a n d  fol lowing e x t r u s i o n  periods.  
Since t he  vo lcan ic  a c t i v i t y  as a whole  ha s  decreased  f rom 
ea r ly  geologic t imes,  i t  is r ea sonab le  to  a s sume  t h a t  t he  ex- 
h a l a t i o n  of gases, t he  de-gass ing  of t he  e a r t h ' s  c ru s t  ha s  
also decreased.  BARTH'O has  r e l a t ed  orogenic  m o v e m e n t s  
to  the  degass ing  of t h e  e a r t h .  A s t a t i s t i ca l  s t u d y  of ore 
depos i t ion  in r e l a t ion  to  geologic t i m e  sugges ted  t h a t  ore 
depos i t i on  h a s  also decreased  d u r i n g  geologic h i s to ry .  

H y d r o t h e r m a l  ve in  depos i t ion  is on ly  one  p r o d u c t  of 
t he  degass ing  of t h e  e a r t h ' s  crus t .  A good po r t i on  of t he  
vola t i le  f r ac t ion  escapes  to  the  surface,  a n d  it  is r eason-  
able  to  a s sume  t h a t  th i s  escap ing  f r ac t ion  has  app rox i -  
m a t e l y  as h i g h  a m e t a l  c o n t e n t  as t he  po r t i on  wh ich  n e v e r  
r eached  the  surface.  The  las t  a s s u m p t i o n  has  been  well 
con f i rmed  b y  o b s e r v a t i o n s  in vo lcan ic  areas,  w h e r e  
sulf ides are  depos i t ed  a t  t he  p r e s en t  t ime,  N u m e r o u s  
r epo r t s  on  such  r e c e n t  depos i t ion  are  ava i lab le .  W e  can,  
a t  t h i s  t ime,  on ly  m e n t i o n  t he  f u n d a m e n t a l  work  done  b y  
BEHREND 1~, BERNAUER 14, a n d  ZIES 15. 

A de ta i l ed  ana lys i s  of mega-  a n d  mic ro - fab r i c s  in  t h e  
field a n d  u n d e r  t he  mic roscope ,  c o m b i n e d  w i t h  phys ico-  
c h e m i c a t  cons ide r a t i ons  of syngene t i c  ve rsus  epigenet ic ,  
a n d  supe rgene  versus  h y p o g e n e  origin,  has  ted to t he  con-  
c lus ion  t h a t  a v o l e a n i c - e x h a l a t i v e  i n t e r p r e t a t i o n  serves,  
a t  t he  p r e sen t  s tage,  be s t  as a work ing  h y p o t h e s i s  for t he  
b u l k  of t h e  Mississippi  va l l ey  t y p e  deposi ts ,  i so top ic  
(BRowN et al. ~ ,  FARQUttAR et al. ~7, KuI.p  et al.~S), l iquid  
inclusion,  a n d  o t h e r  pub l i shed  d a t a  a p p e a r  to  be  exp la ined  
more  a d e q u a t e l y  b y  th i s  new app roach .  

i t  is r ea sonab le  to  a s sume  t h a t  t h e r e  is a c o n n e c t i o n  
b e t w e e n  t he  b a s e m e n t  rock  a n d  t he  m i n e r a l i z a t i o n  in t h e  
o v e r l a y i n g  sed imen t s .  I t  is be l i eved  t h a t  e x p l o r a t i o n  
s h o u l d  be  b a s e d  on  t h e  a s s u m p t i o n  t h a t  t h e  a reas  w i t h  
la te  P r e - C a m b r i a n  a n d  Paleozoic  vo lcan ic  or fumaro l i c  
a c t i v i t y  u n d e r l a y  a reas  of s t r o n g e s t  mine ra l i za t ion .  T h e  
d o l o m i t i z a t i o n  a n d  the  c h e r t s  are  two  a d d i t i o n a l  p r o d u c t s  
of t h e  syngene t i e  v o l e a n i c - e x h a l a t i v e  mine ra l i za t ion .  
MURATA ~'~ a n d  o t h e r s  h a v e  s h o w n  t h a t  vo lcan ic  ashes  a n d  
e x h a l a t i v e  m a t e r i a l s  are n o r m a l  and  a b u n d a n t  sources  for 
silica in sed imen t s .  

Cr i t e r ia  for syngene t i c  depos i t ion  are a b u n d a n t .  I n  t h e  
s a n d s t o n e s  a t  t he  base  of t h e  Pa leozoic  Series t h e  galena,  

A. L, KmWELL, Missouri geol. Survey, R, I, 4, 83 (1947L 
9 V. T. ALLE~'G J. Geol. 40, ~59 (1932). 
1o W. H, BUCHER, 16 tn Int- geol. Congr., Rept. S (1936}, 
it W. D. KELLER and A. KIERSClI, Econ. Geol. 50, 469 (1955). 
15 T. F. W. BARTH, Verh. sehweiz, naturf. Ges, 132, 147 (195'2). 
13 F. BEHR~:ND in : H. RECK, Santorin, der Werdegang eines Insel- 

vulkans und sein Ausbruch, 1925-I928 (BeNin 19,q6), vol. 2, p. 
a'ea-a'27. 

la F. BERNAVER, N. Jb. Miner. Bell. 69, Abt. A, 60 (1934); 75, 
5,t (1939). 

15 E. G. ZIEs, Nat. geogr. Soc., Contr. Techn. Papers, Katmai 
Ser. 1, 159 (1924); 1, 79 (1929); Amer. J. Sci. 235A, 385 (1938). 

16 j .  S. BRows et al., Bull. geol. Soe. America 87 (abstract), 1689 
0956). 

17 R. ~l, FARQUIfAR and G. L. Cv_~tmNu, Trans. royal Soc. Canada 
48, 9 (1954). 

is j ,  L. KVLe, G. C. AMSTUTZ, and F. D. EeKEL~AN~, Econ. 
Geol. 5Z, 91,1 {1957). 

19 K. J..MURXTA, Amer. J. Sei. 23~, 58G (1940). 

marcas i t e ,  cha lcopyr i t e ,  s iegenite,  etc. c o n t a i n  s and  grains 
w i t h  no  r e p l a c e m e n t  f ea tu res  wha t soeve r ,  b u t  w i t h  top- 
b o t t o m  fea tu res  (see SHROCK 2~) t yp ica l  for  syngenet ic  
s e d i m e n t a t i o n .  T h e  conc re t iona ry ,  concen t r i c  fabr ics  at 
F r e d r i c k t o w n  a n d  e lsewhere  also e x h i b i t  syngenet ic  
fea tures ,  a n d  the  a b u n d a n t  b a r i t e  occur rences  exhib i t  
equa l ly  fea tu res  wh ich  rule  ep igene t ic  r e p l a c e m e n t  out .  

A few a d d i t i o n a l  c r i t e r i a  aga in s t  ep igenet ic  replace- 
m e n t  are :  t he  absence  of co r roded  c rys ta l s ;  t he  presence 
of larger  i d iomorph i c  c a r b o n a t e s  i n s i d e  t he  sulf ides;  the 
a b u n d a n c e  of a n g u l a r  breccias  w i t h  on ly  rare  t races  of 
corros ion ( r e p l a c e m e n t  is cor ros ion  a n d  a n y  corrosion elim- 
ina tes  s h a r p  angu l a r  bounda r i e s ) ;  t h e  absence  of dif- 
fusion r e p l a c e m e n t  g r a d i e n t s  such  as d e m o n s t r a t e d  by 
DE JONG ~1. The  local zon ing  is bes t  exp l a ined  b y  exhala-  
t i ve  depos i t ion ,  whe reas  t h e  causes  for t he  b r o a d  zoning 
ha s  to  be exp l a ined  b y  i n t r a c r u s t a l  m i g r a t i o n s  a n d  dif- 
f e r e n t i a t i o n s  in A r c h e a n  t imes .  The  idea  of a n  epigenetie 
d i f fus ion- feed ing  a n d  r e p l a c e m e n t  depos i t ion  ha s  t h u s  to 
be  a b a n d o n e d .  I t  is mos t  i n t e r e s t i ng  to n o t e ,  and  will be 
discussed in de ta i l  in  a f o r t h c o m i n g  p a p e r  (AMSTUTZ~2), 
t h a t  t he  e x t r e m e  m a g m a t i s t s  idea, i.e. ep igene t ic  dip 
fusion of h y d r o t h e r m a l  fluids, is closely c o m p a r a b l e  to the 
d i f fus ionis ts  idea of ' g r a n i t i z a t i o n '  a n d  ore deposi t ion.  
T h u s  i t  becomes  t rue  aga in :  'Les  e x t r f m e s  se touchen t ' .  

W i t h  r ega rd  to p r inc ipa l  s t r u c t u r e s  r e l a t ed  to ore de- 
pos i ts  of t h e  Mississ ippi  va l l ey  type ,  i t  seems t h a t  most  
s t r u c t u r e s  ex is ted  a p p a r e n t l y  in  t he  b a s e m e n t  a n d  were, 
pa r t l y ,  r e j u v e n a t e d  a n d  p a r t l y  r ep l i ca t ed  in t he  Paleozoic 
sed imen t s .  The  fau l t s  served,  as is well  k n o w n  f rom other  
shield  areas ,  as e h a n n e h v a y s  for the  l avas  d u r i n g  t he  main 
P r e - C a m b r i a n  vo lcan ic  ac t iv i ty ,  a n d  l a t e r  on, as channels  
for t he  e x h a l a t i v e  gases a n d  fluids. Like  t he  epigenetie 
r e p l a c e m e n t  theory ,  we t h u s  suppose  the  ore f luids to 
m o v e  u p  a long  faults .  The  m a i n  di f ference be tween  the 
old e p i g e n e t i c - h y d r o t h e r m a l  idea a n d  th i s  syngenet ic-  
h y d r o t h e r m a l  t h e o r y  is, therefore ,  bas ica l ly  on ly  the 
t ime  a n d  m e c h a n i s m  of depos i t ion  a n d  n o t  t he  u l t imate  
or igin of t he  ore fluids. S tab le  a reas  h a v e  long-last ing 
vo lcan ic  per iods  wh ich  are  m u c h  longer  t h a n  t h e  short  
l ived orogenic  vo lcan i sm.  The  bes t  a c c o u n t s  on  Pateozoic 
vo lcan ic  a c t i v i t y  in  t h e  a rea  of Mississippi  Va l l ey  type  
depos i t s  are,  t o  t h e  knowledge  of t h e  p r e s e n t  author ,  
t he  p a p e r s  b y  ALLEN9 KIDV, rELL 8, a n d  BUCHER ~o. 

The  m o s t  r e m a r k a b l e  s t r u c t u r a l  f ea tu res  are  t h e  numer-  
ous po lygonic  r i ng - s t ruc tu r e s  wh ich  can  h a v e  d iameters  
f rom one to t en  miles  and  resemble  a P u i s e u x - n e t  {HavE- 
MAX 23, p. 132--133) or  a r h e g m a g e n e t i c  f r ac tu re  system 
such  as descr ibed  f rom all c o n t i n e n t s  b y  SONDER 24. Poly- 
gonic  hor s t s  or  g r a b e n  are c o m m o n  fea tu res  a n d  are ap- 
p a r e n t l y  i nhe r i t ed  f rom the  P r e - C a m b r i a n  b a s e m e n t  and 
t h e n  also p a r t l y  r ep l i ca t ed  in t he  Paleozoic  s ed imen t s  by 
r e j u v e n a t e d  m o v e m e n t s  25. The  b e s t  k n o w n  s t r u c t u r e s  of 
th i s  t y p e  are  t h e  ones  in  t he  T r i - s t a t e  area,  t h e  ones con- 
t ro l l ing  t he  ore zones a t  i r o n  M o u n t a i n  (and probably  
also in  o t h e r  Missour i  i ron  deposi ts) ,  a n d  t h e  famous 
Crooked  Creek s t r u c t u r e  in  Cen t r a l  Missouri .  Some  of the 
r ing  t y p e  depos i t s  in t h e  lead be l t  m a y  be  due  also to 
r ing  f r ac tu res  a n d  n o t  on ly  to  r ing  t y p e  reefs25 Similar 
s t r u c t u r e s  can  be  found  in o t h e r  p a r t s  of the  Middle  West 
(see for examp le  BVCHER'S p a p e r  on  cryptovolcanic  

20 R. I~. StlROCK, Sequence in layered rocks (McGraw Hill, New 
York 1948). 

21 G. DE Jo:~(~, Trans. Amer. geophys. Un. 39, 67 (1958). 
2g G. C. A~STUTZ, N. Jb. Min., Mh. 1, 1 (1957) (part 1 ; part ~ un- 

published). 
23 H. HAVEMANN, Geotogie 6, 123 (1957). 
"4 R. A. SONnER, Mechanik der Erde (Stuttgart 1956), p. 110. 
2~ G. C. A~STVTZ, Nature (in print, 1958). 
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structures~°). I t  is obv ious  t h a t  t he  r e s t r i c t ion  of the  ex- 
p lora t ion  t h i n k i n g  to t he  Paleozoic  on ly  has  h a m p e r e d  
the progress  of ore f inding.  

Of specia l  in te res t ,  s t r uc tu r a l l y ,  is t h e  b recc ia t ion  and  
the p i t ches  a n d  flats.  Along-s ide  po lygona l  or s t r a igh t  
g raben  a n d  h o r s t  s t ruc tu res ,  t he  b recc ia t ion  is due  to 
fault ing.  Much,  a n d  poss ib ly  most ,  of t he  breccias  ex tend-  
ing over  large h o r i z o n t a l  d is tances ,  usua l ly  res t r i c ted  to 
defini te  hor izons ,  are caused  b y  i n t r a f o r m a t i o n a l  brec- 
clarion d u r i n g  e a r t h q u a k e s ,  w'hich a c c o m p a n i e d  the  vol- 
canism. Brecc ia t ion  is t h u s  a b u n d a n t  b o t h  in t he  b a s e m e n t  
rocks a n d  t he  Paleozoic  sed iments .  Brecc ias  have ,  locally, 
been c e m e n t e d  syngene t i ca l ly  b y  ore minera ls .  There  is 
often a g r a d u a l  t r a n s i t i o n  f rom c o n t o r t i o n s  of non-  or 
pa r t ly  conso l ida ted  s e d i m e n t s  to  pos t -d i agene t i c  breccia-  
tion. In  n u m e r o u s  places var ious  gene ra t ions  of breccia-  
t ion are v is ib le  a n d  are assoc ia ted  w i t h  var ious  genera-  
t ions of c h e r t  a n d  ore mine ra l i za t ion .  T he  breccias,  t he  
cherts ,  t h e  dolomi tes ,  a n d  t he  ore mine ra l s  are essent ia l ly  
syngenet ic  as conc luded  f rom the  c r i t e r ia  l is ted a b o v e  a n d  
add i t iona l  i n f o r m a t i o n  wh ich  will be p r e s e n t e d  in deta i l  
at  a l a t e r  da te .  

P i t ches  a n d  f lats  c an  be exp la ined  as syn-  or  s l ight ly  
pos tep igene t ic  s t r u c t u r e s  caused  b y  g r a v i t y  differences or 
local t e c ton i c  d i s tu rbances .  A n  excel lent ,  t h o u g h  epi- 
genet ica l ly  i n t e rp r e t ed ,  desc r ip t ion  of p i t ches  a n d  flats  
was g iven  b y  Cox26. 

I t  is be l ieved t h a t  th i s  s y n g e n e t i c - h y p o g e n e  t h e o r y  on  
the or igin of the  Mississippi  Va l ley  t y p e  depos i t s  el imi- 
na tes  t h e  diff icul t ies  e n c o u n t e r e d  b y  t he  t h r ee  old theo-  
ries~-L I t  is fel t  t h a t  i t  f i ts  t he  facts  b e t t e r  t h a n  the  
previous  theor ies ;  ye t  i t  shou ld  be accep ted  as a work ing  
hypo thes i s  a n d  no t  as an  a u t h o r i t a t i v e  dogma.  

G. C. AMSTUTZ 

Department el Geology, School o /Mines  and ]kletallurgy, 
Rolls (Missouri), February 79, 7958. 

Zusammen/assung 
Die S t re i t f r age  u m  die Genese  der  Mississ ippi-Val ley-  

Pb-Zn-Lagers t~ t t t en  wird  z u g u n s t e n  e iner  s yngene t i s chen  
und h y p o g e n e n  E n t s t e h u n g  aus  h y d r o t h e r m a l - e x h a l a -  
t iven,  grossente i l s  kol loidal  s e d i m e n t i e r t e n  Erz l6sungen  
entschieden .  Diese d r a n g e n  e n t l a n g  ura l ten ,  i m m e r  wieder  
au fgebrochenen  r h e g m a g e n e n  B r u c h s y s t e m e n  auf. 

2(; G. H. Cox, Illinois geol. Survey Bull. 21, 120 (191,1). 
27 After the completion of this manuscript, it came to the knowl- 

edge of the writer that a similar proposal was made with regard to 
many Alpine lead-zinc deposits (see SCUSEIDEr¢ Is and NZerCEL2% 

2s H.-J. SCHNEIDER, Fortsehr. Min. 3- ° (1953). 
29 E. N]CKEL, Chem. d. Erde 18, 99 (1956). 

C r y s t a l  a n d  M o l e c u l a r  S t r u c t u r e  o f  

3, 3 ' - D i b r o m o b e  n z o p h e n o n e  

I t  ha s  become  inc reas ing ly  clear  t h a t  in b e n z o p h e n o n e  
the s ter ic  h i n d r a n c e  b e t w e e n  t he  h y d r o g e n  a t o m s  in the  
2, 2 ' -pos i t ions  would  p r e v e n t  t he  molecule  f rom be ing  
coplanar.  I t  would  the re fo re  be  of g rea t  i n t e r e s t  to  get  a 
q u a n t i t a t i v e  measu re  of th i s  n o n - c o p l a n a r i t y  b y  X - r a y  
methods.  VVith t h i s  v iew the  d e t e r m i n a t i o n  of t he  c rys ta l  
s t ruc tures  of a series of b e n z o p h e n o n e  de r i va t i ve s  h a v e  
been u n d e r t a k e n  in t h i s  l a b o r a t o r y  a n d  t he  p re sen t  no te  
gives t he  resu l t s  o b t a i n e d  w i th  3, Y-d ib romobenzo-  
phenone.  

The  c rys t a l  be longs  to the  o r t h o r h o m b i c  s y s t e m  w i t h  
cell d imens ions  

a = 3.99, b = 11.70 a n d  c = 24.69 A. 

The  space  g roup  is P b c n  a n d  the  un i t  cell c o n t a i n s  four  
molecules.  The  C O b o n d  in t he  molecule  co inc ides  w i t h  
a two fold axis  of s y m m e t r y  in t he  c rys ta l .  

((Q) 

,(((05)~,-~... (Co))), ~ ,  (((6))  ..-~& (((0~), ,,~'~{; ". '--~S/ ' - .~ '-~/  , ~ '  
0 . t - ~ . < .  , <2 .;~ , ) ~ - - L ~  

i )  " ' " - -  / 
"" ' ~ "  ¢2 
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Fig. 1.--Fourier projection on the (100) plane with the l/r atmn 
removed. Contottrs are at arbitrary intervals, l)otted lines correspond 

to zero electron density. 

Th ree  d imens iona l  We i s senbe rg  d a t a  were o b t a i n e d  
w i t h  C u K e  r ad i a t i on  and  the  in tens i t i e s  were e s t i m a t e d  
visual ly .  The  s t r u c t u r e  was so lved  b y  t he  h e a v y  a t o m  " 
me thod .  The  (y, z) coord ina tes  of t he  b r o m i n e  a t o m  were 
d e t e r m i n e d  f rom the  P a t t e r s o n  p ro j ec t i on  on  t he  (100) 
plane.  Us ing  the  signs of a n u m b e r  of re f lex ions  of t he  
t ype  (0kl) ob t a ined  from the  c o n t r i b u t i o n  of t he  b r o m i n e  
a tom,  the  f i rs t  Four ie r  m a p  was p r e p a r e d  w h i c h  showed  
d i s t i nc t  peaks  co r respond ing  to t he  l igh t  a toms .  The  
(y,z) co-ord ina tes  were ref ined b y  a success ion  of differ-  
ence syntheses .  The  Four ie r  p r o j e c t i o n  on  (100) p l ane  
w i th  t he  b r o m i n e  a t o m  r e m o v e d  is s h o w n  in F igu re  1. A n  
e s t i m a t e  of the  t i l t  of t he  benzene  r ing  was  m a d e  f rom 
the  d i s to r t ion  it  d i sp l ayed  on  the  (100) p ro j ec t i on  w h i c h  
gave the  a p p r o x i m a t e  x co -o rd ina t e  of t he  b r o m i n e  a tom.  
This  was used for the  d e t e r m i n a t i o n  of the  x co -o rd ina t e  
of all t he  a t o m s  b y  the  genera l ized  Fou r i e r  p ro j ec t i ons  
us ing  t he  ( lk l )  a n d  (2kl) ref lexions.  The  f inal  a t o m i c  co- 
o rd ina t e s  are  g iven  in the  Table .  

AtoInic co-ordinates 

Atmn x[a yJb z/c 

('1 
('2 
('3 
('4. 
('~ 
('6 
C7 
O 
Br 

0.025 
0.100 
0.081 
0.055 
0.174 
0.158 
0-00 
0-00 
0.3400 

0,075 
-0 .038  
- 0.092 
- 0,029 

0-079 
0-138 
0.133 
0.240 
0.1573 

0-196 
0.194 
0.142 
0.098 
0.102 
0.151 
0.250 
0.250 
0.0448 

The  R- f ac to r  for the  700 obse rved  ref lexions  was  15.7%. 
The  i n t r a m o l e c u l a r  d i s t ances  a n d  angles  are i n d i c a t e d  in 
F igure  2. The  s t a n d a r d  d e v i a t i o n  in t he  b o n d  leng ths ,  
e s t i m a t e d  b y  CRUICKSHANK'S m e t h o d  1 is of t he  o rde r  of 
0.04 A for C--C a n d  C--O bonds .  

t 1). W. J. CRUICKSnANK, Acta tryst. 2, 65 (19,19). 


